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ABSTRACT

Background and aims: Excessive use of electronic devices has become a major global problem. However,
little is known about the development and current landscape of research concerning this field. This
study aimed at exploring the overall publication trend and topics of research on the overuse of elec-
tronic devices and the Internet from 1971 to 2017. Methods: We systematically searched the Web of
Science (WoS) and Scopus databases for published articles on the excessive use of electronic devices and
the Internet. Data regarding the publication volume, international collaborations, and geographical
locations were analyzed by bibliometrics analysis. Latent Dirichlet Allocation (LDA) was undertaken to
categorize publications into different research topics. Results: A total of 2,276 papers from the WOS and
600 papers from the Scopus were included. We found a dramatic increase in the number of scientific
papers towards addiction to electronic devices and the Internet. The United State led in all publication
parameters including the total number of papers and total citations. China, Korea and Taiwan were
among the most prolific countries/regions. Smartphone addiction was the main concern, and the
relationship between the overuse of electronic devices and the Internet and mental health issues have
been highlighted. On the other hand, our study found a limited appearance of discussion on effective
treatment and intervention. Discussion and Conclusion: The findings of this study call for more national
and international cooperation in evaluating and intervening addiction to electronic devices and the
Internet to gather more knowledge about this phenomenon and evaluate the effectiveness of treatment.
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INTRODUCTION

The drastic advancement of the Internet has dramatically
changed the lives of people worldwide in both positive and
negative ways. With over 2.5 billion users estimated by the
end of 2019 (Statista), the Internet has undeniably signifi-
cant role in everyday life (Deetjen & Powell, 2016; Jung et al.,
2014); however, it has also led to issues that have not existed
before the era of the Internet, such as excessive Internet use
or electric-related addictions. Problematic Internet use (PIU)
has been documented as a common phenomenon in both
developed and developing countries, causing health and
social problems. Previous studies conducted in some Euro-
pean countries have found the prevalence of PIU to be be-
tween 0.7%, and 18.3% (Bakken, Wenzel, Gotestam,
Johansson, & Oren, 2009; Billieux et al., 2013). In Asia, the
prevalence of PIU was reported to vary from 2% to 21.2%
(Ha et al., 2006; Ko et al., 2005; Mak et al., 2014; Mythily,
Qiu, & Winslow, 2008; Tran et al., 2017; Wu, Chen, Tong,
Yu, & Lau, 2018). A recent study by Cheng et al. in 2014
showed the varying prevalence of PIU in 31 countries across
regions: 8.0% in the United States, 7.1% in Asian countries,
and 10.9% in the Middle East countries (Cheng & Li, 2014).
Existing literature has also provided evidence indicating that
age and gender did not account for the high heterogeneity in
the prevalence of PIU (Zhang, Lim, Lee, & Ho, 2018).

The kind of activity that can be classified as excessive or
pathological use of computers and the Internet has been the
topic of discussion in the last few decades, along with the
development of computers and the Internet. In the United
States, the first publication on the topic was by Young et al.
in 1996 which reported as a case of a woman with email
addiction (Young, 1996), followed by the first seminar on
Internet Addiction (Young, 1998). In Europe, Griffiths
(1995) first described “technological addiction” as a “non-
chemical addiction involving human-machine interaction”,
followed by a general paper on the Internet and Internet
gambling addiction (Griffiths, 1995, 1996). In 1980, patho-
logical gambling was first added to the Diagnosis and Sta-
tistical Manual of Mental Disorders (DSM), which was
classified as an impulse control disorder. After that, in
DSM–V in 2015, pathological gambling was renamed to the
“Gambling disorder”, and re-classified as “Substance-Related
and Addictive Disorders” (Rennert et al., 2014).

In this study, we used the definition and diagnosis of the
International Classification of Diseases (ICD-11), which
includes gambling disorder (pathological gambling in ICD-
10) and gaming disorder as two diagnostic categories
(Fauth-B€uhler, Mann, & Potenza, 2017). The inclusion of
gaming disorder in the ICD-11 and the DSM-5 has raised

some arguments. A number of researchers call for exclusion
due to, among other reasons, the lack of general agreement
regarding the symptoms or predictions of the health issue
(Aarseth et al., 2017) that makes it insufficient to be regar-
ded as a mental health disorder (Dullur & Starcevic, 2018).
On the other hand, some supported the inclusion (Griffiths,
Kir�aly, Pontes, & Demetrovics, 2015; Griffiths et al., 2016;
King, Delfabbro, Doh, et al., 2018a; King, Delfabbro,
Potenza, et al., 2018b; Kiraly & Demetrovics, 2017). Thus,
the inclusion of GD in ICD and DSM could be considered a
common starting point for researchers in upcoming research
and monitoring (Kiraly & Demetrovics, 2017).

Despite having received seemingly significant attention,
PIU has yet to have a formal definition that was agreed
among academia. To date, a range of different definitions
has been given to this phenomenon, notably compulsive
computer use (Black, Belsare, & Schlosser, 1999), Internet
dependency (Sherer, 1997), pathological Internet use (Davis,
2001), and Internet addiction (Young, 1998). Shapira et al.
characterized PIU as an inability to control Internet use
(Shapira et al., 2003), while Black et al. indicated that
compulsive computer use meant psychiatric illness (Black
et al., 1999). Davis (2001) proposes a theoretical cognitive
and behavioral model of pathological Internet use (PIU),
identifying the PIU into two categories: Generalized Prob-
lematic Internet Use (GPIU) and Specific Problematic
Internet Use (SPIU) (Davis, 2001). Alternatively, Young
(1999) divided PIU into five subtypes: cyber-sexual addic-
tion, cyber-relationship addiction, net compulsions, infor-
mation overload, and computer addiction (Young, 1999).

Literature highlighted that excessive Internet use could
lead to a range of psychiatric disorder including attention-
deficit/hyperactivity disorder (ADHD) (Yen et al., 2017),
conduct problems (El Asam, Samara, & Terry, 2019),
borderline personality disorder (Lu et al., 2017), impulsivity
(Zhang et al., 2015), generalized anxiety disorder (Wang
et al., 2017), social anxiety (Ko, Yen, Yen, Chen, & Chen,
2012), premenstrual dysmorphic disorder (Ko et al., 2014),
anhedonia (Guillot et al., 2016), depression (Chou et al.,
2015), suicidality (Harris, Starcevic, Ma, Zhang, & Abou-
jaoude, 2017; Lin et al., 2014) and lifestyle problems such as
sleeping disturbance (Park et al., 2018; Zhang et al., 2017),
harmful alcohol use (Ko et al., 2009), decreased time spent
on exercising (Dang et al., 2018; Kojima et al., 2019) and
schizophrenia (Lee et al., 2018).

Several systematic reviews and meta-analyses have been
conducted in the field of Internet addiction and problematic
Internet use (Anderson, Steen, & Stavropoulos, 2017; Bre-
slau, Aharoni, Pedersen, & Miller, 2015; Kuss & Lopez-
Fernandez, 2016). Although these studies provided insights
into treatment to people with Internet-addictions and
Internet Gaming Disorder (Kuss & Lopez-Fernandez, 2016)
or PIU behaviors among adolescents (Anderson et al., 2017),
their focuses were on specific topics without allowing for
comparison between papers of different topics and over
time. Meanwhile, when attempting to obtain a broad view of
research development concerning certain topics, researchers
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have generally adopted bibliometrics analytic. The limitation
of bibliometrics, however, has been in its lack of power to
discover the landscape of research topics hidden in the
publications. In this study, we attempted to overcome such
limitations by combining bibliometrics and text mining (of
titles and abstracts) of publications on the overuse of elec-
tronic devices and the Internet. Findings of this study can
potentially support the development of the research agenda
in this field, policy formulation and the design and imple-
mentation of prevention approaches for PIU from an in-
ternational perspective (King, Delfabbro, Doh, et al., 2018a).

METHODS

Data source

We obtained research publications focused on all forms of
addiction involving the Internet and electronics. The Web of
Science (WOS) and Scopus are the two most massive data-
bases with various research fields (Guz & Rushchitsky,
2009). Meanwhile, PubMed covers mostly biomedical liter-
ature (Kokol & Vo�sner, 2018), PsycINFO focuses on
behavioral science and mental health (EBSCO). In this kind
of study, we wanted to explore the excessive use of electronic
devices and the Internet in all research areas. Therefore, we
decided to collect data from the two online databases: WOS
and Scopus. Our aims are 1) focusing on all forms of elec-
tronic and Internet addiction published from inception to
December 31st, 2017 in a peer-reviewed journal; and 2)
comparing the results of the same set of keywords between
the two databases. The searching process was conducted in
August 2018, thus, we decided to exclude the 2018 articles
because any capture from that period forward would include
incomplete bibliometric data for that year. We did not
include gray literature, conference proceedings, or books/
book chapters in our analysis. For filter processing, articles
written in any language other than English were excluded.

Search strategy

First, the literature from the WOS and Scopus were retrieved
using a developed set of search terms, focused on five sub-
types of Internet addiction: 1) Cybersex Addiction, 2) Cyber
Relationships, 3) Computer Addiction (Game online
addiction), 4) Net compulsion, 5) Informational overload.
Besides, to qualify other types of addiction related to elec-
tronic devices, we applied in our search query 6) Mobile
phone overuse, 7) Game machine addict, 8) Gambling ma-
chine addiction. Synonyms for search terms were designed
by our team. The following search terms were combined
with the above keywords, and their synonyms: “excessive’,
“problematic’, “compulsive”, and “addictive” (see Tables S1
and S2 Supplementary).

Secondly, we excluded 1) articles published on January
1st, 2018 onwards, 2) unrelated document types, such as
book chapters, and conference proceedings, 3) items with
anonymous authors in WOS or “undefined” fields in subject

areas, country field, or author field in Scopus and 4) studies
written in any language other than English.

After running our search with the above criteria, we
downloaded 2,732 papers from WOS and 614 papers from
Scopus. Two team members read the abstract, and keywords
to filter the unrelated documents. The two other team
members verified the data to minimize the errors. All po-
tential discrepancies were resolved via discussion.

After filtering, 2,276 papers from WOS and 600 papers
from Scopus were downloaded for further analysis. Each
article included the following information: document title,
authors, author address, publication year, author keywords,
research area, source title, and times of citation. All the data
were downloaded in text format and stored in MS Microsoft
Excel (see Figs. S1 and S2 Supplementary).

Bibliometric analysis

We performed this bibliometric analysis by using the bib-
liometric package in R (Aria & Cuccurullo, 2017). The meta-
data in the WOS and Scopus was used to calculate and rank
authors’ articles, country production and collaborations, and
journal publication.

Country production in R was defined by the corre-
sponding author’s country. The number of publications was
used as an indicator of research productivity. For author
production, we applied the number of papers and h-index to
identify the contribution of that author to the research field
(Opthof & Wilde, 2009). In the case of collaborative papers,
we applied full counting for the geographical distribution of
citations and country collaborations network (Perianes-
Rodriguez, Waltman, & van Eck, 2016).

The general characteristic of the dataset including jour-
nals, countries distributions, and author keywords identified
the changes in the research trend of this topic.

Visualization, which might be labeled as a part of visual
analytics, has been considered “a new research discipline” in
the last 20 years. For the large volumes of data such as
bibliographic data, visualization is an effective way to
analyze information from the abstracts and help the ana-
lysists to make decisions based on the data (Yu & Hayes,
2018). We then visualized the collaboration of the most
productive countries using VOSviewer software (http://
www.vosviewer.com/) to 1) create visualization maps rep-
resenting the contributions, and collaboration efforts of
countries in the two databases, and 2) visually describe
research efforts directed towards interrelated research sub-
jects by mapping out terms in the title and abstracts. In the
country cooperation network, the closer two countries are
located to each other, the stronger their collaboration. In the
network visualization, items are represented by their label
and by a circle. The size of the label and the circle of an item
is determined by the weight of the item. The higher the
weight of an item, the larger the label and the circle of the
item. The technique using for constructing co-occurrence
networks of terms extracted from title and abstracts of
publications can be found elsewhere (van Eck & Waltman,
2011; van Eck, Waltman, Dekker, & van den Berg, 2010).
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Analysis of abstracts/titles

To discover the hidden terms in the titles and abstracts, we
applied a text-mining tool: topic modeling technique. Spe-
cifically, we chose Latent Dirichlet allocation (LDA) which is
one of the most widely used and helpful methods to classify
papers into similar topics (Chen et al., 2017; Li, Rapkin,
Atkinson, Schofield, & Bochner, 2019; Valle, Albuquerque,
Zhao, Barberan, & Fletcher Jr, 2018; Wang, Joo, & Lu, 2014).
LDA used a probabilistic model of the text data and groups
different documents into topics. Since authors would use
similar words for a same topic, LDA would use co-occur-
rences of words to identify each topic as a probability dis-
tribution over words (Schwarz, 2018).

We decided to visualize data (title, and abstracts) using
VOSviewer, a distance-based visualization of bibliometric
networks, to explore high-quality information. Visualizing
networks has received attention form scientists. It has been a
powerful method to identify the hidden topics of a large
dataset (Van Eck & Waltman, 2014). The papers were then
classified into four research areas: co-comorbidity; methods
used to identify Internet addiction prevalence; the impact of
IA and the treatment; the main subject of studies.

LDA has been considered a productive technique for
modeling text data, including research articles (Jelodar et al.,
2019). Besides, the text mining function of VOSviewer,
which here we applied to titles and abstracts of the selected
publication, offers a powerful approach to analyze and
visualize topic mapping scientific literature (Van Eck &
Waltman, 2014). While VOSviewer evaluates the co-occur-
rence of the terms to conduct the clusters for a quick and
clear overview of the research topics, LDA provides a deeper
analysis of the terms’ meaning and categorizes the papers
into different groups of research topics (Van Eck & Walt-
man, 2014). In order to cross-check and confirm the results
of the two methods as well as demonstrate a multi-level
analysis for the research terms, both techniques were used in
this study.

RESULTS

The quantity of literature and the growth trend

Fig. 1 summarizes characteristics of the research output of
the current excessive use of electronic devices and the
Internet during the period from 1971 to 2017. Although the
number of papers in the WOS was more than that in Scopus,
both showed a similar trend over the study period. The
annual total of publication, total citation, and citation per
article author, the number of countries, and the average
author per paper publishing literature related to the overuse
of electronic devices and the Internet rose significantly in
both databases (Fig. 2, Fig. S3 and Table S3 Supplementary).
The first item was published in 1971 but rose to 469 in 2011
in WOS, and 102 in Scopus. In both datasets, the earliest
reports on this aspect dated back to 1971 when Levine and
Stephens expressed their concern with addiction to street

games (Levine & Stephens, 1971). Raubolt and Bratter
mentioned group treatment applying for games addicts play
in his 1974 research paper “Games addicts play: Implications
for group treatment”. Besides, the average number of the
author in 1971 was two, this figure significantly increased
double by 2017. The article with the highest number of
authors (31) in WOS, published in Addiction (2012), pro-
vided the prevalence of PIU (4.4%) among adolescents in
European countries (Durkee et al., 2012). Meanwhile, the
article with the most authors (14) in Scopus, published in
Psychiatry Research (2016), identified the association be-
tween problematic alcohol and PIU among adolescents due
to common psychopathological factors (Wartberg et al.,
2016). The number of countries that involved in this study
rose speedily during the period, starting with a minimum of
1 country in 1971 for both datasets, and increased to a
maximum of 63 in 2017 (WOS) and 27 countries in 2016
(Scopus) (see Table S4 in Supplementary). The total citation
of WOS increased dramatically while that of Scopus rose
slightly. The average citation per article per year shows the
impact of a publication. The papers in the year 2004 (WOS
dataset) and the papers in the year 2007 (Scopus dataset)
had the highest impact with the average citation per article
per year were 17.93 and 11.86, respectively.

Journals, and categories distribution

Based on the classification of the research areas in WOS and
Scopus, we selected four categories with the highest number
of publications from 2000–2017 (Fig. S4a and b Supple-
mentary). The number of papers per category presented a
continued growth, which indicates that these research topics
have been steadily emerging in various categories. The four
most common categories throughout 17 years in WOS
dataset were: Psychology, Psychiatry, Substance abuse and
Neurosciences & Neurology. In the same line with WOS,
Psychology and Neurosciences & Neurology were in the top
four, the others were Medicine and Computer Science.

Fig. 3 shows the number of papers and citations attrib-
uting to the 15 most prolific journals, which included pro-
ductivity and the ranking of the journal. In total, 2,276
articles were published in 666 journals (WOS), 600 articles
were published in 261 journals (Scopus). Based on the total
number of papers and its growth trend, we defined a popular
journal as a journal that contributed at least ten articles in
the field. As a result, 633 (95%) journals in WOS dataset and
253 (96%) journals in the Scopus data, published less than
ten articles. As the leader of this research topic, the Com-
puters in Human Behavior published the most research
papers (264; 11.6% in WOS, and 87; 14.5% in Scopus),
followed by Cyberpsychology, Behavior, and Social
Networking (WOS: 124; 5.5%; Scopus: 87; 5.8%); Journal of
Behavioral Addictions (WOS: 87; 3.8%); Addictive Behavior
(17; 2.8%). Throughout the research field, the highest impact
factor (IF) journal was Addiction (Scopus; 5.953), and
Journal of behavioral addictions (3.628; WOS). In WOS
database, the most frequently cited journal was Cyberp-
sychology and Behavior with a total of 8,175 citations during
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the given period, and it ranked first with the average citation
score (113.54) among the core journals. In Scopus, Com-
puters in Human Behavior had the highest number of total
citations, however, the highest averagecitation per article was
Cyberpsychology and Behavir (138.96). However, the
average citation per article of Computer in Human Behavior
was higher than that of Addiction while its IF was slightly
lower than that of Addiction (5.953).

For global collaboration, the top 15 countries/regions
were ranked by productivity, total citations, and global
cooperation in articles (see Table S4 Supplementary). The
number of papers and total citations in WOS was higher
than those of Scopus. Some countries in North America
countries, Europe (WOS: 10 countries, Scopus: 9 countries),
Asia (WOS: 7 countries, Scopus: 8 countries), as well as
Australia were in the top 20 countries based on the number

Fig. 1. Number of publications in WoS and Scopus

Fig. 2. Total number of citations and citations per article of WoS, and Scopus

Journal of Behavioral Addictions 9 (2020) 2, 469-482 473



of publications. Surprisingly, there was no representative
country from Africa among the top 25 of the most pro-
ductive countries in both databases. The top 20 productive
countries contributed 67% (Scopus), and 86.4% (WOS) of
total articles. Furthermore, 20.4% (WOS), and 17.5% (Sco-
pus) were global articles, which indicated these countries
having great cooperation in this research field. Interestingly,
two Asian countries (China, and South Korea) appeared in
the top five of the most prolific countries, which accounted
for 21.1% (WOS), and 13% (Scopus) in the total number of
publications. The top 5 of the most prolific countries were
the USA (WOS: 373, Scopus: 88), China (WOS: 283, Scopus:
34), Korea (WOS: 198, Scopus: 44), Turkey (WOS: 158,
Scopus: 26), and United Kingdom (WOS: 140, Scopus: 30).
In the WOS dataset, six countries published papers only
with the cooperation to other countries (Qatar, Scotland,
Macedonia, Slovenia, United Arab Emirates, and Vietnam)
meanwhile 18 countries only had domestic cooperation
(South Africa, Cyprus, Croatia, Kuwait, Bangladesh,
Denmark, Estonia, Peru, Romania, Thailand, Chile, Egypt,
Indonesia, Iraq, Lithuania, Mexico, Tanzania, Tunisia). In
both databases, the US ranked first in terms of total citations
(WOS: 14,456, Scopus: 5,595) while Czech Republic (Sco-
pus), and Poland (WOS) had the lowest total citation among

the top 20 most prolific countries (see Table S3 Supple-
mentary).

Fig. 4 shows the international collaboration of 69
countries (WOS) and 46 countries (Scopus). The size of
nodes is proportional to the relative contribution based on
the number of papers, and the line thickness represents the
strength of international collaboration. The United States
was the largest contributor in this field, followed by China
and South Korea.

Based on the WOS data, the United States closely
collaborated with Canada, England, and Australia. The
clusters of collaboration were also seen among countries
located in Asia, and Europe. For instance, South Korea,
China, Taiwan, Japan, and Malaysia were proximally located
with one another, indicating the Asian collaboration. Clus-
tering was also seen between Switzerland, Belgium, Poland,
Israel, France, and Brazil.

Based on the Scopus data, there was the main group
which included seven countries having the closest collabo-
ration: the US, South Korean, Turkey, Malaysia, Singapore,
Japan, the Philippines. Some of the European countries
(Switzerland, Belgium, Poland, France) formed research
collaboration with Canada and Israel. Northern European
countries (Italy and Portugal) and Southern European

Fig. 3. Most active journals in the field of excessive electronic devices and Internet uses (based on the total number of articles and total
citations)
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countries (Denmark and Sweden) formed a strong collabo-
ration.

Fig. 2 shows the number of citations and citations per
article. Those figures in the WOS database were more than
those in Scopus. In both databases, it shows that almost one-
third of all citations belonged to papers published by re-
searchers in the USA which is the country that contributed
the highest number of papers (see Fig. S1 Supplementary).
Other significant contributors including researchers from
China, Taiwan, and South Korea but less citation impact as
compared to papers published by researchers in the USA.

Text analysis

Applying the text analysis on titles and abstracts, the WoS
and Scopus database identified 31,710 terms and 11,454
terms, respectively. There were 145 terms in the WOS with
the cut-off 100 times of appearance and 144 terms in the
Scopus with the cut-off 31 times of appearance. Fig. S6a
and b shows the co-occurrence network of terms extracting
from titles and abstracts. The size of a term indicating the
number of its appearance in the titles and abstracts.

“Problematic Internet use” (Scopus, 1,446 times of appear-
ance), and “addiction” (WOS, 2,682 times of appearance),
and “Internet addiction” (WOS, 1,842 times of appearance)
were three central nodes. Four main clusters (four
different colors) in two databases could be identified (see
Fig. S6a and b):

Theme 1. The blue cluster (WOS) and the red one
(Scopus) consist mainly of the co-comorbidity: Internet
addiction was found to be associated with psychiatric co-
morbidity including ADHD, depressive disorder, social
phobia, and hostility. Many studies confirmed the associa-
tion between Internet addiction, and psychiatric illness
(Caplan, 2007; Costa, Patrao, & Machado, 2018; Ko et al.,
2012; €Ozdemir, Kuzucu, & Ak, 2014; Shapira, Goldsmith,
Keck, Khosla, & McElroy, 2000; Yen, Ko, Yen, Wu, & Yang,
2007). When treating people with Internet addiction, these
disorders should be adequately assessed and treated at the
same time.

Theme 2. The green cluster (WOS) and the yellow one
(Scopus) cover the topic: questionnaires for assessing
Internet addiction. All questionnaires were self-administered
and ranging from 6 to 20 items on dimensional scales. The

Fig. 4. (a). The global network among countries in WOS. (b). The global network among countries in Scopus
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Internet Addiction Test (Young, 1998) with 20 questions
was most frequently used. For gaming disorder, the
Assessment of Internet, and Computer Game Addiction
(AICA-S), a 14-item self-report scale was frequently used to
assess computer game addiction.

Theme 3. The red cluster (WOS) and the blue one
(Scopus) mentioned the impact of electronic divides overuse
could cause to the youth. It can be seen that research of
treatment focused on the Scopus database. Specific psycho-
logical therapies, such as social support, counseling, and
cognitive behavior therapy were found to help young people
to overcome addiction to electronic devices and the Internet
as well as feelings of loneliness (Mak et al., 2014; Schim-
menti, Passanisi, Gervasi, Manzella, & Fama, 2014). A strong

family relationship was found to be an excellent method to
prevent Internet addiction (Yu & Shek, 2013). School-based
support was required to support adolescents overcoming
negative feelings (€Ozdemir et al., 2014). Another theme was
psychoeducation to teach students to use the Internet
effectively and supervise the time they spent online (Li,
Zhang, Lu, Zhang, & Wang, 2014).

Theme 4. The yellow cluster (WOS) and the green one
(Scopus) consist of the subjects of the papers: “adolescents”,
“high school student”, “student”. Besides, the difference in
using the Internet between two genders was mentioned.
Male and female both use mobile phone, however, the
purpose of using was quite different. Females used the
mobile phone for social reasons meanwhile men used the
mobile phone for business purposes. On one hand, two risk
factors for Internet addiction were male gender and social
factor (M€uller, Glaesmer, Br€ahler, Woelfling, & Beutel, 2014;
Yen et al., 2007). On the other hand, some studies show that
young women tend to have a problem with Internet addic-
tion (Derbyshire et al., 2013).

Topic modeling using Latent Dirichlet allocation (LDA)

Using LDA for text analysis in the titles and abstracts, we
classified ten research topics in the WOS dataset (Table 1)
and Scopus dataset (Table 2). In WOS dataset, topics with
the highest number of publications were “Internet addiction
and depression among University Students” (n 5 385),
“Internet addiction and mental health problem” (n 5 297),
and “Internet pornography addiction and its consequences”
(n 5 255). In Scopus dataset, “Internet addiction in ado-
lescents and students: Prevalence and risk factors” (n 5
116), “Problematic Internet use and mental health prob-
lems” (n 5 71), “PIU and psychological effects among stu-
dents” (n 5 68). Both datasets show that the concern of the
scientific community has been the effect of PIU on mental
health, especially among students. Both WOS and Scopus
share the same results when confirming that “Smartphone
addiction” and the mental health illness affected by Internet
addiction received the highest attention in the scientific
community in the last five years (Figs. 5 and 6). Moreover,
we provided 25 most cited papers in each database, which
showed the highest attention of the researcher (Tables S5
and S6 Supplementary). The top three highest citation pa-
pers shared the same content with our research topics. The
first and second publications in WOS focused on a frame-
work for the development of cognitive-behavioral in-
terventions for PIU (Caplan, 2002; Davis, 2001). The other
papers reported the relations of PIU and com-morbidities
(Kardefelt-Winther, 2014b; Shapira et al., 2000), theoretical
development for PIU (Kardefelt-Winther, 2014a).

DISCUSSION

To the best of our knowledge, this study can be considered
the first comprehensive and global bibliometric analysis on
the excessive use of electronic devices and the Internet. Our

Table 1. Ten research topics classified by Latent Dirichlet allocation
in WOS database

Rank by the
highest volume
last 5 years Research topics N Percent

Topic 1 Smartphone
addiction

107 4.70%

Topic 2 Internet
addiction and
mental health
problems

297 13.05%

Topic 3 Internet
addiction and
depression

among University
Students

385 17.00%

Topic 4 Prevalence and
risk factors of
problematic
Internet use

among
adolescents

215 9.45%

Topic 5 Social media and
social network

games

178 7.82%

Topic 6 Validity and
Reliability Study
of the Internet
Addiction Test

158 6.55%

Topic 7 Brain Functional
Network in
Internet

Addiction or
Gaming disorder

173 7.60%

Topic 8 Internet
pornography

addiction and its
consequences

255 11.20%

Topic 9 Treatment
Interventions for

Internet
Addiction

92 4.13%

Topic 10 Gaming and
Gambling
disorder

167 7.34%
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findings showed that there had been a steady increase in the
number of publications and citations in this area from 1971
to 2017. Although the number of papers eligible to be
selected for further analysis in WOS database was three
times that in Scopus database, both datasets displayed the
same trend in the development of scientific research papers
in PIU. First, both datasets confirmed that the US was the
leading country in this area, yet there was an emergence of
publications from Asian countries. Secondly, keyword and
text analysis found that excessive use of electronic devices
and the Internet mainly affected young people and led to

psychiatric comorbidity. Various questionnaire assessments
were developed to assess excessive use of electronic devices
and the Internet as well as the mainstay of treatment is
psychological intervention. Finally, there were limited pub-
lications looking into intervention or treatment for excessive
use of electronic devices and the Internet.

Some of the global collaborations on excessive use of
electronic devices and the Internet occurred among the
following countries/regions: The United States, China, South
Korea, and Taiwan. The presence of various Asian countries
as major contributors for publication in this area reflected
the growing concern of Asian society when facing the
healthcare crisis associated with “Internet addiction” and
excessive use of electronic devices. The excessive use of
electronic devices and Internet has been considered a com-
mon problem in Vietnam, China, Taiwan, Hong Kong, and
South Korea (Tran et al., 2017). To combat the rising
prevalence of excessive use of electronic devices and the
Internet in Asia, we call for new health policies and pro-
grams. Several Asian countries have established control and
prevention measures. China, for instance, has applied tighter
control on the Internet caf�e and launched an anti-addiction
program (Vondr�a�ckov�a & Gabrhel�ık, 2016), while South
Korea has established a systematic approach program
“Hospital þ School þ Counseling Center” for treating
people with PIU (Koo, Wati, Lee, & Oh, 2011). Taiwan has
revised the “Child, and Youth Welfare, and Protection Act”
which requires the parents to pay a penalty of 1595 USD if
their children become sick as a result of excessive use of
electronic devices and Internet (Interior & Taiwan China,
2012).

Our analysis of text mining (titles and abstracts only)
and the visualization of titles and abstracts identified the
concerns on “comorbidities” associated with excessive
Internet uses. By using LDA, we found that the number of
publications focuses on the relationship between PIU and
psychiatric is increasing (Table 1 and 2). PIU can be a reason
leading to psychosocial issues, such as depression (Stetina,
Kothgassner, Lehenbauer, & Kryspin-Exner, 2011), anxiety
and loneliness (Schulz, Bergen, Schuhmann, & Hoyer, 2017),
or even suicide (Durkee, Hadlaczky, Westerlund, & Carli,
2011). Most of the studies, however, were cross-sectional,
such that confirmation on a causal relationship between PIU
and mental health problems should be the aim of future
researches (de Vries & Nakamae, 2018). Moreover, the
number of papers discussing treatments of PIU (4.13% of
the total number of publications in WOS dataset, 10.33% in
Scopus dataset) was relatively small compared with other
topics. In terms of available treatment, both databases
mentioned non-medication therapy including cognitive-
behavioral therapy (Young, 2007), family therapy (Zhong
et al., 2011), self-discovery camp (Sakuma et al., 2017),
Mindfulness-Oriented Recovery (W. Li et al., 2017) and
pharmacotherapy. Although previous publications suggested
the use of social support, counseling, or cognitive behavior
therapy to treat excessive use of electronic devices and
Internet, the efficiency of psychological interventions has not
been well-discussed. Notably, there has been a lack of studies

Table 2. Ten research topics classified by Latent Dirichlet allocation
in Scopus database

Rank by the
highest volume
last 5 years Research topics N Percent

Topic 1 Smartphone
addiction in
workplace

39 6.50%

Topic 2 Parental Control
and Adolescent

Internet
Addiction

19 3.17%

Topic 3 PIU and
psychological
effects among

students

68 11.33%

Topic 4 Treatment of
Internet
addiction

62 10.33%

Topic 5 Problematic
Internet use and
mental health
problems

71 11.83%

Topic 6 Internet
Addiction,
Pathological
Gambling and
Psychiatric
Comorbidity

among
Adolescents

61 10.17%

Topic 7 Internet
addiction in

adolescents and
students:

Prevalence and
risk factors

116 19.33%

Topic 8 Online Social
Gaming and

Social
Networking Sites

28 4.67%

Topic 9 Psychometric
Properties of the
Problematic
Internet Use
Questionnaire

43 7.17%

Topic 10 Smartphone and
brain activity

37 6.17%
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focusing on pharmacological treatments for excessive use of
the Internet and electronic devices. In both datasets, there
were only three papers mentioned medication treatment.
Further research thus may take the direction of evaluating
the therapeutic effect of positivity which leads to a linear
decrease in general distress and an indirect decrease in
Internet addiction.

This bibliometric study has several limitations. Firstly,
we were unable to present a “universal” definition or

classification of excessive use of electronic devices and
Internet. In fact, the debate on the definition and diagnostic
criteria of excessive use or addiction to electronic devices
and Internet will possibly continue to go on worldwide.
While some mental health practitioners and researchers
considered PIU as a symptom of a primary psychiatric
disorder such as anxiety or depression (Ko et al., 2012),
others classified PIU as an impulse control disorder.
Nevertheless, there is a growing consensus that PIU is

Fig. 5. Changes in research topics development in WOS

Fig. 6. Changes in research topics development in Scopus
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considered to be a form of addiction (Grant, Potenza,
Weinstein, & Gorelick, 2010). Secondly, we excluded some
document types such as government documents, books or
book chapters, and letters to editors and kept only articles
and reviews, that may affect the result. Finally, the exclusion
of non-English articles might lead to selection bias and made
the number of publications of English-speaking countries
was more than that of Asia or Africa ones.

CONCLUSION

In conclusion, this study presents a comprehensive overview
of global research trends and development on the excessive
use of electronic devices and Internet. Furthermore, it
highlights the need for increasing global awareness about the
effects of addiction to electronic devices and Internet. The
findings of this study will help researchers and health au-
thorities to formulate new research strategies and policies
respectively.
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