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Summary: This report briefly summarizes our successful completion of the Faculty Initiative Fund
(FIF) 2025 Tier-I project, titled “Integrated Community Health Metrics Framework for Behavioral
Health to Complement Healthcare Practice in Alaska.” This project ran from January 2025 to June
2026. Thanks to the FIF, we built Beehive, a successful research framework for integrated
community health metrics through digitized memories. The project funded the PI (Dr. Pradeeban
Kathiravelu) during the summer of 2025 as a summer salary, and also funded Jihye Kwon, an
undergraduate research assistant for spring and fall 2025, where she developed the conceptual
framework in part as part of her CSCE A498 Individual Research. The fund and the research
outcomes stemming from this work have supported several research publications, including ones
that discuss Beehive. Specifically, Jihye presented this paper at the IEEE SysCon conference in
Halifax, Canada, in April 2026.

Beehive also became an open-source project and was further supported by Google Summer of
Code (GSoC) 2025 for two student projects. Two remote students from India, funded by Google
($3000 each for their 350 hours of work during the summer), worked on this project over the 2025
summer, developing Beehive as an open-source framework, under the mentorship of Dr.
Pradeeban Kathiravelu, Dr. David Moxley (consultant), and Jihye Kwon.

This project aims to analyze behavioral health and complement healthcare practice with
community health metrics in Alaska using a data federation approach. By leveraging data from
various sources, we can gain insights into behavioral health patterns and improve healthcare
practices in the community. Our early results, presented at the IEEE Syscon, showed promising
results and community engagement.

The paper full citation:

Abdullah, M. F, Kwon, J., Bagwan, Gupta, |., Moxley, D., and Kathiravelu, P. A Data Framework
for Behavioral Health with Digitized Drawings and Photographs. In the 20th Annual IEEE
International Systems Conference (SysCon). April 2026. (pp. 1-8). IEEE.

The full details of this project and its outcome are discussed in the IEEE SysCon 2026 paper,
which is attached to the end of this report:

The project can be found online at: https://github.com/KathiraveluLab/Beehive/

An off-spring of this project, titted “DREAMS: Digitization for Recovery: Exploring Arts with
Mining for Societal well-being,” can be found online at:
https://github.com/KathiraveluLab/DREAMS



https://github.com/KathiraveluLab/DREAMS
https://github.com/KathiraveluLab/Beehive/

Jihye's conference visit was separately supported by an Elizabeth Tower Student Award for
Canadian Studies 2026.

Further, we also looked into the service-learning aspects of distributed computing, the security
considerations in developing this framework, and the expansion of Electronic Health Records
(EHRs) with such frameworks. These works have led us into additional research that we are
continuing to pursue.

Photo: Undergraduate Research Assistant, Jihye Kwon, presenting our research to an
enthusiastic audience at the IEEE Systems Conference (Syscon) 2026.
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Follow-up Success, thanks to the FIF. The two GSoC 2025 projects further developed Beehive
into the open-source public platform it is today.

[1] https://summerofcode.withgoogle.com/archive/2025/projects/VEikwBg6

[2] https://summerofcode.withgoogle.com/archive/2025/projects/p7uybulg
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Beehive aims to be a scalable web application that enables users to capture, upload, and manage images seamlessly while ensuring automation, security. and efficiency. The
project will feature a robust Ul, a secure backend with role-based access, and cloud deployment with CI/CD integration for smooth updates. Final Deliverables: - Fully functional
web application - Secure authentication and role-based access - Automated CI/CD & cloud deployment - Testing & security validation
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This project intends to introduce time as a new fourth dimension for uploads, enabling a deeper understanding and analysis of the evolution of marginalised communities and their
art forms. By incorporating time (in all its relevant forms), the initiative will facilitate time-based tracking and establish an evelution timeline—a representation capable of narrating
its own journey. The project further aims to implement advanced metadata structuring and pattern recognition algorithms to reveal the intricate stories behind each image. By
integrating time as a critical attribute, researchers and human service professicnals will be able to explore and analyse photo collections with greater depth and clarity.
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Abstraci—Multiple data sources store various modalities for an-
alyzing behavioral health, Beyond clinical frameworks generating
healtheare data, individuals with mental illnesses create drawings
and photographs that can reveal insights into their jowrney
toward recovery. This paper describes a data framework that
complements traditional healthcare data with patient-generated
artistic representations, enabling patients to curate and share
them with their healthcare providers.

We evaluate the state of the art in research and clinical
practices for using patient-generated health data (PGHD) in
behavioral healtheare, We then examine how integrated care
approaches can empower patients to achieve a better recovery
trajectory. We propose and build Beehive as a data framework for
patients to store digitized drawings and photographs, along with
captions that detail the narrative of each image. These figures
are then shared directly with the behavioral health provider
through Bechive, complementing traditional means of behavioral
and mental healthcare. Our evaluations of performance and
functionality during deployment showed promising results for
Beehive. We aim to deploy Beehive in two Anchorage-based
community health organizations.

We see our approach as the first step toward providing
integrated, patient-centric mental healtheare with dignity. We
also ohserve the potential to apply our framework to prior work
advocating integrated behavioral health approaches.

Index Terms—Patient-Generated Health Data (PGHDY), Behay-
ioral Health, Mental Health, Data Framework

I. INTRODUCTION

Personalized care beyond traditional healthcare will ensure
a better healing experience and provide dignity in healthcare
for marginalized folks, Building trust and respect with patients
unintrusively can foster positive patient-provider interactions,
yielding better care and diagnoses. Research questions the po-
tential o leverage novel approaches to complement healthcare
and augment healthcare providers® roles in recovery [1]. Virtual
reality and augmented reality are often considered o have
the potential to improve patients” quality of life and clinical
care |2].
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Patient-gencrated health data (PGHIY) [3] refers to data that
patients create through their mobile devices and other means,
often during their daily activities. PGHD acquired through
mobile health (mHealth) [4] applications has the potential w0
improve mental health diagnoses and practices [5]. Research
has proposed integrating PGHD with clinical data to create
tailoreddindividualized healthcare plans [6], thereby enhancing
personalized healthcare [7]. The use of digital drawing o assess
mental health and recovery is proposed in research, although
it 1s relatively new and has not yet been widely adopted in
practice [8]. The literature has shown that patient-generated
images (such as digital photographs they capture w document
their daily life [9], or simple sketches drawn throughout the
day) can be considered determinants of behavioral health. Art
has been used as a tool in behavioral health for people with
mental disorders in their recovery [10]. However, such images
are not typically used with classic healthcare data collected
during healthcare visits, A digitized framework to seamlessly
incorporate those images into healthcare data, providing a
unified view for healthcare practitioners, is currently lacking
in research and clinical practice, although prior research |8]
observes the benefits of such a framework in behavioral health.

Person-centric  healthcare practices improve patient care,
providing individualized, patient-centered recovery. We gues-
tion whether such individual metrics can be integrated into
a comprehensive framework for community health metrics.
We propose that such a framework can offer a more holistic
approach to healtheare, providing humanized access to patients
through a personalized, precision-medicinal approach. A holis-
tic approach to behavioral health can enhance the positive
outcomes of healthcare while minimizing further strains on
the healthcare system and avoiding additional financial burdens
for patients, We proposc an integrated community health met-
rics framework for behavioral health © complement Alaska’s
healthcare practice. 'We propose collecting patients™ artistic
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representations throughout their well-being as they cope with
severe illness or disability. Such representations are curated
by patients at their own pace and interest, from their homes
and other locations, to reflect daily routines and supplement
classic wellness check appointments {which currently focus on
clinical parameters and minimal depression screening). This
approach extends beyond anonymizing and generalizing our
findings to the broader community. While we build and deploy
the framework with two Anchorage-based community pariners,
we pote its relevance and suitability for other circumpolar
communities, such as Northern Canada and Greenland.

This paper develops Beehive', a mental health-focused data
framework that extends classic healthcare systems that rely
on Electronic Health Records (EHR) systems by incompo-
rating non-medical amages, providing  distinet insights  into
behavioral and community health, We focus on vulnerable
individuals, leveraging state-of-the-art research and testing the
hypothesis that personalizing care by incorporating artistic
and photographic representations. Mental and behavioral health
can be influenced by anxiety and depression, mental illness
and associated stigma, mental health treatment, mental illness-
related disability. health-related quality of life, social supporn,
smoking, alcohol use, physical activity, sexual and intimate
partner violence, and several other factors, These parameters
make individuals more vulnerable. In this paper, we question
whether augmenting the clinical system o incorporate patient
volces, perspectives, and realities concerning their health can
holistically benefit their recovery. We envision developing
technology that advances patient-centered care by integrating
service, research, and teaching. thereby bringing the patient’s
digitized representation into holistic care.

II. BACKGROUND

Marginalized folks face stigma and lack access to care with
dignity when they seek behavioral and mental health clinics.
Previous research [11] highlights challenges for persons with
substance abuse, straining their relationship with their physi-
cians. Physicians in the study [11] assumed patients visited
not for treatment, but to get prescribed controlled substances,
With this assumption, patient care became inconsistent and
more likely to disregard complaints, such as pain or opioid
withdrawal. Drug users feared medical mistreatment, which led
to inconsistent care and inefficiency in patient recovery, Prior
rescarch examines underlying themes, patterns, and contradic-
tions in the literature to develop a deeper understanding of a
topic.

A user survey [12] conducted over 9 months, from Septem-
ber 2012 to May 2013, seeks to understand the care received
by people experiencing homelessness. The survey identifies
several challenges marginalized communities face in accessing
care. Owverall, the patients felt that they were not treated
with respect, reated as if they were caitle, and there was

! hipssdfgithubcomdKathiraveluLah/Beehive

noe consideration from the provider that they were homeless,
Effective communication between the provider and the patient
was lacking in such scenarios, Providers are nod always able
to recognize patients’ fears or validate their lived experiences.
This can lead to a lack of trust and reduced patient en-
gagement, Often, medical professionals use technical language
that patients might not understand, leading fo confusion or
miscommunication. Patients from diverse cultural backgrounds
may hold different health beliefs or communication styles, lead-
ing to misunderstandings. Patients may have expectations or
concemns they do not feel comfortable expressing. or providers
may not always address them fully. Providers might miss
emotional cues or fail to validate a patient’s fears or lived
experiences, thereby affecting trust and engagement. These
findings highlight the limitations in communicating with words,
leading us o believe other forms of communication, such as
drawings and photographs, may convey the message better.

While imtegrated approaches are proposed to address short-
comings, a patient-centric  approach remains desirable. A
study [13] describes a 3Z-yvear-old divorced woman who re-
ceives collaborative care between a primary care provider and
a behavioral health provider. Such collaborative care relies
on clear roles and readily available psychiatric guidance [14].
Cultural differences between roles need to be understood, and
team dynamics need to be considered, Challenges include a
short supply of psychiatrists and their willingness to provide
these consultations. This would take the pressure off primary
care providers to consider both physical and psychological
aspects, as well as medications, for psychological diagnostics
in under 15 minutes (the average time US primary care
providers spend with their patients). While the patient is
with the behavioral provider, the primary care provider can
help other patients, increasing efficiency. This collaborative
approach helps diagnose and treat patients effectively. We
consider how technology can help deliver integrated, patient-
centric healthcare while appropriately protecting sensitive pa-
tient data and abiding by the Health Insurance Portability and
Accountability Act (HIPAA) [15]. Beehive aims to complement
traditional mental healthcare by incorporating patient-provided
drawings and photographs into behavioral health assessments
and sccurely storing the digital content and patient details in a
local, prodected deployment.

II. METHODS

Bechive is designed to be a minimalist vet complete data
framework for storing and processing digitized drawings and
photographs of people facing mental illnesses and other social
determinants in their journey towards recovery. As such, it
includes a user interface that allows users (patients) to upload
and view images. as well as an administrator interface for
healthcare providers to view all images uploaded by users.
While further fine-grained access control mechanisms are pos-
sible, our prototype limits access to regular users (i.e., patients
of a given healthcare network) and their healthcare provider,
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who serves as an administrator. Figure 1 depicts the execution
workflow of Bechive. Bechive consists of a Python Flask [16]-
hased backend and a React (TypeScripi)-based web application
as a frontend. The NodelS frontend allows users (patients) to
upload and manage their artwork.
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Fig. I: Bechive Workflow

User registration and authentication in Beehive are managed
through dual mechanisms: (i) traditional credential-based login
via MongoDB user storage and (i) Google OAuth 2.0 integra-
tion, with session management ensuring secure, user-specific
aceess to uploaded content. Google Forms could serve as an
alternative implementation approach for similar upload func-
tionality, though it would require different imtegration meth-
ods for user association and data management. Beehive also
contains a Clerk API-based authentication. Users can upload
their images, the context behind them, and optional audio files
and sentiments, They can view, edit, and delete the multimodal
data that they have uploaded. The system implements session
management with a “Remember Me™ feature for persistent user
sessions, ensuring authenticated users can securely access and
modify their personal profiles and multimodal data repositories.
Only the person whe uploaded the original image and system
administrators can access, modify, or delete these images,

Figure 2a shows the user registration dialog in the Beehive
frontend. Bechive consists of a NodelS-based front-end that
containg image-uploading and viewing features. It wiilises a
custom HTML form interface for image uploads with asso-
ciated narratives, accessible through standard web browsers.
Figure 2b shows the Bechive log in form. Figure 3 shows the
user dashboard when a regular user (i.e., the patient) logs in to
their Bechive account. This highlights the user’s details, with
options (o view their previous uploads, while allowing them o
upload new images and other files (such as audio/video content
and PDFs, including scanned versions of paper drawings).

A MongoDB database serves as the comprehensive datastore
for Beehive, implementing a multi-collection architecture for
enhanced data organization. The system maintains separate
collections for user profiles and administrative accounts. User
authentication data, including berypt-hashed passwords, is se-
curely stored alongside profile information gathered during reg-
istration. User-generated art is stored in dedicated collections,
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Fig. 3: The User Dashboard.

capturing uploaded images along with associated metadata.
including narrative descriptions or context {when and where the
image was captured or drawn and what was on their mind at
the time of upload), custom titles, optional audio attachments,
and sentiment classifications (either user-defined or selected
from predefined options). The database implements a robust
fallback mechanism for optional fields, ensuring data integrity
when users provide incomplete information, while maintaining
images as the only mandatory wpload requirement. Beehive
provides clear instructions for uploading images and includes
metadata fields, such as Email, Imagedart tide, description of
the image as user narrative. and the image file. Once the upload
form is filled out and submitted. the uploaded image is stored
in the MongoDB NoSQL database management server under
the database “bechive™ in the collection, “images.” The beehive
database also contains another collection, “notifications,” which
includes metadata for images, such as upload time, user 1D,
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user name, and user-provided fitles, captions, and namratives. As
each image submission 15 recorded with metadata that uniquely
identifies the respective image, image queries and retrievals
are more effective. Figure 4 shows the visual form that allows
users o upload new digital and media content along with their
narrative. These forms are intentionally kept minimal to avoid
positively or negatively influencing the wser’s narmative.

P

Fig. 4: User uploading an image,

Figure 5 shows the user gallery of their previous uploads,
Here, the user can navigate their previously uploaded digital
content. delete it. or update the associated narrative/caption.

5 Beehive s oman v = @ 0

My Gallery []

Fig. 5: The User Gallery.

Figure & shows the admin interface that allows the admin to
view and manage the entire user base and their uploads. This
interface allows global access to the healthcare providers,

Finally, Beehive also provides a chat feature that allows a
user who is currently logged into Beehive to send and receive
messages directly from the Beehive interface to their healthcare
provider, The healthcare provider, when logged in, could view
and reply 1o these messages. These messages are handled
synchronously, as in a chat, when both the user (i.e., a patient)

o= - = o

Fig. & The Beehive Admin User Management.

and the administrator (i.e., the healthcare provider) are logged
in simultaneously. However, it also functions asynchronously,
as in an email system, when one of them is not logged in. In
that case, the messages are stored in an inbox for the recipient
o view them later. Figure 7 shows the visual chat interface of
Beehive logged in as the administrator. The image background
shows the Beehive dashboard as seen by the administrator. The
admin dashboard displays overall statistics and global details
for images stored in the system, along with vser details,

Fig. 7: The Chat Interface with the Admin Dashboard in the
background.

IV, RESULTS

We test the Beehive framework using our own images to
evaluate its functionality and performance. We use Locust [17]
to load-test Bechive to evaluate its ability to handle concurrent
requests efficiently.

Tables 1 and 11 demonstrate that Bechive comfortably
sustains  approximately 30 requestsisecond with zero fail-
ures, which is sufficient for an application like Beehive
targeting 1({-200) concurrent users, assuming the deploy-
ment of Beehive in a large healthcare network. We fur-
ther observe that the /api/admin/dashboard endpoint
15 relatively heavier than the others, primarly because i
executes two database aggregation functions internally, In
contrast, the /api/admin/user_uploads/{user_id}
and fapifadmin/notificaticons?mark_seen end-
points exhibit significantly lower response times, indicating
their lightweight processing requirements.

We evaluate the response time with simulated concurrent
requests 1o Beehive, as illustrated by Figure 8. The 950

Authorized licensed use limited o University of Alaske Fairbanks. Downloaded on June 01,2026 &t 1725:02 UTC from |EEE ¥plora. Resirictions apply.



TABLE I: Evaluation of Load testing on Admin routes for 10 users

Type Mame ¥ Bequests  # Fails  Min (ms) Max (ims) Corrent RPS
GET fapi/admin/dashboard 19 0 &T7 66l L&
GET fapifadmi otifications?mark_seen=false 12 i 5 kh LIk
GET Japifadmin/notifications?mark_seen=true 1 [} s 53 07
GET Fapidadminfuser_upleads/user_2yloveJHL: sjgPOkngxibes 1 (1] f A&7 4
GET Japifadminfuser_uploads/user_xyzTEBD (i} L] 5 7 1.6
Aggregated 6l L[ 5 6261 ad
TABLE II: Evaluation of Load Testing on Admin Routes for 100 Users
Type Name # Requests & Fails  Min (ms)  Max (ms)  Current RPS
GET Japifadmin/dashboard 134 L] ROR T 1.4
GET fapifadmin/notificationstmark_seen=false 68 i i} b 4.7
GET Japifadmin/motificationsimark_seen=trus [T ] T 259 4.2
GET Japl/adminfuser_uploada/uaer ZylevoJHLXCDDs jgPOkngxSbea) 7l i 7 254 4.7
GET fapl/adminfuaer_uploadsfuser_xyzTB9 a6 i 7 239 54
Aggrepgated 426 L0 L] T 294

percentile response time spikes quickly to around 6 seconds
when user load begins to increase, and then gradually decreases
as load drops off, The 50" percentile response time remains
almost flat near zero throughowt the test, indicating that the
majority of requests are served extremely fast. In contrast,
a small subset of requests takes significantly longer (likely
heavier endpoints such as /fapi/admin/dashboard). This
suggests occasional latency outliers rather than a systemic
slowdown.

The simulated user count steadily increases from about 35 to
approximately 95 concurrent users, then drops to () as the test
ends, as illustrated by Figure Y. The spike in 95 percentile
response time aligns with the growth phase in user count,
suggesting that some endpoints’ performance is sensitive to
peak load. The system handles the load well for most users, as
reflected by the low 50" percentile response times. Occasional
high-latency requests at higher concurrency could be optimized,
Our results suggest Beehive can sustain real-time performance
for most requests.

Deplovment in Alaska and other circumpolar communities

We test the wsability of Bechive and its features before
deploying it in our community partners in Anchorage, Alaska,
The classic deployment of Beehive will be with a community
partner (such as a behavioral health center) and will be specif-
ically for that partner. As such. there will be several deploy-
ments of the Bechive software, which is publicly available as
an open-source platform for any organization to adaptfextend
and use, While we test the first two instances in Anchorage,
we anticipate many such potential deployments targeting the
local communities. Since the deployment and user bases are
localized. we do not anticipate heavy load on each instance.
Furthermore, cach instance is its own stand-alone deployment
rather than a cluster, As such, the emulated traffic we ob-
served in our measurements exceeds the anticipated load. These

models and studies of our userbase show that Beehive will
adequately handle the load from regular vsers, even accounting
for occasional request overhead, without increasing response
time,

Our test users, including our collaborators and the open-
source contributor community, have noted the usefulness of the
framework for the specific use case and as a general-purpose
tool for storing. indexing, and retrieving digital photos and
digitized drawings effectively, Furthermore, in the context of
behavioral health, we emphasize the circumpolar north, specif-
ically Northern Canada, Greenland, and other Arctic commu-
nities. These lands experience significant seasonal changes in
daylight and temperature. These major fluctuations in daylight
bring seasonal behavioral health challenges such as seasonal
affective disorder [18]. As we evaluate the framework”s useful-
ness and relevance with our community partmers in Anchorage,
we aim to expand it to other communities in the circumpolar
north, specifically in Northern Canada and Greenland, given
their shared geography and climate, These ongoing and planned
deployments highlight the practical usefulness and usability of
the Bechive framework.

V. DISCUSSION

Several studies have proposed and used patient-generated
digital content in mental and behavioral health. Below, we ex-
amine a few such cases. Specifically, those related to Bechive's
approach of using patients” artistic expressions alongside thear
narratives to complement traditional sources used by healthcare
providers and provide more informed, personalized care.

A, Patient-centered communication towareds better care

Patient-centered communication is reported to improve care
outcomes and patient satisfaction. Previous work promotes
patient empowerment and active participation o help doc-
tors manage their role effectively [19]. This approach allows
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providers o step back from the responsibilities Tor complex
patient issues, such as chronic illness, pain, and unexplained
symptoms, and to focus on the patient’s lifestyle. including
their psychological characteristics and social relationships.
Patient-centered  communication is mentioned as a way o
enhance doctor-patient conversations [20]. The methodology
uses existing literature and critiques it from the perspective of
patient empowerment. Focusing on patients” emotional state
may improve the relationship between a provider and a patient
and lead wo better, faster recovery outcomes. The authors [20]
further discuss the challenges of identifying the causes of
some chronic illnesses, They highlight that emotions and social
factors should be considered in behavioral healthcare and in
the context of chronic illnesses. If chronic illnesses are related
to one's psychological state/social lifestyle. a collaboration
between psychiatrists and primary providers should be the
norm, An integrated, holistic approach by Beehive can fill gaps
in such collaborations by using the patient’s own voice through
the digital comtent they share.

B, Diaries and visual jowrnals in the jowrney fo recovery

Diaries and visual journals support patient recovery. Previous
rescarch [21] on a woman's visual diary with anorexia presents
entrics—photographs, poems, and journals. She defines four
themes: Opening the Shutter {hiberation), Focusing the Lens
(security). Framing the Image (realization). and Taking the
Picture {vitality). The study finds that creating themes for
picture entries aids categorization. She describes the camera
as a second set of eyes, showing her a new perspective,
Through these entries, she leamns to trust others and herself,
This approach gives patients more control over recovery.

A research article [22] examines diary use 1o understand
emotions during care. Young participants under 18 kept diaries
for 16 months during COVID-19. The study offers three main
insights. first noting that diaries capture detailed emotional
stories, Researchers explain that writing entries sharpens par-
ticipants’ feelings, Patient-centered communication increases
emotional well-being, making patients Teel more satisfied and
better able to manage emotions. The research finds that both
direct and indirect communication boost well-being. Data
from patient surveys are analyzed to examine links among
communication, satisfaction, emotional management, and well-
heing, using statistical mediation analysis w identily direct and
indirect effects.

C. Photography as a patient-cemtered communication mecha-
nism

Photography serves as a patient-centered communication
mechanism that can even work for patients with communication
limitations {such as non-verbal patients or immigrant patients
who do not speak the same language as the provider). Photog-
raphy provides care by fostering relationships through stories.
EHEs often overlook behavioral health details [23]). However,
recent efforts aim to matigate this shortcoming, SnapAppy [24]
introduces a methodology for using smartphone photography
as a positive psychology intervention to improve a person’s
emotional well-being. Taking photos positively affects people.
Depending on the number of photos, the photo category. and
whether people revisit the photos, they can experience positive
or adverse effects. Researchers conduct psychological surveys,
including PANAS (positive and negative affect schedule) [25],
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SWLS (subjective well-being) [26], and daily mood reports, o
collect data.

Organizations rarely include Youth Experiencing Homeless-
ness (YEH) in the development, organization, and provision
of homelessness-related services [27]. Excluding their voices
often worsens cutcomes. A research project [27] partnered with
six YEH (aged 18-20) to take photographs. Participants then
identified themes, wrote narratives reflecting their experiences,
and documented community concerns and ideas. This approach
increased awareness and helped organizations address previ-
ously unrecognized challenges.

Photography in healthcane is evolving to foster connection,
awareness, and hope, Patient-centered communication [20]
improves emotional well-being by increasing satisfaction and
emotional management. Prior research |28] notes that photog-
raphy is key in practicing, documenting, and shaping care.
Photography once documented and categorized marginalized
groups, but now supports ccological care. Both care and
photography engage and support vulnerable people, but misuse
may alse harm. As such, proper measures must be taken when
deploying these innovative approaches. This highlights the
importance of the patient-centric research and design decisions
we take in Bechive,

D. Photoveice as an assistive tool in care

Researchers use photovoice in both research and clinical
practice as an effective communication tool to provide care
with empathy, especially to communities and individuals facing
marginalization [29]. In a study [30], researchers tested whether
a photovoice [31]-based video could help reduce stigma 1o-
ward people with mental illness among Canadian students,
Eight people living with mental illness took photos based on
four themes: their experience of living with a mental illness.
barriers to recovery, recovery support, and the experience of
recovery, The photovoice was then recorded, with patients
who took the photos explaining their meaning. Researchers
split 303 stndents (ages 17-48) into two groups: one group
watched the video, and the other watched a control video (both
approximately 18 minutes). The control video covered future
modes of transportation and did not address any aspect of
mental or physical health or illness. The results showed that
stndents who watched the photovoice-based videos changed
their views toward people with mental illness, experiencing
reduced fear and anger, decreased perception of dangerousness,
and decreased desire for social distance. The videos reduced
negative attitudes such as fear and anger and challenged the
belief that people with mental illness are dangerous, After a
I-manth follow-up, students who viewed the photovoice-hased
video continued to express increased willingness to interact
with people who have a mental illness.

Photovoice [31] provides insights into the experiences of
people who struggle with homelessness, Providers can learn
and develop more compassion toward community members
who struggle with homelessness, Certain questions remain: Do

photovoices effectively help providers connect and understand
the experience of homelessness? Providers often go through
routing day-to-day tasks; when repetition occurs, they may
struggle to provide effective. personalized care. Photovoice-
based mental healthcare encourages providers to adopt a caring
mindset toward their patients.

A study taught nursing students about hiving homeless, using
a photovoice intervention [32]. This study contains two phases:
phase one at a shelter for the unhoused, and phase two at
a college of nursing in the midwestern US. At phase one,
20 participants provided their age. gender, and race/ethnicity.
Given disposable cameras and asked to take photographs
{other than people) that represented their experience of living
homeless, 19 posters from 12 participants” favorite photographs
and their associated narratives were developed. In phase two,
120 undergraduate students were enrolled in a course. Out
of the students who finished. 10 were selected for a group
conversation. The student conversations revealed three themes:
gaining awareness of the challenges faced by those who are
homeless, a deeper understanding of homelessness that will
impact students” future nursing practice, and students™ abil-
ity 1o recognize the importance of knowing which resources
people may need to support their overall health and well-
being, Students gained a better understanding of the challenges
faced by people who struggle with homelessness and showed
compassion for those who do. These states of alTairs highlight
the need for a more patient-centered. holistic approach to
healthcare. Beehive aims to achieve that through enabling the
efficient storage and processing of patient-gencrated digital
memerics,

VI, CONCLUSION

This paper proposes Beehive, a data framework that stores
patient-generated drawings and photographs. The image data
uploaded by patients, together with their associated textual
narrative, is securely stored in Beehive, with authentication,
authorization, and access control mechanisms, We hypothesize
that the proposed research methods can amplify patients” voices
and enhance and deepen the provision of patient-centered long-
term healthcare by offering a holistic approach to behavioral
health, Augmenting EHRs with patients’ visual representations
of their health can reveal their experiences of barriers o and
support for health and well-being in their daily lives, We will
evaluate our hypothesis by deploving Beehive using data col-
lected from participants in two Anchorage-based organizations
as our first step, before expanding our deployments further for
other circumpolar communitics.

The positive impact of photographs and digitized drawings is
studied across specific demographics and conditions to acceler-
ate or facilitate recovery in patients and other vulnerable com-
munities. Marginalized individuals and those on their recovery
journey generate and share this digital data on their own terms.,
The art and drawings express their emotions and journey. We
will leverage state-of-the-art best practices to provide secure,

Authorized licensed use limited o University of Alaske Fairbanks. Downloaded on June 01,2026 &t 172502 UTC from |EEE ¥plora. Resirictions apply.



protected access 1o patient-provided images when we deploy
Beehive in a behavioral health facility, enabling the receipt
of awthentic digital images from users. We aim o ohserve
and annotate the progression of the patient’s day through their
artistic and photographic representations. Then, we will analyze
how these images reflect a typical day in the patient's life.
As ongoing work, we are building a temporal semantic
framework to help structure and analyze such multimodal per-
sonal data over time. We will evaluate success metrics for using
these representations, with the potential to augment traditional
EHRs to personalize care, especially Tor individuals coping
with illness, disability, and societal reactions w their support
needs. Based on feedback from patients and cavegivers. Beehive
will continue to evolve. Currently. each Beehive deployment
can support only a single healthcare provider as the admin
who can view the entire user base and their uploads. For future
work, we plan to; (1) make the system multitenant, which can
be deployed in a cloud environment so that multiple healthcare
providers can register and access Bechive, each seeing only
their associated patients: and (2) integrate Bechive into EHR
systems through dedicated data sccess and query interfaces.
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