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Abstract

This study seeks to forecast the subject trend of library and information science
research until 2030 based on modeling previous research topics in this field, which
has been done with a text mining and in-depth learning approach. After pre-
processing and thematic classification of the studies, deep neural network algorithms
were used to model previous studies and forecast future topics. The study population
included 90,311 journal articles in library and information science publications
indexed on the Web of Science website from 1945-2020. All research processes were
implemented in the Python programming language. The findings showed that the
largest number of studies in the future would be related to Internet and web studies,
and the growth rate of these topics will be higher in the future. However, topics
related to libraries and their work processes and other traditional disciplines such as
theoretical foundations will have a lower growth rate in library and information
science studies. As a result, knowledge of important future issues, while helping to
plan for future research, can identify study gaps and investment opportunities in the
R&D sector, thereby assisting researchers, universities, and relevant research
institutes in selecting projects intelligently.

Keywords: Subject Forecasting, Research Trend, Subject Trend, Future Topics, Library and
Information Science, Deep Learning.

Introduction
In the era of rapid developments, especially digital developments, the need for systematic
studies and reflections on the future is felt in library and information science to adapt to modern
needs. Planning and preparation to face future challenges and maintain status and survival in
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these competitive conditions require such systemic studies so that this field can track and follow
developments and forecast future changes. Otherwise, the field will be left out of the
competition and will lose its position in the future. As Godet (2006) points out, with future
studies, in addition to analyzing past trends, it is possible to invent and evaluate possible,
probable, and desirable futures. A review of studies shows that researchers in various fields
have realized the importance and complexity of the problem of research future and forecasting
the subject trend of scientific productions and have always tried to forecast future publishing
trends from different perspectives using different methods. Identifying emerging issues is one
of the most critical goals used to forecast the subject trend of scientific productions. Emerging
issues analysis is a term in future studies and strategic management and policymaking that
addresses the process of identifying topics that were not important or influential in the past but
may be influential in the future (Tavakoli, Babakirad & Ghorooneh, 2016).

Different methods have been used to determine emerging topics and forecast future
research trends in these studies. One of the common approaches in this field is to use experts'
opinions and mental judgments (Singh, Hu & Roehl, 2007; Salatino, 2015; Zhang, Zhang,
Chen, Porter, Zhu & Lua, 2016; Li, Xiea, Daimb & Huanga, 2019). However, it should be noted
that forecasting the future may be biased by experts or that those that participate in the survey
may not have sufficient expertise. It may also be challenging to calculate the level of confidence
in the forecasts. On the other hand, due to the continuous increase of scientific productions and
their rapid developments, it is difficult for professionals to keep up with the rapid changes in
research (Salatino, 2015; Chen, Wang, Li & Sun, 2018; Abuhaya, Nigatie & Kovalchuk, 2018).
The changes make the use of approaches based on expert opinions less practical. More attention
is currently being paid to automated and scalable methods to calculate the future trend of
scientific production. Forecasting the subject trend of research in a completely automatic
manner has also been considered. De Solla Price (1965) first introduced the concept of active
research fields as growing fields to show the future direction of topics. Later, co-citation
analysis was proposed by Small (1973, cited in Small, 2006) to identify emerging topics for
future research. During 1974-2015, the analysis of citation networks through co-citation
analysis, bibliographic pairs, and a direct citation was mainly used to identify emerging subject
areas in research (Small, 2006; He, Chen, Pei, Qiu, Mitra & Giles, 2009; Small, Boyack &
Klavans, 2014). It can be noted that in this period, citation-based approaches based prevail in
this area (Xu, Hao, An, Pang & Li, 2020). During and after this period, some studies have used
vocabulary-based approaches such as keyword analysis and co-word analysis to study the future
direction of research (Chen, 2006; Guo, Weingart & Borner, 2011; Small et al., 2014; Wu &
Ren, 2018; Hoz-Correa, Munoz-Leiva & Bakucz, 2018; Lara-Rodriguez, Rojas-Contreras &
Oliva, 2019; Pestana, Sanchez & Moutinho, 2019).

It should be noted that the use of quantitative analysis methods such as bibliometrics,
scientometrics, and informatics to determine the direction of future research has some
limitations, such as time delays resulting from the use of citation-based methods (it takes time
for research to be cited). This causes bibliometric and co-citation analyses to be based on older
sources, and their results cannot show recent subject trends and the future direction of research.
Moreover, the large number of citations may not necessarily indicate the higher quality of the
research works and topics. This is because people can cite more of their research or their
colleagues or the journals they choose to publish their findings. Such problems and the
increasing volume of textual resources have led to limitations in applying approaches based on

1JISM, Vol. 20, No. 1 January-March 2022



Farzaneh Ghanadi Nezhad / Farideh Osareh / Mohammad Reza Ghane 473

vocabulary analysis, such as the homologous method, for future studies of scientific products.
These issues have led researchers to think of alternative or complementary solutions and
methods for identifying emerging fields of study and future research perspectives (Abuhaya et
al., 2018).

Since 2015, there have been developments in identifying emerging research topics and new
approaches to forecasting the trend of scientific production. In this regard, Joung & Kim (2017)
proposed a keyword-based model for analyzing data of patent databases to track emerging
technologies using links between keywords and the term frequency-inverse document (TF-IDF)
method. In another study, Porter, Garner, Carley and Newman (2018) identified and presented
indicators for identifying hot topics to identify emerging research areas and improve
scientometric indicators. During this period, along with the development of large-scale word
processing technologies, machine learning methods were gradually used to identify emerging
areas and forecast the research process because of their high power in analyzing large data (Lee,
Kwon, Kim & Kwon, 2018). Use of ontology and keyword relationships (Salatino, 2015; Balili,
Segev & Lee, 2017), and data mining, text mining, and machine learning algorithms (Singh et
al., 2007; Wu, Shiu, Lee & Su, 2010; Budi, Aji & Widodo, 2013; Balili et al., 2017; Bildosola,
Gonzalez & Moral, 2017; Bai, 2018; Sohrabi & Khalili Jafarabad, 2018; Chen et al., 2018; Li
et al., 2019; Choi, Park & Lee, 2021; Cho, Lee & Sohn, 2021) are other strategies that can help
identify emerging topics and future research priorities. As Santo, Coelho, Santos & Filho (2006)
point out, in science and technology forecasting, currently more efforts are being made to use
machine learning approaches, deep learning, and modeling techniques to find patterns and
precise relationships between data and inferential rules that make it possible to identify future
trends rather than traditional scientometric methods.

Studying the future of library and information science is done in different dimensions. One
of the essential axes is studying research needs and future study fields. Because of the
interdisciplinary nature of library and information science, attention to future subject areas in
this field is of particular importance. The primary studies regarding subject trends in library and
information science research analyze articles published in journals at different periods
(Tuomaala, Jarvelin & Vakkari, 2014; Luo & McKinney, 2015; Liu & Yang 2019). They dealt
with the subject analysis of dissertations (Zong, Shen, Yuan, Hu, Hou & Deng, 2013; Anna,
Mannan, Srirahayu & Mutia, 2018), conference papers (Garner, Davidson & Williams, 2008),
the structure and field mapping (Zins, 2007; Figuerola, Marco & Pinto, 2017; Han, 2020),
content analysis of a collection of field texts including articles, dissertations, etc. (Xiao, Zhang
& Li, 2015), and content analysis of the content of other texts in the field, including research
priorities (Sarah & Pete, 2004). These studies have mainly analyzed the past and present trends
of scientific outputs in this field using content analysis and scientometric approaches. Attention
to the subject trends of future research in this field has been somewhat neglected.

The present study seeks to forecast future research in library and information science based
on past research in this field. Considering the need to adapt and keep pace with future
developments, plan for effective confrontation with possible future problems and challenges,
and solve them. Having a picture of future subject areas in this field will guide researchers to
identify the most critical issues and needs and appropriate action to select the topic for future
research. However, suppose the future needs are not addressed. In that case, a significant part
of research resources and credits will be spent on topics that do not have the necessary priority
and importance. We cannot expect to use their results to solve problems and develop this field.
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Studies have been conducted in library and information science to determine the future
direction of research and identify emerging topics. In these studies, scientometric and co-word
approaches have been used. Studies have shown topics such as digital libraries, information
retrieval, knowledge management, information and communication technology, Internet, web
technology, semantic web, social media, search engines, metadata, ontology, emotion analysis,
natural language processing, machine learning, data mining, text mining, and web mining are
new and emerging fields in the field (Summers, Oppenheim, Meadows, McKnight & Kinnell,
1999; Kumar Sinha, 2016; Soheili, Khasseh & koranian, 2018; Mansourkiaie, Babalhavaegi,
Nooshinfard & Soheili 2019; Abdollahzadeh, 2019; Baghmohammad, Mansouri &
Cheashmehsohrabi, 2020; Taskin, 2021). Given the importance of conducting such studies for
future policies and planning, we aimed to use the deep learning approach to forecast the trend
of international research topics in the field of library and information science to take a step
towards identifying the needs of future research.

Research Methodology

The present study was conducted with a text mining and deep learning approach. After pre-
processing and thematic classification of the studies, deep neural network algorithms were used
to model the subject trend of past studies and forecast future trends based on past data models.
The study population included articles of all library and information science journals that were
indexed on the Web of Science (WoS) from 1945-2020 and is listed under the heading
"Information Science and Library Science" in the Journal Citation Reports (JCR). Thus, 89
publications containing 90,311 articles were retrieved. The publication name (SO) field
retrieved all articles in the Advanced Search section. Records retrieved in the document type
section were limited to articles, English language, and the subject category section to
information science and library science. The most critical executive steps of the present study
were as follows:

Selecting the subject field to be analyzed

To perform the analysis of the present study, the titles of the articles were used. First, the
bibliographic information of articles, including title and year of publication, were extracted
from WoS database. Then a database was created based on the information stored in Excel 2016
software.

Selecting the subject classification plan of scientific products

The classifications presented in specialized databases have often been used in previous
studies to classify studies in this field. However, it should be noted that each of these
classification schemes alone cannot cover the various aspects of library and information science
and novel and interdisciplinary subject areas. Moreover, research fields in this area are
influenced by various social, cultural, and technological developments in the community and
within the field. These developments indicate the need to review existing classification
schemes. It was necessary to set up a system that would cover all the subject areas of research
in this field, including traditional and modern topics, in other words, all the subject areas of the
past 76 years and the outline of future topics in the field. Therefore, by studying and combining
the existing classification schemes and consulting experts in this field, researcher-made lists
were prepared in 31 subject areas and became the basis of analysis.
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Data Preparation and Pre-processing

In order to convert the titles of the articles into a standard and structured format and
standardize the words and phrases derived from them, data pre-processing operations were
performed. These operations include removing stop words, stemming (in a structured format)
and lemmatization, deleting duplicate data, outliers, and missing values, and extracting
concurrent words and vocabulary using n-gram methods (ngram_range=[1, 3]). Finally, the TF-
IDF method was used to select valuable features and keywords, and the documents were
displayed as a vector space model (VSM), known as the Bag of Words (BOW), and the term-
document matrix was formed. We normalized data using the Min-Max Scaler algorithm. The
matrix dimensions were reduced with the PCA algorithm, English documents were displayed
as a matrix of terms in the dimensions of 8438*77161. The occurrences of each term in a
document were recognizable in the title of the articles. Furthermore, the weight of that word
was identifiable.

Subject classification of the studies

In this research, the automatic text classification method, one of the text mining
applications, was used to classify studies in this field. The results showed that among the models
used for classification, the model obtained from the logistic regression algorithm for
classification of researches had a precision, accuracy, recall, and F1 score above 90% and, as a
result, had a better performance in document classification.

Use deep neural networks to forecast the future

In the present study, deep neural networks were used to forecast the subject trend of the
studies. The network architecture used in this study is long short-term memory (LSTM). LSTM
is a recurrent neural network designed to store, process, and access information better than
conventional neural networks. These networks have a return loop that allows the information
they have already obtained not to be lost and to remain in the network. However, conventional
neural networks used by machine learning professionals have not behaved in this way, which
is a significant drawback for these networks (Olah, 2015).

It should be noted that recurrent networks are not capable of long-term dependency learning
and do not have the power to recall and use the information they have learned in the distant
past. In other words, they cannot use information from the distant past (Hochreiter, 1991;
Bengio, Simard & Frasconi, 1994). In this regard, LSTM networks were designed to solve the
problem of long-term dependency.

Design and implementation of the deep network model

Before implementing the neural network model, the data must be transformed into columns,
acceptable for neural network model inputs. This operation was performed using the reshape
function in the NumPy library. Then, the input data was normalized using the Min-Max Scaler
function. The most important part of designing a deep network model is defining its layers. In
order to place the deep network layers, the sequential model, which is the simplest and most
basic type, was used. The layers are placed one after the other.

Furthermore, they are defined as a sequential and linear set of layers. Each layer is
associated only with the next layer. In fact, in this model, different layers are added sequentially.
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The architecture of the designed model for the deep network in this study included a dense input
layer (LSTM), two hidden dense layers, two dropout layers, and a dense output layer, the
functions of which will be described in the following section.

Input layer: The main layer and the input of the deep network that receives the data is of
the LSTM type. The network input data was then converted into columns. The information in
each column is related to 31 subject axes, which includes 76 data related to the years 1945 to
2020 for each subject axis. The problem parameters include X1, X2, X3, ..., X76, each
representing the data for each year. For example, X1 is the data for 1945, and X76 is the data
for 2020. To define each layer, we must first determine the number of neurons in that layer.
The number of these neurons is a parameter obtained by trial and error. Finally, six neurons
were identified to be suitable for this layer. The hyperbolic tangent function (Tanh) was used
in the input layer. The reason for choosing the Tanh function was that in the model's design by
the software itself, it was placed by default and had a minor error during the test of different
functions.

Hidden dense layer: A dense layer with 300 neurons was added as a hidden layer to
improve the function of the neural network. The rectified linear activation function (ReLU) was
used in this layer, the most common and most used function in the hidden layer.

Dropout layer: This layer improves network performance in deep networks. The dropout
layer specifies how many percent of network neurons are accidentally turned off during the
training process or have zero input to reduce repetitive learning between neurons, speed up
network learning, and prevent overexertion. In the present neural network model, this layer
determined that 0.3 neurons were excluded during the training process.

Hidden dense layer: In the network designed for the present study, another hidden dense
layer with 100 neurons was added, and in this layer, the ReLU was used.

Dropout layer: A dropout layer with a value of 0.1 was also placed between the hidden
layer and the output layer. This means that 0.1 neurons were left out for the model training
process.

Output layer: A dense layer with a neuron was placed in the output section.

Compiling the model: After pre-processing and normalizing the data and defining the
model architecture, the constructed model was compiled using the model. compile command.
In this section, the loss function was used to show the network performance of data training. At
this stage, the ADAM optimization algorithm, which is one of the most popular optimization
algorithms and has high performance in systems with low memory, was used to improve the
network training process designed.

Model fit: Finally, the model was assessed using the model.fit command, and the model
was executed on the data. This step determines how many times it is necessary to apply the
training to the data; each is called an epoch. It should be noted that the model will have some
errors each time the training process is repeated, but after a while, this number of errors becomes
uniform. At this point, the model is said to have converged around this level of repetition of the
training process. In the present study, the repetition rate of network training was based on this,
and the model converged around 100 epochs. Another parameter that is specified in this step is
batch size. The function of this parameter is such that the model calculates the average of errors
after reviewing some data. Then optimizes and updates the network based on this average. The
batch size in the present research model was set to 30.

The research data was divided into two categories: educational and experimental to measure
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the efficiency of the designed model. Consequently, 80% of the documents (1945 to 2005) were
used to train the model, and 20% (2006 to 2020) were excluded for model testing. Then, the
implemented model was applied to the educational data. The learning rate of the model and its
performance were evaluated to forecast the test data. In order to estimate the error rate, we
compared the difference between the actual values with the trained values. Moreover, the
difference between the actual values and the tested data values was compared. Also, the error
rate in learning the model and forecasting it was calculated. In this regard, the mean square
error (MSE) method was used.

The programming language used in this study was Python. Pandas, Numpy, Hazm, and
NItk software packages were used for data entry, processing, matrix, word formation,
classification, and testing, and Numpy, Pandas, TensorFlow, and Keras packages were used to
build (implement) the deep neural network and forecast the future.

Results
The subject trend of research in library and information science research in the future over
the past 76 years was studied. Table 1 presents the distribution of research dedicated to each of
the subject areas of the field during the previous years.

Table 1
The Subject Trend of Library and Information Science Research on the Web of Science Website during
the Years 1945-2020

Research fields Frequency Perentage
Information and Communications Technology 7075 9.17
Internet and web studies 6535 8.47
Libraries, archives, and information centers 4314 5.59
Research, study, and publishing 3907 5.06
Data saving and information retrieve 3092 4.01
Scientometrics and Informatics 2944 3.82
Information systems 2889 3.74
Information and knowledge-based services 2883 3.74
Databases 2759 3.58
Teaching and learning 2755 3.57
Information resources management 2617 3.39
Information and knowledge organization 2561 3.32
User studies 2427 3.15
Scientific and information communication 2370 3.07
knowledge management 2327 3.02
Information Behaviors 2277 2.95
Profession, employment, and entrepreneurship 2239 2.90
Librarians and information specialists 1940 251
Electronic, digital, and virtual libraries 1934 251
Search engines 1902 2.46
Economics and information marketing 1832 2.37
Ethics and information security 1832 2.37
Information processing and management 1668 2.16
Information and digital literacy 1530 1.98
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Research fields Frequency Perentage
Data mining and knowledge discovery 1480 1.92
Artificial intelligence 1426 1.85
Information and knowledge-based society 1243 1.61
Future studies in Ilprary and information 1291 158
science

Theoretical foundations of library and

A . . 1171 1.52
information science
Semantic web and ontology 1071 1.39
Organizational management 940 1.22

As shown in Table 1, at the international level, most articles were in the fields of
information and communication technology (9.17%), Internet and web studies (8.47%),
Libraries, archives and information centers (5.59%), Research, study and publication (5.06%),
and data saving and information retrieve (4.01%). In contrast, the fields of organizational
management (1.22%), semantic web and ontology (1.39%), theoretical foundations (1.52%),
and future studies (1.58%) have the lowest number of articles.

In order to forecast the subject trend of library and information science research, in the first
place, the efficiency of the designed deep network model was tested. As mentioned in the
present study, the loss function was used to show the network performance in data training. The
results are shown in Figure 1 for training data related to the first axis (theoretical foundations).
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Figure 1: Results of the Error Rate during the Deep Network Model Training Process for the
Theoretical Foundations

Figure 1 shows that during the 100 times performing the model training process, the error
rate is reduced, and network performance is improved. The model's performance concerning
other axes was the same, but we have not brought their volume in this study due to their high
volume. After executing the implemented model on educational data, the learning rate of the
model and its performance to forecast the test data were evaluated. In order to estimate the error
rate, the difference between the actual values and the trained values and the difference between
the actual values and the values of the tested data were compared, and the error rate in learning
the model and forecasting it was calculated using the MSE method. The results of comparing
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the actual values of the theoretical basis with the trained values and the values forecasted by
the model are shown in Figure 2.
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Figure 2: Comparison of Actual VValues Based on Theoretical Foundations with Trained
Values and Values Forecasted by the Deep Network Model

Figure 2 shows that the data trained and forecasted by the model are close to the actual data
in terms of theoretical foundations, which means that the designed model is well trained and
has a good performance in evaluating the data. In the following, the data obtained from the
calculation of the MSE criterion, i.e., the error score in the training and test section of the model,
are listed in Table 2.

Table 2
Calculating the Mean Square Error in the Training and Testing of the Forecasting Model at The
International Level

. Mean square error
Row Research fields Education mean Test Mean
1 Theoretic_al foundfa\tions.of library and 0.77 0.28
information science
2 Libraries, archives and information centers 0.49 0.03
3 Organizational management 0.02 0.57
4 Electronic, digital and virtual libraries 0.03 0.14
5 Profession, employment and entrepreneurship 0.04 0.72
6 Teaching and learning 0.12 2.46
7 Research, study and publication 0.22 2.47
8 Information and communications technology 0.03 3.45
9 Internet and web studies 0.03 243
10 Information processing and management 0.05 1.88
11 knowledge management 0.02 0.74
12 Information and digital literacy 0.06 0.09
13 Future studies in Iiprary and information 011 5 62
science
14 Information resources management 1.42 1.07
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. Mean square error
Row Research fields Education mean Test Mean
15 Information and knowledge organization 0.57 0.47
16 Data saving and information retrieve 1.27 2.46
17 Information and knowledge-based society 0.15 1.49
18 Semantic web and ontology 0.01 0.90
19 Economics and information marketing 0.04 0.60
20 Information Behaviors 0.03 0.26
21 Artificial intelligence 0.02 1.25
22 Data mining and knowledge discovery 0.03 2.62
23 Scientometrics and informatics 0.01 2.32
24 Information systems 0.62 0.54
25 Search engines 0.009 1.45
26 User studies 0.12 157
27 Librarians and information specialists 0.10 1.18
28 Information and knowledge-based services 0.26 0.63
29 Scientific and information communication 0.16 1.95
30 Databases 0.02 1.03
31 Ethics and information security 0.21 1.78

Table 2 shows that the error obtained for training and testing the model in all axes was very
small. The higher error rate in the information and communications technology axis, among
other axes, has been due to the more irregular trend and sudden jump in these issues in recent
years.

After ensuring the accuracy of the deep network design forecasting, the model was re-
trained, and forecasting the research topics for the next ten years was performed. Network
implementation and future forecasting were done using a Python program designed for this
purpose. According to data columns, 76 data from 1945 to 2020 were used to form a network
and forecast the future. In this way, data from the last 76 years are given to the network, and
the network is trained accordingly. Based on past trends, the data criteria and rules are then
extracted and forecasted for the next decade. In other words, the deep network acts as a system
that uses the value of the input data to calculate the output data. Each of the connections between
data in different layers has its weight. The network learns the pattern between input and output
variables by adjusting these weights during the training phase. The final output of the deep
network model is to forecast the number of studies in each of the 31 areas of study in the library
and information science for the next decade (i.e., 2021 to 2030, which is shown in Table 3 with
data for the last six years).
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Table 3

The Subject Trend of Scientific Productions in the Field of Library And Information Science at the

International Level in the Last 6 Years and Forecasting this Trend in the Next 10 Years
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According to the results obtained from Table 3, the topics that have had an increasing trend
in recent years will continue to grow in the following periods. The topics that have had a
decreasing trend in the following years will also decline. Thus, the areas of theoretical
foundations; Libraries, archives, and information centers; information resource management;
information and knowledge organization; and scientometrics and informatics, which have been
declining in recent years, are expected to continue to decrease next decade. Other topics that
have faced an upward growth trend in recent years will continue their upward trend in the next
period with slight fluctuations. Figure 3 shows the forecast of the number of studies dedicated
to the library and information science fields at the international level for the next ten years,
respectively.

As shown in Figure 3, in the future, the most significant number of studies at the
international level will be in the fields of Internet and web studies, information and
communication technology, research, study and publishing, and information behaviors. Areas
like theoretical foundations, information resource management, organizational management,
and information and knowledge organization will have the least research. It is worth considering
comparing the past subject trend of research in this field with their future trend. In the past,
libraries, archives, and information centers have been among the areas with the highest amount
of research, while the results show that there will be less research in the future. The domains of
semantic web and ontology and future studies, which have received less attention from
researchers in the past, will have more fans among researchers in the future. Another issue is
forecasting the growth percentage of research topics in the next decade, shown in Figure 4.

As shown, the growth trend of research in many library and information science studies
fields is increasing internationally in the next decade. However, considerable growth is seen in
research in Internet and web studies, artificial intelligence, semantic web and ontology,
information and communication technology, and data saving and information retrieval.
According to the forecast results, the topics of information resource management, Information
and knowledge organization, scientometrics and Informatics, libraries, archives and
information centers, and theoretical foundations will experience a much slower growth trend.

1JISM, Vol. 20, No. 1 January-March 2022



484

Internet and web studies

Information and Communications Technology
Research, study and publication
Information Behaviors

Search engines

Economics and information marketing
Data mining and knowledge discovery
Knowledge management

Databases

Semantic web and ontology

User studies

Artificial intelligence

Teaching and learning

Profession, employment and entrepreneurship
Electronic, digital and virtual libraries
Data saving and information retrieve
Information processing and management
Future studies in LIS

Information and digital literacy

Scientific and information communication
Scientometrics and Informatics

Librarians and information specialists
Ethics and information security
Information and knowledge-based services
Information systems

Information and knowledge-based society
Libraries, archives and information centers
Information and knowledge organization
Organizational management

Information resources management

Theoretical foundations of LIS

0 1000

Forecasting the subject trend of international library and information science...

A 5796
A 4738
A 2352
A 2166
A 1926
A 1891
M 1788
A 1774
A 1711
Y 1586
Y 1566
A 1503
A 1487
A 1478
Y 1465
A 1463
A 1371
@y 1200
o 1195
T 1193
o 1078
S 1063
A 969

Y 926

. 759

@ 758

@ 419

@/ 353

@ 338

@ 253

D134

2000 3000 4000 5000 6000

Figure 3: Forecasting the number of studies dedicated to each of the fields of library and information
science studies at the international level for the next 10 years in order of priority
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Figure 4: Forecasting the growth rate of studies dedicated to each of the fields of library and
information science studies at the international level for the next 10 years in order of priority

Discussion
The continuation of comprehensive developments in the future and their impact on the
scientific field reveals the need for systematic studies on future knowledge. One of the most
important and influential aspects of library and information science affected by future
developments is studying research topics. In this regard, the subject trend of future research in
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this field was forecasted at the international level in the present study. Findings from the
forecasting of the subjects of this field at the international level indicated that the highest
number of studies in this field in the future would be in the fields of Internet and web studies,
information and communications technology, research, study and publication, and information
behaviors. Considering the results of the growth percentage of study axes at the international
level, we found that the growth trend of research in many subject areas of this field is increasing
in the next decade. However, the more rapid growth of Internet and web studies, artificial
intelligence, semantic web and ontology, information and communications technology, and the
data saving and information retrieve shows that these findings can be related to the adaptation
of these areas to future developments and therefore the urgent need of library and information
science to use the findings of these areas. These findings could also be related to the effects of
the achievements and emerging technologies of the Fourth Industrial Revolution, such as
artificial intelligence, robotics, blockchain, and the Internet that are rapidly taking shape.
According to Schwab (2017) in The Fourth Industrial Revolution book, experts forecast that
the developments resulting from this revolution will reach their peak by 2030.

The development of new information and communication technologies and the explosive
growth of information have created challenges in the effective search and retrieval of large
volumes of information and the analysis and interpretation of retrieved information. Therefore,
experts in information retrieval have conducted studies to provide methods and solutions to
solve these problems. Hence, the most important areas of research in library and information

science include topics such as "smart agents”, "ranking algorithms", “cluster analysis", "data
mining and web mining", "graph web and semantic web algorithms" and "Internet studies and
Web” (Carlson, 2003). Since the 1990s, due to the interdisciplinarity nature of library and
information science, the subjects related to technology and the web have experienced more
growth. Notably, this phenomenon is rooted in the growth of information and communication
technologies and the emergence of the Internet.

Along with the explosive growth of information and the role of information and knowledge
in economics, the new era affected the subject trends. It seems that in the future, the field of
library and information science will have strong relationships with other areas at the
international level and be interdisciplinary, especially regarding disciplines such as information
technology, computer science, artificial intelligence, management, and communication
(Mostafavi, Osareh & Tavakolizadeh-Ravari, 2018; Tang, 2004; Chang & Huang, 2011; Hessey
& Willett, 2012; Dora & Kumar, 2019; Han, 2020). Therefore, the fluid nature of these fields
and the rapid evolution of tools and technologies cause constant research focus changes
(Saracevic, 1999, as cited in Han, 2020).

In confirmation of the present study's findings, we can refer to the results of some previous
studies. Mansourkiaie et al. (2019) concluded that from the perspective of library and
information science experts, areas related to information retrieval would be among the top
research priorities in this field in scientific social networks in the next ten years. Moreover,
issues related to policymaking in science and technology, training for information work, and
information-seeking behavior models will be a priority for future research in this field.
According to Abdollahzadeh (2019), experts in this field in recent years have used the facilities
of information and communication technologies and, with the help of experts in other fields,
have tried to remove barriers to information retrieval. With this description, it can be argued
that information retrieval will be one of the most critical research issues in library and
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information science so far and in the future, which helps describe the challenges facing users
and find solutions to them. The findings of Ghanadinezhad and Heidari's (2018) study showed
that from the perspective of library and information science experts, the most important topics
for future research in this field were applied topics, topics based on the future of the field, and
topics related to information and communication technologies. According to Summers et al.
(1999) estimations, intending to chart the future of information science for the next ten years,
the essential topics in this field in 2010 included digital libraries, information retrieval, and
knowledge management. Also, a study analyzing the content of the call for seminars,
conferences, and library and information science workshops in India and around the world from
2012 to 2014 found that applied topics based on information and communication technology,
the Internet, web technology, and the semantic web, user studies, digital technologies, and
social media represent the perspective of research in this field in the future scenario of India
(Kumar Sinha, 2016). In addition, Abdollahzadeh (2019) concluded that emotion analysis,
natural language processing, machine learning, data mining, text mining, web mining, social
media, and metadata are among the emerging topics in library and information science are
expected to grow faster in the coming years. The results of studies that have examined the
subject trend of library and information science research in recent decades show that
information retrieval has been one of the most critical subject clusters in this field in all periods.
Nevertheless, research in recent years has shifted to machine learning, text extraction, topic
modeling, emotion analysis, and text processing based on models or algorithms (Han, 2020;
Taskin, 2021).

The present study results showed that future researchers would be less desired by
theoretical foundations, libraries, archives and information centers, information resource
management, organizational management, and information and knowledge organization. In
addition, the growth rate of these topics will be lower in the future. The downward trend in
these areas may be since these areas of study have evolved. In other words, these subject areas
are still relevant in the field, only under the influence of changes in society and the impact on
this field, they have been proposed with a new title or concept. For example, library studies
have led to electronic, digital, virtual, and intelligent library studies. Acquisition or information
resource management research is more commonly referred to as information management.
Traditional topics of information organization such as cataloging and classification have given
way to cyberspace organization, metadata, automated classification, and automated indexing.
In this regard, Mostafavi et al. (2018) acknowledged that in the past, traditional tools such as
thesauruses, Subject headings, and classifications were used as tools for knowledge
organization in information centers. Today, however, the Internet, the semantic web,
ontologies, metadata, knowledge organization systems, electronic thesauruses, electronic
databases, and multimedia tools have revolutionized how information is organized.

A noteworthy point among the present study's findings is that studies in the fields of
scientometrics and Informatics, which have experienced significant growth in recent years, will
be studied less in the future and will experience a slower growth trend. In justifying the
downward trend of these studies, it can be pointed out that the evolution of information carriers
and the increasing volume of textual, audio, video, and multimedia resources and the problems
related to their analysis have led to limitations in applying traditional scientometric-based
approaches such as the co-word method (Abuhaya et al., 2018). Along with the growth of
information in various formats and media and the development of large-scale word processing
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technologies, artificial intelligence approaches, machine learning, deep learning, and data
mining and text mining methods due to their high power in processing and analyzing big data
(Lee et al., 2018), modeling techniques (Santo et al., 2006), the use of ontology and keyword
connections (Salatino, 2015; Balili et al., 2017) and semantic analysis of words (Li et al., 2019)
have replaced scientometric methods. It is evident that in recent years and even in the future,
the number of studies conducted with traditional scientometric approaches will decrease.

Conclusion

The occurrence of rapid developments in various aspects of life as a result of technologies
and information and communication networks, the Internet and social media, and the
continuation of these developments in the future and their impact on the field of library and
information science, shows the need for future studies in this field in various dimensions,
including the analysis of future research topics. Despite the rapid developments in research
topics on library and information science and the problems associated with forecasting these
topics in the future, if we understand the true nature and mission of the library and information
science, we can expect to understand the future direction of research in this field more
efficiently. Awareness of critical future issues, while helping to plan for future research, can
identify study gaps and investment opportunities in R&D, thereby assisting research centers in
selecting projects intelligently. With such an approach, it is possible to avoid repeating research
topics with different titles and focus on new and practical topics with high potential for
community development. Suppose the planners and decision-makers, especially in education
and research, ignore fundamental issues and the final mission of this field in general. In that
case, this field may lose its place in the scientific community in the future.
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