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Abstract

Assessing the impact of public engagement with science (PES) programs has been a
long-standing challenge due to the lack of explicit, audience-specific goals and a related lack
of evaluation against goal-relevant outcomes. In this practice insight, we present the
strategic planning and evaluation process for PES at KIPAC, detailing the steps of setting
and assessing long-term behavioral goals, short-term objectives, and tactics. We provide
examples to demonstrate the implementation of the strategic plan, and make
recommendations for practitioners at the individual, program, and institutional levels to
strategize, conduct, and sustain their PES efforts with intention.
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1 = Introduction

“Public engagement with science” (PES) programs appear to be becoming more prevalent in
American higher education institutions (HEIs) as a way to share institutions’ research and
education with broader communities. These efforts aim to foster mutual benefits by enabling
a more informed and engaged society while helping ensure research meets societal needs.
Despite the importance of PES, many institutions or departments struggle with assessing
these programs due to the lack of explicit goals tied to specific audiences and a lack of
evaluation. In this practice insight, we describe a strategic planning and evaluation approach
to support effective PES that is currently taking place at the Kavli Institute for Particle
Astrophysics and Cosmology (KIPAC), an astrophysics research institute co-managed by
Stanford University and the SLAC National Accelerator Laboratory.

While the concept and practice of strategic planning are not uncommon, what sets this work
apart is our approach to integrating social science theory into the process. More specifically,
while science communication theory helps elucidate important concepts (such as trust) for
PES, the existing literature offers little guidance for PES practitioners about the use of
practical and feasible tactics that can be implemented. The strategic planning and
evaluation processes described here were designed to explore this space, and provide
guidance for putting research into practice.

The absence of clearly defined, audience-specific behavioral goals and associated
objectives' makes assessing impact functionally impossible [Hon, 1998]. Without goals to
define what “success” looks like — including both the intended audience and

outcomes — PES programs are simply being offered to “those interested and available”
without the guidance of a strategic direction. A lack of clear goals (and associated
objectives) also makes it difficult for audiences to identify activities that make sense for their
own goals, potentially limiting peoples’ willingness to participate. For example, an adult
astronomy enthusiast who attends an event to help them relax and meet other enthusiasts
likely wants to know if an event is aimed at adult rather than youth audiences, and whether
there will be opportunities for substantive interaction.

Furthermore, many PES programs are not evaluated and those that are rarely have
audience-specific behavioral goals to use to anchor evaluation efforts. Although limited data
appear to exist, it appears that only a small fraction of those involved in science
communication use evaluation to guide PES program design, execution, and refinement,
which has far-reaching consequences for discovery science as a field [Jensen, 2014,
Pellegrini, 2021; Sorensen, Volk, First, Vogler & Schafer, 2024; Ziegler, Hedder & Fischer,
2021]. Without explicit goals and sufficient evaluation, it is challenging for HEIs to justify the
funding for PES programs or make informed decisions about resource allocation. Statistics,
such as number of attendees and clicks on YouTube, provide key information on how well the
programs have been advertised and the level of potential interest. However, these numbers
do not speak for the quality of the program, the depth of engagement, and any potential

. We recognize that key terms such as “goals” and “objectives” are used in many different ways in closely related
fields such as science communication and public relations. For example, some textbooks allow both “goals”
and “objectives” to include behaviors [e.g., Wilson, Ogden & Wilson, 2023] while some reports do not make any
distinction between behavioral and non-behavioral outcomes [e.g. National Academies of Sciences, Engineering
and Medicine, 2016]. In this article, we define these terms based on the goals-objectives-tactics-objectives-goals
(GOTOG) framework, where “goals” are referred to behavioral outcomes while “objectives” as treated as desired
cognitive or affective outcomes (see details in the “GOTOG framework” section below).

Practice Insights ® JCOM 23(07)(2024)N®1 = 1



positive changes it has made. It is worth noting that HEIs receiving government funding are
technically required to share their research findings and education outcomes with the public,
who essentially fund the research and education at these HEIs. Finally, the absence of
reliable impact data limits the potential for scaling successful initiatives and replicating
effective strategies across different contexts.

On the theoretical side, however, a number of frameworks are available to guide research on
and evaluation of the impact of PES programs. Two of the best known and used come from
the field of informal science learning, and both define a range of outcomes that are of
common interest to those who design PES programs [Friedman, 2008; National Research
Council, 2009], including knowledge or understanding, skill, behavior, interest, motivation,
and identity. These frameworks can be useful for those who are newer to evaluation and who
have not had the chance to consider broader categories of learning. Once a category is
identified, the next step is to delve into the related social science literature(s) to make
evidence-based choices in how to support and evaluate that type of learning. Identifying a
social scientist as a partner in this process has been recommended [Peterman et al., 2021].

Addressing these issues requires HEIs to adopt more strategic and structured approaches to
setting goals and evaluating the impact of their PES efforts. The work shared here was
designed to fill this gap. In this practical insight, we will discuss successful strategies,
challenges, and potential applications of our strategic planning and evaluation approach that
may help other HEIs improve the effectiveness and sustainability of their PES programs. We
emphasize that we are not developing, modifying, or testing any science communication
theories in this work. Instead, this article offers a practical process for applying one
conceptual framework to PES practice; it provides a valuable guide for individual scientists,
PES practitioners, and HEIs.

2 . The goals-objectives-tactics-objectives-goals (GOTOG)
framework

KIPAC's strategic plan for PES is based on the “goals-objectives-tactics-objectives-goals”
(GOTOG) framework in Besley and Dudo [2022b] and Besley and Dudo [2022a, see Figure 1].
This framework starts with the differentiation between audience-specific behavioral goals
and cognitive and affective objectives from the strategic communication literature [Hon,
1998] and is consistent with calls to recognize parallels between the needs of science
communicators and strategic communicators in other sphere [Borchelt & Nielsen, 2014;
VanDyke & Lee, 2020]. Put simply, in this framework, goals are about changing behavior (i.e.,
what people do) while objectives are about the way people think and feel about the behavior
you are hoping to change. Communication choices related to the latter are informed by key
concepts from both behavior change-related theory [Montano & Kasprzyk, 2015] and
trust-related theory [Mayer, Davis & Schoorman, 1995; Besley, Lee & Pressgrove, 2021].
These literature help identify the cognitive and affective objectives for PES that should affect
the behavior a scientist is hoping to change (in others or in themselves). Whereas some
approaches to communication strategy allow objectives to include short-term behaviors, the
GOTOG approach suggests treating goals as desired behavioral outcomes and objectives as
desired cognitive or affective outcomes to be consistent with social science theory that
distinguishes between behaviors and behavioral predictors. An overarching goal in the
GOTOG approach is more typically described as a vision.
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Figure 1. The Goals-Objectives-Tactics-Objectives-Goals (GOTOG) framework of strategic communic-
ation, adapted from Besley and Dudo [2822b]. This framework outlines the identification of goals and
objectives, implementation of tactics, and the corresponding evaluation of tactics, objectives, and goals.

Behavior change theory, in this regard, focuses on understanding what leads

people — including scientists — to engage in largely intentional behaviors as a function of
the degree to which they believe the behavior is beneficial or risky (i.e., their attitude towards
the behavior), normative (i.e.,, common and/or expected), and within their capacity (i.e., they
have the skills, resources, and/or authority to enact the behavior) [Fishbein & Ajzen, 20106;
Montano & Kasprzyk, 2015]. For example, scientists who want youth to consider science
careers likely need to ensure that those youth believe these careers are going to be
beneficial, accepted by key others, and possible for themselves. Similarly, trust-related theory
(e.g., the Integrative Model of Organizational Trust) focuses on what leads people to make
themselves vulnerable. Trust is thus treated as a specific type of behavior and willingness to
trust appears to occur when people believe a trustee is trustworthy. Specific beliefs
underlying trustworthiness include beliefs about ability (i.e., expertise), benevolence, and
integrity [Mayer et al., 1995]. These beliefs represent potential communication objectives
that a communicator could seek to foster through communication efforts, including tactical
choices about behavior, content, style, channel, and source. Figure 2 lists some examples of
goals, objectives, and tactics within this framework.

A feature of using established theory to differentiate between behavioral goals, affective and
cognitive objectives, and tactics is that doing so enables evaluation at multiple levels.
Everyone wants to achieve behavioral goals but these should typically be seen as long-term
outcomes that become more likely as positive interactions accumulate. Behavioral changes
are rarely the result of single interventions. By extension, short-term evaluation measures are
more useful when they focus on feelings and beliefs (i.e., objectives rather than goals) or
whether and how tactics were used and used successfully.

For example, all things being equal, it would be reasonable to expect that college students
who have multiple positive experiences with KIPAC scientists who seem to be knowledgeable
and have a desire to help others should be expected to develop more positive beliefs about
similar scientists’ expertise and benevolence (i.e., objectives). These beliefs should therefore
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Figure 2. Key examples of tactics, objectives, and goals in the GOTOG framework, adapted from
Besley and Dudo [2022b].

shape the students’ willingness to trust such scientists (i.e., a behavioral goal). This suggests
that it may be worth assessing such students’ immediate experiences even if it is not
possible to assess their future beliefs or associated behaviors. Further, even if it was not
possible for an evaluator to assess immediate perceptions, the reliance on theory suggests
that evaluation could assess whether the scientists behaved in ways that might be expected
to affect the audience’s perceptions of expertise and benevolence through their use of
tactics known to demonstrate expertise and caring, shared content related to outcomes, and
used a communication style that was consistent with such perceptions.

Tracking the use of these kinds of literature-based tactics can provide evidence to
demonstrate that a scientist or organization is striving toward objectives and behavioral
goals. When framed in relation to Figure 1, scientists choose Priority Tactics for a PES activity
because they are expected to help achieve the Priority Objectives that will ultimately result in
changes in Behavioral Goals. Choosing to communicate in ways that demonstrate expertise
and benevolence, for example, are tactics that are expected to build trust.

Tracking when and how these types of tactics are used across multiple PES activities and
initiatives can be a useful way to document the ways that a research organization is taking
steps to achieve related objectives and goals. Cumulatively, these kinds of data can also be
used to document an organization’s PES portfolio; this type of evaluation is often referred to
as process evaluation or monitoring. We believe this type of evaluation is particularly
important for documenting the use of evidence-based PES practice and thus it is a core
component of our evaluation of PES strategy for KIPAC.

Outcomes evaluations are more common than process evaluations. In the context of the
GOTOG framework, short-term outcomes are measured to document success in relation to
PES objectives that focus on ways of thinking and feeling, and longer-term outcomes are
documented in relation to goal behaviors. Building from a specific example in Figure 2, a
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scientist or research organization might measure short-term outcomes after a public lecture
event to learn audience members’ perceptions of whether the scientists featured seemed
honest and willing to listen, instead of measuring long-term outcomes related to turning to
science and scientists for advice. These and each of the other outcomes/objectives in
Figure 2 might then be used as early indicators of success as a research organization strives
to achieve its longer-term audience-specific behavioral goals.

3 . Strategic planning at KIPAC

Founded in 2003 by a gift from Fred Kavli and The Kavli Foundation, KIPAC is an
independent joint laboratory located on the main Stanford campus and at the SLAC National
Accelerator Laboratory. It comprises over 150 scientists with diverse interests in astrophysics
and cosmology, spanning theory, computation, observations, and instrumentation.

The work shared here was enabled by funding from The Kavli Foundation to initiate and
implement strategic PES across the Institute. Funding was also provided to a team of
consultants to lead the strategic planning and evaluation process. The authors of this paper
include the Outreach and Engagement Manager (OEM) who was hired to support this work at
KIPAC, and members of the consultant team.

G Inf . C Strategic Pl Ali s ic Pl
Learn about existing strategic Work with a core team to Review program offerings,
plans, engagement draft, seek feedback on, staff capacity, communities

programs, and engagement revise, share and adopt the prioritized, staff training, and
goals via document review, strategic engagement plan. evaluation. Make changes as
interviews, and group needed to align to the
meetings. strategic plan.

Figure 3. An overview of the key steps involved in the strategic engagement planning process.

The current PES team at KIPAC includes one full-time OEM, a 25% staff member, and 2-3
rotating student interns. Reporting to the KIPAC Director and Managing Director, the OEM
leads the PES efforts (including five regular, year-round programs) on behalf of the institute,
working closely with several dozen student and scientist volunteers.

The evaluation of PES programs at KIPAC started with strategic planning efforts that lasted
for nearly a year. This phase of work focused on learning from existing practices and
perspectives and then weaving those into KIPAC's strategic plan for PES. The consultant
team gathered information about existing engagement programs and assets through a
website review, meetings with the KIPAC OEM, and meetings with the OEM and leaders from
existing PES programs. Individual interviews were also conducted with engagement staff,
scientists, and institute leaders to understand their personal engagement goals, and the
goals they would and would not like to see KIPAC pursue as an organization. A key element
of these interviews was challenging scientists to go beyond their initial answers that often
focused on objectives (e.g., increase factual knowledge, evoke emotions such as awe/wonder)
and identify real-world changes in goal behaviors they might like to see (e.g., what they
believe might occur if they were able to increase literacy or evoke awe/wonder). A total of 26
KIPAC members participated in these interviews.

The results from the interviews and early meetings with the OEM were then shared with a
group of more than 20 KIPAC staff and scientists during a workshop-style meeting . The
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purpose of the meeting was to prioritize the engagement goals that had been shared with
the consultant team to date. Three goals were identified during the meeting, and these then
became the focus of KIPAC’s engagement plan.

m Strengthening the Role of Science in Society

- Leveraging the public appeal of astronomy and physics to contribute to public
trust and support of science.

m Broadening Participation in Astronomy and Physics

- Supporting pathways for girls, youth of color, and other underrepresented groups
to choose STEM careers, and supporting pathways for diverse community
members to fulfill their interests in astronomy and physics.

m Building Better Scientists

- Advancing professional development for scientists via public engagement training
and participation.

Given these goals, the planning process also helped KIPAC identify four priority audiences
for engagement including Bay Area youth, adults, decision-makers, and KIPAC scientists
themselves. Each of the three goals was relevant for multiple audiences. In total, nine
audience-specific behavioral goals were identified. For each audience-specific behavioral
goal, the strategic plan included a GOTOG table that outlined priority objectives and
suggested tactics for achieving those objectives, as well as the outputs and outcomes for
evaluation. The metrics are then broken down into outputs that list examples of what
happened to prepare for or lead a PES activity and outcomes that can be used to measure
what difference a PES activity made. As noted above, the process evaluation and metrics
focus on tactics and the outcomes data focus on short-term progress in relation to
objectives. Table 1 includes an example of one of these GOTOG tables, with a subset of
objectives, tactics, and metrics. These tables were particularly useful in the next phase of the
work that involved aligning KIPAC's PES activities and evaluation to the strategic plan.

3.1 = The alignment initiatives

The strategic plan culminated with a set of five recommended alignment initiatives intended
to align KIPAC’s PES programs and activities to the strategic plan. The five alignment
initiatives include: strategy alignment, training alignment, evaluation alignment, capacity
alignment, and community alignment.? This work takes time. Thus far KIPAC has made
progress on the first three alignment initiatives; the next sections report on this progress.

Strategy alignment required KIPAC to review the strategic plan and make decisions about
whether and how to align all program activities to priority goals and objectives. For each of
KIPAC's main recurring programs, the first step was to confirm which of the nine
audience-specific goals the program was seeking to achieve. With the program goals clearly
defined, the consultant team and OEM used the corresponding GOTOG table(s) to identify
existing program tactics that already aligned well with the strategic plan and ones that did
not, and came up with new possible tactics for implementation.

. While some evaluation literature exists on the concept of “alignment” [e.g. Davis-Becker & Buckendahl, 2013], the
alignment processes discussed in this work are primarily grounded in practice rather than literature-based. In
fact, we are testing these alignments as part of the implementation plan for this project.
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Table 1. Example GOTOG table in KIPAC's PES strategic plan that emphasizes building trust with
adult audiences.

Adults

Goal 1/Sub-Goal C: Establish ongoing, trusting relationships between KIPAC and Bay Area families
and adults to increase the likelihood that community members turn to scientists for guidance when
making decisions.

Priority Objectives Suggested Tactics Evaluation Metrics
Ensure that priority adult | Scientists might: Outputs:
audiences perceive KIPAC m take time to interact with m # of interactions with
sgenhst_s as trustworthy audiences at events, show- specific priority adult
(i.e.,, caring, honest, open, ing genuine interest in oth- audiences
have similar values, and ers via engaging, two-way
. ! KIPA: ientist in-
competent) conversations " c scientists
volved in science
m customize presentations to activities for adults and
known cultural interests of caregivers
communities . .
. m Tactics used, by science
m take care to ensure all as- Outcomes:

pects of program promo-
tion and delivery are profes-
sional/high quality

m Priority audiences rate
KIPAC scientists as trust-
worthy (i.e., caring, hon-

m identify and rely on mes- est, open, similar values,
sengers from within priority competent)
communities when possible

Additional practices were also added at this stage of the process. GOTOG helps identify the
process to use to structure the overall strategy, based on the behavior change theory.
Additional social science literatures are then used to support effective engagement itself via
the SCRREE framework that compiles six literature-based attributes of effective and ethical
engagement [Garlick et al., 2024]. Effective PES is strategic, cumulative, reciprocal, reflexive,
equitable, and evidence-based. These attributes were used to identify additional strategies
and evidence bases to support PES at KIPAC as part of the strategy alignment process.

The result was a document for each program that outlines tactics already in place (e.g.,
including a diverse range of speakers), tactics that were “easy wins” that could be
implemented quickly (e.g., providing a speaker bio template), tactics that were of interest but
would take longer to implement (e.g., partnering with community organizations), and tactics
that KIPAC was not interested in pursuing at the time (e.g., hosting events at variable
days/times).

Training alignment required KIPAC to revise their PES training and reflection activities to
achieve their goals related to “building better scientists,” which, in turn, would contribute to
the “science in society” and “broadening participation” goals. Because a major objective
identified in the strategic plan was having scientists demonstrate trustworthiness, the
consultant team and the OEM collaboratively created a set of guides for scientists about how
they can communicate trustworthiness. These guides provide scientists with evidence-based
tactics that they can consider under a range of contexts. For example, one guide details
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tactics for communicating trustworthiness through their online biography by adding
information including what motivates their research, what they do to ensure that their
research is reproducible, and how they ensure they are hearing from a range of voices when
choosing and designing research projects. For practitioners looking for examples, all of our
guides can be accessed here.

Furthermore, KIPAC organized a series of science communication training workshops for
KIPAC members (primarily early-career scientists) who have been engaged in or are
interested in PES work. The OEM worked closely with a professional trainer to make the
sessions interactive, relevant, and practical, with key input from the consultant team to
ensure the training materials were directly aligned with KIPAC's strategic plan. The training
topics for a 4-hour workshop included how to structure an engaging public lecture, how to
tailor talks to specific audiences, and how to gain confidence in public speaking. Figure 5 in
the appendix includes the workshop outline with subtopics, along with an example training
agenda for “how to structure an engaging public lecture.”

Evaluation alignment required KIPAC to identify meaningful metrics for documenting both
program planning and implementation as well as outcomes of PES programs and training
according to the strategic plan. For several KIPAC programs, staff had developed and
implemented post-program participant surveys prior to the strategic engagement process.
Those surveys contained common questions (e.g., about participant satisfaction) as well as
questions specific to the program and were routinely administered to participants following
the program. One aspect of evaluation alignment involved revising those existing
post-program surveys to directly measure the outcomes identified in the strategic plan. The
evaluation alignment phase involved returning to the relevant GOTOG table(s) for the
particular program and then comparing the existing program survey items to evaluation
items in the table. We considered which survey items should be dropped and identified gaps
that needed to be filled with new items to ensure we were measuring short-term outcomes
related to the plan’s objectives.

For example, across various programs, new questions were added to measure goodwill (i.e.,
benevolence, caring), a key component of trustworthiness [Besley et al., 2021; McCroskey &
Teven, 1999; Mayer et al., 1995]. Both the focus on goodwill and the items used to measure it
were based on existing academic literature and a set of items that had validity evidence to
support their use. Those questions asked program participants how much the scientists they
interacted with seemed to care about helping others, how open-minded they seemed, and
how willing they seemed to consider others’ points of view [Besley et al., 2021]. Post-program
surveys were also amended to measure all other key outcomes from the strategic plan,
including satisfaction and self-efficacy. The result was a set of post-program surveys
designed to measure the outcomes of the strategic plan that the specific program is aiming
to achieve. Because the programs share some but not all outcomes, each program'’s survey
shares some items with other surveys and includes unique items. These surveys are now
routinely administered to a program’s participants following the event. Table 2 in the
appendix details the survey questions and response scales for the KIPAC public lecture
program.

To capture outputs that indicate whether and how tactics from the strategic plan were
implemented, the consultant team further built a database to track all KIPAC PES events and
the use of the training guides described above. The tracking database requires the OEM to
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submit basic information and statistics after each PES event has taken place, such as when
and where it occurred, the number of in-person/virtual attendees, and which scientists and
staff were involved. Further information relevant to the strategic plan and elements of
SCRREE are also solicited in the documentation process. These include whether and how
KIPAC worked with a partner organization, what the public did during the activity, and the
priority population(s) that the event was designed for.

3.2 = Next steps

Strategic plans are meant to guide action and to function as living documents that are
revised over time in response to strategies in action. The alignment work described here is
ongoing and iterative. To date, the strategic plan and related evaluation measures have
guided the development of PES programs at KIPAC on a number of fronts under the direction
of the OEM. The next step in the process is to raise awareness of the strategic plan and its
related initiatives across the organization, creating broad recognition, buy-in, and adoption
of the plan by the entire KIPAC community and eventually on individual levels. These steps
are critical for institutional implementation overall.

Even in a context such as KIPAC's that has a devoted OEM, there are many perspectives and
demands to balance at research institutions. Prioritizing the integration of strategy and
scaling up PES activities and practices must be balanced with these other demands, and thus
takes time and patience. The different types of alignment strategies shared above have been
a useful way to consider different areas of progress, and to track the steps completed to date.
The SCRREE framework has also been a useful reflection tool, in that it has allowed us to
consider gaps and thus next steps in the continued development of KIPAC's strategic PES.

The consultant team has developed a monitoring system to track KIPAC's PES events along
with the partner organizations and scientists involved. The relational database was built
using Airtable to track these data; it allows KIPAC to view records for individual events,
organizations, and scientists as well as summary dashboards that aggregate key metrics (see
Figure 4). The OEM began using the monitoring system in Spring 2024 by entering the key
details of PES events after their completion (e.g., a description of the event, event start and
end times, priority population(s), number of attendees, etc.). The OEM has found the data
entry process a key step for creating a centralized record of the PES details, and the
dashboard greatly helps with the visualization of the statistics as well as maintaining
institutional knowledge. The OEM is already using the trustworthiness guides during
coaching sessions with scientists to ensure that evidence-based tactics are being integrated
into PES activities; the next step is for the OEM to begin logging the tactics used in the
monitoring system so that we can track which tactics are being used overall. Over time, these
data will help tell the story of the strategic public engagement that the institute has
supported and will allow KIPAC to note the specific tactics that have been used the most.

Another next step for KIPAC is to work on the capacity alignment and community alignment
initiatives. Capacity alignment requires KIPAC to review program plans and make decisions
about program offerings and program calendars based on realistic staff capacity. Community
alignment requires KIPAC to consider the communities that they have already begun
developing relationships with and determine which communities they want to enhance
relationships with to support the long-term goals of the strategic plan.
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KIPAC Public Engagement with Science Monitoring System

This dashboard aggregates PES event planning and attendance data for KIPAC programs and activities.

# Activities # Hours # Partner Orgs # Participants

involved with activities duplicated counts

5 10 5 880

What the public does What KIPAC staff do
S activ iring the

ES activity

# activities

What the public does What KIPAC staff do

Figure 4. Sample figures from KIPAC’s PES summary dashboard that tracks key statistics and
engagement aspects of individual PES events.

3.3 = Challenges & solutions

As elaborated in this article, strategic planning is vital for effective PES, but integrating these
plans into the culture of research organizations like KIPAC can be complex. A major issue is
moving from raising awareness of the strategic plan to active adoption in practice.
Specifically, scientists need data as compelling evidence to motivate action. Fortunately, we
now have just sufficient evaluation data to demonstrate the importance and positive
outcomes of our PES efforts driven by the strategic planning process. Regularly sharing
these data, particularly for proposal writing purposes, will encourage scientists to fully
integrate the plan (including the adoption of tactics) in their PES activities.

Another challenge is balancing the need for thorough evaluation against the practicality of
data collection tools such as surveys. While it is important to measure outcomes based on
the strategic plan, there is a need to keep surveys concise and accessible to avoid survey
fatigue and ensure high response rates. As an example, trust is a complicated construct that
is made up of multiple dimensions [i.e., ability, goodwill/benevolence, expertise; Besley et al.,
2021]. In an attempt to balance intervention and survey length, we are currently measuring
only one dimension of trust (goodwill/benevolence) as part of our evaluation.

Furthermore, sustaining these strategic planning and evaluation efforts can be challenging,
especially with the consultant team’s contract ending soon. To tackle this, we are designating
the final year of the contract as a “transition” period, during which the OEM will take on more
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evaluation responsibilities, with the consultant team serving as a resource and developing
sustainable evaluation infrastructure to ensure a smooth handover.

Lastly, sustaining the OEM position in the long term is critical, especially given its role
integrated into all PES-related efforts. We are actively pursuing funding opportunities to
support this position, exploring research grants led by individual PIs as well as those
multi-institutional, collaborative grants that require a substantive PES component.

4 - Summary & recommendations

In this paper, we have presented the framework upon which KIPAC has based its strategic
plan for PES, and discussed the dimensions and implementation of such a plan. It is
important to note that, while we used KIPAC as an example, the consultant team has
implemented similar strategic planning processes with other research organizations; the
planning and alignment processes shared here have successfully transferred across
organization types. KIPAC is furthest along in its alignment to and implementation of its
strategic plan, and we still have much to learn. We hope the initial lessons shared here will
guide PES practitioners as they consider evidence-based effective practices.

We recognize that not every HEIs or department has available funding, expertise, and staff to
build a strategic plan from scratch [Sorensen et al., 2024], but there are major ways that
HEIs can be more strategic and intentional with their PES effort to maximize their impact.
Below, we summarize how similar work can be implemented more broadly to enhance PES
and community engagement in higher education at three different levels.

1. Scientist/Individual Level. Scientists are encouraged to identify personal goals for
public engagement and align them with available PES programs at their institution
when possible. For example, scientists and PES practitioners could choose one
audience-specific behavioral goal from the GOTOG framework (Figure 2) and then
consider the shorter-term objectives and tactics that are most likely to help them
achieve those goals (Figure 1). We recognize that it is challenging for scientists to
make evidence-based decisions according to science communication literature; the
series of Practice Briefs may be a good starting point as it covers the basic information
about each element of the SCRREE Framework.

Evaluation data (typically provided by event organizers) can also be useful for
practitioners and scientists to consider whether they have achieved the objectives they
intended through the PES activities. Reflexive practitioners and scientists will also
benefit from thinking about the ways their PES experiences are improving their PES
practice and their science.

Finally, personal goals and institution-level PES programs can build on each other. For
example, scientists can propose expanding a PES activity in the “broader impacts”
section of research proposals, using institutional resources and evaluation data to
demonstrate feasibility.

2. Program Level. Having clearly defined program-level goals enables program
managers to prioritize and make strategic decisions about where to invest to be most
effective. Since no individual, program, or institution has unlimited time and resources,
it is important to focus on activities that align with the program goals and priority
audiences. Clear goals help managers recognize when opportunities do not fit the
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overall direction, allowing them to say “no” and avoid overextending themselves or
dedicating resources and efforts to activities with minimal impact.

Assessment should not be treated as an “afterthought.” Too often, PES activities are
designed based on intuition rather than based on the use of evidence-based tactics.
Tracking the use of tactics through outputs can be a useful way to guide the intentional
design of PES activities and the use of evidence-based tactics, in particular, optimizes
the likelihood of success for practitioners and audiences alike. For example, program
organizers are encouraged to share the lists of evidence-based tactics with the
scientists they work with and note those tactics that the scientists tried to use as part
of their engagement. Engaging and preparing the presenters can effectively support
the evaluation of tactics, especially when the goals and objectives have been set.
Program managers should also use program-level objectives to help identify evaluation
measures that can be used to measure progress over time, both for individual events
and for the program overall. When possible, we recommend using existing scales that
have validity evidence rather than creating survey items from scratch. A number of
repositories provide examples of existing scales, and many cluster scales by construct
and age group.

. Institution Level. HEIs and departments are strongly encouraged to develop their
own strategic plan and secure leadership support for PES. Strategic planning not only
provides a unique opportunity to define desired outcomes with specific groups of
audiences on an institutional level, but is also an internal reflection process to gather
inputs from individual scientists, key stakeholders, and the leadership. Having
individual voices reflected in the plan helps build a sense of community and ownership,
which motivates scientists to adopt and follow the strategic directions. Leadership
buy-in is crucial for emphasizing the importance of the plan and encouraging faculty
and senior researchers to engage — from early discussions through the adoption of the
plan and related PES activities, particularly in ways that benefit their groups. Such a
plan also has the potential to guide and strengthen the “broader impacts” of individual
grants, if they are written to align with and be supported by institution-level strategy.
Strategic plans are supposed to be a living document that needs to be reviewed and
updated to reflect new insights, opportunities, and challenges. We recommend
reviewing progress as an internal team on a quarterly basis to reflect together about
what has been accomplished to date, and the next steps needed. Our team has been
working to implement and reflect on the plan for two years. In so doing, we have made
very minor updates to the plan thus far, mostly to add minor details that we missed in
the first draft. Looking ahead, we anticipate that a comprehensive review and edit of
the plan may be warranted every five years based on what has been accomplished to
date, organizational priorities that may shift over time, and updates to the literature
that should inform evidence-based strategy. By maintaining a dynamic and adaptable
plan, the institution can respond to changing needs and priorities, ensuring sustained
engagement and impact.

In closing, we also would like to advocate for more PES researchers and practitioners to
partner together to apply and explore research in practice. Though not the focus of the
current paper, applying the GOTOG framework to guide strategic planning and evaluation
efforts has resulted in an additional focus on the evaluation of tactics as a critical
component of the framework. We are also beginning to understand the benefits and limits of
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tracking the use of tactics in PES activity design and implementation. More work is needed
to explore the use of conceptual PES frameworks in action. We hope this practice insight
provides examples of how this kind of work might be done, and the learning that can be
gained for PES practitioners and researchers alike.
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A - Survey questions and training outline

Training in Science Communication and Science Storytelling

Training Overview

3interactive workshops for N=20-30 early career KIPAC researchers
Date: Friday, Apr 26

Schedule
e 1:00-2:15pm, Part 1, SciComms 101: How to give an engaging talk
subtopics: structuring an engaging public lecture, building trust
o 15 min break
e 2:30p-3:45pm, Part 2, Tailoring your talk for specific audiences
subtopics: consider your audience, matching stories to motivations, intentional slides
o 15 min break
e  4:00pm-5:00pm PT, Part 3, How to gain confidence in public speaking
subtopics: cultural relevance, authenticity

Part 1, How to give an engaging talk (75min)

subtopics: structuring an engaging public lecture, building trust
Session outline (1:00-2:15p)

o 1:00-1:12p Welcome, Audience think/pair/share - co-define engaging talks
m  Grant talks are background setting up your research, hypothesis, aims, results
methods, conclusions, next aims
m lalks are context for your question, conflict (why this question, why now, why
for the community), the solution you're working towards, vision of shared
future
o 1:12-1:25p Framework - goals/trustwor thiness/relevance
m  Audience-specific goals
m Identify audience motivations
m  Competence & Trust
m Howtouse astory spine; engage interest at different stages
o 1:25-1:35p Improv to demonstrate connectedness; What goes into a good public
interaction
o 1:35-1:50p Remind them of the goal they articulated. Revisit the story spine
m  10mintocraft anoutline for your talkwith your audience-specific goals in
mind, your values and motivations. Individual activity. Play music.
o 1:50-2:05p Looking inward; reflexivity for your goals
m  8min for think pair share
m  5-7min Group think
o 2:05-2:15p Q&A

Figure 5. Outline (above) and example agenda (bottom) of an in-person science communication
training session for KIPAC members. The training materials were co-developed by a professional
science communication trainer Thi Nguyen and the OEM with key inputs from the consultant team,
emphasizing the “trustworthiness” goals in the strategic plan. (Credit: Thi Nguyen).
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Table 2. Post-event survey questions and response scales for the KIPAC public lecture program. The
survey collects data across various dimensions, including summative (satisfaction, trustworthiness)
and formative (topical, programmatic) data and demographics.

Categories

Questions and response scales

Satisfaction

m Overall, how satisfied were you with the presentation?
(scale 1-19)

m Why did you give the above rating? (open-ended)

Trustworthiness

m How much did the speaker seem to care about helping
others? (5 point likert scale)

m How open-minded did the speaker seem? (5 point likert
scale)

m How much did the speaker seem to consider others’ point
of view? (5 point likert scale)

Formative assessment;
for event organizers
(optional response)

m If you participated in person/online, was there anything
that prevented you from getting the best experience out of
this event? (select all that apply)

m What other astrophysics-related topics would you like to
learn about in future lectures? (open-ended)

Learning goals; to be shared
with the speaker (optional)

m What was the most exciting/interesting thing you learned
from the lecture? (open-ended)

Demographics
(optional response)

m What is your gender? (multiple choice)
m Which age range are you? (multiple choice)
m What is your ethnicity? (select all that apply)

m What best describes your current role
(K-12 student/teacher/parent,
Stanford faculty/staff/student/alumni)?
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