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ABSTRACT

Objectives To combat misinformation, engender trust
and increase health literacy, we developed a culturally and
linguistically appropriate virtual reality (VR) vaccination
education platform using community-engaged approaches
within a Somali refugee community.

Design Community-based participatory research (CBPR)
methods including focus group discussions, interviews,
and surveys were conducted with Somali community
members and expert advisors to design the educational
content. Co-design approaches with community input
were employed in a phased approach to develop the VR
storyline.

Participants 60 adult Somali refugees and seven
expert advisors who specialise in healthcare, autism
research, technology development and community
engagement.

Setting Somali refugees participated at the offices of a
community-based organisation, Somali Family Service,

in San Diego, California and online. Expert advisors
responded to surveys virtually.

Results We find that a CBPR approach can be effectively
used for the co-design of a VR educational programme.
Additionally, cultural and linguistic sensitivities can be
incorporated within a VR educational programme and are
essential factors for effective community engagement.
Finally, effective VR utilisation requires flexibility so that

it can be used among community members with varying
levels of health and technology literacy.

Conclusion We describe using community co-design

to create a culturally and linguistically sensitive VR
experience promoting vaccination within a refugee
community. Our approach to VR development incorporated
community members at each step of the process. Our
methodology is potentially applicable to other populations
where cultural sensitivities and language are common
health education barriers.

Strengths and limitations of this study

» We use a community co-design process that is
supported by previous research to design a virtu-
al reality education experience for an underserved
community.

» The qualitative aspects of this study provide in-
depth information that can help to address complex
vaccine hesitancy issues among Somali refugees.

» We employed an iterative, phased approach to the
development of educational content which allowed
us to continuously assess the project and how it im-
pacted the refugee community.

» This project is a pilot study with a small sample size
which will need to be expanded to truly understand
the effect of our virtual reality health innovation on
refugee vaccine perceptions and behaviours.

INTRODUCTION

Over 300 000 refugees enter the USA
every year. While refugee resettlement has
increased over time, events as recent as 2015
mark one of the largest exoduses of forced
human migration, sparking a crisis as coun-
tries struggle to cope with the influx and the
social and economic demands that coincide
with human resettlement.! What is largely
missing in the public discussion is an appre-
ciation that refugees face extraordinary chal-
lenges throughout their migration process
from origination to destination. One chal-
lenge in particular—the access to proper
healthcare—is critical, both for those who
have been resettled in the past and those who
have recently arrived.” The other challenge is
to collect and monitor healthcare data that
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can be accessed and disseminated to resettled commu-
nities for public health monitoring.” In recognition of
these challenges, important questions range from how
to efficiently meet the healthcare demands of a growing
population that is effective and sustainable to providing
an engagement that uses culturally specific resources that
simultaneously enhances health education and drives an
increased level of trust in the local healthcare system.*

Upon resettlement in Western countries, many Somali
refugees were faced with the widespread diagnosis of
autism, which was unfamiliar to them prior to migra-
tion.” On one hand, among a community cluster of reset-
tled Somali children in Minneapolis, the prevalence of
autism has exceeded 3% and has eclipsed the national
average of 1.9%.° On the other hand, this specific refugee
community was targeted by anti-vaccination activists and
the propaganda that vaccination is a cause of autism. This
misinformation led to concern by Somali parents and
distrust in the healthcare system, which has resulted in a
propensity for vaccine hesitancy and non-acceptance.””’
A lack of effective messaging towards what does cause
autism and the dissemination of anti-vaccination propa-
ganda were successful in decreasing vaccination rates in
the Somali refugee population in Minnesota from 92% to
42% over the span of a decade.”®

Effective healthcare education relies on various princi-
plesforbuilding essential skills, including communication,
assessing the accuracy of information, decision-making,
planning, goal setting and selfmanagement.” At its core,
health education must be simple, retained, and must be
assimilated within those factors relevant to a given indi-
vidual’s biases and acceptance towards the delivered
message.” New digital innovations such as virtual reality
(VR) have emerged as tools to provide enriching and
immersive learning experiences that promote under-
standing in acute conditions such as anxiety and post-
traumatic stress disorder, and chronic conditions such as
tobacco cessation.'”" VR has also been used to provide
patients with a more positive experience in hospital
settings by using virtual nurses that patients can relate
to."” The ability for VR to increase information retention
and to change health behaviours by engaging users in a
non-healthcare environment makes VR a potentially valu-
able platform for visual health education. Therefore, our
primary aim was to develop a customised, culturally and
linguistically appropriate VR educational programme
specifically focused on paediatric vaccinations, and
to leverage community-based participatory research
(CBPR) models and community co-designs to build, test
and deploy VR at the community level among a group
that are known to be vaccine hesitant or vaccine resistant.

METHODS: STUDY DESIGN

SHIFA (Arabic for ‘healing’) is a community innovation
programme to design, deploy, and use new healthcare
innovations with an inclusive model of community engage-
ment. Within the current programme, community-based

participation was incorporated along three complemen-

tary approaches.'* These include:

1. To define the healthcare access barriers in a reset-
tled refugee community with a focus on paediatric
vaccination.

2. Incorporate a community-based participatory model
to develop the virtual reality content with community
member co-design.

3. Develop a VR environment that is customised with cul-
tural, linguistic and religious sensitivities to provide ap-
propriate health education.

Quualitative feedback was derived through focus group
discussions, interviews, and surveys developed by the
investigators and was completed by community members
and experts for analysis during each phase of tech-
nology development. Focus groups and interviews were
conducted by Najla Ibrahim and Samantha Streuli. Najla
Ibrahim is a Somali woman who holds a Master of Public
Health (MPH) degree and is an expert in community
public health issues. Samantha Streuli is a white woman
who holds a PhD in anthropology and who has been
working with the Somali community for 4 years. The
majority of focus group and interview participants were
unknown to Samantha and Najla prior to the research
project, though some were acquaintances from previous
work within the Somali community.

Patient and public involvement

The Somali community was involved in the research from
its inception and was regularly consulted as the research
was developed. Focus groups and interviews with the
community informed the development of research ques-
tions, which prioritised the experiences and interests
of the Somali community. We consulted with commu-
nity members and community leaders when designing
and conducting the study and developing survey, focus
group discussion and interview questions to determine
outcome measures. Somali community members were
also involved in the recruitment to the study, as much of
the recruitment happened via word of mouth. The results
of the study will be presented to participants and other
community members, who will be further consulted via
focus groups on how to best disseminate results.

Participants

Inclusion/exclusion criteria

We identified groups of Somali individuals for commu-
nity participation and VR co-design. Participants were
required to be members of the Somali community in San
Diego, California who were over the age of 18 years and
were either (1) Somali refugees; (2) Somali immigrants
or (3) US-born Somali Americans. We selected a group of
seven expert advisors to assist in the development of VR.
These advisors included: (1) researchers or other experts
in autism and/or vaccination; (2) physicians serving the
San Diego Somali community and in paediatric health;
(3) leaders within the Somali community.
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Setting

San Diego County is the 3rd largest metropolitan area
in California and the 12th largest resettlement area in
the USA. The organisation responsible for the develop-
ment and execution of the programme is Somali Family
Service (SFS), a fiscal sponsor for the East African Collab-
orative of eight-community organisations that aims to
outreach, educate, and enrol refugees and immigrants in
health insurance programmes. This specific community
predominantly resides in City Heights, a subdivision of
San Diego County that has a population of 75 000 indi-
viduals. Socioeconomic statistics of this region include a
median household income of $39 330 (national median
$55 322), 40% are immigrants and/or refugees, with
31% having an education level of a bachelor’s degree or
greater."”

Recruitment

Somali individuals were recruited via telephone and
through word of mouth by Somali community health
workers (CHWSs) and peers. As a non-interventional and
non-comparative programme, we did not determine an
a priori sample size and identified consecutive partici-
pants interested in participating within the community
engagement design. As such, we included any individuals
without a predefined minimum or maximum sample size.
In total, we included 60 community participants and 7
expert advisors. Our target participants were: (a) parents
of children between 0 and 2 years of age, (b) pregnant
or (c) planning to become pregnant in the next 2 years;
however, we included those Somali community members
interested in issues of autism and/or vaccination regard-
less of parental status. All participants consented to have
their names and contact information collected for future
correspondence. This information was securely stored in
an encrypted file and only used to recontact participants
who agree to be recontacted. The research objectives,
research participants’ rights and description of how data
would be used were explained to all participants prior to
participation. All participants provided verbal consent,
which was approved by The University of California San
Diego Institutional Review Board.

Expert advisors were identified by the SHIFA Project
leadership team according to their particular areas of
specialisation. Advisors signed consent forms to partici-
pate in the iterative development of educational content.

CBPR and community co-design

Our CBPR approach involved community members in
each step of the design, iterative testing, and develop-
ment of culturally and linguistically appropriate health
education content. This approach to CBPR in the Somali
community builds on public health work previously
done within refugee communities.'® We developed a
community co-design methodology that uses the princi-
ples of design thinking combined with community-based
research to enable participants to be directly involved
in the design and creation of content and products that

are developed to benefit them.'®'” This co-design meth-
odology was inclusive in that community members were
asked to participate within content curation and to lead
certain aspects of VR development.

Phased approach to VR development

We merged each aspect of CBPR and community co-de-
signs within a phased approach to VR development
(Vendor: INVIVO, Toronto, Canada). These phases
included:

Phase 1: CBPR approaches to assess community needs
and concerns important to paediatric vaccination.

Phase 2: VR modality determination for script devel-
opment. The modality consisted of the type of VR expe-
rience and the script development included the specific
educational content.

Phase 3: VR prototype and iterative feedback from
storyboards, two-dimensional and three-dimensional
animation, and visual and audio experiences that incor-
porate VR design elements including those factors that
allow users to engage at different levels of health literacy.

Phase 4: final VR product and testing.

The objective within VR development was to use those
tools and devices that were available to the community
at large and to ensure cultural and linguistic sensitivities
were incorporated.

Data collection and analysis
All data were collected electronically via tablet or
computer at the time of focus group discussions, inter-
views and surveys. Focus group discussions and interviews
were either recorded and transcribed, or extensive notes
were taken on a computer in the event that groups or indi-
viduals declined to be recorded. Focus group discussions
took place at the offices of SFS. In total, we conducted
5 focus groups with 57 participants. Some participants
attended more than one focus group. Four of the focus
groups were structured (see online supplemental mate-
rials for discussion guides), while one was an unstructured
discussion of the prototype. Interviews also took place at
the offices of SFS and were conducted with three Somali
parents. While the majority of participants were female,
we also had a small number of male participants.

Analyses were conducted thematically and iteratively
using the content of the surveys, focus group discussions
and interviews during the phased approach for VR devel-
opment. This approach used five steps: (1) familiarisa-
tion, (2) coding, (3) theme development, (4) defining
themes and (5) reporting.'® During the process of familia-
risation, all sections of the interviews, focus group discus-
sions and surveys relating to the experience of using VR
were extracted. Coding was performed using MAXQDA
software. Emergent themes from each phase of develop-
ment were defined and reported in order to inform the
subsequent development phases.

The primary data coder was SS. To ensure a rigorous
evaluation of the data, a subset of transcripts was also
coded by AM. In order to achieve consensus on codes, AM
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Figure 1

Oct 2019 — Mar 2020 June 2020 — Present

Phased approach to VR development. Assessment of community needs began in April 2019 in advance of the

development of the VR. Iterative testing took place throughout 2019 and 2020, with some gaps in testing due to the restrictions
of the COVID-19 pandemic. The final VR product has been completed as of June 2020 and is currently being tested with the
Somali community. CBPR, community-based participatory research; VR, virtual reality.

and SS engaged in recurring discussions on the coding
process. The analysis was further tested during discus-
sions with expert advisors. The consensus was reviewed
and approved by all investigators. Specific quotations
were chosen by SS to represent emergent themes in the
data.

RESULTS

This programme began in April 2019 and product testing
is ongoing. Figure 1 illustrates the phased approach to
development and iterative testing. In total, 67 individuals
(7 advisors, 60 Somali community members) provided
feedback during each phase of VR development and
participated within the community co-design.

Community-based participation

The first step in our community engagement process
was to hold a series of three focus group discussions
exploring topics of interest to the Somali community
including vaccination, autism, paediatric health and
technology (n=18 Somali community members). We
also conducted interviews with three Somali parents
(see online supplemental files for interview guide).
Based on this initial feedback from the community,
the project team held a design workshop to create a
series of three story ideas for the VR. These ideas were
then brought to the Somali community in the form
of another design workshop where the community
evaluated the suitability of the provided stories and
suggested changes. Four Somali community members
(two Somali CHWSs, one Somali woman and one
Somali man) participated in this design workshop to
develop the general framework of a story. Information
learnt from the community was then used to develop
a first iteration of a script. This script was then tested
for cultural and linguistic suitability and vaccine-
promotion potential with 17 Somali women from ages
26 to 78 years and was followed by a discussion with

a prominent male community leader to again assess
the cultural and linguistic appropriateness of the
content to promote vaccine education. Finally, a two-
dimensional prototype of the VR animation was devel-
oped with a Somali voice-over (figure 2) and was tested
with 24 community members in order to determine
the effectiveness of the messaging in promoting vacci-
nation and to assess cultural and linguistic elements
of the storyline.

Phased approach to VR technology development

Phase 1: CBPR approaches to assess community needs and
concerns important to paediatric vaccination

The Somali community focus group discussions
were broken up into three separate sessions, each
of which focused on a particular area of community
interest (table 1). The first focus group discussion was
centred on health concerns of the community, and
participants cited autism as a major concern, as well
as language barriers that pose a significant problem
when engaging with the medical system. In addition,
participants brought up issues of trust which were tied
to poor communication.

The second focus group discussion explored issues
of paediatric health. Participants provided informa-
tion about pregnancy, childbirth, paediatric care and
parenting. The central theme of this focus group
discussion was issues of trust within the medical
system, with many mothers indicating that while
they highly valued their doctors’ opinions, they also
preferred to do their own research. Mothers relayed
to us their desire to receive health education in their
own language from a trustworthy doctor.

The third focus group discussion was centred
around issues of vaccination and technology. Partic-
ipants once again indicated issues surrounding trust
in medical systems and their desire to make their own
educated health decisions. Additionally, participants
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stated that they would like to receive more detailed
information about how vaccinations work:

If they could show how the vaccine works in the
child’s body and what it does — if it can be visualized.

That before the vaccines are given to our children,
for it to be explained to us what the risks are - the
sided effects, and the benefits. When we compare the
two, then make a decision.

Themes that emerged from interviews with three
Somali parents also included concerns about autism,
medical trust and the desire to learn more about
vaccination.

Phase 2: VR modality determination for script development
Modality determination: the project team consulted
extensively with Somali CHWs to determine an appro-
priate modality, and chose 360° video due to the ability
of this format to be experienced using VR headsets,
smart phones or computers in order to make this VR
programme widely accessible to all members of the
Somali community.

Script  development: open-ended survey responses
from Somali community members regarding the three
potential storylines indicated that an older Somali
male doctor would be most suitable to deliver health
information in our story, as this character would
evoke feelings of trust and respect. Somali community
members favoured a scene where a Somali mother
could be shown talking to her doctor—this way they

=t

Figure 2 Still frame from prototype. The prototype consisted of a motion storyboard with a voice-over which was translated
into Somali for presentation to the community.

could see themselves as a character in the VR story
and could see their questions and concerns being
addressed directly. The open-ended survey responses
from community advisors indicated a preference for a
storyline with a strong focus on family and supported
the story concept of a Somali mother asking questions
to a trusted physician. This information was used to
develop the initial script.

Six members of the expert advisory board reviewed
the initial script. Advisors were asked to answer a
series of six open-ended questions and provided
insightful answers that assisted with script develop-
ment (table 2). Specifically, when advisors were asked
for their overall impressions of the story, they stated:

Overall, I like how the story flows and the way in
which the educational components are presented.

I like the simplicity of the conversation with its effec-
tive focus on the key messaging of the value of the
timely vaccination to help raise healthy kids.

We conducted a community focus group discussion
during the script review process to engage the commu-
nity. Seventeen community members were asked to
assess how culturally appropriate the storyline was,
what they would like to change, how impactful the
story was and how they would personally design the
content. During this focus group discussion, partic-
ipants agreed that the story was clear and easy to
follow; however, as additional questions were asked

Streuli S, et al. BMJ Open 2021;11:¢051184. doi:10.1136/bmjopen-2021-051184

5



Open access

I

Table 1 Focus group questions and responses from Somali community
Category and questions for community
members Salient responses

Session 1: general health

Examples of questions asked in focus groups
"What are some of your community’s biggest ‘Autism’.
health concerns in the USA?’

‘One of the biggest health problems that people have that | forgot to

mention is that most people don't understand a lot of English.’

‘What do you find not trustworthy within the
healthcare system?’

Session 2: paediatric health

Examples of questions asked in focus groups

‘Do you trust your doctor’s recommendations for
your child’s health?’

‘Lack of good communication...especially in primary language.’
‘Health insurance!’

“Yes, whatever recommendation the doctor gives me, | have to take it.’
‘I mean | always think it’s obviously for a good reason, but for me, | think

| always do my own research before | automatically assume that’s what'’s
best for me. If it’'s something very serious like [the doctor] saying for
example ‘'you need a surgery,’ that () automatically would be like ‘let me
get another opinion from another doctor.”

Session 3: vaccination
Examples of questions asked in focus groups

‘What are the topics or things that you would like
to know about in relation to vaccines?’

‘If they could show how the vaccine works in the child’s body and what it
does - if it can be visualized.’

‘That before the vaccines are given to our children, for it to be explained
to us what the risks are - the sided effects, and the benefits. When we
compare the two, then make a decision.’

Sample questions and salient responses from exploratory focus groups indicated that parents were very concerned about autism and that
they found it difficult to trust the healthcare system due to lack of communication in their primary language. While parents trusted certain
doctors, they also highlighted the importance of doing their own research to understand their children’s health. Parents also expressed a
desire to understand how vaccines work within the body and what the risks and benefits are of vaccination.

about story flow, the feedback turned to autism. We
found that even when we did not mention autism,
the false association between autism and the measles,
mumps and rubella vaccine (MMR) came up as a
topic of discussion. Many community members said
that they were concerned about autism and the MMR
vaccination. One woman asked:

If MMR doesn’t cause autism, why did I see my child
stop talking immediately after getting the MMR?

The participants agreed that the VR must address the
autism question, and that they would prefer to learn this
information from a doctor character in the VR storyline.

Community members were also asked to take a brief
survey after reviewing the script. This survey included
questions about attitudes toward vaccination as well
as vaccination planning. Notably, there was an 18%
increase in participants who endorsed being ‘very
comfortable” with MMR vaccination following script
exposure. Additionally, those who said they were ‘not
at all comfortable’ with MMR vaccination decreased
by 12% following script exposure. There was also a
17% increase in those who stated they would allow

their child to receive the MMR following script expo-
sure (table 3).

Phase 3: VR prototype and iterative feedback

Three expert advisors provided feedback on the story-
board and prototype that focused on where characters
were positioned (ie, husband next to wife), colour
scheme, and highlighted the need to describe the
immune system’s function in order to retain scien-
tific accuracy in the communication of vaccination
information.

The prototype (figure 2) was tested with the Somali
community in the context of an in-person focus group
discussion and surveys that took place in person at the
SFES offices. Participants in the focus group discussion
were asked a series of open-ended questions about
their experience with the prototype. The primary
focus of this discussion was analysis of the storyboards
and stylistic elements of the VR experience (eg, colour
preferences, imagery, portrayal of characters). Partic-
ipants indicated that they highly valued the Somali
voice-over and preferred to include the discussion
of autism in the final VR storyline, as its exclusion
would raise more questions for the community. The
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Table 2 Questions and responses from project advisors

Questions asked to advisors Salient responses

1. What are your overall impressions of the
story? What did you like the most about the
story? Is there anything that you think should
change in the story?

‘Overall, | like how the story flows and the way in which the educational
components are presented. | also think it's a great idea to have the story
centered around a meal, as it seems culturally relevant and helps make the
situation relatable to users.’

‘Based on my past feedback, | am glad that this story has been selected. | like
the simplicity of the conversation with its effective focus on the key messaging
of the value of the timely vaccination to help raise healthy kids.’

‘No.’
‘No, from my knowledge all of the content presented is accurate.’

2. Have you noticed any inaccuracies in
scientific and medical facts in the story?

3. Was the story clear and easy to
understand? Did the story flow naturally?

‘Very clear and flowed in a way we would use in teaching in general. Very logical
progression of information.’

‘Yes, the story is clear and flows very naturally.’
4. Was the story culturally appropriate? Was  ‘One of the things | liked about this story is the emphasis of the great Somali
the cultural component balanced throughout? family bond that can be pivotal in achieving the goals of this project to leverage
the great trust Somali parents put on their relative and educated community
members.’
‘Yes, the story was culturally relevant and appropriate.’

5. Was the story convincing? Does it have
a potential to change attitudes of vaccine-
hesitant parents?

‘| think it gives the information about immunization, the science behind it,
and does not focus on the controversies, which have not been supported by
medical data.’

‘Yes. | would just make sure we really take advantage of VR when we show the
visuals inside the body and how vaccine’s function within the immune system.’

6. In your opinion, does the story increase
knowledge?

‘Yes, it stays with the facts in a positive way, in a healthy environment with the
families.’

‘It can, depending on the background of the parents and audience and their
desire to benefit from such educational program.’

Sample questions and salient responses from engagement with project advisors. Advisors enjoyed the clarity and flow of the storyline as well
as finding it culturally relevant and appropriate. They also believed that the story had significant potential to increase vaccine knowledge.
VR, virtual reality.

participants also felt that the father character in the
VR storyline seemed somewhat excluded and should
be standing near his wife to signal support.

All participants who reviewed the prototype agreed
that the inclusion of culturally appropriate characters

and a Somali voice-over maximised the educational
experience. Thirteen of 24 (54%) participants stated
that the prototype made them either more comfort-
able or much more comfortable with vaccination than
they were before exposure to the prototype. Twenty of

Table 3 Survey following initial script exposure

How comfortable

are you with MMR How comfortable

Would you get Would you get

vaccination? are you with MMR MMR for your MMR for your
(before) % vaccination? (after) % child? (before) % child? (after) %
Very comfortable 52 Very comfortable 70+ Yes, | would 65 Yes, | would 82+
Somewhat 24 Somewhat comfortable 18- | would consider it 23 | would consider it 12—
comfortable
Not at all 24 Not at all comfortable 12— | don’t know 6 | don’t know 0-
comfortable

No, | would not 6 No, | would not 6

This table shows the results of a survey of 17 Somali mothers following exposure to the initial script for the VR. + indicates % increased
following exposure to the script, — indicates % decreased following exposure to the script.

MMR, measles, mumps and rubella; VR, virtual reality.
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Figure 3 Top row: chapters 1 and 2 of the VR story. Bottom row: chapters 3 and 4 of the VR story. In chapter 1 of the
animation, the expectant mother, her husband, and her sister visit the doctor’s office and learn about measles, mumps and
rubella (MMR). In chapter 2, the family learns how the immune system works. In chapter 3, the family learns from the doctor
what the MMR vaccine does and how it works. In chapter 4, the doctor explains to the family the risks and benefits of

MMR vaccination, including a statement debunking the association between autism and vaccination. Finally, the 360° video
concludes by showing the new mother and her family —including the new, healthy baby —and the new mother states that after
learning all the facts, she has decided to vaccinate her child. VR, virtual reality.

24 (83%) participants stated that they would recom-
mend MMR vaccination to members of their commu-
nity following exposure to the prototype. Additionally,
21 of 24 (88%) said they planned to vaccinate their
children following exposure to the prototype.

VR design factors: the key VR design elements that
were incorporated within each phase of VR develop-
ment include passive, non-intrusive experiences, a
dynamic and interactive visualisation, and prompts
that promote the user towards self-reflection.

Phase 4: final product and testing

The final product is a 4 min 360° video animation
(https://youtu.be /NS8Gvtxnlk0) available in Somali
and English languages. It can be viewed online using
a tablet, a smart phone or with VR goggles. Settings
include a Somali home populated by a family, and
a doctors’ office. In the animation’s introduction,
we meet the expectant mother who states that she is
expecting her first child and is trying to make deci-
sions about vaccination. Figure 3 illustrates in screen-
shots each of the four chapters in the VR experience.
We plan to test the final product using an A/B testing
model with the Somali community where the A group
receives the VR education and the B group receives

a basic English-language educational video about
vaccination. Both groups will be surveyed before and
after exposure to the educational materials to assess
changes in attitude toward vaccination and willing-
ness to vaccinate.

DISCUSSION

The main results of the SHIFA Programme can be
summarised as follows: (1) a community participatory
research model can be effectively translated for the co-de-
sign of a VR educational programme with community
members involved in each phase of technology develop-
ment; (2) cultural and linguistic sensitivities can be incor-
porated within a VR paediatric immunisation educational
programme and are essential factors for effective commu-
nity engagement; and (3) effective VR utilisation requires
flexibility that can be used among community members
with varying levels of health and technology literacy. To
the best of our knowledge, our VR development is the
first such health innovation for vaccination education
designed by a community of refugees known for vaccine
hesitancy.
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Refugee Learners — Vaccination & Autism

This community has common barriers to effective educa-
tion such as a lack of information and information that
is not culturally and/or linguistically appropriate to
drive understanding.19 Regarding immunisations, many
parents and caregivers in this community already possess
medically inaccurate information. We have previously
determined that within this refugee community, the
reason not to immunise has resulted from misinforma-
tion and the perception that vaccination results in autism.
Although MMR vaccination rates have fallen in the
Somali community (from 92% to 42% over the span of a
decade’®), rates of autism and paediatric learning impair-
ments have remained high (1:32 Somali children have
autism compared with the national average of 1:54).2 %!
While these results do not support the link between vacci-
nation and autism, many parents are still convinced of
an association between MMR and autism. Given these
results, it is important to take into consideration the
mental and emotional state and the ideation that arises
from associating vaccinations with autism. Community
health engagement related to immunisation requires
education focused on the importance of vaccinations for
newly arrived refugees, and a re-education among those
who have previously elected not to immunise.

In this context, we performed a community health
assessment and identified the drivers for a low rate of
vaccination in the Somali community ranging from
cultural and language barriers, distrust in the healthcare
system and the misinformation that vaccination results in
autism. Recognising these drivers for low immunisation
rates in this community, our observations for the mech-
anisms for how VR affects behaviour changes include:
content that is culturally relevant, stimulates an awareness
and expectation for what vaccines do and do not do, and
provides an immersive experience leading to information
retention.”

VR CBPR and co-designs
In addition to the mechanisms for how VR affects
behavioural change, several design factors must be
maintained when considering who interacts with the VR
technology, especially among immigrants who may have
varying levels of health and digital literacy. Within our
programme, most community members experienced
a positive interaction with VR. There are several plau-
sible reasons for our observations. Through community
co-designs, we leveraged key design factors including a
non-intrusive experience (users learn in their own envi-
ronment), a passive interaction (content that is visual,
audio and depicted vs reading), and a dynamic storyline
that builds on previous experiences, uses known environ-
ments and promotes self-reflection by allowing the user
to introspect and contemplate during the VR experience.
Because we recognised the importance of culturally
and linguistically appropriate educational materials to
deal with issues of low health literacy and medical distrust,
we included community-based approaches in each

phase of our development. The results of focus groups
and surveys conducted within the community revealed
several important considerations for the development
of our VR storyline. For instance, community members
were much more comfortable receiving information
from a trusted doctor character. Community members
also felt it necessary to include direct and clear informa-
tion about the lack of relationship between autism and
vaccination in our storyline. This was in contrast to our
expectation and that doing so would reinforce this misin-
formation. Following design workshops with the Somali
community, we tested the programme that they helped
to co-design within the community in order to address
its cultural and linguistic appropriateness as well as its
ability to promote vaccination behaviour. We also tested
the VR storyline with a team of subject matter experts
who evaluated the scientific accuracy and usability of
our design. In our community testing, we found that
many Somali community members felt the VR storyline
engendered trust, was relatable, was educational and was
convincing. Several focus group and survey participants
stated that they planned to vaccinate and to recommend
vaccination to others following exposure to the VR. Our
testing with our panel of experts found that our content
was user friendly, easy to understand and scientifically
accurate.

While we appreciate that community co-designs are
an important methodology for how a new technology is
designed, a foundation of CBPR is necessary to harness
community involvement. To employ CBPR, we engaged
community members throughout every step of the
process. Before developing the idea for the VR storyline,
we engaged the community in a series of three focus
groups to better understand their needs, strengths and
interest in collaboration. Focus group discussion ques-
tions were open ended and allowed for participants to
bring their interests and concerns into the conversation.
Information learnt from these engagements was used to
begin to develop the culturally and linguistically appro-
priate storyline for the VR. Community members were
also continuously engaged throughout the development
of the VR storyline through community co-design.

It is our plan to develop and leverage an educational
curriculum in future deployments of VR. Due to the
constraints of COVID-19, we are currently exploring
the possibilities of using telehealth and other digital
communication platforms to safely and effectively
deploy the VR into the community. Addressing vaccine
hesitancy is especially relevant within the context of
COVID-19, as vaccination rates for preventable diseases
have dropped significantly since the beginning of the
COVID-19 crisis.”” There are also concerns about the
potential of misinformation related to COVID-19 vacci-
nation that is especially relevant for an underserved
community that is largely excluded from vaccine clin-
ical trials and communities that have a history of vaccine
hesitancy.
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Limitations

Our community feedback and focus groups represent a
convenience sample for those that are more apt towards
vaccine acceptance, and therefore may not completely
capture all concerns among those who are vaccine hesi-
tant. While this represents a potential selection bias, our
method to include a wide range of community members
as well as internal and external advisors may enhance
internal validity by incorporating a heterogeneous group
for community input. Community-based participation
and community co-designs at each stage of VR develop-
ment from the initial idea through completion of a VR
animation may enhance external validation by including
the key components related to cultural and linguistic
sensitives within the phased approach for VR develop-
ment. COVID-19 impacted our abilities to recruit more
participants and to test our final VR experience within
the community in the way that we had initially planned to.
We are attempting to mitigate this limitation by adminis-
tering online surveys in the Somali community after they
view the VR at home; however, this may limit the quality
of our data as most individuals do not have VR head-
sets at home and may not get the full immersive effect
without them. Finally, a perceived shift from vaccine hesi-
tancy to vaccine acceptance at this point is subjective and
requires real-world validation and prospective follow-up
confirming vaccine delivery.

CONCLUSION

We employed community-based participatory approaches
and community co-design to develop an innovative vaccine
educational technology with Somali refugees using VR.
By combining new technology-enabled approaches with
the needs, interests and expertise of Somali commu-
nity members, we have created a methodology that can
address vaccination beliefs and behaviours in a vaccine-
hesitant refugee population. Future research will include
an assessment of the efficacy of the VR platform on
vaccination rates over time, as well as continued commu-
nity engagement for the development of additional VR
content which can increase health literacy within under-
served populations.
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