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Abstract
Purpose: An aim of this study is to analyze the citation impact of articles and reviews that were 
published in engineering, materials science, and medical journals in Korea over the 5-year pe-
riod from 2012 to 2016 based on  authors’ countries. These three subject areas were selected to 
provide insights regarding citation impact because they are better represented than other sub-
jects among the 248 Korean journals indexed by Scopus. 
Methods: We classified authors’ as Korean and foreign to assess and compare the citation im-
pact of articles and reviews according to the authors’ countries and evaluated whether biblio-
metric indicators, such as the number of authors and the view count, were associated with a 
higher citation impact.
Results: We found that the citations count and publications in the top 10 citation percentile in 
these three subject areas were higher for reviews than for articles; further, the citation impact 
of articles and reviews by foreign authors was higher than that of articles and reviews by Kore-
an authors. The number of authors had a weak relationship with citation impact based on the 
subject area, and the number of authors per review by foreign authors in materials science and 
medicine was negatively associated with citation impact. Moreover, the views count was found 
to be positively associated with the citation impact of publications in these three subject areas. 
Conclusion: Considering these findings, future research should explore more bibliometric in-
dicators, subject areas, and countries in order to develop practical applications. The results of 
this study provide insights and statistical evidence indicating that journal publishers and edi-
tors in Korea should attempt to attract more publications by foreign authors and promote their 
publications to increase their visibility and likelihood of being cited.
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Introduction 

According to the Korea Citation Index, 5,445 scholarly jour-
nals have been published in Korea [1]. Of these journals, 248 
journals were indexed in Scopus as of May 2018. The number 
of articles and reviews published in Korean journals indexed 
in Scopus increased over the 5-year period from 2012 to 2016, 
with an annual growth rate of 4.6%. Among the articles and 
reviews published in 248 Korean journals, 62.8% had Korean 
authors, followed by Chinese authors (12.2%), authors from 
the United States (5.5%), Indian authors (4.1%), and authors 
from Iran (3.7%). More foreign authors have published arti-
cles and reviews in Korean journals, according to a prior anal-
ysis indicating that 77.4% of articles in Korean journals were 
published by Korean authors [2]. It is likely that improved ac-
cessibility through various online databases such as the Web 
of Science, Scopus, PubMed, Google Scholar, and DOAJ (Di-
rectory of Open Access Journals) has increased the visibility 
of Korean journals, which may have led to more publications 
by foreign authors. 
 Along with the quantitative increase in the number of pub-
lications, previous research has addressed which bibliometric 
indicators lead to an increase in citations from a qualitative 
perspective. Because publishing high-quality research is fun-
damental to science, regularly evaluating the impact of publi-
cations is essential for scholarly journals and individual re-
searchers [3]. As a qualitative evaluation indicator, the citation 
of publications determines the journal impact, which in turn 
shapes the number of publications. Furthermore, citations 
can be crucial for researchers’ hiring and promotion decisions 
and for attracting high-quality papers to journals, although 
citation impact often depends on the subject area, journal in-
dex, and number of authors in co-authored publications. Ci-
tation impact also has been used as an assessment tool for pa-
rameters such as collaborative activity, engagement in various 
types of collaboration (e.g., international collaboration), open 
access, reference impact, abstract readability, and more [4,5].
 In this study, the relationship between research collabora-

tion (i.e., the number of authors per publication) and view 
counts a form of usage data generated when requests are 
made for a publication on the Scopus site were investigated. 
Data on views were chosen because this parameter has impli-
cations for interest in research output and citation impact. We 
also sought to analyze and compare the citation impact of 
publications according to authors’ countries. To investigate 
the latter, we examined information on authors’ affiliations 
presented in articles and reviews. Groups of authors were 
classified as Korean or foreign based on the affiliation infor-
mation presented in publications. If a Korean author was in-
cluded in a publication for which foreign authors were pre-
dominant, the publication was classified as an article by for-
eign authors. The purpose of this paper is to provide compar-
ative evidence on the citation impact of publications in engi-
neering, materials science, and medical journals by Korean 
and foreign authors and identify the bibliometric indicators 
associated with the citation impact of the publications. 
 
Methods

Among the 248 Korean journals indexed by Scopus, the three 
subject areas of engineering (46 titles), materials science (22 ti-
tles) and medicine (81 titles) were selected for analysis. The ci-
tation trends and patterns from these subject areas were expect-
ed to yield meaningful results since more journals are indexed 
by Scopus in these areas than in others. We chose a study period 
of 5-year from 2012 to 2016 and only examined articles and re-
views. Our entire data set included 22,577 publications from the 
engineering field, 4,959 from materials science, and 25,957 
from medicine. We evaluated the publications in each subject 
area using quantitative and qualitative indicators (Tables 1, 2).
 Our analytical strategy was to identify authors’ affiliations 
and the number of authors and then  assess the relationships 
of those parameters with citation impact. First, we extracted 
engineering, materials science, and medical journals published 
by Korean publishers and societies. Second, the dataset was 
limited to the parameters of publication type (article and re-

Table 1. Dataset description 

Subject 2012 2013 2014 2015 2016 Overall

Article Engineering 3,490 3,952 4,844 4,999 4,940 22,225

Materials science 887 937 941 1,032 1,085 4,882

Medicine 4,152 4,490 4,743 4,932 5,038 23,355

Review Engineering 108 65 59 51 69 352

Materials science 12 10 24 14 17 77

Medicine 741 652 566 615 948 3,522
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view), year (2012-2016), and countries with which authors 
were affiliated (Korean and foreign). Third, based on authors’ 
affiliations, publication type, and subject area, 12 groups were 
created (Table 2). Fourth, we analyzed research performance 
by publication type to identify citation trends according to au-
thors’ affiliations. 
 Comparisons between groups were conducted without sta-
tistical tests because all data from each group were collected. 
To determine whether the number of citations was affected by 
the number of authors in the 12 groups, a regression analysis 
was performed using IBM SPSS Ver. 20.00 (IBM Corp., Ar-
monk, NY, USA).

Results

Comparison of the citation impact of publications between 
Korean authors and foreign authors
We identified authors’ countries of affiliation from the dataset, 
and their distribution for authors of articles and reviews is 
shown in Fig. 1. For articles by foreign authors in engineering, 
China was the most common country of affiliation (37.7%), 
followed by Iran (10.7%) and the United States (9.9%). For re-
views in engineering, the percentage of authors from the 
United States was the highest (22.0%), followed by Chinese 
authors (15.8%) and Japanese authors (9.0%). For articles in 
materials science, the percentage of Chinese authors was the 
highest (31.9%), followed by Iranian (11.6%) and Indian 
(8.1%) authors. For reviews in materials science, the highest 
proportions of authors were from China (15.4%), Malaysia 
(15.4%), and the United States (15.4%). In the area of medi-
cine, authors from the United States accounted for the highest 
proportion of both articles and reviews written by foreign au-
thors (17.5% and 39.9%, respectively). Compared to engineer-
ing and materials science, the proportion of authors from the 
United States in medicine was quite high, which contributed 
to the citation impact.

 As explained in the Methods section, we analyzed citations 
per publication and the publications in top 10 citation percen-
tile to assess citation impact by publication type (article or re-
view), authors’ countries of affiliation (Korean and foreign), 
and subject areas (engineering, materials science, and medi-
cine) (Tables 3, 4). Overall, the number of citations per publi-
cation by foreign authors was higher than the corresponding 
value for Korean authors by an average of 1.9, except for cita-
tions per review by Korean authors in materials science, 
which was 0.7 higher for reviews by foreign authors. Further-
more, the number of citations per review was generally higher 
than the number of citations per article except for citation per 
review by foreign authors in materials science. The number of 
citations per review by foreign authors in medicine was 13.8, 
which was the highest of the 12 groups analyzed, whereas the 
number of citations per article by Korean authors in engineer-
ing and materials science was relatively low (2.1 and 2.3, re-
spectively). This finding shows that reviews received more at-
tention from readers and researchers and more citations than 
articles. Citations per publication for medical subject were 
higher than for engineering and materials science for Korean 
authors, but this trend was not consistent for foreign authors 
in materials science. 
 As shown in Table 4, more articles by foreign authors than 
by Korean authors were in publications in top 10 citation per-
centile by 2.2% on an average in three subject areas. Reviews 
were more likely to be in the top 10 citation percentile than ar-
ticles in engineering and medicine, while articles (4.1%) by for-
eign authors was higher than reviews (2.6%) in top 10 citation 
percentile for materials science. The following statistics support 
this trend. The percentage of reviews by foreign authors in 
medicine in the top 10 citation percentile was the highest 
(25.8%), followed by reviews by Korean authors in medicine 
(16.0%), reviews by foreign authors in engineering (11.3%), 
and reviews by Korean authors in engineering (10.3%). It is 
likely that reviews were more competitive than articles and that 

Table 2. Number of articles and reviews by authors’ country of affiliation in three subject areas

Engineering Materials science Medicine

Korean Foreign Korean Foreign Korean Foreign

Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total

2012 2,050 46 2,096 1,440 62 1,502 654 6 660 233 6 239 3,294 579 3,873 858 162 1,020

2013 2,280 39 2,319 1,672 26 1,698 674 7 681 263 3 266 3,470 480 3,950 1,020 172 1,192

2014 2,469 24 2,493 2,375 35 2,410 662 9 671 279 15 294 3,550 408 3,958 1,193 158 1,351

2015 2,411 29 2,440 2,588 22 2,610 657 8 665 375 6 381 3,575 444 4,019 1,357 171 1,528

2016 2,308 37 2,345 2,632 32 2,664 634 8 642 451 9 460 3,495 643 4,138 1,543 305 1,848

Total 11,518 175 11,693 10,707 177 10,884 3,281 38 3,319 1,601 39 1,640 17,384 2,554 19,938 5,971 968 6,939
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publications by foreign authors were more competitive than 
those by Korean authors in terms of the citation index, but 

these trends showed variations across our dataset (Tables 3, 4).

Table 3. Citations per publication by authors’ country of affiliation in three subject areas 

Engineering Materials science Medicine

Korean Foreign Korean Foreign Korean Foreign

Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total

2012 3.4 10.3 3.6 6.9 9.2 7.0 3.3 4.2 3.3 6.4 5.7 6.3 6.4 11.9 7.2 7.1 24.1 9.8

2013 2.6 5.8 2.6 6.1 21.2 6.3 3.0 17.0 3.1 7.0 17.7 7.2 5.4 12.1 6.2 6.1 15.7 7.5

2014 2.1 8.0 2.2 4.2 11.9 4.3 2.3 3.4 2.3 4.7 3.8 4.7 4.1 11.1 4.9 4.9 18.7 6.5

2015 1.6 3.1 1.7 3.4 5.2 3.4 1.7 1.5 1.7 6.0 4.3 6.0 3.0 8.1 3.6 3.7 11.3 4.5

2016 0.8 2.6 0.9 1.7 2.0 1.7 0.9 3.4 1.0 2.5 2.4 2.5 1.5 4.2 1.9 1.7 6.0 2.5

Total 2.1 6.2 2.2 4.0 9.7 4.1 2.3 5.6 2.3 5.0 4.9 5.0 4.1 9.2 4.7 4.3 13.8 5.7

Fig. 1. Countries distribution ratio by authors group. (A) Article in engineering, (B) reviews in engineering, (C) articles in materials science, (D) reviews in materials 
science, (E) articles in medicine, and (F) reviews in medicine.
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Citation impact and the number of authors
From the perspective of research collaboration, more authors 
contributing to an article should lead to more traffic, thereby 
increasing opportunities for citation. Many studies have 
shown that research collaboration, as indicated by co-author-
ship, is essential for progress in scientific research. Over the 
past several decades, large-scale collaborative projects have 
become increasingly frequent in fields as diverse as high-en-
ergy physics, medicine, and genetics [6-8]. Although these 
large collaborations have received the lion’s share of media at-
tention [9], research collaboration on a smaller scale is also 
important for scientific productivity and influence [10]. For 
instance, within the field of bibliometrics, the total number of 
co-authors of a publication is positively correlated with the 
number of citations received by that study [11].
 We investigated the number of authors per publication and 
the citation impact of publication in three subject areas (engi-
neering, materials science, and medicine) by publication type 
(articles and reviews) and country of affiliation of the authors 
(Korean or foreign). Generally, articles had more authors than 
reviews, except for reviews by foreign authors in engineering. 

In all three subject areas, the number of authors per review by 
foreign authors was larger than the number of authors per re-
view by Korean authors. The difference in the number of au-
thors per review between Korean and foreign authors was 1, 
1.4, and 0.1 for engineering, materials science, and medicine, 
respectively (Table 5). In contrast, the number of authors per 
article was the same for Korean and foreign authors in engi-
neering (3.4) and materials science (4.0), and the number of 
authors per article by Korean authors in medicine was higher 
than the corresponding value for foreign authors by 0.4. In 
medicine, the number of authors per article and review by 
Korean authors was larger than for articles and reviews by 
foreign authors (Table 5).
 As shown in Fig. 2, there was a weak relationship between 
the number of authors per publication and citation impact. 
The number of authors per review by Korean authors in engi-
neering and the number of authors per review by foreign au-
thors in materials science showed a slight association with ci-
tation impact. Interestingly, the number of authors per review 
by foreign authors in materials science and medicine was 
negatively associated with citation impact (Fig. 2).  

Table 5. Number of authors per publication by authors’ country of affiliation in three subject areas 

Engineering Materials science Medicine

Korean Foreign Korean Foreign Korean Foreign

Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total

2012 3.6 1.9 3.5 3.3 2.8 3.3 4.1 2.7 4.1 4.0 5.5 4.0 6.0 3.4 5.6 5.3 3.4 5.0

2013 3.4 2.2 3.3 3.4 3.2 3.3 3.9 3.7 3.9 4.1 2.3 4.1 5.9 3.0 5.6 5.5 3.2 5.2

2014 3.4 2.3 3.4 3.3 4.1 3.3 4.0 3.6 4.0 4.3 5.0 4.3 5.8 3.0 5.5 5.6 3.3 5.3

2015 3.4 3.4 3.4 3.4 4.0 3.4 4.0 3.1 4.0 3.9 4.8 3.9 6.1 3.4 5.8 5.7 3.3 5.5

2016 3.4 2.6 3.4 3.5 3.6 3.5 3.9 2.3 3.9 4.0 3.4 4.0 6.2 3.3 5.7 5.9 3.4 5.5

Total 3.4 2.4 3.4 3.4 3.4 3.4 4.0 3.1 4.0 4.0 4.5 4.1 6.0 3.2 5.7 5.6 3.3 5.3

Table 4. Output of papers in the top 10 percentile of citations by authors’ country of affiliation in three subject areas 

Engineering Materials science Medicine

Korean Foreign Korean Foreign Korean Foreign

Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total

2012 0.5 10.9 0.8 2.2 6.5 2.3 0.0 0.0 0.0 0.4 0.0 0.4 1.3 9.5 2.6 2.3 21.6 5.4

2013 0.3 7.7 0.4 1.9 26.9 2.3 0.4 28.6 0.7 2.7 0.0 2.6 1.7 12.9 3.1 1.6 18.6 4.0

2014 0.3 12.5 0.4 1.5 14.3 1.7 0.3 0.0 0.3 1.4 0.0 1.4 1.7 17.4 3.3 2.7 29.1 5.8

2015 0.6 3.4 0.7 2.6 9.1 2.6 0.8 0.0 0.8 5.9 0.0 5.8 2.2 19.8 4.2 3.2 28.7 6.0

2016 1.0 16.2 1.3 4.1 6.3 4.1 1.3 12.5 1.4 7.1 11.1 7.2 3.2 20.7 5.9 4.7 28.9 8.7

Total 0.6 10.3 0.7 2.5 11.3 2.7 0.5 7.9 0.6 4.1 2.6 4.1 2.0 16.0 3.8 3.1 25.8 6.2

Values are presented as %.    
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Fig. 2. (Continued to the next page)
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Citation impact and view count per publication
Since scholarly publications are published and distributed 
through various online sources, several previous studies have 
addressed the importance of downloads and views count; re-
searchers have attempted to measure scientific impact based 
on these parameters. Such data would allow scientific activi-
ties to be measured immediately after publication, rather than 

having to wait for citations. Previous studies have proposed 
the “download impact factor” as a journal metric [12,13] re-
porting close correlations between citations and downloads 
[14].
 In the present study, we extracted the record of clicks from 
the Scopus data on download usage and analyzed whether the 
views count was associated with citations of publications 

Fig. 2. (Continued) Relationship between No. of authors per publication and citations by author group in three subjects. (A) Articles by Korean author group in en-
gineering, (B) articles by foreign author group in engineering, (C) reviews by Korean author group in engineering, (D) reviews by foreign author group in engineer-
ing, (E) articles by Korean author group in materials science, (F) articles by foreign author group in materials science, (G) reviews by Korean author group in mate-
rials science, (H) reviews by foreign author group in materials science, (I) articles by Korean author group in medicine, (J) articles by foreign author group in medi-
cine, (K) reviews by Korean author group in medicine, and (L) reviews by foreign author group in medicine.  
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Table 6. Views count per publication by authors’ country of affiliation in three subject areas 

Engineering Materials science Medicine

Korean Foreign Korean Foreign Korean Foreign

Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total Article Review Total

2012 13.2 32.7 13.7 19.6 34.9 20.3 19.0 41.5 19.2 21.0 53.8 21.9 8.5 15.0 9.5 11.1 23.7 13.1

2013 12.5 24.1 12.7 18.6 62.2 19.2 19.1 56.7 19.5 25.1 73.3 25.7 8.7 16.1 9.6 11.6 21.2 13.0

2014 10.6 26.1 10.8 15.2 54.2 15.8 13.2 30.3 13.4 18.5 20.6 18.6 7.0 14.7 7.8 10.4 22.9 11.8

2015 10.8 25.4 10.9 14.4 41.3 14.6 12.5 13.6 12.5 18.4 39.8 18.7 6.4 11.0 6.9 10.1 14.8 10.6

2016 9.6 35.6 10.0 11.5 31.7 11.7 12.8 19.4 12.9 14.2 35.1 14.6 6.3 10.6 7.0 7.7 13.1 8.6

Total 11.3 29.3 11.5 15.2 42.9 15.7 15.3 31.1 15.5 18.7 36.1 19.1 7.4 13.3 8.1 9.9 18.2 11.1
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Fig. 3. (Continued to the next page)
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across our 12 different categories. We found two trends in the 
views count analysis. First, the view count of publications by 
foreign authors was higher than that for publications by Kore-
an authors (by an average of 7.6). This result was in all three 
subject areas (Table 6). The views count per review by foreign 
authors in engineering was highest (42.9), and the views 
count for reviews (on average, 15.5) was higher than the views 
count per article. The difference between views count per ar-
ticle and per review was highest in publications by foreign au-
thors in engineering (27.7), whereas it was relatively small for 
Korean authors writing on medical subject (6.0). 
 How is views count important in terms of citation impact? 
To provide an answer to this question, we analyzed the rela-
tionship between views count and citation impact across the 
12 groups of publications (Fig. 3). There was a relatively 
strong relationship between views count per publication and 
citation impact compared to the number of authors per publi-
cation. In particular, views count per review by Korean au-
thors in engineering and materials science and by foreign au-
thors in engineering and medicine was strongly associated 
with citation impact. This finding underscores that views 

count per review rather than views count per article is more 
closely related to citation impact. 

Discussion

In this study, the citation impact of articles and reviews pub-
lished by Korean and foreign authors in Korean journals in 
engineering, materials science, and medicine was examined, 
with the goal of determining whether bibliometric indicators, 
such as the number of authors and views count, affected cita-
tions of the publication. We found that citations and the pub-
lications in top 10 citation percentile in three subject areas 
were higher for reviews than for articles, except for reviews by 
foreign authors in materials science. In particular, citations 
and publications in top 10 citation percentile for reviews in 
engineering and medicine were quite high. The citation im-
pact of articles and reviews by foreign authors was higher 
than that for articles and reviews by Korean authors, except 
for reviews by Korean authors in materials science. The num-
ber of authors per review by foreign authors was larger than 
the number of authors per review by Korean authors, and ar-

Fig. 3. (Continued) Relationship between views count per publication and citations by author group in three subjects. (A) Articles by Korean author group in engi-
neering, (B) articles by foreign author group in engineering, (C) reviews by Korean author group in engineering, (D) reviews by foreign author group in engineering, 
(E) articles by Korean author group in materials science, (F) articles by foreign author group in materials science, (G) reviews by Korean author group in materials 
science, (H) reviews by foreign author group in materials science, (I) articles by Korean author group in medicine, (J) articles by foreign author, group in medicine, 
(K) reviews by Korean author group in medicine, and (L) reviews by foreign author group in medicine.
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ticles in medicine had more authors than those in other sub-
ject areas. 
 Authors from the United States accounted for a large per-
centage (39.9%) of the reviews in medicine since journal pub-
lishers and editors routinely invite distinguished researchers 
to write reviews. The high percentage of authors from the 
United States contributed to the higher number of citations 
and publications in top 10 citation percentile for reviews in 
medicine. This finding suggests that inviting foreign authors 
to write reviews is a successful approach in terms of citation 
impact. The lower citation impact of reviews by foreign au-
thors rather than by Korean authors in materials science can 
be interpreted as indicating that, world-wide, top-ranking re-
searchers in Korea were invited to submit review in their spe-
cific fields. Materials science is known to be one of the most 
competitive research areas in Korea from a global perspective, 
as shown by the fact that the number of publications was third 
and the field-weighted citation impact was 1.38, which was 
the fourth-highest of 22 categories in Korea [15].
 Globally, the publication share of authors from the United 
States, China, India and Japan was reported to be 25%, 22%, 
5.4%, and 5%, respectively, based on a Department for Busi-
ness, Energy and Industrial Strategy report [16]. This pattern 
is consistent with that shown in Korean journals, although 
authors from Malaysia, Iran, and Turkey are relatively over-
represented in Korean journals because of their willingness to 
submit articles to Korean journals since original articles are 
considered voluntary in terms of publishing activities unlike 
reviews.
 There was a weaker relationship between the number of 
authors per publication and citation impact. This trend de-
pended on subject area, as the number of authors per review 
by foreign authors in materials science and medicine was 
negatively associated with citation impact. There was a posi-
tive relationship between views count per publication and ci-
tation impact. As the view count increased, the citation im-
pact increased because the publication had more opportuni-
ties to be cited. Additionally, this effect of views count seemed 
to be higher for reviews than for articles.
 The limitations of this study include the classification of 
authors and bibliometric indicators. If a Korean author con-
tributed to a publication along with foreign researchers, the 
publication was classified as having foreign authors, which 
means that there were more publications reflecting interna-
tional collaboration than publications involving national and 
institutional collaboration [5,17,18].To identify additional 
bibliometric indicators that could be important for increasing 
the citation impact of articles and reviews, future research 
could extend our research methodology to cover more biblio-
metric indicators and journals published by Asian countries 

in order to validate whether the findings we reported for Ko-
rean journals can be generalized.
 Our findings imply that journal publishers and editors in 
Korea should attract more reviews by foreign authors, which 
are positively associated with increased citations. Doing so 
will help increase journal impact. Views count and citation 
impact were found to be positively associated. Hence, journal 
publishers and editors should support collaborative work, in-
vite more publications from international authors, and pro-
mote their publications to increase view count, which is help-
ful for increasing opportunities to be cited and for promoting 
the visibility of research. 
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