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Abstract

This research investigates how members of the geoscience community in Portugal perceive and
engage in science communication, identifying distinct patterns and practitioner profiles. Statistical
analysis and a clustering algorithm were used to identify communication patterns based on
practitioners’ communication goals, target audiences, training, and self-efficacy. The results align
with expected patterns, but provide new empirical evidence of the relationship between
communication goals and audience targeting, offering specific data for the geoscience
community.
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1  Introduction

A large and growing body of research focuses on the importance of public engagement and
effective strategies for science communication [e.g., Besley & Dudo, 2022; Bucchi & Trench, 2021;
Gascoigne et al., 2020]. Along with the growing recognition of the importance of science
communication comes increasing support for efforts to engage the public with science
from governments, scientific institutions, and other stakeholders. This means that the
quality and efficacy of scientists’ communication is more crucial than ever. Institutions
that promote effective science communication practices must understand that science
communication practitioners form a heterogeneous group, each with unique needs
[Jensen, 2011]. By adapting support to meet the diverse needs of different segments within
the science communication community, more impactful and positive outcomes can be
achieved.


Previous studies have shown that academic models of science communication do not necessarily
reflect science communication professionals’ practices [e.g., Davies, 2021; Gerber et al., 2020;
Kahan, 2013; Miller, 2008; Priest, 2010].


Additionally, the underrepresentation of practitioners’ perspectives in the science communication
literature [Salmon & Roop, 2019] highlights the call for greater collaboration between researchers
and practitioners, such as through training, to achieve better outcomes [Han & Stenhouse, 2015;
Jensen & Gerber, 2020; Riedlinger et al., 2019; Salmon & Roop, 2019; Seethaler et al.,
2019].


Research has highlighted that researchers’ support needs are influenced by the disciplinary
communities they belong to [Costa e Silva & Pinto, 2023; Costa e Silva et al., 2024], with studies
focused on specific scientific communities such as astronomy, nano-science or climate science
[Anjos et al., 2021; Corley et al., 2011; Entradas et al., 2019]. Nevertheless, few studies have
specifically focused on the geoscience community [Liverman & Jaramillo, 2011; Rodrigues, Castro
et al., 2023].


Despite having a significant impact on the daily lives of citizens, geosciences suffer from a general
lack of visibility [Brilha, 2004; Stewart & Nield, 2013]. Geoscientists work mainly behind the
scenes, although they play vital roles in numerous areas. They ensure water availability and
quality, safeguarding clean water supplies. They assess and mitigate geological hazards,
enhancing public safety. They manage land and the environment, promoting sustainable
resource use and conservation. They tackle environmental issues like soil degradation,
affecting agriculture. They aid urban planning by considering geological factors for
resilient cities. They also contribute to understanding and mitigating climate change
impacts.


Moreover, the geoscience community plays a crucial role in meeting society’s escalating demand
for both mineral and energy resources, leading efforts in exploring, extracting, and managing
these essential materials, while striving to develop innovative and environmentally conscious
approaches, contributing not only to the responsible use of mineral resources but also to the
ongoing global energy transition. Science communication is thus a major concern in terms of
improving the dialogue between this specific scientific field and society, to promote safer and
better living conditions.


Notwithstanding this importance to society in general, a collective identity for the geoscience
community cannot be presumed. This community is constituted by professionals who share a
common scientific field but who also have different intentions when communicating science and
address various types of audiences. Thus, within the community, different profiles can be
expected. Identifying profiles enables more targeted and effective responses to specific needs, such
as addressing continuing professional development, as has been extensively shown in the case of
teachers [de Vries et al., 2013; Vermunt & Endedijk, 2011]. By understanding the unique
characteristics, skills, and needs of different groups, tailored strategies can be developed, ensuring
that development efforts are more relevant and impactful, ultimately leading to better outcomes.
This is also true when considering the impact of training that can be more effective if tailored to
different needs.


Studies on patterns of third mission engagement among scientists and engineers in academia have
also identified several distinct profiles, including factors like science communication alongside
other key variables [Mejlgaard & Ryan, 2017]. The identification of patterns among scientists on
Twitter has, for example, advanced knowledge of science communication on social media
and provided valuable insights for developing and using concrete metrics [Ke et al.,
2017].


In addition, clusters provide evidence of systematic differences between groups. To effectively
understand and address specific challenges, it is essential to analyze these differences across
particular dimensions [Pedder, 2007]. From a different perspective, cluster analysis can offer
theoretical contributions to theory development and contextual understanding, supporting future
research, while also providing practical contributions through tailored activities and strategic
planning [Uwizeyemungu et al., 2020].


Clustering methods are highly useful in marketing and service management for customer
segmentation, such as segmenting customers for targeted product recommendations on
e-commerce platforms [Gaikwad & Lamkuche, 2021] or analyzing energy consumption profiles
[Henriques et al., 2024] to tailor marketing strategies and optimize service offerings. By applying
clustering techniques, businesses can better understand customer behavior, anticipate needs, and
create personalized experiences, the same way that identifying patterns in science communicators
enables more tailored approaches for effective engagement.


The present study deepens the research about the Portuguese geoscience community regarding
public engagement [Rodrigues, Castro et al., 2023]. The results will contribute to the development
of a framework for geoscience communication, addressing specific needs, and providing clues for
institutions and policymakers, to overcome the constraints and contribute to more effective
communication. By empirically identifying distinct communication profiles, the study
aims to enhance understanding of the geoscience community’s approaches to public
engagement.


Besley and Dudo [2022] distinguish ‘goals’ from ‘objectives’, with ‘goals’ referring to the overarching purposes
or long-term aims that science communicators strive to achieve, while ‘objectives’ are the specific actions or steps
taken to reach those broader goals. In this study, we have widely referred to the intended outcomes as ‘goals’, as they
represent broader, overarching aspirations of members of the geoscience community in their communication efforts.


Understanding the profiles of communicators enables the development of better and targeted
approaches, optimizing strategies and promoting more effective and fruitful engagement with
society.





2  Background

Previous studies have identified several predictors of public engagement, including demographic
factors (like disciplinary background), personal motivations (such as self-efficacy), as well as
institutional factors [e.g., Besley et al., 2013; Jensen, 2011; Poliakoff & Webb, 2007]. Specifically
within the geosciences community, factors like professional experience, institutional recognition,
financial support, personal satisfaction, and expertise have been identified as influencing public
engagement [Rodrigues, Castro et al., 2023].





2.1  Science communication approaches

To understand science communication approaches, practices and their theoretical context within
the prevalent models — dissemination, dialogue, and participation [Trench, 2008] it
is important to reflect not only on the practices and tools themselves but also on the
goals and their target audience: who they are and how they are perceived [Besley et al.,
2019].


As the field has evolved, science communication paradigms have shifted from deficit models
focused on correcting public misconceptions to dialogue models emphasizing two-way
communication and public engagement, and now to participatory models that foster collaboration
and co-creation of knowledge, empowering society [Bauer et al., 2007; Bucchi & Trench, 2021;
Davies, 2021].


The roots of dissemination approaches to address knowledge deficits stem from scientists’
traditional view that public mistrust, tensions, or misinformation are due to knowledge deficits,
driving their efforts to ‘inform’ and ‘educate’ [Dudo & Besley, 2016; Ridgway et al., 2020; Royal
Society, 2006]. The belief is that the public is willing and able to process and understand scientific
information, which assumes a linear correlation between knowledge and attitudes. Evidence
suggests otherwise [Light et al., 2022; Rabb et al., 2019]. Viewing audiences as uniform, passive
and influential, scientists expect that providing accurate information will shift attitudes and
increase interest, interpreting any obstacle as a knowledge gap [Bauer et al., 2007; Bauer, 2009;
Besley & Nisbet, 2013; Trench, 2008]. This assumption is evident in the long-standing
prevalence of public lectures, a linear model where speakers convey information to passive
audiences as a key form of engagement [e.g., Liverman & Jaramillo, 2011; Royal Society,
2006].


However, the advances and challenges posed by the planet, science, and technology
have necessitated new forms of engagement. Scientists are increasingly required to
participate in dialogue, consultation, negotiation, and co-creation activities [Bucchi & Trench,
2021].


Comparing different fields, social scientists tend to emphasize civic engagement, while natural
scientists on education [Entradas & Bauer, 2017], highlighting a differing understanding of
communication purposes.


Given the nature and impact of their work, members of the geoscience community are
diversifying their audiences and strategies by increasingly engaging with policymakers,
politicians, and NGOs, a process that requires dialogic and participatory approaches but clearly
presents challenges [Liverman & Jaramillo, 2011; Rodrigues, Costa e Silva & Pereira, 2023; Stewart,
2024; Stewart & Nield, 2013]. However, few scientists see themselves as facilitators of public
participation in decision-making [Besley & Nisbet, 2013], highlighting a gap between their
engagement efforts and their perceived role in the process.


There are numerous goals and objectives that guide efforts, providing direction and purpose
for science communication and public engagement [Besley & Dudo, 2022; Metcalfe,
2019; Scheufele et al., 2021]. These range reflect distinct approaches within the three
paradigms, illustrating the relationships between scientists and the public and also offering
insights into the interplay between theory and practice [Metcalfe, 2019; Zimmerman et al.,
2024].





2.2  Training and self-perceived competence

Scientists are increasingly motivated to communicate science but often lack effective skills [Dudo
et al., 2021], relying on personal instinct and experiences [Salmon & Roop, 2019]. While science
communication training is sparse in undergraduate courses, workshops and training
programs are growing [e.g., Bankston & McDowell, 2018; Baram-Tsabari & Lewenstein,
2017; Greer et al., 2018; Longnecker & Gondwe, 2014; Miller et al., 2009; Mulder et al.,
2008].


Literature reveals that scientists who participate in training are more likely to engage with publics,
feel confident and enjoy their public engagement experiences [Parrella et al., 2022; Royal Society,
2006; Silva & Bultitude, 2009].


Scientific institutions often provide capacity building and encourage training, while scientists also
seek training independently to enhance their public communication [Besley et al., 2015], especially
looking to improve technical skills related to language and messages [Altman et al.,
2020].


Reviews on training programs show a range of formats and goals [Besley et al., 2015; Mulder et al.,
2008; Newman, 2019; Yuan et al., 2017].


Several authors advocate for training in dialogue and participation strategies [Anjos et al., 2021;
Dudo et al., 2021; Miller et al., 2009; Stewart, 2024; Trench & Miller, 2012], emphasizing both
theoretical models [Rose et al., 2020; Simis et al., 2016], and creating direct interactions between
scientists and audiences [Besley & Tanner, 2011; Bubela et al., 2009]. Trainers recognize the value
in building two-way communication skills, but implementation remains limited and inconsistent
[Yuan et al., 2017].


Effective training programs should be tailored to address specific contexts like academia,
policymakers, funders, or industry, and their impact should be evaluated [Baram-Tsabari &
Lewenstein, 2017; Bankston & McDowell, 2018; Rodgers et al., 2020]. Acknowledging values
[Seethaler et al., 2019], understanding audiences [Bray et al., 2012; Dudo et al., 2021], navigating
decision-making complexities [Seethaler et al., 2019], promoting positive scientist attitudes toward
engagement [Parrella et al., 2022], and fostering dialogue [Dudo et al., 2021] are relevant
aspirations.


Training needs are further shaped by the cultures of different scientific disciplines [Costa e Silva
et al., 2024]. In geoscience, the lack of public engagement and media training in general education
highlights a gap that should be addressed in university curricula [Ickert & Stewart, 2016;
Liverman & Jaramillo, 2011]. Furthermore, a study on a geoscience department found that
inadequate formal training contributes to weak institutionalization and ineffective science
communication policies [Anzolini, 2022].


Beyond training, personal skills and self-efficacy perception must also be acknowledged. Lack of
communication skills and training is often considered a significant obstacle to effective public
communication [Poliakoff & Webb, 2007], despite studies showing the opposite may also occur
[Ridgway et al., 2020]. Training has been associated with higher perceived self-efficacy, meaning
that those who receive it are more likely to do public engagement [Copple et al., 2020; Costa e
Silva et al., 2024].


Scientists’ perception of their own skills is closely linked to public engagement [Besley et al., 2013],
with self-perceived competence significantly impacting both their willingness to communicate
and their performance [Dunwoody et al., 2009; Poliakoff & Webb, 2007; Rodrigues, Castro et al.,
2023], meaning that scientists are more likely to engage when they feel they have the necessary
skills.


Studies show that scientists generally feel prepared to communicate [Rodrigues, Castro et al.,
2023; Royal Society, 2006], but are sometimes overconfident [Rose et al., 2020], which can lead to
underestimating the challenges of effective communication.


Also, geoscience communication training should encourage strategies that rethink practices [Ickert
& Stewart, 2016] especially for members of the geoscience community handling hazards who need
specialized training in risk and uncertainty [Liverman, 2009; Stewart, 2024], as seen in the positive
outcomes among graduate students [Dohaney et al., 2015].


Overall, this study aims to improve understanding of the geoscience community’s communication
approaches and the existence of distinct communication profiles within the field. The primary
objective is to empirically identify these profiles, guided by the following research questions
(RQ):
 
	
RQ1 
	
 — How are the geoscience community’s communication goals, practices and target
 audiences aligned with the science communication models?



The objective is to understand the connection between approaches and the theoretical frameworks
behind them, such as the deficit, dialogue, or participatory paradigms.
 
	
RQ2 
	
 — How can members of the geoscience community be grouped based on their
 science communication goals and target audiences?



The objective is to identify patterns based on their communication goals, the specific outcomes
they aim to achieve that definitively influence their approach, and the specific audiences they
target.
 
	
RQ3 
	
 — What associations exist between training, self-efficacy and communication
 practices and how do these factors combine to shape communication profiles within
 the geoscience community?



The aim is to explore the associations between training, self-efficacy, and communication practices,
while identifying distinct communication profiles within the geoscience community using a
clustering algorithm





3  Methods




3.1  Data collection

Data were collected through a survey conducted within the Portuguese geoscience community in
2020. A self-administered online questionnaire was created using Google Forms and distributed
via email and social media (see Supplementary material A). It collected 161 indicators
on demographics, practices, and representations on science communication, with this
study analyzing 60 of these. A previous study on this data analyzed the views of the
geoscience community, predicting willingness to communicate [Rodrigues, Castro et al.,
2023].





3.1.1  Data set

The sample from the geoscience community extends beyond researchers and academia to include
technical professionals, teachers, postgraduate students, and science communicators working in
Portugal across several contexts. It is acknowledged that these professional roles vary and have
their own characteristics, but the analysis of these is not the purpose of this current study. All of
them engage with and contribute to the same broad scientific field, and by grouping them,
a broader understanding of the geoscience community’s collective experiences and
perspectives on science communication can be obtained, an area that is still scarcely
studied.


The sample is gender-balanced, with a significant portion over 41 years old (56%). The majority
holds Ph.D. or Master’s degree. Most respondents completed their undergraduate studies
primarily in Geology (70%), with other areas including Natural Sciences Education,
Geological and Mining Engineering, Geophysics, Oceanography, and Geography also
represented.


The study collected 179 valid responses from across all regions of Portugal, encompassing diverse
sociodemographic groups, professional categories, and fields of expertise (detailed demographics
in Supplementary material B). The representativeness of the population studied cannot be
guaranteed, and caution is advised in generalizing the results.





3.2  Methodology




3.2.1  Descriptive analysis (RQ1)

In the initial stage, we conducted a descriptive statistical analysis to summarize and characterize
the dataset. This provided an overview of communication practices and key contextual variables,
offering initial insights into the data distribution.





3.2.2  Categorical principal component analysis (CatPCA, RQ2)

To explore how communication goals (Q34) relate to targeted audiences (Q13), we applied
CatPCA, a technique specifically designed for nominal or ordinal data [Agresti, 2013]. This
approach simplifies the data structure while preserving variability, allowing us to identify
underlying dimensions in the survey responses [Florensa et al., 2021; Martins & Nunes, 2020; Vasu
et al., 2021]. After converting each survey item into a factor, we used the princals function (in the
Gifi package) to extract principal components. We then examined loadings tables and biplots to
interpret these dimensions.





3.2.3  Association tests and clustering analysis (RQ3)

To examine relationships among training (Q10), self-efficacy (Q30.1), and communication practices
(Q11.), we used two main methods: 


	
Cramér’s V, to measure the strength of association between pairs of categorical
 variables.
 


	
Kruskal-Wallis, a non-parametric test for determining if self-efficacy levels vary across
 different groups (for example, trained vs. untrained, or low vs. high engagement).



The detailed numeric outputs for both tests are provided in Supplementary material
C).


To identify distinct communication profiles, we applied Partitioning Around Medoids (PAM),
well-suited for categorical data [Shokri et al., 2023]. We relied on the silhouette method to
determine the optimal number of clusters, ensuring an interpretable grouping based on training
status, self-efficacy, and communication practices.


The silhouette plot and its interpretation, including the average silhouette width and cluster
cohesiveness, can be found in Supplementary material C.





3.2.4  Software and packages

All analyses were performed in R [version 4.3.2, R Core Team, 2024]. We employed packages such
as FactoMineR [Husson et al., 2024], factoextra [Kassambara & Mundt, 2020], Gifi [Mair & De
Leeuw, 2022], and vegan [Oksanen et al., 2025] to implement the methods described
above.





4  Results




4.1  Practices and audiences (RQ1)

This study provides a number of insights into how members of the geoscience community might
consciously think about and design their communication activities.


The analysis of descriptive statistics for key indicators, such as goals, target audiences, perceived
audience attitudes, activity types, bidirectional experiences and communication tools,
shows that members of the geoscience community surveyed are driven by perceptions
of a public knowledge deficit (Figure 1 and Supplementary material B with detailed
results).
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Figure 1: Descriptive analysis: broad goals for public engagement, frequency of public
communication with different audiences, frequency and type of public engagement and
frequency of participation specially in dialogical and participative two-way approaches. 

These results indicate that generally, those in the geoscience community aim to provide more and
better information to the public, enhancing their understanding, with more than 85% seeking to
demonstrate the relevance of geoscience in everyday life. This may be explained by the field’s low
visibility in public discourse.


Regarding the audiences, the geoscience community primarily targets students, geoscience
teachers, and researchers, all of whom have varying degrees of exposure to and knowledge of
geoscience due to their roles and responsibilities. In contrast, journalists, non-governmental
organizations, politicians, and local communities (audiences without geoscientific backgrounds)
are less frequently targeted, despite often facing geoscientific issues that can affect them.


Concerning the types of public engagement, field trips are most reported, reflecting the
discipline’s emphasis on firsthand observation and understanding in natural settings. This is
followed by scientific papers, a format used among peers, and public lectures, typically attended
by peers, students, or highly interested audiences. Interestingly, papers were noted by few
participants as effective tools for communication. In contrast, the results show minimal
engagement in dialogical approaches like citizen science projects, focus groups, or public debates,
with nearly 50% never participating in these activities.


It is also important to highlight that many in the geoscience community perceive the public’s lack
of interest and knowledge as barriers to effective communication.


All these findings reinforce a one-directional paradigm focused on the knowledge deficit of
audiences.


4.2  Patterns based on communication goals and target audiences (RQ2)

To investigate how communication goals align with targeted audiences, we applied Categorical
Principal Component Analysis (CatPCA), a technique suited for nominal or ordinal survey data.
This method reduces and simplifies the data structure while preserving essential variability,
allowing us to identify key underlying components.


Table 1 shows the eigenvalues and the proportion of variance explained by the first two principal
components extracted through CatPCA. Together, these components account for 39.27% of the
total variance in the “goals” and “audiences” variables.
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Table 1: Eigenvalues and proportion explained by the first two CatPCA components (the
small-to-moderate percentage of explained variance is common in social science contexts
with heterogeneous categorical data). 



These results reveal: 


	
Component 1 (24.36% explained variance): this axis captures primary relationships
 between communication goals and certain audiences. High positive loadings often
 come from public, local communities and families, aligning with goals such as
 ensuring the public is well-informed, sharing enthusiasm for geosciences and
 supporting community-focused decisions. Consequently, this dimension suggests
 a ‘community-oriented’ or ‘public impact advocate’ approach, emphasizing broad
 outreach, education and tangible societal relevance.
 


	
Component 2 (14.91% explained variance, 39.27% cumulative): this axis provides
 additional insights into more specialized connections. Goals related to transmitting
 science values or understanding public opinion cluster with audiences like NGOs
 and decision makers. Such a pattern implies a ‘policy-driven’ or ‘science advocate’
 communicator, highlighting evidence-based decisions, stakeholder engagement and
 deeper discussion of geoscientific content.



Together, these two components reveal two overarching patterns of engagement with various
audiences: a community-oriented profile, prioritizing broad public engagement, local impacts and
outreach, and policy-driven profile, focusing on influencing decision-making bodies, sustaining
scientific rigor, and integrating public opinion into policy contexts.


Table 2 details the loadings of each variable (goal or audience) on Comp1 and Comp2, with a
cutoff of 0.10.
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Table 2: Loadings of variables on the first two principal components (cutoff = 0.1).
Eigenvalues: Comp1 = 6.8221 (24.36%), Comp2 = 4.1751 (14.91%), Cumulative = 39.27%.
The “Type” column indicates whether each variable is a “goal” or “audience”. Loadings
below ±0.10 are omitted. 



Figure 2 provides a biplot of these results, situating each goal or audience variable in the
two-dimensional space defined by Comp1 and Comp2. Points toward the right reflect higher
loadings on Comp1 (broad public engagement), whereas those higher up reflect stronger loadings
on Comp2 (informational/values-driven focus).
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Figure 2: CatPCA Biplot. Variables with higher positive loadings on Component 1
appear toward the right, indicating emphasis on broad societal engagement. Variables
with higher positive loadings on Component 2 appear at the top, highlighting a more
informational/dialogical orientation. Negative loadings appear to the left (Comp1) or
bottom (Comp2). 

In summary, regarding CatPCA (RQ2), Component 1 aligns with a ‘community-oriented’ or
“public impact” approach, while Component 2 aligns with a ‘policy-driven’ or ‘science advocate’
perspective. These two components collectively reveal how various communication goals and
targeted audiences group together. Ultimately, this two-dimensional solution provides a nuanced
understanding of whether practitioners focus on engaging the broader public and local
communities or on addressing specialized audiences with more in-depth scientific information
and policy guidance.


4.3  Associations between training, self-efficacy, and practice (RQ3)

To investigate the relationships among training, self-efficacy and communication practices, we
employed two main methods: 


	
Cramér’s V to measure the strength of association between training (categorical) and
 each communication practice (categorical).
 


	
Kruskal-Wallis to compare self-efficacy distributions (numeric) across different
 training (yes/no) and across practice frequency categories.



Table 3 presents the Cramér’s V values for Training versus each communication practice.
Statistically significant associations (p <0.05) are marked with an asterisk. We observe
moderate associations with museums, science centres and science showcases/fairs,
suggesting that individuals who receive training may be more inclined to engage in these
public-oriented activities. In contrast, field trips, research institutions and most other
practices show weaker or non-significant associations. Exhibitions is near significance (p =
0.0646).
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Table 3: Cramér’s V: training vs. communication practices (* indicate p <0.05; “ns” = not
significant). 



Next, Kruskal-Wallis tests were performed to see whether “self-efficacy” differs based on
“training” (yes/no) and across the frequency levels of selected practices (e.g., field trips). Table 4
summarizes two key comparisons: 


	
training vs. self-efficacy: a significant difference (chi-squared = 6.5932; p = 0.01024)
 indicates that trained individuals report higher self-efficacy
 


	
field trips vs. self-efficacy: varying frequencies of field trip participation also show
 significant differences (chi-squared = 10.839; p = 0.00443), suggesting hands-on
 engagement can positively influence confidence in communication.
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Table 4: Kruskal-Wallis tests for self-efficacy. 



These findings highlight the importance of formal training and practical engagement.
Training appears to encourage participation in certain public-facing practices (e.g.,
museums, science exhibitions) and correlates with higher self-efficacy. Additionally, active
involvement in field trips is associated with greater confidence in communication. This
underscores how both structured training and more hands-on experiences can enhance the
geoscience community’s perceived competence and willingness to engage with the
public.


To further explore how training, self-efficacy and practices combine to shape communication
profiles, we applied the PAM (Partitioning Around Medoids) algorithm on the relevant categorical
variables (training, self-efficacy and activities). The silhouette method suggested an optimal
solution of two clusters (see Supplementary material C for details).


Cluster characteristics (Table 5): 


	
Cluster 1 (‘reserved’): consists mainly of members who rarely engage in most
 communication practices and tend to have moderate self-efficacy. The majority are
 also untrained, though a few trained individuals are present.
 


	
Cluster 2 (‘enthusiasts’): includes members who often participate in various
 communication activities, report higher self-efficacy and likewise mostly have no
 formal training.
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Table 5: Full cluster centers for the two identified clusters. Note that “2 (no)” under training
indicates that none of the individuals in either cluster had formal communication training
as a majority attribute, reflecting the low presence of training in the sample. “2 (rarely)”
vs. “3 (often)” under specific activities (e.g., museums, science fairs denotes the dominant
response category for each cluster. A higher number (3) corresponds to “frequent” or
“often”, whereas 2 corresponds to “rarely”. Self-Efficacy being “2 (moderately)” in Cluster 1
and “3 (well)” in Cluster 2 highlights the difference in perceived confidence levels between
the two groups. 



Despite the low incidence of training in both clusters, these profiles underscore two different
engagement patterns: a more reserved group vs. a more enthusiastic group. Because
few participants reported having training at all, we did not observe a distinct ‘trained
cluster’.


Regarding the association of training and practices, training correlates significantly with certain
public-oriented activities (museums, science centres, and science showcases/fairs) and higher
self-efficacy, but not with field trips or other practices.


Clustering outcomes show two primary profiles. Most members of the geoscience community,
including the ‘reserved’ cluster, do not hold formal training certificates, which may limit broader
engagement. Meanwhile, ‘enthusiasts’ communicate frequently and demonstrate higher
self-efficacy, although they, too, rarely possess formal training. These results suggest that
fostering formal communication training and encouraging active participation (e.g.,
field trips, showcases) could increase overall competence and confidence across the
community.


In conclusion, PAM indicates two distinct but predominantly untrained clusters of
communicators. Strengthening formal training initiatives may help unify best practices and
improve overall communication effectiveness in the geosciences.


Additionally, we performed Chi-square tests to investigate the relationship between training and
the frequency of communication with specific audiences and participation in certain activities. The
results showed statistically significant associations for the following:
 
	
Families: 
	
 χ2
 = 6.7535, p = 0.03416
 

	
Museums: 
	
 χ2
 = 13.1310, p = 0.001408
 

	
Science centers: 
	
 χ2
 = 12.7830, p = 0.001676
 

	
Science showcases/fairs: 
	
 χ2
 = 8.2204, p = 0.0164



Meanwhile, communication with local communities
(χ2 =
5.1719, p = 0.07532) did not reach the conventional 5% significance threshold, although it suggests
a possible trend. Overall, these findings indicate that those in the geoscience community with
training are more likely to engage with particular audiences (e.g., families) and in certain activities
(visits to museums, science centers, science fairs), underscoring the positive impact of formal
communication training.


The following Table 6 compiles the main patterns identified regarding (1) communication goals
and target audiences, as well as (2) training, self-efficacy, and practices.
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Table 6: Summary of patterns and profiles identified through CatPCA and PAM: CatPCA
identified two overarching dimensions, distinguishing
“community-oriented” vs. “policy-driven” communication and PAM clustering revealed
two distinct communicator profiles — “reserved” and “enthusiasts” — based on their
training, self-efficacy and communication practices. 



By integrating these two perspectives, the study highlights the importance of training in shaping
how the geoscience community communicates (i.e., with which audiences and via which
activities), as well as their overall self-efficacy and likelihood to engage. The significant
associations found for certain publics and events suggest that targeted training could help
broaden or deepen engagement.


5  Discussion and conclusion

Given the scarcity of studies investigating the science communication practices of members of the
geoscience community, this research provides an analysis of communication perceptions and
approaches, along with empirical evidence of systematic group differences.


The study finds that while the Portuguese community values public engagement and effective
strategies, these insights are not consistently applied. A significant conclusion requiring further
exploration is the influence of limited formal communication training, alongside broader
institutional and cultural factors, on science communication practices. This research highlights a
gap between the geoscience community’s perceptions and practices, as well as between science
communication theory and practice. In the absence of structured training, practitioners tend to
default to traditional, experience-driven approaches, often due to limited awareness of the
advantages and potential of more dialogical and participatory approaches. However, it is
important to recognize that training alone is not sufficient. Without organizational support and
structures that actively value participatory approaches, even well-trained individuals may find it
difficult to implement them in practice [Langkjær & Hyldgård, 2021]. Additionally,
different science communication models can, and often do, coexist within real-world
contexts, further complicating the relationship between theory and practice [Metcalfe,
2022].


In response to RQ1, we performed descriptive analysis of key indicators, such as goals,
target audiences, perceived audience attitudes and practices. These showed that many
communication approaches persisted in aligning with the deficit model, relying on personal
previous experience to target audiences perceived as having limited knowledge, favoring
unidirectional methods typical of formal education. Although the exact way in which
members of the geoscience community are consciously considering and planning their
communication efforts and activities is unclear, these indicators implicitly support this
conclusion.


This strong emphasis on information transfer, rooted in the belief that objections and controversies
arise from poor communication [Gibson & Roberts, 2018; Ickert & Stewart, 2016; Stewart & Nield,
2013], in a field where the economic, social and political impacts of the issues, are enormous and
deserve further reflection.


This and other studies also show that scientists recognize the importance of bidirectional
approaches and real engagement [Calice et al., 2023; Davies, 2021; Scheufele et al., 2021], although
they often struggle to apply this in practice. Scientists seem uncomfortable with dialogic and
participatory approaches, viewing communication with non-specialists comparable to instructing
students, as merely simplifying, translating, and delivering content. This education-centered
outreach may be explained by the fact that they most frequently interact with teachers and
students [Besley et al., 2015; Dudo & Besley, 2016; Entradas & Bauer, 2017; Royal Society, 2006].
These unidirectional approaches also show limited understanding of the public’s relationships
with science and of their expectations [Besley, 2015]. The resistance to paradigm shifts
may be explained by limited research influence and lack of formal training [Seethaler
et al., 2019; Simis et al., 2016], as discussed. It is important to underline that one-way
dissemination approaches can be relevant in the early stages of dialogue and co-creation
processes, involving the discussion of accurate, up-to-date and accessible information
[Illingworth, 2023; Stewart, 2024]. However, this progression often does not reflect the real
context.


Concerning RS2, we used Categorical Principal Component Analysis (CatPCA) to uncover
patterns among communication goals and audiences. Rather than relying on linear assumptions,
CatPCA is specifically suited to nominal/ordinal data, simplifying multiple survey items while
retaining their variability. From this analysis, we identified four distinct patterns (or “profiles”)
describing how members of the geoscience community combine goals (e.g., informing, sharing
enthusiasm, supporting decision-makers) with various audiences (e.g., local communities,
NGOs, decision makers). For simplicity, these patterns can be seen as two major axes
(community-oriented vs. more specialized/policy-driven engagement) and sub-variations
emphasizing public impact or science advocacy.


Notably, no purely “educational-only” profile emerged, as many within the geoscience
community blend educational purposes within wider efforts. Nor did we find an unequivocal
separation of “community-oriented” versus “policy-driven” extremes; instead, these
reflect underlying dimensions rather than strict categories. Additionally, the patterns
identified do not provide a definitive position towards the existing communication
paradigms.


These conclusions reflect the complex nature of science communication among members of the
geoscience community, as well as the challenges they face in positioning their goals and practices.
However, as several authors have pointed out, a mix of science communication models often
coexists in practice [Metcalfe, 2019; Stewart, 2024]. This plurality may reflect not only
inconsistencies or gaps in training, but also deliberate, context-sensitive choices by
practitioners who draw on different models to suit specific audiences, goals or institutional
settings.


Regarding RQ3, tests revealed meaningful relationships between training, self-efficacy
and communication practices. Although formal communication training is rare, our
results indicate it has a significant impact on self-efficacy. Further, performing field
trip activities correlates with higher self-efficacy, probably because field trips are the
most defining activities in geoscience, offering real-world settings that demand holistic
approaches and specific skills to communicate multi-dimensional processes. We also
observe a strong link between certain related communication activities (e.g., visits to
museums and science centers), in that members of the geoscience community who
frequently do one often do the other as well. However, scientists’ self-efficacy may
not always mirror actual quality or effectiveness of engagement, though it influences
how activities are designed and implemented, which we know to be predominantly
linear.


Finally, to identify distinct “communication profiles”, we applied the PAM algorithm on variables
including training (yes/no), self-efficacy (low/moderate/high) and practices (rarely/often). The
silhouette method indicated an optimal solution of two clusters, both surprisingly lacking a
predominantly ‘trained’ contingent (likely due to the low incidence of training in our
dataset).
 
	

 Cluster 1 (‘reserved’): 


	
members who rarely engage in communication activities;
 


	
generally have moderate self-efficacy;
 


	
mostly untrained in formal communication.




	

 Cluster 2 (‘enthusiasts’): 


	
members who frequently participate in numerous communication activities (e.g.,
 science showcases/fairs, museums);
 


	
tend to have higher self-efficacy;
 


	
also largely untrained, reflecting the overall sample.






Since few individuals reported training, no separate ‘trained’ cluster emerged. This likely reflects
the typical structure of university courses in geosciences, where specific training in
communication is generally not included.


These two profiles underscore how members of the geoscience community differ in their
frequency of engagement and self-efficacy but remain consistent in the limited availability of
formal communication training.


Overall, integrating the findings, this study reveals six discernible groupings: four main
patterns from CatPCA (community/policy axes plus sub-variations) and two further
clusters (Reserved vs. Enthusiasts) from PAM. Although these methods differ in nature —
CatPCA for identifying variable-level patterns and PAM for clustering individuals —
their outcomes complement each other. On one hand, statistical association methods
(Cramér’s V, Kruskal-Wallis, CatPCA) shed light on relationships among variables; on the
other hand, clustering (PAM) highlights how these variables combine within specific
profiles.


This research, focusing on the geoscience community in Portugal, offers valuable insights,
methodologies, and analytical approaches for improving science communication — both within
geoscience and other fields. The detected profiles (four via CatPCA, two via PAM) confirm that
communication goals and target audiences differ systematically and underscore the
positive role of training and practical, hands-on activities (like field trips) in building
self-efficacy.


Nonetheless, the limited availability of training opportunities may contribute to the challenges
scientists face in adopting more dialogical, participatory models of communication, an issue
echoed in the literature [Dudo et al., 2021; Besley & Tanner, 2011]. Expanding international scope
and adding qualitative methods (e.g., interviews) could refine these findings further, but
our sample’s diversity aligns with prior studies enough to support confidence in the
results.


Limitations include potential self-selection bias (more communicative subjects may be
overrepresented), and the low prevalence of mentions of training limits the analysis of trained
subgroups. Meanwhile, CatPCA itself can lose nuance when encoding categorical data, and
clustering solutions (like PAM) reflect the data’s structure and coding choices. Regarding the
analyses (CatPCA and PAM), these should be considered exploratory, highlighting the low
variance explained (39%), which is common in social sciences but warrants caution. It is equally
important to underscore that clustering is used to identify potential profiles, not to
draw definitive conclusions. Despite these constraints, the combined approach revealed
nuanced insights that single-method approaches might have missed, strengthening the
empirical basis for discussing systematic differences and designing targeted communication
interventions.


Ultimately, these findings reinforce the call for enhanced dialogue-based approaches and tailored
training programs to help the geoscience community communicate more effectively. The profiles
identified may guide policymakers and institutions in offering more customized support, whether
bridging knowledge gaps, fostering public engagement, or shaping evidence-based decisions in
geoscience-related domains.


Considering the understanding within the field, the outcomes were not unexpected, and the
results confirmed profiles that had been previously foreseen but are now being empirically
demonstrated for the first time.


The current results, together with the previous studies [Rodrigues, Castro et al., 2023], provide a
comprehensive view of the perceptions and experiences of the geoscience community, predicting
factors that influence public engagement and identifying distinct profiles. These findings
align with earlier discussions in geoscience communication [Rodrigues, Costa e Silva &
Pereira, 2023], underscoring the need for dialogue-based approaches and enhanced
collaboration between researchers and practitioners, through training incentives and other
interventions.


Considering this study examines the geoscience community as a whole, future research could
segment it by professional roles to better understand how these roles influence perceptions and
practices.
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Comparison Chi-squared df  p-value  Interpretation
Training vs. Self-efficacy 6.5932 1 0.01824  Significant difference (trained > untrained)
Field trip vs. Self-efficacy 10.839 2 0.800443 Significant across frequency levels
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