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Abstract The present study sought to examine the trend and impact of international

collaboration in scientific research in Vietnam during the period after the introduction of

the a reform policy and the normalization of relations with the United States. Using the

Thomson Reuters’ Web of Science data (2001–2015) we found that 77% of Vietnam’s

scientific output (n = 18,044 papers) involved international collaborations, with the United

States and Japan researchers being the most frequent partners. The proportion of inter-

national collaborations has decreased slightly over time at the expense of an increased rate

of domestic collaborations. The rate of growth in Vietnam’s scientific output was 17% per

annum, and three-quarters of the growth was associated with international collaborations

rather than purely domestic production. Moreover, internationally coauthored papers

received twice the average citation as domestic papers. Of note, papers with overseas

corresponding author had higher citation rate than papers with domestic corresponding

author. These data suggest that the vast majority of scientific papers from Vietnam was

attributable to international collaboration, and this had a positive impact on the quality and

visibility of Vietnam science. The data also indicate that Vietnam is in the growth phase of

building up research capacity.
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Introduction

Advances in science and technology are major contributors to economic growth. The case

of South Korea offers a great exemplar of the role of science and technology in economic

development. Within three decades, South Korea has achieved economically what other

Western countries have taken a century to realize. The achievement of South Korea, or the

‘‘Korean Miracle’’, are attributable to many factors, but science and technological inno-

vation are among the most important contributors (Ahn 1991). In Australia alone, it has

been estimated that advances in science had accounted for 20 to 30% growth in economic

activities, employment, and exports (Australian Academy of Science 2016). Although most

scientific and technological advances are incremental and largely invisible to the public,

the combined and cumulative progress resulting from these advances have had perceptible

impacts on the economy.

Scientific research and technological innovation can play a major role in allowing

developing country to achieve economies comparable to those observed in developed

countries (Kaufmann and Tödtling 2001; Gantman 2012). Scientific research produces new

information and knowledge that can promote technological innovation which, in turn,

produce quality goods and services (Antonelli and Fassio 2015). Thus, scientific research

can be considered a driving force for positive evolution in developing countries. One

indicator of scientific research is the number of publications in peer-reviewed journals. In a

previous study, we have demonstrated a robust and positive correlation between the

number of peer-reviewed scientific publications and the knowledge economy index

(Nguyen and Pham 2011); a correlation also observed in other studies (Inglesi-Lotz and

Pouris 2012; De Moya-Anegón and Herrero-Solana 1999).

Across the world, international collaboration in scientific research has increased rapidly

in recent decades (Witze 2016; Zitt and Bassecoulard 2004). Between 1986 and 1999, the

proportion of internationally co-authored publications has increased by two-fold (Archi-

bugi and Coco 2004), and in some countries, this proportion has risen to 40% (Schmoch

and Schubert 2008) or 50% (9). In fact, collaboration in research is now the norm rather

than exception, and this is also true for developing countries. For instance, in China,

approximately half of all papers in healthcare science have been resulted from international

collaborations (Chen et al. 2016). In Malaysia, approximately 40% of medical research

papers published between 2001 and 2010 had an international collaboration component

(Low et al. 2014). An interesting finding of this study is that there was a linear correlation

between the proportion of international collaboration and the journal impact factor (Low

et al. 2014), suggesting that papers involving an international collaboration are of higher

quality than those without such collaborations. In developing countries, due to lack of

expertise and poor infrastructure, international collaboration in scientific research is also

regarded as an effective way to build scientific capacity and share resources (Wagner et al.

2001).

Vietnam is a developing country that can be a good case study of the benefit of

international scientific collaborations. The country has a long tradition of higher edu-

cation and science, dated back in time some 1400 years. Successive feudal dynasties

and modern governments have advanced that education and science were essential for

achieving visions of a better future for Vietnam. However, after a long and devastating

war and isolation from the world, Vietnam has been open since 1986. This new ‘‘open’’

policy was called ‘‘Doi Moi’’ (i.e., reform). Since the introduction of the new policy,

the country has enjoyed a continuous and steady economic growth during the past two
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decades. In parallel with its economic growth, the government has gradually increased

budget for science and technology (S&T). In 2012, the total budget allocated to S&T

activities was approximately $628 million, or about 0.6% of GDP (World Bank 2014).

Vietnam has a R&D workforce of 62000, with 7.3% being involved in natural science,

25% in agricultural science, 11% in medical science, and 46% in science and tech-

nology (World Bank 2014).

Prior to the ‘‘Doi Moi’’ policy and prior to the lifting of the United States trade embargo

on Vietnam (1995), Vietnamese scientists had had little contact with the Western world

and did little research. However, the ‘‘Doi Moi’’ policy and the normalization of relations

with the United States have since enabled Vietnamese scientists to collaborate with

Western colleagues. Over the past two decades, scientific research activities have also

increased substantially as reflected by the number of peer reviewed publications (Nguyen

and Pham 2011; Manh 2015). However, it is not clear how much of the growth in scientific

activities was driven by international collaboration, and whether the rate of collaborations

has changed over time. We hypothesize that the growth in scientific research in Vietnam

during the past two decades has been driven by international collaboration, and that

international collaboration results in higher quality research that produces a greater impact

as compared to pure ‘‘domestic’’-based research.

The goal of this study was to test the hypotheses by identifying patterns of collabora-

tions (domestic and international) in Vietnam’s scientific research by using coauthorship as

a marker. We pursued three specific aims as follows: (1) to define the structure of scientific

output from Vietnam; (2) to determine the level of domestic and international collabora-

tions in Vietnam’s science; and (3) to determine the impact and quality of papers involving

international collaborations papers vs purely domestic papers.

Data and methods

Data

The data used in this study were extracted from the ISI’s online citation index, Web of

Science (WoS) database. This database included datasets from the SCIExpanded, SSCI,

A&HCI, CPCI-S, CPCI-SSA, CCR-Expanded, and IC databases within the ISI system. The

ISI databases encompass approximately 12,000 journals, covering all fields of scientific

research. We chose the WoS database because it includes the most elite and highly cited

referred journals. The WoS is also used by most governmental agencies to evaluate

research productivity and quality of a nation.

We downloaded the entire set of papers published in ISI indexed journals during the

period of January 1, 2001 and December 31, 2015. We used the tag ‘‘CU = Vietnam or CU

= Viet Nam’’. The criteria of inclusion were original articles published in English language

journals. We excluded conference abstracts, editorials, reviews, and other non-journal

publications and conference proceedings. The resulting dataset included, among others, the

following variables: list of authors, affiliation, scientific category, area of research, journal

of publication, and the number of citations up to December 31, 2015. Each article included

a list of institutional affiliation or affiliations of each author. For each article and each

author, we extracted the country or countries of affiliation. Based on the information, we

classified an article into one of the following three groups: (a) single authored papers;
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(b) national collaboration, if the paper had more than one authors’ affiliations and all

affiliations were based in Vietnam; and (c) international collaboration, if the paper had at

least one author whose affiliation was overseas.

Based on the research area classification, we grouped the articles into 10 broad groups

(Tijssen RJW, van Leeuwen TN. ‘‘Bibliometric Analyses of World Science. In ‘‘Third

European Report on S&T Indicators’’ 2003): mathematics, physics, engineering and

technology, earth science, clinical medicine, public health and occupational health,

biomedical science, social science and sociology, and business and economics (see ‘‘Ap-

pendix’’). It should be noted that some articles were classified into more than two research

areas, therefore the sum of individual research areas did not necessarily add up to the

totality of publications.

Data analysis

We used mostly descriptive statistical methods to analyze the data. For trend comparison

purpose, we divided the study period into three 5-year subperiods: 2001–2005; 2006–2010;

and 2011–2015. The rate of growth was estimated by the linear regression model, with

logarithmic transformed number of publications being the outcome, and time being the

predictor. In this formulation, the exponent of regression gradient is the estimate rate of

growth.

In addition, we quantify the degree of collaboration for each research area by the

modified collaboration coefficient (CC) (Savanur and Srikanth 2010). The CC was

determined as follows: let Pj be the number of papers with j authors, N be the number of

papers, and A the number of authors in a research area, the coefficient is defined as:

CC ¼ A= A� 1ð Þð Þ 1 �
PA

j¼1 1=jð ÞPj=N
h i

. This coefficient ranges between 0 (for no col-

laboration, single author papers dominate) to 1 (for total collaboration). In addition, we

defined the degree of collaboration by the following formula: DC ¼ 1 � P1=Nð Þ.
In order to assess research quality and impact, we downloaded the impact factor (IF) for

2014 of all 11718 ISI-indexed journals. This impact factor dataset was then merged with

the primary dataset to obtain the IF for each article. For the analysis of citation, we further

classified an article according to corresponding authorship status: (1) Dom: if the article

has no international collaboration; (2) IC.IA: if the article was internationally authored, and

the article’s corresponding author has an overseas affiliation; and (3) IC.AuVN if the article

was internationally authored, and the article’s corresponding author was based in Vietnam.

We then calculated the IF and citation rate for each corresponding authorship status

stratified by broad research area.

Based on the country of affiliation, we used a network analysis method to construct a

network graph of research collaborations between countries in the world, with Vietnam

being at the center. In this method, the weight of connection between any two countries

was defined by the number of publications. All analyses were conducted using the R

statistical software version 3.13 (R Foundation for Statistical Computing, Vienna, Austria)

on the Window platform.
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Results

Trends of scientific output

Between 2001 and 2015, Vietnam published 18,044 original articles in ISI indexed jour-

nals. This output represents *0.2% of world scientific output. However, after excluding 69

papers that had incomplete information, 17,975 papers were available for further analysis.

Analysis by broad research area showed that almost 90% of the publication output was

concentrated on just 5 areas: engineering and technology (26% of total output), followed

by clinical medicine and public health (20%), biomedical science (16%), physics (15%),

and mathematics (12%). Research in earth science, social sciences, business and eco-

nomics each accounted for less than 5% of total scientific output (Fig. 1).

The number of articles has grown continuously, with the average rate of increase being

17% per annum. In 2015, Vietnam published 2906 articles, and this output represents an

8-fold increase from 362 articles in 2001. However, there appeared to be two phases of

growth. Between 2001 and 2019, the rate of growth was approximately 14% per annum,

and this rate was increased to 18% between 2010 and 2015. The data suggest that Viet-

nam’s scientific output doubled every 5 years. The research areas that recorded the

strongest growth (more than 20% per year) were engineering and technology, chemistry,

and social sciences (Table 1).

12.8

14.6

9.6

26.4

4.2

12.8

7.3

16.4

3.9

4

Soc Sci

Bus & Econ

Earth Sci

Pub Health

Chemistry

Clin Med

Mathematics

Physics

Biomed Sci

Eng & Tech

20100
Proportion of total

Fig. 1 Composition of scientific research output from Vietnam as reflected by the proportion of scientific
publication stratified by broad research area (2001–2015)
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Research collaborations

Most papers had multiple authors, with the median number of authors per paper being 4

(interquartile range: 3–7). There was no appreciable change in the number of authors per

article during the study period. Based on the number of authors, we computed the coef-

ficient of collaboration, and results are shown in Table 2. The coefficient of collaboration

increased during the study period for virtually all broad research areas, with the highest

increase being observed in mathematical and physics research. Among research areas with

a strong tradition of collaboration (e.g., chemistry and life science) there was also an

increase in collaboration but to a lesser extent.

Table 3 presents the extent of domestic and international collaborations based on

coauthorship in scientific publications. Overall, approximately 7% of papers published

between 2001 and 2015 were single authored. However, the proportion of single authored

papers varied between research areas, with mathematical papers having the highest

Table 1 Number of original articles from Vietnam published in ISI-indexed journals during the period of
2001–2015

Broad area of research 2001–2005 2006–2010 2011–2015 Rate of growth (%/year)

Mathematics 305 676 1329 15.8

Physics 399 690 1548 13.8

Chemistry 177 357 1206 21.3

Engineering and technology 409 978 3369 22.6

Earth Science 89 196 475 18.2

Clinical medicine 340 732 1236 14.1

Public health and health sciences 215 438 670 12.2

Biomedical science 421 849 1691 14.7

Social sciences 79 198 422 20.0

Business and economics 71 247 399 18.9

All areas 2250 4776 11,018 17.0

Table 2 Coefficient of collabo-
ration between 2001 and 2015 for
broad research areas

Broad area of research 2001–2005 2006–2010 2011–2015

Mathematics 0.36 0.45 0.46

Physics 0.65 0.67 0.75

Chemistry 0.76 0.75 0.77

Engineering and technology 0.65 0.67 0.70

Earth science 0.75 0.78 0.80

Clinical medicine 0.82 0.82 0.83

Public health and health sci 0.79 0.81 0.82

Biomedical science 0.82 0.82 0.81

Social sciences 0.58 0.52 0.57

Business and economics 0.47 0.50 0.52

All areas 0.68 0.69 0.71
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proportion (*25%), followed by business and economics (21%), and social sciences

(17%). Experimental sciences such as physics, chemistry and life sciences, had a lower

proportion of single authored papers.

Approximately 16% of published papers had multiple domestic authors (i.e., domestic

collaboration), and 77% had at least one international affiliation (i.e., international col-

laboration). In general, experimental science and life sciences had the highest proportion of

collaboration. For instance, 90% of papers in earth science, clinical medicine, biomedical

science, and public health sciences had at least one overseas affiliation. Between

2001–2005 and 2011–2015, the number of papers was increased by 8768, and 75% of this

increase was attributable to internationally coauthored papers.

There was a slight decrease in the proportion of international collaboration papers.

During the period of 2001–2005, almost 80% of Vietnam’s scientific output had an

international coauthor or coauthors, but this proportion fell to 76% during the period of

2011–2015. The reduction was observed mainly in chemistry, biomedical sciences, and

physics. Nevertheless, some research areas recorded an increase in international collabo-

ration: mathematics, earth science, business and economics.

Countries of collaboration

Overall, Vietnam had collaborated with more than 150 countries around the world. The top

20 countries of collaboration are shown in Table 4. Among the top 20 countries, 17 were

classified as scientifically advanced or developed countries. The United States and Japan

were the leading partners for Vietnam, with each accounted for *13% of total scientific

output from Vietnam, and this proportion was closely followed by South Korea (11%) and

France (10%). Collaborations with England, Australia, Germany, China, and the Nether-

lands also accounted for a considerable share of Vietnam’s scientific output. In fact, the top

10 countries accounted for almost 90% of the collaborative papers.

Table 3 Vietnam’s scientific output 2001–2015 classified by collaborative status and research area

Broad area of
research

Number of
papers

Single authored
papers (%)

Collaboration
(domestic; %)

Collaboration
(international; %)

Mathematics 2310 24.7 34.1 41.2

Physics 2637 5.9 25.3 68.8

Chemistry 1740 1.4 19.7 78.9

Engineering and
tech.

4756 5.5 20.2 74.3

Earth science 760 1.4 8.4 90.2

Clinical medicine 2308 1.6 7.8 90.6

Public health and
health sci.

1323 1.2 5.0 93.8

Biomedical science 2961 1.1 9.5 89.4

Social sciences 699 17.3 4.9 77.8

Bus. and economics 717 21.3 10.8 67.9

All areas 18,044 6.7 16.3 77.0

All singled authored papers had affiliation in Vietnam
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Figure 2 visualizes the inter-country collaborations. Overall, there were 36 countries

that formed the network structure of international collaborations in Vietnam’s scientific

output between 2001 and 2015. Evidently, the inter-country collaborations tended to

cluster in the top part of the figure which includes mostly developed countries such as

USA, France, England, the Netherlands, Switzerland, Japan and South Korea. Authors in

these countries were also more likely to collaborate among themselves in papers co-

authored with Vietnamese authors which formed a ‘‘block’’ of advanced countries.

International collaboration and impact

Using the criteria described in the Methods section, we grouped the articles into three

groups: domestic authors (DOM), internationally collaborated papers with domestic cor-

responding authors (IC.AuVN), and internationally collaborated papers with overseas

corresponding authors (IC.AuINT). Overall, approximately 60% of total papers were

IC.AuINT, 18% were IC.AuVN, and the rest (22%) were DOM.

Impact of research in this study was assessed in terms of journal impact factor and

citation rate. In general, internationally coauthored papers were more likely to be published

in journals with higher impact factors compared to those papers without international

collaboration. For virtually all broad research areas, IC.AuINT papers were, on average,

associated with journals with higher impact factors, followed by IC.AuVN papers. Papers

Table 4 Top 20 countries that have had scientific collaborations with Vietnam during the period of
2001–2015

Country 2001–2005 2006–2010 2011–2015 Total (2001–2015) Percent of total (%)

USA 282 564 1570 2416 13.4

Japan 342 697 1244 2283 12.6

South Korea 147 492 1316 1955 10.8

France 282 477 1128 1887 10.4

England 171 336 885 1392 7.7

Australia 142 366 876 1384 7.7

Germany 125 276 920 1321 7.3

Peoples R China 81 220 882 1183 6.5

Netherlands 99 235 579 913 5.1

Belgium 130 200 430 760 4.2

Thailand 94 224 429 747 4.1

Russia 48 93 570 711 3.9

Italy 43 104 458 605 3.3

Taiwan 39 119 430 588 3.3

Switzerland 48 127 396 571 3.2

Poland 22 44 357 423 2.3

Spain 12 59 344 415 2.3

Brazil 16 59 338 413 2.3

Scotland 25 43 303 371 2.1

Romania 4 6 267 277 1.5
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without international collaboration (DOM) were more likely to be published in journals

with lower impact factor.

Citation analysis

To assess the association between international collaboration and research impact, we

selected a subset of articles there had been published between 2006 and 2010, and then

determined the number of citations those papers had received after the publication. This

analysis was based on the evidence that the adequate citation time window for most

scientific areas is at least 5 years (Wang 2013). In virtually all scientific areas, citation rate

was substantially higher for internationally authored papers compared to domestic papers

(Table 5). For example, in clinical medicine, the average citation per internationally

coauthored paper (24.2) was three-fold higher than papers without international

Fig. 2 Patterns of international collaborations in scientific research based on authors’ affiliations of papers
that have been published in ISI indexed journals during the period of 2001–2015. The thickness of of
connected line reflects the number of jointly coauthored papers
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collaboration (7.7). Moreover, in research areas such as mathematics and engineering &

technology, internationally coauthored papers carried a two-fold higher citation rate than

domestic papers.

However, the rates of citation were highly variable among countries of collaboration. In

general, papers with a US author or authors had attracted more citations than non-US

authored papers, and this pattern is observed in virtually all research areas. For instance, in

mathematics, papers involving US author(s) had a median citation of 2 (mean 6.4) com-

pared with domestic papers (median 1, mean 4.2). For clinical medicine, the median

citation of US authored papers was 9, and this citation rate was higher than papers

coauthored by Japanese researchers (median 6), South Koreans (7), Australians (5), and

domestic authors (5).

Further analyses of citations by collaborative and corresponding authorship status are

shown in Fig. 3. As can be seen from the figure, for each research area, IC.AuINT papers

received, on average, the highest citation, followed by IC.AuVN papers. Non-interna-

tionally coauthored papers had the lowest average citation rate. This trend was observed for

virtually all areas of research.

Discussion

In modern scientific research, the production of scientific knowledge, either in developing

or developed countries, is a collaborative effort. Collaboration between developing and

developed countries can be seen as an effective approach to build research capacity for

scientifically less advanced countries. An enquiry into the trend of collaboration over time

could provide an indication of a country’s status and useful lessons for ‘‘science diplo-

macy’’. Developing countries in transition offer an ideal setting for studying the trend and

Table 5 Average citation per papers that had published during the period of 2006–2010 classified by area
of research and collaborative status

Broad area of research Non-international
collaborative papers

International collaborative
papers

Relative citation
indexa

Mathematics 4.36 10.23 2.35

Physics 5.40 14.68 2.72

Chemistry 7.32 11.71 1.60

Engineering and
technology

6.07 14.82 2.44

Earth science 13.17 24.06 1.83

Clinical medicine 7.74 24.21 3.12

Public health and
health sci.

7.93 16.55 2.09

Biomedical science 8.87 20.04 2.26

Social sciences 10.17 8.58 0.84

Business and
economics

2.15 9.78 4.55

a Relative citation index in this table is defined as the ratio of the average citation of papers that had
international collaborations over that of papers that had no international collaboration
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impact of international collaboration on scientific research and science diplomacy. Results

of the present study indicate that during the past 15 years a large proportion of scientific

publications from Vietnam, a developing country in transition, has resulted from inter-

national collaborations. The study also shows that while domestic collaboration increased,

the proportion of internationally coauthored papers decreased slightly, suggesting that the

research capacity of Vietnam has improved over time.

We would like to further elaborate five points from these primary findings:

First, our results suggest that although scientific activity in Vietnam has increased

substantially over the past 15 years, the proportion of the world’s science coming from

Vietnam is still very low. After the implementation of the ‘‘Doi Moi’’ (Reform) policy in

1986, Vietnam published only 200–300 papers a year in ISI indexed journals during the

1990s. However, by 2015 this number had increased more than 10-fold to almost 3000.

Indeed, the number of papers published doubled every 5–7 years. Nevertheless, the con-

tribution of Vietnam to the world’s scientific output is still very modest (*0.2%) com-

pared with the country’s population size (*1.2% of the world’s population). Moreover,

most (75%) of the growth in Vietnam’s scientific output during the past 15 years resulted

from international collaborations. The rate of international collaborations observed in this

paper is highly consistent with a previous observation based on Scopus data, in which 77%

of Vietnam’s scientific output was internationally coauthored (Manh 2015).

Second, our results suggest that Vietnam is still very much in the growth phase of

research capacity building, which is characterized by a high level of international col-

laborations, but nonetheless, over this time, domestic output has increased. The high level

of international collaborations is a feature indicating dependence on other countries for

research capacity building. At present, the majority (*97%) of the scientific publications

from Vietnam are multiauthored, indicating that research collaborations have played an

Fig. 3 Distribution of citations classified by broad area of research and corresponding authors’ affiliation.
‘‘Dom’’ non-internationally coauthored papers; IC.AuVN internationally coauthored papers with Vietnam
based corresponding author’s affiliation; IC.IA internationally coauthored papers with overseas correspond-
ing author’s affiliation
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important role in the production of scientific knowledge production in Vietnam. In this

study, we distinguished between national (domestic) collaboration and international col-

laboration. Only 16% of the total output was attributable to national collaboration, whereas

77% was attributable to international collaboration. The latter proportion is 2.2-fold higher

than the world average of 35% (Royal Society 2011). It should be noted that more sci-

entifically advanced countries such as China, Taiwan, South Korea, Tukey, and Brazil had

a lower rate of international collaboration ranging between 30 and 40% (Royal Society

2011; Kim 2005). Of interest, the share of internationally authored papers has slightly

decreased over time. In the mean time, we note that the coefficient of collaboration has

increased over time. These opposing trends indicate that domestic collaboration was on the

rise at the expense of international collaboration. Taken together, these data suggest that

Vietnam science is at the early phase of building its scientific capacity.

We found that international collaboration was more common in experimental research

fields such as life sciences and earth science, suggesting that collaboration was more likely

in the form of resource sharing. Indeed, research in the life sciences and earth science

requires a heavy investment in expensive technologies that are required for experimental

work which could explain the high rate of international collaboration. In clinical medicine,

there are also critical needs for technical skills and data collection across countries which

might account for the high proportion of multiauthored papers.

Third, Vietnam has largely collaborated with more scientifically advanced countries,

particularly the United States and Japan. Although the networking map shows a trend

towards global collaboration, the map was mainly shaped by scientifically advanced

countries, with the United States and Japan being the dominant drivers. Between

2001–2005 and 2011–2015, the number of papers with US based coauthors has

increased almost 9-fold. Of note, prior to this increase, the United States had lifted the

19-year trade embargo against Vietnam in 1995. The lifting of the embargo created

favorable environment for Western scientists to collaborate with Vietnamese research-

ers, and after 20 years of diplomatic normalization, the United States has now become

the largest scientific partner of Vietnam’s scientific research. In recent years, South

Korea has increased its scientific collaboration with Vietnam, mostly through post-

graduate training and scientific exchange. The map of collaboration also clearly shows

that there was little collaboration between Vietnam and regional countries such as

Thailand and Singapore. Increased collaboration with its former adversary, the United

States, can be interpreted as a sign of improved science diplomacy between the two

countries to address issues of common interest, including infectious diseases and the

environment.

It has been assumed that scientific collaboration could improve the quality and impact

of scientific research (Katz and Hicks 1997). Our results are consistent with this

assumption. We found that papers with more coauthors attracted more citations. For

example, the median citation of single authored papers was only 1, but this was increased

to 4 for papers with 2–5 authors, and 7 for papers with more than 10 authors. Our finding is

consistent with a previous study (Leimu and Koricheva 2005), but this could also be due to

the fact that most multiauthored papers involved in international collaborations.

Fourth, although causation could not be inferred, our analysis results suggest that

international collaboration has a positive effect on both journal placement and impact. For

each research area, internationally coauthored papers were more likely to be published in

journals with higher impact factor. Since impact factor is correlated with greater citation

rates, it is not surprising that papers with international authorship accrued more citations

than papers without such collaboration. Indeed, internationally coauthored papers were
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more than twice as heavily cited as papers from domestic authors, and this finding is

consistent with previous studies which found that papers with international coauthorship

had a greater visibility compared with domestic papers (Katz and Hicks 1997; Glanzel

2001; Hara et al. 2003; Khor and Yu 2016). This is evidence that Vietnam has benefited

from multinational research projects.

Fifth, more importantly, we note an interesting finding that the affiliation of corre-

sponding authors has a significant effect on the rate of citation. Internationally coauthored

papers have higher citation rates, but internationally coauthored papers with the interna-

tional author of correspondence accrued even more citations than those with a domestic

corresponding author. This phenomenon is new to us, as we are not aware of such an effect

in the literature. However, it is known that the authors’ affiliated country could influence

the acceptability of scientific manuscripts (Baumann et al. 2011; Ceci and Peters 1982; Lou

and He 2015). If our finding is confirmed, it could mean that the citation rate is not just

determined by journal placement and authors’ affiliation (Smith et al. 2014; Akre et al.

2011), but also the corresponding author’s country or affiliation or the ‘‘fame factor’’

(Mahian 2015).

Why do internationally collaborative papers with overseas corresponding authorship

attracted more citations than those with domestic corresponding authorship? We found

no previous evidence for this trend, but we could postulate that in Vietnam, major

studies involved multinational collaborations were almost always led by scientists from

scientifically more advanced countries who also likely acted as corresponding authors of

primary publications, whereas domestic authors tended to act as corresponding authors

of secondary publications. Since most primary results of major studies that involved

multiple countries were more likely published in high impact journals and, as a norm,

high IF journals receive more citations than lower IF journals, it is perhaps to be

expected that overseas corresponding authorship is associated with a greater citation

rate.

However, the present findings must be interpreted within context of the strengths and

limitations of the study. The major strength in this study is that we have conducted

analyses on individual articles, which allowed us to capture the full information regarding

their characteristics. We have also accessed journal impact factor datasets which allowed

us to merge data with the main ISI dataset to ascertain the exact number of citations. Our

time window of 15 years should be adequate for a reliable estimate of the rate of growth,

and adequate for documenting citation patterns (Wang 2013). Our analysis was based on

the Web of Science database, which does not index all peer reviewed journals (i.e., many

Scopus indexed journals are not included in WoS database); therefore, papers published

outside the ISI indexed journals were not included in the analysis. This means that our

estimate of scientific output is an underestimate of the true magnitude of output. The

analysis of affiliation could be marginally inadequate because it is known that the WoS

database sometimes omits non-first author’s affiliation(s) (Venets 2014); however, we used

the ‘‘Organization Enhanced’’ option in the WoS which has alleviated part of the problem.

The analysis of citations could be biased as the citation patterns may vary within a sci-

entific area.

In summary, we have demonstrated that over the past 15 years, scientific output from

Vietnam has grown at the rate of 17% per annum, but 75% of the growth was associated

with international collaborations, with the United States and Japan being the most

important scientific research partners. Our analysis also indicates that international col-
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laboration has helped increase the visibility and impact of Vietnam based research, which

in turn, helped to enhance the country’s research capacity.
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Appendix: Classification of broad research areas

Mathematics
Mathematics—general
Mathematics—applied
Mathematics—miscellaneous
Statistics and probability
Social sciences—mathematical methods
Physics
Acoustics
Crystallography
Physics—general
Physics—applied
Physics—atomic, molecular and chemical
Physics—condensed matter physics—fluids and plasmas
Physics—mathematical optics thermodynamics
Physics—miscellaneous
Physics—nuclear
Physics–particles and fields
Astronomy and astrophysics
Chemistry
Chemistry—general
Chemistry—analytical
Chemistry—applied
Chemistry—inorganic and nuclear
Chemistry—miscellaneous
Chemistry—medicinal
Chemistry—organic
Chemistry—physical
Electrochemistry
Polymer science

Engineering and technology
Engineering—electrical and electronic
Telecommunications
Materials sciences
Metallurgy and metallurgical engineering
Metallurgy and mining
Construction and building technology
Civil Engineering
Mechanical engineering
Instruments and instrumentation
Fuels and energy
Geological engineering
Chemical engineering
Aerospace engineering
Other engineering sciences
Computer sciences
Earth Science
Geochemistry and geophysics
Geography geology
Geosciences—general
Geosciences—interdisciplinary
Remote sensing
Meteorology and atmospheric sciences
Mineralogy
Oceanography
Paleontology
Environmental sciences
Ecology
Environmental sciences
Limnology
Water resources
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Clinical Medicine
Allergy
Anesthesiology
Cardiac and cardiovascular system
Cardiovascular system
Chemistry—clinical and medicinal
Clinical neurology
Critical care
Dermatology and venereal diseases
Drugs and addiction
Emergency medicine and critical care
Endocrinology and metabolism
Gastroenterology and hepatology
Geriatrics and gerontology
Hematology
Medical informatics
Medical laboratory technology
Medicine—general and internal
Medicine—miscellaneous
Obstetrics and gynecology
Oncology
Ophthalmology
Orthopedics
Otorhinolaryngology
Pediatrics
Peripheral vascular disease
Psychiatry
Respiratory system
Rheumatology
Sports science
Surgery
Transplantation
Tropical medicine
Urology and nephrology
Vascular diseases
Dentistry and odontology
Oral surgery and medicine

Public Health and Health Sciences
Drugs and addiction
Hygiene and public health
Nursing
Public—environmental and occupational health
Rehabilitation
Substance abuse
Biomedical science
Anatomy and morphology
Andrology
Cytology and histology
Embryology
Immunology
Infectious diseases
Engineering—biomedical
Medicine—research and experimental
Neurosciences
Parasitology
Pathology
Radiology and nuclear medicine
Physiology
Virology
Pharmacology and pharmacy
Toxicology
Basic life sciences
Biochemistry and molecular biology
Biomethods
Biophysics
Biotechnology and applied microbiology
Cell biology
Developmental biology
Genetics and heredity
Microbiology
Reproductive biology
Reproductive systems
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Social sciences
Anthropology
Anthropology
Legal medicine
International relations
Communication
Psychology
Religion
Education and educational research
Area studies
Public administration
Family studies
Social work
Physical geography
Behavioral sciences
Linguistics
Women’s studies
Paleontology
Information science and library science
Transportation
Geography

Demography
Urban studies
Government and law
Social sciences—other topics
Medical ethics
Cultural studies
Film, radio and television
Sociology
Art
Social issues
Mathematical methods in social sciences
Criminology and penology
Arts and humanities—other topics
History
Archaeology
Literature
Asian Studies
Ethnic Studies
Philosophy
History and philosophy of science
Business and economics
Business and economics
Operations research and management science
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