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ABSTRACT
Many tools have been generated in recent decades to support 
decision-makers in understanding and acting on climate science, 
causing stakeholders in the Gulf of Mexico (Gulf ) to repeatedly 
express the need for guidance when selecting climate resilience tools. 
The Climate and Resilience Community of Practice (CoP), Gulf of 
Mexico Alliance (GOMA), and the Northern Gulf of Mexico Sentinel 
Site Cooperative (Cooperative) developed and implemented an 
end-user driven process for tool creation. Research has suggested 
that integrating target end-users throughout tool development 
improves the probability a tool will be utilized, yet there is little 
practical guidance available on how to successfully design and imple-
ment an end-user driven tool development process. In this study, an 
end-user driven process and results from implementing the process 
during tool development are presented. Challenges, successful 
approaches, and lessons learned to support future tool development, 
especially for tools focused on sharing climate science are identified. 
Guidance is provided on needed expertise, timelines for engagement 
with target end-users, and methods on how to solicit, analyze, and 
assimilate end-user needs, perspectives, and priorities into a final 
product.
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Introduction

Increasingly, coastal decision-makers across local, state, and federal levels are consid-
ering climate hazards when managing built and natural environments (California 
Environmental Protection Agency et  al. 2019; Fish and Wildlife Service 2017; Landrieu 
and Hebert 2017; NERRS Science Collaborative Program 2018; Sonnenfeld 2019; 
Southeast Florida Regional Climate Change Compact 2010). Many resources, often 
dubbed “tools,” have been generated in recent decades to support decision-makers in 
understanding and acting on climate science. While designed to help coastal stewards 
make more informed decisions, the tools available are so numerous and complex they 
leave many individuals feeling overwhelmed and unable to find what they need (Gulf 
of Mexico Alliance 2016; Kidwell et  al. 2015; Raub and Cotti-Rausch 2019; Rew PC 
2020). Further, these end-users are rarely integrated into the tool development process, 
resulting in the creation of a multitude of tools that do not fit their needs (Raub and 
Cotti-Rausch 2019).

Despite the repeated calls to involve stakeholders when developing tools (General 
Services Administration 2016; Raub and Cotti-Rausch 2019), there is little practical 
guidance available to researchers, tool developers, or extension and outreach profes-
sionals on how to successfully design and implement an end-user driven tool devel-
opment process. An end-user driven process is an iterative process between the developer 
and the intended end-users focused on maximizing usability from the perspective of 
the user (Brancheau and Wetherbe 1990; Dayton 2004; Maniatopoulos et  al. 2015; Raub 
and Cotti-Rausch 2019; Rogers 2003). Research has suggested that integrating target 
end-users throughout tool development improves crucial factors that potential users 
consider when deciding whether to use a new tool (Crawford et  al. 2002; Dayton 2004; 
General Services Administration 2016; Raub and Cotti-Rausch 2019). The three most 
important factors when an end-user decides to use a new tool are perceived relative 
advantage, compatibility, and complexity (Dayton 2004; Rogers 2003), all of which may 
be directly and indirectly improved by a well-executed end-user driven process. These 
processes require transdisciplinary collaborations to ensure that communication science, 
technology adoption science, and physical sciences are all being effectively integrated. 
Further, they require an understanding of and relationships with the specific networks, 
communities, and individuals that make up the target end-users.

Here we describe the end-user driven process we developed, which was built upon 
the experiences, capacity, and processes of three boundary organizations in the Gulf 
of Mexico, the Northern Gulf of Mexico Sentinel Site Cooperative (Cooperative), Gulf 
of Mexico Climate and Resilience Community of Practice (CoP), and the Gulf of 
Mexico Alliance (GOMA). Their end-user driven process is predicated on identifying 
and meeting the needs of the intended end-users through an intentionally iterative, 
representative, and adaptive process. We argue that this kind of process is especially 
important when dealing with particularly complicated or wicked problems such as 
climate change (Levin et  al. 2012). Issues specific to these problems around perception, 
common understanding, and unique socio-political needs are captured throughout the 
development of the tool to reduce potential barriers around perceived complexity, 
relative advantage, and compatibility. The proposed process was tested in the devel-
opment of a tool to effectively address Gulf stewards’ climate resilience tool needs. 
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Results of this test are presented, and we identify challenges, successful approaches, 
and lessons learned to support future tool development, especially for tools focused 
on sharing climate science.

It should be noted that similar to tool development, it has been increasingly rec-
ommended to involve stakeholders when conducting climate change research. 
Co-production has proven successful at participants viewing the resulting science as 
being more credible, accessible, and more often applied (Arnott, Neuenfeldt, and Lemos 
2020; Cooke et  al. 2021). However, the co-development process outlined here is sep-
arate from co-production of knowledge. A climate resilience tool is a resource to 
convey or apply knowledge whereas co-production is focused on creating new knowl-
edge or gaining a new, shared understanding (Campbell et  al. 2016; Cooke et  al. 2021). 
While some phases may overlap, researchers and tool developers should understand 
the differences between co-production of knowledge and the co-development of tools 
prior to applying an approach for stakeholder engagement.

Materials and methods

This section is structured in two parts. The first subsection is a description of how 
the end-user driven development process was generated and by whom. The next section 
is a description of the six-phased end-user driven development process. Methods for 
Phases One-Five of the six-phased process are presented here. It should be noted that 
Phase Six, evaluate use and efficacy, is consistently under-resourced in project budgets/
timelines and is the least often studied and implemented phase.

Generating the end-user development process

We convened a team of experts in technology adoption, communication, extension and 
outreach best practices, and local needs including targeted end-users. Many of our team 
members were from the Cooperative, GOMA, and CoP. Boundary organizations, like 
the Cooperative, GOMA, and CoP, are organizations that operate at the interface of 
decision-making and research (Gulf of Mexico Alliance 2016; Gustafsson and Lidskog  
2018; Kidwell et  al. 2015) and are well suited to support an end-user driven process 
because they span a multitude of disciplines from physical to social sciences and include 
coastal stewards for the built and natural environments. Target end-users in this case 
included a state natural resource manager, extension specialists that focus on resilience, 
and a municipal planner. The team’s recommendations were used to develop a meth-
odological approach for identifying and addressing stakeholder needs when considering 
and developing a new climate resilience tool. These experts generated recommendations 
through in-person meetings, conference calls, and proposal development. Recommendations 
were synthesized into a multi-phase, end-user driven approach (Figure 1).

End-user driven process development description

The team of experts identified that an intentional effort to build and maintain trust 
between the tool developers and end-users is a critical aspect of the process across 
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all phases. Trust is built through open communication and honest two-way dialogue. 
Utilizing an end-user driven process requires significant investment from the end-users 
on the front-end of the process with a delayed return on investment. All involved 
parties need to be cognizant of this fact and ensure that at each step end-users are 
given an opportunity to express and feel validated in their opinions and have the 
intended application of their feedback clearly communicated. Further, by leveraging 
resources outside of peer-reviewed literature such as reports, unpublished qualitative 
data, workshop notes, meeting proceedings, etc. repetitive demands on end-users’ time 
can be minimized. In the following descriptions of each phase, techniques, approaches, 
and best practices are identified to facilitate the development of this trust.

Phase One, identify problem and end-users, occurs prior to any funding or tool idea 
development. This phase can be both formal and informal, utilizing common techniques 
employed during needs assessments (e.g., Balaswamy and Dabelko 2002; Kinzie et  al. 
2002; Mayfield, Wingenbach, and Chalmers 2005; Rossi, Lipsey, and Henry 2019). The 
needs assessment should be focused on a specific end-user group or groups and uti-
lized to assess what condition/issue the end-users would like changed. The needs 
assessment should include preliminary exploration of existing efforts, if any, to reach 
the desired condition and why they are not effective. The resulting information can 

Figure 1.  Multi-phased, end-user driven process developed to support tool development.
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be used to determine the best course of action to address the need. This is the point 
at which development of a new tool or enhancement of an existing tool may be indi-
cated; however, a new tool should not be considered unless end-users confirm the 
likelihood of the tool to move the end-users from the current condition to the desired 
condition. Stewards across the built and natural environment have clearly expressed 
they are suffering from tool and information overload (Gulf of Mexico Alliance 2016; 
Kidwell et  al. 2015; Mohrman 2017; Raub and Cotti-Rausch 2019); therefore, generating 
additional tools should be a explicitly indicated and necessary step. Further, it is 
strongly urged to assess if an already used tool would be suitable for enhancement or 
could be adapted to meet the end-users needs to reduce duplication and further over 
proliferation of tools. If it is determined a new tool is necessary, only then proceed 
with tool development. The Phases outlined below can also be used to modify an 
existing tool.

Identifying end-users is equally as critical as assessing the needs. It is not possible 
to move forward into Phase Two without understanding the intended users of a new 
or updated tool. End-users can vary widely depending on the identified needs and 
the type of tool to be developed. Examples of end-users can include but are certainly 
not limited to municipal staff (e.g., planners, emergency management, GIS analysts), 
state and federal staff (e.g., natural resource managers, policy-makers), elected officials, 
utility authorities, extension and outreach professionals, non-profits, and residents. 
Working with boundary organizations is a highly recommended approach for appro-
priately identifying and building bridges to end-users, which is critical in Phase Two. 
However, depending on the end-user, the needs, and the potential tool, boundary 
organizations are only one pathway to identifying end-users. It is critical that tool 
developers know who they are building a tool for before they begin.

Phase Two, identify end-user needs and barriers to addressing the problem, has three 
distinct elements: design, implementation, and data analysis. These elements work 
together to ensure the data collected support development of a tool that meets end-user 
needs. The design element of Phase Two is identifying a strategic process that will 
comprehensively capture end-user needs and barriers. The strategy needs to account 
for technology adoption theory by ensuring that data collected will identify ways to 
enhance perceived relative advantage, compatibility, trialability, and observability and 
reduce perceived complexity (Dayton 2004; Rogers 2003). Phase Two design should 
also integrate social science recommendations about how to engage with stakeholders 
(e.g., NOAA 2007, 2015), which data collection techniques to use (NOAA Office for 
Coastal Management 2016a; Table 1), and how to structure the information, engage-
ment materials, and messaging (e.g., Akerlof, Covi, and Rohring 2017; Bales, Sweetland, 
and Volmert 2015; DeLorme, Stephens, and Hagen 2018; National Academies of Science, 
Engineering, and and Medicine 2017; Neilson 2018; NOAA 2007, 2016b). Phase Two 
requires the greatest amount of input from end-users with the least amount of observ-
able benefit in the short-term; therefore, it is essential that techniques utilized in 
design make the end-users feel validated and valued. Related, it is also important in 
the design to include communication of how the data will be utilized.

The implementation and data analysis of Phase Two requires expertise and suffi-
cient time to effectively and meaningfully execute the design. Implementation should 
include appropriate time for advertising, utilizing a variety of techniques specifically 
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designed to best reach target end-users. Successfully reaching target end-users requires 
familiarity with the end-users and benefits from having someone on the team that 
has established relationships with the target end-users. One approach for this is to 
include target end-users on the team that is developing the tool. Implementation and 
data analysis should be conducted by individuals with expertise in facilitation and/
or social science data collection and analysis. It is essential that the collected data 
are analyzed and transformed into actionable information that can be utilized during 
tool development. If the data collected from end-users are not utilized, it will reduce 
the probability the tool will meet end-user needs and it could damage relationships 
with end-users, further reducing the probability the tool will be utilized or that future 
feedback will be provided (Fletcher et  al. 2015; NOAA Office for Coastal Management 
2015; Raub and Cotti-Rausch 2019; Sayce et  al. 2013).

Phase Three, create tool, is very dependent on the type of tool being developed and 
could include updating or enhancing an existing tool instead of creating a new tool. 
Opportunities for end-users to participate during tool creation will further enhance 
the benefits from an end-user driven process and can ultimately save money and time 

Table 1.  Common facilitation techniques. Common facilitation techniques used to elicit feedback 
from meeting participants. Adapted in part from: NOAA Office for Coastal Management. 2016. 
Planning and Facilitating Collaborative Meetings. 76 pp.

Facilitation Technique Description Purpose

Flip Charting Comments are captured on a pad and 
posted on an easel that can be 
viewed by all participants.

Allows participants to see and hear each 
other’s input and creates a record for 
future review. Also allows participants 
to recognize they have been heard 
and clarify misunderstandings.

Brainstorming: Small and 
Large Group Discussion

Participants share their ideas in small 
groups of 5-10 people or with all 
meeting participants.

Gather perceptions and ideas on specific 
topics. All participants have equal 
status.

Brainstorming: Roving Flip 
Charts

Questions are posted on easels around 
the room. Participants move from 
one chart to the next in small 
groups and input is recorded on flip 
charts by a facilitator. Participants 
rotate until they have visited all 
charts.

Gather perceptions and ideas on specific 
topics, generating as many ideas as 
possible and building on contributions 
of different participants. All 
participants have equal status.

Multi-Voting (Sticky Dot 
Voting)

A list of alternatives are posted for 
everyone to see and participants are 
given stickers (sticky dots) to place 
next to their preferred option(s).

Prioritizes a list of options, with all 
participants providing input.

Likert Scale A question is posed with a rating scale 
of responses, including a neutral 
midpoint (e.g., strongly agree, agree, 
neutral, disagree, strongly disagree).

Measures how participants feel about a 
specific topic.

Evaluation: Large Group 
Discussion

Participants share their ideas in 
response to a short list of questions 
posed by the facilitator.

Gather feedback after activities (e.g., after 
a presentation or results of 
multi-voting) or at the end of a 
meeting. Encourages engagement and 
promotes buy-in from participants by 
providing an opportunity for 
comments.

Evaluation: Anonymous 
Survey

Participants complete a list of questions 
about meeting format, content, and 
experience.

Allows participants to provide feedback 
on their experience. Allows facilitators 
the opportunity to collect feedback, 
evaluate participant understanding of 
key concepts, and improve content for 
future meetings.
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on making changes during Phase Four. Phase Three is also when the expertise of 
extension and outreach professionals is critical. Their ability to apply social science 
techniques in the communication and application of physical sciences will be needed 
to cross-walk between the tool developers, end-users, and scientists. Differing termi-
nology and expectations will need to be synergized among different stakeholders, 
requiring an understanding of the science being integrated into the tool and the 
limitations/capabilities of the tool. Without this cross-walk there could be mismatches 
during tool development that may generate barriers to tool use.

Phase Four, test and refine with end-users, should also be an in-depth process col-
lecting qualitative and quantitative data. Closely following the methodology of Phase 
Two, Phase Four consists of the same three elements of approach design, implemen-
tation, and data analysis that have the same considerations. The difference with Phase 
Four is an additional element – tool refinement. After the data have been analyzed, 
it is critical that resources and time be allotted to make recommended changes based 
on the end-user experiences and feedback. As discussed earlier, without follow-through 
on the end-user recommendations, tool developers risk jeopardizing relationships and 
reduce the probability the tool will be utilized. Additionally, as with the design element 
in Phase Two, design of Phase Four includes communication of how end-user feedback 
in Phases Two and Three contributed to the current tool and how input from Phase 
Four will be utilized (i.e., describe the tool refinement element).

Phase Five, disseminate tool and train end-users, is an ongoing, iterative process 
reliant on continued resources after the tool is refined and is an essential aspect of 
tool use. The adage “if you build it they will come” has been proven unfounded 
regarding tools (Raub and Cotti-Rausch 2019); therefore, ensuring there is time to 
advertise and train end-users on the tool’s function and purpose is critical. Advertising 
should consider Rogers’ Theory of Diffusion on the importance of both common 
source (e.g., mass media) and inter-personal sources (e.g., colleagues) to the diffusion 
of new technology throughout a community (Rogers 2003). Additionally, training 
potential end-users will help reduce barriers to tool use such as perceived complexity, 
minimal relative advantage, and minimal compatibility.

Results

To meet the needs of end-users with a wide range of climate challenges and technical 
capacities, a flexible, adaptable platform, Gulf TREE, was developed over the course 
of three years (mid 2015 – early 2018) using the six-phased end-user driven develop-
ment process (Table 2). The following section is structured by Phase of development 
including how it was applied and what information was gained at each Phase.

Phase one – identify problem and end-users

Phase One was accomplished through standing networks and engagement opportunities 
with the Cooperative, GOMA, and CoP. Methods employed were informal evaluations 
of existing tools and resources via networking conversations and large-group discussions 
and informal needs assessments at Cooperative, GOMA, and CoP annual meetings 
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and during subgroup conference calls. The data collected at the various annual meet-
ings was synthesized, summarized, and prioritized by the CoP Tools Working Group. 
Working within these boundary organizations, we were able to leverage existing rela-
tionships and opportunities to quickly and efficiently identify the needs of end-users.

Our primary end-users were coastal decision-makers at the federal, regional, state, 
and local level across the built and natural environment. Secondary end-users (coastal 
researchers, tool developers, and outreach and extension professionals) were also con-
sidered in development of the tool as they frequently support the primary end-users 
when addressing climate issues. The end-users identified a need for guidance when 
navigating the myriad of available tools and resources around climate resilience to 
enhance tool selection. When existing resources to support the selection of climate 
resilience tools were informally evaluated the most prominent gap between those 
resources and stakeholder needs was a lack of guidance on how to narrow down the 
available field of climate resilience tools. A list or inventory, even with the additional 
information on the capabilities and functionality of the tools and models, still required 
the user to understand the majority of the metadata, including the implications of 
those metadata for a tool’s suitability to the user’s needs (Rew PC 2020; Sempier and 
Swann 2018). Without this guidance, climate resilience tools in the Gulf were improp-
erly or infrequently used. After completion of the tool evaluation and the subsequent 
needs assessment, a Project Team that included target end-users was established. We 
worked together to identify fiscal resources to support an end-user driven solution 
for the problem. A multitude of potential solutions such as on-call-tech support and 
additional training were considered by end-users on the Project Team as insufficient. 
The best option was deemed a comprehensive, online, interactive tool that could pro-
vide guidance on climate resilience tool selection in real-time.

Phase two – identify end-user needs and barriers to addressing problem

Data collection for Phases Two and Four (test and refine with end-users), occurred 
during two separate rounds of workshops across the Gulf. The workshops were designed 
and implemented by experienced extension and outreach professionals trained in social 

Table 2. A pplication of end-user driven process. End-user driven process phases used in the devel-
opment of Gulf TREE.

End-User Driven Process Phases Methods Used in the Development of Gulf TREE

Phase One: Identify Problem and End-Users Cooperative, GOMA, and CoP partner discussions, formal 
and informal surveys, and feedback on existing 
products.

Phase Two: Identify End-User Needs and Barriers to 
Addressing Problem

Designed and implemented workshops to collect data 
on needs and barriers. Analyzed data to inform 
resource creation.

Phase Three: Create Resource Gulf TREE website development by Project Team. Alpha 
testing with end-users.

Phase Four: Test and Refine with End-Users Designed and implemented workshops to collect data 
on resource. Beta testing with end-users. Analysis of 
end-user feedback and improvements to resource.

Phase Five: Disseminate Resource and Train End-Users Workshops, trainings, and presentations to socialize Gulf 
TREE resource and encourage its use.

Phase Six: Evaluate Use and Efficacy End-User Survey
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science techniques. Extensive effort was expended to ensure there was representation 
across all intended end-user sectors at the workshops. Workshop locations spanned 
the entirety of the Gulf of Mexico to capture regional differences in climate needs and 
were hosted in collaboration with partners local to each area. Workshops were adver-
tised through existing email listservs, newsletters, webinars, and meetings. For local 
government staff (e.g., planners, environmental managers, public works, utility employ-
ees, etc.), a commonly underrepresented demographic at workshops, direct emails and 
calls were utilized to further encourage participation. When possible, these invitations 
were extended from trusted sources on the Project Team.

A variety of methods were employed during the workshops to gather honest and 
comprehensive input from end-users. Methods to collect data during Phase Two and 
Phase Four workshops data ranged from facilitated small-group discussions, Likert-scale 
rating, sticky dot prioritization, large-group discussions, roving small-group discussions, 
and worksheets (Heming and Collini 2018; Mohrman 2017; Table 1). Additional facil-
itation strategies such as priming and demonstrations were used to ensure robust data 
collection (NOAA Office for Coastal Management 2016a; Table 1). For example, Phase 
Two workshops began by priming the participants to consider their own climate issues, 
how they might employ climate resilience tools, and factors critical to resilience tool 
selection. This portion of the workshop was essential to ensure that participants were 
able to reflect on their own experiences and be able to accurately frame responses to 
the questions and discussions. Evaluations were also conducted at the close of each 
workshop to assess the approaches and to evaluate perceptions and effectiveness of 
the content delivered.

The workshops from Phases Two and Four had representation from across national, 
state, and local organizations from the built and natural environment. One hundred 
thirty-two participants from 69 organizations participated in the workshops, with 45 
participants attending both workshops. Additionally, evaluation of both workshops 
demonstrated that 91% of participants agreed or strongly agreed it was a good use of 
their time, 90% felt it increased their understanding of the project, 55% felt it increased 
their understanding of climate resilience tools, and 81% planned to use the information 
and the final tool in development in their future work. In-depth reports summarizing 
the workshops and their results can be found online (Heming and Collini 2018; 
Mohrman 2017).

Phase Two workshops were designed to gain an understanding of end-user needs 
regarding climate change resilience, climate resilience tools, and factors important to 
tool selection. The goal of the new tool, as framed by the end-users, was to help them 
narrow the available climate resilience tools to those that will best meet their needs 
– a “tool for tools.” The information collected at the Phase Two workshops provided 
data on the specific climate issues the end-users were addressing. Further, data were 
collected on non-climate related issues that are important when selecting climate 
resilience tools, ranging from comfort with climate terminology through available 
funding and time resources (Mohrman 2017). Analyses for Phases Two and Four also 
utilized similar qualitative and quantitative analysis techniques. Quantitative analysis 
techniques included descriptive statistics for Likert data and prioritization efforts and 
qualitative analyses included standard coding and sorting of flipchart notes and dis-
cussion notes (Heming and Collini 2018; Mohrman 2017). Data from Phase Two 
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workshops were further synthesized into recommendations and specific actions to be 
integrated into Phase Three.

The resulting features recommended during Phase Two for the online tool spanned 
both function and content. Some features were already anticipated to be part of the 
tool, such as narrowing questions, elements for transparency (e.g., a list of all tools), 
tool factsheets and other tool-specific outputs, identifying when tools have case studies 
and help features (tutorials on how to use the tool, help boxes), and multi-platform 
compatibility (desktop, tablet, smartphone). Features the Project Team had not con-
sidered included: ranked tool recommendations, social features (e.g., tool ratings, user 
forums, ways to contact other users and the developers), log-in feature to save searches, 
specific navigation features to move through the tool, and ability to see progress 
throughout the search.

Phase three – create tool

Phase Three integrated information from Phases One and Two to develop an online 
tool to support end-users attempting to identify an appropriate climate resilience tool 
for their needs. The tool, dubbed Gulf TREE, was developed in collaboration with a 
web-design firm and volunteer alpha-testers who were identified during Phase Two 
workshops. The firm was selected specifically because of their experience and willing-
ness to integrate and adapt to end-user needs and responses. The alpha-testers were 
engaged at all major decision points around esthetics and functionality. Additionally, 
a full-time Project Coordinator cross-walked terminology between different sectors of 
end-users, tool developers, and web designers to ensure clear communication and use 
of language. A functioning, but not finalized version of Gulf TREE was utilized for 
the Phase Four workshops.

Gulf TREE’s primary function is to narrow the available climate resilience tools 
through the application of filters. As filters are added, tools that do not meet the 
criteria of that filter are removed from the list of potential tools for the user. The 
beta version of Gulf TREE included features specifically requested by stakeholders 
whenever possible and additional features based on feedback regarding end-user com-
fort with climate resilience tool concepts. Features added to Gulf TREE as a result of 
requests by workshop participants included the ability to rate and leave comments on 
tools and an ability to track progress through the guided search. To improve users’ 
comfort with climate resilience tool concepts while using Gulf TREE, standard termi-
nology was utilized throughout and a glossary was generated, any available tool doc-
umentation or tutorials were included in the factsheets, and users were connected to 
each other through the ability to rate tools and leave comments. Not all end-user 
suggestions were within the scope of the project mission or budget; therefore, data 
collected during Phase Two and discussion with target end-users on the Project Team 
were utilized to identify what features and concepts were critical to include.

Phase four – test and refine with end-users

Phase Four workshops were designed to evaluate a beta-version of the tool and identify 
how it could be improved. Beta-testing was intentionally scheduled late enough in 
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development that the online tool’s purpose and functionality was clear, but still early 
enough in development that time and funding remained to allow adaptation based on 
end-user feedback. Key information obtained during the workshop was identification 
and prioritization of participants’ likes, dislikes, and what they felt was missing from 
the tool. Additional information was solicited around specific language choices, the 
functionality, and other details about the tool (Heming and Collini 2018). Phase Four 
data were manually sorted, coded, and counted to transfer data from three data col-
lection methods (worksheets, multi-voting, & brainstorming) into one interoperable 
database. An inductive coding approach was applied, and two Project Team members 
independently reviewed the data to ensure agreement of common themes and priorities. 
The feedback database built from the Phase Four analysis was narrowed into specific 
changes for Gulf TREE to enhance usability, relative benefit, and compatibility. The 
feedback was narrowed by using a basic multi-criteria decision approach based on 
cost, available resources (e.g., funding, time, expertise), and stakeholder prioritization 
(Heming 2018).

During Phase Four workshops, end-users identified features and aspects of the 
online tool to keep, features to change, and missing features. Prioritized features to 
keep were focused around ease of use, clarity of language and information com-
munication, the large breadth of tools that are up-to date and relevant to climate 
change, and the variety of filter options addressing multiple climate issues on the 
coast. Participants prioritized opportunities for improvement that focused on both 
functionality (e.g., specific navigation requests, layout) and content (e.g., label pre-
sentation, specific language choices). Our data collection methods enabled in-depth 
discussion around particularly complex challenges or issues. The multi-criteria 
decision approach used to transform these data into an executable plan resulted in 
14 distinct changes made to Gulf TREE to enhance usability, benefit, and compat-
ibility (Table 3).

Positive views around functionality and potential benefit to end-users were indicators 
that Gulf TREE would be utilized among targeted end-users. A majority of the respon-
dents were matched with a climate tool (73%, n = 78) and of those respondents matched 
with a tool, 44% added additional unsolicited details specifying that their match 
appeared relevant. Further, when queried if they intended to use Gulf TREE in the 
future, 89% of respondents agreed or strongly agreed and 90% of respondents intended 
to contact others about Gulf TREE.

Phase five – disseminate tool and train end-users

After completion of Phase Four, Gulf TREE was widely advertised through the 
Cooperative, GOMA, and CoP networks coupled with webinars, trainings, and pre-
sentations at professional meetings, symposia, and conferences for the different target 
end-users. The Project Team included 13 individuals representing 12 different orga-
nizations who within the first year after tool release conducted webinars, trainings, 
and presentations to increase awareness of Gulf TREE. Efforts included 25 in-person 
presentations to over 600 people, five tool expos, six webinars to more than 200 
people, and continuous social media, newsletter, and website postings and 
communications.
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Discussion

Developing Gulf TREE through an end-user driven process generated many successes 
that improve the likelihood that Gulf TREE will be used regularly by Gulf stewards. 
Roger’s Theory of Diffusion identifies that perceived ease of use, compatibility, and 
applicability are primary predictors of technology use (Dayton 2004; Rogers 2003). By 
clearly defining the primary end-users and working with the end-users to identify 
their needs before and during tool development, all three of Roger’s attributes (ease 
of use, compatibility, and applicability) were addressed. Activities in Phases One, Two, 
Three, and Four enabled integration of key considerations for content and functionality 
that enhanced ease of use and compatibility. Additionally, applicability of Gulf TREE 
for the end-users is greater because end-users expanded the scope of the tools included 
and the information provided about the tools (Heming and Collini 2018). Further, 
Phase Four provided an opportunity for potential end-users to become more familiar 
with Gulf TREE, increasing perceived applicability and adaptability. This is reflected 
in the responses of the workshop participants where 89% of them intended to utilize 
Gulf TREE. Existing literature also supports the idea that end-user participation before 

Table 3.  Changes made to Gulf TREE during phase four. These describe the issues and solutions 
identified by end-users and prioritized as those to be undertaken using a basic multi-criteria decision 
approach.

Issue Solution

Relevant matches are not reachable in Guided or 
Filtered search when there are no exact matches

Show relevant matches when there are no exact 
matches and when there are

All slider-format questions are difficult to use (i.e., Level 
of Effort, Level of Expertise, and Cost)

Have different points on the slider self-select the ones 
that are ‘included’ and make more obvious with 
bolded words and highlighted path along the slider

More information (e.g., Cost) should be on the Tool 
Landing Page

Add a ‘Free’, ‘$’, ‘$$’, etc. ranking on each Tool Box in the 
top-right corner

Users want to be able to leave, or ‘bail out’, of the 
Guided Search without completing the search and 
immediately go to their results

Make the Tool Counter (bottom-left corner of searches) 
into a ‘bail out button’ that takes users directly to 
search results

There is confusion about the difference between ‘Exact’ 
and ‘Relevant’ tool matches on the Tool Landing 
Page

Add definition to ‘Relevant’ matches on the Tool 
Landing Page

The Guided Search and Filtered Search language (with 
the two side-bar buttons) was confusing

Change ‘Help me Search’ to ‘Guide my Search on 
Homepage; Change ‘Guide my search’ to ‘Guide new 
search’ on Tool Landing Page; Change ‘Top Filters’ 
and ‘More Filters’ to ‘Change Top Filters’ and ‘Change 
More Filters’

There is no ability to save or print a list of the search 
filters applied (not the results)

Add a print page that pulls up a list of active filters

No flexibility in search bar for a tool – users need to 
type it in exactly in order for it to pop up

Change search bar capabilities so that it can search 
entire term; required internal list of potential terms 
for tool searches

Cost is not listed on the Tool Factsheets Add cost as a category on the Tool Factsheets
The geographic scope / location question is 

disorganized and hard to use
Add a type-able search bar to search each state’s 

counties/parishes (total of 5 search bars)
Outputs are not listed on the Tool Factsheets Add outputs as a bulleted list on the Tool Factsheets
Bug in ‘Limitations’ or ‘Target Audience’ heading on Tool 

Factsheets for Firefox browser
Fix bug so that the header (e.g., ‘Limitations’ or ‘Target 

Audience’ stays with the column
Users cannot easily access the glossary while using the 

search functionality
Add a type-able search box for the glossary terms

Additional functionality is needed to access the Results 
from the Filtered Search page

Add a ‘Results’ button under ‘Top Filters’ and ‘More 
Filters’ on the Tool Landing Page and Filtered Search 
page
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and during tool development lowers the barriers to application (Haße and Kind 2019; 
Maniatopoulos et  al. 2015; Voinov et  al. 2016).

An important follow-up study that should be conducted is to explore Gulf TREE 
use and perceptions of ease of use, applicability, and compatibility among Gulf TREE 
target end-users after Gulf TREE was released. These data would provide insight on 
how intended use and the improvements to Gulf TREE translated to adoption after 
release.

Best practices

A key best-practice was having a robust analysis approach to transform end-user feed-
back into action. In each round of workshops, data were collected at seven different 
locations utilizing a variety of techniques which generated complexity during data 
processing. It was important to have a transparent, repeatable approach to ensure objec-
tive characterization of end-user perceptions and needs. This was particularly critical 
after the second round of workshops (Phase Four) when qualitative feedback was adapted 
for quantitative decision-making. We adapted a basic multi-criteria decision approach 
based on cost, available resources, and stakeholder prioritization to consider return on 
investment for each potential action and determine the path forward that provided the 
most benefit to end-users (Heming 2018). This approach was successful at providing a 
transparent and repeatable process driven by end-user feedback. We highly recommend 
that such an approach be utilized for others faced with similar decisions.

A second best practice was building in enough time to account for the longer 
timetable of end-user driven processes. While lending itself to positive outcomes, the 
end-user driven process requires significantly more time than a traditional top-down 
approach. Utilizing the end-user driven approach for Gulf TREE required three years. 
We estimate using a traditional top-down approach would have taken between 18 months 
to two years. Significant time was given to collecting data from end-users, analyzing 
the information, and allowing time to integrate the data into the tool. Additional time 
was also required for the iterative nature of developing tools with end-users (Phase 
Three) through multiple rounds of review and revision.

Another best practice was conducting Phase Four when there were still sufficient 
resources and time to make substantial changes to the beta version of Gulf TREE. 
Conducting the Phase Four work when we did, significantly improved our ability to 
modify Gulf TREE in response to end-user feedback.

Lessons learned

It is important to consider the many potential sources of influence on tool development 
that could conflict with or confuse end-user feedback. The most common influences 
come from those involved directly in the development including the Project Team and 
hired consultants (e.g., web developers). Influences that may come from the hired con-
sultants include limited skillsets, bias, and/or intention to adapt/mimic an already existing 
product. The Project Team may also unintentionally bias the process through underes-
timating necessary time and budget, unconscious biases, or administrative policies. For 
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example, often it is standing policy when hiring a consultant to hire the lowest bid; 
however, this often leads to the above issues of limited skillsets and/or intention to 
adapt an existing product to save on cost. Fidelity to the end-user driven process out-
lined here (e.g., adherence to social science standards for minimizing biases, adequate 
budget and timelines, expertise among project leadership to ensure end-user feedback 
is prioritized) minimized competition with end-user needs during tool development.

Another lesson learned was that though significant resources were available to develop 
Gulf TREE, there were still time and fiscal limitations. There will never be enough 
time or money to make all the changes requested by end-users; therefore, it is critical 
that data collection throughout the end-user driven process enable a thorough under-
standing of what needs are most critical and that this limitation is communicated to 
end-users. For example, in the Phase Two and Four workshops a combination of 
qualitative (e.g., small and large group brainstorming) and quantitative (e.g., prioriti-
zation exercises) data collection approaches enabled robust analyses. Additionally, work-
ing with practitioners trained in social science methods ensured that the data collected 
provided a comprehensive understanding of end-user needs and perspectives. Further, 
the funding was one-time grant funding without resources for long-term maintenance 
of the site, which could limit the long-term functionality of the tool. Agreements were 
developed between the three partner organizations for basic website hosting and con-
tinual content updates, which will extend the benefits of Gulf TREE. However, any 
major issues that arise including technology incompatibilities over time are not within 
the scope of these groups and could lead to reduced or cessation of function. This is 
a significant limitation and one that should be considered and addressed for future tools.

Implications for coastal management

The results of this work provide clear guidance for a variety of audiences associated 
with coastal management, including coastal stewards of the built and natural environ-
ment (e.g., planners, natural resource managers), boundary organizations, and funders. 
Significant investment in engaging the end-users led to positive outcomes for intended 
use. Given the limitations in support after the release of tools, funders should consider 
investing in maintenance and operations of existing tools in which significant invest-
ments have already been made to ensure compatibility, relative benefit, and ease of 
use among target end-users. This avoids duplication in the creation of new tools that 
provide similar services and allow for existing tools in which end-users have already 
invested time and money to be enhanced to support additional functions.

By following this approach, overzealous tool proliferation could also be avoided. 
Funders requiring end-user driven tool-development processes and/or not having tool 
development as a mandatory outcome could reduce the overwhelm of tools being 
developed. Additionally, boundary organizations could find in Phases One or Two 
tools that are already being used that could simply be modified or enhanced to meet 
the needs of the end-users. Thoughtful and strategic tool development will reduce 
waste on tool development that is not producing the desired outcomes.

Finally, stakeholders such as land managers and city planners can also use this 
information as a litmus test when agreeing to participate in a tool-development process. 
Target end-users of a tool can determine if in the proposed outline if there is sufficient 
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time and funding that their input will result in meaningful impact on the proposed 
tool. This will arm the end-users with information and provide rationale to ask for 
the process they would like or to not expend their valuable time on activities that 
have a low probability of a usable and useful outcome.

Conclusions

Using an end-user driven process when developing tools can significantly improve 
usability, applicability, and compatibility (Crawford et  al. 2002; Dayton 2004; Lee 2004; 
Raub and Cotti-Rausch 2019). Successfully employing an end-user driven process 
requires an intentional, comprehensive approach such as the one described here 
(Brancheau and Wetherbe 1990; General Services Administration 2016; Maniatopoulos 
et  al. 2015; Raub and Cotti-Rausch 2019; Whitehouse 1999), more resources than a 
traditional top-down approach, and a team with a diverse set of skills including rep-
resentation of the target end-users. This approach was tested in development of Gulf 
TREE, a climate resilience tool for Gulf coastal stewards. Results of this approach 
indicate positive perceptions of usability, compatibility, and applicability of the final 
product with high intent of end-users to utilize Gulf TREE. Additional research needs 
include follow-up studies on Gulf TREE use and end-user perceptions of Gulf TREE 
among those that did not participate in the development process.

The end-user driven process outlined above serves as a model for tool developers 
to integrate stakeholders and end-users into tool development addressing a gap left 
by recommendations to employ these approaches in existing literature (General Services 
Administration 2016; Raub and Cotti-Rausch 2019). Though designed for tool devel-
opment, this process can be adapted when developing a wide variety of resource types 
for end-users. We provide clear guidance on needed expertise, timelines for engagement 
with target end-users, and methods on how to solicit, analyze, and assimilate end-user 
needs, perspectives, and priorities into the final product.
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