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Abstract

Objectives: The World Health Organization defines vaccine hesitancy as “a delay in acceptance or refusal of safe vaccines 
despite the availability of vaccination services” [1]. To evaluate vaccine hesitancy and increase vaccine uptake, especially in 
underserved communities, the Theory of Planned Behavior was utilized specifically to observe and analyze vaccine intention. 
This rapid review examines the influence of the three constructs of the Theory of Planned Behavior and applies them to the 
context of Buffalo, New York. The goal of this review is to observe the importance of enhancing vaccine education, addressing 
mistrust, and ultimately increasing vaccine uptake over time with the development of a Mobile Health Literacy application and 
Health Literacy Toolkit distribution in its underserved communities. Methods: All databases were searched in June and July 
of 2025, using specific terms related to this rapid review. All sources were within 15 years of this review to ensure relevancy. 
Results: All three constructs of the Theory of Planned Behavior: attitude, subjective norms, and perceived behavioral control, 
were all significant predictors of vaccine hesitancy in all studies that used the Theory of Planned Behavior in this rapid review. 
However, the construct with the most influential factor was attitude. With this, this rapid review observes attitude shifts in the 
context of Buffalo, NY, as an outcome measure of the development and establishment of the Mobile Health Literacy application 
and Health Literacy Toolkit distribution in its underserved communities. Conclusions: The Theory of Planned Behavior was 
proven to have an impact on behavioral intention towards receiving vaccinations. There is clear support for this theory to be 
utilized in interventions stated in this rapid review, such as the Mobile Health Literacy application and Health Literacy Toolkit 
distribution in the underserved communities of Buffalo, NY.

This rapid review hypothesizes that educational interventions 
grounded in the Theory of Planned Behavior, with the support 
of biomedical informatics tools, are effective in increasing 
vaccine confidence and uptake among underserved populations. 
Specifically, by targeting the key TPB ideas, attitudes toward 
vaccination, subjective norms, and perceived behavioral control, 
and by leveraging informatics strategies such as the utilization of a 
mobile health literacy app, such interventions can reduce vaccine 
hesitancy and address prevalent safety concerns, mistrust in health 
systems, and structural barriers. The integration of biomedical 
informatics tools, such as natural language processing, specifically 
Sentiment Analysis, to monitor vaccine-related discourse and 
predictive analytics trends to identify hesitancy, can contribute 

to creating culturally tailored, accessible educational toolkits 
informed by the Theory of Planned Behavior and facilitate positive 
shifts in vaccine-related beliefs and behaviors within these 
underserved communities.

Introduction

Health Literacy is defined by the United States Department of Health 
and Human Services as both personal and organizational health 
literacy [2]. Personal health literacy is an individual’s capability 
to be able to find, comprehend, and use health-related information, 
as well as services, to contribute to making well-informed health-
related decisions [3]. Organizational health literacy refers to an 
organization’s ability to provide and enable individuals and 
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communities to locate, comprehend, and use information to make 
well-informed health-related decisions that may affect their health 
3. Health literacy is crucial, especially during times of public health 
emergencies like outbreaks, pandemics, epidemics, and endemics 
[4]. Communities must be enabled and provided the resources to 
seek, locate, and comprehend health information and resources to 
improve their own health and well-being.

There is a substantial correlation between health literacy and 
vaccine hesitancy. Vaccine hesitancy poses a barrier for one to 
achieve immunization that is widespread [5], and this is quite 
prominent in underserved communities, which have experienced 
significant and persistent structural inequities, with a majority of 
such communities being Black, rural, and of low-income groups 
[6]. For example, in a majority of Black communities, vaccine 
hesitancy is rooted in mistrust due to a history of unethical 
medical experiments. This mistrust persists today due to ongoing 
experiences of racism, discrimination, mistreatment, and overall 
health inequalities [7].

Similarly, rural populations in states like Alaska and Idaho have 
reported that their citizens’ vaccine hesitancy statistics have 
been driven by the fear of side effects, low perceived risks, and 
barriers related to access, availability, and misinformation [8]. 
These hesitancy patterns are magnified by low health literacy, 
which limits individuals’ ability to be successful in accessing, 
understanding, and acting upon public health information [9]. 
Therefore, educational interventions that improve health literacy 
are essential in addressing vaccine hesitancy. Herein, we set out to 
create this rapid review to examine the effectiveness of educational 
interventions, guided by the constructs of the Theory of Planned 
Behavior and supported by biomedical informatics tools, in 
improving vaccine confidence and uptake among underserved 
populations by addressing health literacy and structural barriers.

The Theory of Planned Behavior (TPB) is a cognitive theory 
that assists an individual’s decision-making to engage in a 
specific behavior [10]. It is also used as a behavioral framework 
to understand and influence health-related decision-making. 
TPB asserts that intentions to perform a behavior are shaped by 
three core constructs: attitudes, subjective norms, and perceived 
behavioral control [11]. Attitude refers to an individual’s overall 
evaluation of a specific behavior, whether they view it as positive 
or negative; subjective norms is influenced by normative belief and 
refers to the perception of social pressure to perform that behavior; 
and perceived behavioral control refers to the belief of having the 
abilities to perform that behavior, or in other words, the belief about 
whether one can control their performance of a behavior [12,13]. 
Many studies in this rapid review have validated TPB’s behavioral 
framework for vaccine uptake. In addition, studies have affirmed 
that TPB-based interventions can successfully target behavioral 

correlates of vaccine hesitancy [18,21,23,31], especially when the 
interventions are tailored to the community context and identity.

To enhance education-based interventions for toolkit development, 
biomedical informatics tools were included to offer data strategies 
for tracking and scaling across the population and addressing 
vaccine hesitancy. Tools such as Natural Language Processing 
(NLP) and geospatial sentiment analysis of social media platforms 
will allow researchers to monitor the public’s attitude toward 
vaccination in real time [14]. Natural language processors, which 
deal with how computers comprehend, analyze, and manipulate 
human languages [15], will be the main type of biomedical 
informatics technology utilized in this toolkit. NLP involves 
understanding the significance of the meaning of the language, 
translating between languages, and recognizing patterns in how 
people communicate with each other [15]. In addition, machine 
learning tools trained on interpreting Electronic Medical Records 
(EMRs) and socioeconomic data will be used to identify patients 
at high risk of vaccine hesitancy. Furthermore, by prioritizing the 
inclusion of a mobile health literacy app containing interactive 
FAQs and push notifications for vaccination reminders, the 
Health Literacy Toolkit will be able to deliver tailored educational 
content that contributes to fostering informed decision-making and 
reinforcing trust in vaccines.

This rapid review intends to synthesize already existing research 
on education interventions grounded in the Theory of Planned 
Behavior to reduce vaccine hesitancy in underserved communities. 
The goal is to achieve vaccine uptake by informing the development 
of a toolkit that is culturally relevant and tailored for communities 
in Buffalo, New York, and hopefully, the nation.

Methods

Inclusion and Exclusion Criteria

The inclusion criteria for this rapid review involved peer-reviewed 
studies that were both quantitative and qualitative, with all having 
relevance to the application of the Theory of Planned Behavior to 
investigate vaccine hesitancy, intentions, or change in behaviors 
related to vaccination. Studies that involved underrepresented 
populations and communities, including both United States-Based 
and international populations that had comparable structural 
inequities, social or trust-related barriers to vaccinations (such as 
rural or low-resource environments), were included. Studies that 
examined factors such as mistrust, misinformation, social norms, 
and perceived behavioral control were all included, regardless of 
geographic location, as long as findings could inform the Health 
Literacy Toolkit development for underserved communities in 
Buffalo, New York. Due to the focus of including biomedical 
informatics in enhancing vaccine confidence, studies that utilized 
digital technologies, such as natural language processing, 
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sentiment analysis, predictive analysis, or geospatial modeling, 
were used to evaluate vaccine-related discourse to further analyze 
the significance of public trust and behavior trends on vaccine 
intention. Articles written in English and published within the 
past 15 years were included to ensure all ideas and evaluations 
were relevant to the public health advancements and context of 
our modern day. Studies were excluded if they lacked a TPB 
framework, did not address vaccine-related attitudes or behaviors, 
were not peer-reviewed, or were not available in any English 
translation. These inclusion and exclusion criteria allowed for 
the inclusion of diverse perspectives and methods while clearly 
focusing on behavioral influences relevant to vaccine confidence 
and uptake.

Selection of Sources

This rapid review followed the PRISMA-ScR guidelines to ensure 
clarity, reproducibility, and comprehensiveness in identifying 
literature relevant to this review. The goal was to capture peer-
reviewed studies on vaccine hesitancy, behavioral interventions 
grounded in the Theory of Planned Behavior (TPB), health 
literacy, and the use of biomedical informatics tools to inform the 
development of an educational toolkit aimed at improving vaccine 
confidence in underserved communities in Buffalo, NY.

Data Extraction

The databases searched included: Science Direct, Oxford Academic, 
PubMed, Sage Journals, Advances in Medicine, Psychology and 
Public Health, National Library of Medicine, Frontiers in Public 
Health, Humanities and Social Sciences Communications, all of 
which were found using Google Scholar to identify open-access 
peer-reviewed content. In addition to peer-reviewed academic 
sources, grey literature from public health organizations, including 
the Centers for Disease Control and Prevention (CDC) and the 
World Health Organization (WHO), was used. Only peer-reviewed 
and credible articles published in English and based on human 
subjects were included. No geographic location restriction was 
applied, but priority was given to studies with findings relevant to 
underserved populations.

Databases and Search Strategy

All databases were searched in June and July of 2025, using key 
specific terms and concepts relevant to this rapid review, which 
included: “vaccine hesitancy”, “vaccination uptake”, “vaccine 
confidence”, “vaccine refusal”, “Theory of Planned Behavior”, 
“TPB”, “underserved populations”, “health disparities”, “rural 
health”, “low-income communities”, “health literacy”, “health 
communication”, “biomedical informatics”, “natural language 
processing”, “NLP”, “social media analysis”, “digital health 
interventions”, “real-time surveillance”.

Assessment of Study Quality

To assess the quality of the studies included in this rapid review, the 
Joanna Briggs Institute Critical Appraisal Checklist for Systematic 
Reviews and Research Syntheses was used based on the design of 
each study. This checklist helped to evaluate whether the studies 
used had clear research questions, whether appropriate methods 
were used, and whether results were accurate and reported clearly. 
For qualitative studies, they were evaluated based on whether the 
study design matched the outcome and goals of the study, how data 
were collected and analyzed, and whether there were limitations 
and biases that were not mentioned. For both quantitative 
and survey-based studies, they were evaluated based on how 
participants were selected, whether the measures were reliable, 
and whether the results were correctly analyzed. Biomedical 
informatics studies were reviewed based on how clearly their data 
sources, analysis methods, and tools related to real-world vaccine 
hesitancy were explained. Only studies that met the Joanna Briggs 
Institute Critical Appraisal Checklist for Systematic Reviews and 
Research Syntheses quality standards were included in this rapid 
review.

Synthesis of Results

Findings and results were summarized using a thematic approach, 
identifying themes around the Theory of Planned Behavior 
constructs: attitude, subjective norms, and perceived behavioral 
control. To add, the findings also highlighted the importance of the 
role of utilizing biomedical informatics tools in supporting vaccine 
education and uptake. The results of this rapid review aided 
in informing the development of the proposed Health Literacy 
Toolkit, designed to increase vaccine confidence in underserved 
communities in Buffalo, NY.

Discussion

When referring to the three constructs of the Theory of Planned 
Behavior: attitude, subjective norms, and perceived behavioral 
control, all three constructs influenced increasing vaccine uptake 
across all studies analyzed. Although all three constructs played 
a role in vaccine uptake, the construct with the highest influential 
factor was attitude. In all the studies in this rapid review, study 
participants who had negative attitudes toward the intervention 
or the vaccine itself demonstrated higher levels of hesitancy as 
compared to the influence of subjective norms or perceived 
behavioral control. This pattern across the diverse and underserved 
populations in this review shows the central role that attitude may 
play in vaccine hesitancy.

Subjective norm played a meaningful role in influencing vaccine 
uptake, though to a lesser extent than attitudes. Social influences 
such as religion, peers, and familial expectations shaped 
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individuals’ willingness to get vaccinated.

One common influence that played a role in vaccine hesitancy was 
religious beliefs 16. For instance, only 52.9% of college males 
and females aged 13 to 17 in rural Alabama in 2013 were up-to-
date (i.e., 2- or 3-dose series completion) with the HPV vaccine 
compared to 58.6% nationally [17,18]. In 2021, students who were 
not vaccinated were more likely to report that religion influenced 
their health beliefs [18]. Religiosity had negatively impacted 
Human papillomavirus vaccine uptake, especially among women 
and college students who had regularly practiced an organized 
religion, and this population of individuals tended to have less 
knowledge of HPV or the HPV vaccine, and were less likely to have 
initiated or completed the HPV vaccine series [18-20]. Similarly, 
in Bangladesh, a strong religious belief was found among the 
respondents who showed unwillingness to be vaccinated [21]. 
Some people mistakenly believe that the vaccine contains “haram” 
(religiously forbidden) ingredients like pig-derived products that 
influence their decision on vaccine acceptance [21].

Beyond religion, community leaders, family, and friends were 
key drivers of vaccine acceptance. For example, in one study, the 
relationship between subjective norms and COVID-19 vaccine 
uptake intention was found to be positive and significant, as strong 
subjective norms from friends and relatives drove people to get the 
COVID-19 vaccine [22]. In addition, vaccine hesitancy tended to 
decrease as familial support in favor of vaccination increased, with 
one study finding that a one-unit increase in familial support in 
favor of getting the COVID-19 vaccine reduced vaccine hesitancy 
by 0.31 units [23]. In a study using TPB to predict mothers’ 
intentions to vaccinate their daughters against HPV, subjective 
norms were measured with questions involving how much mothers 
agreed with each statement; “Most people who are important to me 
think that I should vaccinate my daughter,” “It is expected of me 
that I will vaccinate my daughter against HPV,” and “The people 
in my life whose opinions I value would want me to vaccinate 
my daughter.” [24]. These measures were combined to form a 
total measure of subjective norms [24]. The results of the linear 
regression indicated that those with subjective norms that were in 
support of the vaccine were more likely to intend to vaccinate [24].

These findings suggest that when individuals are socially pressured 
and perceive expectations from individuals they consider to be 
influential, their vaccine-related decision can be impacted. This 
emphasized the importance of community engagement, trusted 
messengers, and culturally tailored outreach in future interventions 
to increase vaccine uptake.

Perceived behavioral control refers to an individual’s belief in 
their ability to access, understand, and complete a behavior, which 
in this review is getting vaccinated [13]. Perceived behavioral 

control influences whether individuals feel able to follow through 
with vaccination. For example, during the COVID-19 pandemic, 
individuals from underserved communities often struggled 
to identify which centers had vaccine availability or how to 
schedule appointments, which were all challenges that decreased 
their likelihood of getting vaccinated, even if they had favorable 
attitudes or supportive social networks [25-27]. 

In one study among Bangladeshi adults, it was analyzed that in 
terms of perceived behavioral control, respondents who mentioned 
registering for COVID-19 vaccination were within their control 
were less vaccine-hesitant [23]. This resulted in β = −0.05, which 
translates to a one-unit increase in perceived benefits of getting the 
COVID-19 vaccine, leading to a reduction of vaccine hesitancy 
by 0.05 units [23]. However, in a study on HPV vaccination, 
perceived behavioral control remained under addressed. That 
is, mothers in this study perceived HPV vaccination as in their 
control, indicating that vaccinating their daughters was “possible” 
and “easy.” [24]. Cost was not perceived as a barrier in this study 
due to all of the daughters in the sample having health insurance, 
and the vaccine is covered by health insurance in this state [24], 
but since only 3% of the children in the state were without health 
insurance, cost would have minimal impact on the study results 
[24]. Therefore, it can be inferred that lack of health insurance 
is a possible barrier to vaccination [28-30]. For example, a 2018 
cross-sectional study of 18,089 individuals reported that lack of 
access to affordable vaccines for some PLWH (People Living with 
HIV) contributed to low vaccine uptake [28]. Similarly, in a rapid 
review predicting vaccination intention against COVID-19 using 
the Theory of Planned Behavior, it was found that in two studies 
focusing on parents’ intention to vaccinate their children, parents’ 
intention was stronger if they had higher levels of positive attitudes 
towards vaccinating their children and if they reported stronger 
subjective norms 61. But, perceived behavioral control was not a 
significant predictor of vaccination intention [31].

Similarly, in one study looking at factors influencing the intention 
and uptake of COVID-19 vaccines on the African continent, in 
African countries such as Ghana and South Africa, vaccine 
accessibility is a huge barrier to getting vaccinated [32]. For 
example, in one qualitative study going over the facilitators and 
barriers to COVID-19 vaccine uptake among women in two 
regions of Ghana, one of the three major barriers to receiving 
vaccination was due to their tight work schedule, hindering their 
participation in the COVID-19 vaccination routine [33]. They 
revealed that they go to work early and close late, and hence, 
they are unable to go to the vaccination centers for the vaccine 
[33]. In addition, perceived behavioral control was found to be 
a key factor influencing vaccination intention in Africa [31], 
and this is a result of the shortage of vaccines. In a study done 
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in 2022, it was found that inadequate vaccine supply at hospitals, 
health centers, or vaccination centers prevented women from 
receiving the COVID-19 vaccines [33]. This study implies that 
making COVID-19 vaccines available and accessible to women 
would encourage COVID-19 vaccination [33]. In addition to the 
shortage of vaccinations in the Ghanaian regions of study, an 
additional barrier to vaccination was the distance between their 
place of residence and health facilities or vaccination centers [33]. 
We must ensure that transportation doesn’t remain a barrier for 
all individuals seeking vaccinations for various health ailments, 
especially for underserved populations who face transportation 
barriers at higher rates [34,35].

In summary, although perceived behavioral control may be an 
unexplored factor as compared to the other constructs of the 
Theory of Planned Behavior, it is still very important in influencing 
vaccine uptake. Barriers such as cost, access, time constraints, 
and transportation can undermine individuals’ sense of control 
and reduce vaccine uptake, especially within underserved and 
vulnerable populations.

Attitude is the last construct in the Theory of Planned Behavior, 
and it refers to an individual’s overall evaluation of whether a 
behavior is positive or negative [36]. This is influenced by their 
beliefs about the consequences of the behavior and how they value 
those consequences [36].

In one study among Bangladeshi adults predicting COVID-19 
vaccine hesitancy, although all four components of the Theory of 
Planned Behavior were significant predictors of vaccine hesitancy, 
respondents who had a more negative attitude toward the 
COVID-19 vaccine were more vaccine-hesitant [23]. Similarly, 
in another study predicting intention to receive the COVID-19 
vaccine, participants were more likely to be willing to get 
vaccinated if they reported higher levels of perceived benefits of the 
COVID-19 vaccine 62. In other words, when someone perceives 
strong benefits from getting the COVID-19 vaccine, they are more 
likely to form a favorable attitude toward vaccination, which in 
turn increases their intention to get vaccinated.

According to the 5th Edition of Health Behavior: Theory, Research, 
and Practice by Editors Karen Glanz, Barbara K. Rimer, and K. 
Viswanath [37], it is indicated that changing the beliefs linked to 
every predictor in the Theory of Planned Behavior is not always 
practical or achievable [37,38], so we must address the construct 
with the strongest predictor [38,63], which is attitude [38].

In a systematic and meta-analysis study, it was found that attitude 
was the strongest predictor of vaccination intention, followed by 
subjective norms and perceived behavioral control [31]. Upon 
analysis of all constructs using the IBM SPSS Statistics [27] and 
Comprehensive Meta-Analysis 4.0, attitude had the strongest 

association with vaccination intention, yielding an average 
correlation of 0.487 (95% CI: 0.368-0.590) [31], but this did 
vary according to geographic location [31] with attitude toward 
COVID-19 vaccine was a statistically significant predictor of 
vaccine acceptance in all eighteen studies in a Western context, 
but only 87% of the studies reported attitude as a significant 
determinant in a non-Western context [31]. This stresses that 
attitude is a major factor in vaccination intention everywhere, but 
geographic location and study population play a role in the extent 
to which attitude can affect vaccine intention.

In addition, in one study assessing COVID-19 vaccine acceptance 
among urban slum people in Bangladesh [21], overall, 18% of 
respondents refused or were unsure about receiving the COVID-19 
vaccination, with 46.58% fearing unknown future consequences, 
45.21% having religious beliefs, and 41.10% having vaccine 
allergy, high blood pressure, or diabetes; these were the top reasons 
for vaccine hesitancy [21]. Fear of unknown consequences, being 
the highest hesitancy reasoning, reflects anticipated negative 
outcomes, which contribute to a negative attitude toward the 
behavior of getting vaccinated. But, one study predicting mothers’ 
intentions to vaccinate their daughters against HPV showed that 
intent to vaccinate was influenced by mothers’ positive attitudes 
about the vaccine in such a way that more positive attitudes 
increased the likelihood of vaccinating (β = .61, p<.001) [24].

Concerning two different populations, attitudes played different 
roles among the White and Black populations. White individuals 
tended to have stronger attitudes towards the COVID-19 vaccine 
as trust in health institutions was linked the highest to their 
compliance; however, attitudes had the weakest role among the 
Black population [64]. This may indicate that the weaker impact 
among Black individuals suggests that improving compliance 
with vaccination may require addressing deeper systemic issues, 
such as discrimination and mistrust in health systems, not just risk 
awareness at the individual level.

To conclude, as seen in the various evidence presented to support 
the attitude construct in the Theory of Planned Behavior, attitude 
consistently emerges as the strongest predictor of vaccination 
intention among various populations. Although its impact can vary 
by geography, Meta-analytic findings reinforce that attitude has 
the strongest correlation with vaccination intention. In addition, 
being that there are numerous differences in vaccine attitudes 
between many racial groups, contributes to why there should be 
a highlighted need to consider broader social determinants of 
health, such as historical mistrust and systemic inequities that have 
continuously disadvantaged minority groups. Changing every 
belief underlying the Theory of Planned Behavior may be difficult 
to achieve in a time that is limited; therefore, we must focus 
interventions on shaping positive mindsets and attitudes through 
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educating the public by addressing misinformation, emphasizing 
the benefits of vaccination, and acknowledging concerns that are 
community-specific. Putting these interventions into action can 
improve vaccine acceptance.

Focusing on the Theory of Planned Behavior, which highlights 
attitude, subjective norms, and perceived behavioral control as 
key predictors of health behaviors, it is important to consider 
each of the three constructs when addressing vaccine hesitancy, 
specifically when applying it to Buffalo, New York. While attitude 
has continually shown to be the strongest influence, subjective 
norms and perceived behavioral control also play an equally 
important role in shaping vaccine intentions. To effectively design 
interventions that address these three constructs, we must first 
understand all factors that shape them, especially health literacy, 
which has proven to significantly affect how individuals interpret 
vaccine-related information, perceive social expectations, and 
assess their ability to act on health decisions.

With the toolkit centered on Buffalo, New York, it is very 
important to assess the literacy rates in the population. In Erie 
County, approximately 150,000 adults struggle to read and write 
English [65]. When someone struggles to read English, they will 
struggle to grasp medical instructions, prescription information, 
the Public Health Department of Health’s safety messages and 
measures, and other health-related decision-making materials [65]. 
If someone struggles to read English, they may feel less capable 
of understanding or acting on health information, including 
vaccine guidance, safety messages, or appointment logistics [39]. 
This lowers their perceived behavioral control over engaging in 
the health behavior, in this case, getting vaccinated. As a result, 
literacy must be viewed as a skill needed to survive in order to 
make educated health decisions for one’s own health and well-
being [40].

Poverty, public assistance, and vaccine mistrust are among the 
socioeconomic determinants of health that contribute to low 
literacy. In Buffalo, New York, 43% of adults with the lowest 
literacy skills live in poverty, 50% of the unemployed are 
functionally illiterate, and welfare recipients with the lowest 
literacy skills stay on welfare the longest [41,42]. Despite efforts 
to increase COVID-19 testing and immunizations in Black and 
Brown areas, particularly on Buffalo’s East Side, vaccination rates 
remained low. This was mostly due to the discrepancy in income 
and location [66]. People in poorer communities, whether urban 
or rural, are less likely to be vaccinated 66. According to county 
data, 6.7% of people in the 14211-zip code on Buffalo’s east side 
received one dose of vaccination in 2021 [66].

According to a systematic review that analyzed trust and vaccine 
hesitancy, in Black communities, vaccine hesitancy is rooted in an 

extended history of unethical and inhumane medical experiments 
and persists today due to how this targeted population still 
experiences mistreatment, racism, and overall health inequalities 
[43]. Black communities are frequently affected by low income 
and low literacy levels, which are both determinants that have 
previously strained access to important COVID-19 information, 
which further impacted their vaccination rates [44].

Increasing preventative education in marginalized and low-
income populations is an important strategy to promote health 
literacy. Increased education leads to less vaccine reluctance [45]. 
When compared to no intervention, vaccine education was shown 
to increase vaccine rates in older individuals [45]. Interactive 
interventions improved vaccination rates more than non-interactive 
interventions [45]. A single additional year of schooling has 
proven to reduce vaccination reluctance by around 16 percentage 
points [67]. We must prioritize and focus on developing education 
awareness, especially in schools with low literacy rates, to ensure 
that all populations and communities benefit from healthy lifestyles 
and well-being equally.

To construct a toolkit, we must first seek out previous toolkit 
initiatives and compare existing ones in similar areas. In Virginia, 
the Department of Health collaborated with ImmunizeVA to 
combat vaccine reluctance by developing a Vaccine Literacy 
Toolkit for libraries in various neighborhoods and their 
communities. The toolkit has numerous resources that are easily 
attainable and available, such as fact sheets and discussion guides. 
The toolkit involved trusted local voices to provide information to 
the community [68]. When communities hosted events, culturally 
appropriate literature was distributed to encourage health-informed 
conversation. Overall, this toolkit included a curated reading list 
of engaging, age-appropriate vaccine resources, clear, evidence-
based vaccine information without the need for experts, fact sheets, 
FAQs, conversation guides, and programming ideas tailored to 
the needs of librarians and community leaders [68]. Due to this 
toolkit specifically tailoring its information to meet the needs of 
the population through using trusted voices, adapting its language 
to age and literacy levels, as well as simplifying language, it has 
greatly engaged and helped the public understand the importance 
of vaccination.

This relationship between the Department of Health, ImmunizeVA, 
and the communities the toolkit reached has caused an increased 
vaccination trust and outreach in underprivileged populations 
[68]. This finding suggests that we use our resources to improve 
the health literacy in underserved settings and systems in order to 
attain health equity and vaccine confidence [69].

Through partnering with trusted local stakeholders such as faith-
based organizations [46], community groups, and libraries, we will 
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be able to seek out the effects of the subjective norm construct 
of the Theory of Planned Behavior [47]. These institutions are 
historical; they hold influence within their communities and 
can help shape positive social expectations around vaccination 
[48,49]. When individuals see respected community figures that 
they cherish and look up to, who endorse and support vaccination, 
they are more likely to perceive vaccination as a socially approved 
and expected behavior, thereby increasing their intention to get 
vaccinated [47,48].

Literacy Buffalo Niagara has previously attempted to increase 
health literacy in Buffalo by hosting a free “Digi-Skills” training. 
Their entire curriculum, called “Digi-Skills”, covered how to 
operate a computer, navigate the internet, attend and engage in 
telehealth appointments, start an online job search, create an email 
account, and more [70]. Such activities contribute to increasing 
basic knowledge in all sectors, including health, by ensuring that 
marginalized populations that may lack any or a stable internet 
connection, educational knowledge, or digital understanding, 
have access and training in order to access health information that 
can improve their health. When people feel capable and readily 
informed, they are more likely to view actions such as vaccination 
or healthcare that is routine, as beneficial and something they can 
effectively manage on their own [50,51]. In this way, improving 
health literacy plays an important role in creating and keeping 
positive attitudes towards health, as it allows individuals to have 
and sustain the capability of knowing and understanding all 
information pertaining to their health [52,53]. This supports the 
attitude construct of the Theory of Planned Behavior.

While initiatives like Digi-Skills by Literacy Buffalo Niagara are 
steps towards improving the health literacy of underrepresented 
populations, there are still many barriers that continue to hinder 
vaccine uptake and overall health engagement among marginalized 
populations. To design a toolkit that is inclusive and effective in 
such communities, it is important to acknowledge the importance 
that faith-based leaders have in underserved communities. It is 
also important to acknowledge barriers such as reading levels and 
difficulties navigating the health system due to age constraints 
or literacy, and increasing positive connotations to vaccinations. 
These all aid in shaping individuals’ experiences and perceptions 
of vaccination [54]. Not only analyzing, but understanding these 
will enable us to continue to utilize the Theory of Planned Behavior 
in efforts to integrate components that are evidence-informed in 
order to respond to real-world needs.

As it relates to public health and biomedical informatics, 
in addition to addressing structural and social barriers that 
underserved populations may face, integrating biomedical data 
and using behavioral analytics based on real-time data into 
the toolkit, this can aid in further enhancing the relevance and 

effectiveness of the toolkit. Recent studies that have utilized 
Sentiment Analysis, natural language processing, and geospatial 
modeling have shown how public attitudes towards vaccines can 
vary based on time and location [14,55,56]. These three analytical 
tools allow us to observe and look into vaccine hesitancy trends, 
public trust in topics such as vaccination, and sentiments that 
have evolved, which are all insights that can be used to inform 
tailored communication strategies and intervention efforts [14]. 
By utilizing these biomedical and behavioral tools and data, they 
can help ensure that the toolkit remains relevant and responsive 
to the constantly changing perceptions of the public. This can 
contribute to seeking ways to support a greater vaccine acceptance 
and increased uptake.

In addition to utilizing natural language processing tools for 
sentiment analysis, developing a Mobile Health Literacy App is 
key to this toolkit. To reduce vaccine hesitancy and improve health 
outcomes in Buffalo, the mobile health literacy app and toolkit will 
include features designed to address key predictors of behavior 
identified in the Theory of Planned Behavior. These include 
vaccine education written in plain language, adapted to at least 
a third-grade reading level, a FAQ section that directly addresses 
common vaccine myths using trusted sources, community 
testimonials, and push notifications for vaccine reminders, each 
tailored to improve users’ attitudes, perceived control, and social 
norms around vaccination. This intervention will be provided 
to facilitate vaccination directly by leveraging, but not trying to 
change, what people think and feel [57].

Given the fact that internet access is a social determinant of health 
[58], the digital divide in underserved communities in Buffalo, 
NY, remains a priority. Our consideration is that for individuals 
who don’t have internet access, access to the multi-lingual Mobile 
Health Literacy application will be placed in areas like community-
based centers and transportation, such as local libraries and 
community centers, or buses. These community-based centers 
will serve as sites for the Mobile Health Literacy application to 
distribute vaccine health education for vaccine uptake and health 
literacy for various public health efforts [59]. Engagement between 
the community and its centers will allow for increased vaccine 
uptake, as it will increase equitable access to vaccine information 
[[60]. Placing the application in community sites such as libraries, 
churches, or local community centers targets the subjective norm 
by embedding vaccine education within trusted and socially 
influential spaces 47]. For example, in one study expanding 
vaccination access in underserved communities across Maryland 
through a collaborative approach, education outreach from 
trusted messengers of pharmacists, pharmacy students, pharmacy 
technicians, community and public health workers, and primary 
care physicians to 105,785 individuals resulted in 23,521 (22%) 
administered vaccines, 11,405 (48%) of which occurred through 
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individualized scheduling of vaccines in community settings [60].

Our outcome measures include comprehension of the importance 
of vaccines, actual vaccine uptake, and community engagement 
in vaccination efforts. In addition, evaluation of attitudes towards 
vaccination will be observed to determine if there is a positive shift 
for vaccination through the Mobile Health Literacy application and 
toolkit distribution. The long-term outcome is sustained behavioral 
change, recognizing that such change may be immediately difficult 
to achieve.

Limitations

While this rapid review provides many strategies to reduce 
vaccine hesitancy, there are a few limitations noted. The Theory of 
Planned Behavior consists of three constructs: attitude, perceived 
behavioral control, and subjective norms. However, not all studies 
using the Theory of Planned Behavior addressed each construct 
comprehensively or equally as in some studies, some constructs 
were inconclusive. In these studies, this may limit the ability to 
fully compare the influence of each construct in shaping vaccine 
hesitancy and behavior. In addition, this toolkit is designed 
specifically for Buffalo, New York, with the intention of utilization 
around the nation, but due to the specificity, this draws only on 
socioeconomic and health literacy data for Buffalo, New York. The 
applicability of the toolkit may be limited outside of similar urban 
settings with comparable demographic and structural conditions, 
such as rural settings, since Buffalo is majority urban. To conclude, 
although the intervention is targeted towards addressing mistrust 
through education and trusted messengers such as healthcare 
workers, deeper issues related to systemic racism and healthcare 
inequities may persist and require a variety of healthcare systems 
that go beyond the scope of this review.

Conclusion

To conclude, by utilizing the Theory of Planned Behavior and 
its three constructs, which are attitude, subjective norms, and 
perceived behavioral control, we will be able to better understand 
and address the various factors that influence vaccine hesitancy. 
Through the development of a Mobile Health Literacy App and 
a comprehensive Health Literacy Toolkit, we will be able to 
offer a targeted, evidence-informed strategy to increase vaccine 
uptake in the underserved communities of Buffalo, New York. By 
ensuring that such strategies are accessible, culturally competent, 
and community-embedded in education, these interventions will 
aim to improve health literacy, foster positive attitudes towards 
vaccination, strengthen supportive social norms, and enhance 
individuals’ confidence in their ability to make informed health 
decisions, such as getting vaccinated. All in all, these tools support 
the long-term goal of behavioral change by correlating positive 
attitudes to increase vaccine uptake.
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