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Abstract. This paper analyzes team collaboration in the field of Artificial
Intelligence (Al) from the perspective of geographic distance. We obtained
1,584,175 Al related publications during 1950-2019 from the Microsoft
Academic Graph. Three latitude-and-longitude-based indicators were employed
to quantify the geographic distance of collaborations in Al over time at
domestic and international levels. The results show team collaborations in Al
has been more popular in the field over time with around 42,000 (38.4%)
multiple-affiliation Al publications in 2019. The changes in geographic
distances of team collaborations indicate the increase of breadth and density for
both domestic and international collaborations in Al over time. In addition, the
United States produced the largest number of single-country and internationally
collaborated Al publications, and China has played an important role in
international collaborations in Al after 2010.
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1 Introduction

Team collaboration is defined as the process where researchers from various
affiliations working together for common goals by sharing knowledges, resources and
experiences [1]. It has recently become imperative in the field of artificial intelligence
(Al for serving humanity in more complicate situations. Take for an example, with
the global outbreak of COVID-19, Al scientists have collaborated with virologists,
clinicians, and epidemiologists worldwide [2], on automatic image diagnosis [3], drug
repurposing [4], and global epidemic prediction [5].Team collaboration not only helps
Al scientists deeply understand outputs of Al algorithms, but also provides domain
experts with insights on virus, which can speed up the process of combating COVID-
19. However, both domestic and international collaboration in Al has not been
prevalent yet [6]. Thus, it is worthwhile to understanding the status of team
collaborations in Al and to identify the factors affecting collaborations in Al.

Team collaboration has been discussed in many disciplines, such as ecology [7]
indigenous knowledge [8] and Zika virus [9]. Geographic distance is widely
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considered as one of the major factors affecting team collaboration. Parreiria et al. [7]
found that 10% of team collaborations among countries can be explained by
geographic distance and socioeconomic factors. Sidone et al. [10] concluded that the
geographic proximity is beneficial for team collaboration and knowledge exchange.
Few studies have explored how Al scientists collaborated with each other.

In this preliminary study, we aim to understand team collaboration in Al from the
perspective of geographic distance. In past studies, the geolocations of countries’
capitals are commonly adopted to calculate the distance among collaborators [11].
Thanks to the geographic data in MAG, we here employed the latitude and longitude
of affiliations to precisely quantify the maximum, minimum and average geographic
distances for team collaborations in Al. We conducted the geographic distance
analysis of team collaboration in Al at domestic and international levels.

2 Methodology

2.1  Data and Processing

The data set used in this study has been derived from the Microsoft Academic Graph.
We use publications in the subfields of artificial intelligence, machine learning,
computer vision, nature language processing and pattern recognition to represent Al
publications [12-13]. Bibliographic information of each publication such as title, year
and abstract were extracted and stored in a local MySQL database. We recognized the
country for each affiliation using its latitude and longitude. After removing
publications without any affiliation information, we obtained 1,584,175 Al
publications in1950-2019 with 4,998,781 unique authors belonging to 13,807 unique
affiliations. 24.7 % of Al publications are multiple-affiliation publications, which are
comprised of 177,794 single-country Al publications and 213,011 multiple-country
Al publications.

Fig. 1 (a) shows the publication number distribution (blue) and the affiliation
number distribution(orange) over years, in which the past 70 years has witnessed the
exponentially increasing for both publications and affiliations. Fig. 1 (b) displays the
relationship between the number of publications and the number of affiliations, which
shows an approximate power law distribution. It indicates that most of Al
publications were produced by a small number of highly productive affiliations.
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Fig. 1. Overview of the dataset. (a) Distribution of Al publications (blue) and
distribution of unique affiliations in Al (red) over years. (b) The relationship between
the number of Al publications and the number of affiliations in the dataset.

2.2 Measuring geographic distance

We define coauthors in a publication as a team and represent an Al publication K with
m unique affiliations as K = {My,My,, ..M} , in which My =
(ti, Afy, laty, lony, Gy ) (1 € {1,2,...,m}), t is the publication year of K, Afy
denotes the i affiliation id, laty; and lony, represents the latitude and longitude of
Afy,, and Cy, is the country of Afy,. Then, the affiliation pairs for K is expressed as

C(m, 2) = {(Mi,, Mig,), (Micy, M), .., (Mig, M), ] ( i€{12..,m}j€
{12,..,m},i #j). Based on (laty, lony )€ My, (i€ {12, ..,m}), we employ
GeoPy (https://geopy.readthedocs.io/en/stable/) to calculate the geographic distance
for pairs in Cg(m,2) as Dk={Dklkz,Dk1k3,...,Dkik]_,...} (ie{12, ..,m}je
{1,2,..,m},i #j), in which Dy, means the distance between the i" and j"

affiliations, and the number of elements in Dy is L)l] Therefore, the geographic

[2!(m-2
distance (GD) of a team is defined at three levels:
(1) the average geographic distance (AveGD), defined as the average distance be-

tween affiliation pairs within a team, as expressed by:
2 Di.k:
AveGD = ——5- Dy\ €Dy, i€ {1,2..,m}j€(12,..,m}i #j (kilometers) (1)
Rlm-21] !
(2) The maximum geographic distance (MaxGD), defined as the maximum
distance among all affiliations within a team, as calculated by:

MaxGD = Max (Dis ), Digiy € Dic, i € {1,2,..,m},j € {12,...,m},i #j (kilometers) ~(2)

(3) The minimum geographic distance (MinGD), defined as the minimum distance
among all affiliations within a team, as represented by:
MinGD = Min (D.qki], Digky € Dic 1 € {12,..., m},j € (12,...,m},i # j (kilometers) 3)
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We conducted the geographic distance analysis on team collaboration in Al at
domestic and international levels. For an Al publication k with m authors, the country
set of its authors Cx = {Cy,, Cx,, ..., Ci,, }» if Ci, = C, = = Cy,, it’s a domestic
collaboration; or, it’s an international collaboration.

3 Results

3.1  Overview of team collaboration in Al

Multiple-affiliation collaborations in Al have gradually gained popularity over time.
Fig. 2 (a) shows that the annual number of single-affiliation and multiple-affiliation
Al publications both exhibit a noticeable increase since the late-1980s and early-
2000s, respectively. After the rapid rise in the 21st century, the annual number of
single-affiliation Al publications start-ed to stabilize with little fluctuation (around
65,000 publications per year), while that of multiple-affiliation ones continuously
exhibit an upward trend. Although the number of single-affiliation Al publications
has always been greater than that of multiple-affiliation ones, the percentage of
multiple-affiliation Al publications exhibits a clear increasing trend, from 3% in 1951
to 38.4% in 2019.
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Fig. 2. Team collaboration in Al from the perspective of affiliations and countries during
1950-2019. (a) The changes in the number of publications with one affiliation (pink) and
multiple affiliations (blue). The pies represent changes in the percentages of Al publications
with one affiliation (pink) and multiple affiliations (blue). (b) The changes in the number of Al



publications collaborated by different number (2, 3, 4 and 5+) of affiliations. (c) The changes in
the number of Al publications collaborated by different number (1,2,3,4 and 5+) of countries.

Fig. 2(b) and Fig. 2 (c) represent changes in the number of Al publications
collaborated by a different number of affiliations and countries, respectively.
Collabrations between two affiliations has been always the major form of cooperation
in Al with a clear increasing trend since 1980. Collaborations among three or more
affiliations also kept growing since 2000. During 1997-2000, around 25% Al
publications were collaborated by 3 affiliations, and after 2010, nearly 50% Al papers
were produced by 3+ affiliations. When considering the country distribution of
collaborations in Al, most of Al publications were written by authors from a single
country or two countries. Collaborations in Al among different numbers of countries
all exhibit in-creasing trends. Before 2012, the number of two-country Al publications
has always been slightly less than single-country ones; then, it surpassed the latter one
and ended in the first place, indicating that international collaboration has become the
main-stream in Al.

3.2  Geographic distance analysis

Overall, the geographic distances of team collaborations in Al exhibit an upward
trend during 1950-2019 (Fig. 3). According to the growth rate of and the gaps among
three geographic distances, we divided collaborations in Al into three stages, i.e., (1)
stage 1(1950-1996): three geographic distances went up with large fluctuations, and
there were no clear gaps among them; (2) stage 2 (1997-2009): the growth rate of
three distances didn’t change much, but the gaps among them were widening; (3)
stage 3 (2010-2019): the growth rate of MaxGD and AveGD exhibit clear increasing
trends again, and the gaps among them were further enlarged. To explicitly
investigate team collaborations in Al, we divided team collaborations in Al into two
categories: (1) domestic collaborations, in which authors of each publication are all
from one country; and (2) inter-national collaborations, in which authors of each
publications are from 2 or more countries.
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Fig. 3. The changes in the average values of AveGD, MaxGD and MinGD for all
collaborations in Al. (Note, the background colors indicate the three stages of team
collaborations in Al.)

(1) Domestic collaborations in Al

Fig. 4 shows the changes in the geographic distances for domestic collaborations in
Al over time. In stage 1(1950-1996), the geographic distances of domestic
collaborations in Al exhibit a decreasing trend, from around 1,000 kilometers in 1950
to 700 kilometers in 1996. The five most frequent domestic collaborations in Al all
happened in the United states, and collaborations be-tween Harvard University and
MIT ranked the first with 28 Al publications (Table 1). In stage 2 (1997-2009), the
geographic distances of domestic collaborations steadily climbed to 800 kilometers.
Although most of domestic collaborations were still occurred in the United States,
Spain (the first) and China (the fifth) entered the top five list in this stage. In the last
stage (2010-2019), the geographic distances of domestic collaborations swiftly
increased, i.e., 950 kilometers for MinGD, 1200 kilometers for AveGD and 1,300
kilometers for MaxGD, respectively. Multiple research centers for Al has formed in
the world, such as the United States and Singapore (Table 1). The swift growth of the
MaxGD and MinGD both indicates that the breadth of domestic collaborations in Al
has continuously increased.
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Fig. 4. The changes in the average values of AveGD, MaxGD and MinGD for domestic
collaborations in Al (Note, the background colors indicate the three stages of team
collaborations in Al.)
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Fig. 5. The changes in the average values of AveGD, MaxGD and MinGD for international
collaborations in Al. ((Note, the background colors indicate the three stages of team
collaborations in Al.)

(2) International collaborations in Al

Fig. 5 shows the changes in the geographic distances for international
collaborations in Al over time. Contrary to the domestic collaborations, in stage 1
(1950-1996), the geographic distances of international collaboration in Al exhibit an
up-ward trend, from less 2,000 kilometers in 1950 to more than 6,000 kilometers in
1996. The most productive country in that peri-od was the United states followed by
France and Germany; and the most frequent international partners in Al during 1950-
1996 were Bell labs and Alcatel-Lucent, both of which have the strong back-ground
of industry (Table 2). In stage 2 (1997-2009), the MaxGD and AveGD for
international collaborations in Al kept still with small fluctuations, while the MinGD
clearly declined to around 5,000 kilometers. The two most frequent international
collaborations in Al were both between the United States and China, and Microsoft
are the most popular affiliation internationally collaborated with affiliations in China.
In stage 3 (2010-2019), the MaxGD of international collaborations in Al stably
increased to 8,000 kilometers, while the MinGD swift decreased to around 4,200
Kilometers. This illustrates that both the breadth and density of international
collaboration in Al have significantly increased recently. Universities in China
participated in all the five most frequent international collaborations in Al, in which
four were collaborations with Microsoft in the United States.



Table 1. Information about the 5 most frequent domestic collaborations in Al over three stages.

Stages Affiliation 1 Affiliation 2 Country # of Geographic
collaborations distance(km)
Stage 1 Harvard Uni. MIT u.s. 28 2.61
(399955' Northwestern Uni. Uni. of Chicago u.s. 27 30.09
PARC Stanford Uni. u.s. 24 3.31
Stanford Uni. MIT u.s. 23 4,336.71
Stanford Uni. Carnegie Mellon Uni. u.s. 20 3,641.54
Stage 2 Uni. of Granada Uni. of Jaen Spain 131 68.53
(213397)‘ Carnegie Mellon Uni. Uni. of Pittsburgh U.s. 121 0.83
MIT Harvard Uni. u.s. 98 2.61
Uni. of Washington Microsoft u.s. 86 12.93
National Taiwan Uni. Academia Sinica China 86 8.65
Stage 3 MIT Harvard Uni. u.s. 273 2.61
(2281190)' Carnegie Mellon Uni. Uni. of Pittsburgh u.s. 228 0.83
ASTR Nanyang Technological Uni. Singapore 225 12.82
ASTR National Uni. of Singapore Singapore 200 1.31
Islamic Azad Uni. Amirkabir Uni. of Technology Iran 194 3.63
Table 2. Information on the 5 most frequent international collaborations in Al over three
stages.
Stages Affiliation 1 Affiliation 2 Country pair # of Geographic
collaboratio distance (km)
ns
Stage 1 Bell Labs Alcatel-Lucent (U.S., France) 24 11,762.50
(1950- Karlsruhe Institute of Indian Institute of Tech. (Germany, India) 16 6,573.54
1996) Tech. Bombay
AT&T Alcatel-Lucent (U.S., France) 14 12,089.60
lbaraki Uni. Uni. of Alabama at (Japan, U.S.) 11 10,847.97
Birmingham
Uni. of Manitoba Hosei Uni. (Canada, U.S.) 11 9,010.36
Stage 2 UsTC Microsoft (China, U.S.) 153 9,400.97
(1997- Tsinghua Uni. Microsoft (China, U.S.) 131 8,714.75
2009) Polish Academy of Uni. of Alberta (Poland, Canada) 68 7,547.47
Sciences
Hong Kong Uni. of Sci. Microsoft (China, U.S.) 64 10,434.14
and Tech.
Princeton Uni. Siemens (U.S., Germany) 62 6,573.70
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USTC Microsoft (China, U.S.) 367

Peking Uni. Microsoft (China, U.S.) 242

Tsinghua Uni. Microsoft (China, U.S.) 227

Chinese Academy of Uni. of Tech., Sydney (China, Australia) 155
Sciences

Harbin Institute of Tech. Microsoft (China, U.S.) 140

9,400.97
8,716.74
8,714.75
15,831.42

12,214.72

4 Conclusion

From geographic distance perspective, a clear understanding of team collaboration
patterns in Al during 1950-2019 was developed in this study. Three geographic
distance indicators (AveGD, MaxGD and MinGD) based on the latitudes and
longitudes of affiliations were employed, to conduct the analysis on team
collaboration in Al at domestic and international levels.

We found that the amount of team collaborations in Al presented a solid growth
over time. Overall, these collaborations can be divided into three stages according to
the growth rates of and gaps among the three kinds of geographic distances. In stage 1
(1950-1996), the decline in the distances among domestic collaborations and the
increase in distances among international collaborations indicates the growth of the
density for domestic collaborations and the breadth for international collaborations. In
stage 2 (1997-2009), although the distances for both were slightly changed, the
frequency of collaborations evidently increased by the number of publications. In
stage 3 (2010-2019), the breadth for both domestic collaborations further increased by
the increase of MaxGD and AveGD, and the density of international collaborations
showed a solid growth by the decline of MinGD. The United States produced the
largest number of single-country and internationally collaborated Al publications over
three stages, and China has played an important role in international collaborations in
Al after 2010. In addition, industrial companies with ability of high-performance
computing and massive data, such as Microsoft and Bell, have evident positive effect
on the collaborations in Al.

For the future study, we will further measure the cultural distance and
socioeconomic distance of team collaborations in Al. We will also investigate how
these distances affect citation counts of Al publications, Al team diversity, the
success of collaborations and scientific careers.
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