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The dissemination of scientific knowledge to the public, policymakers, and
practitioners is crucial, particularly in democratic societies. Brokers, intermediaries,
and boundary spanners (BIBS) facilitate this transfer through relationship-building
and capacity development. Social media, widely adopted globally, provides BIBS
with an important platform for engagement. However, current metrics, such
as reach, inadequately measure the impact of these efforts on behavior and
societal change. A Science Communication in Social Media Theory of Change
(SciSM ToC) framework is proposed to align social media goals with appropriate
evaluation methods. By integrating theory-based evaluation and strategic
communication approaches, this framework provides a systematic process for
planning, implementing, and assessing social media campaigns by BIBS. The SciSM
ToC delineates inputs, activities, outputs, and outcomes, culminating in societal-
level impacts. It incorporates established behavioral change models, such as the
COM-B model, to address capacity factors (capability, opportunity, motivation)
and emphasizes engagement as a dynamic, multidimensional process. Metrics
are proposed to evaluate cognitive, affective, and behavioral changes, integrating
practical tools like platform analytics and surveys. The framework allows for
iterative evaluation, ensuring alignment with long-term goals and adaptation to
diverse audiences. While limitations include its generalizability and exclusion of
specific message design guidance, the SciSM ToC provides a flexible, practical
tool for BIBS to maximize their social media effectiveness.

KEYWORDS

audience engagement, brokers intermediaries and boundary spanners, science
communication, social media evaluation, strategic communication, theory of change

1 Introduction

The ability to transfer research evidence and implications from the producers of research
to practitioners, policymakers, and the public is a major concern, especially in democratic
societies where the electorate must make decisions involving scientific knowledge and
understanding (Motta, 2024). This transfer involves individuals and organizations from many
science-based disciplines, collectively referred to as brokers, intermediaries, and boundary
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spanners (BIBS). BIBS are involved in the dissemination of research
evidence, building capacity for scientific understanding in the public,
and relationship building between researchers and the public (Neal
et al,, 2022). BIBS can be individual researchers, non-governmental
organizations, governmental bodies, university centers, or any
individual or organization with an explicit goal of helping move
scientific knowledge into the public. BIBS operate in complex social
environments with often subtle, gradual, and difficult-to-evaluate
goals (Posner and Cvitanovic, 2019), involving knowledge transfer
(Smedlund, 2006), but even more so encouraging better use of
knowledge in decision-making processes (Van Enst et al., 2017) to
lead to positive social change (Maag et al, 2018); facilitating
relationships between different stakeholder groups impacted by the
creation and use of knowledge (Bornbaum et al., 2015); supporting
innovation in processes and technologies (Bornbaum et al., 2015;
Feser, 2023); and increasing trust in research and knowledge
production (Posner and Cvitanovic, 2019).

The worldwide adoption of social media by NGOs (Nonprofit Tech
for Good, 2019), governments (CivicPlus, 2022), and businesses (Balan
and Rege, 2017) has helped to facilitate this process to some extent
(Wilkinson and Weitkamp, 2013). As of October 2024, 64% of people
worldwide were active social media users, a 5.2% growth from the
previous 12 months, with the average user spending nearly 2.5 h on
social media each day across several different platforms (Kemp, 2024).
Given the importance of social media for the average individual, it is
unsurprising that most BIBS use social media communication to help
achieve their mission-related outcomes (Arts et al., 2015). In a study
of 130 global conservation-based non-profits, Kim et al. (2024) found
that 97% were using social media to communicate with the public.

Despite increasing use of social media by BIBS, there is little
guidance to support effective approaches for the development of
content, nor measurement of efficacy. When evaluation of social media
efforts is reported by BIBS, it most commonly involves the number of
people outside the professional scientific community exposed to
content, a metric referred to as reach (e.g., Adetunji and Renoe, 2017;
Kim et al., 2024). While reach is a useful metric, it can contribute to a
demonstrated bias in science communication referred to as the Deficit
Model, in which science communicators can believe that mere
exposure to scientific content is enough to achieve their goals with the
public (Simis et al., 2016), and thus communication efforts included as
“broader impacts” in grant-funded projects often lack measurement
details (Nadkarni et al., 2019; Watts et al., 2015). Reach metrics do not
provide any information about how social media interventions are
working to affect change, why they may/may not be working, or the
processes occurring to influence change in the audience. Further, they
focus on outcomes rather than impact, which is essentially the
comparison of the factual situation (what actually happened with the
intervention) with the counterfactual (what would have happened
without the intervention) (Lewis, 1973). This comparison is challenging
to address for cross-disciplinary entities like BIBS (Belcher et al., 20205
Pressey et al., 2021), and in most cases, statistical and experimental
approaches to causal inferences aren’t appropriate or feasible.

In this piece, we present a framework that merges theory-based
evaluation methods commonly used in the sciences with evaluation
techniques developed in strategic communication to provide a process
for BIBS to match their goals with appropriate ways of evaluating
progress. We will proceed by explaining the approach behind theory-
based evaluation and its congruency with social media planning,
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followed by an explanation of theoretical approaches to social media
engagement relevant to BIBS, and conclude by presenting the Science
Communication in Social Media Theory of Change (SciSM ToC)
evaluation framework, which details appropriate measures for
evaluating BIBS’s social media efforts at particular phases of the
engagement process. Our purpose is to provide a sustainable method
of evaluation for BIBS when focused on social media.

The model proposed in this paper grew out of the authors’
involvement in BIBS, specifically a student-led social media effort to
communicate about duck nesting research in the Prairie Pothole
Region of North America (Cavanah et al., 2023), sponsored by several
U.S. science agencies, the University of North Dakota, and the
nonprofit conservation organization Ducks Unlimited, Inc. Students
were trained in both biology and science communication, but the
team discovered that despite growth in followers on social media and
several “viral” posts, it was difficult to gauge if the effort was meeting
its true goals of influencing public awareness about the value of
wetland and grassland conservation and balanced ecosystems in ways
that could lead to public action.

1.1 Social media campaigns within the field
of communication

In the communications industry, social media campaigns are
planned using systems, such as one referred to by the acronym
ROSTIR (Luttrell and Capizzo, 2020). A campaign begins with
research around the issue, then the setting of a measurable objective,
followed by the development of strategies and tactics that are expected
to meet the objective, which are then implemented. In the last stage,
all efforts are re-evaluated and assessed. Objectives are ideally chosen
because of their ability to support broader organizational goals
(Goldberg and Gustafson, 2023). This approach is a path for strategic
communication in the general sense (Plowman and Wilson, 2018).
However, it is not suited to the special needs and approaches of BIBS.

Unlike more traditional general social media campaigns, BIBS are
often engaged in sustained progress toward large social goals (Maag et al.,
2018; Posner and Cvitanovic, 2019), and their campaigns can extend for
much longer periods of time, meaning they would benefit from more
regular evaluation and maintenance, rather than evaluation at the end of
a campaign. BIBS are also likely to be working with a smaller, defined
audience that would encompass only part of the population needed to
effect change (Maag et al., 2018; Posner and Cvitanovic, 2019). Most
BIBS operate with the understanding they are part of an informal
consortium attempting to inform and persuade the public to move
toward research-backed positions and behaviors (e.g., Bornbaum et al.,
2015; Rodway et al, 2021). BIBS also often work with complex
information that needs to be tailored based on the existing knowledge,
attitudes, and behavior of the audience (e.g., Cavanah et al., 2023;
Dawson, 2018; Wolsko et al., 2016). Because of these factors, BIBS’s social
media efforts would benefit from more structured measurement within
the implementation of the campaign, such as in theory-based evaluation.

1.2 Theory-based evaluation

Theory-based evaluation can be used to address the need for a
more holistic, context specific, and adaptive approach to interventions
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and their impacts (Rice et al., 2020). Theory-based evaluation focuses
on both the intervention, its effectiveness, and the causal mechanisms
and contextual factors hypothesized to drive changes caused by the
intervention (e.g., Chen, 2012; Coryn et al., 2011). While most well-
established in public health (Lawless et al., 2017), the concept has
become applied more frequently throughout the BIBS disciplines (e.g.,
Belcher et al., 2017; Rice et al., 2020; Smallhorn-West et al., 2022;
Zuercher et al., 2023) and aligns well with BIBS’s need to demonstrate
progress toward their missions/goals and assess/evaluate how certain
actions connect or drive this progress. We use the theory-based
evaluation Theory of Change (ToC) framework (Weiss, 1997) to
propose a generic pathway for BIBS to evaluate their use of social
media in terms of progress toward mission and organizational goals.
Rather than focusing on whether interventions promote improved
outcomes, the ToC framework examines the assumptions that are
made in the strategies developed to achieve program outcomes. This
facilitates a greater understanding of why certain activities do or do
not promote desired results and outcomes and provides better
feedback regarding what types of revisions might be needed. Theory
of change frameworks usually include descriptions and assessments
of the context, long-term change expected, the process and sequence
of change, and assumptions about how the change is expected to
happen (Douthwaite et al., 2020).

2 Theoretical foundations

The SciSM ToC assumes that BIBS’ ultimate goals will relate to
behaviors or behavior change, either at the individual or societal level.
Following Michie et al’s (2011) Capability, Opportunity, and
Motivation Behavior Model (COM-B), which was developed to

10.3389/fcomm.2025.1534363

synthesize multiple behavior-change theories into a form more
suitable for practical interventions, we assume that in order for
individual behavior changes to occur a person would need to
be physically (e.g., age) and psychologically (e.g., knowledge) capable
(C) to use opportunities (O) via motivators (M) that are reflective
(e.g., goals) or automatic [e.g., emotion: (Barker et al., 2016): Figure 1;
Box 4]. Here, opportunity is defined as all factors outside an
individual’s sphere of influence that drive or prompt behavior (Michie
et al., 2011). Within the SciSM ToC framework these factors interact
to influence behavior change, which has a feedback effect on capacity
(Figure 1; Box 4, F1). We anticipated social media interventions would
need to target one or several aspects of an individual’s capacity for
change before being able to observe the behavior changes listed above,
and that interventions should be conceptualized through the lens
of engagement.

Engagement is “a dynamic multidimensional relational concept
featuring psychological and behavioral attributes of connection,
interaction, participation, and involvement, designed to achieve or
elicit an outcome at individual, organization, or social levels,
(Johnston, 2018: 53). Further, engagement is simultaneously an
individual psychological state and an individual-to-social process,
including dimensions such as: collectively held beliefs and behaviors
that emerge from interaction (orientation); interactions and
connections that precede or stem from engagement (experiences);
participation in joint activities; collective action; and intention or
readiness to act (Johnston, 2018). In short, BIBS’s social media efforts
can spur a process that starts with engagement at the individual level,
cultivates and increases that engagement, and contributes to the
social-level impacts BIBS seek to achieve. Centering engagement as
the propelling force in the SciSM ToC mirrors its status as the
pre-eminent concern of content creators (Santos et al., 2022).
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FIGURE 1

Science Communication in Social Media Theory of Change (SciSM ToC) components with related goals, metrics, and assumptions.
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Engagement has also been centered in science communication. For
example, Rowe and Frewers (2005) definition of engagement is
defined by the directions communicators can take: (1) conveying
information; (2) asking for public consultation and feedback; and (3)
engaging in dialogic, two-way communication with the public (e.g.,
Habibi and Salim, 2021; Hargittai et al., 2018). Social media is a
medium that allows for all three directions to take place
simultaneously. Effective use of digital technology like social media
can allow for a fuller embrace of true public engagement around
science (Brossard and Scheufele, 2013), something that has been more
difficult for scientists and science communicators to achieve, despite
their beliefs in its value (Besley et al., 2019; McKinnon and Vox, 2014;
Fihnrich et al, 2021). In this way, our conceptualization of
engagement is most aligned with the participatory or public
engagement views of science communication (Metcalfe et al., 2022;
Rowe and Frewer, 2005). Our framework is focused on measurement
of ‘audience’ outcomes, but the assumption is that effective science
communicators will be using the social media best practices of
creating and engaging in dialogue with the audience, respecting and
engaging with public views, and creating ways for the public to
participate in the creation and spread of scientific knowledge
(Fahnrich et al., 2021; Habibi et al., 2014).

As with the theoretical underpinnings of the SciSM ToC,
we similarly synthesize evaluative metrics from various related fields.
We adopt the approach of social media engagement being delineated
into cognitive, affective, and behavioral forms from consumer
marketing research, as well as established forms of measurement
(Santos et al., 2022). We build upon Habibi and Salim (2021), who,
following Rowe and Frewer’s (2005) conception of science
communication public engagement, create a hierarchy of social media
engagement based on metrics to reflect increasing levels of
engagement. We merge this with Johnston’s (2018) hierarchy of
engagement to create the final measurement approach. The goal of
measurement suggestions in our ToC is to provide maximum
efficiency. We defer to quicker, less resource-intensive methods such
as dashboard analytics where they are appropriate, and reserve
intensive, off-platform methods such as online surveys for stages
where more complex data are required to evaluate progress toward
the goal.

3 The BIBS science communication in
social media theory of change
evaluation framework (SciSM ToC)

We conceptualized a ToC for a generic BIBS social media
campaign, working backwards from the desired intervention’s impact
to the inputs required for the intervention to take place (Fig, 1). The
elements typically represented in theory-based evaluation models
include inputs, activities, outputs, initial outcomes, intermediate
outcomes, and long-term outcomes or impacts. Outputs are often
described as the immediate result of actions; outcomes are the
anticipated changes. Initial outcomes are changes in knowledge, skills,
abilities; intermediate outcomes are classified as behavioral changes
(Coryn et al., 2011). If the intermediate steps in the model are well
specified, they can serve as indicators of progress (Belcher et al., 2024).

In the SciSM ToC, impacts consist of the group- or societal-level
behavioral change most often considered the goal of public
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engagement around scientific concepts, including legislative and
policy changes (Figure 1; Box 5). Outcomes cover the strengthening
of individual cognition and affect [i.e., emotions; in the case of social
media, emotional reactions (Zajonc, 1984)] toward the BIBS’s goals,
as well as changes in individual-level behaviors (Figure 1; Box 4).
Outputs cover the part of the process where individuals acquire new
information from the social media content and begin to experience
changes in attitudes and affect around topics (Figure 1; Box 4).
Activities include any undertaking that involves the actual creation
and distribution of social media content, and inputs include resources
BIBS control that can be used during the entire process (Figure 1; Box
1-2). Our framework allows for measurements during each part of the
process that can track progress, test assumptions, diagnose issues, and
recalibrate to better position for success (Figure 1). Below we describe
components of the ToC, related assumptions, recommendations for
goal-setting, and approaches for measuring progress. As with Mayne
(2023), we identify two different types of assumptions in our ToC:
cause-effect and causal-link assumptions. The former are assumptions
that there is a connection between an activity or outcome and a result
while the latter are assumptions about what conditions need to be in
place for a causal link to occur.

3.1 Impact

In developing our ToC we began by identifying a generic desired
impact (Figure 1; Box 5), which we described as an organizational- or
societal-level change in behavior included in a BIBS organizational
goal. This aggregated level of behavioral change would occur only
assuming individual online or offline behaviors are widespread
enough to affect larger-scale collective action. We base this assumption
on the current body of literature regarding collective action in offline
behavior and how social media can support online collective action.
Social media has a well-known role in community building, norm
formation, and the development of shared realities (Greijdanus et al.,
2020). For example, despite fears of ‘slacktivism’ or ‘armchair advocacy’
(Biissing et al., 2019; Kubo et al.,, 2021), some studies have postulated
these types of supporters can help stabilize the flow of financial
support and lead to new social norms online (Takashina et al., 2023).
Further studies have emphasized the importance of context, both
political and social, in the effect social media have on spurring
collective action (Wolfsfeld et al., 2013), which underscores the utility
of an approach like ToC that focuses on contextualizing connections,
outcomes, and assumptions.

Measuring progress toward a desired impact like organizational-
or societal-scale behavioral change can be challenging. Goals and
associated metrics can cross a boundary between individual and
group/societal levels because of the ways individual-level engagement
creates social-level engagement. This results in the largest breadth of
possible appropriate measures in the SciSM ToC framework and the
largest potential range of engagement. For instance, a BIBS goal may
be to enact a governmental policy change, in which an initial direct
measure of success may be the introduction of a bill and a final
measurement being the passage of the bill. For these types of goals,
most measures are largely dichotomous direct measures of specific
events; they either happen or they do not. While social media can be a
contributing factor in these results, it is not likely to be the sole factor.
Thus, a purist in counterfactual thinking could argue the impact of
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said social media campaign was low or non-existent. However, the
SciSM ToC framework assumes these impacts are the end-result of a
cumulative multi-stage engagement process that can activate through
social media content. Mass behavior like voting for initiatives and
legislation that is either informed by scientific understanding or
supports the continuation or extension of science and research in
societal life are also direct measurable impacts. Measurement of voting
can occur either at the individual level—through off-platform self-
reports on online surveys or platform polling features—or at the
aggregate through election results. Many other measures of impacts
will also involve behaviors, either at the individual or social level, and
are best measured through direct means or through off-platform self-
reports, like measures of outputs and outcomes.

3.2 Outputs and outcomes

In terms of affecting and measuring change, the boundary
between outputs and outcomes in the SciSM ToC is porous (Figure 1;
Box 4). Outputs might best be considered the most immediate
deliverables from inputs and activities, laying the cognitive
groundwork for eventual behavior change, while outcomes finish this
process and capture the lower-effort behaviors that lead to the more
large-scale changes BIBS target. BIBS might assess progress in this
process through dashboard polling features, or off-platform online
surveys, interviews, or focus groups. Individual behavior changes
influenced by social media content are often more observable and
measurable than large-scale social changes, and in some campaigns,
changes in individual-level behavior change may be the goal.

Targeted behaviors may include in-person or virtual attendance
at events sponsored by BIBS, such as forums, town hall meetings, or
fundraising events. Behavior may also be changes to individual
routines, such as increased home recycling, purchasing more
environmentally friendly consumer goods, or choosing to conserve
home energy use during peak energy periods. Particularly for
organizations, targeted behaviors can also include individual-level
donations, volunteering for specific events like waterway cleanups, or
individual involvement with BIBS boards and committees. The most
accurate measurement for behaviors will be direct observation, even
if these measures will not include data on the motivations or
antecedents behind individuals’ participation, including any
connection to or influence from social media content. However,
including brief off-platform surveys at the point of the targeted
behavior that capture participants’ exposure to creators’ content can
help shed light on the connection between the social media campaign
and the measured behavior. For behaviors that occur in more private
settings, self-reports gathered through off-platform online surveys can
capture a wider range of behaviors, as well as associated concepts like
attitude and affect. For simple measurement of individual behavior,
platform polling features can be a quick measurement tool. Polling
functions usually involve a multiple-choice or binary-choice
interactive feature and can be used to gauge frequencies of single items
in account followers.

Alternatively, BIBS might focus exclusively on posting content
that influences individuals’ affect or attitude, with the intent to build
toward behaviors through the engagement process. Both approaches
would, according to the COM-B behavior change model (Michie et al.,
2011), have an influence on the motivational component of capacity.
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None of these are mutually exclusive, of course. One intervention can
quite possibly be developed to address all three latent components of
capacity and, ultimately, behavioral change (Mayne, 2017). BIBS may
want to target just one of these outputs or a combination. Measurement
will vary based upon the output targeted, and benchmarks for
campaign success should be established before a campaign begins.
Here, we will address measurement for output-related goals in three
categories: (1) Understanding (C); (2) Attitude change (M - reflective);
and (3) affect (M - automatic).

3.2.1 Understanding

At the foundation of all communication goals with the public is
some level of understanding. We propose a hierarchical structure to
thinking about these types of goals that starts with basic awareness of
a BIBS or issue (Mueller-Herbst et al., 2020); moves up to individual
mastery of knowledge, particularly of scientific concepts (Laugksch,
2000); with the highest level being understanding, or the ability to
incorporate that knowledge into aspects of an individual’s life or
societal functioning (Miller, 1983). Measurement is simpler at the
lower levels. For awareness, simple polling functions found on most
platforms can measure followers’ perception of individuals,
organizations, or scientific concepts. These features may also
be sufficient for measuring more concrete and discrete knowledge.
After distribution of content, asking followers to indicate their recall
knowledge using polling can give a sense of whether content is
effective in transmitting knowledge.

For goals that involve more extensive knowledge uptake and
contextual understanding, direct measurement on social media is
difficult. Instead, using social media to recruit followers to participate
in off-platform established forms of data collection is more
appropriate. The most efficient will be constructing online surveys to
measure participant awareness, knowledge, and basic understanding.
However, when issues are difficult to contextualize into individual
knowledge, the best measurement may come from less generalizable,
but more contextually rich, qualitative methods such as in-depth
interviewing and online or in-person focus groups. A useful heuristic
is considering whether the data sought are exploring something
unknown about how the audience is understanding a particular issue
or whether the data is meant to confirm that the audience is
understanding an issue in a specific way. For instance, in the case of
BIBS using social media to increase community involvement in the
clean-up of a local waterway following a chemical spill, exploratory
methods such as focus groups or interviews can help the BIBS
understand how the audience is thinking about responsibility and
efficacy in the cleanup. However, if BIBS in the same situation were
more interested in establishing that the audience understands the
process and timeframe required for the clean-up project, a
confirmatory method like a quantitative survey could diagnose
specific areas where the audience is lacking understanding. Both
methods for collecting data on understanding would then allow for
any needed modifications in the content of the BIBS social
media campaign.

3.2.2 Attitude change

A central feature of persuasive communication is to create
attitude change in the audience (Vogel and Wanke, 2016).
Individual communicators can differ on the cognitive mechanisms
behind attitude change, but measurement of that change is
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relatively consistent (Vogel and Wanke, 2016). One aspect that
should be addressed early in the process is that measuring attitude
change will require measurements at multiple points in time,
ideally before and after content is distributed. Preliminary research
into social media audiences of science accounts and science
communication in general show that these groups often already
have high levels of scientific knowledge, as well as positive attitudes
toward science-related issues (Cavanah et al., 2023; Metag, 2020;
Metag et al., 2018; Metag and Schifer, 2018). Understanding
existing audience attitudes can allow for a more efficient campaign
that can skip laying a foundation of knowledge or further
influencing attitudes that are already adequate for the desired
behavior changes. For very basic measurement, platform polling
features can be employed, but should not be relied upon for
comprehensive insights into attitude change in the audience. For
instance, if a BIBS is interested in changing perceptions on the
value of predators in ecosystem maintenance, polling followers
prior to and following a campaign featuring content on the value
of predators can give an indication of the success of the campaign
in changing attitudes. Tracking changes in the applause rate
(Mukesh and Rao, 2017) on posts may also give an indirect
measurement of attitude change. The applause rate adds all
platform metrics that are collected when individuals interact with
content in ways meant to show positivity. These vary by platform,
but generally collect a measure of positive sentiment, and include
“+1” on Reddit, likes on Facebook, favoriting on Instagram, and
other similar platform behaviors. The total approval actions for a
post are divided by the total number of followers and multiplied by
100 to calculate the applause rate percentage. An increase in this
percentage over the course of a campaign could be an indirect
measurement of attitude change among followers. However,
understanding more complex or more detailed attitude changes
will require off-platform measurement. This would be most
efficiently done through online survey instruments, which also
would allow for more specific and detailed measurement of
different facets of attitudes (Vogel and Wanke, 2016).

3.2.3 Affect

Emotional response is viewed as an important precursor to
behavior (Baumeister et al., 2007). For goals that involve evoking
emotions in the audience, many of the same measurements used for
attitude measurement can also be appropriate. This would include
platform polling features and tracking the applause rate. For
campaigns using Facebook as a platform, measurement of six
specific reactions including positivity (“like” and “love”), humor
(“haha”), surprise (“wow”), sadness (“sad”), and anger (“angry”) are
currently available. Measuring affect would also be the appropriate
place for the use of sentiment analysis (Rambocas and Pacheco,
2018), a digital media industry technique that uses artificial
intelligence to analyze comments made on social media connected
to certain terms to give an overall measurement of positivity versus
negativity. It should be noted that it is possible to conduct sentiment
analysis through traditional content analysis using human coders,
but the time, effort, and resources involved would make this less
efficient than machine coding and analysis. Several social media
management systems allow users to access automated sentiment
analysis, with more advanced systems allowing for the ability to
parse sentiment on the sentence level for more nuanced
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measurement. Many paid services offer sentiment analysis to
clients, and some offer free limited access. Affect can also
be measured through traditional off-platform self-report methods,
such as online surveys, in-depth interviewing, and focus groups.

3.3 Distribution

Many campaigns run under the assumption they will
automatically be contacting the intended audiences with their
messaging efforts (Figure 1; Box 3). However, the actual
distribution of content to end users is a complicated process that
occurs through a ‘black box’ of algorithmic choices made for each
individual user (Narayanan, 2023). Content selection algorithms
are proprietary and often considered the actual ‘business’ of a
social media platform, with the quality of the algorithm dictating
the overall financial success of a platform (Wu and Zhu, 2024).
Based on a platform’s algorithmic parameters, variables such as
user profile settings, past content engagement, and overall
engagement with specific content will be used to determine which
content a user sees in their feed, all with the goal of maximizing
user time on the platform (Narayanan, 2023). Because of this,
professional content creators and brands focus on boosting
engagement with their content (Hollebeek et al., 2014; Influencer
Marketing Hub, 2024), thus driving industry to move away from
building large follower counts and toward boosting engagement
metrics (Hutchinson, 2024). As of the time of this writing, many
social media industry experts have noted a shift toward more
artificial intelligence selection of content for users, privileging
predicted content engagement over user connections on the
platform (Narayanan, 2023).

Reach is a common dashboard industry metric that captures
the scope of distribution and is often used as the heuristic metric
for overall content success in evaluations of science
communication on social media (Mukesh and Rao, 2017).
However, the SciSM ToC uses reach only as a diagnostic tool for
distribution, as reach does not capture effects in the audience.
Reach is typically the number of users who had the content appear
in their visible feed, but can also involve more complicated
breakdowns, especially if a creator pays for more advanced
analytic options or chooses to engage in paid content promotion.
On most platforms, creators can boost reach to certain
demographic categories by paying a fee to the platform. Related
to reach is impressions, a dashboard metric that tracks the overall
number of times content was displayed, thus capturing repeated
exposure to content for some users. More complex measures of
distribution may also be useful for BIBS with larger social media
presences. The amplification rate is a dashboard measure of how
much the original audience for content is spreading that content
to others, through shares, retweets, repins, and other platform-
specific features. A slight difference in calculation results in the
virality rate, a dashboard metric that substitutes impressions for
follower counts in the same formula. Finally, for video-based
content, a useful dashboard measure that starts to bridge from
measuring exposure to measuring understanding is watch time.
Most platforms that allow for video-based content include this
measure at the individual-post level. At its most basic, watch time
will report the average time users spent watching a video before
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moving on to other content or leaving the app. More detailed
measurement systems, such as on YouTube, will allow for second-
by-second reports of which points of the video were most watched
or where users were most likely to leave the content.

3.4 Activities

We define activities as any task directly involving the creation
and/or distribution of social media content (Figure 1; Box 2). Most
metrics of success in this stage of the SciSM ToC framework are not
about effectiveness of social media messages but instead measuring
the actual production and quality of the content. Content
production measurements are fairly easy to conduct, often focused
on counting the quantity and timing of posts produced and
available through platform dashboards. These may also
be subdivided into goals for number and timing of posts designed
to influence aspects of the audience, such as awareness and
attitudes, or covering specific content areas. This also covers efforts
to engage in discussion with the public or to inspire discussion
within the public. Measurements for activity will mostly involve
elements of content analysis—from the basic counting of content
within a particular time period to more complex systems of coding
characteristics of that content (See Riffe et al., 2023). For discourse,
measuring the comment rate can be a useful metric. This is done by
dividing the number of comments generated in a series of posts by
the number of posts in the series. Failure to meet these goals should
prompt a reassessment of the campaign’s initial activities. However,
measuring activities cannot be connected to measurement of actual
campaign goals. The existence of content or discussion—even
quality content and discussion—is not a guarantee of changes in
the audience.

3.5 Inputs

As BIBS can often be smaller operations—or even single
researchers—this framework was developed to support minimal
inputs to achieve attainable goals. Common-ground inputs
we anticipated included the money, time, materials, and equipment
needed to execute the social media campaign (Figure 1; Box 1). These
are all measured directly.

4 Conclusion

BIBS have taken on a larger and more important communication
role as information systems have shifted from legacy media to direct
communication with audiences. Social media has increasingly become
a site of knowledge transfer, relationship building, and public
discussion in the digital media age. Social media allow BIBS a breadth
of communication activities to a larger potential audience, but also
shifts the responsibility for successful management away from media
professionals to personnel who may have had limited exposure to
communication theory, measurement, or techniques.

The need for BIBS to succeed in their communication
endeavors is high. Individuals in democratic societies must possess
increasingly sophisticated understandings of scientific concepts in
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order to vote in the best interests of themselves and their societies
(Motta, 2024). Municipalities, states, and countries will determine
in the coming years how they will react to climate change, legislate
around artificial intelligence, and fund continuing efforts into
foundational research, among other science-related topics.
Addressing these concerns will require an electorate and elected
officials who have an understanding and appreciation for the
scientific process, as well as understanding of a plethora of
scientific concepts, many just emerging from research. At the same
time, trust in all institutions—including those that produce
research and disseminate it to the public—has fallen to all-time
lows in several countries (OECD, 2024), including the United States
(Saad, 2023). These informational and comprehension needs can
be filled by BIBS, but only if BIBS can get the appropriate messages
to individuals at the appropriate times through the
appropriate media.

We present the SciSM ToC evaluation framework as a method to
strategically plan and assess BIBS communication methods on social
media. By following the framework, BIBS can set goals for
communication efforts to maximize impactand move beyond
measuring success in terms of reach or the quantity and timing of posts.
Even more so, our framework provides guidance on how and when to
monitor metrics of success. The SciSM ToC framework is intended to
allow BIBS to be as effective with their social media communication as
possible without the need for rigorous scholarly support.

To make the SciSM ToC framework effective in a wide variety of
practical situations, we made choices to optimize usability and
generalizability that came at the expense of other aspects. The
framework is generalized to the broad category of BIBS, which
means it may need to be tailored to more specific contexts. We do
not address the topic of message design in the framework.
Communicating about science and science-related topics has
benefitted in recent decades from an increasing focus by science
communication scholars (Guenther and Joubert, 2017). Their
discoveries about best practices in message design and engagement
strategies are too numerous, complex, and context specific to
include, but are available in the literature. It is recommended that
BIBS seek these resources out when planning campaigns. (See Kidd
et al., 2019 for a review). We also do not include specific guidance
on steps and instrument design for measurements for the same
reasons. Inclusion would require more space and could detract from
the goal of the framework to be a practical guide for planning and
managing social media communication. However, we encourage
BIBS to use methodological resources that specify steps and
concerns with the measurement methods. Basic, free online
resources are included in Table 1. Finally, the SciSM ToC evaluation
framework is focused on general concepts and measurements
common in social media platforms, but these systems continue to
evolve. Future innovations may require revisions.

Despite these limitations, the SciSM ToC evaluation framework
is a workable, practically oriented system designed specifically for
the communication needs of BIBS on social media. While we adopt
measures and methods often employed by scholars conducting
rigorous communication research, the precision and exactitude
needed for scholarly work is not required to be successful. Instead,
the framework is built to be a way for BIBS to quickly, efficiently,
and strategically understand the effects of their communication
efforts on social media. It was constructed to be adaptable to
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TABLE 1 Recommended free online resources for basics of measurement methods used in SciSM ToC.

Measurement method

Measurement type

Recommended online public resource

10.3389/fcomm.2025.1534363

ToC component(s)

Surveys Oft-platform Pew Research Center, “Writing Survey Questions”: pewresearch. | Impacts
org/writing-survey-questions Outputs/Outcomes

Polling Features Dashboard Polling.com, “How to Use Social Media for Polling (Effective & | Impacts
Quick)”: blog.polling.com/how-to-use-social-media-for- Outputs/Outcomes
polling-effective-quick

Event attendance Direct IJNET, “How reporters can estimate the number of people in a Outputs/Outcomes
crowd”: ijnet.org/en/story/how-reporters-can-estimate-
number-people-crowd

In-depth interviewing Oft-platform Pathfinder International: “Conducting In-Depth Interviews’: Outputs/Outcomes
Available on the New York Health Foundation site at
nyhealthfoundation.org

Focus groups Off-platform Center for Community Health and Development at the Outputs/Outcomes
University of Kansas, “Conducting Focus Groups”: Available at
ctb.ku.edu

Applause rate Dashboard Hootsuite, “The 21 essential social media metrics you must Outputs/Outcomes
track for success™: blog.hootsuite.com/social-media-metrics

Sentiment analysis Dashboard or Off-platform Amazon Web Services, “What is Sentiment Analysis?”: aws. Outputs/Outcomes
amazon.com/what-is/sentiment-analysis

Reach measures Dashboard Hootsuite, “The 21 essential social media metrics you must Distribution
track for success™: blog.hootsuite.com/social-media-metrics

Content analysis Dashboard or Off-platform Mailman School of Public Health, Columbia University Irving Activities
Medical Center, “Content Analysis”: Available at publichealth.
columbia.edu/research/population-health-methods

specific contexts, as well as for technological and platform shifts. As
the first comprehensive system for evaluating the effects of BIBS
social media communication, it is also constructed to
be supplemented and edited as BIBS experience in strategic
communication on social media evolves and expands.
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