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Abstract	
Scientific	collaboration	is	more	and	more	common	in	scientific	knowledge	production.	It	has	been	
widely	investigated	through	quantitative	and	qualitative	ways	recently.	However,	most	quantita-
tive	methods	purely	based	on	co-author	information	usually	fail	to	dig	deeper	into	the	internal	
interaction	between	collaborators	as	contributors,	which	fails	 to	observe	 internal	 interactions	
between	collaborators.	In	this	study,	we	investigated	how	collaborators	in	teams	work	together	
to	perform	their	research	by	understanding	how	two	collaborators	work	together	as	partners	
which	the	traditional	collaborative	network	usually	overlooked	naturally.	By	collecting	author	
information	from	Scopus	and	author	contribution	statements	from	PLoS,	we	take	the	biology	sub-
ject	as	an	example	and	have	examined	more	than	120,000	research	articles	and	found	that	divi-
sion	of	labor	is	quite	common	in	scientific	collaboration;	that	partnership	as	a	form	of	division	of	
labor	is	widely	observed	in	our	dataset;	and	that	the	diversity	in	contributing	tasks	between	part-
ners	is	generally	mild.	This	study	will	shed	light	on	understanding	the	mechanism	in	scientific	
collaboration	via	division	of	labor	that	co-authorship	studies	widely	overlook.	It	helps	us	create	
research	teams	with	higher	levels	of	engagement	and	communication.	
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1 Introduction 
Scientific	collaboration	is	more	and	more	common	in	
scientific	knowledge	production.	It	has	been	widely	in-
vestigated	through	quantitative	and	qualitative	ways	
[1,	2]	recently.	However,	there	is	still	more	to	be	inves-
tigated	especially	when	more	data	are	disclosed	on	in-
teractions	between	collaborators	in	each	team,	i.e.,	au-
thor	contribution	statement	[1,	3–5]	while	most	quan-
titative	 methods	 based	 purely	 on	 co-author	 infor-
mation	usually	fail	to	dig	deeper	on	the	internal	inter-
action	 between	 collaborators	 as	 contributors[6,	 7].	
Contributorship	other	than	authorship	especially	pay	
attention	to	the	actual	contributions	made	by	each	sci-
entific	collaborator.	Studies	suggest	that	contributor-
ship	provides	us	with	new	perspectives	to	understand	
scientific	collaborations,	such	as	division	of	labor	and	
team	role	differentiation[3,	8].	Recently,	co-contribu-
torship[1]	as	a	type	of	partnership	in	scientific	collab-
orations	 drew	 our	 research	 interest.	 Given	 that	 re-
search	 teams	 consist	 of	 not	 only	 individual	 building	
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blocks	but	living	collaborators,	we	want	to	investigate	
how	this	partnership	exists	in	scientific	collaboration	
and	how	this	close	relationship	in	scientific	collabora-
tion	influences	scientific	performance	in	the	future.	

Thus,	 in	 this	 preliminary	 study,	we	 collected	 au-
thor	information	from	Scopus	and	author	contribution	
statements	from	PLoS,	we	took	the	biology	subject	as	
an	 example	 and	 examined	 more	 than	 120,000	 re-
search	articles	to	examine	partnership	in	scientific	col-
laboration	 from	 three	 perspectives:	 ratio,	 strength,	
and	diversity.	This	 study	and	 the	study	 to	come	will	
help	 shed	 light	 on	 understanding	 the	mechanism	 in	
scientific	collaboration	via	division	of	labor	that	stud-
ies	via	co-authorship	widely	overlooked.	It	might	help	
us	create	research	teams	with	higher	levels	of	engage-
ment	and	communication.	
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2 Data and Methods 
2.1 Data 

To	examine	the	phenomenon	of	partnership	in	scien-
tific	 collaborations,	 we	 collected	 126,894	 articles	 in	
the	Biology	domain	from	PLoS	(Public	Library	of	Sci-
ence)	from	2006	to	2020	with	their	author	contribu-
tion	statements.	The	yearly	distribution	of	the	articles	
we	collected	is	shown	in	Fig.1.	The	plot	suggests	that	
the	 distribution	 generally	 followed	 an	 increasing	
trend	except	in	2015	and	2016,	we	double-checked	the	
data	 and	 found	 that	 the	 PLoS	 journals	 did	 not	 label	
subject	information	for	their	papers	in	these	two	years,	
so	 we	 failed	 to	 include	 the	 biology	 papers	 in	 these	
years	from	the	whole	collections.	

 
Fig. 1.	Yearly	distribution	of	biology	publications	

from	PLoS	journals	collected	in	this	study 

2.2 Methods 

Following	previous	 studies[1,	9],	we	process	 the	au-
thor	 contribution	 statements	 and	 link	 the	 author	
names	to	their	tasks	in	each	paper	using	Python	scripts.	
Using	Scopus	API,	we	can	disambiguate	author	names	
for	 this	 study.	 In	 total,	 we	 have	 collected	 574,979	
pieces	 of	 disambiguated	 author	 information	 and	
2,831,375	author-task	pairs.	
Given	that	PLoS	did	not	adopt	the	CRediT1	taxonomy	
until	2016,	we	manually	labeled	around	99.5%	of	au-
thor-defined	tasks	according	to	the	taxonomy	with	de-
tailed	definition	for	each	role.	For	each	piece	of	author-
defined	tasks,	we	might	assign	more	than	one	stand-
ard	contribution	role(see	Table	1).	For	those	contribu-
tions	that	cannot	be	standardized	using	the	taxonomy,	
we	label	them	as	"Other".	The	rest,	around	0.5	percent,	
of	author-defined	tasks,	we	automatically	 label	 them	
as	"UNKNOWN"	for	we	did	not	mannually	label	them.	

 
1  http://credi.niso.org/ 

Considering	 the	 amount	 of	 this	 part	 of	 data	 is	 quite	
small,	 the	potential	 side	effect	of	 them	on	 the	whole	
study	could	be	ignored.	With	the	multi-labeling	tactic,	
we	can	expand	our	data,	resulting	in	5,154	more	au-
thor-task	pairs.	

Table 1. Annotation	sample	for	author-defined	contri-
bution	standardization	using	CrediT 

Author-defined	Task	 Contribution	Role	
Participated	in	critical	dis-
cussion	of	the	draft's	ini-
tial	findings	and	revision	

of	the	manuscript	

Writing	–	review	&	
editing	

Statistically	analyzed	the	
data	 Formal	analysis	

Contributed	to	the	design	
and	development	of	the	

project	

Conceptualization,	
Methodology	

Then	we	construct	paper-level	co-authorship	net-
works(CAN	 for	 short)	 and	 co-contributorship	 net-
works	(CCN	for	short)	as	proposed	in	[9]	for	each	pa-
per.	

We	are	to	analyze	the	partnership	from	three	per-
spectives:	partnership	ratio;	partnership	strength,	and	
partnership	 diversity.	 The	 formulas	 for	 the	 three	
measurements	are	as	follows:	

𝑃𝑅 = !"#$%&	()	**+	%,-%.
	#/01#"#	!"#$%&	()	%,-%.	

 (1) 

𝑃𝑆 = 2(2/3	4%1-52	()	**+	%,-%.
2(2/3	4%1-52	()	*6+	%,-%.

 (2) 

𝑃𝐷 = !"#$%&	()	"!17"%	8(!2&1$"2(&	&(3%.
!"#$%&	()	/33	8(!2&1$"2(&	&(3%.

 (3) 

3 Preliminary Findings 
Fig.	2	plots	the	partnership	ratio	in	our	dataset.	It	sug-
gests	that	generally	in	each	team	exists	some	level	of	
partnership,	which	results	in	some	degree	of	division	
of	 labor	 in	 scientific	 collaboration.	 Specifically,	more	
than	60,000	teams	all	collaborators	are	engaged	in	at	
least	one	collaborative	task.	

Fig.3	shows	the	partnership	strength	distribution,	
which	 indicates	 how	 closely	 collaborators	 in	 a	 team	
are	connected	when	doing	research	via	the	number	of	
tasks	 two	 collaborators	 collaborated	 in	 a	 study.	 The	
figure	 demonstrates	 that	 on	 average	 the	 total	 edge	
weights	 of	 CCNs	 are	 2.09,	which	means	 on	 average,	
two	 collaborators	 collaborate	 two	 divided	 tasks	 in	
each	study.	It	also	suggests	that	some	collaborators	in	
teams	might	be	more	 involved	 in	 collaboration	 than	



others,	 indicating	the	existance	of	 the	partnership	 in	
scientific	collaboration.	Given	that	the	average	weight	
of	CCNs	is	as	double	as	those	measured	in	CANs.	And	
CCNs	 are	 naturally	 sparser	 than	 CANs	 as	 suggested	
by[9],	the	figure	implies	that	partnership	plays	a	role	
in	scientific	collaboration.	

 
Fig.	2.	The	distribution	of	partnership	ratio	in	our	

study	

	

Fig.	3.	The	distribution	of	partnership	strength	in	our	
study	

	

Fig.	4	The	distribution	of	partnership	diversity		in	our	
study	

Fig.4	shows	the	partnership	diversity	in	scientific	
collaboration,	which	generally	reflects	how	diverse	it	
can	be	when	 two	 collaborators	work	 as	partners	on	
the	same	tasks.	It	shows	that	generally	partners	usu-
ally	perform	2.35	different	contributor	roles,	on	aver-
age.	Given	that	there	are	14	different	contributor	roles	
theoretically	that	two	partners	can	work	on,	the	diver-
sity	of	the	partnership	remains	quite	mild.	

4 Conclusion and Future Work 
In	this	preliminary	study,	we	investigated	how	collab-
orators	 in	 teams	work	 together	 to	perform	 their	 re-
search	by	understanding	how	two	collaborators	work	
together	as	partners	which	the	traditional	collabora-
tive	network	usually	overlooked	naturally.	By	collect-
ing	author	information	from	Scopus	and	author	contri-
bution	statements	from	PLoS,	we	take	the	biology	sub-
ject	 as	 an	 example	 and	 have	 examined	 more	 than	
120,000	research	articles	and	found	that	division	of	la-
bor	 is	 quite	 common	 in	 scientific	 collaboration;	 that	
partnership	as	a	form	of	division	of	labor	is	widely	ob-
served	in	our	dataset;	and	that	the	diversity	in	contrib-
uting	 tasks	 between	partners	 is	 generally	mild.	 This	
study	will	shed	light	on	understanding	the	mechanism	
in	scientific	collaboration	via	division	of	labor	that	co-
authorship	studies	widely	overlook.	It	helps	us	create	
research	teams	with	higher	levels	of	engagement	and	
communication.	
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