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Abstract 

 

The spread of fake news has been shown to have alarming political and social 

consequences. In this paper, we examine whether providing a short training to social media users 

can help them resist fake news, measured by how far they believe them and their tendency to share 

them. Our design tests a hypothesis which assumes that individuals can be inoculated with mental 

antibodies against fake news – just as individuals get vaccinated against viruses. We test this 

hypothesis via a pre-registered online experiment, conducted on Egyptian X users (formerly 

Twitter). We recruited our subjects from a sample of trend engagers who interacted with the top 

trending keywords/hashtags over two months, in addition to a booster sample of university 

students. The experiment entailed randomly assigning subjects into a control group, a treatment 

that trained them on scientific reasoning, and another that briefed them on the possibility of 

inflicting social harm when sharing fake news. The findings show that both treatments were 

effective in reducing the belief in fake news, whereas only the scientific treatment was effective 

in curbing the tendency to share such news. The paper contributes to the literature on resisting 

misinformation by testing the inoculation theory on actual X users; a traditionally under-

researched sample. 
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I. Introduction. 

Over the past few years, the likelihood of exposure to fake news – defined as content that 

resembles legitimate news but is however fabricated or extremely inaccurate (Pennycook and Rand 

2021)1 – has been rising significantly (Newman et al. 2021). Contributing factors include the 

increased usage of social media worldwide2, the growing reliance on digital outlets as sources of 

news, and the enhanced technological capacity to produce falsified news with the ascend of 

artificial intelligence (Simon et al 2023). Increased exposure, in turn, means that traces of fake 

news are likely to find their way into the large pool of information individuals rely on when making 

crucial decisions. Indeed, fake news have been shown to influence voting decisions (Bennett and 

Livingstone 2018), attitudes towards government (Linden, Leiserowitz, Rosenthal, and Maibach 

2017), stock prices, vaccination rates (Larson et al 2011), and sometimes were directly responsible 

for loss of lives (Arun 2019).  

Within this context, this paper examines how to increase resistance to fake news among 

social media users, being a group that is probably more likely to be exposed to fake news. 

Specifically, we test whether a preemptive immunity – triggered by experimental interventions – 

could be generated to increase individuals’ resistance to fake news (Compton 2013; Banas and 

Rains 2010). We measure such resistance by two variables: believability of fake news and 

tendency to share it. Our hypothesis is that generating a preemptive immunity is possible by giving 

prior doses of fake news to individuals, either via training them on scientific reasoning (our first 

treatment/hypothesis) or highlighting the potential of social harm that might result from sharing 

fake news (second treatment).  

                                                 
1 Other detailed definitions distinguish between related sub-terms as disinformation (where the intention to produce 

false news is the defining factor), misinformation (where such intention is absent), and falsified news (where the 

intention to harm is the defining factor). 
2 https://www.statista.com/statistics/433871/daily-social-media-usage-worldwide/ 

https://www.statista.com/statistics/433871/daily-social-media-usage-worldwide/
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We focus on social media (particularly X) users who interacted with top hashtags/keywords 

in Egypt (X users make up 41% of our subjects, among whom 57% are Egyptians whereas the rest 

from other Arab countries).3 Our case selection has multiple reasons.  First, most of the literature 

on fake news and misinformation tends to focus on democratic (and mainly Western industrialized) 

contexts. This is largely unjustified given that fake news are likely to spread faster in authoritarian 

countries due to lower levels of trust in government and less government transparency (Bateman 

and Jackson 2024). Our focus on an Arab-subject pool therefore helps us make contributions to 

the literature by testing our hypotheses in a region that is traditionally, and persistently, 

authoritarian. Second, the Arab World – and Egypt as the most populous Arab country – is also a 

region with high illiteracy rates,4 low levels of political engagement (which is usually a natural 

trainer of individuals on filtering news), and a more-than-average spread of belief in conspiracy 

theory (Zonis and Joseph 1994). The combination of these factors makes our case a fertile milieu 

for the spread of fake news (van Prooijen 2017; Lavigne et al 2022).  

Third, although with notable exceptions (Roozenbeek et al 2022), many misinformation 

studies tend not to test their hypotheses on active social media users because of the complexity of 

running experiments on such segment. Social media users on the other hand are likely to be most 

exposed to fake news (Lazer at al 2018). Our third contribution therefore is that we recruit almost 

half of our subjects (41%) from amongst X users who engage with the trending keywords and 

hashtags. This design feature is likely to increase our study’s ecological validity and empirical 

contribution. Fourth, Egypt is a country where multiple interventions against fake news have been 

                                                 
3 We also targeted X users in Saudi Arabia as part of our sample. The aim was to include Egypt and Saudi Arabia in 
the study, especially given that Saudi Arabia is the Arab country with the highest percentage of its population active 
on X. However, the responses we got from X users who interacted with trending Saudi hashtags/keywords (our main 
tool to target potential subjects as will be shown later) was too low, as shown in the analysis section.  
4 https://observatory.alecso.org/Data/wp-content/uploads/2023/05/nashra9.pdf  

https://observatory.alecso.org/Data/wp-content/uploads/2023/05/nashra9.pdf
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tested (including a law and a government observatory unit issuing daily corrections), 5 but where 

there is still public (and official) acknowledgment and incidents indicating a high level of fake 

news circulation6 – making Egypt a suitable case to test hypotheses on prior immunity.  

To test our hypothesis, we conducted an online experiment on a sample of trend engagers 

on X (X users who interacted with trending keywords and hashtags over two months) and an 

additional booster sample of students at an Egyptian public university. We started our recruitment 

process by identifying top trending keywords and hashtags in Egypt on X, and then used X’s API 

to identify users who interacted with these keywords and hashtags. In total, we managed to scrape 

21,697 X users using this method. After filtering irrelevant accounts (those using foreign 

languages, suspected bots, and institutional accounts), we invited our subjects to an online survey. 

As we expected a low response rate of less than 1%, we simultaneously ran the experiment with a 

booster sample of university students. In total we managed to recruit 288 respondents (119 X users 

and 169 students). Our reported results control for whether subjects are X users or students. 

The experimental design randomly assigned subjects to a control group, or one of two 

treatment groups. Subjects in the control group were asked to read a news report that contained 

neutral information, whereas in the first treatment, subjects were presented with a text showing 

how scientific reasoning can disprove prior widely circulated explanations of social phenomena 

(we call this treatment scientific reasoning). In the second treatment, subjects were given a text 

showing how violence could erupt due to the circulation of false news (social harm treatment). 

After exposure to such texts, individuals were asked to determine their believability of, and 

                                                 
5 https://www.almasryalyoum.com/news/details/3342022#google_vignette  
6 https://www.youm7.com/story/2025/2/16/%D8%A7%D9%84%D8%AD%D9%83%D9%88%D9%85%D8%A9-
%D8%A7%D8%B1%D8%AA%D9%81%D8%A7%D8%B9-%D9%86%D8%B3%D8%A8%D8%A9-
%D8%A7%D9%84%D8%B4%D8%A7%D8%A6%D8%B9%D8%A7%D8%AA-%D9%84%D9%80-16-2-
%D8%B9%D8%A7%D9%85-2024-%D9%85%D9%82%D8%A7%D8%B1%D9%86%D8%A9%D9%8B/6885372 

https://www.almasryalyoum.com/news/details/3342022#google_vignette
https://www.youm7.com/story/2025/2/16/%D8%A7%D9%84%D8%AD%D9%83%D9%88%D9%85%D8%A9-%D8%A7%D8%B1%D8%AA%D9%81%D8%A7%D8%B9-%D9%86%D8%B3%D8%A8%D8%A9-%D8%A7%D9%84%D8%B4%D8%A7%D8%A6%D8%B9%D8%A7%D8%AA-%D9%84%D9%80-16-2-%D8%B9%D8%A7%D9%85-2024-%D9%85%D9%82%D8%A7%D8%B1%D9%86%D8%A9%D9%8B/6885372
https://www.youm7.com/story/2025/2/16/%D8%A7%D9%84%D8%AD%D9%83%D9%88%D9%85%D8%A9-%D8%A7%D8%B1%D8%AA%D9%81%D8%A7%D8%B9-%D9%86%D8%B3%D8%A8%D8%A9-%D8%A7%D9%84%D8%B4%D8%A7%D8%A6%D8%B9%D8%A7%D8%AA-%D9%84%D9%80-16-2-%D8%B9%D8%A7%D9%85-2024-%D9%85%D9%82%D8%A7%D8%B1%D9%86%D8%A9%D9%8B/6885372
https://www.youm7.com/story/2025/2/16/%D8%A7%D9%84%D8%AD%D9%83%D9%88%D9%85%D8%A9-%D8%A7%D8%B1%D8%AA%D9%81%D8%A7%D8%B9-%D9%86%D8%B3%D8%A8%D8%A9-%D8%A7%D9%84%D8%B4%D8%A7%D8%A6%D8%B9%D8%A7%D8%AA-%D9%84%D9%80-16-2-%D8%B9%D8%A7%D9%85-2024-%D9%85%D9%82%D8%A7%D8%B1%D9%86%D8%A9%D9%8B/6885372
https://www.youm7.com/story/2025/2/16/%D8%A7%D9%84%D8%AD%D9%83%D9%88%D9%85%D8%A9-%D8%A7%D8%B1%D8%AA%D9%81%D8%A7%D8%B9-%D9%86%D8%B3%D8%A8%D8%A9-%D8%A7%D9%84%D8%B4%D8%A7%D8%A6%D8%B9%D8%A7%D8%AA-%D9%84%D9%80-16-2-%D8%B9%D8%A7%D9%85-2024-%D9%85%D9%82%D8%A7%D8%B1%D9%86%D8%A9%D9%8B/6885372
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tendency to share, four pieces of news that were created by the authors and tested on a pre-sample 

(three of them were fake news stories and one was correct). 

The results show that both treatments significantly reduced subjects’ average belief in fake 

news (but did not affect their rating of the correct news). When it comes to the tendency to share, 

the scientific reasoning also produced significant effects whereas the social harm treatment lacked 

significance (although generated movement in the expected direction). These findings contribute 

to the literature linking prior training and inoculation theory with fake news resistance (Hameleers 

2022; Compton 2013; Banas and Rains 2010), as well as the strand of the literature trying to test 

fake news interventions on actual social media users (Roozenbeek et al 2022), rather than via lab 

experiments. By focusing on subjects mainly coming from authoritarian contexts, we also test our 

hypothesis on an under-researched sample and one that is more likely to get exposed to fake news. 

Our significant results are also important given the difficulty of reaching statistically significant 

results in empirical studies on fake news (IPIE 2023; Chan et al 2017). 

From this point, this paper proceeds as follows. The next section presents our theoretical 

argument whereas section three presents the methodology. Section four presents the results and 

section five concludes. 

 

II. Social Inoculation Theory. 

 According to the misinformation literature, four approaches are usually suggested to reduce 

the circulation of fake news. The first is predominated by a sphere of social media companies 

where algorithms are developed to detect and label dubious news on social media platforms, as a 

way of reducing the possibility of sharing them by users (Clayton et al 2019). The second approach 

relies on ex-post fake news corrections where media outlets – or government agencies – constantly 
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check circulated news and issue warnings highlighting potentially false ones (Nyhan 2019). The 

third tool is legislative according to which laws are drafted to criminalize generating and spreading 

fake news. Finally, the fourth approach rests on psychological theories, and envisions – as one of 

its techniques – training individuals to sort news into potentially fake ones or of reasonable 

credibility (Banas and Rains 2010). 

In this paper, we focus on the fourth psychological approach for the following reasons. 

Firstly, whereas the algorithmic labelling, ex-post correction and the legislative approaches seem 

to fall largely into the sphere of social media companies and/or governments, multiple studies do 

suggest that correction attempts significantly lose their effectiveness after short time periods 

(Walter and Murphy 2018; Cook, Ecker, and Lewandowsky 2015; Lewandowsky, Ecker, Seifert, 

Schwarz, and Cook 2012; Schwarz, Newman, and Leach 2016), or sometimes even backfire by 

increasing belief in fake news (Nyhan and Reifler 2012). Developing a preemptive fake news 

immunity, on the other hand, would enable individuals to resist fake news independent of ex-ante 

interventions by social media companies or ex-post corrections by governments (which is highly 

relevant in authoritarian countries where government could themselves be the source of fake 

news). Moreover, especially in the Arab context – the focus of this paper – ex-post corrections are 

likely to be even more challenging because of the spread of a ‘culture of honor’ (Nisbett 1996) 

that makes individuals dislike to be proven wrong, or have their beliefs checked and corrected by 

others. In such contexts, individuals may intentionally avoid corrective interventions contradicting 

with their prior beliefs (Hameleers and Van der Meer 2019) or disapprove of them. 

Our argument therefore is one that examines the notion of potential preemptive resistance: 

that generating a fake news immunity – via social inoculation – would create mental antibodies in 

the same way that immunization protects individuals against viruses (Compton 2013; Banas and 
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Rains 2010; Maertens et al. 2021). Whereas social inoculation theory was first coined by McGuire 

(1964) during the height of the Cold War to investigate how best to enhance individuals' abilities 

to resist disinformation, it has also attracted recent attention (van der Linden and Roozenbeek 

2021). According to the multiple versions of this theory, for inoculation to work, it needs to have 

two components: persuasion and attitude change. We designed two treatments to test each of these 

components.  

The mental, persuasion component of inoculation theory aims to equip individuals with 

tools of scientific reasoning, as a way to enable them to challenge potentially fake news. The idea 

here is that most fake news suffers from reasoning problems: that the primary message or 

conclusion is not necessarily a logical result of the facts given to make up the story (Bowers 2021). 

Training individuals to check and challenge the link between the cause and effect therefore is one 

way to detect lies and potentially fake content (Lewandowsky and van der Linden 2012; 

Roozenbeek and van der Linden 2019).  

Several studies do support the importance of sound critical thinking when absorbing news 

(see van Prooijen 2017). Livingstone also pointed out that prior training on the ability to spot fake 

photos and videos, as well as applying an “if…then” mentality, increases audience engagement in 

fact-checking processes and reduces the spread of misinformation (Livingstone 2022; see also 

Armeen, Niswanger, and Tian 2024). In the Arab context, such intervention is highly relevant 

given what several studies show with regard to embeddedness of groupthink and indoctrination 

techniques in many Arab educational systems (Salih 2009; Al-Hadabi and Al-Shawal 2012; Al-

Mahrooqi and Denman 2020). Accordingly, we designed our first treatment (scientific reasoning) 

in a way that trains subjects to critically assess information – as opposed to accepting content at 
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face value – by showing them how the first and fast conclusions drawn from data could be wrong. 

Our first hypothesis thus is as follows: 

H1: Training individuals to use scientific reasoning when consuming news will reduce their 

tendency to believe - and share - fake news. 

 

The second component projected by inoculation theory is psychological, related to attitude 

change. Its main assumption is that triggering emotions (especially negative ones, like threat, 

harm, etc.) is a strong driver of human action, including sharing and circulating fake news. We 

make use of this component in our second treatment by highlighting the potential of harm that 

could be inflicted on others when circulating fake news, as a means to contain its spread. Our 

argument is that emphasizing the possibility of causing social harm reverses the effect of one 

commonly known driver for sharing fake news on social media in the first place: the desire for 

social interactions.7 Indeed, several studies have indicated that individuals tend to share fake news 

as a means of attracting attention in the digital sphere. In today’s world, where social media is the 

largest space to meet others – and for some, perhaps the primary one for forming social 

relationships – individuals learn quickly that an effective way to gain attention is by sharing news 

of non-standard content (Sung et al. 2016; Burrow and Rainone 2017; Steers et al. 2016). A recent 

study that focused on users’ motivational structures (Globig, Holtz, and Sharot 2023) did show 

that the desire for virtual social acceptance is linked to the news being circulated. 

Our second intervention therefore taps into such driver by highlighting that sharing fake 

news could cause harm or damage to others and potentially one’s network of relationships, hence 

                                                 
7 There are certainly several other motivations that drive individuals to circulate and share news on social media 

platforms (see Berge and Milkman 2012), including, for example, the desire to spread one’s ideas and the bias in 

favour of negative news (Soroka 2014; Haas et al. 2020). 



 9 

contradicting the social purpose of sharing news. The underlying logic behind the intervention is 

that a person – motivated by a desire to form social relationships – would make a simple calculus 

if trained on potential harm of sharing news of questionable credibility, that would ultimately lead 

them to reduce the sharing of such news. Our second hypothesis thus reads as follows: 

H2: Highlighting the social harm that may result from circulating and sharing fake news will 

reduce individuals’ tendency to believe - and to share - fake news. 

  

III. Methodology – Identifying Trend engagers on X and Experimental Design. 

We conducted a pre-registered online survey experiment to test our two hypotheses.8 In 

this section, we explain (a) how subjects were identified and recruited, and (b) the experimental 

design.  

 

A. Identifying and contacting trend engagers on X.  

To increase our study’s ecological validity, we recruited our subjects from amongst social 

media users on X who interacted with top keywords and hashtags over a period of two months – 

whom we thus call trend engagers. We aimed to recruit subjects from such a population because 

they would be presumably frequently exposed to fake news. They are therefore the kind of subjects 

that would make our experiment as close to real life as possible (Morton and Williams 2010). 

Moreover, very few previous studies have relied on such category of respondents, given the 

difficulties associated with targeting them (as will be mentioned later in detail). Recruiting almost 

half of our subjects from such a pool hence increases the contribution this paper seeks to make.  

                                                 
8 Pre-registration process included information on the main research question, key hypotheses of the study, a 

description of dependent variables and how they will be measured, the number of conditions subjects will be assigned 

to and the type of analyses to be conducted. An anonymized copy of the pre-registration, created by the authors to use 

during peer-review, can be found in the supplementary material. 
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We chose X as our social media platform because of three reasons. On the one hand, X – 

along with Facebook – are the two most used platforms among Arab republics (Reyaee and Ahmed 

2015). On the other hand, multiple reports indicate that X does seem to have a relatively high rate 

of fake news circulation compared to other social media platforms, making it suitable for a study 

testing interventions to increase resistance to fake news.9 Moreover, X – unlike Facebook – allows 

access to its application programming interface (API), enabling the extraction of data about 

interactions on the platform, which is necessary to identify trend engagers. 

Previous studies have relied on different approaches to identify users of interest on X. 

While some studies focused on locating such users by focusing on specific themes (e.g. sports, see 

Şimşek and Kabakuş 2018), others chose to build their own social networks, and identify the most 

prominent users on these private networks (Alp and Öğüdücü 2018; Nebot et al. 2018) – a design 

that certainly reduces the ecological validity of research outcomes. In this paper, we identified 

trend engagers on X based on specific topics and issues, while relying on a diverse set of topics. 

To identify our subjects and contact them, we followed a three-step methodology, where in the 

first step we identified the list of trending keywords and hashtags on X and then extracted data on 

users who engaged with such keywords and hashtags via X’s API. In the third step, we created 

accounts on X to contact identified X users. These three steps are explained below. 

Step 1 – Selection of Keywords and Hashtags. We started by identifying the top 20 

keywords and hashtags10 that Egyptian X users interacted with over around two months (from 

February 15th to April 28th, 2024). This exercise produced 1,307 keywords and hashtags on 

                                                 
9 https://www.theguardian.com/technology/2023/sep/26/eu-warns-elon-musk-that-twitter-x-must-comply-with-fake-

news-laws#:~:text=The%20EU%20has%20issued%20a,all%20large%20social%20media%20platforms  
10 X calculates engagement rates by considering two types of variables. The first type is keywords, which are words 

that appear repeatedly in the posts circulating on the platform and are not preceded by a hashtag symbol #. The second 

type of variables is the hashtags or tags, which are words or texts preceded by the hashtag symbol #.  

https://www.theguardian.com/technology/2023/sep/26/eu-warns-elon-musk-that-twitter-x-must-comply-with-fake-news-laws#:~:text=The%20EU%20has%20issued%20a,all%20large%20social%20media%20platforms
https://www.theguardian.com/technology/2023/sep/26/eu-warns-elon-musk-that-twitter-x-must-comply-with-fake-news-laws#:~:text=The%20EU%20has%20issued%20a,all%20large%20social%20media%20platforms
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different topics that we then classified into four groups: socio-economic, political, sports, and 

entertainment topics (see table 1). The distribution of keywords and hashtags over these four topics 

does show a reasonable degree of diversity among topics. Sports topics appear to be 

overrepresented, especially compared to political ones, mostly because sports topics tend to 

dominate user interactions on Arabic X. Additionally, as the X API search engine is wired to search 

for tweets under certain hashtags and keywords for an entire week, we eliminated similar trending 

hashtags in the same week. For example, if “#the_weekend” was trending on Friday, Saturday, 

and Sunday of the same week, we added it to our list of trending hashtags on Friday and excluded 

it from our list on Saturday and Sunday. 

 
Table 1 - Topic distribution of extracted keywords and hashtags 

 

Topic No. of Keywords and Hashtags 

Social and Economic Topics 200 

Political Topics 171 

Sports Topics 507 

Entertainment Topics 429 

Total 1,307 

 

Step 2 - Extracting data of trend engagers via X API. The second step was to identify trend 

engagers who interacted with the keywords and hashtags identified in the previous step. This was 

done using X’s API – which is an interface offered by X to facilitate the extraction of data across 

the platform. Since the API data do not provide the geographic location of the tweet creator, we 

relied on the language of the data extracted (i.e. Arabic) as a proxy for the Arab identity of the 

user. Acknowledging that this certainly cannot be the only criterion, we thus asked respondents in 

the post experiment questionnaire about nationality (as will be shown later).11 At the end of this 

                                                 
11 Our sample of trend engagers came from the following countries: Egypt (57%), Saudi Arabia (13%), Yemen (9%),  

(4%), Jordan (3%), Sudan (3%), Lebanon (3%), Kuwait (3), Morocco (2%) and Libya (2%). 
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stage, a total of 26,987 tweets were scraped, belonging to 21,697 unique trend engagers. This is 

because several trend engagers were scraped multiple times for different tweets. The distribution 

of trend engagers across the four topics is shown in table 2 below. 

 

Table 2 - Distribution of trend engagers by topics of hashtags/keywords  

 

Topic No. of users 

Social and Economic Topics 2,905 

Political Topics 3,588 

Sports Topics 8,618 

Entertainment Topics 7,455 

Total 22,56612 

 

Step 3 – Contacting subjects and inviting them to the experiment. After filtering out 

irrelevant accounts13, we ended up with 15,755 accounts that could be contacted. We started 

contacting these trend engagers on August 18th, 2024 to invite them to the survey. To do so, we 

created four X accounts. These accounts featured some scholarly posts of the published papers 

authored by members of the research group (posts were unrelated to fake news). We were able to 

directly contact users who have open privacy setting and send them the invitation. For other users 

with private accounts, we had to send them a follow request in order for them to follow our 

accounts, so that we can invite them to the survey. 

We contacted our subjects over two waves, first by sending the survey link and then via 

reminders in order to increase the response rate. However, as we expected a response rate of less 

than 1% among our trend engagers (eventually we ended up with 0.8%), we simultaneously added 

a booster sample of 179 university students, in order to get our full sample size to around 100 

                                                 
12 The total number of users in Table 2 exceeds the total number of unique users in our study as some users were 

scraped multiple times for different topics. 
13 These were accounts affiliated with news channels, companies, and organizations (and hence are not individual 

accounts), accounts posting pornographic content, and accounts interacting in Urdu. 
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subject per treatment arm, based on our power analysis.14 All subjects were sent the survey link 

directly and were randomly assigned into the control or one of the two treatments automatically 

upon clicking on the link. We control for each subject’s recruitment path – either X trend engager 

or student – in the analysis below.  

 

B. Experimental Design. 

The survey experiment included three sections. In the first section, subjects were asked to 

read a text which had three variations depending on whether subjects were assigned to the control 

or one of the two treatments. In the control group, the text contained a neutral news report about 

a juniors’ golf tournament in South East Asia (Haas et al. 2020). In the first treatment – scientific 

reasoning – the text explained how earlier theories linking high temperatures during the summer 

with high crime rates were largely incorrect, as they assumed that warm weather caused more 

aggressive behavior whereas later research showed that crime rates also increased during summer 

in the northern hemisphere where temperatures do not significantly increase in summer months. 

The text then presents later theories which argue that the most likely reason for the higher crime 

rate during the summer is the changed routine associated with summer holidays and longer day 

times. Both such factors usually lead to increased night-time outings and parties which then 

contribute to higher crime rates. This more rigorous scientific explanation has been recently 

published in an article in Lancet (Mahendran et al 2021) on which we based on scientific reasoning 

treatment.  

                                                 
14 We conduct a power analysis to estimate the required sample size per treatment condition. We use an effect size of 

0.43 as per the meta-analysis of Banas and Rains (2010) on interventions relying on inoculation theory. We set the 

alpha to 0.05 and the desired power to 0.8 following the prevailing norm in social science research. Our power analysis 

shows a required sample size per group of 83 respondents. 
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As for the second treatment – the potential for social harm due to sharing fake news – its 

text included a report about an actual incident that took place in an Indian city where a video was 

circulated and sparked violence against Muslims. The video, which allegedly showed Indian 

Muslims attacking Hindu citizens, was later found to be unrelated to India, but had been filmed 

many years earlier in Afghanistan, a fact that only came to light after violence had already erupted. 

Table 3 shows the texts included in the different treatments.15 After reading each text, subjects 

were asked about its content to make sure they actually consumed the texts. 

 

Table 3 - Texts used in the control and treatment groups 

 

Control Group 

 

Malaysia’s junior golfer Anwar Safaan has qualified for the final rounds of the South 

Asian Amateur Open, becoming the first Malaysian player in the tournament’s history – 

spanning over 40 years – to qualify for the final rounds. For his part, the Secretary 

General of the Malaysian Golf Association, Keesoma, extended his congratulations to 

the Minister of Sports in Malaysia on this achievement, pointing out that the great effort 

made by the player and the attention he received from his parents, elevated him to this 

superb level that will make him a world-class golfer. 

 

Treatment 1 

(scientific 

reasoning) 

 

Previous studies have attempted to explain the relationship between high summer 

temperatures and increased crime rates. Early theories suggested that this was due to 

feelings of distress and discomfort resulting from the hot weather, which in turn 

increased aggression and the need to vent off such negative feelings. However, more 

recent studies have found two problems with this theory: 

1. This theory cannot explain the increase in crime rates in countries with a moderate 

climate in the summer, such as those located in the northern hemisphere. 

2. It does not explain the occurrence of most crimes at night, when the feelings of distress 

and aggression resulting from the high temperatures during the day disappear. 

Accordingly, more recent writings have relied on a deeper explanation, which is that 

summer causes a "change in human routine and activity" due to summer holidays and 

vacations, which lead individuals to spend more time outside their home and party at 

night, which sometimes increases aggression. 

 

Treatment 2 

(possibility of 

social harm by 

 

In 2014, in an Indian city, a video was circulated online showing two men being flogged 

by a group of Muslims. In a short time, the video was shared among Hindu citizens, 

causing negative reactions, and widespread violence began against Muslims, resulting 

                                                 
15 All three texts were tested with a prior sample of students for clarity and brevity in a focus groups. Accordingly, 

some texts were shortened, and some technical expressions were replaced.  
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sharing fake 

news) 

in the death of 62 people. It was later revealed that the video was an old one, and had 

nothing to do with India, but was already on the internet two years prior to the incident. 

Moreover, it was actually filmed in Afghanistan, not India, and those flogging the two 

men in the video were members of Taliban, not Indian Muslims. The Indian government 

asked Facebook to quickly remove the video – which it did, but only after a significant 

number of victims had already been harmed. 

 

The second section of the survey experiment presented subjects with a set of news and 

asked how far they (1) believed such news, and (2) the tendency to share such news on social 

media. Four news items were presented – all of which were created by the co-authors – and of 

which three were fake. We included one correct item as a check against tendency by some subjects 

to rate all news as either fake or true. The first and second fake news items were a direct test of the 

ability of the two interventions’ texts to inoculate subjects with preemptive immunity and hence 

contained content similar to one of the treatments. The first fake news item was about Asian 

citizens in an Asian country beating and assaulting Arab immigrants at a restaurant, which then 

resulted in injuries and hospitalization of the Arab immigrants. The part of the news intended to 

make subjects question this news was an accompanying picture showing white, Western-looking 

individuals, with no Arab or Asian facial features. This news item was designed to correspond to 

the preemptive inoculation that subjects in the second treatment had received (the Indian news 

piece).  

The second news item presented findings of a study arguing that the reason for a recent 

increase in the rate of birth defects in several African countries is the strong electromagnetic field 

emitted by 5G networks, which ‘have recently spread widely across the continent’. The idea behind 

this news item is that scientific reasoning should guide the subject to conclude that these networks 

cannot be logically the cause of the spread of diseases in Africa given its very low rate. This news 

story parallels the scientific reasoning exercise that subjects in the first treatment were exposed to 

(linking high temperature with crime rates).  
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The third fake news item was designed to be unrelated to any of the prior primes that 

respondents were ‘vaccinated’ against but instead included a standard conspiracy theory report. 

The purpose of this news item is to test the ability of our preemptive inoculation to function against 

fake news types different from the ones included in the training and hence represents a tougher 

test for our respondents. This third item was about a well-known car manufacturer that was 

discreetly replacing defect seat belts in one of its models every time the car undergoes regular 

maintenance. The manufacturer allegedly made such replacement discreetly (every time the car 

goes into regular checks) to avoid paying compensation to consumers if it had officially announced 

the defect.  

The final piece of news was a true one, stating that consuming processed foods has been 

found to be associated with increased risk for heart disease. This piece of news represents a control 

choice to test if respondents would be able to distinguish between true and fake news. Appendix 3 

includes the visuals of all news items as they were shown to subjects. The third and final section 

of the experiment included post-experiment questions about demographics, attitudes towards 

conspiracy theories, and attention checks. Appendix 2 includes the exact questions that show how 

each of these variables were measured.  

 

IV. Findings. 

Table 4 shows descriptive statistics about our 288 subjects. The results of both Kruskal-

Wallis and Chi-squared tests for balance showed that there were no statistically significant 

differences for these characteristics across treatment groups (see table A.1 & A.2 in Appendix 1), 
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indicating a sound randomization process. We also find no evidence of differential attrition – there 

is no statistically significant difference in survey dropout rates across treatment conditions.16  

 

Table 4 – Subjects’ characteristics 

 

 

A. Effects on fake news resistance: a general approach. 

As a first test of our two hypotheses, we look at the big picture. Figure 1 shows our 

comparison, across the two treatments and control, of the following variables: (i) average belief in 

all three fake news items, and (ii) average tendency to share these three news items. We construct 

these outcomes by averaging the responses to our main outcome variables across the three fake 

news items. Figure (1a) shows a decrease in average belief in all three fake news items in both T1 

(scientific reasoning) and T2 (social harm) compared to the control. The belief rate was 4.6 in the 

scientific reasoning treatment and 4.5 in the social harm treatment, compared to 5.5 in the 

                                                 
16 A Chi-squared goodness-of-fit test yields a p-value of 0.47, and thus we fail to reject the null hypothesis. 
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control,17 with both differences being statistically significant.18 Figure (1b) also shows a decrease 

in the average tendency to share these three fake news items in both treatments compared to the 

control; the mean tendency to share (measured on a scale from 1 to 10) was 3 in the scientific 

reasoning treatment, 3.1 in the social harm treatment, compared to 3.8 in the control. The 

difference is statistically significant for both treatments.19 These general findings provide 

preliminary support for our two main hypotheses; H1 and H2. 

 

Figure 1 – Resistance to the three fake news items  

 

  (a)                                   (b) 

Notes: Bars represent mean values; error bars denote 95% confidence intervals. 

 

Moving to regression analyses where we control for demographics (age, gender, and 

income level) and other potential covariates (trust in others, fake news worry, belief in conspiracy, 

respondent being a trend engager), table 5 shows that the significant effect of the scientific 

reasoning treatment on average belief in the three fake news and average tendency to share such 

                                                 
17 This variable was measured using Likert scale whose values range from 1 to 10, where 1 = Does not believe the 

news at all and 10 = Fully believes the news. 
18 For the difference between T1 and the control, p-value=0.007. For the difference between T2 and the control, p-

value=0.001. 
19 For the difference between T1 and the control, p-value=0.011. For the difference between T2 and the control, p-

value=0.033. 
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news still holds at the 99% level. In other words, exposure to training on scientific reasoning led 

to a decrease in average belief in all three fake news by 0.93 (model 2) and a decrease in average 

tendency to share them by 0.92 (model 6), after controlling for covariates. This result confirms our 

H1. Another important result is that the educational level is negatively associated with the tendency 

to share fake news (in model 6) – a result consistent with previous literature (van Prooijen 2017). 

Additionally, belief in conspiracy theories is positively associated with increased belief in and 

tendency to share fake news (in models 2 & 6), which is also in line with previous studies (Anthony 

and Moulding 2019).  

Table 5 – Regression analysis for belief in - and tendency to share – the Three Fake News Items 

 

 

Table 5 also shows that the significant negative effect of the social harm treatment on 

average belief in the three fake news still holds (at the 99% confidence level) after controlling for 
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the covariates (model 4). As for the tendency to share, highlighting the social harm associated with 

fake news generates an effect in the right direction but lacks statistical significance (model 8). This 

result provides partial confirmation for our H2. Education and belief in conspiracy continue to 

matter when it comes to tendency to share fake news, confirming the same result for the scientific 

reasoning treatment above.  

 

B. Effects on fake news resistance: a treatment-specific approach. 

We now move to tests that examine how each treatment produced the hypothesized effect 

on the particular type of fake news that corresponds with the prior training; scientific reasoning 

treatment increasing resistance against the 5G network fake news item and the social harm 

treatment increasing resistance against the Asian restaurant fake news item. 

We start with the scientific reasoning treatment. We compare the average belief in the 5G 

network fake news in the scientific reasoning treatment versus the control. As per figure 2a, the 

average belief in this specific news item was lower among those who received scientific reasoning 

training compared to those who did not (4.3 compared to 5.4) with the difference being statistically 

significant.20 Moreover, as shown in figure 2b, the average tendency to share this specific news 

decreased in the scientific reasoning group compared to the control group (3.3 compared to 4.1).21 

Table 6 shows that the significant negative effects of the scientific reasoning training on both 

believability and tendency to share this training-specific type of fake news, the 5G Network one, 

survives the inclusion of covariates (see models 2 and 4). 

 

 

 

 

                                                 
20 p-value=0.01. 
21 p-value=0.08.  
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Figure 2 – Resistance to 5G Network fake news, scientific reasoning treatment  

 

 (a)                       (b) 

Notes: Bars represent mean values; error bars denote 95% confidence intervals. 

 

 

Table 6 - Regression analysis for belief in - and tendency to share – the 5G Network fake news 
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Moving to the social harm treatment, we compared the average belief in and sharing 

tendency for the second fake news (anti-Arab assaults in an Asian country, labeled as ‘restaurant 

news’) in T2 against the control group. Figure 3a shows that the average belief in the restaurant 

news was 3.8 in the treatment compared to 4.8 in the control (difference is statistically significant). 

Table 7 shows the regression analysis indicating that this result remained significant after 

controlling for demographics and behavioral covariates. For the effect on tendency to share, the 

unadjusted treatment effect was significant using a 10% significance level. However, the effect is 

not significant when controlling for covariates. 

 

 

 

 

Figure 3 – Resistance to Restaurant fake news, social harm treatment 

 

(a) (b) 

 
Notes: Bars represent mean values; error bars denote 95% confidence intervals. 
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Table 7 – Regression analysis for belief in - and tendency to share – the Restaurant fake news 

 

 

C. Robustness checks of our interventions. 

We start with examining the effect of our interventions on believability and tendency to 

share the fourth (correct) piece of news – where we do not expect that our interventions would 

produce significant differences. Results (shown in Appendix 4) confirm our expectation. This 

result increases the reliability of our above findings by showing that the effect of our two 

interventions was restricted to the fake news only. 

Next, we examined how far our treatments managed to create a preemptive immunity that 

would increase individuals’ resistance to fake news they were not trained on. To do this, we 
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compared the average belief and sharing tendency of the news item on “the seat belt conspiracy 

theory”, across the treatments and the control. This fake news type (conspiracy theory) was not 

directly related to the texts of the two treatments yet resembles regular pieces of fake news about 

conspiracy theories that get circulated online. Figure 4 illustrates a decrease in both average belief 

and average sharing tendency across both treatment groups compared to the control. This reduction 

in belief was statistically significant for both treatments, and the effect remains significant even 

after controlling for covariates (see table 8, models 2 and 4). As for sharing tendency, both 

treatments initially showed a statistically significant reduction. However, after controlling for 

covariates, the statistical significance persisted for the scientific reasoning treatment (model 6), 

but not for the social harm one (model 8). 

 

 
Figure 4 – Resistance to the Seat Belt fake news item  

 
(a)                      (b) 

 
Notes: Bars represent mean values; error bars denote 95% confidence intervals. 
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Table 8 – Regression analysis for belief in - and tendency to share – the Seat Belt news 

 

 

V. Conclusion. 

This paper sought to answer a central question: can individuals be preemptively trained - 

through specific interventions – to resist fake news, and thus reduce their belief in such news and 

their tendency to share it? Our theory argues that generating such immunity is possible by either 

training subjects on scientific reasoning, or by highlighting the risks of social harm that may result 

from sharing false news. We tested our hypotheses via a survey experiment conducted on a sample 

of X users and university students. Results indicate that both treatments were effective in reducing 

the belief in fake news, whereas only the scientific reasoning treatment was effective in curbing 

the tendency to share fake news.  
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We would like to make use of this conclusion by mentioning potential limitations of our 

design and comment on potential applications. Starting with limitations, we do acknowledge that 

we measured our dependent variables (belief in and tendency to share fake news) immediately 

after exposure to the intervention in each treatment. We recognize that this would not necessarily 

be the case in real life, as many individuals continue to get exposed to fake news for a long time 

(and not necessarily to prior training every time). We therefore cannot conclude that the significant 

effect of our interventions referred to above would continue in the medium or long term. Future 

research could test such interventions via panel studies. Secondly, the sample size of our X users 

is relatively small. Although we targeted around 14 thousand, the very low response rate of 0.8% 

generated only 119 respondents over X.  

On potential real-life applications of inoculation theory, pilot studies relying on the 

components of such theory have been recently put in place in countries like the United Kingdom 

and the Netherlands. Applications of such theory also included designing mobile games to train 

school pupils on resisting fake news (Roozenbeek and van der Linden 2019; Maertens et al. 2021). 

Embedding similar learning units (whether directly or indirectly) in curricula therefore seems to 

be one possible way going forward. Indeed, the main rationale of inoculation theory is that public 

immunity could be achieved if a critical mass of the public gets trained. When this happens, the 

space for fake news shrinks (Compton 2013; McGuire and Papageorgis 1961; for an extensive 

review, see Banas and Rains, 2010) and then there is less need for everybody to undergo such 

training. 
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Appendix 1 – Balance tests across the treatments  

 

Table A.1 – Kruskal-Wallis Test Results for Continuous Covariates 

 

 

Table A.2 – Chi-squared Test Results for Categorical Covariates 

 

 

Because of low expected frequencies (<5) in certain levels for both the conspiracy and 

education variables, observations for these levels were excluded when conducting the test for these 

variables to match the recommended minimum number of frequencies to use the Chi-squared test. 

The rest of the covariates were tested using the full sample. 

 

 

 

 

 

 

 



 31 

Appendix 2 - Variable Measurement 

 

Table A.3: Variable Definition and Measurement 

 
The question formulation column is translated from the Arabic phrasing used in the survey. 
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Appendix 3 – The visuals of the news items as shown to subjects 

 

 

Figure A.1: News items as presented in the survey 
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Appendix 4 - No treatment effect on the Correct News Item 

 

Figure A.2: Resistance to the Health news item 

 
(a) (b) 

 

Table A.4 – Regression analysis for belief in - and tendency to share – the Health news 




