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Abstract

Intractable public health problems are influenced by interacting multi-level factors. Dynamic
research approaches in which teams of scientists collaborate beyond traditional disciplinary,
institutional, and geographic boundaries have emerged as promising strategies to address pressing
public health priorities. However, little prior work has identified, defined, and characterized

the outcomes of transdisciplinary (TD) research undertaken to address public health problems.
Through a mixed methods approach, we identify, define, and characterize TD outcomes and their
relevance to improving population health using the Transdisciplinary Research on Energetics and
Cancer (TREC) Il initiative as a case example. In Phase I, TREC Il leadership (n= 10) identified
nine initial TD outcomes. In Phase Il (web-based survey; n=23) and Phase Il (interviews; n= 26;
and focus groups, 7 =23) TREC members defined and characterized each outcome. The resulting
nine outcomes are described. The nine complementary TD outcomes can be used as a framework
to evaluate progress toward impact on complex public health problems. Strategic investment in
infrastructure that supports team development and collaboration, such as a coordination center,
cross-center working groups, annual funded developmental projects, and face-to-face meetings,
may foster achievement of these outcomes. This exploratory work provides a basis for the future
investigation and development of quantitative measurement tools to assess the achievement of TD
outcomes that are relevant to solving multifactorial public health problems.
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Introduction

Public health problems such as cancer, poor nutrition, cardiovascular disease, health
disparities, and tobacco use have multifactorial causes and consequences that span
interacting biological, behavioral, social, and environmental factors (Morgan et al., 2003;
Warnecke et al., 2008; Lynch and Rebbeck, 2013; Adler et al., 2016). For example, in

the USA, ~19% of cancer cases are attributable to high body mass index (Arnold et al.,
2015). Observational studies have identified growth factor signaling pathways, inflammatory
processes, adipose tissue hypoxia and insulin resistance, and shared genetic as biological
mechanisms linking obesity and cancer (Basen-Engquist and Chang, 2011). Environmental
and social factors, such as income inequality, neighbourhood designs that promote sedentary
lifestyles and food systems that make energy dense, nutrient-poor foods inexpensive,

and accessible fuel poor nutrition, limited physical activity, and subsequent poor health
outcomes (Srinivasan et al., 2003; Swinburn et al., 2011). Despite significant progress over
the last several decades, smoking continues to be the leading cause of preventable death
worldwide (Centers for Disease Control and Prevention (CDC), 2009) and causes nearly
half of all cancer deaths in the USA (Siegel et al., 2015). Biological mechanisms such as
damage to DNA, inflammation, and oxidative stress from tobacco use cause a spectrum of
adverse health outcomes (U.S. Department of Health and Human Services, 2010). Social and
environmental factors such as advertising, cultural acceptability, peer influence, and public
policies contribute to smoking behaviors (Morgan et al., 2003). Solutions that target only

a single dimension of these intractable societal problems have not been sufficient for their
resolution. For example, abundant evidence demonstrates that behavioral treatments that rely
on individuals to make lifestyle changes but do not address contextual or biological factors
do not result in sustained health improvements (Wooley and Garner, 1994; McTigue et al.,
2003; Minian et al., 2020).

Transdisciplinary (TD) research approaches that break down disciplinary, institutional, and
geographic barriers have emerged as promising strategies for addressing such problems
(Rosenfield, 1992; Hiatt and Rimer, 1999; Turkkan et al., 2000; Pohl, 2008; Warnecke

et al., 2008; Stokols et al., 2008b; McAneney et al., 2010; Hall et al., 2012b; Balsiger,
2015). Although a spectrum of definitions and characterizations exist, scholars agree

that TD research differs from other cross-disciplinary approaches (i.e. multidisciplinary,
interdisciplinary) based on the magnitude by which concepts from multiple disciplinary
fields are mixed, or integrated, to form new theoretical, methodological, and analytic models
and its explicit goal of addressing complex problems relevant to society (Rosenfield, 1992;
Balsiger, 2004; Thompson Klein, 2004; Hessels and van Lente, 2008; Stokols et al., 2013).
Stokols et al., whose definition guided the current study, proposed that TD research is:

... an integrative process whereby scholars and practitioners representing different
disciplines work jointly to develop and use novel conceptual and methodological
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approaches that synthesize and extend discipline-specific theories, methods, and
translational strategies to yield innovative solutions to a particular scientific and
societal problem.

(Stokols et al., 2013)

In the USA, public agencies have funded TD research programmes to address complex
public health problems like cancer, nutrition and physical activity, health disparities and
tobacco use and their relationships to chronic disease, including the Transdisciplinary
Tobacco Research Centers (Morgan et al., 2003), The Transdisciplinary Research on
Energetics and Cancer (TREC) (Patterson et al., 2013), Obesity-Related Behavioral
Intervention Trials (Czajkowski et al., 2015), and Centers for Population Health and Health
Disparities (Warnecke et al., 2008). Broadly, these multi-year, multi-site, multi-million-
dollar initiatives aimed to integrate disciplinary approaches to address complex public health
challenges. These efforts have contributed to a better understanding of the mechanisms
underlying poor health outcomes and how and which interventions may improve population
health. Evaluations of these TD initiatives conceptualize the TD research process as yielding
expanded outcomes relative to traditional research models that are grounded in single
disciplines (Rosenfield, 1992; Klein, 2014; Stokols et al., 2003; Walter et al., 2007; Carew
and Wickson, 2010; Huutoniemi et al., 2010; Mitchell et al., 2015). However, in public
health, the majority of approaches to describing and gauging TD research and its outcomes
have focused on attitudes toward, process of conducting, and characteristics of TD research
and the teams that implement the approach (Hall et al., 2008; Misra et al., 2009; Hall

et al., 2012a; Misra et al., 2015; Lotrecchiano and Misra, 2018). Evaluations of public
health initiatives that have focused specifically on TD outcomes largely describe single
outcomes, such as increased quantity and degree of integration of peer-reviewed publications
(Hall et al., 2012b), growth in researchers’ social networks (Okamoto and Centers for
Population Health and Health Disparities Evaluation Working Group, 2015), and enhanced
TD competencies and scholarly productivity among trainees (Mogel et al., 2012). However,
no prior work to our knowledge characterizes a set of TD outcomes and describes their
relevance to impacting public health problems. As research teams continue to implement
TD research to solve public health problems, identifying and characterizing clearly defined
outcomes is critical to guiding success of this approach. To address this gap, we use a
multi-phase mixed methods approach (Creswell and Piano Clark, 2011) to identify and
characterize outcomes of TD research and describe their relevance in addressing complex
public health problems using the TREC Il initiative as a case example.

Case example focus: the TREC initiative

TREC was a TD, cooperative center grant mechanism in energy balance and cancer funded
by the National Cancer Institute (NCI) from 2005 to 2016. TREC’s mission was to integrate
social, behavioral, clinical, and basic sciences to examine relationships among obesity,
nutrition, physical activity, and cancer; the initiative aimed to propose, implement, and
evaluate novel interventions to reduce the obesity burden (Patterson et al., 2013; Gehlert et
al., 2014). The initiative was designed to promote TD research by providing funding for
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a coordination center, allowing for within- and cross-center pilot grants and coordinated
initiative-wide working groups. Known as TREC | (2006-2010), NCI, four research centers,
a centralized coordination center, and NCI programme staff comprised the initiative. The
TREC Il initiative, funded from 2011 to 2016, included four new research centers and the
same coordination center at $15 million per year (2010) (Patterson et al., 2013; Gehlert

et al., 2014; Schmitz et al., 2016) and is the focus of the current study (Figure 1). The

TREC Il Coordination Center included an evaluation core whose goal was to facilitate the
integration and evaluation of the TD research conducted across the initiative (Hohl et al.,
2019). The evaluation core sought to build on NCI evaluation efforts in the TREC | initiative
(Hall et al., 2008; Vogel et al., 2012, 2013, 2014) by engaging TREC Il members in the
initiative’s evaluation. Qualitative and ethnographic approaches promote engagement (Rolfe
et al., 2018); thus observations, qualitative interviews, and focus groups were central to the
evaluation core’s goal to engage TREC membership. Engagement also occurred through
interactive presentations and activities during TREC 11 scientific meetings and the convening
of a cross-center Collaboration and Outcomes Working Group. A central goal of both

the evaluation core and the working group was to determine, characterize, and ultimately
measure TD research outcomes.

Members of the TREC Coordination Center evaluation core collected data for the

current study. The lead author and evaluation core manager, experienced in qualitative
methods, traveled to research centers four times over the 5-year funding period to collect
data and interacted with membership through cross-center working group and Steering
Committee calls and at in-person TREC Scientific Meetings. We used a multi-phase mixed
method framework, in which a problem is investigated through sequential qualitative and
quantitative approaches; findings from one research phase are used to inform the next phase
(Creswell and Piano Clark, 2011). This approach is appropriate for large-scale evaluations
of initiatives like TREC, as its flexibility allows a set of unified research questions to be
addressed and used to create a framework for subsequent evaluation (Creswell and Piano
Clark, 2011).

Research Phase I: TREC Il member engagement

Table 1 illustrates the study’s three phases. In Phase I, two members of the evaluation core
team synthesized literature on TD research and conducted the content analysis of TREC 1l
programme documentation (e.g. meeting notes, correspondence, grant proposals) to identify
if and how documentation described processes, objectives, and TD outcomes, with the goal
of creating a list of TD research outcomes. In May 2013, content analysis results were
presented to the Steering Committee, which included TREC Il Center Directors, the TREC
I Coordination Center Director and Co-Director, and the TREC NCI programme staff—for
discussion.

Research Phase II: web-based survey

We used the TD outcomes identified in Phase | to develop a brief web-based survey to refine
the initial set of outcomes. The survey was administered to TREC investigators in January
2014 and included 14 yes/no questions to identify investigators’ perceived involvement in
activities related to the nine TD outcomes identified in Phase I. To gather perspectives
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from a range of investigators who represented diverse disciplines and career stages, TREC
Il Center Directors were asked to identify a random stratified sample of investigators

who represented project leaders, core leaders, and trainees (e.g. doctoral students and
post-doctoral fellows) (7= 17) to complete the survey. In addition, all center directors

and co-directors (1= 6) and project managers (/7= 3) were invited to complete the survey.
Survey data were uploaded into Excel to calculate summary statistics.

Research Phase lll: interviews and focus groups

Analysis

We further explored the results of the web-based survey using semi-structured interviews
with TREC Il investigators and focus groups with trainees. The lead author conducted
interviews and focus groups face to face in January and February 2014. All TREC 1l
investigators and trainees who were invited to complete the web-based survey were also
invited to participate in an interview. Specifically, we developed a semi-structured interview
guide containing a bank of 30 questions. Questions aimed to prompt respondents to (1)
define and characterize each TD outcome; (2) describe how the outcome was relevant to
addressing complex public health problems; and (3) what, if any, additional outcomes might
result from TD research approaches. We used individual interviewees’ responses to the
web-based survey to select specific questions from the question bank for each interview. For
example, if a participant had responded positively to having contributed to an outcome in the
survey, she or he received directed questions to probe for deeper description of that outcome.

Focus groups with TREC trainees aimed to complement Phase 11 data and to investigate
the identified TD outcome ‘training’ in-depth among investigators in the early stages

of their research career. A focus group methodology was selected to collect a range of
experiences and perceptions of each TREC center’s respective training programme and
that of training opportunities offered across the initiative. We designed the focus group
guide to determine TREC Il trainees’ goals and expectations for participation ina TD
initiative, what they perceived as unique aspects of mentorship in a TD initiative, and their
perceived competence at addressing societal problems using TD research approaches. All
participants were recruited via email, provided written consent, agreed to be audio-recorded,
and received a $20 gift card for their time. Study procedures were approved by the Fred
Hutchinson Cancer Research Center Institutional Review Board.

Individual and focus group interviews were professionally transcribed. Each transcription
was checked for accuracy, de-identified, and uploaded into Atlas.ti (Version 8) for coding
and analysis. Three members of the study team first reviewed all transcripts and then
applied a directed content analysis to characterize, summarize examples, and determine
the relevance of the proposed TD outcomes to solving complex public health problems
(Hsieh and Shannon, 2005). We sought to determine if and where revision of the
proposed outcomes—and their conceptualization—was necessary by developing a list of
pre-determined codes that included each of the nine proposed TD outcomes and a general
code ‘relevance’ to describe the outcome’s relevance to solving public health problems.
Two coders performed axial coding (Saldana, 2009), in which they first applied the initial
set of codes to the same five interviews and then met to discuss interpretations, assess inter-
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coder reliability, add sub-codes, and refine the codes as needed. Coders consulted with the
larger study team throughout the coding process, resolved issues of disagreement through
group discussion, and built consensus on quote interpretation and emergent themes. This
process clarified the ‘new research methods and models’ outcome and led to two new codes
reflecting “integrated theoretical framework development’ and ‘development and adaptation
of new statistical models’. In addition, a new code was created to reflect the outcome

‘new transdisciplinary team and consortia formation’, which encompassed the original ‘new
cross- and within-center collaborations’ and ‘building awareness of the transdisciplinary
approach’. Finally, all participants received a report of findings from interviews and focus
groups conducted at their center. Participants were invited to provide feedback, such as
additional interpretations. Members of the TREC Il Steering Committee and Collaboration
and Outcomes Working Group also had the opportunity to discuss qualitative findings and
provide alternative explanations and interpretations.

All TREC Steering Committee members (/7= 10) participated in Phase I; 23 (88%) invited
TREC Il members completed the web-based survey in Phase II; and 26 (100%) invited
members participated in a one-on-one interview; and 23 (74%) invited TREC Il trainees
participated in one of the four focus groups in Phase |11 (Table 2). Interviews and focus
groups lasted ~1 hour (interviews range: 48—75 min; focus groups range: 52—-65 min). Based
on survey results, directed content analysis, and study team review, we refined the original
outcomes resulting in the nine described in Table 3. Table 4 provides additional quotes from
study participants representative of each outcome. Below, we describe how investigators
defined and characterized the nine outcomes.

Outcome 1: new TD team and consortia formation

Respondents said that one critical outcome of funded TD teams is that connections

formed have led to long-term collaborations between researchers representing multiple

and often disparate disciplines that otherwise would not have occurred. They said TD
teamwork fosters innovation and creativity from study design to implementation, analysis,
and dissemination that has implications for real-world application, such as in the case of
investigators whose research contributed to changes in clinical guidelines to prioritize sleep
to reduce obesity risk. A human behavior researcher reported that adopting TD approaches
to science:

makes you think about things in a way you normally wouldn’t. | find when | talk
to basic scientists or investigators who work with mice that [we] approach the
question in different ways and I think it helps for a better outcome in terms of a
research question.

(Participant 4103)
Investigators reported that TD team science has the capacity to extend to a much wider
audience than does monodisciplinary teams. They reported utilizing opportunities to

present in new settings, where they were able to share results from their disciplinarily
integrated studies and develop connections with investigators outside of the initiative
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(see Table 4). Senior investigators related that for TD consortia ‘to be relevant to the
community’, institutions—not necessarily individuals—should engage those outside the
research institution in their work, and specifically have an ‘obligation to communicate
results and broader implications back to stakeholders, which at some level are the
taxpayers’ (Participant 4100) Another investigator described their center’s commitment to
that engagement:

We’re again bringing in other [researchers, community organizations, worksites,

and policy makers] who have not thought about interacting with other investigators
the way we’re doing now. We’re [also] disseminating the work by research papers,
editorials, and other kinds of writing that leads to transdisciplinary thinking and

trying to inform the [research] community about different ways they could have an
impact, you know, giving them examples of how we’ve done it, how they can have
an impact that might be larger than what their individual discipline is giving them.

(Participant 4450)

Outcome 2: integrated theoretical frameworks

Although ‘integrated theoretical frameworks’ was not an item in the quantitative survey,

it emerged as an outcome through the qualitative phase as investigators described their
work across TREC |1 research studies. The teams and consortia formed as a consequence

of TREC Il provided investigators with the diverse expertise to think about public health
problems in new ways. Participants reported that these teams propelled them to develop
new theoretical frameworks that bridged multiple conceptual domains. For example, this
investigator described experiences in cross-center development projects, in which each site
contributed uniquely to the success of the project, advanced team members’ ability to assess
interacting influences on energy balance and cancer risk:

Our site’s expertise is that we had an ongoing cohort study [with...] participants
who were very likely to adhere to study protocols [...and...] expertise in the

GIS side, in terms of layering on spatial information. At [another institution] they
had a lot more experience with accelerometry and GPS in very small studies

and cleaning that data. [Investigator] at [institution] is a world expert in physical
activity research. And then, [institution] has a lot of expertise in GIS and other kind
of novel objective measures too. So [this team] definitely expanded our reach in
terms of measures into areas that were not within the expertise at this site.

(Participant 4240)

Such integrated frameworks guided and unified individual research projects as part of each
TREC Il center. A senior investigator commented that center’s framework, ‘gets us to
integrate all the projects across the whole of our center. And that has everyone thinking at
new levels [about how to] model obesity and cancer risk and outcomes across a life course’
(Participant 4100) Another investigator described his center’s multidimensional framework
that was designed to ‘have direct public health and clinical relevance’ on healthy aging.

He explained, ‘[The] unified framework [...] is bridging basic science, epidemiology, and
clinical research’ (see Table 4 for full quote). A trainee who participated in a cross site
pilot project described a framework the team developed to ‘integrate measures of physical
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activity, sedentary behavior, sleep, [and] location’, anticipating that subsequent frameworks
could ‘layer on other spatial data, [like] air pollution, so that we can build more personal
measures of air pollution [...] green space [...] and land use data’ (Participant 4240).

Outcome 3: multi-level intervention model development and testing

One approach by which TREC |1 researchers addressed energetics and cancer was by
developing, implementing, and evaluating multi-level intervention models. Such models
consider a range of individual, interpersonal, organizational, community, and policy-level
influences on health outcomes (Warnecke et al., 2008; Taplin et al., 2012). To that

end, investigator teams across centers had obtained both internal and external funding to
translate findings from TREC Il observational studies into the development of interventions
that aimed to reduce obesity-related cancer morbidity and mortality. They noted that
development of multi-level intervention models and their implementation arose from
projects within their individual centers and through cross-center pilot projects and working
groups. At one center, investigators developed an intervention to determine the extent

to which exercise and/or weight loss affects breast cancer-related lymphedema outcomes
among survivors, and what economic benefit resulted. A basic scientist, a behavioral
interventionist, and an expert in emerging technology who had met through TREC proposed
a project to reduce extended sitting time among older adults, a serious risk factor for cancer
and chronic disease. Their multi-level intervention model addressed individual factors

such as behavior change and community-level factors such as altering work environments.
Representing what one investigator described as ‘a whole other area of new interactions of
interdisciplinary work’, they planned to assess biomarker response, racial/ethnic differences,
and objective measures of movement based on tracking device data.

Outcome 4: development and adaptation of relevant statistical models

About three quarters of investigators reported using or developing new statistical models

in their work. These investigators said their involvement in TD research projects

propelled them to consider the value of developing and adapting statistical models to
analyze associations, interrelationships, and mutual influence between biological, genetic,
environmental, social, and behavioral factors and consequent health outcomes. TREC
members reported that statisticians within and across TREC |1 research centers challenged
investigators to apply statistical models in new ways. Statisticians reported that having
access to statisticians from other disciplines working on similar topics of cancer and
energy balance was a new experience attributable to the collaborative structure of TREC.
Sharing ideas with statisticians across TREC Il centers prompted a deeper understanding
of measurement of complex variables. Investigators recognized the application of statistical
approaches in the realm of cancer and energetics research was unique; thus, an investigator
reported ‘I’m not sure they’re novel statistical designs, but they’re new for us, which is
exciting’ (Participant 4306). As an example, in a primary research project conducted within
one TREC center, statisticians developed a bio bridge design in which multiple imputations
were used to examine biomarkers as intermediate endpoints for a randomized controlled trial
to predict and prevent breast cancer recurrence. A statistician advising trainees on a pilot
project that spanned multiple TREC centers described that team’s approach to addressing
the correlated error inherent with diet self-report and the lack of biomarkers for puberty
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(see Table 4). At another TREC center, a clinician investigating the effect of maternal diet
on prostate tumor proliferation in male mice teamed with a population health biostatistician
who was:

shocked that we had so few animals [...] so he came up with this new Bayesian
model to look at our data. [...] When he looked at the different variables, obviously,
maternal diet made a big difference on proliferation, but the second most important
thing was the number of male mice in the cage. The more mice that were in the
cage, the more likely the mice were to get the hyper proliferation as opposed to the
mice that were either housed singly or just with one other mouse.

(Participant 4120)

Outcome 5: translation of findings across levels of science

Although few investigators (32%) reported having participated in research to translate
animal studies into human studies and vice versa, many interviewees identified evaluating
and applying findings from biomedical to clinical to policy as an essential outcome of TD
research. At one TREC Il center, investigators in psychology, animal research, biomarkers,
exercise science, behavioral interventions, health disparities, and endocrinology at all career
levels proposed a project to translate findings about fasting, circadian rhythm, and breast
cancer risk from a mouse model into a human observational study. They sought to determine
if nightly fasting among Latinas and non-Latina white women may predict similar outcomes
of inflammation and insulin resistance, which are associated with increased breast cancer
risk. One investigator noted that this work:

could translate immediately into public health guidelines. You should have a fasting
period at night [...] so you don’t disrupt your circadian clock. Right now, we

really have no evidence-based guidelines for like meal frequency or timing. [...]
Assuming it is replicable, it’s straight to guidelines.

(Participant 4300)

A senior investigator described the primary research projects and ancillary projects at their
TREC Il center as part of a systems science modeling approach. Biological data from
animal and human models, data from intervention studies, and data from studies of the built
environment would contribute to a broader exploration of how to intervene to reduce cancer
risk.

Outcome 6: public policy influence

Respondents agreed unanimously that a central role of research is to build the evidence
base to inform changes in policy to promote population health. They said the nature of TD
collaboration specifically in TREC facilitated a drive to make systematic, structural policy
changes. This investigator illustrated this concept, stating:

There’s this hole in the middle of our efforts to try to actually change things.

The investigators who are building the evidence base build the evidence base and
stop. The public health people focus on changing policy and stop. The physicians
focus on applying the best evidence that they can without actually changing their
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infrastructure and stop. The health services people are focused on high level
changes. Transdisciplinary researchers say, ‘We have a new evidence base. How
do we change the clinical infrastructure?’

(Participant 4100)

Participants were cognizant of the ethical challenges of using preliminary evidence to
inform policy, citing the amount of time it takes to conduct studies and test evidence

as one challenge to influencing public policy. They noted that their exposure through
TREC Il to diverse research, community, and government stakeholders who had expertise
in dissemination and implementation propelled them to think critically about the societal
implications of their work and specifically, *how public policy works [...] so we are

not overclaiming what we might be able to do with what we’ve discovered in our

work’ (Participant 4330). At one TREC center, investigators developed guidelines and
public policies ranging from removing sugar-sweetened beverages from school cafeterias,
informing school start times based on children’s need for sleep, and developing a federal
policy on affordable housing, all determinants of obesity and cancer demonstrated through
their TD research. Trainees and junior investigators recognized the importance of engaging
with those outside of research and academic institutions, ideally during study design, to
‘understand what challenges they face, and what’s realistic, so that my research can be as
applied as possible’ (Participant 4102). Investigators across disciplines and career stages
acknowledged the relevance of their role as researchers in policy, as this investigator
expressed, ‘...the research and the policy [...] is all part of a continuum. You can’t have
the policy changes responsibly without the research behind it” (Participant 4421). These
stakeholders were seen as critical to developing appropriate conceptual frameworks whose
application could eventually guide policy efforts. Investigators described multiple challenges
of engaging in policy work as academic researchers, such as conflicting expectations of
TD researchers and university policies. Some investigators noted that while policy work is
inherent in TD research, it is seldom rewarded in academic institutions and not emphasized
in many degree programs; thus, investigators are not equipped with the tools to translate the
relevance of their work to audiences outside of research institutions.

Outcomes 7 and 8, scholarly productivity: TD manuscript publication and TD grant awards

Respondents recognized that publications and independent research funding, while not
unique to TD research, are the accepted benchmarks of successful research. Accordingly, the
majority (78%) reported applying for new non-TREC grants with other TREC investigators
and considered 30 of their grants and 24 of their publications to be TD. Investigators did,
however, describe two major challenges: first, identifying journals that would favorably
review and accept TD publications (i.e. those reflecting multiple disciplines), and second,
finding the additional time required to collaborate across disciplines, departments and
institutions to develop integrated frameworks and implement projects, analyze results, and
disseminate and translate findings. Investigators described a collaboration across TREC

Il centers to develop new grant applications that addressed multi-level components of

the impact of exercise and weight loss on breast cancer co-morbidities like lymphedema.
This cross-center team designed a study to examine whether racial/ethnic disparities in
severity and progression of lymphedema result in higher costs for minority group members.
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This effort relied on a framework that integrated biological, community, and economic
theory that investigators said was made possible through TREC Il collaborations. One
investigator described the process of convening researchers with diverse expertise and a
unifying interest and developing a grant application to address health disparities in breast
cancer. This investigator perceived this practice as different from non-TD approaches based
on the project’s focus to create a framework that linked theories and expertise from multiple
disciplines. The framework could inform a multi-level intervention to improve disparate
breast cancer outcomes.

Outcome 9: training the next generation of TD researchers

Nearly two-thirds (61%) of respondents reported participating in TREC-specific training
activities, and three quarters (74%) of those surveyed identified themselves as a mentor to
trainees. Each TREC Il research center was required to support an Education and Training
Core with the goal to train investigators to integrate disciplines to investigate and address
multiple influences on energy balance and cancer. In addition, TREC Il supported a cross-
center Training and Education Working Group a Coordination Center investigator. Trainees
said these opportunities facilitated their career development and built a sense of community
across investigators from different departments and disciplines at their institutions. These
relationships led to productive research and mentorship collaborations that trainees said
positioned them to both understand multiple levels of influence on obesity and cancer

and determine where to intervene to improve population health. One trainee commented,
‘Every project that | work on is a team approach. It’s not just me and my mentor working
on something, but we involve people from all different levels [of science] that are like a
mini group of experts’ (FG4300). Trainees said that TD research requires new skills, such
as working in cross-disciplinary, often dispersed teams, and developing novel conceptual
models and analytic approaches with an overall goal to yield public health impact. Thus,
they underscored the importance of gaining cross-disciplinary training to prepare them to
conduct this type of work. An epidemiologist with expertise in the built environment said
as a TREC trainee, he expected to learn to apply ‘new frameworks [...] new technology
[...] new analytical approaches [beyond the] traditional Epi | was taught here’ to address the
burden of obesity and cancer (see Table 4 for full quote).

Senior investigators emphasized the importance of leveraging TREC Il human and financial
resources to facilitate growth among trainees. To that end, proposals involving trainees were
prioritized for pilot project funds. Trainees across all four centers recognized the value of
having access to those funds and their corresponding research opportunities. One trainee
reported, ‘If you have an idea, if somebody’s excited about a new project, it’s actually
feasible to figure out how to make it happen. [...] There are funds specifically dedicated to
our development and developing new ideas’ (FG4400). Another participant reflected on the
value of having access to data from multiple projects across the TREC Il research centers,
saying, ‘Since TREC has been going on for some time now there’s data available across sites
that as a trainee you have access to. If we’re interested, we’re welcome to join in [analysis
and manuscript writing]” (FG4200). Trainees said that as TREC 1l members, they benefited
from mentorship with experts that spanned institutions and disciplines, from basic science to
population health. This trainee said that through:
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cross-TREC projects and also our working group, we’ve really been able to bring in
a very diverse set of spatial measures. [...] There are investigators who have much
more of a focus on objective real-time measures, and then others who understand
geography. [The TREC collaborations have] really helped me to learn a lot of new
approaches and nuance into the field that | thought I was really good in. [...]
Oftentimes in Epi we’re taught one concept. And then in Geography they have a
very, very different approach. [...] [I learned] new terminology and new concepts
that I just took for granted.

A mentor summarized the importance of training scholars to pursue TD research, despite the
difficulties such training may present: ‘Most innovation happens at the intersections—not in
the center—of disciplines. In the center of disciplines is repetition. [...]. If you really want
innovation, you have to be at an intersection, an interface’ (Participant 4300; see Table 4 for
full quote).

Discussion

In this study, we applied a multi-phase, mixed method approach to establish, define, and
characterize nine complementary outcomes of the TD approach based on TREC Il member
perspectives. This work advances our understanding of TD research for public health
problems in three ways. First, it offers an outcome framework inclusive of characterizations
and tangible examples of ways in which investigators in a national, multi-site TD initiative
worked to impact public health challenges at the intersection of energy balance and cancer.
Second, this work identifies two new TD outcomes that have not been characterized

in previous evaluations of TD public health initiatives, consortium building and public
policy influence. Third, this work draws connections between these outcomes and their
relevance to the goal of a national initiative to reduce the obesity burden and improve
population health. Collectively, outcomes identified in this study can be characterized as
the conceptual, intellectual, institutional, and societal products that resulted from application
of a transdisciplinary research approach. Although the TD outcomes identified overlap
somewhat with those expected in non-TD approaches, they are distinguished by the
involvement of team members who represent diverse disciplines, reliance on new and
integrated theoretical frameworks, and the explicit goal to address a societal problem of
interest. These nine TD outcomes can serve as a starting point for assessing the value added
by TD research approaches.

Two outcomes identified by TREC investigators that are distinct from other TD

outcome investigations were forming consortia and influencing public policy. Investigators
emphasized the importance of bridging academic disciplines, political stakeholders, and
community partners as a means of sustaining programmes that aim to improve public health
outcomes. This conceptualization of TD research aligns with European conceptualizations,
which call for knowledge integration from both scientific and nonscientific stakeholders
(Flinterman et al., 2001; Hadorn et al., 2010). Because this work is time consuming and

can potentially rely on extensive resources, TD investigators must be appropriately trained
to partner and collaborate across both academic disciplines and community sectors and

be supported by their universities” administrations. Evidence demonstrates that context
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and environment (e.g. institutional resources, geographic proximity) and individual-level
factors (e.g. disciplines represented, personality) influence team development, success, and
TD orientation (Hall et al., 2008; Stokols et al., 2008a; Olson et al., 2009; Misra et al.,
2015). The collaboration of TREC I1I’s four research centers, a coordination center, and NCI
enabled investigators to draw upon resources and expertise across and beyond the initiative.
TREC Il participants cited cross-center pilot projects, cross-center scientific working groups,
and center-level cores as specific TREC programme infrastructure components that were
critical to supporting teams and fostering achievement of TD outcomes for public health
impact.

Investigators from all career stages said that replicable, repeated evidence generated

from TD research should necessarily inform policies and that TD research teams are
ideally equipped to become engaged in policy processes. However, while some mid-stage
investigators reported that they were experienced in translating evidence into practice,

they were unsure which avenues to take to translate such findings into public policy.

Early career investigators particularly reported not having the support, training, or skills

to engage in policy work, representing an area of further consideration for incorporation
into TD training programmes. A similar concept was highlighted in an evaluation of TD
doctoral programmes, wherein more than half of dissertations did not aim to translate
results into ‘community problem solving” efforts. These findings have implications for both
the design of future TD training programs that endeavor to prepare scholars to integrate
disciplines in service of addressing public health problems and university practices, policies,
and reward systems. If policy work is a valued and necessary component for speeding
research translation, training programs should provide opportunities for investigators to
better understand and become engaged in this work, and university practices should reward
efforts toward translating evidence into policy (Mitrany and Stokols, 2005; Neuhauser et
al., 2007; Giles-Corti et al., 2015). Our work supports findings that engaging stakeholders
outside of academia, such as community members and policy experts, are be critical to
efficiently and effectively translating basic science findings to public policies that improve
population health (Rashid et al., 2009; Ramanadhan et al., 2018).

A central discussion among TREC investigators in this study was the relevance of their work
and these outcomes to the initiative’s ultimate goal of understanding and addressing cancer
and energy balance and improving population health. Future research is needed to examine
the temporality and sequencing of each of TD outcome identified here. Such studies may
qualitatively explore and quantitatively measure the interacting influence of each of these
outcomes on sustained population health improvements.

We made multiple and diverse attempts to characterize the experience and perspectives

of TREC Il investigators at all levels and corroborate findings regarding TD outcomes.
However, the data only represent those who participated in the study and may not be
representative of the entire TREC Il initiative. The tools developed for this study were

a result of multiple engagement efforts and thus customized to TREC and may not
generalize widely. However, the initiative spanned multiple schools and departments within
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five geographically dispersed research institutions and a prominent federal funding agency,
which lends to inferential transferability to other similarly structured initiatives (Teddlie
and Tashakkori, 2003). The quantitative survey was only administered to a subset of TREC
investigators (n = 23) and did not include questions about TREC members involvement

in influencing policy or forming new collaborations. Due to the timing of the decision to
include a larger sample of TREC trainees in focus group discussions, the survey had been
rolled out and fewer trainees contributed to the survey than those who participated in focus
groups. Future studies should investigate in more depth the complexities and outcomes of
TD training programmes to build on work conducted in previous initiatives (Mitrany and
Stokols, 2005; Vogel et al., 2012). Finally, these results were influenced by the TD context
within which TREC investigators worked. Thus, further research should investigate if and
how such outcomes may pertain to other TD initiatives, and which factors may constrain or
facilitate their achievement.

Conclusion

This work identifies and characterizes nine complementary TD outcomes that can be used
to evaluate progress toward impact on complex public health problems. Strategic investment
in infrastructure that supports team development and collaboration, such as a coordination
center, cross-center working groups, annual funded developmental projects, and face-to-face
meetings, may foster the achievement of these outcomes. This exploratory work provides

a basis for the future investigation and development of quantitative measurement tools to
assess the achievement of TD outcomes that are relevant to solving multifactorial public
health problems.
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Figure 1.
Overview of the TREC Il structure (2010-2016).
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Table 2.

TREC Il research center interview and focus group respondents; /7= 49 (January—February 2014)

Interviewees n
Center Directors/Co-Director 5
Project Manager/Administrative Role 4
Primary Project Investigator or Co-I 11
Pilot Project Investigator 12
Core Leader 6
Early Career Investigator (postdoc or junior faculty) 7
Total interviewees 264
Focus groups (n=4)

Traineesb 23

aSome individuals interviewed hold multiple roles in the TREC initiative. This number reflects the total number of TREC individuals interviewed.

bTREC members who participated in focus groups self-identified as TREC trainees.

Res Eval. Author manuscript; available in PMC 2022 March 04.



Page 21

Hohl et al.

UaWoM asIaAIp Buowre sawoIno Jeoued isealq uo Bunsey Apybiu
10 10edWI 8Y1 BUIWIAIBP 01 APNIS |9POL SNOW WO.Y 3OUBPIAS Paje|suel ]

speL} Jo poyaw sy} Joy suonesljdde mau paulwiazeq

90U8.IN234
180URD 1seaIq J0J Sjulodpua S1LIPaLLIBIUI Se SI9YJeLOIq] 18 Y00 01 pasn
aJam suonendwi adinw yoaiym ui ubisap abplig oiq e padojansq

elep Aelaip
pauiodal-4|as Ul 10113 Pare|aliod Ssalppe 01 SpeLil 40 poylaw ayl patjddy

Juawanoldwi daa|s ybnoayl A1sago aanpas 0} S|9A3| WiISAS
aIedyl[eay pue ‘Ajiwey ‘[enpIAIpUL e PaIaAI[ap UOIUBAISIUL Ue Palsa |

uedsajl| 8y} ss04oe
A11saqo 8onpaJ 01 speAp UIOGMBU/IaUI0W 10} UOIUAAIRIUI pasodold

YS1I 180UBd JO SIsxJewolq pue A1Isaqo uo awin Bumis
30NpPaJ 0} UOHUSAIBIUI [9A3]-AHUNWILIOD PUR -[eNpPIAIPUL JO 108)8 PaIsa L

SS1l J9oued
1O SIBXJBWIOI] PUB S8INSOdX® [ IUBLULIOIIAUS USBMISC UOIBID0SSE Palsal

ANS800 UO 32UaN|JUI JO S|aA3] 3|dIINW SSaIppe 03 UOITed0|
pue ‘daajs ‘Ioineyaq Arejuapas ‘AlAnoe [eaisAyd Jo sainseaw paxi

SIOAIAINS
J32ued Jo 81| Ayenb pue Aynuenb ay) anoidwi 03 yoleasal [ealul|d
pue ‘ABojoiwapida ‘@aualds J1Seq JO Jomawely paiun e padojanag

95In02
8}1] SSOJJE SAWO02IN0 Y}[eay Jaoued pue A1ISago aulwialep 0} [apow
SWIASAS e 0ul elep Adljod pue ‘[eluswiuoIAuG ‘[edlfololq palelfisiu|

sanuedsig YieaH pue yijesH uoneindod 10y sigius)
pue 93y ‘seAneniul Areurjdiosipsues oM Jo Bunssw ol paisoy-0d

eisodwAs D31 apIM-UuonINIIsul paisoH
SpUNOY pUeIS [00YIS [eIIPSIA Te paluasald
suoIMSUI ANUNWWOD JO/pUe ‘YoJessal ‘O1LIBPLRIL JSL10 e pajussaid

$80UBJ8JU02 AJRULIBIaA 10

‘uolreluswia|dw| pue uoneUIWaSSSI] ‘YoJessay JadueD Joj UOIRII0SSY
URDLIBWY SB UaNs ‘sBunaaw o141uslds D31 -uou 1e sbulpuiy
Areurdiosipsuel) Jo uonejussaid ybnoayl paysijgeiss suolrIogqe||0d MaN

Aorjod pue aanoeid [e21UID 0] 8OUBIDS JISBQ WOJ) UOKE|SURI]
paads 01 8auaN|ul JO S|AA3] SSOIOR Wo.y sBulpuly ayeiBaiul 03 wie
OYM SJapjoyaxels pue sioyebrsanul astidwod swes) Areurjdiosipsues |

|[eJ8A0 Y3jeaY d1jgnd UO pUe JBYI0 YIS U0 dABY SUOISUBWIP

[eJoIARYS] PUB ‘[B190S ‘[eIUBLILOJIAUS ‘01BUaB ‘|ea1Bojolq Tey aduanjsul
[eninw pue ‘sdiysuoe|aLIalul ‘SUOITRID0SSE BUIWLIBISP 0} palinbal ase
SpoyIaW [2oNsIIelS BUNSIXa 10y SBSN MaU pue SPOYISLU [BO1ISITEIS MON

10198} [IUBLLIUOIIAUS-0100S
pue ‘[esoineyaq ‘[ea1fololq usamiag uoneIsiul 8y} uodn susAsul
pue puBlISIapUN 0} SISAJeUE JO S[aA3] 3SIAAIP 3y} JO AUBW JaA0I ABU}
1ey3 ul yoeoudde Areurdiosipsuely e wouy Ajjednyeu mojjoy s|apowl
yons swajqoud yajeay a1jgnd xajdwod aouanjyul 1eyl S10jory [aA9)
-Aa110d pue ‘-Ajunwiwod ‘-feuoireziuebio ‘-feuosiadiaiul -jenpiAipul
10 abBuel e ssaIppe A|SNoauUR)NWIS 0} WIe SUOIUSAISIUI [9A3]-IINA

SaW09IN0 YaJeasal Areurjdiosipsuel) Jusnbasgns J04 UOIRPUNOY 8y WIOY
SYIOMBIRIY 9S8Y] ‘UOITRWLIOS BILIOSUOD pue wes) Yim Buoly 'ssaoo.d
oJeasal ay) 1noybnoJy paelodiooul si asiuadxs JO UORUIGUIOD
Jewndo ay1 eyl pue pPaIspIsuod ale saAndadsiad ajdijnw Jey) ainsus

01 Buidjay Aq yoteasal Areurdiosipsuely apinb auldiasip suo ueyy

2JOW WOJY 3s114adXa U0 Melp pue s)daouod aulquiod ey sylomauel

sBunaaw [ey umoy Jo ‘e1SodwAs ‘s9ouala)u0d 0] palwi|

10U aJe Ing apnjoul Aew Bulpjing WNIOSUO 10} sanusA 1oedwi Lijesy
a11gnd ajqeureIsns pue ‘AJIAITRID ‘UOIIBAOUUI J31SOJ TeY) SUOIRIOMR]|0D
wJs)-6uo| 01 pes| ues sisuled AlIUNWIWOD pue ‘siapjoyaxels

[eantjod ‘saunjdiosip o1wapede abplig 1ey) eILI0SUO BuiwioH

30U319S JO S|9A3] SS0J0B
sBuipuy Jo uone|suel | S

S|apou [eonsnels
JUBAS|31 JO uoneIdepe
pue wawdojansg ¥

Bunsay

pue juswdojansp

|opow uonuaAJSUI
[8AT-BINN €

juswdojanap

Slomauely
[eanaioay) paresfiau| z
uonewoy)
BI110SU0D pUE Wes)
Areurjdiosipsuesy maN T

e

S3LL021N0 Areul|diosipsue.] Jo JUsWaAdIYde Staquiaw DL Jo sajdwexg

swialqo.d [e18100s xa1dwod BuIA|0S 10) 8oUBAB|RY

awoa1nQo

Author Manuscript

Author Manuscript

sawoano Aseurjdiosipsuen; D341 Jo sajdwexs pue aduens|ay

‘€ 9l1qeL

Author Manuscript

Author Manuscript

PMC 2022 March 04.

in

available

Res Eval. Author manuscript



Page 22

Hohl et al.

“BAIIRIIUL |] DL Y} SSOI0B 8S0U) JO SAISNRYX® J0U INq dAIleIUssaidal a1e papiAcid mw_%t@m_mv

juawdojanap asulel) 1oy
S|apoW J0JUSW-1}NW UOINHISUI-5S010 pue Areul|diosip-ssold pauoddns

(uoneaiunwwod
‘uoiesBajul Areunjdiosip ‘6°8) 1onpuod yateasas @ ul Buiuresy papinoid

Aouaradwod
. da3ures} pjing pue ‘uonaelaiul abeinodus ‘seapl 108foid ajelauah
01 (Bururesy pue uoineonpa ‘6'8) sdnols) BuIyIOAN J81UI-SSOID paLLLIOS

seale
Uo.easal Mau 86104 0} sesuIes) 104 spuny 1ojid [eIusWdojaAsp paziitiond

ewapaydwA| Jo uoissalboid pue A111aAas ayy
Uo paseq 1509 U1 santedsip d1uyIa/[e1oR) aulwexs 0} Buipuny pautelqo

S31MPIGIOWI-00 J30UED 1Se8Iq UO SSO| 1yB1am

30UBN|JUI JO S|aAS] SSOJOR
sBuipuiy ayelBajul pue aye|suel) pue ‘salfojopoyisw YdIeasal pue sjapow
Jenidaouod [anou dojanap ‘sresoge]|09 ‘arealunwwiod o3 sauljdiasip
9SJaAIP W0J) S101eB1ISBAUI TR} 0] BPBW 8 ISNW SLOYS ‘SNy_ "SUOIIN|OS
21413UBI9S parelBaiul ‘anlreAouUl alinbal J1aoued pue ‘AjAnoe [eaisAyd
‘191p usamiag sdiysuoire|al sy} se yans swiajqoid yipeay arjgnd xsjdwo)

youeasas Areurjdiosipsues) Ul JUSWLISAAUL pue 1saIalul Jaleald 01 pes|
UBd pue Ajunwwiod diwapede sy} Buowe ssauaseme asfel sayoeoldde
Aseurjdiosipsuey wouy sBuipuiy 61ydiy yeyl suonealjgnd "uoiresbajul
Aseurdiosip Jo #a16ap ybiy 1qiyxe yoroidde Areurjdiosipsuesy ayy Jo
anIreluasaidal sjuel pue suonel|gnd "ydJessal pareniul-1oyefnsaaul
816uis 03 patedwod sayes uonealjgnd Jaybiy ui 3 nsal ued yaym

SJayoIeasal
Areurjdiosipsuely Jo
uonesauab 1xau

ayy Burures 6

spreme
juelb Areunjdiosipsuel | 8

uoirealjgnd yduosnuew

pue as19.18xa J0 19edwi Jo sjusuodwiod [aAs]-1jnw 1s8} 03 sjuelb pauleiqo . ‘s101e611SaAUl JO Swea) AQ Pa1oNpuod si yaleasal Areuljdiosipsuel | Aseundiosipsued | /
(Ayayes ‘syjemapis 6a) Ananoe |eaisAyd
UO 2UaN[JuI [eIUBWILOIIAUG aAoadwil 03 saldljod o1jgnd pasodoid .
3si AJsago
aonpai 01 daajs Buizniolid apnjoul 03 SauljapPING [ed1UND PaLIOU] .
£A11s800 JJO anelS
01 1yBiu Je Buryes 1sisal ‘1sa1 16 1oy saurapinb yieay a1jgnd paroadx3y . ulaouod Jo sabuajjeyd yieay a1jgnd ayy 10edwi ey sabueyd Adrjod
yBnouyl saIBn0asIp asayl Ajdde sweay Areuldiosipsuel) ‘S1apjoyasels
uoI9NPal 32UAPIUI JuaWUIaA0h pue ‘Alunwiwod pue djwapede Buiajonul Ag A1anodsip pue
J190URD 10} SUOIJUBAISIUI [RI0IARYS(] WOJ) SBUIARS D1LUOU0IS PaLLIOU| . uoreAouUl o1yuaIds uoidwreyd sayoeoldde yoeasal Areurjdiosipsued]  aouanjyul Aoijod o1jgngd 9
Blep 1918WO049]329e pue ‘(Sd9) WaISAS
Buluonisod [eqo|o ‘wedHasuas paredBiarul uo paseq yijeay fewndo Joy
papaau ANAIoe Jo sadAl Joy sauljapinb yieay argnd wiogul 03 pajoadx3 .
gSawoano Adeul|diosipsuedy J0 JUBWBARIYDE SJaquiaw DY L o sajdwex3 swoygosd (191908 xa1duioo BUIAOS J0J 20UBADIOY aWoaNo

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2022 March 04.

in

available

Res Eval. Author manuscript



Page 23

Hohl et al.

J0UUERD 1SN NOA "JUB11YNS 1,ust Isn[ pIp NoA Jeym Bulop ‘sAep asay | "8dej8]ul Ue ‘UOI1D8SIa1Ul UE Je 80 0] ARy NOA ‘UOITeAOUUI JUBM AJ[eal NOA J| "pIp Jojuaw
INoA yeym ‘mouy noA Jeym op nNoA "uoniadal si sauldiosip 40 181uad ay) uj ‘sauljdidsip J0o—Ialuad a8y} Ul J0U—SsU01109sIalul 8y} Je suaddey uoireAouul 1SON
(00zr dnoso snao) "yseosdde mau ‘ABojouyIa} MU SIUY UI MOUY

| Yeym aresodiooul 03 BuiAn w, | oS "alay ybney sem | Jeyl 1d3 [euonIpes] syl J0 puly Jou S, puy 00} ‘saydeoidde [eanAeue Jo pupj mau s, ‘ABojouydsy mau s, 3|
"SYIOMBWIEILY MU A[211UILap S]] “8sIiiadxa Jey pjing 0] awodaq aey sjeob Aw ‘D341 ybnoayl Ing ‘18510 ayl 1e [eob Aw sem Jey) I mou 1,uop | ‘[siorebnsaaul]
18]u8d DT L Jay10 WoIy SdS pue A1swola|adde Inoge 10| e [pauses) aA,|] "sonabiaus Jo sainseaw aA13a[qo Jaylo INoge uses| 0} a1am suoiedadxa AN

(0vpy JuedidiEd)

"YIOM UOIIUBAJS)UL OJUI PIBAIOJ BAOW UL} JOU 10 S3IILIBJILIS 3Je 313y} 41 98s 0} suone|ndod ssoloe atedwod pue siNoT 1S ul pue eydjape|iyd Ul %0o| ued am
[reys si] sais wuasayip omy ays yum Buisidom yo Ainxnj ayl [-] s1ys 1e 00| 03 uonewogur Areutwijaid [Jayred o1] juelb jojid D34 1-ss049 € Joy BuiAjdde a1,ap
"pale]al aq yBIw A3y} MOy pue SaWoJIN0 1aoued pue ‘sansiisldeleyd pooyloqyBisu ‘Alunwiwod ay) e Buisoo] Inoge |ON pue HIN Yim paxer Apeaije an, apn

"uonoeISIP B S, Jey) pue pasnaoy AlsA aq pjnoys noA “Adrjod Bunoaye noge Buijuiyl aq 03 Jotunl 003 a1,noA
"0p 03 NOA 10} 10U s, Jeyl, ‘BulAes AlISIaAIUN SIY) Ul SI18YDIRasal [euonipel) A1an pey | ‘[iom Aoijod ul Buibebus] 1noge Buie) pariels 1siiy | USYAA "BLIWSIP B S1|

(00py Juedioied)
,'90UaI9S uoneuIwassIp ‘Aarjod Buibueyd pue Aoijod yijeay Buipuelsiapun Ui SISIIUSIOS JO S18S 3S0U) 4O Y1oq Bulures-*s[apow [ewiue puelsiapun o) way) sdjay
Teys Aem e Ul s18ydJeasal uewny Buiojusw**suewny 0 ajejsues) 0} sn sdjay Jeyl Aem e ul s}snuaids d1seq Buriojusw ag pinoys, swes} Areuljdiosipsuel

(ozey

Juedionied) “wa)qoid Jaylo Aue 1oy pasn ag ued siyy ‘wajqold Jayio Aue 0} saljdde poyrsw ayl Jo sajdioutid [eansiels ayr se Buo| Se puy ‘pasn ag J0uuRd 11 d1ayMm
Seale Jaylo S,818y} ey} ueaw 3, ussop ABojorwapida [euoninu yum uolredljdde ue sey 31 Jeys 19€) 8yl 0S "Wiay} 10} suolredljdde mau puly pue spel} Jo poyiaw

a3y} 40 1daou09 |elauab Jey) el I aUOP AA,dM JeUM 0S “*" 10413 Pale|allod Si 813y} 1 USAS ‘UOIII8.I0D 1013 JUBLINSEaW B ylm dn awod 0} elep Jo sadald aaiy)
asoy) Buisn Jo Aem |ednjewayrew e s,a1ay ] "Spetl JO poyaw ay) ‘Jaxlewolq e aAey noA pue ‘181p JO ainseaw piepuels pjoh pue ainsesw ayefoins e aAey NOA

(o€ wedianed) “A X op Apogawos

djay ued wiyiobie siy [moy 1noge yuiyl spa] “put ui asodind e yim ou Ing ‘Z ‘A “X 19918p 03 3|qe aq 03 swiyiliobije padojansp aney ybiw Ay [*°] 1ayus erep
Buian as.4 Bunos)|o noge ybnoyl 1,usney Asyy os ajdoad yieay d1jgnd Jou [are] sisnualods 1ndwod ay | erep ge| 1ou ‘eyep Buial 8.4 03 swyiobe Bulules|
auiyoew paijdde aney [apn] -1 oul sawoa 89a1d pooyoqubiau sy ‘Aem Jeys ui oS [*°] ¢a1maid sjoym ayy pue swiytioble sy 19a4e-1UawuoIAuL Ue ul noA sind
ey} e1ep ayl-erep Sdo Wybiw moH [ ] Aem Juaiayip e yons Ul elep ayl INoge Yulyl | ‘ISIUSIOS J0IABYS(] B ‘1SIU0IIUaAIBIUL Ue Sy [***] ‘ge] ayl ul [sjuedionued
Ulm] s1snuaios as1a4axa Ag auop sem Ajsnoinaid ejep [uonuaniaiul ssoj Jybramy/asiolaxa ue] 19afoid D341 Urew Ino UO aUOP SeM Jeyl YI0M [eI1ISIIeIS ay |

(0zzy wediired) [Ausaqo

pue daajs uaamiag] sAemyred 91SIUBYIBW BLIOS 1. JeyM JO SUaS N0 UapeoIq 0} YJoMmawely [enidaouod Teys ul Bulig osfe | a1aym sajdwrexa Juaialp Auew

ale a1y "A1saqo Yum pareroosse si das|s Aym 4o} wisiueydsw e se pasodoid 1o paipnls Usaq JaAsU Sey |0J3U0I pue UOIdUNY SAIINISXS JO PUIX Jey ] "SUoISIoap
areridoidde axew 01 Ajige J1ays ‘JoiAeyaq J1ay ‘AlAIs|ndwi JIsyl Sage pliyd e ui uoirearsdap das)s Jeys ajqisnerd Ajqipaloul S,31 UaJpjIyd ul Ing ‘swisiueydsw
JINpe 8y} JO WS Ul Uslo se dn awod 3,usaop 3| ‘abenbuel 1o s,1] "UOIIIUBOI MOUX AN “J0IABYSQ MOUY SN ‘MO am ‘sueidlielpad se 1eys sbuiyy [ase] Aiaisindwi
pue JoIARY3( ‘UBJP|IYD U] "UOIIoUNY BAIINIEXA 10ayye Ajjenioe JyBiw das|s JualoLNsul eyl SI S} NPe Ul passnasip JaAau s Jeym Ing ‘AlAnoe [eaisAyd Jo xoe| 1o
‘AAne [ea1sAyd ‘saouanijul [euOWIOY Se Yans ‘swisiueydaw Jualayip ybnoiyl paureh Ansodipe 4o A11Saqo Yyim pajeldosse si sinpe ul das|s Jusioignsul Jeys
Buimoys x4om J0 10] e S,848Y | "SalreIpad UlyyM woiy BuireAouul ul paisalaiul we | ing [*+*] "aurdipaw 1npe wouy 10| ® M0JIog am SoLTeIpad Ul Sawiawos
(00t uedionied) ‘padojansp aney am Jey) eale

1onou Ajanirejas e st siyy [+-] ‘uedsai J1ayy Jo Auenb ayy pue Aijenb ay y1og anoiduwil pue SIOAIAINS Jadued 3y} Jo 41| 8yl Buojoid 01 Juem apn [**°] ‘sioAIAINS
J32uRD Buowe ulwiopnaw pue AlAnde [easAyd Jo s198448 ayl e 00| 01 198fo.d e aney am juauodwod [eaiul]d e 1o "Buibe Ayifeay Joy s101oe) o118uab pue s10ioe}
9]1/A1s841] ‘s1010e) Alelalp ALIuapl 01 pajuem apn “salpnis 1oyod abire) ul Buibe Ayifeay Jo s10101pald azAjeue 01 sayoeoidde [eansiiels padojansp osfe aney spn [*°]
‘Buie Ayieay Joy sjapow jewiue uo 10afoud s, [1orebnsanul] s,3eyl "yoseasal [eatul]d pue ‘ABojorwapids ‘9ausios aiseq Buibprig st [**] sdomawresy payiun [ayl]

(0zz¥ JueaiaILIEd) "SRIPMS A3y} oJuI daais Bulppe

J13PISUO ‘W00 BY) Ul SJBYDIeasal Jay)o JO ‘W00 By} Ul 8UOBWIOS aABY Uay} 0} ‘N0 piom ayy Buiisb Jo pury pue swinioy [euolyeu asayy ul Bunuasaid Jo 3nsai 10a11p
® Sse Jey) 9ss | puy ,'das|s Inoge suonsanb Buipnjoul o daajs Buipnjoul noge ybnoyl 3,upey | "1oyod e BuluuiBaq snl w|, ‘Aes pue aw 0} dn awod 0} WooJ 8y}
ur Joebisanul Jayioue s1abbLIY uayl 11 Jeyy SAem Juasaip Auew os aJe alay ] AlIsago pue daas punode D3y Ul Buipuly aJe am Jey) 80UPIAS JUBISISUOD A|[eal

a1 U0 Juasald | a1aym SanUsA JUBIaLIP AueW OS UI Usaq aA,| "siojebiisanul Jaylo 03 sjoaloid Areurjdiosipsuel) Jo suonnNgLIIU0d ay) aseamoys 03 Juenodwi si 3|

SJ1ayaIeasal
Areunjdiosipsuely Jo
uolelauab 1xau

ay) Buiures . 6

spseme juelb

Areurjdiosipsuely pue

uonearjgnd yduosnuew
Areurjdiosipsuel | g pue /

aouanyyul Aoijod a1jgnd 9

30UB10S JO S|aA8]| SS0J08

sBuipuyy Jo uore|suel | g
S|apow [eansiels
JueAd|al JO UolreIdepe

pue uawdojanaQg ¥
Bunsay

pue swdojansp
|9pOL UONUBAIBIUI
[9A77-NININ €

Juswdolanap

slomawesy
[eanaioay) paresfiayu] 2z
uorjew.oy
BI11J0SU0D pUe Wea)
Areurjdiosipsuesy maN 1

sajonb annelussaidey

awoa1nQo

(¥T02Z Areniga4—~Arenuer) saswoaino Areurdiosipsuel; D341 Buiziiaioeleyd sajonb aaleluasaiday

‘v al|qeL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

PMC 2022 March 04.

in

available

Res Eval. Author manuscript



Page 24

Hohl et al.

oy Jurdionied) "yateasal uewny ul Ajje1oadss ‘yaseasal
Aseurjdiosipiun Ajjetauab Asan ‘A1sn 1oy aininy poob e jou s,818y1 [***] ‘Mau Bulylswos yym ul awod 03 106 aA,NOA "810WAUR 82UBIIS [eIUSWAIJUI YIIM Ul BWO0D

sajonb annelussaidey

Elt[vaigle}

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Res Eval. Author manuscript; available in PMC 2022 March 04.



	Abstract
	Introduction
	Methods
	Case example focus: the TREC initiative
	Research Phase I: TREC II member engagement
	Research Phase II: web-based survey
	Research Phase III: interviews and focus groups
	Analysis

	Results
	Outcome 1: new TD team and consortia formation
	Outcome 2: integrated theoretical frameworks
	Outcome 3: multi-level intervention model development and testing
	Outcome 4: development and adaptation of relevant statistical models
	Outcome 5: translation of findings across levels of science
	Outcome 6: public policy influence
	Outcomes 7 and 8, scholarly productivity: TD manuscript publication and TD grant awards
	Outcome 9: training the next generation of TD researchers

	Discussion
	Limitations

	Conclusion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

