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Abstract

This paper explores the potential of hybrid artificial intelligence (AI) 
techniques to analyse COVID-19 vaccine hesitancy within the Black 
British community. Recognising the disproportionate hesitancy 
and associated health disparities, the study critically evaluates 
existing AI-based sentiment analysis approaches, highlighting their 
methodological strengths and limitations. Building on this critical 
evaluation, the research proposes a culturally sensitive, tailored 
strategy that involves focused social media data collection. This 
approach incorporates hybrid AI models trained with community-
specific annotations and utilises geospatial mapping to elucidate 
regional and socio-economic factors underpinning vaccine hesitancy. 
The objective is to inform the development of community-centred 
intervention strategies aimed at enhancing vaccine uptake within 
the Black British population. Additionally, the study underscores 
the importance of ethical considerations, particularly regarding 
surveillance, privacy and data misuse, and advocates for mitigation 
measures to minimise potential risks.

Abbreviations

AI - artificial intelligence
BAME - Black, Asian and minority ethnic
BERT - Bidirectional Encoder Representations from Transformers 
DL - deep learning

ML - machine learning
NLP - natural language processing
VADER - Valence Aware Dictionary and sEntiment Reasoner

Introduction

The Black British population has disproportionately high rates of 
COVID-19 vaccine hesitancy in the UK. Studies report hesitancy levels 
as high as 71.8% among Black British groups compared to 18% in the  
general population, with considerably lower rates in White British 
and Irish groups.1 This issue may contribute to the mortality rate from 
COVID-19 in Black British individuals being over three times higher 
in comparison to White British individuals.2 Multiple large-scale 
studies and meta-analyses also show that vaccinated individuals are 
at lower risk of death from COVID-19.3  Studies indicate that historical 
issues in the form of structural and institutional racism, as well as 
community-level racism create and reinforce deep-rooted mistrust 
in the healthcare system and the government. These issues are 
major contributing factors to vaccine hesitancy in the Black British 
community.4–6 As COVID-19 vaccination campaigns and booster 
rollouts continue, it is important to improve current understanding 
of COVID-19 vaccine hesitancy in the Black British community to 
promote healthcare equity, both now and in future public health 
crises. 

AI, often employing natural language processing (NLP), machine 
learning (ML) and deep learning (DL) are increasingly used in public 
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health surveillance and communication research. NLP enables 
automated extraction of topics, sentiment data and discourse 
features from textual data. ML models can detect and classify 
text, while DL models can capture complex patterns from large 
unstructured datasets. Social media platforms offer vast amount of 
data reflecting public attitudes which can be analysed using these 
AI techniques. Currently there is a notable research gap for AI-
driven sentiment analysis specific to the Black British community, 
particularly concerning COVID-19 vaccine hesitancy. Therefore, 
this research compares two studies employing AI-driven sentiment 
analysis to assess vaccine hesitancy with the aim of proposing a 
tailored strategy for the Black British population. Two studies, one by 
Hussain et al7 and one by Lanyi et al8 were strategically selected for 
comparative analysis.

These studies have a combination of relevance, methodological 
diversity and transparent articulation of strengths and weakness, 
thereby providing a solid framework for developing a tailored 
sentiment analysis strategy for the Black British population. Both 
studies focus on the UK, ensuring geographic relevance, with each 
covering a significant period of the pandemic to capture vaccine 
sentiments. Their methodological similarities and differences 
allow for direct evaluation of approaches, facilitating adaptation to 
create a more context-specific framework that considers the unique 
challenges and ethical considerations involved.

National sentiment analysis

Hussain et al analysed over 300,000 Facebook and X posts related to 
COVID-19 vaccines from the UK and the USA, spanning from 1 March 
to 22 November 2020. The study employed a hybrid ensemble model 
that combined multiple AI techniques. NLP techniques, utilising 
the Valence Aware Dictionary and  Sentiment Reasoner (VADER) 
and TextBlob, formed the foundation for analysing social media 
posts, employing methods for topic extraction and text processing. 
An ML method, specifically a deep learning technique known as 
Bidirectional Encoder Representations from Transformers (BERT), was 
subsequently used to classify the processed textual data into three 
sentiment categories: positive, neutral or negative. The researchers 
then applied a mixed-method approach to examine public 
sentiment towards COVID-19 vaccines. Quantitative analysis involved 
aggregating sentiment scores and producing temporal trend graphs 
alongside geospatial maps to illustrate sentiment variations over time 
and across regions. Qualitative analysis entailed manual review of 
the social media posts to validate findings and elucidate the context 
behind observed trends. The analysis identified concerns related 
to vaccine safety, largely attributed to the rapid development and 
approval processes. Negative sentiment was also directly associated 
with the increasing anti-vaccine movement and the dissemination of 
misinformation and ‘fake news’. Mapping the geographic distribution 
of negative sentiment revealed specific areas in both the UK and the 
USA where vaccine hesitancy was most prevalent.7 

This study conducted a large-scale, comprehensive sentiment 
analysis, capturing a broad spectrum of opinions across the UK and 
the US. It offers a robust and replicable methodological framework 
for exploring vaccine hesitancy through AI-driven social media 
analysis. The study employed a hybrid AI model, combining lexicon-
based approaches such as VADER and TextBlob, which provide 
rapid analysis and interpretability,9,10 with BERT, which excels at 
recognising contextual dependencies and detecting subtle nuances 
in language.11,12 These are key strengths that balance efficiency with 
a nuanced understanding of sentiment. Another notable strength 
of the study is the use of geospatial mapping, which enabled the 
identification of regional variations in vaccine sentiment, thereby 
informing focused intervention strategies

However, limitations include the potential homogenisation of 
opinions, as large-scale analysis may dilute the contextual specificity 
of localised and community-based issues, potentially overlooking 
important variations in sentiment. Although the AI methodologies 

applied are advanced, they were predominantly pre-trained on 
general language datasets, which may reduce their effectiveness in 
grasping community-specific language and terminology.13 This may 
lead to misinterpretations of the expressed sentiments. The timeframe 
of the analysis corresponds to the initial stages of the pandemic, prior 
to vaccine approval, when public sentiment was chiefly characterised 
by hope, anticipation, uncertainty and scepticism.7 While sentiment 
analysis during this period provides valuable insights, it omits critical 
phases during and after vaccine rollout, when attitudes were likely 
influenced by data on efficacy and side effects. Incorporating analysis 
of these subsequent periods could offer a more comprehensive 
understanding of vaccination sentiment across different stages of 
the pandemic.

Real-time regional analyses 

Lanyi et al examined vaccine hesitancy in a low-uptake region in 
London using “Wordnerds,” a hybrid text analysis platform that utilises 
NLP and ML tools to facilitate real-time analysis of social media data. 
The study aimed to identify primary barriers impeding vaccine uptake. 
Using a search strategy comprising keywords related to COVID-19 
vaccines, vaccination and relevant pharmaceutical companies, X 
posts were collected over a nine-month period between November 
2020 and August 2021. Wordnerds employed NLP techniques to 
determine whether posts expressed positive, negative or neutral 
sentiments towards COVID-19 vaccines. It then used ML methods to 
group tweets based on their topics. The researchers subsequently 
conducted qualitative analysis by manually coding the negative posts 
into specific hesitancy themes which were: 1. Mistrust, 2. Safety, 3.  
Ineffectiveness, 4.  Access, 5. Under-representation, 6. Complacency. 
A subset of these categorised tweets was closely examined to gain 
deeper insights into the context and nuances behind each theme. 
Under-representation emerged as a particularly salient theme linked 
to the experiences of the Black British community. For example, one 
tweet within this hesitancy theme noted that one of the vaccines had 
only been tested on White people, which contradicts the evidence 
that BAME (Black, Asian and Minority Ethnic) groups are at higher risk 
and have historically been neglected in research.8

This study demonstrated the potential for rapid analysis of public 
sentiment from a sizeable sample, using an affordable, efficient, 
off-the-shelf NLP tool. This approach is especially valuable during 
dynamic and fast-moving situations like a pandemic. The hybrid 
methodology, combining NLP with ML, alongside qualitative 
document analysis, can provide a nuanced understanding of public 
attitudes. Real-time analysis of public sentiments was performed, also. 
This would enable timely identification of emerging concerns, rapid 
response interventions and monitoring of response effectiveness. 
However, the study lacked detailed demographic information 
about the X users, which could have contributed to a more nuanced 
understanding of vaccine hesitancy. Additionally, the AI model may 
have struggled with linguistic and cultural nuances, as off-the-shelf 
NLP tools such as Wordnerds are typically pre-trained on large, 
general datasets covering a wide range of topics and language styles. 
While this broad training enables strong performance on standard 
NLP tasks, it may limit the tools’ ability to capture community-specific 
language, potentially reducing the accuracy of sentiment analysis.14,15 
The study’s temporal scope focused on the initial approval and rollout 
of vaccines in the UK, capturing sentiments during vaccination 
campaigns related to safety, access and the impact of emerging 
variants. While analysis during this period is valuable, examining 
sentiments from pre-vaccine and post-rollout phases could offer a 
more holistic understanding of community attitudes towards the 
vaccines.

Proposed strategy for sentiment analysis of COVID-19 vaccine 
hesitancy in the Black British community

To analyse vaccine sentiment within the Black British community, an 
effective methodology can draw on the strengths and address the 
limitations identified in Hussain et al and Lanyi et al Neither study 
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focuses directly on the Black British community: national-level data 
may obscure community-specific concerns, while regional data 
improves specificity but can be further developed for demographic 
focus. Although Hussain et al used a robust hybrid ensemble approach 
and Lanyi et al employed a more affordable, rapid method, neither 
is tailored to capture linguistic nuances specific to the Black British 
community. Both studies analyse important pandemic periods but 
continuous monitoring is necessary to capture evolving sentiments. 
The following hybrid strategy could be used to tailor analysis to the 
Black British population.

•	 Focused social-media data collection, concentrating on 
platforms and spaces frequently used by the Black British 
community (for example, community Facebook groups and local 
X accounts). Keyword refinement should include community-
specific terms, hashtags and colloquialisms.

•	 Employ an AI model similar to the hybrid ensemble used by 
Hussain et al, combining lexicon-based NLP (VADER, TextBlob) 
with BERT. The model should be fine-tuned on a dataset 
annotated by members of the Black British community to 
capture linguistic nuance and cultural context.

•	 Conduct qualitative analysis by manually coding a subset of 
the data to identify key themes and validate AI performance. 
Community involvement at this stage is necessary to ensure 
cultural sensitivity and accurate interpretation.

•	 Identify key geographic areas with substantial Black British 
populations. Map aggregated sentiment scores to these areas 
to visualise patterns of vaccine hesitancy. Overlay sentiment 
maps with demographic data (socioeconomic status, access 
to healthcare, occupation) to identify correlations and inform 
tailored interventions.

•	 Perform real-time analysis to identify emerging concerns 
promptly, enable rapid responses, implement tailored 
interventions and monitor campaign effectiveness. Continuous 
monitoring and event-driven analyses may be necessary to 
support sustained improvements in vaccine uptake.

•	 Protect privacy when leveraging public data. Personally 
identifiable information (names, email addresses, phone 
numbers and precise locations) must be redacted. Data should 
be aggregated to an appropriate level of granularity to minimise 
re-identification risk16 and comply with data-protection and 
security regulations.

Key limitations of the proposed strategy

Despite the strengths of the proposed method, important limitations 
remain. Sampling bias poses a major challenge to sentiment analysis 
in the Black British community. Analysis of publicly available data 
will exclude individuals who are reluctant to share sensitive views 
on public platforms, narrowing the spectrum of captured opinions. 
Mitigating this limitation may require collaboration with community 
organisations and complementary data collection approaches 
(surveys, interviews) to reach less visible individuals and groups.17 
The Black British community is not monolithic but comprises 
diverse ethnicities, cultural backgrounds and socioeconomic 
statuses; consequently, findings from sentiment analysis may not 
be generalisable to all segments. Employing stratified sampling 
techniques that analyse data within specific subgroups can reduce 
the risk of overgeneralisation and better reflect the complexity of 
vaccine attitudes.18

Sentiment analysis conducted on vulnerable populations raises 
ethical concerns regarding privacy, surveillance and potential 
misuse of data. Systematic monitoring may be perceived as 
invasive, potentially discouraging open discussion and undermining 
trust. There is also a risk that findings could be intentionally or 
unintentionally misused, leading to stigmatisation or discrimination. 
To address these challenges, a rigorous framework for data 
governance must be implemented, incorporating strict protocols 
for encryption, anonymisation or aggregation of sensitive 
information.19–21 Transparency, in the form of clear communication 

about how data will be used, stored and shared, is also important to 
build and maintain trust between researchers and the community.

Translating findings into interventional 
strategies

Translating findings into interventions requires commitment to 
cultural sensitivity, leadership engagement and ethical action. 
Collaboration with local health authorities is important for trust 
building. For example, key findings (for instance, mistrust stemming 
from historical injustices) can be translated into videos featuring 
Black British healthcare professionals addressing these concerns 
directly. Partnerships with community radio stations can help dispel 
circulating vaccine myths using culturally resonant messaging. 
Hosting accessible community events that provide vaccine 
information, leaflets and on-site sign-up opportunities may improve 
uptake.22

In addition, outreach workers from within the Black British community, 
prioritising those with lived experience of the healthcare system can 
be recruited.  Training can be provided on historical and contextual 
concerns (for example, the Tuskegee Syphilis Experiment)23 delivered 
in a culturally sensitive manner. Furthermore, Collaborations can 
be established with respected community figures, such as sports 
personalities, Black British academics and social media influencers, to 
share personal experiences and address concerns openly.24

Adhering to these principles can help translate sentiment-analysis 
findings into interventions that are empowering and effective in 
increasing COVID-19 vaccine uptake in the Black British community.

Conclusion

Artificial intelligence-driven sentiment analysis has the potential 
to address COVID-19 vaccine hesitancy within the Black British 
community. However, current methodologies are limited by sampling 
bias, linguistic subtleties and ethical concerns related to privacy, 
surveillance and data misuse. A contextually tailored strategy that 
integrates advanced hybrid AI models, culturally sensitive data-
collection practices and proactive community engagement may 
enhance both methodological accuracy and cultural validity. The 
implementation of comprehensive data-governance frameworks 
and ongoing community engagement is essential to mitigate risks 
of stigmatisation and unethical data use. Integrating these insights 
into culturally competent, real-time intervention frameworks may 
improve COVID-19 vaccine uptake and advance health equity within 
the Black British population.
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