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ransdisciplinarity Among Tobacco Harm–Reduction 
esearchers 

 Network Analytic Approach 
eith G. Provan, PhD, Pamela I. Clark, PhD, Timothy Huerta, PhD 

bstract:	 Progress in tobacco control and other areas of health research is thought to be heavily 
influenced by the extent to which researchers are able to work with each other not only 
within, but also across disciplines. This study provides an examination of the extent to 
which researchers in the area of tobacco harm reduction work together. Specifically, data 
were collected in 2005 from a national group of 67 top tobacco-control researchers from 
eight broadly defined disciplines representing 17 areas of expertise. Network analysis was 
utilized to examine the extent to which these researchers were engaged in research that 
was interdisciplinary or transdisciplinary, based on the outcome or product attained. 
Findings revealed that interdisciplinary network ties were much denser than transdisci­
plinary ties, but researchers in some disciplines were more likely to work across disciplines 
than others, especially when synergistic outcomes resulted. The study demonstrates for the 
first time how tobacco-control researchers work together, providing direction for policy 
officials seeking to encourage greater transdisciplinarity. The study also demonstrates the 
value of network-analysis methods for understanding research relationships in one 
important area of health care. 
(Am J Prev Med 2008;35(2S):S173–S181) © 2008 American Journal of Preventive Medicine 
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tobacco control, as in other areas of health n 
promotion, it is becoming increasingly apparent 
that in order to make significant progress, a systems 

pproach must be utilized.1,2 In particular, those who 
ork in discrete areas of tobacco control, like public 
olicy or treatment or aerosol chemistry, must not only 
ecognize the value of the contributions of those in 
ther fields, like smoking topography, economics, and 
enetics, but they must also learn to work across 
isciplines in order to coordinate their activities and 
ehaviors. There are increasing pressures to have basic 
nd applied scientists work together to improve clinical 
nd population health practices and outcomes. An idea 
aining greater traction is that cross-disciplinary collab­
rations facilitate exposure to different theories, meth­
dologies, approaches, and research traditions that will 
esult in better-quality science, increased innovation, 
nd the accelerated translation of evidence into prac-
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ice.3 Concepts such as collaboration, networks, cross-
isciplinary research, and knowledge translation are 
hanging the way scientists, practitioners, and policy-
akers think about the health-research enterprise.4 

One key element of a systems approach is working 
ollaboratively through a network.2 A network com­
rises three or more individuals or organizations that 
re connected through any type of tie, such as friend­
hip, resource-sharing, or work interactions. Ties may 
ange from tightly to loosely coupled,5 may be formally 
such as transdisciplinary tobacco use research centers) 
r more informally structured, and may be goal-
irected or serendipitous.6 In health research, collab­
rative networks can occur in many different ways and 

nvolve many different types of individuals and organi­
ations, ranging from those who conduct basic research 
o those who make policy and provide funding, to those 
ho provide actual treatment and related services. A 

ruly integrated system would involve a network of 
ollaborative efforts that spans all areas of research and 
ractice within a given health field and involves all key 

ndividuals and organizations. While such a system may 
e a long way off, and in practice may not even be 
ossible, it is not unreasonable to work toward a goal of 
uilding greater network integration as a way of en­
ancing tobacco-control efforts. 
One area of tobacco control that lends itself espe­
ially well to collaborative efforts is research.7 Although 
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ross-disciplinary collaboration has always been a fun­
amental part of creating good research, disciplinary 
oundaries and narrowly defined areas of expertise 
ften result in silos of researchers who do not work 
ogether across disciplinary boundaries or even talk 
ith one another to share ideas.8 Each discipline has its 
wn theoretical perspectives, jargon, and tools and 
ethods—differences that must be overcome for trans-

isciplinary teams to make progress. Thus, the content 
nd outcomes of research are heavily affected by the 
rocess, which is dependent on the network of interac­

ions among researchers. 
The IOM has called for a shift to research that 

ngages investigators from multiple fields in order to 
capitalize on expanding knowledge of how genetic, 
ocial, and environmental factors interact to influence 
ealth.”9 Calls for greater cross-disciplinary collabora­

ion have become an important part of the research 
genda of major government-research funding agen­
ies. For instance, several institutes of the NIH and the 
obert Wood Johnson Foundation have jointly funded 
enter grants to support Transdisciplinary Tobacco Use 
esearch Centers (TTURC),10 with actual and planned 

nvestments of $145.5 million between 1999 and 2009 
G. Morgan, NCI Tobacco Control Research Branch, 
ersonal communication, 2006). 

ross-Disciplinarity in Networks 

hile cross-disciplinary research networks have re­
eived a good deal of attention as a preferred mecha­
ism for addressing complex problems, very little is 
nown about the nature of collaboration among re­
earchers. Stokols and co-workers11 have provided a 
onceptual framework for evaluating transdisciplinary 
cience, and have examined the contextual circum­
tances faced by participating researchers in several 
TURCs, providing a foundation for evaluating the 
utcomes of transdisciplinary science centers. 
Even less is known about the extent of transdisci­

linary research that occurs across informal networks 
utside of funded centers. This lack of knowledge is 
omewhat surprising, given the importance of the topic 
nd the explosive growth of social-network research in 
ecent years.6,12 In particular, very little has been done to 
nderstand the extent to which research in tobacco 
ontrol or other scientific endeavors is cross-disciplinary, 
nd if so, what this process looks like. Such knowl­
dge would be extremely helpful not only to those 
ho study research and knowledge-translation net­
orks but also to those who fund, administer, and 
ork in research networks by providing a set of 
uidelines or best practices for effective network 
rganization, development, and administration. 
Cross-disciplinary network interactions and involve­
ent have been especially important in the area of 
obacco harm reduction, which has been defined by l

174 American Journal of Preventive Medicine, Volume 35, Num
tratton et al.13 as “minimizing harms and decreasing 
otal morbidity and mortality, without completely elim­
nating tobacco and nicotine use.” Because tobacco use 
s a complex problem—involving such things as tobac­
o-smoke chemistry, behavior of use, economics and 
ublic policy, and epidemiology, among others— 
esearching harm reduction is by definition multidisci­
linary. The research presented here is an examination 
f the extent to which researchers in tobacco harm 
eduction work together across disciplines, and what 
utcomes occur as a result. In general, the idea is that 
esearch needs to be understood as a network-level 
henomenon, involving multiple individuals who work 
cross disciplinary boundaries and develop products 
nd outcomes that could not be attained by working 
ndependently. 

This research is exploratory and was guided by 
everal research questions. First, what are the nature 
nd extent of the working relationships among the top 
esearch scientists who study tobacco use? Second, do 
obacco-control researchers collaborate across, as well 
s within, academic disciplines, and if so, what is the 
tructure of such interdisciplinary networks? Third, 
hat outcomes are achieved through interdisciplinary 
etwork collaboration? And fourth, is the tobacco 
arm–reduction network achieving transdisciplinarity, 
nd what is the structure of this network? 

While there seems to be general agreement among 
hose who study the topic that cross-disciplinary research 
s highly desirable as a way to advance science,3 there is a 
ack of clarity on the use of the terms multidisciplinary, 
nterdisciplinary, and transdisciplinary. A useful description 
f these three forms of cross-disciplinary research has 
een provided by Rosenfield,14 whose work is summa­
ized by Stokols et al.15 in the introductory paper of this 
upplement to the American Journal of Preventive Medicine. 
he distinctions made by these scholars have been drawn 
n here to guide the research presented. 

esearch Methods 
he Sample 

he National Cancer Institute and the American Leg­
cy Foundation provided funding to create a formal 
etwork of researchers involved with the science of 

obacco harm reduction. For this study, the top re­
earchers in tobacco-control research were invited to 
oin the Tobacco Harm–Reduction Network. Those 
nvited to participate constitute the sample utilized for 
his project. 

A sampling frame of participants was identified 
hrough a key-word search of the NIH Computer 
etrieval of Information on Scientific Projects (CRISP) 
nd MedLine of the National Library of Medicine. 
hrough these databases, 167 principal investigators, 
ead authors, or both were identified as potential 

ber 2S www.ajpm-online.net 
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able 1. Disciplines of Tobacco Harm–Reduction Network m

isciplines Fields included 

hemistry/toxicology Physical chemistry; organic 
chemistry; toxicology; bio

pidemiology Epidemiology 
edicine/nursing/dentistry Medicine; nursing; dentistr
ther behavioral Behavioral sciences; health 

English; public health; ed
ther bench Biophysics; physiology 
harmacology Pharmacology; psychopharm
olicy/law/ethics Health policy; social policy;
sychology/psychiatry Psychology; clinical psychol

physiologic psychology; so

articipants in the project. The invited participants for 
he actual study were drawn from the list using reputa­
ional sampling.16 That is, a team of experts were 
mployed to select from the list of 167 those who 
epresented the most-accomplished researchers in 
heir individual fields of inquiry, based on funding, 
ublications, and general reputation in tobacco harm– 
eduction research. Thus, the sample is biased in favor 
f more-established researchers. A total of 68 potential 
etwork members were identified and sent a member-
hip application in 2005, which included the questions 
sed. No effort was made to select researchers by area 
f discipline. 
It is important to note that while the Tobacco 
arm–Reduction Network does have members in the 

ormal sense of the term, consisting of the 68 top 
esearchers selected for the study, the findings and 
nalysis focus on the network of relationships estab­
ished by these researchers on their own as they con-
ucted their research. There was no formal meeting of 
he Tobacco Harm–Reduction Network prior to data 
ollection, and members were asked only to report 
heir past work-based interactions with each other. 

easures 

he membership application requested information on 
he field of the highest earned degree, areas and extent 
f expertise, and the nature of relationships among the 
embers and the products of those relationships. Of 

he 68 members identified, 67 returned the application 
98.5% response rate). 

Discipline was defined as the field in which the 
espondent earned his or her highest academic degree. 
esearchers were from a range of eight broadly defined 
isciplines identified by the authors, including psychol-
gy, medicine, policy, economics, pharmacy, epidemi­
logy, other behavioral, and other bench. The distribu­
ion of disciplines within the sample is reported in 
able 1. 
Seventeen areas of expertise were identified a priori. 

espondents were asked to indicate their level of 

          xpertise (none or limited, some, or strong) for each of the E

ugust 2008 
ers 

Frequency 

istry; bio-organic chemistry; geo-organic 12 
istry 

4 
8 

ation; philosophy; communication research; 8 
on 

2 
ogy 4 

4 
xperimental psychology; health psychology; 25 
sychology 

7 categories identified by the authors. The frequencies 
nd percent of Tobacco Harm–Reduction Network 
esearchers who reported their expertise as strong in 
ach area are reported in Table 2. 
The membership application listed all 68 members 

f the broadly-defined network, and each was requested 
o indicate if he or she had had any previous work-
elated interaction with any other member. If the 
espondent answered yes to any interaction, she or he 
as asked about the nature of the interaction (shared 

nformation, worked as part of a team without a formal 
rrangement, or worked as part of a team with a formal 
rrangement like a contract, memorandum of agreement, joint 
unding, or formal sharing of resources). 

Three additional items were asked about those with 
hom respondents had interactions: Did the interaction 
elp shape your thinking or your approach to your work? (yes 
r no—the measure of interdisciplinarity); Did the inter­
ction lead to the production of a product, such as a journal 
rticle or research proposal? (yes or no), and, if yes, Does the 
roduct contain perspectives or elements that go beyond what 
ou could have developed on your own? (yes or no). These 

able 2. Frequencies and percent of Tobacco 
arm–Reduction Network members reporting strong 

xpertise in 17 tobacco harm–reduction content areas 

rea of expertise Frequency % 

reclinical 13 19.4 
moke chemistry 16 23.9 
moking topography 20 29.9 
hysiology 11 16.4 
ddiction 35 52.2 
enetics 9 13.4 
linical trials 12 17.9 
essation 33 49.3 
dolescent smoking 21 31.3 
iomarkers 14 20.9 
dvertising and promotions 9 13.4 
rogram evaluation 11 16.4 
obacco industry 12 17.9 
opulation surveillance 14 20.9 
conomics 4 6 
obacco-control law 16 23.9 
emb

chem
chem

y 
educ
ucati

acol
 law 
ogy; e
thics 9 13.4 

Am J Prev Med 2008;35(2S) S175 
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able 3. Items for indexes of multidisciplinary, interdisciplin
eduction Network members 

Mult
relatitem 

ighest degree from different discipline 
o interaction 
hared information 
orked on team with or without contract 
esulted in a product 
roduct contained elements beyond what you 
could have developed on own 

ast two questions were both considered to be measures 
f transdisciplinarity, although because they were 
ighly correlated (0.94), only the second one was used 

n the analysis. An overview is provided in Table 3. 
ultidisciplinary relationships occurred simply by vir­

ue of having multiple disciplines represented in the 
obacco Harm–Reduction Network, regardless of 
hether or not interactions took place. 
To increase the reliability of responses, network 

nteractions were counted only if both parties in the 
elationship agreed that there was indeed a relation­
hip. This confirmation procedure minimized the like­
ihood that results would be affected by respondents 
ho claimed network relationships, when, in fact, such 
elationships did not actually exist. When there was a 
iscrepancy about the exact type of relationship, a 
onservative approach was used, coding the data based 
n the least-formal type of tie mentioned by either 
arty. However, more than 70% of all relationships 
ere reported identically by both respondents. Data 
ere also coded so that if one person reported a 

ransdisciplinary tie but the other reported only an 
nterdisciplinary tie, it was counted as interdisciplinary. 
inally, because respondents were completing the sur­
ey as part of an application for membership in a 
etwork into which they had already been accepted, 

here was little incentive to inflate responses. Network 
elationships were then arrayed in a matrix form and 
nalyzed using UCINET 6, the most commonly utilized 
etwork analysis software. Matrixes were subjected to 

able 4. Comparative statistics for interdisciplinary (no outc
eduction networks (n�67) 

Inter-
disciplinary 

Trans-

disciplinary etwork measure 

etwork density 32.56 7.10 

egree centrality 0–0.79 0–0.30 
etwork betweenness 1.10 1.80 

etwork centralization 0.06 0.18 
index 

ragmentation 0.36 0.68 
nclusiveness 0.98 0.85 

176 American Journal of Preventive Medicine, Volume 35, Num
nd transdisciplinary relationships among Tobacco Harm– 

linary 
p 

Interdisciplinary 
relationship 

Transdisciplinary 
relationship 

 Yes Yes 
 

Yes Yes 
Yes Yes 

Yes 
Yes 

ata and variable quality tests to ensure the robustness 
f the data-collection practices and to minimize coding 
rrors. Separate network matrices were constructed for 
nterdisciplinary and transdisciplinary outcomes, al­
hough analytical efforts focused primarily on the trans-
isciplinary matrix. Networks were also displayed 
raphically using a network-visualization tool called 
etDraw. 

esults and Discussion 

he overall network findings (Table 4) include a 
umber of statistics indicating the network structure, 
r the relative positioning of actors within the net­
ork. The table reports statistics for both the inter­
isciplinary (no outcome) network and the transdis­
iplinary (a synergistic outcome) THR network. 

Using the confirmed linking process described 
bove, network density for any type of tie (interdiscipli­
ary or multidisciplinary) was 0.326. Density refers to 

he connectivity of the full network. If every one of the 
7 researchers responding to the questions was linked 
o every other researcher listed, the network would be 
ompletely connected. This would result in a network 
ensity score of 1.00. The finding that slightly less than 
ne-third of total possible network connections were 
ctually occurring may seem low to those unfamiliar 
ith network analysis, but it actually indicates a well-
onnected network, especially because the network 
tudied has so many members. Overall density breaks 

 and transdisciplinary (synergistic outcome) tobacco harm– 

Concept definition
 

Total actual number of connections as a percentage of 
total possible connections 

Range of number of individual connections (normalized) 
Extent to which actors mediate, or fall between, any other 

two actors on the shortest path between those actors 
The extent to which a network is centralized around one 

or a few actors 
The percentage of pairs of actors that are unreachable 

from each other 
ary, a

idiscip
onshi

Yes
Yes
ome)
The percentage of actors connected to others 

ber 2S www.ajpm-online.net 
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own to network-density scores of 0.226 for shared-
nformation ties, 0.061 for working as part of a team 
ith no formal arrangement like a contract, and 0.038 

or working as part of a formal team with a contract or 
imilar formal arrangement. Thus, the vast majority of 
ies involved relatively low-intensity interactions based 
n shared information. 
Several measures of centrality are presented. The 

rst, degree centrality, is simply the number of connec­
ions maintained by any individual in the network. 
able 4 reports the range of these scores, normalized. It 
an be seen that the most central individual in the 
nterdisciplinary network was more than 2.5 times as 
onnected to others as the most central individual in 
he transdisciplinary network (0.79 vs 0.30). It is likely 
hat this is because interdisciplinary ties are less inten­
ive, allowing some individual researchers to develop a 
arge number of relatively weak ties. Betweenness cen­
rality provides a somewhat different measure of the 
egree to which individuals within the network are 
onnected to other individuals. With betweenness, an 
ndividual is more central if he or she brokers the 
onnection between two individuals along the shortest 
ath (i.e., fewest links). Thus, unlike degree centrality, 

ndirect ties are considered. When reported at the 
etwork level, the statistic represents the prevalence of 
etweenness centrality across all possible connections 

n the network. A higher number means that there are 
ewer direct routes between people, and thus brokerage 
s more essential to bridge across network members. 
he results indicated that individuals in transdisci­
linary relationships were 61% (1.1/1.8) more likely to
e on a brokered path linking any two other members 
f the network, indicative of the increased interdepen­
ency on specific actors to facilitate communication in 
parser networks. The transdisciplinary ties were also 
ore centralized (0.18 versus 0.06), meaning that they 

ended to cluster around fewer individuals, as opposed 
o interdisciplinary relationships, in which central ac­
ors were more dispersed across the full network. 
onsistent with these findings, the transdisciplinary 
etwork was also more fragmented and less inclusive. 
A comparison of the multidisciplinary and the trans-

isciplinary networks can best be demonstrated by
xamining plots, or graphs, of the two networks (Fig­
res 1 and 2). What is visually evident from these plots 

s that connectedness is much more widespread across 
he network when using interdisciplinary rather than 
ransdisciplinary criteria, which is reflected statistically 
n the density scores of the two networks. Specifically, 
he transdisciplinary network density is only 0.071 ver­
us 0.326 for the interdisciplinary network. Many more 
esearchers are involved in network interactions that 
nvolve no product as an outcome, with many fewer 
nvolved in product-based interactions. This, of course, 

s to be expected, given the complexity and intensity of 

ugust 2008 

H

eveloping and maintaining transdisciplinary, synergy-
ased interactions. 
What can also be seen from Figures 1 and 2 is that 

esearchers from all disciplines are involved in both 
ypes of networks. However, especially with the trans-
isciplinary network, it can be seen that many of the 

nteractions that result in a research product were not 
ctually occurring across disciplines. For instance, al­
hough psychologists (solid blue square) are actively 
nvolved in the network (Figure 2), many of their 
nteractions were with one another, rather than across 
isciplinary boundaries. Chemists (black triangles) en­
aged with one other in much the same way. Notably, 
here were few connections between chemists and 
sychologists, indicated by their relatively opposite po­
itioning in the network map. Finally, the figures show 
hat there is only one isolate (in policy—the grey box 

arked with �) in the interdisciplinary network, while 
n the transdisciplinary outcome-based network, there 
re ten isolates from a broad range of disciplines. Thus, 
ewer researchers are involved at all in these more 
omplex, outcome-based relationships, which are diffi­
ult to build and maintain. Getting more of these 
solates involved in transdisciplinary research would 
eem to be a highly desirable policy goal. Isolates are 
isplayed in the left column of the figures and reflect 

hose individual researchers who are not connected in 
ny way to others within the network. This phenome­
on is identified in Table 4 as inclusiveness. 
To examine in greater depth the extent to which 

ynergistic outcomes are occurring due to interac­
ions across disciplines (i.e., transdisciplinarity), 
ithin-discipline network ties were analyzed versus 
cross-discipline ties for both no outcome and syner­
istic outcomes. The findings (Table 5) indicate that 
hat is known in the network literature as homophily, 
r the tendency to interact with people having simi­

ar backgrounds, is much more prevalent in some 
isciplines than others, at least regarding research on 

obacco harm reduction. 
The scores in Table 5 reflect the actual mean num­

er of ties of each type maintained by researchers 
ithin each discipline. For instance, for the discipline 

abeled medicine, the mean number of ties to other 
edicine researchers was 2.13 for relationships where 

here was no outcome versus 11.2 mean connections 
also no outcome) with Tobacco Harm–Reduction 
etwork researchers outside the discipline of medicine 

see also the red circles in the two figures). The actual 
umbers should be compared with the total number of 
espondents in that discipline. In the case of medicine, 
here were eight researchers, so the maximum number 
f ties to others in medicine could be seven (excludes 
ies to one’s self). This compares with the potential 
umber of transdisciplinary ties, which is quite large. 
pecifically, it is equal to the full size of the Tobacco 

arm–Reduction Network (n�67) minus the total 

Am J Prev Med 2008;35(2S) S177 
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Figure 1. Plot of the Tobacco  Harm–Reduction Network by discipline—any  type of link,  no outcome (interdisciplinarity) 
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igure 2. Plot of the Tobacco Harm–Reduction Netw
transdisciplinarity) 

umber of respondents in a particular discipline (eight 
n medicine). 

Not surprisingly, given the large numbers of out-of­
iscipline respondents, the findings indicate that there 
ere always more ties across disciplines (heterophily) 

han within disciplines (homophily), regardless of 
hether or not there was a synergistic outcome. How­
ver, for both psychology and chemistry, the two largest 
roups, cross-disciplinary ties were only slightly greater 
han ties within the discipline. This suggests that these 
wo groups of researchers tend to favor work among 
hemselves more so than the other disciplinary groups 
tudied. In contrast, for medicine, policy, pharmacol­
gy, and epidemiology, working across disciplines was 
uch more commonplace. 
Finally, Table 5 shows that although transdisciplinary 

ies with synergistic outcomes occurred far less fre­
uently than did interdisciplinary ties with no out­

omes, when synergistic outcomes did occur, they were c

ugust 2008 
by discipline—any type of link, synergistic outcomes 

ar more likely to result from cross-disciplinary, het­
rophilous relationships than from homophilous ones. 
his was also true of no-outcome links, but to a much 

esser extent. Specifically, the mean relationships per 
ndividual for interdisciplinary, no-outcome ties in­
reased from 2.90 to 7.85 when ties were heterophilous, 
n increase of 271%. In contrast, mean relationships 
or transdisciplinary synergistic outcome ties increased 
rom 0.34 to 1.82, a jump of 535%. Thus, for research­
rs seeking synergistic outcomes, there appears to be a 
ubstantial benefit to working with others outside their 
iscipline rather than working solely within their 
iscipline. 

onclusion 

his is a first effort to examine, using network analytical 
echniques, how health researchers in tobacco control 
ork 
ollaborate, and ultimately, how such collaborative 
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able 5. Comparison of homophily versus heterophily: netw

Interdisciplinary: no outcomes

Average number of 
connections to 
researchers in the 
same discipline 
(Homophily) 

Avera
conn
resea
other
(Heteiscipline 

edicine (n�8) 2.13 
sychology (n�25) 5.00 
hemistry (n�12) 2.17 
olicy (n�4) 0.25 
ther behavioral (n�8) 1.88 
pidemiology (n�4) 1.25 
ther bench (n�2) 0.50 
harmacology (n�4) 1.00 
ean/individual 2.90 

fforts produce transdisciplinary outcomes. The re­
earch has important implications for understanding 
he nature and extent of collaboration that occurs 
ndependent of any policy interventions. Based on 
ndings from this initial mapping of the Tobacco 
arm–Reduction Network, network researchers can 

eadily see which types of cross-disciplinary collabora­
ive efforts are most likely and which are most (and 
east) effective, from an outcome perspective. Health 
olicymakers and funders can also draw on this infor­
ation to provide incentives to researchers to collabo­

ate more effectively, thereby resulting in transdisci­
linary outcomes that can help advance the study of 

obacco harm reduction. 
Network analysis has been utilized in the past to 

xamine relationships among health services organiza­
ions,17,18 but not in previous work about health re­
earchers.15 The current study has shown that network 
nalysis can be utilized to help understand, in a de­
ailed way, both the extent and nature of collaborative 
elationships among individuals working within a par­
icular health field, like tobacco control. Future re­
earch should build on what has been done in this 
tudy, possibly examining in greater detail the out­
omes of transdisciplinary collaborations. In addition, 
ongitudinal research efforts would demonstrate the 
hifting patterns of research from interdisciplinary ties 
o greater transdisciplinarity. Longitudinal research is 
specially appropriate for examining transdisciplinary 
elationships that are newly formed. Such relationships 
re likely to be cautious at first, then evolve toward 
reater involvement and more synergistic outcomes as 
rust builds and knowledge-sharing becomes more 
ntensive.18,19 

There are clear limitations to the work presented 
ere. For one thing, it is unclear whether or not the 
esults found are generalizable to other groups of 
ealth researchers. This study is exploratory and de­
igned primarily to demonstrate the usefulness of net­

ork analysis for understanding cross-disciplinary en­
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es across disciplines 

Transdisciplinary: synergistic outcomes 

mber of 
s to 
s in 
plines 
ily) 

Average number of
connections to 
researchers in the 
same discipline 
(Homophily) 

 Average number of 
connections to 
researchers in 
other disciplines 
(Heterophily) 

0 0.00 2.19 
2 0.84 1.16 
1 0.50 1.46 
8 0.00 2.00 
0 0.63 1.69 
0 0.50 5.00 
0 0.00 0.50 
2 0.25 3.88 
5 0.34 1.82 

agements among researchers within a single health 
esearch field. Work on researchers in other fields is 
learly called for, building on the methods and findings 
sed in this study. Second, the issue of transdisciplinar­

ty must be explored further, using more sophisticated 
ethods. This study has operationalized both the out­

omes and cross-disciplinarity of transdisciplinary re­
earch. However, it is clear that more detailed measures 
f outcomes could be assessed, and the issue of what 
ctually constitutes a discipline might be refined. In 
articular, while the logic of transdisciplinarity is well-
ccepted, there has been little actual evidence that such 
elationships result in more or better outcomes than 
ore traditional interdisciplinary work. 
Third, the findings reported here are based on 

elf-reports. A conservative approach of requiring 
onfirmation of a tie by both partners was utilized, 
hereby enhancing the reliability of the interaction 
ata. However, a more conservative approach would 
ave been to examine actual working relationships as 
ell, based on existing publication and grant data. 
inally, it would be quite helpful to focus on transdisci­
linary research networks in a more narrow way. Specifi­
ally, it would be useful to know if transdisciplinary 
elationships in various health fields occur across a full 
etwork of researchers or within more narrowly defined 
ubnetworks, or cliques, consisting of, perhaps, no more 
han four or five researchers. It seems unreasonable to 
hink that transdisciplinarity in any field should occur 
cross a full network of scores of researchers rather 
han within more tightly specified clusters. 

o financial disclosures were reported by the authors of this 
aper. 
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