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Research that can improve the resilience of social and natural systems to climate change has become more
common. Many climate adaptation science organizations and agencies now focus on actionable science, a model
that aims to have greater impacts on policy and practice than traditionally produced and distributed science.
However, evaluations of research projects are needed to examine and verify the impact of climate science on
adaptation and society. Better understanding the types and mechanisms of impact will allow organizations to
design, fund, and facilitate more useful climate adaptation science. Many existing actionable science evaluation
approaches are qualitative in nature and take considerable time and effort for funders and administrators to
implement. Quantitative methods could provide a valuable option for evaluation, specifically for making com-
parisons across many projects. Thus, we have designed a quantitative survey instrument for measuring the use of
climate adaptation science. We designed the survey using best practices and iterative input from social scientists
as well as climate adaptation scientists and practitioners. We then distributed the survey to a sample of users of
climate adaptation science and analyzed those responses to further refine the survey. Quantitative and quali-
tative results show that use of climate adaptation science may be described as either individual use or organi-
zational use, which contrasts with popular models of use in existing evaluation literature. The survey is made
available for future efforts to evaluate and improve climate adaptation science and to advance efforts to measure
different kinds of use.

including but not limited to co-production and transdisciplinary science
(Evely et al., 2010; Walter et al., 2007), often result in improved out-

1. Introduction

Reducing harm from climate change will require varied and trans-
formational adaptation responses, and such responses require knowl-
edge and action across social and ecological systems (Fedele et al., 2019;
Owen, 2020). In the last few decades, the fields of applied environ-
mental science, especially climate adaptation science, have attempted to
meet those needs by producing science that is more useful for
decision-making and policy. However, making science more useful and
evaluating whether those efforts have been successful are difficult and
“messy” tasks (Arnott and Lemos, 2021; Nutley et al., 2007). This has
inspired active research in both evaluation and improvement of climate
adaptation science (Fazey et al., 2014; Louder et al., 2021). Many
evaluation efforts have revealed that collaborative research practices,
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comes of climate adaptation science (Dilling and Lemos, 2011; Edwards
and Meagher, 2020; Meadow et al., 2015; Owen, 2020).

Collaborative research practices contrast dramatically with the
traditional method of knowledge exchange in academia, popularly
called the loading dock approach (Cash et al., 2006). In the loading dock
approach, scientists complete their research in isolation from the
end-user and, when they are finished, deliver publications, websites, or
(at best) decision-making tools to stakeholders. In this model, re-
searchers seek to inform their stakeholders, however the created
knowledge is less often used because it may not be at the spatial or
temporal scale the manager needs, may not concern a priority topic, or
may not be in a useful format or product, etc. (Bamzai-Dodson et al.,
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2021; Beier et al., 2017). Instead, co-production is one of many models
that facilitates and encourages knowledge exchange, where “both re-
searchers and stakeholders are now seen to have knowledge that is
shared...” (pg. 2, Edwards and Meagher, 2020). However, different
models and degrees of stakeholder involvement may be appropriate for
different research efforts depending on the goals and constraints
involved, especially since such involvement may require significantly
more time, effort, and resources (Bamzai-Dodson et al., 2021; Meadow
et al., 2015).

Understanding how research practices may lead to favorable results
requires reliable methods for evaluating and measuring those results.
There are a variety of outputs, outcomes, and impacts of climate adap-
tation science that can be measured, with some authors describing up to
16 types of outcomes and impacts (Wall et al., 2017). Usage of each term
varies widely in the literature (Louder et al., 2021), but as commonly
used in program evaluation, outputs include direct products delivered
by the program; outcomes are changes in individuals’ knowledge, skills,
and behaviors; and impacts are larger changes in systems (Kellogg,
2004). Previous efforts to evaluate climate science projects have
employed qualitative coding structures (Edwards and Meagher, 2020;
Koontz et al., 2020), surveys (Walter et al., 2007), and citation metrics
(Evely et al., 2010). Others have used literature reviews and interviews
to build frameworks for measuring the use of collaborative climate sci-
ence by resource managers and stakeholders (Edwards and Meagher,
2020; VanderMolen et al., 2020; Wall et al., 2017). In just the last few
years, multiple authors have even meta-analyzed climate science eval-
uation literature to learn about research characteristics most often
studied (Karcher et al., 2021; Koontz et al., 2020) and the evaluation
frameworks applied (Louder et al., 2021; Reed et al., 2021).

One finding of those studies is that the usability of research may be
the most frequent goal and evaluation metric used in climate adaptation
science (Karcher et al., 2021). A common definition for usable science is
that of Cash et al. (2003), wherein research that is credible, legitimate,
and salient is more usable. However, Karcher et al. (2021) found that
actual use of the science, rather than the theoretical usability of it, is less
often mentioned as an explicit goal, claimed outcome, or topic of eval-
uation. This could be because the construct of use of science can be
notoriously difficult to measure in any field, including climate adapta-
tion science (Arnott and Lemos, 2021; Dilling and Lemos, 2011;
Schwandt, 2015). In this study, we add to the literature by developing
and testing a new tool for measuring the use of climate adaptation
science.

1.1. Context and objectives

Many of the evaluation approaches mentioned above use qualitative
methods which are useful for understanding research projects in depth.
However, in some cases, it may be of interest for funders, policymakers,
or organizations to compare many projects in less detail, for which there
are few methods available in the literature. To address that absence,
Hyman et al., 2022) conducted a study to develop a quantitative sum-
mative evaluation strategy for climate adaptation science projects and
examine the relationships between project inputs, processes, and out-
comes of 28 projects funded by the Southeast Climate Adaptation Sci-
ence Center (SECASC). In that study, the authors sought to compare
project characteristics that influenced two outcomes, scientific impact
and use by partners. Scientific impact was measured via scientometrics
including number of publications and citations. However, there was not
a quantitative instrument available to measure stakeholder use of
climate adaptation science. Thus, the present study was initiated to
develop a survey to quantify use of climate adaptation science across
many projects which was subsequently applied by Hyman et al., 2022 to
understand the characteristics of climate adaptation science projects
that may lead to greater use. We included use of any result or product of
the project including publications, web tools, capacities built from
engagement with the research process, workshops, etc.
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The objectives of the current study were first, to develop a valid and
reliable survey instrument to measure use of climate adaptation science,
and second, to explore and examine any internal structure or sub-types
of use that the instrument may reveal. We addressed these objectives by
conducting a thorough and iterative survey development process,
distributing the survey to a deliberate sample of partners, and analyzing
the results of the survey.

This survey was not developed to measure any absolute degree of use
of the projects. Instead, we sought to develop an instrument that could
detect variation in use of research outcomes or products relative to other
projects. In the future, the survey could be modified or used as-is for
other research evaluation efforts, particularly by funding agencies that
want to understand differences between large portfolios of projects
using fewer institutional resources than qualitative methods would
require (Bisbal, 2019). Better understanding the influences on
completed projects can then inform future requests for proposals,
funding decisions, and facilitation practices. Future applications of the
survey could also be followed or accompanied by qualitative methods
that would provide better understandings of why and how a project was
used.

2. Methods
2.1. Survey Development

To address our first objective, we designed the survey following the
systematic, seven-step process outlined by Artino et al. (2014), which
includes several iterations of construct- and item-defining informed by
literature review and interviews with the intended audience. Following
an intentional process such as this one, which includes considerations
from multiple perspectives and information sources, can provide greater
evidence for the validity of a survey instrument (Artino et al., 2014;
Libarkin et al., 2018). Throughout this process, the research team met
monthly to discuss the developments and challenges at each step, and a
smaller team met weekly for several months. Below, we summarize the
seven steps of survey development and how we approached them
(Table 1).

The first step of the process is to conduct a literature review, both to
inform the survey development and to ensure there are not existing

Table 1
Survey development summary, adapted from Table 1 in Artino et al. (2014).

Survey design step Summary of process and findings in this study

1. Conduct a literature review Literature showed that no comprehensive
quantitative instrument existed currently and
that a new quantitative instrument was needed
Conducted interviews both at a scientific
meeting and online via videocall afterwards,
qualitative analysis and research group
discussion were used to process and
contextualize findings

Findings of step 2 roughly paralleled those of
VanderMolen et al. (2020) so both were used to
define indicators

5-level Likert-style questions and examples were
developed with input from the research team,
data, and previous literature

Items were reviewed, discussed, and refined by
the research team and stakeholder advisory
group

Respondents were interviewed while taking the
survey to inform language and ordering
adjustments

The 22-item survey was distributed to identified
partners resulting in 81 complete responses
Interviews with survey respondents provided
further insights into participant response
interpretations, processes, and decisions; some
results presented below

2. Conduct group and individual
interviews

3. Synthesize the literature
review and interviews

4. Develop items

5. Conduct expert validation

6. Conduct cognitive interviews

7. Conduct pilot testing

Additional follow-up interviews
(not in Artino et al., 2014)
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instruments that could be tested or adapted instead of creating a new
instrument. Towards this end, we read relevant literature and compiled
a list of items previously used in similar science evaluation efforts
(Appendix A). Of the items that were explicitly provided in the litera-
ture, many addressed other constructs such as broad benefits, satisfac-
tion, and partnerships. Of those that addressed use, usefulness, and
effectiveness, the items were often open-ended or addressed the us-
ability of one specific product. Thus, we decided there was a need for a
new instrument to quantitatively measure the use of climate adaptation
science projects, though the survey could likely be applied to or modi-
fied for other natural science uses.

The second step is to conduct interviews and/or focus groups to
compare how the construct of interest is described and conceptualized
by the potential survey respondents to how it is described in the scien-
tific literature. To gather data for this step, we conducted group and
individual interviews throughout a climate adaptation-focused scientific
meeting. The interviews were separated by individuals’ roles as either a
science user, mostly including cultural and resource managers, or a
science creator, including government and university researchers. For
those who work in both capacities, we invited them to participate in
multiple group interviews sharing from one perspective at a time.
Because we were recruiting participants between and during meeting
events, the interviews varied in length (from 10 to 40 min) and size
(from two to six participants), with most group interviews lasting about
20 min with two to four participants. In total, we conducted eight group
and two individual interviews with science producers and seven group
and one individual interview with science users. Moving forward, we
will use the term “partners” to describe the science user audience,
acknowledging that individuals who use climate adaptation science hold
a variety of professional and volunteer positions. At this stage, we asked
participants how they have used climate adaptation science to reach
their professional goals, what characteristics made the projects useful,
and how their involvement and/or deliverables of the projects impacted
their use (Courtney et al., in preparation). The recordings of the in-
terviews and notes taken by the research team were transcribed and
uploaded into qualitative analysis software (Dedoose). These data were
inductively analyzed, primarily using content analysis, to identify major
themes and concepts mentioned by participants and to examine the
prevalence and connections between those themes (Krippendoff, 1989).

Given results in the first two steps, we chose to build upon the sub-
constructs presented by VanderMolen et al. (2020) as a framework for
our measurement of use. Specifically, those authors adapt the three most
commonly described types of use (conceptual, instrumental, and justi-
fication) to stakeholder use of climate information. The coding criteria
that VanderMolen et al. (2020) used to distinguish between types of use
are: “information was reported to enhance knowledge base or to inform
process or planning” (conceptual), “information was reported to influ-
ence decision-making directly with respect to action, process, or plan...”
(instrumental), and “information was reported to justify an action,
process, or plan...” (justification; p. 182, 2020), with examples corre-
sponding to each. We developed operational definitions of each
sub-construct which describe how the construct might be measured and
are used to develop indicators for each construct, or a measurable
occurrence that would indicate the presence or absence of the construct.

At this time, we conducted six more virtual individual interviews
with natural and cultural resource managers involved with the SECASC
to ensure our construct definitions were still compatible with our
audience of interest. In this and following couple of stages, we did not
intentionally include individuals in our final survey sample pool to avoid
fatiguing those individuals. These interviews ranged from 20 to 40 min,
and the questions focused on how climate science is used in participants’
jobs, including questions centered on each of the three sub-constructs
adapted from VanderMolen et al. (2020). These interviews were recor-
ded, transcribed, and analyzed in the Dedoose software. The results of
this stage were synthesized with previous literature review to develop
indicators of each type of use, representing step three of the process. The
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indicators derived from our analysis paralleled the findings of Vander-
Molen et al. (2020).

For step four, the indicators were used to develop survey items
(questions) to measure participants’ degree of each use. Following the
guidance of Artino et al. (2014) and previous survey experience, we
chose to use quantity-based response options and varying operative
verbs (e.g., influence, impact, been used to). For example, the item
response options for questions about the project’s influence on a
particular decision were: 1. No influence, 2. Little influence, 3. Some
influence, 4. Quite a bit of influence, and 5. A great deal of influence. For
each question, we also compiled a short list of examples, which were
presented with the questions, drawn from our own experiences and
previous interviews (Table B.1).

The fifth step of survey development is to subject the preliminary
questions to expert review. Toward this end, the questions were shared
with our wider research team and stakeholder advisory group, whose
members are experts in climate adaptation science, natural resource
management, and climate science evaluation. After these changes were
implemented, the survey was uploaded to the platform Qualtrics to
confirm the visual design and for final review by the broader research
team (Figure B.1).

Going forward, the survey items will be referenced by codes that
begin with a letter where the letter refers to the theoretical construct the
item was intended to represent. Thus, items that begin with a C were
intended to represent conceptual use, I for instrumental use, J for
justification use, and a number referring to their sequential ordering in
the block. As the items were discussed in-depth by the research team,
some that we initially assigned only to the conceptual use sub-construct
became boundary items (i.e., we were no longer confident which sub-
construct they would match best). Those items included one concern-
ing monitoring efforts and two concerning education efforts, because
each involves acting (instrumental) to gather or spread information
(conceptual). Thus, we decided they were relevant to both conceptual
and instrumental uses and created the CI combined sub-construct.
Additionally, after the expert review stage, we added another response
option to all but the first four items (C1-C4) that read not applicable — my
organization doesn’t do this or I don’t know. Future users of this survey
may want to change this language or separate the causes for selecting
this response to receive more helpful information for their context.

Next, we recruited three individuals to interview while they took the
survey for the sixth step. The goal of this step is to examine how the
respondents “interpret the survey items and if their interpretation
matches what the survey designer has in mind” (p. 470) to check for
evidence of response process validity (Artino et al., 2014). We changed
some of the question language and formatting of the items based on
participant responses during this stage. The participants also noted that
some questions were difficult to understand, specifically item J1
(“affirmed what you already know about environmental change and
your job”). However, we retained the question because it is best survey
practice to include imperfect items while testing a survey to gather more
evidence for the deletion or inclusion of each.

2.2. Survey Distribution

We then distributed the survey to possible users of one or more of the
28 research projects of interest, fulfilling the seventh step of the survey
design process (pilot distribution). The research projects examined were
all funded beginning in the fiscal years from 2011 to 2016 with project
durations ranging from one to five years. Each project was funded by the
SECASC based on proposals from the research teams, who consisted
primarily of university and federal scientists. We identified possible
users of these research projects through project reports, publications,
workshop attendance records, SECASC staff, the principal investigators
of each project, and individuals named by other survey participants
(snowball sampling). In the survey of principal investigators, we asked
for the contact information of partners who would be able to comment
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on the use or usefulness of the research project and for the products,
terms, or descriptors that partners would most likely associate with the
project. Because we wanted to understand use of the projects relevant to
decision-making, we excluded named partners who held research posi-
tions at universities. These partners held a variety of positions in settings
including universities, non-governmental organizations, local, state, and
tribal governments, and federal agencies such as the U.S. Fish and
Wildlife Service. Some of the projects of interest involved stakeholders
during research process (i.e., collaborative practices) and some did not;
similarly, some of the stakeholder respondents were involved during the
projects and many were not. This was a source of variation that was
included in Hyman et al.’s analysis (2022).

In total, we identified 234 possible respondents and invited them to
take the survey via email. In the survey invitation emails, we included a
reference to the project which we believed them to be familiar with
along with a webpage with the details of each project in case they were
unaware of the formal titles or principal investigators associated with
any project information they had used. The first page of the survey then
prompted participants to select the project they were answering about,
and on each page of the survey, instructions were included that read,
“Please answer each question about the research project you selected
and how you or the organization/agency you work for may have used
information from it” (see Appendix B for survey visual design and
complete instructions).

We sent two brief follow-up messages, spaced 1-2 weeks apart, to
individuals who had not yet begun the survey by using the personalized
link option. We received 81 complete responses (35%) which were used
for the analyses described below.

We also invited participants to provide their contact information at
the end of the survey for follow-up interviews to further understand and
improve the instrument. In total, six participants provided their emails
and were contacted following the survey completion. Only three par-
ticipants responded to our follow up request and were interviewed to
discuss their response process and understanding of the questions.

2.3. Analysis

Though not applicable responses will be meaningful and useful to
future applications of the survey, they are not compatible with factor
analyses. Thus, the not applicable responses in these data were deleted,
treated as missing values, and imputed. The data were treated as ordinal
for all analyses and imputed in MPlus software with the default settings
for ordinal items (multiple imputation, polychoric correlations, and
robust weighted least squares estimation; Asparouhov and Muthén,
2010; Jia and Wu, 2019; Muthén and Muthén, 1998-, 2017). The use of
polychoric correlations can reduce the chances of over-dimensionalizing
ordinal survey data in factor analysis (Van Der Eijk and Rose, 2015).
This was important because the survey is meant to measure one over-
arching construct (use) with possible sub-constructs.

The survey was designed with a theoretical underlying structure in
mind (conceptual, instrumental, and justification uses, as described
above), meaning confirmatory factor analysis could have been used to
test the fit of that structure. However, because this survey is one of the
first attempts to quantify this structure, we instead decided to use
exploratory factor analysis to address our second objective. Toward that
end, we used parallel analysis with polychoric correlations (random.
polychor.pa package in R; Presaghi and Desimoni, 2020) to determine
the appropriate number of factors.

Exploratory factor analysis was conducted using the psych package in
R version 4.1.1 (R Core Team, 2021; Revelle, 2021; RStudio Team,
2021). Once the appropriate number of factors was determined, we used
oblimin rotation (a type of oblique rotation) to conduct the factor
analysis. Because the survey was meant to uncover relationships within
the overarching construct of use, any existing sub-factors should be
correlated, making factor analysis and oblique rotation most appro-
priate (as opposed to principal components methods or orthogonal
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rotation). The factor analysis process was conducted iteratively,
removing one item at a time, to simplify the structure (Watson, 2017).
Specifically, items retained had one pattern coefficient (loading) at or
above 0.60 and all others below 0.30 (the 0.6/0.3 rule; Matsunaga,
2010). Thus, retained items had strong loadings on only one factor and
could be assigned to that factor with confidence. Although many authors
use 0.40 as a minimum threshold for item retention, we decided it was
appropriate to use stricter cut-offs because of our small sample size
(Fabrigar and Wegener, 2012; Knetka et al., 2019; Watson, 2017). Once
the final factor model was found, the R packages lavaan and semTools
were used to calculate multiple measures of reliability for each scale
(Jorgensen et al., 2021; Rosseel, 2012).

Though most of the qualitative data were used to generate and refine
survey items and examples, some excerpts and results will be presented
to contextualize our quantitative results. Additionally, the qualitative
data were critical to improving the content validity and response process
validity of the instrument while the quantitative analyses provide evi-
dence of reliability (Artino et al., 2014; Libarkin et al., 2018).

3. Results
3.1. Survey results and factor analysis

The survey item median responses ranged from 1 to 4 (little use to
quite a bit of use). Specifically, twelve items had a median of 3, six items
with a median of 2, three items with a median of 1, and one item with a
median of 4, each spread across constructs. All of the items were posi-
tively correlated with every other item, something to be expected given
that we opted not to use any reverse response options, following rec-
ommended survey design practice (Artino et al., 2014). The polychoric
(comparable to Pearson) correlation values ranged from 0.304 to 0.875
in the raw data and from 0.224 to 0.852 in the imputed data. The
Kaiser-Meyer-Olkin factoring adequacy (KMO test) values ranged from
0.81 to 0.91 for each item with an overall value of 0.87, and Bartlett’s
test of sphericity was significant, which all indicate that the data were
suitable for factor analysis (Watson, 2017).

In preliminary analyses, the parallel analysis showed that three
factors best explained the variance in the dataset. However, the third
factor was driven solely by J5 (support from lawmakers), the item with
the second highest not applicable responses (30%). Thus, after more data
exploration showing the influence of the imputed data, those items with
> 25% imputed data (not applicable responses) were removed from the
dataset, which included items 16, J5, and 12 (Table 2). After these items
were removed, the parallel analysis showed that only two factors were
needed to explain the variance of the survey responses (initial model in
Table 2). Exploratory factor analysis was run repeatedly in R using
the.6/.3 rule, as described above, removing one item at a time. Once the
items retained all satisfied the.6/.3 rule, analyses revealed that the data
were still suitable for factor analysis and that two factors best explained
the variance, so this model was retained as the final model (Table 3). The
factors were named (individual and organizational use) based on the
items that loaded onto them and findings from the qualitative data,
discussed below.

Factor 1 (individual use) explained 33% of the data variance, and
factor 2 (organizational use) explained 30%, resulting in a total R? of
0.63. The correlation between factors was 0.53. The Tucker-Lewis index
of factoring reliability was 0.874; the model y2 = 75.7 with p < 0.001;
and the root mean square error of approximation was 0.122 (95% CL:
0.078-0.168). These values all fall outside of often-used thresholds for
acceptable fit, which is a limitation of the model; however, improving
global fit is not the goal of exploratory factor analysis, and the use of
strict fit cut-offs has been criticized in recent years (Fabrigar and
Wegener, 2012; Kline, 2016). Reliability analyses revealed that Cron-
bach’s a was 0.90 for both factors and McDonald’s o was 0.92 for factor
1 and 0.93 for factor 2 (Hayes and Coutts, 2020; Kline, 2016).
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Table 2
Survey items by factor (retained items) or reason for removal.

Environmental Science and Policy 137 (2022) 271-279

Table 3
Exploratory factor analysis results for initial and final (retained) models.

Item  Item text: To what degree has this
project...

Factor 1 Cl ...impacted any of your professional skills?
Individual Use Cc2 ...impacted your knowledge relevant to
your job?

C3 ...influenced your professional network?

C4 ...changed your awareness of
informational resources?

C5 ...influenced long-term planning
documents?

J2 ...been used to encourage support from or
collaboration with peers and/or partner
organizations?

Factor 2 Cc6 ...influenced organizational/departmental
Organizational Use objectives or priorities?

Cc7 ...influenced broad-scale or general
policy?

13 ...influenced decisions to change how time
or labor are spent in your organization/
agency?

14 ...influenced decisions to change how
money is allocated in your organization/
agency?

15 ...influenced decisions to change internal/
organizational policies or procedures?

Removed: No loadings larger n ...influenced decisions to change any
than or equal to 0.60 habitat or species management practices?

J4 ...been used to encourage support from
your supervisors?

J1 ...affirmed what you already know about
environmental change and your job?

J6 ...been used to support a funding request?

Removed: Both loadings CI3 ...influenced monitoring or research
between 0.30 and 0.60 efforts in your organization or
department?

CI2 ...impacted education efforts focused on
resource managers or local landholders?

CIl1 ...impacted public education efforts in
your organization?

J3 ...been used to encourage support or
cooperation from the public or local
landholders?

Removed: over 25% not J5 ...been used to encourage support from
applicable responses lawmakers?

16 ...influenced decisions to change external
policies, regulations, or enforcement?

12 ...influenced decisions to change how

infrastructure is managed?

3.2. Context from qualitative data

Each round of interviews we conducted had distinct prompts, pur-
poses, and referenced different versions of the survey. Thus, while
earlier rounds of interview were used to develop these survey questions,
here we present context and quotes only from the last round of in-
terviews, which referenced the survey in the form it was distributed,
providing clarity in interpretation. While there were only three partic-
ipants for this stage of interviews, the conversations with each ranged
from 40 to 60 min, resulting in helpful information about participants’
interpretations of and experiences with the survey.

One of the primary goals of the last round of interviews was to
identify any difficulties participants had in answering the questions. The
difficulties most often identified by the participants concerned language
used in the questions. These language difficulties most often arose from
mismatches between the questions and the reality of individuals’ posi-
tions and uses of climate science. For example, one individual held a full-
time volunteer position, so any mention of their job, professional skills,
etc. did not technically fit their position. The same participant also found
the question concerning infrastructure, which was ultimately removed
due to high rates of not applicable responses, too vague (“You know, are
we talking about physical infrastructure, but you could think maybe
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Item (topic) Initial Model Factor Loadings Final Model Factor Loadings

Factor 1 Factor 2  h2 Factor 1 Factor 2 h?
C1 (skills) 0.78 -0.1 0.52 0.74 -0.02 0.53
C2 (knowledge) 0.76 -0.02 0.55 0.76 0.04 0.61
C3 (network) 0.91 -0.18 0.66 0.85 -0.09 0.64
C4 (information) 0.82 -0.16 0.54 0.8 -0.08 0.58
C5 (planning) 0.68 0.09 0.55 0.74 0.12 0.65
C6 (objectives) 0.24 0.61 0.61 0.25 0.63 0.63
C7 (policy) 0.18 0.68 0.64 0.16 0.69 0.62
CI1 (public ed.) 0.57 0.29 0.62
CI2 (peer ed.) 0.56 0.34 0.66
CI3 (monitoring) 0.36 0.48 0.58
11 (management) 0.48 0.19 0.38
13 (labor) -0.04 0.88 0.73 -0.04 0.86 0.71
14 (money) 0.05 0.79 0.67 0.04 0.81 0.69
15 (procedure) -0.08 0.88 0.7 -0.09 0.88 0.69
J1 (affirmation) 0.56 0.02 0.32
J2 (partners) 0.85 -0.02 0.70 0.62 0.11 0.42
J3 (public) 0.59 0.32 0.67
J4 (supervisor) 0.49 0.22 0.41
J6 (funding) 0.53 0.19 0.45

Note: Both models exclude items with > 25% not applicable responses. Bold
denotes pattern coefficients > 0.60, h?is the communality of each item, and the
empty boxes correspond to those items removed from the model.

financial infrastructure or organizational infrastructure.”). In actuality,
we intended to measure impacts in any of these categories, so several
questions were intentionally broad. Language disconnects like these
demonstrate the challenges of developing a survey that is understand-
able to respondents in a wide range of positions, contexts, and back-
grounds, which was also recognized by the same participant (“I don’t
really think you can get too much more specific just because of the really
wide-spread audience that you’re going to be applying the survey to.
This comes along with a lot of gray area”). Only one participant high-
lighted a question where the question language did not align with their
duties, which they described by sharing: “It was interesting, ‘been used
to encourage support or collaboration’, I think I did struggle with the
way that was worded a little bit. Because I didn’t have to use anything to
encourage support or collaboration, it’s a constant thing to be involved
with these groups.”

Last, the project that one participant was responding about was
completed less than a year before they took this survey, which influ-
enced their response context. For some questions this made responding
more difficult for them (“I'm pretty confident that within my [unit] it
will influence some allocations, so I would’ve been torn at guessing at
some impact versus I don’t know, because it didn’t actually happen yet.
So it was a recurring problem through all the questions”). Notably,
though, other questions with different operative words (though all in the
past tense) were easier for this participant:

“...they were all easy to answer because of the stage of the project
and the verb tense. If not for the verb tense issue it would’ve been
difficult to answer the last two because of the limited sphere that I
can see. I don’t know if it has been used for J5, or there might be an
org using it for J6 that I don’t know about. The way I answered them
all was no impact because of the timing of the project.”

Though unclear because only one participant mentioned it, differ-
ences in verbs between blocks could reduce the validity of the instru-
ment which would present a limitation. However, this participant only
drew a contrast between the use of “been used to” in the justification
questions and all other verbs, which is not a major concern for the final
instrument, because only one justification item (J2) was retained. Of the
items retained in the final instrument, there are commonalities in the
terms used by assigned factor, but the commonalities are not so uniform
as to imply they are the reason for the factor loadings.

In contrast, other difficulties associated with question language may
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indicate complications that are inherent to measuring use of climate
adaptation science. For example, all three participants described diffi-
culties in deciding how to consider use at various scales and hierarchies
of their organizations and in the context of their own positions,
described by two of them in the quotes below (note: parenthetical text
within excerpts represents interviewer speech and bracketed text rep-
resents edits made to maintain participant anonymity):

“I struggled with the term organization. That’s probably a bigger
struggle for me than most people in my agency. My paycheck comes
from one place where my job is to coordinate a multi-organization
partnership, federal and state and private. I answer to the [partner-
ship] more than the agency that pays me. I'd like to say I answered
consistently but I can’t promise I did. I tried to answer from the
[partnership] perspective because that’s how I was related to this
project.”

“It’s interesting, any federal agency is a juggernaut. To change course
or even influence internal policies or organizational policies takes a
thermonuclear weapon sometimes. Climate change is impacting the
[agency] and we’re seeing those changes happening slowly. So it
kind of depends on what we’re talking about. Did this particular
project affect any changes to the internal policies or internal orga-
nization of the agency, nah, probably not. But it’s one of many that
are contributing to change, recognition, and options, what we need
out here.”

To some degree, these quotes describe dynamics common to large
organizations, i.e., operations at multiple scales where information
needs and applications vary. Additional quotes from participants
seemed to show that there were two primary factors making it difficult
for them to answer the questions about each of these scales. The first
was, understandably, a single individual not knowing what information
is useful or used at other locations or hierarchical levels of their orga-
nization, as described by the participants below:

“There are some of these things that you don’t know for sure, we’ve
talked and hit upon this, the influence decisions in a larger
perspective kind of questions — you can guess at it, maybe you know
if you’re involved with some of the larger groups in climate change
or you get a call from the director in D.C. so you have an idea then,
but otherwise you just don’t have the foundation to answer about the
larger organization.”

“This would be true of any of those projects on the list, there are
influences we can identify and influences that we don’t know about. I
have a sphere that I can see and can answer about, but there are lots
of influences outside that sphere, so that makes it hard to answer
these.”

“I don’t know how anyone could answer those last two besides I
don’t know, because anyone could do those and you would’nt
necessarily be aware. You could add ‘funding request by my
department’ or ‘that I know of’.”

In designing the survey, of course we only expected participants to
answer from their knowledge and perspective and would not expect
them to know how information is used across the entirety of large or-
ganizations or federal agencies. These quotes illustrate that our expec-
tation that participants respond from their perspective may be clearer,
as the last quote suggests, by explicitly asking about use “that they know
of.”

In addition to not having full awareness of how information is used at
different scales of an organization, participants also described variation
in the importance of one piece of information across scales. This varia-
tion complicated the response process for at least one of the participants,
largely because the survey asked participants to try to quantify use via
the Likert-style response options, as described below:
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“If I had to re-answer now, I'd say the study in itself probably did not
have a tremendous impact, probably would’ve said little or some.
Here at the [site], lots. So when it’s broad like that it’s harder to
answer... I would say, if this had said “locally,” at the [site] level, I
would’ve without fail said that there was a great deal of impact... [
think it’s important to look at where the impacts occurred, especially
if you're looking at how the study impacted the broader spectrum of
things, or any study - for local managers and people with local
knowledge, something like this can be huge. On a Washington-level
scale, this is just one piece of many studies and many pieces of work
that have gone into painting the whole climate change picture.”

Participant responses also seem to indicate meaningful differences in
how climate science is used across organizational scales, beyond the
differences in awareness and importance described above. Two of the
participants explicitly described this contrast by both separating use by
an individual and organization and by comparing the conceptual items
that were eventually assigned to the first factor (C1-C5) versus the
second factor (C6-C7):

“So when I answered J1, I would’ve been thinking about the whole
process and not just outcomes. (Why J1?) Similar to the first three or
four questions, how they impacted me, J1 is also a very personal
questions, about me and my job. So that’s why I thought about how
the project impacted me, which was throughout the course of the
whole project. It didn’t impact my organization throughout the
whole project except through me and my skillsets.”

«...like C5 — when it’s completed I know it absolutely will influence
those documents. I don’t need it to be finished to know how influ-
ential it will be in our planning documents. It’s harder to say how it
will play out for C6. (Why?) Because I get to decide what goes in
planning documents and a whole bunch of other people get to decide
what impact they have. (So is it about your position?) Yes. And that’s
even more true with C7 — policy for my organization is set at a very
high level and not by me or my boss.”

“C’s seem more personal now that I compare them, where the second
chunk are more similar to the last few questions of the previous
chunk. The early C’s are personal, then moved to organizational
influence, and these all seem like organizational influence
questions.”

Participants also mentioned possible explanations of such differences
across levels of an organization such as differences in funding structures
and the breadth of factors under consideration (“I don’t know that
there’s any level above that people are thinking about climate change...
So that’s probably the broadest that we’re going to get”). When asked if
the survey left out any ways that they use climate science, only one
respondent had an answer which was use for media relations including
applications to broadcast, print, and social media, a topic that could be
added to the survey in the future.

4. Discussion
4.1. Evidence of instrument validity and reliability

We followed a systematic development process to ensure we had
multiple opportunities to examine and improve the validity and reli-
ability of the survey instrument. There are multiple definitions and types
of validity described in the literature, but here we are using the defini-
tion provided by the Standards for Educational and Psychological Testing:
“Validity refers to the degree of which evidence and theory support the
interpretations of the test score for the proposed use” (AERA, APA, and
NCME, 2014, p.11). The content validity was bolstered by the use of
multiple rounds of interviews with the intended audience and including
input from previous literature and content experts (Knekta et al., 2019;
Libarkin et al., 2018). Because instrument validity is also reliant on the
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audience and context of use, repeatedly checking in with our intended
users, natural and cultural resource managers engaged with the South-
east Climate Adaptation Science Center, was also important.

The last two sets of interviews which used preliminary and final
versions of the survey questions provided evidence of response process
validity by assessing how respondents interpreted and answered the
questions (Artino et al., 2014). Exploratory factor analysis was con-
ducted to evaluate construct dimensionality and validity based on in-
ternal structure, though the factor structure did not align with the
initially intended sub-types of use. However, multiple participants in
two of the last three rounds of interviews, where we were asking about
ways that they use climate adaptation science, described differences in
use that were very compatible with the resulting factor structure. We
used conservative factor analysis methods (e.g., >0.6 factor loadings) to
ensure that there was solid evidence for the survey structure despite our
middling sample size, and the resulting factors had high reliability
coefficients.

The results of Hyman et al. (2022) provide evidence of the validity of
the survey via relationships to other variables. Those authors used the
same survey responses as this study but ran independent analyses,
resulting in a similar 2-factor structure. Those factors, their sub-types of
use, were then used as outcomes in a structural equation model testing
the relationships between various inputs to the projects and outcomes,
the two types of use and academic impact. Their analysis found that the
three outcomes did not share predictors and, instead, that the frequency
of meetings between researchers and users significantly predicted one
sub-type of use which then predicted the other use. Their analysis also
found important relationships between other project characteristics (e.
g., project budget and duration) and research publications. These find-
ings, specifically the relationship between team meetings and use, align
with previous research demonstrating the crucial role of consistent
stakeholder engagement in collaborative science approaches for
increasing use (Djentonin and Meadow, 2018). Additionally, the distinct
influencing variables on the two sub-types of use suggest they are indeed
separate and unique constructs.

4.2. Survey structure and implications

We developed the survey based on three sub-types of use (concep-
tual, instrumental, and justification; CIJ) which have been applied
throughout previous literature in evaluation and often applied in
climate adaptation science evaluation (e.g., Arnott and Lemos, 2021;
Louder et al., 2021; Reed et al., 2014; in combination with other
sub-constructs, also Edwards and Meagher, 2020). These authors all
found additional evidence of the applicability of the CIJ sub-constructs,
unlike the present study. There are many possible causes for the dis-
crepancies in their findings and our expected findings (the CIJ structure)
and our two-factor results. First, we note that each of the above exam-
ples have relied on qualitative analyses. It is therefore possible that
organizing structures of use (i.e., ClJ versus individual and organiza-
tional) are related to the methods of investigation and evaluation. That
said, these findings are not the first, qualitative or quantitative, to reveal
differences in use of climate science based on institutional level or po-
sition of use. Cvitanovic et al. (2018) conducted a case study evaluation
of an applied environmental science program and found distinctions
between impacts on individuals, the host university, and policy and
decision-making. Notably, some quotes the authors provide describing
types of individual impacts (learning opportunities, expansion of social
networks) and university/organizational impacts (relevance of research
to policy) parallel those described by participants in this study. How-
ever, we do not disregard the rich previous literature illustrating the
importance of describing conceptual, instrumental, and justification
uses. Instead, our findings represent interesting evidence for broadening
our understandings and measurement of use of climate adaptation
science.

There are likely important connections between the CIJ and
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individual-organizational (IO) structures. For example, VanderMolen
et al. (2020) posit that their findings may be a result of organizational
cultural factors, specifically that conceptual use of information may
predominate in government agencies. In the present study, we found
that the survey items we intended to represent conceptual use largely
loaded together, except for the last two items which some participants
said represented different uses (less “personal”). Additionally, the
participant descriptions of individual and organizational use, or use
higher up the chain of command, highlighted some differences
congruent with the CLJ structure. For example, because instrumental use
involves changes in practices, institutional positionality would be very
relevant to any individuals’ capacity to change practices based on new
research. In this study, participants noted that they considered setting
priorities and policies (C6 and C7) to be broader tasks only carried out
“at a very high level.” Finally, the items that we placed in the boundary
category, CI, had three of the five smallest differences between loadings
on the two factors (cross-loadings) and thus were boundary items in the
factor model as well.

Because this was one of the first efforts to quantify use of climate
adaptation science, each step of the process was needed to build evi-
dence for the validity of the survey. There are many organizations with
similar research projects and partners, however, who may find it useful
in its current form. Future implementations of the survey as presented
could bolster the evidence of the reliability and validity of the instru-
ment. Additionally, future studies could apply analyses such as a
confirmatory factor analysis comparing the CIJ and IO models to
enhance our collective understanding of how climate adaptation science
is used and how to quantify that use. Alternately, the relationships be-
tween the models could be used to examine whether a combined or
nested model might best explain use of climate adaptation science (i.e.,
conceptual organizational use vs. conceptual individual use). Regard-
less, understanding the finer details between types of use and when they
emerge will likely require a much larger sample size than our 81
participant responses. Additionally, while we chose participants based
on project documentation and researchers’ recommendation, testing
other sampling methods may provide different kinds of information
about use of the projects, such as deliberate sampling of individuals at
different managerial or authoritative levels of an organization.

Combining this survey with other evaluation methods and frame-
works, for example those centered on stakeholder engagement (Bam-
zai-Dodson et al., 2021; Meadow et al., 2015) or on qualitative data
which could provide more details about nuances and mechanics of use,
could reveal how to increase use of climate adaptation science.

The development process we followed was helpful for building an
instrument to fit our needs and respondents, but future implementations
may benefit from making some adjustments to the survey based on the
goals and context at hand. For example, practitioners could repeat some
steps of the development process, especially step 6 (Table 1), to tailor
the instrument to specific respondents. Second, items that were removed
from the survey in this study could still be used in future implementa-
tions. In particular, items that were removed only for weak loadings
(Table 2) or items that are highly relevant to the research being evalu-
ated could be valuable additions. Lastly, based on our qualitative find-
ings, it may be appropriate to change some of the language of the
questions in the future. For example, evaluators could provide explicit
definitions about the time and organizational perspectives that re-
spondents should answer from (i.e., use by only you or including use by
your coworkers, use in the last year, use that you are aware of, etc.)
depending on the survey purpose and context. Of course, any of these
modifications are also dependent on the time and labor available to
dedicate to additional review, interviews, and/or data analysis to inform
the changes.

This instrument and both models of use may be important for better
understanding the impacts of climate adaptation science. Specifically,
this quantitative survey can be useful for comparing larger suites of
projects with less institutional time and funding than in-depth
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qualitative evaluations. Better understanding large suites of projects
using faster evaluation methods may be important for improving climate
adaptation science more broadly. To name a few examples, funding
agencies and organizations can develop uniform and transferable eval-
uation protocols; alter requests for funding proposals (RFPs) to better
represent their missions and priorities; find consistent project weak-
nesses to improve facilitation procedures; or tailor their research port-
folios to be more targeted or more diversified (Arnott et al., 2020; Bisbal,
2019; Karcher et al., 2021).

5. Conclusions

We have presented a robust and thorough process for developing a
survey which measures use of climate adaptation science. The results
from the first distribution of the survey imply that our quantitative
measures of use may not fit the previously theorized structures. Instead,
the survey items seemed to covary depending on whether the item
described use for individual purposes or at broader organizational
scales. Interview data, collected throughout the survey development
process, were used to discern and illustrate this difference. Enhanced
understandings of how climate science influences policy and practice
allow funding agencies to build more efficient and deliberate actionable
science research portfolios. Ultimately, by understanding and improving
the connections between science on society, we can more effectively and
efficiently adapt to climate change to reduce harm to ecosystems and
society.
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