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Abstract   We study the communication patterns of particularly creative people in 
the R&D department of a global energy firm through their e-mail communication. 
We find that the most creative staff members, measured through patents, publica-
tions, and awards, are less central in the full corporate network, but more respon-
sive and responded to, which we take as a proxy for passion and respect.  

1. Introduction 

In his studies and interviews with famously creative people such as Nobel Prize 
winners and artists, Mihaly Csikszentmihalyi (1997) found that these highly crea-
tive people share some contradictory traits. They have high physical energy, but 
are also frequently at rest. They are smart, but also naïve. They combine playful-
ness with discipline, fantasy with reality, extroversion with introversion, and show 
both feminine and masculine traits. They are both humble and proud at the same 
time, independent but also rebellious, and passionate and objective. 
In this paper the creativity of employees in a research and development depart-
ment of a globally active energy company is analyzed. Characteristics of patterns 
in communication behavior measured through e-mail is associated with creativity 
of teams and individuals in organizations (Kidane & Gloor 2006). The e-mail 
communication of the employees is studied to identify communication patterns 
suggesting creativity and innovational strength of the individuals. Note that while 
some authors distinguish between creativity and innovativeness (Martins & Ter-
blanche, 2003) we treat the two concepts as interchangeable. 
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2. Background: How to Measure Creativity 

Csikszentmihaly (1997) defines creativity as an act, idea, or product that changes 
an existing domain – which can be anything from cooking to nuclear physics – or 
that transforms an existing domain into a new one. Researchers have been study-
ing individual and organizational creativity for a long time. However understand-
ing its key ingredients has been elusive. Amabile (1983, 1996, Amabile et al. 
1996) identifies creativity as a combination of expertise, creative-thinking skills, 
and motivation. Expertise consists of procedural, technical and intellectual 
knowledge. Intrinsic motivation, and inner passion to solve the problem are essen-
tial for truly creative solutions, as are creative-thinking skills that include persis-
tence in the face of adversity.  
 
Researchers have identified individual level-characteristics of creativity and the 
observable influence of these characteristics on output creativity (Helson, 1996). 
However the influence of the environment on the creative output of the individual 
has soon been recognized (Perry-Smith 2006, Perry-Smith & Shalley, 2003). It 
has been understood that a combination of skills, motivation, personality, and con-
textual factors will influence creativity (Woodman et al. 1993, Zhou 2003). Social 
network analysis techniques have been used to better understand the influence of 
collaboration on extraordinary creativity (Leenders et al., 2003, Sawyer 2007). 
 
Gloor (2006) postulates that better communication inside an organization will lead 
to better collaboration, which in turn will lead to better innovation. In follow on 
work (Gloor et al. 2012), communication among team members has been meas-
ured by tracking interpersonal communication through e-mail archives, phone 
logs, and sociometric badges – body-worn sensors. These communication patterns 
have then been compared against individual and team creativity. In this paper an 
extension of this approach within a global high-tech energy firm is described. 
Economic growth drives energy demand. An essential global challenge is how the 
world can continue to grow its global economy, to increase the standard of living 
of billions of people while minimizing the environmental impact related to the use 
of energy and economic development. Technology has the highest impact, but also 
has highest uncertainty. This asks for unparalleled creativity in research and de-
velopment. Understanding the communication patterns of particularly creative 
R&D members will help understand and increase our capability to take on the 
toughest energy challenges. 
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3. Method 

In this paper the corporate e-mail network of the thousands of employees of the 
research and development department of a global energy company is analyzed. 
The email traffic among those thousands of employees has been collected over 13 
months. Their e-mail communication with outside researchers from universities 
has also been included in the dataset. Only the structural data on the e-mail com-
munication was analyzed. Neither content information nor e-mail subject lines 
were evaluated. The information on the senders and receiver for e-mails has been 
anonymized.  

 
In order to test the assumptions made in this paper the creativity and innovative 
strength of the employees is measured. Two classes of additional characteristics 
on the employees have thus been collected: Whether an employee filed for patents 
or published scientific papers shows output-oriented behavior. As internal, out-
come-oriented behavior two internal awards have been taken into account. The 
first award rewards the most exceptional patent filed by an employee, the second 
award is granted to the most innovative employee. 
 
For this study creativity and innovational strength of an employee is identified by 
four measures:  
Output metrics: 

Number of PatentsEmp = Number of patents filed by employees 
Number of Best PapersEmp = Number of “publications of the year” by employee  

Outcome metrics: 
Number of Edison Awards Emp = Number of Thomas Alva Edison Patent Award (honoring 
the most exceptional efforts of scientists and inventors)  
Number of Most Innovative EmployeeEmp = Number of annual awards for the most 
innovative employee rewarded to employee  

We call employees who hold at least one of those four criteria innovators. In addi-
tion, innovators have been categorized into output innovators – filing for patents 
and writing best papers, and outcome innovators – getting an award. In an addi-
tional analysis, the difference in communication patterns between repeat innova-
tors – who fulfill more than one criteria or one criteria several times – and innova-
tors who fulfill a criteria once – we call them ‘one-shot innovators’ has been 
studied. 

4. Results 

We constructed the full network of the thousands of members of the R&D de-
partment. For each member of the department we calculated their six honest sig-
nals of e-mail collaboration, as defined in (Gloor 2015). They are shown in table 
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1. Figure 1 shows the ingroup network of the thousands of members of the de-
partment for 2015, colored by divisions. Each dot is an actor, each connecting line 
means that at least one e-mail has been exchanged between the two actors.  
Figure 1. social network of the R&D department, colored by divisions.  
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Table 1. Six honest signals of collaboration 

Indicator	 SNA	term	 Definition	
How	the	variables	are	calculated	in	
condor		

Central	
Leadership	

Degree	Cen-
trality	

Number	of	actors	each	person	is	directly	
connected	with	in	a	network.		

Is	the	number	of	nearest	neighbors	
from	an	actor	both	as	senders	or	re-
ceivers	in	the	network	

Between-
ness	Central-
ity	

It	is	a	measure	of	the	extent	to	which	
each	actor	acts	as	an	information	hub	and	
controls	the	information	flow	

It	is	defined	as	the	likelihood	to	be	
on	the	shortest	path	between	any	
two	actors	in	the	network	

Rotating	
Leadership	

Betweeeness	
Centrality	
Oscillation	

It	is	a	measure	of	how	frequently	actors	
change	their	network	position	in	the	
team,	from	central	to	peripheral,	and	
back	

number	of	local	maxima	and	minima	
in	the	betweeness	curve	of	an	actor	
or	a	group	

Balanced	
Contribution	

Contribution	
Index	

Indicates	how	balanced	a	communication	
is	in	terms	of	msg	sent	and	msg	received	

msg	sent-msg	rcvd/(msg	sent+msg	
rcvd)	

Rapid	Re-
sponse	

Ego	ART	
Average	number	of	hours	sender	takes	to	
respond	to	emails	

time	until	a	frame	is	closed	for	the	
receiver	after	he	has	sent	an	email	

Ego	Nudges	
Average	number	of	follow-ups	that	the	
sender	needs	to	send	in	order	to	receive	a	
response	from	the	receiver	

number	of	pings	until	sender	re-
sponds	

Alter	ART	
Average	number	of	hours	receiver	takes	
to	respond	to	emails	

time	until	a	frame	is	closed	for	the	
sender,	after	he	has	sent	an	email	

Alter	Nudges	
Average	number	of	follow-ups	that	the	
receiver	needs	to	send	in	order	to	receive	
a	response	from	the	sender	

number	of	pings	until	receiver	re-
sponds	

Honest	Lan-
guage	

Avg.	Senti-
ment	

Indicates	positivity	and	negativity	of	
communication	

uses	automatically	generated	bag	of	
word,	based	on	a	dictionary	trained	
for	language/subject	area	

Avg.	Emo-
tionality	

Represents	the	deviation	from	neutral	
sentiment	 standard	deviation	of	sentiment	

Shared	Con-
text	

Avg.	Com-
plexity	

It	is	a	measure	of	complexity	of	word	us-
age.	It	is	defined	as	the	information	dis-
tribution,	i.e.	the	more	diverse	words,	
which	are	all	used	evenly,	a	sender	uses,	
the	higher	his	complexity	

information	distribution	using	
TF/IDF,	independent	of	single	words	
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4.1 Innovators among their peers 

When looking at the network structure and the six honest signals of communica-
tion, innovators stand out in several ways from their peers in the analyzed depart-
ment. The innovators were more respected, as their peers within the department 
answered them on average in 20 hours instead of the 22 hours it took for every-
body else to get at response.  
 
Table 2. Social network metrics comparing innovators with their peers (** significant on the 0.01 
level, * significant on the 0.05 level) 

 
 
Innovators were also more attentive when it comes to answering e-mails. On aver-
age, it took dialog partners less than two e-mails to elicit an answer from an inno-
vator. Their peers from the research and development department needed over two 
inquiries to answer e-mails. The innovators needed 5 percent less reminders than 
their peers. 
The network position of innovators differs from those of their peers. Betweenness 
centrality measuring the control over the information flows in the e-mail network 
has been utilized to show the influence of the single employees. Innovators 
changed their network position more often than their peers. Over the entire obser-
vation period of 13 months, they changed their network position 170 times from 
high centrality to low centrality, compared to their peers who showed the rotating 

N Mean
Std. 

Deviation
peers 1718 6760.55 7969.23
innovators 194 6265.12 5669.05
peers 1718 21.93 7.80
innovators 194 20.37 6.47
peers 1718 6270.62 3773.43
innovators 194 6756.89 3956.28
peers 1718 13031.17 10702.61
innovators 194 13022.01 9156.42
peers 1718 -0.09 0.27
innovators 194 -0.14 0.24
peers 1718 19.85 5.60
innovators 194 19.29 4.32
peers 1718 2.01 0.44
innovators 194 1.83 0.31
peers 1718 166.26 27.85
innovators 194 170.04 21.60
peers 1718 2.09 0.40
innovators 194 2.00 0.29
peers 1718 5302.00 43651.09
innovators 194 1707.57 3568.16
peers 1718 260.68 196.02
innovators 194 274.86 163.69
peers 1718 164.81 29.87
innovators 194 167.35 22.10

Contribution index 
oscillation

Ego ART [h]

Ego Nudges**

Betweenness centrality 
oscillation*
Alter Nudges**

Betweenness 
centrality**
Degree centrality

Messages sent

Alter ART [h]**

Messages received

Messages total

Contribution index**
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leadership behavior on average 166 times. The innovators were thus showing a 
higher amount of rotating leadership. 
It turns out that innovators are 3.1 times less central than their peers, measured in 
betweenness centrality. They are also more passive senders of e-mail in terms of 
their contribution of new messages. When restricting the communication to the lo-
cal lab of the innovators, however, they switch roles, and become more central 
within their local lab network than their peers. The innovators are then 2.2 times 
more central than their direct peers. 

4.2 Communication with external researchers 

The communication behavior with people outside of the organization also differed 
between innovators and their peers. Communication of employees with research-
ers from universities has been analyzed. The innovators got 1.7 times more e-
mails from senders with university e-mail addresses, and they were sending 1.4 
times more e-mail to university researchers compared to their peers within the 
R&D department. Their rotating leadership behavior became even more pro-
nounced in communication with universities, they changed their position from be-
ing the leader to the listeners 65 times in the 13 months observation period, com-
pared to 41 rotational changes in leadership for their peers within the company. 
Innovators also talked with more different people at the university over these 13 
months, initiating an e-mail dialog with 56 outside people instead of 37.  
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Table 3. Social network metrics comparing innovators with their peers when communicating 
with outside academics peers (** significant on the 0.01 level, * significant on the 0.05 level) 

 

4.3 Output-oriented and outcome-oriented innovators 

Innovators at the examined department can further be partitioned into two groups 
of innovators. Output-oriented innovators are those who fulfill the first two criteria 
of being an innovator: They publish scientific papers and file patents. The second 
group of innovators, the outcome-oriented innovators are employees who were 
rewarded with the Edison patent award or with awards for the most innovative 
employee. Paper and patent writing innovators show more introvert behavior than 
their peers, while award winning innovators show more extrovert behavior: while 
on average innovators send less e-mail than their peers, award winning innovators 
were the most active senders and receivers of e-mail in the entire R&D depart-
ment. However, it seems that paper and patent writing innovators are more re-
spected than award winning innovators, as they are responded faster than award 
winning innovators. However this could also be related to the higher amount of e-
mail generated by outcome oriented innovators, as this puts a higher strain on oth-
ers to answer them. Paper and patent writing innovators are less central – more in-
trovert – than award winning innovators, who must be highly visible in order to be 
nominated for their awards. Award winning innovators also show more rotating 
leadership, switching between leading and listening, than the more introvert paper 
and patent writing innovators. 

N Mean
Std. 

Deviation
innovators 103 268.78 361.32
peers 165 189.79 313.92
innovators 97 20.20 15.44
peers 145 16.85 16.95
innovators 103 129.54 113.85
peers 165 77.05 109.17
innovators 103 398.32 443.33
peers 165 266.85 380.09
innovators 103 0.12 0.42
peers 165 0.24 0.37
innovators 103 22.19 19.38
peers 165 18.44 17.85
innovators 103 1.65 0.48
peers 165 1.69 0.65
innovators 103 65.17 41.25
peers 165 41.92 40.39
innovators 97 1.19 0.26
peers 145 1.24 0.49
innovators 103 4.23E+06 1.07E+07
peers 165 2.32E+06 3.78E+06
innovators 103 55.99 54.48
peers 165 37.21 39.48
innovators 103 54.61 39.22
peers 165 38.75 37.51

Degree centrality**

Contribution index 
oscillation**

Contribution index*

Ego ART [h]

Ego Nudges

Betweenness 
centrality 
Alter Nudges

Betweenness 
centrality*

Messages sent

Alter ART [h]

Messages received**

Messages total**
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Table 4. Social network metrics comparing outcome innovators with output innovators. Bold de-
notes a significant difference (non-parametric Kruskal-Wallis test) 

 

4.4 Repeat innovators 

Finally, we also looked at whether there is a difference between repeat innovators 
– who fulfill more than one criteria or one criteria for several times – and innova-
tors who only one once – we call them the “one-shot innovators”. We found that 
repeat innovators sent twice as much e-mail to their peers. Repeat innovators show 
higher rotating leadership, changing from leading to listening 30 percent more 
than one-shot innovators. They also command higher respect – it takes less nudges 
for others to answer back to them, and they are more central in the network, alt-
hough the difference in betweenness centrality is not statistically significant. 

 

Messages 
sent

Alter ART 
[h]

Messages 
received

Messages 
total

Contributi
on index

Ego ART 
[h]

Ego 
Nudges

Betweenne
ss 

centrality 
oscillation

Alter 
Nudges

Betweenn
ess 

centrality
Degree 

centrality

Contributio
n index 

oscillation
Mean 7196.47 20.57 7640.18 14836.65 -0.11 19.04 1.89 171.65 2.03 2253.23 275.92 167.34
N 74 74 74 74 74 74 74 74 74 74 74 74
Std. 
Deviation

5924.62 6.01 4322.13 9509.54 0.23 3.45 0.31 23.32 0.36 4366.79 145.59 22.73

Mean 5690.78 20.25 6212.19 11902.98 -0.17 19.44 1.80 169.04 1.98 1371.08 274.21 167.36
N 120 120 120 120 120 120 120 120 120 120 120 120
Std. 
Deviation

5451.47 6.76 3625.10 8785.83 0.25 4.78 0.30 20.50 0.24 2941.43 174.51 21.80

Mean 6760.55 21.93 6270.62 13031.17 -0.09 19.85 2.01 166.26 2.09 5302.00 260.68 164.81
N 1718 1718 1718 1718 1718 1718 1718 1718 1718 1718 1718 1718
Std. 
Deviation

7969.23 7.80 3773.43 10702.61 0.27 5.60 0.44 27.85 0.40 43651.09 196.02 29.87

Mean 6710.28 21.77 6319.96 13030.24 -0.10 19.79 1.99 166.65 2.08 4937.29 262.12 165.07
N 1912 1912 1912 1912 1912 1912 1912 1912 1912 1912 1912 1912
Std. 
Deviation 7767.21 7.68 3794.16 10553.90 0.26 5.49 0.43 27.30 0.39 41405.90 192.99 29.18

outC0outP1
outcome 
innovators

output 
innovators

peers

Total
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Table 5. Social network metrics comparing repeat innovators with one-shot innovators peers (** 
significant on the 0.01 level, * significant on the 0.05 level) 

 
 

5. Discussion 

In sum, we find that intrinsically motivated innovators can be found by looking at 
the “honest signals of collaboration”, with signs of respect shown as faster re-
sponse by others, and the innovators showing high passion by answering their e-
mails faster than their peers. A second key insight is that innovators are less “po-
litical” in their e-mailing behavior by sending much less e-mail within their organ-
ization. They use their communication bandwidth to extend their external network 
to develop new innovative ideas.  This helps them minimize organization’s inter-
nal echo chambers of thought, and constantly add divergent thinking from external 
entities – thus increasing their ‘innovation quotient’ in the organization. In addi-
tion, innovators exhibit significantly higher rotating leadership through oscilla-
tions in betweenness centrality.  

One limitation our study is the focus on publication and patent productivity, 
which does not imply correlation with output quality. A more realistic metric 
would be the financial impact of the patents on the bottom line of the company. 

N Mean
Std. 

Deviation
one-shot innov. 23 118.74 131.83
repeat innovators 78 279.03 376.96
one-shot innov. 18 20.27 12.10
repeat innovators 70 20.25 13.97
one-shot innov. 23 82.96 63.77
repeat innovators 78 125.13 122.12
one-shot innov. 23 201.70 167.16
repeat innovators 78 404.15 468.13
one-shot innov. 23 0.09 0.46
repeat innovators 78 0.20 0.35
one-shot innov. 15 18.46 17.25
repeat innovators 68 22.30 16.82
one-shot innov. 15 1.60 0.43
repeat innovators 68 1.72 0.49
one-shot innov. 23 42.78 28.90
repeat innovators 78 64.01 43.23
one-shot innov. 18 1.39 0.54
repeat innovators 70 1.19 0.27
one-shot innov. 23 1.96E+06 1.92E+06
repeat innovators 78 4.51E+06 1.22E+07
one-shot innov. 23 32.957 25.677
repeat innovators 78 54.96 57.74
one-shot innov. 23 35.74 25.85
repeat innovators 78 53.71 40.39
one-shot innov. 23 101.87 55.92
repeat innovators 74 119.36 53.31

Contribution index 
oscillation*
newcontact

Ego ART [h]

Ego Nudges

Betweenness 
centrality oscillation*
Alter Nudges*

Betweenness centrality

Degree centrality

Messages sent*

Alter ART [h]

Messages received

Messages total*

Contribution index
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Unfortunately, these numbers were not available to us. Another open question is 
causality, it might be that better connected employees at the company have an eas-
ier time to file a patent, in particular because having many patents filed is consid-
ered a major means of success for an R&D employee, so it might be that this is an 
instance of the “rich get richer” syndrome, and once somebody has filed a patent, 
it will become successively easier to file more patents. 
 
In combination, looking at these honest signals of collaboration gives valuable in-
sights both to individual innovators and their managers. For individuals, it tells 
them that it pays to focus on their work, and reach out to the outside for novel ide-
as. It also encourages them to “take time off for thinking” in between intensive in-
formation exchanges with their peers. For managers, the lesson is clear: do not 
reward “political behavior” by spamming others with too many messages, but nur-
ture a self-organizing emergent leadership style. Employees should be encouraged 
to employ a more intrinsically motivated communication style (Pink 2011), to 
“only say something when they have something to say.” Employees are encour-
aged to reach out and connect to outside sources of ideas and innovation. They are 
allowed to form small ad-hoc workgroups, Collaborative Innovation Networks 
(COINs) (Gloor 2006) to pursue unconventional “crazy ideas”. 
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