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Methodologic Contributions

easuring Collaboration and Transdisciplinary
ntegration in Team Science
ouise C. Mâsse, PhD, Richard P. Moser, PhD, Daniel Stokols, PhD, Brandie K. Taylor, MA,
tephen E. Marcus, PhD, Glen D. Morgan, PhD, Kara L. Hall, PhD, Robert T. Croyle, PhD,
illiam M. Trochim, PhD

urpose: As the science of team science evolves, the development of measures that assess important
processes related to working in transdisciplinary teams is critical. Therefore, the purpose of
this paper is to present the psychometric properties of scales measuring collaborative
processes and transdisciplinary integration.

ethods: Two hundred-sixteen researchers and research staff participating in the Transdisciplinary
Tobacco Use Research Centers (TTURC) Initiative completed the TTURC researcher
survey. Confirmatory-factor analyses were used to verify the hypothesized factor structures.
Descriptive data pertinent to these scales and their associations with other constructs were
included to further examine the properties of the scales.

esults: Overall, the hypothesized-factor structures, with some minor modifications, were validated.
A total of four scales were developed, three to assess collaborative processes (satisfaction
with the collaboration, impact of collaboration, trust and respect) and one to assess
transdisciplinary integration. All scales were found to have adequate internal consistency
(i.e., Cronbach �’s were all �0.70); were correlated with intermediate markers of
collaborations (e.g., the collaboration and transdisciplinary-integration scales were posi-
tively associated with the perception of a center’s making good progress in creating new
methods, new science and models, and new interventions); and showed some ability to
detect group differences.

onclusions: This paper provides valid tools that can be utilized to examine the underlying processes of
team science—an important step toward advancing the science of team science.
(Am J Prev Med 2008;35(2S):S151–S160) © 2008 American Journal of Preventive Medicine
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everal studies1–4 have documented that, since the
mid-1950s, the natural, behavioral, and social
sciences have made a pronounced shift from

ndividually oriented research toward team-based scien-
ific initiatives. This trend toward greater teamwork in
cience is paralleled by a growing emphasis on cross-
isciplinary approaches to research and training.5–7

ubstantial investments by government agencies and
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rivate foundations in cross-disciplinary centers and
eams have triggered a lively debate about the relative

erits of individual-versus-team–based models of re-
earch and the emergence of a new area of program
valuation research, namely, the science of team sci-
nce.8–11 Evaluations of team science initiatives aim to
dentify, measure, and understand the processes and
utcomes of large-scale research collaborations. Given
he substantial amount of federal and private resources
hat have been allocated to establish and maintain team
cience initiatives, it is essential that concerted efforts
e made to evaluate both their near-, mid-, and longer-
erm collaborative processes and outcomes.12–14

The science-of-team-science field is at a relative early
tage in its development and can benefit from the
evelopment of psychometrically valid and reliable
easures of collaborative processes, especially those

nvolving cross-disciplinary synergy and integration. As
hese initial collaborative processes may be integrally
inked to the achievement of subsequent and far-
eaching benefits to science and society, it is important

o develop reliable and valid measures of these con-
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tructs early-on as a basis for
valuating their influence on
he cumulative contributions
f a team initiative over a

onger period.
Findings are presented

ere from an early-stage
valuation of the National
ancer Institute’s (NCI)
ransdisciplinary Tobacco
se Research Centers

TTURC) initiative.15 The
verall goals of the study
ere (1) to create and vali-
ate new methods and
etrics for assessing cross-
isciplinary collaboration
nd transdisciplinary inte-
ration within the context
f the TTURC initiative,
nd (2) to develop and pre-
iminarily assess a concep-
ual logic model linking the
equential phases, pro-
esses, and outcomes associ-
ted with large team science
nitiatives more generally.
he TTURC program15 is one of four large-scale,
ross-disciplinary initiatives organized and funded
ince 1999 by the Division of Cancer Control and
opulation Sciences within NCI.a Currently, the total
IH investment into those four initiatives (TTURC,

he Centers of Excellence in Cancer Communica-
ions Research, the Centers for Population Health
nd Health Disparities, and the Transdisciplinary Re-
earch on Energetics and Cancer centers) that address
oth basic and applied research in cancer control is
pproximately $286 million.15–18,b

onceptual Foundations of the TTURC Initiative
valuation Study

he TTURC initiative is rooted in Rosenfield’s conceptu-
lization of transdisciplinary scientific collaboration.19,20

osenfield describes a continuum of collaborative re-
earch ranging from unidisciplinary and multidisciplinary to
nterdisciplinary and transdisciplinary approaches. Accord-
ng to Rosenfield, transdisciplinary collaborations (com-
ared to multidisciplinary and interdisciplinary forms

The first 5-year phase of the TTURC initiative was a $70-million
rogram funded by NCI and the National Institute of Drug Abuse
NIDA); it supported seven research centers between 1999 and 2004.
he Robert Wood Johnson Foundation committed an additional $14
illion over 5 years to complement NCI’s and NIDA’s commitment.
he TTURC initiative was renewed by NIH in 2004 and is currently in

ts second 5-year funding cycle.

Collaboration

Training

Transdisciplinary
integration

Recog

Transdis
rese

institution

srekram etaidemmI

Collaboration

Figure 1. Logic model f
researcher-survey items sh
temporal-outcome group
t
The $286-million figure is expected to rise substantially as the
arious initiatives move into their second 5-year funding cycles.

152 American Journal of Preventive Medicine, Volume 35, Num
f cross-disciplinary research) lead to the development
f shared conceptual frameworks that not only inte-
rate but also transcend the individual disciplinary
erspectives represented by various members of the
esearch team. These transdisciplinary conceptual
rameworks, integrating the concepts and methods drawn
rom multiple disciplines and analytic levels, have the
reatest potential to generate truly novel scientific and
ocietal advances—reflected, for example, in a more
omprehensive understanding of nicotine-addiction pro-
esses, the development of more-powerful smoking pre-
ention strategies, and a substantial reduction of tobacco-
elated disease and mortality in the population.21,22

As a basis for understanding the conceptual and
mpirical links among cross-disciplinary collaboration,
ransdisciplinary integration, and the more distal scien-
ific achievements and health outcomes generated by
he TTURC initiative, Trochim and colleagues23 devel-
ped a comprehensive logic model to evaluate large

nitiatives (ELI). TTURC investigators, funders, and
ther stakeholders (staff and scientific consultants) first
ompleted a web-based concept-mapping exercise for
he purpose of deriving key constructs associated with
ffective transdisciplinary-team initiatives and under-
tanding the temporal relationships among the differ-
nt constructs. They later developed a researcher sur-
ey that was designed to assess key components of the
LI logic model. The logic model (Figure 1) incorpo-
ates five general clusters: collaboration, communica-

ntific 
ration

Communication

Health 
impacts

Improved
interventions

Health 
outcomes

Methods

cience and
models

Translation
to practice

Policy 
implications

Communication

Publications

Intermediate markers semoctuo mret-gnoL

Professional 
validation

e TTURC evaluation that guided the development of the
g inter-relationships among constructs divided into expected
Scie
integ

S

nition

ciplinary
arch
alization

or th
owin
ion, professional validation, scientific integration, and

ber 2S www.ajpm-online.net



h
d
p
o
i
t
a
a
o
m
t
p
t
T
p
t
o
t
s
s
t

p
a
e
e
p
s
o
i
t
t
t
E

M

P

P
i
s
i
r
e
s
n
r
e
s

D

T
t
p
f
d
c
c

p
c
w
c
a
a
T
c
s
a
R
r
p

T

T
i
s
m
s
t
m
m
i
r
t
c
i
w
c
i
a
p
t

C

T
o
F
w
q
i
r
s
s
s
l
c
t
i
s
u
p
b
t
s
r
f

A

ealth impacts. The collaboration cluster subsumes the
imensions of training, collaboration, and transdisci-
linary integration. These constructs serve as proximal,
r early-stage, markers of team effectiveness during the

nitial phase of the TTURC initiative. To the extent that
he TTURCs are effective over the course of their initial
nd later phases, the levels of intellectual collaboration
nd transdisciplinary integration will be higher at the
utset, thereby prompting changes in investigators’
ethods and models. Those methodologic and concep-

ual changes, in turn, enable translations of transdisci-
linary knowledge into new health promotion interven-
ions, policy innovations, and improved health outcomes.
his hypothesized sequence of changes is ultimately ex-
ected to facilitate greater recognition of the value of
ransdisciplinary science and the broad-based adoption
r institutionalization of transdisciplinary approaches
o tobacco-use research.23 Operationalizing the con-
tructs included in the ELI logic model is an important
tarting point for evaluating the potential benefits of
ransdisciplinary research and is the focus of this paper.

The findings reported below focus on two major com-
onents of the ELI logic model, namely, the collaboration
nd transdisciplinary-integration constructs. Although the
ffectiveness of collaborative teams has been studied
xtensively in nonscientific venues, the measures em-
loyed in those contexts often do not generalize readily to
cientific settings.24–26 Therefore, some major purposes
f this paper are to examine the factorial validity and

nternal consistency of three collaboration scales and one
ransdisciplinary-integration scale that were developed in
he context of the TTURC initiative as well as to evaluate
heir associations with other constructs included in the
LI logic model (Figure 1).

ethods

articipants

articipants consisted of all TTURC investigators (principal
nvestigators, co-investigators, project directors, research as-
ociates, and scientists); research staff; and trainees who were
dentified by each center’s principal investigator as eligible
espondents for the researcher survey. As part of the TTURC
valuation, each principal investigator completed a center
urvey, which provided a quick profile of the center and the
umber of staff who would be eligible to complete the
esearcher survey. Among the seven TTURCs, there were 234
ligible respondents (N�234); 216 completed the researcher
urvey, for an overall 92% response rate.

ata-Collection Protocol

he data were collected in the context of a program evalua-
ion during the third year of the initiative. The TTURC
rincipal investigators were primarily responsible for identi-
ying someone who would serve as the point of contact for
istributing the survey and reminding eligible respondents to
omplete it. The researchers and research staff were asked to

omplete the survey and mail it back in a self-addressed c

ugust 2008
re-paid envelope to the data processing center. To increase
ompliance, the data processing center compiled on a
eekly basis the total number of Researcher Surveys re-
eived by each Center. The contact person received an
nonymized update on their center’s response rates, as well
s response rates of the other centers (anonymized as well).
he contact person was asked to send reminders to their
olleagues and research staff to ensure an adequate re-
ponse rate to the survey. At all times, the contact person or
nyone involved were never aware of who responded to the
esearcher Survey. Although the PIs, researchers, and
esearch staff were encouraged to fill out the survey, their
articipation was completely voluntary.

TURC Researcher Survey Development

he TTURC Researcher Survey is a 12-page instrument that
ncluded indices and scales that represented all the dimen-
ions assessed by the ELI logic model (Figure 1). Concept
apping served as the basis for the ELI logic model, and also

erved to provide much of the initial content for developing
he researcher survey. Additionally, because the concept-

apping process consisted of clustering statements into di-
ensions, the statements within these clusters formed the

nitial theoretical operationalization of the dimensions. The
esearcher-survey development was led by a methodology
eam (WTM, LCM, and SM co-authors) and was developed in
ollaboration with TTURC funders, TTURC researchers, and
nput from a consulting committee. The researcher survey
ent through several expert reviews and revisions, and re-
eived final approval from a consulting committee for admin-
stration to the TTURCs. Of particular interest to this paper
re the sections that focused on collaboration and transdisci-
linary research (see Appendixes A and B for a description of
he items).

ollaboration

he researcher survey included 23 items that assessed collab-
ration. All items used a 5-point, Likert-type response format.
ifteen items used the stem Please evaluate the collaboration
ithin your center with the following response anchors: inade-
uate, poor, satisfactory, good, and excellent. The other eight
tems started with Please rate your views about collaboration with
espect to your center-related research with the response anchors
trongly disagree, somewhat disagree, not sure, somewhat agree, and
trongly agree. It was determined a priori that the factor
tructure of the collaboration scale would have three corre-
ated factors. One factor was designed to assess satisfaction with
ollaboration using eight items: acceptance of ideas, communica-
ion, researchers’ strengths, organization, resolution of conflict, work-
ng styles, outside involvement, and discipline involvement. A
econd factor, designed to assess the impact of collaboration,
sed 6 items: meeting productivity, products productivity, overall
roductivity, research productivity, quality of research, and time
urden. A final factor, designed to assess trust and respect in
he collaborative context, used four items: being comfortable in
howing limits, trusting colleagues, being open to criticism, and
espect). Five of the initial collaboration items were excluded
rom the analyses as they did not measure the above

onstructs.

Am J Prev Med 2008;35(2S) S153
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ransdisciplinary Integration

he researcher survey had 15 items that measured attitudes
bout transdisciplinary research. Respondents were asked to
ndicate their attitudes about transdisciplinary research and to
rovide interpretations based on their understanding or percep-
ion of transdisciplinary research. All items used a 5-point,
ikert-type format with the response options strongly agree, some-
hat disagree, not sure, somewhat agree, and strongly disagree. It was
etermined a priori that the items likely measured one factor

hat assessed transdisciplinary integration.

LI Intermediate Markers of Progress Toward
ollaboration and Transdisciplinary Integration

lthough the researcher survey included a number of indexes
hat corresponded to the ELI logic model (Figure 1), only
our of the indexes (methods, science and models, improved
nterventions, and publications) were used here. These were
een as intermediate markers of progress within the centers.
t should be noted that for these constructs, index measures
ere created. Overall, these indexes measured how much
rogress had been achieved by the TTURCs in these areas.
he methods index was computed by averaging 7 items (e.g.,
evelopment or refinement of methods for gathering data);
7 items were averaged for the sciences-and-models index
e.g., understanding multiple determinants of the stages of
icotine addiction); 12 items were averaged to measure

mproved interventions (e.g., progress in pharmacologic in-
erventions); and, finally, the publications index was the sum
f submitted and published articles and abstracts.

ata Analysis

actor structure. All negatively worded items were reverse-
oded for the analyses. Confirmatory-factor analyses, using the
ISREL 8.8 software, served to validate the a priori-factor
tructure of the collaboration and transdisciplinary-integration
cales. Parameter estimates were obtained using the maximum-
ikelihood method of estimation. As there are no agreed-upon
tandards for determining model fit, the criteria established by
u and Bentler27 for evaluating fit were followed. The chi-

quare goodness-of-fit test served to determine the overall fit of
he factor structure, with a p-value �0.15 indicating that the
esiduals were no longer significant—hence, a good fit. Given

able 1. Model fit of the confirmatory-factor analysis, testing
ollaboration items (n�144)

odel Chi-square (df), p-value RMSEA (90% CI

odel 1 282.07 (132), �0.05 0.09 (0.07, 0.10)

odel 2 255.01 (116), �0.05 0.09 (0.07, 0.10)

odel 3 181.30 (114), �0.05 0.07 (0.05, 0.08)

odel Comparisons Chi-square difference

odel 1 vs Model 2 27.06
odel 2 vs Model 3 73.98

ote: Model 1: Hypothesized three-factor structure; Model 2: hypoth
odel 3: Model 2 plus two correlated-error terms (one between Item
AIC, corrected Aikaike’s information criterion; CFI, comparative fit
RMR, standardized root mean square residuals
hat the chi-square is highly affected by sample size and the a

154 American Journal of Preventive Medicine, Volume 35, Num
istributional properties of the items, other fit indexes were
valuated. Steiger’s root mean square root error of approximation
RMSEA) was evaluated, with a value of 0.05 and an upper CI
0.08 indicating a good fit. The standardized root mean square

esiduals (SRMR) was evaluated, and a value of 0.05 represented
good fit. Both the comparative fit index (CFI) and the

on-normed fit index (NNFI) were evaluated. These indexes
ompare the fit of the model to a baseline model with values
ounded between 0 and 1. For both the CFI and NNFI, a value
0.95 is indicative of a good fit. Finally, the distribution of the

tandardized residuals was evaluated to assess overall model fit,
here normally distributed standardized residuals ranging from
3.0 to 3.0 indicate a good fit. Any posthoc model modifications

onsisted of evaluating the modification indexes and determin-
ng whether the suggested change was theoretically defensible. If
he revised model was nested within the original structure, a
hi-square test of differences was computed to determine if the
ew model significantly improved the fit of the data.
Finally, the corrected Akaike’s information criteria (CAIC)

erved to compare the fit of different models while accounting
or the number of parameters estimated in the model; a lower
AIC was indicative of a better fit. Standardized factor loadings

anged from �1.00 to 1.00, and a value of �0.30 was used to
ssess items that loaded poorly on the hypothesized factor.

elationship with ELI outcomes. It was hypothesized that the
ollaboration and the transdisciplinary-integration scales would
e significantly correlated with select intermediate markers on
he ELI logic model (methods, science and models, improved
nterventions, and publications). To assess these bivariate rela-
ionships, the potential clustering effect of the center was
ccounted for by first regressing each scale on the center (coded
s a set of dummy variables) and then computing a Pearson
roduct moment correlation between the resulting residuals.

roup differences. Finally, one-way ANOVAs were computed
or each scale to examine if differences existed on these scales by
espondent’s role and by center, using the general linear model
rocedure in SAS to take into account the nested structure of
he data. Posthoc analyses were conducted (as appropriate)
sing the least-significant-differences method. Although some
ifferences were expected, these analyses were mainly explor-

ther the hypothesized three-factor structure fit the

SRMR CFI/NNFI CAIC Residuals

0.06 0.97/0.94 352.20 �3.22 to 6.48
Some skewness

0.06 0.97/0.95 315.11 �3.22 to 6.48
Some skewness

0.05 0.99/0.96 260.82 �2.75 to 2.93
Normal

df p-value CAIC difference

16 �0.05 37.09
2 �0.05 54.29

three-factor solution minus the item that assesses “time burden”;
nd 8, and a second between Items 12 and 13)
; NNFI, non-normed fit index; RMSEA, root mean square residuals;
whe

)

esized
s 7 a
index
tory. All analyses used a p-value �0.05 to determine significance.

ber 2S www.ajpm-online.net



I
u
�
s
C

R
D

O
(
�

F

T
o
s
fi
w
b
y
t

F

A

nternal consistency. The SPSS reliability subroutine was
sed to compute internal consistency (Cronbach’s coefficient
) for the collaboration and transdisciplinary-integration
cales. Using the lower-bound criteria for internal consistency, a
ronbach’s � of at least 0.70 was considered adequate.28

esults
emographic Information

f the valid responses (n�202), 50% of the respondents
n�101) indicated that they had been with their center for

igure 2. Factor structure of the collaboration scales
2 years, and 66.3% reported having worked �40 hours per t

ugust 2008
week on TTURC-related ef-
forts. The largest percent-
age of respondents
(n�100) characterized
their research role in the
Center as investigator
(49.3%), while others indi-
cated their role as profes-
sional staff (25.1%); stu-
dent (16.3%); and other
(9.4%).

Respondents were asked
to report their primary, sec-
ondary, and tertiary disci-
plinary affiliations. The
most commonly reported
disciplinary affiliations were
psychology (n�88); public
health (n�50); and behav-
ioral medicine (n�44). Re-
spondents also reported
considerable collaboration
with new disciplines in asso-
ciation with their TTURC-
related efforts. While
76.9% (n�166) of the re-
spondents had collabo-
rated with at least one new
discipline over the past
year, 62.5% (n�135) re-
ported collaborating with
two or more new disci-
plines. The most-frequently
mentioned new disciplines
with which researchers re-
ported collaborating in-
cluded genetics (27.3%);
public health (26.9%);
communications (24.5%);
epidemiology (22.7%); and
biostatistics (20.8%), re-
flecting a broad spectrum
of disciplines from the bio-
logical sciences to popula-
tion health.

actorial Validity of the Collaboration Scales

he confirmatory-factor analysis results for the collab-
ration scales are summarized in Table 1. The results
howed that the a priori three-factor structure did not
t the data very well (the RMSEA, SRMR, and residuals
ere high). The results suggested that Item 14, time
urden (collaboration has posed a significant time burden in
our research), did not load on the factor that assessed
he impact of collaboration. Of the 18 items, this was

he only item that was negatively worded. Given that the

Am J Prev Med 2008;35(2S) S155
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actor loading was extremely low (0.01), the solution
as run without this item (Model 2). As shown in
able 1, the fit of Model 2 significantly improved
ompared to Model 1, but the solution remained
nadequate (the RMSEA, SRMR, and residuals were
igh). Examination of the modification indexes re-
ealed a weakness in the factor structure, suggesting
he addition of two correlated-error terms to Model
. A correlation between Items 7, outside involvement,
nd Item 8, discipline involvement, was added, as well
s a correlation between Item 12, research productivity,
nd Item 13, quality of research.
It should be noted that adding these correlations

uggests that the solution does not account for all of the
orrelations that exist among these four items. To
ddress this issue, Model 3 added these two extra
orrelations (Table 1), which resulted in an adequate
t as well as a significant improvement in the fit of the
odel. The final three-factor solution is presented in

igure 2. The factor loadings (standardized paths)
anged from 0.42 on Item 15, showing limits, to a high of
.88 on Item 11, overall productivity. Correlations among
he factors were moderately high (the correlation be-
ween impact of collaboration and trust and respect was
.65) to high (the correlation between satisfaction with
ollaboration and impact of collaboration was 0.90, and
etween satisfaction with collaboration and trust and respect
as 0.81). Cronbach’s � for each scale was adequate: 0.91

or satisfaction with collaboration, 0.87 for impact of collabora-

able 3. Pearson product moment correlations among the c
ntermediate markers and long-term outcomes

Methods
(n�179)a

Scienc
(n�18

atisfaction with collaboration 0.37** 0.48**
mpact of collaboration 0.44** 0.52**
rust and respect 0.33** 0.40**
ransdisciplinary integration 0.42** 0.38**

able 2. Model fit of the confirmatory-factor analysis, testing
ransdisciplinary items (n�172)

odel Chi-square (df), p-value RMSEA (90% CI

odel 1 222.67 (90), �0.05 0.10 (0.08, 0.11)

odel 2 182.61 (89), �0.05 0.08 (0.07, 0.10)

odel 3 137.76 (86), �0.05 0.06 (0.04, 0.08)

odel comparisons Chi-square difference

odel 1 vs Model 2 40.06
odel 2 vs Model 3 44.85

ote: Model 1: Hypothesized three-factor structure; Model 2: hypoth
odel 3: Model 2 plus two correlated-error terms (one between Item
AIC, corrected Aikaike’s information criterion; CFI, comparative fit
RMR, standardized root mean square residuals
Note that the sample size varied slightly due to missing data.
p�0.05; **p�0.001

156 American Journal of Preventive Medicine, Volume 35, Num
ion, and 0.75 for trust and respect. Item and subscale means
ere high; on the 1- to 5-point Likert scale, the means
ere (in general) closer to the 4-point—indicative of
verall satisfaction with the collaborative process. Overall

tem means and scale means were high, indicating satis-
action in these areas.

actorial Validity of the
ransdisciplinary-Integration Scale

he confirmatory-factor–analysis results of the
ransdisciplinary-integration scale are summarized in
able 2. The results showed that the hypothesized
ne-factor structure for the transdisciplinary items did
ot fit very well (inadequate RMSEA, SRMR, and
tandardized residuals). Examination of the modifica-
ion indexes suggested that the correlation between two
tems (Item 6, changes my research ideas, and Item 7,
mproved my research) was not well-explained by the
olution. Given that the content of these two items was
elated, a correlated-error term was added to the model
Model 2). Adding this correlated-error term signifi-
antly improved the fit of the model, but the solution
emained inadequate (high RMSEA, SRMR, and stan-
ardized residuals). Re-examination of the modifica-
ion indexes revealed that the correlations among all
he negatively worded items (Items 2, 3, and 4) re-

ained high.

oration and transdisciplinary-integration scales with

models Improved interventions
(n�164)a

Publications
(n�128)a

0.25** 0.18
0.37** 0.10
0.18* 0.04
0.34** 0.03

ther the hypothesized one-factor structure fit the

SRMR CFI/NNFI CAIC Residuals

0.07 0.96/0.93 294.42 �3.13 to 6.11
Skewed

0.07 0.97/0.94 378.59 �2.87 to 4.57
Some skewness

0.05 0.98/0.98 346.77 �2.74 to 3.09
Normal

df p-value CAIC difference

1 �0.05 84.17
3 �0.05 31.82

three-factor solution minus the item that assesses “time burden”;
nd 8, and a second between Items 12 and 13)
; NNFI, non-normed fit index; RMSEA, root mean square residuals;
ollab

e and
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To remedy this, a new model was fitted that included
xtra correlated-errors terms among all negatively
orded items (Model 3), and resulted in an adequate
t and significant improvement in the fit of the model.
s shown in the final solution (Figure 3), the factor

oadings (standardized paths) for the negatively
orded items (Item 2, knowledge interference; Item 3, less
roductive; and Item 4, fewer publications) were border-
ine adequate (�0.30) to inadequate (�0.30), indicat-
ng that although the overall fit of the model was
mproved by the addition of a correlated-error term
mong these items, these items remained poor indica-
ors of transdisciplinary integration.

ssociations with ELI Outcomes

able 3 summarizes the associations for the collaboration
nd transdisciplinary-integration scales with select intermedi-

igure 3. Factor structure of the transdisciplinary-integration
te ELI outcomes. The results showed that the three scales m

ugust 2008
for collaboration and the
transdisciplinary-integra-
tion were significantly cor-
related with the following
ELI outcomes: methods,
science and models, and
interventions.

Group Differences

Table 4 presents collabora-
tion and transdisciplinary-
integration scales by re-
spondent’s role and by
center. The analyses re-
vealed significant between-
group differences by re-
spondent’s role for the
trust-and-respect collabora-
tion scale only (F�3.47
[df�3, 183], p�0.05) and
revealed no significant dif-
ferences for the other col-
laboration scales and the
transdisciplinary-integra-
tion scale by respondent’s
role. Posthoc comparisons
revealed that on the trust-
and-respect factor, investi-
gators’ scores were signifi-
cantly higher than those
of “other” research staff
(p�0.05), and students’
scores were significantly
higher than the scores of
both the professional sup-
port staff scores (p�0.05)
and the “other” research
staff (p�0.05).

Finally, the results comparing differences by center
evealed significant between-center differences for
ll the collaboration factors: satisfaction with collabora-
ion (F�9.42 [df�6, 171], p�0.05); impact on collabo-
ation (F�7.87 [df�6, 170]; p�0.05); trust and respect
F�3.37 [df�6, 191], p�0.05); the collaboration
otal score (F�8.75 [df�6,174], p�0.05); and the
ransdisciplinary-integration scale (F�2.87 [df�6, 198],
�0.05). Posthoc results are available upon request and
re not reported here, as the anonymity of the data
recludes any meaningful interpretation; however, the
esults are presented to demonstrate the power of these
cales to detect differences among centers.

iscussion

he purpose of this paper was to examine the psycho-

s

etric properties of scales that measure collaboration
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S158 American
nd transdisciplinary integration in the context of team
cience. Overall, the hypothesized factor structures—
ith some minor modifications—were validated. A total
f four scales were developed, and measured the fol-

owing: perceived satisfaction with collaboration, the
mpact of collaboration on the research process, trust
nd respect in a collaborative setting, and transdisci-
linary integration. All scales were found to have ade-
uate internal consistency (i.e., Cronbach �’s were all
0.70); to be correlated with most intermediate mark-

rs of ELI; and to show some ability to detect some
roup differences.
One of the key findings from this study is that the

ypothesized factors were verified, with minor modifi-
ations (i.e., correlated-error terms were added to these
olutions). Having some correlated-error terms sug-
ests that there might be some redundancies among
hese items that might be important to re-examine in
uture administrations (e.g., collaboration Item 7, in-
olvement of collaborators from outside the center, and Item 8,
nvolvement of collaborators from diverse disciplines). How-
ver, it is important to note that the negatively worded
tems on both scales created some problems: not load-
ng on the scale or creating spurious correlated-error
erms. It is well-known that having a subset of negatively
orded items leads to a methodologic artifact—either
aving an extraneous factor or having correlated-error

erms among all negatively worded items (as observed
n this paper).29 Certainly the presence of such meth-
dologic artifacts calls into question the common mea-
urement practice of mixing positively and negatively
orded items in the scale.29 Because these items ad-
ress an important area, they were maintained to
aximize the content validity of the scale. It should be

oted that the internal consistency of the scale was not
dversely affected by keeping the negatively worded
tems in the scale.

Associations among the scales with intermediate
arkers of progress were presented to further evaluate

he construct validity of these scales. These results
uggest that those who perceived higher levels of satis-
action with collaboration and those who had an overall
ositive view of transdisciplinary integration also per-
eived that their center was making good progress in
reating new methods, new science and models, and
ew interventions. The lack of association with the
ublications index is not unexpected, as cross-sectional
ssociations were examined in Year 3 of the initiative,
nd the number of publications is expected to be
imited at this early stage of the transdisciplinary effort.
n fact, the results found a restricted range of publica-
ions (0–6 total) for the initiative.

It has been suggested that empirical efforts to link
pecific facets of team-based science (e.g., processes of
ross-disciplinary collaboration and intellectual integra-
ion generated through center-based working groups,
retreats, and training programs) with more tangibleT
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A

cientific and societal outcomes may require longitudi-
al studies that extend over 1 or more decades.30 Team
cience initiatives are structurally complex, and several
ears are required to establish and coordinate the
fforts of multiple investigators and trainees working
ithin and across several (often geographically dis-
ersed) centers.10 Therefore, the results reported here
ust be supplemented in future years by longer-term

nvestigations that track the scientific and societal con-
ributions of team initiatives sustained over 1 or more
ecades; and must incorporate comparison groups
omprising individuals or small groups of scholars
orking on similar scientific questions—but from out-

ide the framework of “big science.”
In closing, it should be noted that this study was limited

n its ability to examine the predictive validity of these
cales, as only cross-sectional data were available. Further-
ore, the stability (test–retest reliability) of these scales
as not assessed. Therefore, much more work is needed

o further assess the utility of these scales for detecting
hanges over time (e.g., in the collaborative effectiveness
nd productivity of transdisciplinary centers); for detect-
ng stability; and for elucidating the pathways by which
eam science initiatives generate longer-term impacts on
cientific progress and population health as suggested by
he ELI logic model. Another potential limitation of this
tudy was that TTURC researchers may have reacted to
he demand characteristics of the study by both respond-
ng in a manner that would make them appear to be
orking in more of a transdisciplinary manner and re-

ponding in a positive way to this type of collaborative
ork, especially given the financial incentive of TTURC

nitiatives. Nonetheless, with these caveats, this paper
rovides valid tools that can be utilized to examine the
nderlying processes of team science—an important ini-
ial step toward advancing the science-of-team-science
eld.

o financial disclosures were reported by the authors of this
aper.
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ppendix A: List of collaboration items

tem (short description) Stem employed in the researcher survey

atisfaction with collaboration: Items 1–8
1. Acceptance of ideas Acceptance of new ideas
2. Communication Communication among collaborator
3. Strengths Ability to capitalize on the strengths of different researchers
4. Organization Organization or structure of collaborative teams
5. Conflict resolution Resolution of conflicts among collaborators
6. Working styles Ability to accommodate different working styles of collaborators
7. Outside involvement Involvement of collaborators from outside the center
8. Discipline involvement Involvement of collaborators from diverse disciplines
mpact of collaboration: Items 9–14
9. Meeting productivity Productivity of collaboration meetings
0. Products productivity Productivity in developing new products (e.g., papers, proposals, courses)
1. Overall productivity Overall productivity of collaboration
2. Research productivity In general, collaboration has improved your research productivity.
3. Quality research In general, collaboration has improved the quality of your research.
4. Time burden Collaboration has posed a significant time burden in your research.
rust and respect: Items 15–18
5. Showing limits You are comfortable showing limits or gaps in your knowledge to those with whom

you collaborate.
6. Trust colleagues In general, you feel that you can trust the colleagues with whom you collaborate.
7. Open to criticism In general, you find that your collaborators are open to criticism.
8. Respect In general, you respect your collaborators.

ote: Items 1–11 asked respondents to Please evaluate the collaboration within your center by indicating if the collaboration is (1) inadequate,
2) poor, (3) satisfactory, (4) good, or (5) excellent. Items 12–18 asked respondents to Please rate your views about collaboration with respect
o your center-related research by indicating if you (1) strongly disagree, (2) somewhat agree, (3) not sure, (4) somewhat agree, or (5) strongly
gree with the statement.

ppendix B: List of transdisciplinary integration items

tem (short description) Stem employed in the researcher survey

1. Value collaboration I would describe myself as someone who strongly values transdisciplinary collaboration.
2. Knowledge interference Transdisciplinary research interferes with my ability to maintain knowledge in my primary area.
3. Less productive I tend to be more productive working on my own rather than working as a member of a

transdisciplinary research team.
4. Fewer publications In a transdisciplinary research group, it takes more time to produce a research article.
5. Stimulates thinking Transdisciplinary research stimulates me to change my thinking.
6. Changes research ideas I have changed the way I pursue a research idea because of my involvement in transdisciplinary

research.
7. Improved my research Transdisciplinary research has improved how I conduct research.
8. Valuable science I am optimistic that transdisciplinary research among TTURC participants will lead to valuable

scientific outcomes that would not have occurred without that kind of collaboration.
9. Improves interventions Participating in a transdisciplinary team improves the interventions that are developed.
0. Discipline contribution Because of my involvement in transdisciplinary research, I have an increased understanding of

what my own discipline brings to others.
1. Sustained collaboration My transdisciplinary collaborations are sustainable over the long haul.
2. Outweighs inconveniences Generally speaking, I believe that the benefits of transdisciplinary scientific research outweigh the

inconveniences and costs of such work.
3. Comfortable environment I am comfortable working in a transdisciplinary environment.
4. Effort to engage Overall, I am pleased with the effort I have made to engage in transdisciplinary research.
5. Open-minded perspective TTURC members as a group are open-minded about considering research perspectives from fields

other than their own.

or all items, respondents were asked to Please rate the following attitudes about transdisciplinary research by indicating if you (1) strongly disagree, (2)
omewhat agree, (3) not sure, (4) somewhat agree, or (5) strongly agree with the statement.
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