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Abstract

Misinformation is often viewed as an information problem, attributed to people’s
poor understanding of consensus-based facts. While this is a contributing factor, we
propose that misinformation and conspiracy are also communicated differently to
their audiences. Can we better reach these audiences by matching the styles used
in online communities? We present the findings of a multiple Facebook ad study
in which we tailored consensus-based messages to communication styles associ-
ated with three persona-informed Facebook audiences. Our results demonstrate that
styled messages led to higher engagement among targeted Facebook audiences than
the neutral-toned variants. We introduce our concept of the misinformation ecosys-
tem, based on our Australian dataset, as a way of understanding online communities
and their communication styles, and develop three personas whose demographic
and interest profiles informed the Facebook ad audiences used in our experiment.
Our findings suggest that styled messaging about consensus-based information can
better engage audiences associated with vulnerable communities otherwise resistant
to external influence, providing considerable implications about possible future in-
terventions to counter misinformation.
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1 Introduction

Misinformation has typically been defined as a category of material with factual inac-
curacies, “fake news”, and other fabricated narratives, including political propaganda
([1, 2]). This definition exists in opposition to concepts of accurate or consensus-
based information (i.e. not misinformation), in that it spotlights the “inaccurate ele-
ment” of a piece of content in order to categorize it as misinformation. While this is
no doubt useful for the purposes of classification, such definitions also carry inherent
assumptions that can inhibit attempted interventions. For example, the highly polar-
ised nature of social media, and the ability for opinions and interpretations of virtu-
ally any event to be published without adhering to journalistic standards of accuracy
and objectivity mean that the classification of content as misinformation is not always
straightforward. Likewise, the understanding of misinformation, as defined by the
presence of inaccuracies, has lent itself to a series of interventions that, while logi-
cal, are not always effective. For example, fact-checking initiatives, while a popular
intervention, are when they seek to change the opinions of people who find the facts
counter to their preference [3]. Furthermore, visuals are commonly used despite the
fact that they inhibit the potential corrective power of fact-checking tools [3]. Addi-
tionally, content moderation has had limited impacts on the visibility of misinforma-
tion content and pages on platforms such as Facebook [4]. Therefore, it follows that
if these strategies are only suitable for those who are already predisposed to believe
them then the most vulnerable cohorts—those distrustful or unwilling to engage with
authoritative sources like fact-checkers—are beyond the reach of current intervention
methods. The challenge, then, is to design new intervention methods that can reach
them.

Technological factors, while enabling the spread of misinformation, simultane-
ously inhibit our ability to reach these communities. Data voids, defined as the out-
come of “search terms for which the available relevant data is limited, non-existent,
or deeply problematic” ([5], p. 1), provide rich opportunities for everyone from
conspiracy theorists to con-artists to profit. By building custom landing pages for
oblique search terms that have few results, and then disseminating the search terms
online accompanied by encouragement that users “do their own research” and input
the term into a search engine, these bad actors can drive people down rabbit holes
they might never have otherwise sought out ([5], p. 3). These strategies deliberately
misdirect users and manipulate #ow they conduct their fact-checking, which in turn
makes it less likely that users will find a credible source to inform them. Likewise,
recommendation algorithms, used across social media platforms, have been demon-
strated to progressively drive audiences towards more polarizing fringe content that
they may never have sought out on their own [6]. This pushes users into increasingly
insular communities rather than exposing them to a diversity of content that could
provide them with numerous perspectives on a topic. Digital media, more generally,
have already had widespread political impacts: Lorenz-Spreen et al. [7] find both
correlational and causal evidence that the introduction of digital media into estab-
lished democracies, such as the United States, contributes to the “declining political
trust, increasing populism and growing polarization” among the population, thereby
undermining democracy (p.74). Although most people are not totally cut off from
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sources that can counter unreliable online content, Booth et al. [8] used testimonies
from former members of fringe communities to show that people who were highly
invested in the online community severed ties with friends and family, and actively
avoided mainstream information sources. This indicates that such people do exist,
beyond the reach of existing interventions.

If simply making consensus-based information available does not halt the spread
of misinformation, then it follows that misinformation may not be an information
problem, but a human problem. Existing research has explored this human side, and
looking into the psychological traits and profiles of people who typically believe mis-
information and conspiracy theories provides some insight. Uncertainty, insecurity,
alienation, and distrust in authorities have been found to commonly occur in believ-
ers of conspiracy theories and misinformation [9-13]. Additionally, whether or not
someone believes a conspiracy — or generally, a piece of information — depends on
pre-existing views on the topic ([14] p.6). However, we argue that this human-centric
approach needs to be taken further, and that online misinformation needs to be stud-
ied in context. Who is posting and consuming it? What are their apparent motivations
or needs for doing so? How is misinformation being shared, so as to engage people
effectively? Although the reach and consequences of misinformation are amplified by
the increasing use of online social media as a primary source of news and information
by many people [15], the existence of misinformation does not guarantee believers.
What makes certain misinformation narratives appealing to their believers? And can
we appropriate these attributes to design interventions?

In this article, we explore the design of interventions that allow us to reach con-
sumers of misinformation, focusing on the Australian environment. We first investi-
gate why fact-based interventions can fail by identifying the types of people active
in these communities, understanding the community structure and communication
style, and the perceived barriers to fact-based communication. From this qualitative
research, we propose the concept of misinformation ecosystems, in which concen-
trated networks of misinformation producers and consumers initially form around
key topics of concern, but remain part of the network for reasons other than (mis)
information about that catalyst topic. We illustrate the core components of a misin-
formation ecosystem, including the distinctive communication styles used in each
group, and provide three personas to represent the typical demographic traits and
concerns of the members from some of the ecosystems studied. These personas help
us to understand the human factors that fuel people’s desire to remain connected to
these communities, and how they can gradually become immune to outsider interven-
tions like fact-checking.

Next, we design outreach measures. In a Facebook ad experiment, we demon-
strate how adopting the communication styles of these groups and applying them to
consensus-based information can be used to target messages towards these users; and
that this can lead to greater uptake of interest in evidence-based resources compared
to the generic, evidence-based format that is commonly-employed in fact-checking
methods, which we also test. Building on this, we also provide the results of deliber-
ate error tests designed to act as controls for our experiment. Although these results
do not prove that people’s perspectives were changed, they do demonstrate that peo-
ple were reached because they actively clicked on the ads. From our results, we argue
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that understanding the key components of a misinformation ecosystem enables the
design of more targeted interventions that can reach users who may have cut them-
selves off from external influences.

2 Methods

Prior to data collection, the study received full ethical clearance from the Human
Research Ethics Committee of the University of Technology (application ID ETH23-
8018). This also includes a waiver of consent for the experiment involving the ads, in
compliance with the Australian National Statement on Ethical Conduct in Research
Involving Humans.

2.1 Qualitative development of the misinformation Ecosystem

At the outset of this study, we first sought to understand the online misinformation
landscape in Australia, to distinguish it from other contexts like the United States
of America. We began by identifying numerous Facebook groups that we suspected
posted or facilitated misinformation about particular topics of concern, such as vac-
cination skepticism and far-right groups. This was done through a search of Facebook
pages for keywords; and after identifying a relevant page, looking into what pages it
followed or engaged with on the platform. We manually assembled two lists of Face-
book pages for specific ideologies, namely Australian Antivax and Far-right
groups. Using CrowdTangle API, we collected all posts from the Facebook groups
between January 23, 2021 and February 24, 2023. Through this process, we collected
6017 posts from the Far-right groups and 2969 posts from the Antivax groups.
We conducted qualitative online observation of these pages and groups over several
months, during which time detailed field notes were recorded, capturing the nature
of posts on the page (i.c. topic and writing style), the types of people who appeared
to be active on the page based on comments, and links and other content posted to it.

Due to limitations on the team’s size, only one member of the team was qualified
to conduct the qualitative analysis that developed the style guides and field notes. The
field notes served as an observational record documenting recurring demographic
characteristics, community concerns, interests, communication patterns, and writing
styles observed throughout the ethnographic observation. Rather than being coded
themselves, these observations were synthesised to develop the personas and com-
munication style guides used in the subsequent stages of the study. As the qualitative
analysis was conducted by a single qualified researcher, formal assessment of inter-
coder agreement was not applicable. To address this, we also computationally col-
lected posts from the groups under observation. A total of 8,986 posts were collected.
Following the development of the communication style guides, the same researcher
manually coded a random sample of 66 de-identified posts against these existing
categories as a robustness check. While some posts were only one or two sentences,
some were extended paragraphs, thus providing ample data to code and allowing data
saturation to be achieved. This process, done across 2 stages, allowed categories to be
robustly evaluated, independent of any bias attached to the source.
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During this observation period, the research team had weekly meetings to dis-
cuss the observations. Questions that were raised about the online communities were
recorded, so that any relevant observations that might answer the question could be
fed back to the group. Thus, it became an iterative process whereby new observa-
tions continually led to new insights, which then guided new observations. During
this time, we observed that different groups may share the same topic of concern, yet
depending on the community demographic, these topics would be framed in different
ways by members. For example, an anti-vaccination group that was dominated by
young women would more likely frame their opposition as being a choice to embrace
more natural health remedies and lifestyles, whereas opposition to vaccination could
arise in far-right communities as part of their larger hostility against doctors and other
members of the medical establishment (or “the elite").

In summary, the qualitative workflow consisted of ethnographic observation of
online communities, recording field notes to document recurring characteristics and
communication patterns, synthesising these observations into personas and com-
munication style guides, and subsequently coding a random sample of de-identified
posts against the resulting style categories as a robustness check.

2.2 Qualitative development of the personas

The concept of a persona as a representative character intentionally designed to
embody a group of people within a specific, pre-determined context for research
was coined by Alan Cooper in 1999 [16], as a tool for software developers to better
understand the needs of their users and design their products accordingly. A persona
in this context can be understood as a figure based on empirical data about real people
in which the most common features are combined to create a representative character,
with supplementary details typically added through elements of fiction that naturally
extend from the data. Personas are not stereotypes: a stercotype is a pre-existing
assumption about a particular demographic that may be applied to this group regard-
less of context and can be transmitted at a broader societal level such as in entertain-
ment media; whereas a persona is an evidence-based understanding of a predefined
cohort, which is bound to the context it is created in and cannot be used to general-
ize elsewhere [17]. Personas have been widely used in both research and industry
including in the contexts of business, health, IT and software design, and more [18].
Personas are beneficial for researchers working with sensitive data, as they enable
the representation of a cohort without ever identifying an individual, thus addressing
ethical concerns around identification. Personas are most frequently developed from
data gathered through qualitative research methods, such as focus groups, interviews,
ethnography, and observation, typically taking at least several months to reach data
saturation [19]. Data saturation refers to the point in qualitative research where no
new findings are discovered, and the data gathered merely repeats what has already
been gathered. At this point, data collection is terminated because it is determined
that there is nothing new to discover.

Developing a persona involves first identifying and cohesively drawing together
the most relevant and prominent features in the data, such as demographic features,
and perspectives expressed like frustrations or hopes. The result is a clearly-defined
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character that can be named and envisioned as a real person, from which we can bet-
ter understand their specific wants, fears, and goals [16]. In this study, due to safety
considerations involved with engaging fringe communities directly, we conducted
months of online observation of key communities, instead of directly interacting with
members, and recorded these observations in detailed field notes. We compiled a list
of the most common demographic traits of each group, such as approximate age,
gender, and occupation, as well as the most common interests, like raising a family
or achieving physical fitness, and fears and hopes. For example, observation of one
group containing mostly young men who were concerned about the implementation
of 5 G towers in Australia and feared its impacts on their physical health led to the
development of the persona of Aaron. Based on the distinctions between communi-
ties noted in the above section, we designed three personas that accurately embodied
each community as a whole by combining the most common traits into named enti-
ties. Personas are deployed through the creation of scenarios, which is where Nielsen
notes, the persona “comes to life and acts” [17]. A scenario is a story developed
around a persona and the related data, with the purpose of imaginatively describing
how they might engage with a specific task, goal, routine, or product [17, 20]. For
us, scenarios were built around the idea of a regular day in their lives and how their
engagement in a misinformation community online might fit into their otherwise
ordinary lives. Both personas and scenarios are tools that emphasize the humanity of
participants, foregrounding empathy and understanding of a cohort’s behavior rather
than stigmatizing it, thus enabling the design of more ethical solutions. This informa-
tion is typically brought together on a persona card, such as those included at the end
of this article [20].

2.3 Facebook A/B testing methods

The Facebook advertisements were designed and deployed through Facebook’s A/B
testing program. This allows for two versions of an ad to be tested among the same
target demographic, to determine what achieves the best result. Specifically, we use
a “multiple-ad study without holdout” implemented by Facebook which has become
the most widely adopted approach to collect data on advertising platforms [21]. The
personas we created provided both the template for the demographic traits used to run
the Facebook ads, and our understanding of the best styles and topics for each cohort.
We selected the cohort of users the ad would be shown to based on factors such as
gender and age, but also the perceived personal interests of individuals. We specify
the persona’s characteristics in the field “People who match” — this determines the
audience of the advertisements. For example, to target the audience of Jennifer, we
configured “female between the ages of 25 to 40 with interests in painting, health,
wellness, yoga or childcare”. We create the textual content of the ads to match the
identified best-suited styles for each persona. By “style”, we refer to all aspects of
written language beyond the propositional content: tone, readability, emotional fram-
ing, directness, question format, and implied concern or urgency. In this study, it is
predominantly the non-nouns that convey the style, while the nouns (such as “vacci-
nation”) remain constant. For the purposes of coding, the three communication styles
were operationalised according to their defining linguistic characteristics. Intimacy
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was characterised by highly personal language, emotional openness, and expressions
of affection or vulnerability. Expert was characterised by authoritative, explanatory
language that presented claims through references to evidence, reports, or exper-
tise. Empowerment was characterised by motivational and confrontational language
intended to encourage action against a perceived adversary. More detailed qualitative
descriptions of these styles are provided in Sect. 3.3. We also created ‘errors’ with the
style and topic to test the strength of the findings, as presented in Table 1. The styled
messages for each topic and each persona are summarised in Table 2.

We sourced copyright-free images to accompany each ad, and these were consis-
tent regardless of the accompanying text. The landing page — the target where the
viewer is taken to when clicking the ad — for both versions of the ad was identical:
an Australian government-affiliated website providing facts about the topic, to ensure
individuals landed on a website with reliable information about the topic of their
interest. Because of the constraints on the length of the text that could be used for

Table 1 Summary of Facebook Ad outcome report for the 12 unique paired comparisons included in
the primary analysis. The significance is measured by a two-sided chi-squared test. *p < 0.05/12,
# % p < 0.01/12, * % *p < 0.001/12 using Bonferroni correction. “-” sign indicates the difference was
non-significant

Topic Message Style Target  Impressions Link clicks CTR Significance (p)

Effect of Style

5G Neutral Aaron 29888 133 044 #xx(3.36x1077)
Empowerment Aaron 24203 191 0.79

Supplements Neutral Aaron 14554 102 0.70  —(0.759)
Empowerment Aaron 17708 118 0.67

Vaccines Neutral Jennifer 15567 101 0.65 *(0.002)
Intimacy Jennifer 13107 129 0.98

School Education  Neutral Patrick 13502 148 L10  ##x (7,72 x 107100)
Expert Patrick 10276 617 6.00

Climate change Neutral Patrick 20654 135 0.65 %% (6.47 x 10771
Expert Patrick 10083 334 331

Error of Style

5G Neutral Aaron 28618 132 0.46 —(0.079)
Intimacy Aaron 28238 161 0.57

School Education  Neutral Patrick 14619 194 1.33 %% (1,32 x 10754)
Empowerment Patrick 11235 506 4.50

Vaccines Neutral Jennifer 13200 168 1.27  —(0.025)
Expert Jennifer 13173 212 1.61

5G Neutral Patrick 8939 168 1.88  ##% (3,86 x 10728)
Empowerment Patrick 8861 431 4.86

Error of Topic

School Education  Neutral Jennifer 17495 101 0.58  **x* (4.36 x1079)
Intimacy Jennifer 11105 119 1.07

School Education  Neutral Jennifer 17336 132 0.76  #*** (2,93 x 10720)
Empowerment Jennifer 8639 181 2.10

5G Neutral Patrick 11340 216 1.90  sxx* (1.78 x 10—7)
Expert Patrick 10960 328 2.99
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Table 2 The styled messages for each topic and each persona

Persona Jennifer Patrick Aaron

Style Intimacy Expert Empowerment Neutral

Topic Styled messages

5G Are our children safe  The world changes What is 5 G really, 5 G is the new
around 5 G? What do quickly-Can 5 G  and why is it being  industry stan-
new mothers need to  help you keep up? rolled out around dard for a cheap,
know? Australia? How will energy-efficient

it change our lives? future, and is
now available

around Australia
Supplements Tired and need en- Not as fit as you Interested in supple- Supplements
ergy for two? Could  were? Find the ments? Get the facts should only be
supplements be your  right supple- to get the wins used with medi-
answer? ment to get your cal advice
strength back
Vaccines Do you know all the ~ Natural immunity Do childhood Protect the com-
effects of childhood ~ or modern medi-  vaccinations really  munity and your
vaccinations on your  cine? Do vaccines improve natural kids by booking
babies? help today’s kids ~ human immunity?  their vaccina-
grow up stronger? tions today
School education What child sexuality =~ What’s included What does Austra-  Get the facts
education will your in today’s child lia’s school child about the new
children receive at sexuality education sexuality education kid’s health
school? curriculum? include? education
Climate change  How will climate What kind of The truth about cli-  Australia is
change affect your world will your mate change—check taking action
children’s future? grandchildren the facts yourself against climate
grow up in? change

the ads, we had to carefully balance the topic (message) with the style properties. An
example of deployed advertisements is shown in Fig. 2.

The campaigns were run between May 1 and September 30, 2023, with each
experiment running for one week. All campaigns used Facebook’s Traffic objective,
a 7-day click or 1-day view attribution setting, and lifetime ad set budgets of AUD
100. The bid type recorded in the Facebook report was ABSOLUTE OCPM. Most
ads spent the full AUD 100 budget, while one rejected climate-change ad spent AUD
4.29 before cancellation. Within each paired test, the sponsor, image, landing page,
campaign objective, attribution setting, and budget were held constant, with only
the ad text varying. Facebook’s delivery system remained a platform constraint: ad
delivery was mediated by Facebook’s opaque optimization system, and two climate-
change campaigns were cancelled by Facebook, possibly because they were classi-
fied as ads related to social issues.

After the ads ran for a given period of time (here, one week), Facebook made
available a range of performance indicators, including Impressions, Link clicks, Cost
per link click, Post reactions, etc. All performance measures provided by Facebook is
available in Supplementary information. We selected the Click Through Rate (CTR),
as this indicated that a user had taken an active step to find out more about the sample
text they were shown. CTRs are the rate at which an ad was clicked, calculated by
considering the percentage of people who viewed the ad (its impressions) in relation
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to the percentage of people who then click the ad (clicks). A higher CTR indicates
that the ad is drawing more attention and action from individuals.

Of the 15 pairs of tests we designed, two climate change pairs were cancelled by
Facebook: climate change targeted towards Jennifer (intimacy/neutral style), and cli-
mate change targeted towards Patrick (empowerment/neutral style). Of the 13 pairs
that ran, one was a repeated Supplements/Aaron pair, which we ran to confirm the
stability of Aaron’s lower engagement; because it returned similar results, we retained
the original run for the primary analysis, leaving 12 unique paired comparisons. One
possibility for why these ads may have been prevented from running is that Facebook
determined they did not comply with the policy around ads related to social issues
("). However, given that our initial test of climate change targeted towards Patrick
(expert/neutral style) ran without issue, and that our ads mentioned but did not take
a stance on the topics featured, we are unable to determine why those two particular
campaigns were disabled. Drafts of all ads were submitted to the university Human
Research Ethics Committee prior to the experiment commencing.

3 Results

This research unfolded through an explorative and iterative process (fully detailed
in the Methods section) with the aim of understanding the online misinformation
landscape and users in Australia. The qualitative exploration led to our development
of the misinformation ecosystem and the personas and their respective communica-
tion styles. Following this, we deployed what we had learned about the Australian
online misinformation environment and its users through a series of experiments in
which we re-styled consensus-based information into more engaging formats tai-
lored to each cohort. The findings demonstrate that targeted styling produces higher
engagement with the content from the user base, but also that custom styles are more
effective at engaging users than a generic, authoritative message. We next detail each
of these steps.

3.1 Misinformation ecosystem

We propose the concept of a misinformation ecosystem to understand the forma-
tion of communities around individual producers who package misinformation like
a product for their followers, depicted in Fig. 1. We built the ecosystem based on the
qualitative observations, conducted over eight months in 2023, of 23 public Face-
book pages and groups expressing critical views about vaccination (anti-vaxxers) and
extreme-leaning conservative views and narratives (nationalism and conspiracy theo-
ries). This role-based structure differs from the informal spread of misinformation
through personal networks or viral content, as a misinformation ecosystem contains
a clear internal hierarchy. Producers generate misinformation content, and they are
often the page or group owners and administrators. On the other side are the consum-

Uhttps://www.facebook.com/business/help/214754279118974?id=288762101909005
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Creator/ Misinformation Consumer/
Supplier Target
Style Shape Format
Persona 1 Persona 1

Hate speech

% Report

Empower

»Expen

Packaging

233333 ———333333

Persona 2 Junk science e ] Graphic Persona 2

Persona 3 Persona 3

Fig. 1 The misinformation ecosystem: the producers, the misinformation content and the consumers.
The content has a writing style, a shape (or genre), and a format — all of which are specific to categories
of consumers

ers, who make up the majority of the community and drive most of the engagement
with the page or group.

We found that these pages and groups were not just topic-based hubs focused on
information exchange, but social communities with their own distinct communica-
tion style. When we compared how different pages with different demographics of
users discussed the same topics, we found three additional layers to the distribution of
misinformation content beyond the topic itself: the writing style, the shape or genre
of the content, and the format. These layers of styling, which vary between groups
even when the topics are similar, are what we term misinformation packaging. It is
this packaging that makes producers valuable, as they not only share content relevant
to their audiences; they do so in a particular way that engages their specific audience,
such as through their choice of language or content format. Consideration of these
additional layers pushes beyond the common confines of examining misinformation
based on topic and accuracy, and instead considers how it is communicated. We note
that while the examples we use to illustrate our proposed concept of the misinforma-
tion ecosystem in this paper are conceptualized based on our observations of Austra-
lian online misinformation communities, the concept of a misinformation ecosystem
itself could be adapted to other cultural contexts in future research.

3.2 Three vulnerable personas
The personas developed for this research are a synthesis of the months of online
observation of specific groups in Australia, as is standard for persona design (see

Materials and Methods section for details). We developed three personas to represent
these communities without compromising anyone’s privacy. First, we identified a
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list of the most commonly observed demographic traits for each community (e.g.
approximate age, gender, current or former occupation), as well as the interests of
members beyond misinformation topics (e.g. healthy eating, family, fitness), and the
concerns and hopes they expressed. Next, we developed representative personas for
each cohort by assembling the information we gathered into a narrative form—that is,
essentially writing the story that brought together all the information we had gleaned
during our qualitative observations into one fictional “person”. The traits used to
build these personas were based on what was the most common for that cohort. For
example, we observed that all anti-vaxxers in one such community we followed were
young women raising children who were passionate about health and wellbeing;
therefore, these traits were included in the persona of Jennifer. These profiles are then
extended through the process of scenario building, as detailed in the Methods section.
Without standing in for or identifying any single person, the personas represent the
type of person we observed to be vulnerable to misinformation related to specific top-
ics, when presented in specific styles. Our personas are Jennifer, Patrick, and Aaron,
and we briefly introduce them here. Jennifer is a young mother experiencing anxi-
ety about her first child’s mandatory vaccinations. Patrick is a retired school teacher
concerned about the state of the world for his grandchildren, including what they are
taught in schools and whether climate change is a real threat to them. Aaron is an
ambitious young man who resents being single and not having what he perceives as
the ideal male body, leading to his interest in supplements and new technology. The
full personas and their visuals are presented in the Supplementary Materials, and we
include our persona cards in Figs. Al to A3.

3.3 Misinformation packaging

Through a close reading of the user posts from each page and comparing the discus-
sions of the same topic on other pages, we determined distinctive attributes of the
writing styles used for each persona. Jennifer’s style, named ‘intimacy’, involves
the topics of conversation being expressed through an intensely personal lens, as
though posts are addressed to a close friend. Common emotions include joy, grati-
tude, and a kind of fragile fear or trepidation to enhance the poster’s image of being
open and vulnerable with the audience. High levels of affection towards others are
expressed, through words or emoji use. This style was suitable for genres like rumors
or conspiracy theories, which prompted anxiety, which in turn prompted the need for
community members to provide emotional support for each other. Patrick’s style was
‘expert’, which relied on creating the impression of taking a logical approach to the
topic by referencing legitimate news articles and even academic sources while strip-
ping them of context and nuance to misrepresent the results (or perhaps, not under-
standing these factors in the first place). This approach tapped into the preference to
come across as a knowledgeable authority on a topic, and is commonly seen in the
genre of junk science. Lastly, Aaron’s style of ‘empowerment’ involved writing as
though trying to rally the readership to face an enemy, through a consistently angry
tone and inflammatory language, which could include slurs or language that implied
the speaker and their in-group were being subjected to oppression. This is the type of
language commonly seen in hate speech. Although each style has a common shape

@ Springer



62 Page 12 of 20 Journal of Computational Social Science (2026) 9:62

or format through which it may be deployed as part of the misinformation packaging
process, we hypothesized that this style element could be applied to different genres
of text, including those grounded in consensus-based information.

Finally, we compared the three observed writing styles to that of Australian gov-
ernment factsheets about similar topics, to determine how much of a gap lay between
government communications, and the style used in each community. We found that
these resources used a more authoritative tone, focused primarily on conveying facts
and information. This is not inherently a problem, but the distance between this style
and the styles used in the online communities was significant. We hypothesized that
this gap in style could contribute to certain users being unwilling or unable to access
authoritative resources, and that alternative messages conveying information about
the same topics in a community’s preferred style could potentially increase engage-
ment with official resources. To test this hypothesis, we designed and implemented
a Facebook experiment. We created a series of short messages about the topics of
concern for our personas, drawing from official information from Australian govern-
ment-affiliated websites. Thus, although the style was intentionally reminiscent of
their familiar online communities, the content users would access would be reliable,
consensus-based information rather than misinformation.

3.4 Styled messages receive more engagement

We developed a series of Facebook advertisements targeting our personas to deter-
mine the impact of language style on these different communities, about their social
issues of concern. We leveraged Facebook’s A/B testing facility, which allows for
two different versions of the same ad to be tested with the same demographic to
determine what achieves the best result. The image, the ad target and the clearly
identified sponsor are identical across the two versions, with only the text’s styling
differing. Our success metric was the Click-through Rate (CTR) on the ad, defined
as the percentage of ad viewers who also clicked on the ad. We use CTR because we
aim to measure how many individuals were willing to take the active step of click-
ing an ad, while noting that this does not measure comprehension, trust, retention, or
attitude change. All other metrics provided by Facebook’s A/B testing are also shown
in Supplementary information section. The development of the personas provided us
with the necessary insights into user demographics to design and target these Face-
book interventions, as factors such as demographics and interests can be added to the
interface to refine the targeted audience. First, we tested the impact of custom-styled
advertisements for each persona, compared to the neutral style we associated with the
Australian government fact sheets. Figure 2 shows an example of a pair of ads target-
ing Jennifer. Each experiment ran for one week in 2023. When users clicked on the
text for either version of the ad, they were redirected to an Australian government or
affiliated factsheet on the topic, ensuring no exposure to misinformation. Jennifer’s
ad used the ‘intimacy’ style and the topic of child vaccination, Patrick’s used the
‘expert’ style on both climate change and school health and sexuality education, and
Aaron’s used the ‘empowerment’ style along with the topics of supplements and 5 G
technology. In Table 2, we summarize the styled messages for each topic and per-
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0 Facebook Facebook
Business Explore Business Explore

Behavioral Data Science lab  ,,, X

Sponsored

Behavioral Data Science lab  ,, X
Sponsored

Protect the community and your kids by booking Do you know all the effects of childhood
their vaccinations today vaccinations on your babies?

healthdirect.gov.au healthdirect.gov.au

Vaccines help to keep your Are vaccines safe for your
kids safe little one?
ECJ Like O Comment A} Share @ Like D Comment d} Share

(a) (b)

Fig.2 Screenshots of real-world advertisements about vaccination in Australia. a General purpose non-
styled version. b Intimacy styled (preferred by the Jennifer persona)

sona. We fully detail designing and deploying the Facebook experiment in Materials
and Methods.

Figure 3 compares the CTR of the styled and neutral ads tailored for each persona
and each topic. The styled ad versions outperform the neutral version in all experi-
ments. We calculate the two-sided chi-squared statistics for each of the 12 unique
paired comparisons in the A/B testing result (styled-neutral) to determine whether
there was a significant association between group assignment (styled-neutral) and
click status (click or non-click); we find that the differences in click rates for all pairs
(styled-neutral) are statistically significant when applying a Bonferroni correction
(p < 0.05/12), except for the Supplements ad targeted for Aaron. We believe that
Aaron, being a member of the current Generation Z, is a demographic less likely
to be on Facebook and more likely to instead be on platforms like TikTok, and this
could account for the lower engagement from his cohort. Overall, the styled versions
of ads achieved a higher clickthrough rate, suggesting that appropriately styled texts
are more attractive to the demographics represented by our personas than the neutral
style of government fact sheets. We show the complete set of performance metrics for
each ad, including impressions and clicks, in Table 1, Effect of Style.
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Fig. 3 Engagement of styled messages. We compare the engagement of advertised messages via CTR
for the 12 unique paired comparisons included in the primary analysis. The x-axis shows the tested
topics; the faces above the bar indicate the targeted persona. The style matches the persona in the first
seven bars (orange background); in the next five bars (blue background), the custom-applied style is
“incorrect” for the persona. These figure groupings map onto Table 1 by style correctness: the orange
group contains the five Effect of Style comparisons plus the two Error of Topic comparisons that
use the persona’s correct style (Intimacy/School Education for Jennifer and Expert/S G for Patrick);
the blue group contains the four Error of Style comparisons plus the Error of Topic comparison that
uses an incorrect style (Empowerment/School Education for Jennifer). We boldface the tests where
the topic matches the persona — e.g., in the seventh group of bars, the topic (5 G) does not match
Patrick, but the message is correctly styled. The stars above the columns indicate the strength of the
statistical significance measured by a two-sided chi-squared test — *(p < 0.05/12), % * (p < 0.01/12),
x % x(p < 0.001/12). When correct styles are used, statistically significantly higher CTRs are achieved
except when targeting Aaron for supplements. Even when the incorrect styles are applied, the CTR is
higher than the neutral style: three out of five styled ads had significantly higher CTRs than their non-
styled (neutral) counterparts

3.5 Any styleis better than no style

In order to determine the strength of the relationship between a style and its user
demographic (represented by our personas), we ran an additional sequence of tests.
We targeted the same topics of interest toward our personas in an A/B format, delib-
erately deploying the wrong style for each persona (represented as Incorrect style
in Fig. 3). Although we used an incorrect style that is not preferred by each per-
sona, the styled versions still achieved a higher CTR than the neutral versions. When
we used incorrect styles, only the CTR of the ads for Jennifer concerning vaccines,
and Aaron about 5 G were not statistically significant. This indicates that any styled
communication is better than the neutral style when seeking engagement from these
populations. A possible explanation is that all three customized styles are easier to
understand than the facts-focused ad and, therefore, are more accessible to our demo-
graphics. However, another explanation is that our three demographics distrust the
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government (the “establishment”, the “elites”) and automatically ignore any formal,
government-sounding communication.

In the final testing phase, we investigated whether the style was more relevant to
our cohorts than the topic. In this setting, we used topics that were not identified as
topics of particular interest to each cohort. Surprisingly, across all pairs within this
setting (represented with non-bold face topics in Fig. 3), the styled versions achieved
notably higher CTR values and exhibited statistical significance. This implies that
styled text can effectively engage audiences associated with vulnerable demograph-
ics that are otherwise resistant to information that might change their minds, even
when the topic is not a prominent pre-existing concern in the demographic.

4 Discussion and conclusion

Our proposed misinformation ecosystem provides a new framework with which to
think about online misinformation: not solely as untethered falsehoods that go viral
online because of their claims, but as content that resonates so deeply with a specific
demographic that a social community can spring up around. Within this commu-
nity, we see people adopting different roles just as they would in benign community
groups; and producers and consumers are co-dependent in that both must be present
and engaged to keep the ecosystem alive. This also creates a strong shield against
outside intervention efforts, as they do not simply threaten individual worldviews,
but the existence of a social community with its own norms, including communica-
tion preferences. Through the lens of the misinformation ecosystem, we can clearly
identify the leaders (producers), who both fuel and profit from the investment of
consumer community members.

In creating the personas representative of fringe communities, we aimed to present
a holistic and humane portrait of vulnerable individuals, highlighting their genuine
concerns related to their topic of interest, as well as how their involvement in fringe
communities can have ramifications for their lives more broadly. Scholarship has
historically taken a deficit view towards people drawn in by misinformation, alterna-
tively portraying them as digitally illiterate, lacking critical thinking skills, or being
defined by a series of negative psychological traits such as high levels of anxiety or
a weak self-concept. Whether or not these factors apply to an individual, such an
approach does not account for the richness of human experience, which cannot be
reduced to a single trait. We hope these personas will benefit future research by pro-
viding an accessible and sympathetic portrait of some of the types of people who can
be vulnerable to certain topics, in certain circumstances. As we have only compiled a
small number due to the scope and feasibility of the research, we also hope that future
work will lead to the creation of more personas that better help us to understand these
cohorts.

A/B testing on Facebook has inherent limitations due to the platform’s algorith-
mic complexities. Although researchers can specify target audience demographics,
Facebook’s algorithm—a black box mechanism—introduces compounding effects that
obscure the full impact of styled messages. This algorithm dynamically selects and
presents ads to users based on numerous factors beyond the specified criteria, leading
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to variations in exposure that cannot be controlled or fully understood. Consequently,
it is challenging to attribute the success of an advertisement solely to its design,
such as our styled messages. Several studies, including [21-24], have addressed addi-
tional concerns regarding Facebook’s A/B split testing, which can lead to a signifi-
cant overestimation of the effects of online advertising. These concerns are primarily
discussed in the context of commercial advertising, where the primary goal is to
maximize click-through rates (CTR) and conversions to sales. While we present our
results using CTR, our research only aims to use the A/B testing function to expose
the targeted Facebook audiences to new perspectives outside their existing world-
views, so concerns about conversions to sales are beyond the scope of our goals.
Furthermore, the compounding of Facebook’s algorithm with the message styling
can be seen as an added benefit for our work, as the goal is to better engage audi-
ences associated with insular misinformation bubbles; if we can enlist Facebook’s
algorithms to help with it, the better. Finally, although CTR is not a complete metric
for success, given that we cannot measure the quality of the traffic, comprehension,
trust, retention, or whether accessing the information sources changed worldviews,
it provides a clear and direct measure of ad engagement with the tailored messaging.
The Facebook campaign reports did not record landing-page views or any other post-
click indicators, so no downstream engagement measures were available to report.
We also note that the styled and neutral messages differ across a bundle of co-varying
textual features (tone, readability, emotional framing, directness, question format);
with the sponsor, image, and landing page held constant within each pair, our design
establishes the effect of this style bundle as a whole, and disentangling the contribu-
tion of individual stylistic features remains future work.

The results of our experiments to test our concepts of the misinformation eco-
system, the packaging of misinformation, and the types of personas vulnerable to
certain types of misinformation, provide strong initial evidence for the importance
of each of these factors when designing interventions. It is intriguing to observe that
styled communication almost always received higher engagement regardless of audi-
ence and topics. This is consistent with other studies investigating the effect of com-
munication styles on user engagements utilizing generic style comparisons such as
formal versus informal styles [25] and populist style versus self-centered style [26].
Although we could not complete all the paired experiments due to limitations from
the Facebook platform which would not permit us to run some of the campaigns,
there are some pairs that show interesting insights to consider for the next develop-
ment of personas. Tests targeted to Patrick showed significantly higher engagements
using styled messages, even when the test was performed using incorrect styles on
the incorrect topics. Patrick’s resulting engagement using styled messages was signif-
icantly higher and also absolutely higher than other tests on other personas. However,
because the experimental matrix was incomplete and the number of tested topics
differed across personas, this persona-level pattern should be treated as speculative.
It may indicate that the demographic Patrick represents is more interested in such
online communications and information in general, while Aaron’s lower engagement
may suggest that his demographic is less interested in engaging with these topics on
the Facebook platform.
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It has been shown that matching the content of ads to individuals’ psychologi-
cal characteristics attract significantly more clicks [27] on the Facebook advertis-
ing platform. While Matz et al. [27] extracted characteristics of the target audience
quantitatively based on data points such as profiles, likes, and other interactions on
Facebook, we built detailed personas using demographic traits, interests, hopes, and
fears that users openly expressed on these public pages and groups as detailed in
Materials and Methods. This is to say that our approach is focused on understand-
ing the interiority of the users, as the users themselves express it through their own
communication style. This is only possible due to the months of qualitative online
observation we conducted. As a result, our personas offer a richer portrait of these
users; and the results confirm our approach successfully engaged persona-informed
Facebook audiences.

4.1 Ethical considerations for style-based interventions

Adapting communication styles from misinformation ecosystems raises ethical risks
that must be taken seriously. We do not argue that researchers or institutions should
reproduce harmful rhetoric, deception, hostility, or inflammatory claims in order to
increase engagement. Rather, style-based adaptation should be limited to making
consensus-based information more accessible, familiar, and emotionally legible to
the intended audience, while preserving accuracy, transparency, and respect for users.
In our study, safeguards included using clearly identified advertisements, maintain-
ing the same sponsor and landing page across paired ads, directing users only to
Australian government or government-affiliated factual resources, and submitting all
draft advertisements to our university’s Human Research Ethics Committee as part
of the institutional ethics approval obtained before deployment. Future uses of this
approach should avoid impersonation, fear amplification, stigmatizing language, or
the reuse of hateful frames, and should include review processes that evaluate both
informational accuracy and potential rhetorical harm. These safeguards are espe-
cially important because the same knowledge of audience style could be misused to
manipulate vulnerable groups if separated from ethical oversight and a commitment
to consensus-based information.

If changes to the style of otherwise consensus-based information can stimulate
interest among those for whom standard, neutral information resources are off-
putting, then this opens the door for a range of new approaches to misinformation
interventions. For example, providing multiple versions of existing resources around
vaccines, climate change, and school education, could increase the likelihood of good
information getting picked up. In an age where attention spans are being impaired
by digital technologies [28, 29], where screen-reading is becoming more common
despite its negative impacts on information comprehension [30], and where bad-faith
actors are quick to exploit our everyday human anxieties for profit, the styling could
give good information a fighting chance at engaging audiences associated with insu-
lar communities, and reigniting interest in the world around us.

In summary, while Facebook’s A/B testing presents certain theoretical limita-
tions, our study demonstrates that it is possible to leverage the platform’s targeting
capabilities to achieve significant engagement boost with well-crafted informational
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messages. Since higher engagement leads to higher visibility in such platforms, by
engaging the initial persona-informed Facebook audiences, we have a better chance
at exposing other vulnerable groups to consensus-based information.
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