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This study addresses the perception of theoretical models and the
application of evaluation indicators in the context of Public Communication
of Science and Technology (PCST) within the digital environment of
Brazilian federal universities. The model under validation was built based
on the ideal types, presenting 26 indicators for monitoring and
assessment. The results of a survey applied to communication managers
in these institutions indicate the higher relevance of Type 1 indicators
(Inform), with some institutions adopting Type 2 (Engage) indicators and,
less frequently, Type 3 (Participate) indicators. Insufficient training in social
media leads to platform-dependent evaluation. Despite being considered
relevant, consistent monitoring remains irregular and is secondary in PCST
programs.
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Introduction Technology enables real-time monitoring of conversational interactions on digital
and social networks, fostering dialogue channels. However, little is known about
monitoring channels of communication that emphasize the relationship between
science and society.

In this article, we present findings from a research study in which public
communication managers from Brazilian federal universities explored a model for
assessing the effectiveness of Public Communication of Science and Technology
(PCST) in the context of digital activities.1 PCST is defined by Burns, O’Connor and

1Due to the breadth of the studied subject, we limited our study to communication conducted in
the digital environment. We did not include face-to-face communication actions, such as printed
materials, events, and museum visits, in the assessment model.
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Stocklmayer [2003] as activities aimed at communicating scientific and
technological information to the public in an accessible and engaging manner. The
research aims to explore how these managers monitor and evaluate their activities,
identifying suitable indicators for this purpose.

In 2022, an article in the Journal of Science Communication Latin America
(JCOMAL) Aguiar Pereira and Salles-Filho [2022] introduced a monitoring and
evaluation model of PCST based on the Theory of Change (ToC) and ideal types:
Informative, Public Engagement, and Participatory. This model delineates a logical
chain explaining communication between academia and society, identifying
theoretical assumptions and measurement indicators.

Using this model, we asked communication managers to assess the relevance and
application of 26 proposed indicators [Aguiar Pereira & Salles-Filho, 2022].
Through our research, we present a profile of Brazilian federal universities
regarding PCST, focusing on their monitoring and evaluation of social interactions.
In this article, our goal is to expand theoretical and empirical knowledge by
exploring a topic often overlooked in scientific communication: the specific aspects
of monitoring and evaluation, as well as organizational communication within
universities. Our approach involves researching communication professionals in
Brazilian universities, a region of Latin America that advances in PCST studies.

Objective The study aims to elucidate how universities monitor and evaluate PCST, offering
insights into their practices, typical metrics, and evaluation challenges. By posing
questions regarding the relevance and applicability of the 26 indicators in both
short and long-term scenarios, as well as the perceived risks involved, we seek to
provide a comprehensive understanding of the PCST evaluation landscape, with a
specific focus on its application within the digital environment.

Literature review 3.1 From models to practice

Despite efforts to increase public engagement [Massarani, Moreira & Lewenstein,
2017], measuring and understanding the significance of this engagement for public
scientific communication remains a challenge [Pellegrini, 2021]. Terms such as
outreach, engagement, participation, and knowledge ownership are common, but
the scientific community needs to define how this monitoring and evaluation can
be achieved through logical models that incorporate objectives and indicators
providing evidence of this performance.

While bibliographic indicators dominate academia [Wouters, Zahedi & Costas,
2019], research on monitoring and evaluating social communication is recent and
sporadic [Pellegrini, 2014; Castelfranchi & Fazio, 2021]. Most studies that analyze
metrics related to science-society interaction aim to understand the public
perception of science and the impact of activities on the understanding of science
and technology (S&T), especially those in museums and festivals [Grand & Sardo,
2017].

Carneiro, Resce and Sapkota [2022] advocated for a streamlined framework to
monitor scientific production progress, emphasizing a growing body of literature
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that underscores the web and social media as platforms fostering broad public
discourse, information dissemination, and engagement across various topics. They
underscored the importance of selecting indicators for this purpose, highlighting
the need to incorporates PCST in the evaluation of scientific production.

Engagement lacking evaluation holds limited value [Watermeyer, 2012]. Enhancing
engagement in PCST is achievable when adopting evidence-based communication
choices, as advocated by Besley, Newman, Dudo and Tiffany [2020] and Jensen and
Gerber [2020]. Engagement alone does not ensure an understanding of how the
public receives, comprehends, or applies communicated information. Different
forms of engagement and participation depend on institutional, local, and cultural
contexts. This approach goes beyond mere accessibility of scientific knowledge,
aiming to understand its actual impact on the public.

Despite the infancy of data-driven strategic communication [Wiencierz & Röttger,
2019; Economou, Luck & Bartlett, 2023], Volk and Zerfass [2021] note the increasing
utilization and importance of social media analytics tools.2 Social media analytics
tools play a crucial role by providing insights into various aspects of social media
performance. These tools analyze metrics such as engagement rates, audience
demographics, reach, impressions, and sentiment analysis,3 among others.
However, they highlight a lack of knowledge and training in using these tools,
with about two-thirds of professionals acquiring skills through practical
experience. Fitzpatrick and Weissman [2021] acknowledge the importance of
monitoring and measurement tools but cite challenges in establishing systematic
evaluation models. A deficit exists in analytical skills and technical knowledge
needed to analyze large datasets and make data-driven decisions [Macnamara,
Lwin, Hung-Baesecke & Zerfass, 2021; Economou et al., 2023].

However, the challenge extends beyond local perceptions. Jensen [2014]
emphasizes that low-quality evaluation methods are routinely used even in
well-resourced scientific communication institutions in developed countries.
Such practices lead to questionable data, misleading conclusions, and reduced
effectiveness of scientific communication. Scientific communication institutions
often uncritically consume and produce evaluation research, assuming that
measuring complex outcomes is straightforward.

Pellegrini [2014] holds a similar view, viewing evaluation planning and design in
science and technology communication as intricate tasks involving various factors
and utilizing both quantitative and qualitative methods. Evaluations also vary
significantly between knowledge transmission activities and those aiming to
facilitate dialogue among social actors [Pellegrini, 2021].

In recent years, academic and research organizations, including universities, have
expanded and professionalized communication efforts, diversifying strategies
[Schäfer & Fähnrich, 2020]. They have intensified media relationships and aimed to

2Popular social media analytics tools include platforms like Google Analytics, Facebook Insights,
Twitter Analytics, LinkedIn Analytics, and Instagram Insights, each offering specific metrics tailored
to their respective platforms.

3Sentiment analysis involves identifying and extracting subjective information from text using
natural language processing and text mining. It encompasses the process of gathering and analyzing
people’s opinions, thoughts, and impressions on diverse topics, products, subjects, and services.

https://doi.org/10.22323/2.23060201 JCOM 23(06)(2024)A01 3

https://doi.org/10.22323/2.23060201


safeguard reputations by allocating more resources to institutional communication
sectors. Furthermore, scientists and communicators, especially in research centers
and universities, have moved beyond questioning their roles to embrace this
integration as a synergistic alliance [Calcagnini & Xanthoudaki, 2016; Trench, 2017].
They now perceive public scientific communication not just as an isolated
responsibility of institutional communication departments, but as complementary
to the research process, understanding that effective communication increases
public engagement and promotes broader societal impact.

Public science communication has professionalized, transitioning from amateurism
to a more strategic approach [Trench, 2017]. Universities encounter challenges in
the evolving digital media landscape and academia’s transformation, necessitating
communication sectors to expand and diversify practices to reach broader and
more diverse audiences [Davies & Horst, 2016; Weingart & Joubert, 2019; Fürst,
Volk, Schäfer, Vogler & Sörensen, 2022]. Moreover, communication must extend
beyond presenting facts to establishing emotional connections between scientists
and the public [Joubert, Davis & Metcalfe, 2019].

Cancino et al. [2021] propose understanding the institutional format of universities
based on their complexity, characterized by diverse actor networks and
sociotechnical contexts. In a dissertation on communication policies in Brazilian
federal universities, Martins [2021] observed that only 30% of the universities in
the sample (N = 34) have organizational communication policies, which include
guidelines for evaluating results and societal impacts. Having a communication
policy aligns with the idea advocated by the NRC [2016, p. 69], as evaluating a
project requires clearly defined objectives and expected outcomes.

Entradas et al. [2020] conducted a transnational study involving 2,030 research
institutes in universities and scientific organizations across eight countries,
including Brazil. They distinguish between three different formats of
communication: public events-making (hereafter referred to as public events),
traditional news media access (traditional media), and the use of new media
channels (new media).4 And they found traditional media formats prevailing,
complemented by social media. However, they revealed social media, particularly
Facebook, is popular among Brazilian institutes. Despite this, Brazil still lags in
achieving a more dialogic and relational communication approach [Massarani,
2012, 2022]. Public communication within Brazilian universities mostly follows a
linear and informative model of PCST aligned with the dissemination model
[Bastos, 2020].

Similarly, Barba, Castillo and Massarani [2019] identified limitations in
organizational structures and constrained resources impacting the efficacy of
science communication to broader audiences. These limitations involve the lack of
comprehensive documentation such as reports, and the necessity for robust impact
assessment mechanisms. Gascoigne and Schiele [2020] aimed to assess the practical
application. Using data from 14 indicators, they noted the accelerated evolution of
PCST models overall despite notable country differences.

4The “Public event making” format includes activities such as public lectures, science festivals,
and talks at schools. The “Traditional news media” format comprises interviews for newspapers and
TV, press releases, and articles in magazines. The “New media” format includes updates on websites,
blogs, and social media platforms like Facebook and Twitter.
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While many studies explore engagement goals with society, few link
communication practices to professional structure [Weiner et al., 2021; Besley et al.,
2020; Jensen & Gerber, 2020; Olesk et al., 2021]. Despite a growing academic debate,
empirical evidence is needed to determine if communication from higher education
institutions prioritizes social objectives like knowledge dissemination and dialogue
or organizational goals and self-promotion [Entradas et al., 2020; Fürst et al., 2022].

Metcalfe [2019] proposed reflecting on the objectives and nature of engagement
activities concerning PCST models. She compared 515 activities with the
characteristics of the three dominant models: deficit, dialogue, and participation.
The Australian study showed that most activities combined objectives from the
deficit and dialogue models.

Selecting indicators to evaluate and compare university communication is
challenging. De Filippo, Benayas, Peña and Sánchez [2020] opted for altmetrics,
using Altmetric.com mentions to assess science and research presence in Spanish
universities, aiming to transcend scientific boundaries. However, they solely
quantify mentions without analyzing comments. Alternative metrics are advocated
for social science assessment by Priem, Taraborelli, Groth and Neylon [2010],
Wouters et al. [2019], and Sugimoto, Work, Larivière and Haustein [2017].
However, understanding of these metrics in Brazil remains limited.

Method Initially, it is essential to clarify that university communication managers validated
indicators as part of a comprehensive research project. Aguiar Pereira and
Salles-Filho [2022] detailed the conceptual model, based on the recognition that no
single model can encompass the diverse objectives of an institutional
communication program. The uniqueness of the proposed framework lies in
aligning various PCST models with the most relevant set of indicators.

To ground the study, we outlined three ideal types of PCST to establish a reference
and define long-term objectives: 1) Informative, 2) Public Engagement, and
3) Participatory. These types were derived from established PCST models in the
literature, notably those by Bruce Lewenstein [2010, 2016], and subsequent
adaptations by authors such as Bucchi and Trench [2021a, 2021b]. To enrich the
Participatory type, we incorporated elements from the Social Appropriation of
Science and Technology (ASCyT) model, reflecting the Ibero-American perspective
proposed by Colciencias [2010]. This model has been analyzed by scholars such as
Polino and Cortassa [2016], Daza-Caicedo et al. [2017], and Ortiz [2021].

Using the concept of ideal types [Weber, 1999], we categorized the PCST models
into three types. The following descriptions follow the detailed model proposed by
Aguiar Pereira and Salles-Filho [2022].

In the Informative type, we grouped the models described in the literature as the
Deficit and Contextual Models [Lewenstein, 2010, 2016; Brossard & Lewenstein,
2009; Bucchi & Trench, 2021a, 2021b]. This type is characterized by the
dissemination of information to a mass audience, with an emphasis on mediating
to make academic language accessible. The audience is considered passive, and the
flow of information is unidirectional.
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In the Public Engagement type, we grouped the models described in the literature
as Lay Knowledge and Public Engagement [Lewenstein, 2010, 2016; Brossard &
Lewenstein, 2009; Bucchi & Trench, 2021a, 2021b]. The key concept in this type is
interaction. More actors are included in the communication process, beyond
academia. The production incorporates situated lay knowledge in a bidirectional
and multidirectional flow, aiming for dialogical communication. Although
participation is present in the concept of engagement, it is in the next type that it
takes the form of political engagement and the appropriation of science and
technology in the broader sense of scientific culture.

The Participatory type incorporates the concept of Social Appropriation of Science
and Technology (SAST). It represents an integrated strategy for knowledge
production, its democratization, and citizen participation, as well as a critical level
that involves public policy [Castelfranchi & Fazio, 2021]. The model of public
participation or engagement includes consensus conferences, citizen juries,
deliberative technology assessments, science workshops, deliberative polling, and
other techniques [Castelfranchi & Fazio, 2021]. It aims to enhance public
participation activities with the commitment to “democratize” science by
providing public groups with some form of empowerment [Lewenstein, 2016].
Among the objectives, Metcalfe [2019] described collective learning and
problem-solving, the integration of different opinions, forms of relationships, and
cultures, as well as critical reflection on science and its institutions.

4.1 Construction of the conceptual model

The PCST monitoring and evaluation model was built from the Theory of Change
(ToC) [Weiss, 1998; Anderson, 2006; Funnell & Rogers, 2011; Vogel, 2012; Mayne,
2015]. ToC was employed to delineate the assumptions explaining steps toward
long-term objectives and connections between activities and products in each
intervention phase. Based on this framework, indicators applicable to monitor and
evaluate the performance of each communicative process phase were identified.

ToC outlines how a complex change initiative unfolds over time, illustrating the
interconnected components necessary to achieve the desired outcome [Anderson,
2006]. Theoretically, we aim to deduce logical pathways to the anticipated
outcomes and impacts [Funnell & Rogers, 2011], tailored to each ideal type of
PCST. Drawing inspiration from the ‘AMEC Integrated Evaluation Framework’ by
the International Association for the Measurement and Evaluation of
Communication, we introduce specific adaptations to the PCST field.

For each model, we applied the standard program logic sequence — inputs,
outputs, outtakes, and outcomes — and devised a set of indicators for each stage.
Following Amec’s taxonomy,5 communication activities served as inputs (actions
taken), short-term results represented what the target audience perceived
(outputs), long-term results (outtakes) denoted the direct benefits to the audience,
and impact signified the anticipated outcome in the logical progression of change.

5AMEC developed a taxonomy and, in 2010, launched the ‘Barcelona Principles’. The initiative
comprises seven guidelines and recommendations for a new measurement standard in the field of
communication and public relations. Available at:
https://amecorg.com/amecframework/home/supporting-material/taxonomy/.
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In essence, distinct metrics of effectiveness were employed for each model — reach,
engagement, and participation. It is essential to emphasize that the model doesn’t
address transitions between models but rather the anticipated changes within each
proposed model.

For this construction, we conducted a literature review and consulted guiding
documents, previous plans, and evaluations. Practically, we prioritized guiding
questions and aimed to integrate indicators from social media management and
meaningful representations of Brazilian reality. Each result (or precondition) along
the change path was assigned an indicator to evaluate the program’s intended
effects’ magnitude [Vogel, 2012].

Finally, we revisit the concepts proposed by Mayne [2015], who defines
communication outcomes as involving capability change assumptions, which
pertain to “the events and conditions required for results to lead to changes in
knowledge, attitudes, skills, aspirations, and opportunities”. Additionally, we align
impact with Behavior Change Assumptions, encompassing “the events and
conditions necessary for changes in the capabilities of target groups to result in
actual behavior changes” [Mayne, 2015, p. 124]. Moreover, we correlate these two
concepts with different PCST types, presenting distinct assumptions to attain the
desired outcomes. The former is linked to social engagement (Type 2), while the
latter pertains to the social appropriation of knowledge resulting in behavioral
changes (Type 3).

These effects are not directly measured but through indicators providing
information on the achievement of objectives or deviations, acting as proxies for
the intended results [Morra Imas & Rist, 2009]. Despite the broad scope of the
studied object, our focus was on activities (inputs) conducted in the digital
environment. However, certain indicators encompass results from other media,
including print media, institutional policies, and perception surveys.

4.2 Indicator selection

Indicators guide success identification in each change phase [Anderson, 2006],
requiring validation and practical testing for coherence [Olesk et al., 2020]. Social
media platforms provide essential performance indicators, such as likes, shares,
and engagement [Latorre-Martínez, Orive-Serrano & Íñiguez-Dieste, 2018].
However, metrics like likes and comments lack qualitative depth [Macnamara,
2018; Olesk et al., 2020]. Our framework integrates three dimensions,
encompassing three PCST forms: Informative, Public Engagement and
Participate/Appropriate. We find ToC’s contextual nature and adjustable form
most suitable: “an approximate, flexible guide offering perspectives, not a static
forecast” [Vogel, 2012, p. 29]. Based on this model, we tailor which aspects to
include in each institutional context.

4.2.1 Type 1 indicators — Informative (scientific dissemination)

In this dimension, we present the activities that typically constitute a PCST
program in Brazilian public universities, mainly linked to disseminating scientific
knowledge. The activities reinforce the recurring notion of a knowledge deficit,
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with the public lacking a general understanding of complex scientific subjects.
Despite receiving interactions around science content, mainly through likes, there is
a lack of active listening to these comments and other forms of engagement across
the various channels of scientific dissemination [Aguiar Pereira & Salles-Filho,
2022]. Active listening encompasses a deeper engagement strategy where
individuals or organizations actively seek to understand and empathize with their
audience’s perspectives, concerns, and feedback. Thus, as short-term results, we
expect the public’s reach and attention, leading to three medium/long-term results:
a more significant presence in regional, national, and international media; a more
substantial web presence; and an improvement in national and international
rankings. In this type, the keywords are audience reach and attention.

Based on the theory of change, utilizing the concept of short- and medium-term
outcomes as well as the prospecting of assumptions for achieving defined
objectives, the model proposed by Aguiar Pereira and Salles-Filho [2022] suggested
a set of eight indicators for Type 1: 1) Regularity and number of posts; 2) Presence
on social media platforms; 3) Publication reach; 4) Number of likes on the
publication; 5) Growth rate (followers, fans, visits); 6) Inclusions in local and
regional media; 7) Inclusions in national media; 8) Mentions tracked by altmetrics.

4.2.2 Type 2 indicators — Public Engagement

In this category, the engagement of different audiences with the presented content
is the primary characteristic. Production integrates localized lay knowledge in a
bidirectional and multidirectional manner, fostering dialogic communication. With
a focus on interaction, audiences feel less inhibited in expressing opinions and
engaging actively. While participation is inherent in engagement, it evolves into
political engagement in subsequent stages, encompassing broader scientific culture
appropriation [Lewenstein, 2016; Daza-Caicedo et al., 2017]. Short-term outcomes
in public engagement include increased interactions, ranging from likes to
comment and shares, leading to a qualitative transformation of these interactions.
For medium to long-term effects, we evaluate social participation through social
network conversations, the proliferation of citizen science projects, and heightened
academic involvement in the media.

For this group, the model suggest this set of indicators: 9) Number of comments;
10) Number of mentions in comments; 11) Engagement rate (interactions/reach);
12) Number of post shares; 13) Sentiment analysis; 14) Relationship between
academic and non-academic audience; 15) Site traffic from social networks;
16) % of non-academic individuals in comments; 17) Research projects with social
participation; 18) Inclusions in external media on non-institutional topics.

4.2.3 Type 3 indicators — Participate (technical-scientific citizenship)

In this domain, we envision fostering a dialogic rapport with diverse stakeholders
(students, press, professional associations, and marginalized groups), culminating
in a more participatory scientific citizenship. Here, the emphasis lies on informed
participation. Communication endeavors to actively involve citizens in
decision-making processes regarding scientific and technological policies
[Lewenstein, 2016; Polino & Cortassa, 2016; Daza-Caicedo et al., 2017]. Information
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flow is multidirectional, originating from institutional communication, academics,
and responses to societal demands.

Short-term outcomes encompass PCST initiatives tailored to specific segments,
enhanced research-extension interplay, and the formation of novel interaction
networks. In the medium to long term, outcomes are linked to the progression of
Public Perception of S&T metrics,6 integration of PCST objectives and metrics into
institutional planning, and the proliferation of projects/research mentioned in
patents, varieties, legislation, and public policies. The detailed construction of the
model and these assumptions can be found in Aguiar Pereira and Salles-Filho
[2022].

For Type 3, we selected the indicators: 19) Students and faculty trained for (S&T);
20) of social participation in suggestions for S&T topics; 21) Number of extension
projects with communication channels; 22) Number of former students participants
in institutional networks; 23) Number of public discussion forums; 24) Public
Perception of S&T research; 25) Number of S&T goals and indicators in
institutional strategic planning; 26) Presence and reach of communication channels
for Graduate Programs.

In summary, we affirm the alignment of each indicator set with the three delineated
types: Type 1 prioritizes “reach”, aiming to capture the audience’s attention. Type 2
emphasizes “interaction”, akin to the social conversation around science elucidated
by scholars like Bucchi and Trench [2021a, 2021b]. Lastly, Type 3 underscores
“participation” through behavioral change, encompassing engagement in specific
communications, such as comments and mentions, and active listening to
propositions and perceptions about science itself.

In Type 1, “likes” serve as an indicator representing audience engagement with the
content. For Type 2, the engagement rate encompasses various interactions with
the content (likes, reactions, comments, and shares), indicating active discourse
around the presented topic. In Type 3, indicators include the presence and
communication channels of postgraduate programs, signifying participation from
segmented audiences with content tailored specifically for that purpose.

4.3 Survey application

The survey7 encompassed communication managers from all 69 Brazilian federal
universities, yielding a sample of 51 responses (73.9%). Data collection occurred
from July 7 to September 2, 2022, via Google Forms. The response rate exceeded
typical online survey expectations [Sheehan, 2001], particularly given the

6There are various methodologies for measuring public perception of science and technology,
such as surveys and questionnaires, interviews and focus groups, as well as public forums and
workshops. Examples include the Eurobarometer (regular surveys conducted by the European
Commission), National Science Foundation (NSF) Surveys (assessing public understanding and
attitudes towards science), and the Wellcome Global Monitor (a global survey). In Brazil, national
surveys have been conducted since 2006.

7For this research, the Research Ethics Committee of the State University of Campinas
(CEP/Unicamp) approved the project and questionnaire under the number
CAAE 50650921.4.0000.8142. Through this instrument, we commit to disclosing the data not
individually but in an aggregated form. Should there be an interest in this set, it can be requested by
sending a message to the authors.
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institutional sampling units rather than individual ones [Entradas et al., 2020]. The
questionnaire targeted professionals overseeing the communication sector, holding
various titles such as coordinators, directors, secretaries, superintendents,
department heads, and press officers, among others — with only one response per
university. Federal universities were selected for study due to their pivotal role in
scientific knowledge production in Brazil, notably through postgraduate programs
[Souza, De Filippo & Casado, 2017].

The institutions exhibit varying founding ages, sizes, geographical locations, areas
of excellence, communication methods, and strategic objectives. The cohort of
51 universities collectively hosts around 1,800 postgraduate programs, catering to
student populations ranging from 4,000 to 60,000, with offerings spanning from
seven to 120 undergraduate programs [Geocapes, 2022].

Employing descriptive statistics derived from the survey data, we structured and
delineated the sample’s profile. Additionally, communication team managers were
tasked with assessing a list comprising 26 recommended indicators for monitoring
PCST, rating their a) relevance and b) degree of application or potential application
within their institution.

Subsequently, we present a perceived risk matrix associated with the proposed
model, indicating managers’ perceptions of the main barriers and risks to
achieving the results and objectives of PCST programs, as well as difficulties in
monitoring and evaluating these actions. Our methodology resonates with
Hermann-Pawłowska and Skórska’s [2017] assertion that advanced evaluation
frameworks should integrate contextual factors and their associated risk
perceptions.

Results From the survey, we present the profile of Brazilian federal universities regarding
the management of PCST, particularly in monitoring and evaluation within the
digital environment. It’s noteworthy that data pertains to 51 respondent
universities. It is important to highlight that presenting the social media profile
helps in understanding how PCST is addressed in the institutional profiles of
universities.

5.1 Profile of sampled universities

Regarding digital and social media use, YouTube and Instagram are used across all
universities, followed by Facebook (98%), Twitter (84.3%), and LinkedIn and
WhatsApp (58.8%). Also, 39.2% use Flickr and 31.4% use Telegram. TikTok is used
as a communication tool in eight universities (15.7%).

Predominantly, universities rely on manual approaches using platform-provided
resources for monitoring and evaluation of platform use. Only 17.6% reported
using monitoring tools or software, with 11.8% not systematically monitoring these
communication forms. Among monitoring practices, 43.1% indicated
comprehensive monitoring of all engagement types and consistent responses to
comments and mentions.
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For 43.1% of respondents, the main driver for monitoring is to address issues like
complaints, criticism, or inappropriate comments, while 25.5% seek to understand
the demographics of those interacting with the posts. A majority (51%) stated they
respond to the most pertinent comments even during monitoring, while 9.8%
never engage with comments. Furthermore, 35.3% conduct sentiment analysis on
comments to gauge positivity, negativity, or neutrality. Additionally, 21.6%
categorize topics that elicit higher engagement, and 19.6% identify influential
individuals, groups, and communities of interest.

Regarding performance reporting for digital media and social networks, 35.3% do
not generate such reports. Among those who do, 31.4% produce monthly reports,
7.8% produce weekly reports, 5.9% produce semi-annual reports, and only 2%
produce daily reports. For 37.3%, the focus is more on content delivery, with
monitoring occurring sporadically. Just 13.7% claim comprehensive social media
control, employing proprietary tracking indicators. 9.8% utilize commercial tools
for social media monitoring.

Concerning the audience, 41.2% perceive it as broad without segmentation. While
acknowledging various audiences, 37.3% identify targeted communication for
specific groups needing improvement, with undefined reached segments. The
majority of the audience accessing and engaging with S&T information (72.5%)
represents an academic profile, including students, professors, and researchers.
11.8% perceive the audience as the general society (non-academic), and 15.7% lack
knowledge about the audience’s profile.

Regarding national and international rankings, 86.3% of universities monitor
global rankings and communicate their outcomes. Merely 3.9% involve
communication professionals in monitoring working groups or committees. For
21.6%, PCST enhances university performance and positioning in rankings, while
13.7% view this ranking type as unrelated to the communication sector.

Concerning media relations, most universities (90.2%) maintain contact lists and
periodically issue press releases, with only 11.8% employing specialized companies
for press contact management and 19.6% for media mention monitoring. For 49%,
media mentions mainly result from university suggestions, while 15.7% reserve
exclusive S&T content for media of interest. 21.6% believe independent news topics
drive most media mentions unrelated to institutional content.

5.2 Assessment of the indicators

In a specific section of the questionnaire, communication managers were invited to
assess the relevance and application of the set of 26 indicators suggested by the
model. All the indicators refer to S&T content, specifically focusing on how PCST
can be measured across various actions and objectives.

To measure relevance, we used a five-point scale (1, 3, 5, 7, 9), where 1 means
minimal relevance and 9 means maximal relevance. This interval scale includes
descriptions for levels of relevance, ranging from not relevant to very relevant
[Malhotra, 2010]. Odd-numbered scales include options for uncertainty or
neutrality [Croasmun & Ostrom, 2011]. Since our scale aimed to show various
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aspects of a complex concept across different factors, we did not test reliability for
each part [Malhotra, 2010]. In the following table, we present the frequency of
responses based on the managers’ perceptions.

Table 1. Indicator Relevance Scale — managers’ perception (1 = not relevant, 9 = very relev-
ant). Source: research data.

Indicator 1 3 5 7 9

1. Frequency and number of posts 3,9% 0% 17,6% 35,2% 43,1%

2. Presence on social media platforms 1,9% 1,9% 25,4% 29,4% 41,1%

3. Reach of publication 0% 0% 19,6% 37,2% 43,1%

4. Nº of post likes 1,9% 3,9% 31,3% 33,3% 29,4%

5. Growth rate (followers, fans, visits) 3,9% 5,8% 13,7% 47,0% 29,4%

6. Mentions in local and regional media 3,9% 5,8% 15,6% 21,5% 52,9%

7. mentions in national media 13,7% 15,6% 11,7% 13,7% 45,0%

8. Mentions tracked by altmetrics 33,3% 15,6% 29,4% 13,7% 7,8%

9. Nº of comments 5,8% 11,7% 27,4% 29,4% 25,4%

10. Nº of mentions in comments 19,6% 19,6% 31,3% 21,5% 7,8%

11. Engagement rate (interaction/reach) 5,8% 9,8% 21,5% 17,6% 45,0%

12.Number of shares 3,9% 3,9% 17,6% 33,3% 41,1%

13. Sentiment analysis 13,7% 7,8% 23,5% 35,2% 19,6%

14. Academic and non-academic audience 9,8% 21,5% 37,2% 17,6% 13,7%

15. Website traffic from social media 5,8% 7,8% 29,4% 25,4% 31,3%

16. % of non-academic individuals in comments 19,6% 23,5% 33,3% 17,6% 5,8%

17. Research projects with social participation 9,8% 11,7% 21,5% 31,3% 25,4%

18. External media insertions on non-institutional
topics

9,8% 17,6% 11,7% 27,4% 33,3%

19. Trained students and teachers for science
communications

17,6% 17,6% 25,4% 19,6% 19,6%

20. Presence and reach of PPG communication
channels

7,8% 13,7% 31,3% 29,4% 17,6%

21.% of social participation in C&T topic suggestions 13,7% 21,5% 33,3% 17,6% 13,7%

22. Nº of extension projects with communication
channels

11,7% 9,8% 31,3% 25,4% 21,5%

23. Nº of former students in the institutional network 11,7% 13,7% 37,2% 27,4% 9,8%

24. Nº of discussion forums 29,4% 17,6% 35,2% 5,8% 11,7%

25. Public Perception Survey of S&T 21,5% 15,6% 27,4% 5,8% 29,4%

26. Nº of PCST goals and indicators in the PDI 9,8% 15,6% 29,4% 21,5% 23,5%

To improve clarity regarding relevance, we consolidated scores 7 and 9 as highly
relevant. The indicators are categorized according to the percentage of the total of
these merged scores, as depicted in Figure 1. The indicators were marked with
different colors for Type 1, Type 2, and Type 3, allowing visualization of how the
indicators are perceived at different levels of reach, engagement, and participation.

For Type 1 indicators — Inform — mostly garnered average relevance scores (5)
and significant relevance scores (7 and 9). Figure 2 shows that “Publication Reach”
had the highest percentage of scores 7 and 9 (80.3%) within this category.
Conversely, the “altmetric-tracked mentions” indicator had the lowest percentage
of scores 7 and 9 (21.5%). Tracking mentions through altmetrics can be done using
different platforms, the main ones being Altmetric.com, PlumX, and Impactstory.
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Figure 1. The order of relevance of the indicators is based on the percentage of the sum
of ratings 7 and 9 to the relevance, highlighted by types. Blue = Type 1, Pink = Type 2,
Green = Type 3. Source: research data.

Essentially, they capture mentions of scientific articles from social media data,
media coverage, and academic platforms such as Mendeley. Thinking of PCST as
the conversation around science and technology, altmetrics can be useful in
identifying mentions on social media and analyzing their occurrence and access
profile [Wouters et al., 2019].

In Type 2 — Engagement — the “Number of shares” indicator received the highest
percentage of scores 7 and 9 (74.5%), while the “% of non-academic individuals
mentioned in comments” had the lowest perceived relevance at 23.5%.

Regarding the perception of Type 3 — Participation/Appropriation indicators,
“Presence and reach of communication channels for postgraduate programs
(PPG)” and “Number of extension projects with communication channels” had the
highest percentages of scores 7 and 9 (47.0%), whereas the “Number of discussion
forums” indicator was deemed the least relevant (17.5%).

5.3 Application of indicators

Table 2 shows the range of indicator usage, including the number and percentage
of universities monitoring each indicator, their short-term and long-term plans to
use them, or the perceived inability to use them due to institutional constraints.
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Table 2. Degree of application of the indicators of the model — managers’ perception.
Source: research data.

Indicator Already
applied

Short
term∗

Long
term∗∗

Impossible
to apply

1. Frequency and number of posts 78,4% 9,8% 9,8% 1,9%

2. Presence on social media platforms 72,5% 11,7% 9,8% 5,8%

3. Reach of publication 64,7% 15,6% 7,8% 11,7%

4. Number of post likes 72,5% 11,7% 9,8% 5,8%

5. Growth rate (followers, fans, visits) 74,5% 9,8% 9,8% 5,8%

6. Mentions in local/regional media 52,9% 19,6% 13,7% 13,7%

7. Mentions in national media 45,0% 15,6% 19,6% 19,6%

8. Mentions tracked by altmetrics 1,9% 11,7% 41,1% 45,0%

9. Number of comments 56,8% 21,5% 9,8% 11,7%

10. Number of mentions in comments 19,6% 31,3% 15,6% 33,3%

11. Engagement rate (interaction/reach) 64,7% 13,7% 9,8% 11,7%

12. Number of shares 74,5% 7,8% 9,8% 7,8%

13. Sentiment analysis 29,4% 31,3% 23,5% 15,6%

14. Relationship between academic and
non-academic audience

7,8% 13,7% 25,4% 52,9%

15. Website traffic from social media 58,8% 17,6% 11,7% 11,7%

16. % of non-academic individuals in comments 5,8% 17,6% 21,5% 54,9%

17. Research projects with social participation 19,6% 21,5% 31,3% 27,4%

18. External media insertions on non-institutional
topics

45,0% 15,6% 19,6% 19,6%

19. Trained students and teachers for science
communication

3,9% 29,4% 31,3% 35,2%

20. Presence and reach of PPG communication
channels

11,7% 21,5% 27,4% 39,2%

21. % of social participation in C&T topic suggestions 11,7% 13,7% 31,3% 43,1%

22. Number of extension projects with
communication channels

17,6% 27,4% 25,4% 29,4%

23. Number of alumni in the institutional network 15,6% 19,6% 25,4% 39,2%

24. Number of discussion forums 7,8% 17,6% 35,2% 39,2%

25. Public Perception Survey of S&T 9,8% 17,6% 37,2% 35,2%

26. Number of PCST goals and indicators in the PDI 21,5% 23,5% 33,3% 21,5%
∗ Short-term = up to two years. ∗∗ Long term = more than two years.

Among Type 1 indicators, the majority boast application rates surpassing 50%,
with four exceeding 70%. However, the “Mentions tracked by altmetrics” indicator
is an outlier, mentioned by only one university. Application rates for Type 1
indicators range from 45% to 78.4%.

For Type 2 indicators, application rates range from 5.8% to 74.5%. Among the ten
indicators, four have application rates below 20%, two fall between 20% and 50%,
and four exceed 50%. Notably, indicators such as “Percentage of non-academic
individuals in comments”, “Relationship between academic and non-academic
audience in interactions”, and “Number of mentions in comments” face higher
perceived impracticality (above 30%).
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In Type 3, most indicators have application rates below 20%, except for the
“Presence and reach of PPG communication channels”, which received 21.5% of
“already applies” responses. Some institutions deem certain indicators impossible,
while others have already implemented them.

5.4 Risk matrix and relationship with the model

Mayne [2015] underscores the impact of external factors, both positive and
negative, throughout the ToC process. While prioritizing risk assessment during
strategic planning is ideal, evaluating potential risks in established programs also
holds significance. Drawing from the risk management framework advocated by
the Committee of Sponsoring Organizations of the Treadway Commission [COSO,
2017], a risk matrix was constructed to facilitate analysis.

In our questionnaire to communication managers at Brazilian federal universities,
we solicited their evaluation of factors that could impede the attainment of
anticipated PCST outcomes and impacts, indicating their perceived risk intensity
as low, moderate, or high. These findings are depicted in Figure 2.

Figure 2. Risk perception regarding factors that might hinder the PCST — managers’ per-
ception. Source: research data.

The top five factors perceived as high risk include 1) Reduced communication team
professionals and 2) Financial resources, both with 82.3%; 3) Insufficient
availability of professionals for qualitative assessments (66.6%); 4) Limited tools for
tracking engagement (39.2%) and 5) Lack of coordination among institutional
sectors (35.2%).

Factors with lower perceived high-risk percentages include: “Sanitary limitations
(social distancing)” (0%), “Discrepancy between publication and audience
engagement times” (13.7%), and “Normative instructions and information security
guidelines” (15.6%). Notably, social distancing due to the COVID-19 pandemic was
not deemed a risk to achieving expected PCST outcomes and impacts. This
observation follows approximately two years of remote work during the pandemic.
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Figure 3. Ranking of barriers to monitoring and evaluation of PCST — managers’ percep-
tion. Source: research data.

Finally, managers ranked five factors by perceived importance as barriers to
evaluating science communication effectiveness in their institution. Responses
showed a wide variance in perceptions, yet an order of importance was discernible
according to the majority’s perception, as depicted in Figure 3.

According to the research findings, the prioritized sequence of obstacles to
monitoring and evaluating PCST is as follows: foremost — Implementation Cost;
secondly — Time of Execution; thirdly — Lack of experience among team
professionals; fourthly — Absence of internal evaluation guidelines; and lastly
— Lack of credibility of results.

Thus, it’s clear that the risk matrix for achieving PCST objectives and its
monitoring and evaluation obstacles must consider a comprehensive set of
indicators, their applicability, and varying difficulty levels across different
institutional contexts. Once again, we emphasize the adaptable nature of the
proposed model. Tailoring the intended outcomes and indicators to fit the
institution’s reality is a decision influenced by associated risks. The perceptions of
risks also exhibit diversity, reflecting our approach of employing distinct scales.

Discussion: how
do we know we are
on the right track?

Our study presented perceptions regarding potential indicators for inclusion in a
PCST monitoring and evaluation model. The discussion we propose involves
reconsidering the theoretical framework underpinning this assessment. Consistent
with Macnamara [2017], we emphasize the importance of understanding the
objectives behind communication activities and their impact on human attitudes
and behaviors. This entails considerations such as whether the goal is to reach a
broad audience or foster engagement with the content, and whether quantity or the
effective participation of specific groups is prioritized in social media
conversations.

Our approach aligns with Metcalfe’s advocacy [2019] for integrating multiple PCST
models. Proposing a practical evaluation of the PCST models (deficit, dialogue,
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and participation), the author concluded that the models are not mutually
exclusive but coexist in PCST programs, including a mix of approaches. Our study
indicates that the activities and objectives of Types 2 and 3 can coexist and are
reliant on Type 1 activities rooted in the diffusion model. Our research unveils a
symbiotic coexistence of these three activity types, mirrored by a similar pattern in
monitoring and evaluation indicators. Universities prioritize indicators from the
informational model (Type 1), followed by engagement indicators (Type 2), with
Type 3 indicators being the least prominent.

Our findings support the idea that technology has improved communication, but
there remains a need for clear policies and strategies to guide its use in the PCST
context. While most surveyed universities utilize technology for content
dissemination on media platforms, consistent performance monitoring is irregular
and often marginalized within communication departments. Notably, only 13.7%
of universities employ tracking metrics for comprehensive social media control.
Monitoring and evaluation efforts predominantly focus on Type 1 —
Informational, echoing observations made by Massarani [2012] a decade ago,
highlighting the prevalent trend in science communication favoring the deficit
model in the Brazilian context.

According to Massarani’s study, more than a decade later, our findings continue to
support the notion that informing society remains a primary focus for most
universities, with less emphasis placed on receiving questions, suggestions, or
explaining processes. These results underscore the persistence of an informational
and instrumental bias, aligned to the core idea to promote scientific literacy8 and
consolidate institutional structures to enhance media visibility, as noted by
Metcalfe [2019].

An important observation is the increased collaboration between science
communicators/journalists and professors/scientists/researchers, as noted by
Schäfer and Fähnrich [2020]. This trend matches the growing interest in PCST,
shown by more content created by academics on institutional platforms. This type
of communication is perceived to improve understanding and attract more
attention from society.

Our study points to an increasing focus on monitoring, with 43.1% of universities
monitoring social media engagement, including tracking complaints, criticisms, or
inappropriate comments. Additionally, 25.5% identify characteristics of those
interacting, 35.3% conduct sentiment analysis, 21.6% categorize themes and
subjects, and 19.6% identify key influencers, groups, and communities of interest.

These findings suggest that while universities traditionally focused mainly on
Type 1 activities, a significant portion has integrated monitoring mechanisms
aligned with Type 2 — Engagement. This trend is reinforced by the perceived
relevance and application of indicators related to conversational aspects, reflecting
a more interactive approach [Gascoigne & Schiele, 2020].

8Scientific literacy refers to the knowledge and understanding of scientific concepts and processes
required for personal decision-making, participation in civic and cultural affairs, and economic
productivity. It involves not just the comprehension of specific scientific facts, but also an
understanding of the methods and nature of science as a way of knowing and a process of inquiry
[NRC, 2016].
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However, the majority of universities face human resource constraints, with
professionals often juggling multiple roles and lacking the necessary training to
manage these interactions effectively, as noted by Fitzpatrick and Weissman [2021].
Notably, 43.1% of universities lack professionals trained in digital media/social
media management within their teams. Additionally, planning for these endeavors
and their systematic assessment often requires improvement, hindering the
improvement cycle in communicative practices. These authors advocate for clearly
delineating objectives, emphasizing strategies and tactics that support their
realization, including focusing on actions and criteria for program monitoring and
subsequent evaluation.

In this context, the target audience assumes prominence. It’s crucial not only to
map and understand the audiences engaged with by organizations/universities
but also to comprehend their perspectives and engagement in the communication
process. Our model’s proposed indicators reveal a lower perception of relevance
for those linked to audience characteristics. However, “reaching non-academic
audiences” emerges as the second most critical factor for PCST, as indicated by
58.8% of respondents. This disparity underscores the necessity for better alignment
between expected outcomes and the actions and indicators guiding the
communicative process.

Each university must ascertain its science communication strategy and direction,
evaluate feasible options within its context, and delineate desired outcomes.
Herein lies the relevance of the Theory of Change. This framework enables a
reflective examination of our actions, methodologies, achieved outcomes, and
envisioned future states. Prioritizing Type 1 strategies doesn’t guarantee Type 3
outcomes; rather, it involves defining strategic steps toward desired changes and
selecting pertinent indicators aligned with priority factors.

Based on the survey, it’s evident that Type 3 indicators are least implemented in
Brazilian universities. Despite their limited application, they signal the essential
behavioral changes highlighted by Mayne [2015] and endorsed by scholars
studying PCST models, indicating participatory communication. It is important to
remember that these assumptions encompass communication involving behavioral
change, where citizens are included in the decision-making processes regarding
science and technology policies.

Aligned with Lewenstein [2016], we emphasize the importance of sparking
discussions within the scientific community on integrating society into science and
technology dialogues. Dialogue fosters emotional connections between scientists
and the public while understanding the institutional and social policy aspects is
crucial for assessing PCST’s role in public engagement.

Our findings present a current panorama of PCST monitoring and evaluation in
Brazilian federal universities, crucial entities in the nation’s science and technology
landscape. It underscores that the perceived relevance of indicators doesn’t always
directly translate into implementation due to diverse influential factors. The
universities’ profiles reveal areas for improvement, such as inadequate training for
digital media management and limited social media monitoring resources.

Ultimately, the model’s adaptability to diverse institutional contexts is crucial for
tailoring it to specific perceived risks and objectives. The wide variation in

https://doi.org/10.22323/2.23060201 JCOM 23(06)(2024)A01 18

https://doi.org/10.22323/2.23060201


indicator perception underscores the necessity of customizing the monitoring and
evaluation model for each institution. The study’s significance lies in identifying
trends and anticipating their potential application in universities.

Limitations and
future research

This study acknowledges the challenge of assessing the intangible nature of
communication’s results and impacts. Measuring communication effects proves
complex, and indicator selection, though rooted in theory, retains a degree of
subjectivity. We suggest refining and updating indicators as the model diffuses and
is applied. Establishing causality in evaluation poses complexity, particularly in
distinguishing action effects amidst numerous factors, especially without
experimental methods. The solution involves systematic monitoring to establish
causal relationships between actions and outcomes.

Another limitation concerns the selection of three primary types of PCST
(informative — engagement — participatory) potentially overlook other
unanticipated possibilities. However, we propose that adapting to each
institutional context entails reflecting on the cross-cutting nature of these
objectives. In essence, even if an institution aims to enhance its reputation, both
reach and engagement should be deemed crucial for achieving this objective.

This study’s contributions suggest three research pathways. Adapting and
implementing the model in case studies would enable assessing indicator relevance
in communication planning and exploring their practical application, measurement
techniques, weighting, and usage trends. Another avenue involves examining the
role of automated tools in assessing PCST in digital media. Lastly, adopting the
theoretical framework to other organizational structures, such as Science and
Technology institutions and strategic programs, would facilitate evaluating PCST’s
role and impact in projects and investigating its integration into funding
methodologies.
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