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Abstract

Collaborative initiatives of the drone industry and healthcare sector are becoming a
pivotal step in restructuring healthcare service delivery in India. This paper docu-
ments knowledge and perceptions of healthcare workers from various districts of
Manipur and Nagaland towards the use of drones for medical supply in the region.
The study utilized 27 in-depth interviews with healthcare workers to collect qualita-
tive data, which was then analyzed using NVivo 14 for thematic and content analysis.
The findings indicated that 57% of respondents are unaware of drones’ applications,
citing security and privacy concerns and a lack of understanding about their role in
the program. This study demonstrates the optimistic perception among healthcare
professionals regarding drone delivery of medical supplies to remote areas, high-
lighting its potential to enhance accessibility and overcome logistical challenges. It
emphasizes the need for training, community engagement, and safety measures to
ensure effective implementation of drone technology in healthcare delivery.
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Key message

e The integration of drone technology in healthcare delivery presents a ground-
breaking opportunity to overcome challenges in accessibility and infrastruc-
ture in remote regions of Manipur and Nagaland in India.

e While 57% of healthcare workers remain unaware of drone applications, there
is a strong overall positive attitude towards their potential use, indicating an
essential pathway for education and integration into existing healthcare sys-
tems.

e The findings highlight the need for collaborative initiatives between the drone
industry and healthcare sector to enhance medical supply distribution, ulti-
mately improving health outcomes in underserved communities.

Introduction

Unmanned automated vehicles (UAVs) or drones have gained widespread usage
in the military and defense sectors globally [1]. The healthcare sector is also
exploring the potential of using drones to improve access to medical supplies,
vaccines, blood, and other necessities in remote and hard-to-reach areas [2, 3].
Countries such as the United States, Rwanda, Madagascar, and Senegal have
already implemented drone-based delivery systems [4]. Various companies in the
United States, such as Amazon, United Parcel Service (UPS), and Google, have
been experimenting with drone delivery systems. Amazon, for instance, has been
working on its Prime Air project, aiming to deliver packages to customers within
30 min radius using drones [5]. Rwanda has been at the forefront of drone deliv-
ery for medical supplies. Zipline, a California-based startup, has been operating
drone delivery services in Rwanda since 2016. Their drones have been used to
deliver blood products, vaccines, and other medical supplies to remote areas, sig-
nificantly improving healthcare access [6]. Madagascar has also seen the imple-
mentation of drone delivery systems, primarily focused on medical supply deliv-
ery to remote areas [7]. Senegal has been exploring the use of drones for various
purposes, including agriculture and healthcare. For example, the African Drone
Forum held in Senegal in 2020 showcased innovative drone applications for agri-
culture, mapping, and delivery services [8].

In India, drone technology shows promise for expanding healthcare service
delivery due to challenges associated with road transportation in difficult ter-
rains, islands, extreme weather conditions, and inadequate infrastructure [9, 10].
Until now, conventional modes of transport have been used for delivering medical
supplies to hard-to-reach areas in India. Drones can address challenges in con-
necting hub stations to primary care centers in difficult terrains [10]. Integrat-
ing this innovative technology into public healthcare transportation is crucial for
efficient supply delivery. Studies show positive community backing for drones
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when people are informed about their purpose, risks, and involved organizations
[11-14]. Additionally, understanding the perceptions of stakeholders and health-
care workers is crucial for the development, adoption, integration, and implemen-
tation of drone programs in the public healthcare system [15, 16]. However, there
is limited scientific literature assessing the perceptions of healthcare workers
engaged in drone-based deliveries within the Indian context [10].

Typically, any feasibility studies explore eight components: acceptability,
demand, implementation, practicality, adaptation, integration, expansion, and lim-
ited efficacy testing [17]. In this feasibility study “i-DRONE” (ICMR’s Drone
Response and Outreach for North East), we explored the acceptability and adapt-
ability of state and district stakeholders, including healthcare workers, regarding
the introduction of novel technologies alongside. The study is based on a Rogers’
Diffusion of Innovations theory [18], which provides a framework to systematically
assess the feasibility of using drones for medical supply in Manipur and Nagaland.
We aimed to understand how awareness, acceptability (particularly in terms of rela-
tive advantage), and adaptability (in terms of compatibility) influence healthcare
workers’ readiness to adopt this technology. Feasibility studies guided by this frame-
work can inform stakeholders on how to effectively introduce and integrate drones
into healthcare systems, ensuring they meet the needs and concerns of healthcare
workers and communities in challenging terrains.

Data and methods
Study design

This study aimed to assess the feasibility of using drones to deliver vaccines and
medical supplies was carried out in difficult geographical terrains including land,
island, foothills, and across the hills in collaborations with the State Health Mission
of Manipur and Nagaland. The Nagaland—Manipur region faced critical challenges
with limited COVID-19 vaccine supply amid health and operational issues exacer-
bated by extremist activities. Conducting studies in this area was crucial for address-
ing healthcare disparities due to the remoteness and implementing effective public
health interventions. The study’s methodology, documented in a published research
paper, outlines operational challenges faced by the scientific team and drone opera-
tors [19]. For this qualitative descriptive study, we collected data from September
2021 to December 2021 (4 months) from 27 participants, including 13 health admin-
istrators and 14 healthcare workers, selected using purposive sampling for in-depth
interviews in five geographically challenging districts of the North-Eastern Region
of India (see Supplementary Material Table S1 and Figure S1).

Participant recruitment

Study investigators employed purposive sampling to engage state- and district-level
stakeholders and healthcare workers actively involved in COVID-19 vaccination and
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Fig. 1 Various levels of stakeholders and their roles in state healthcare program implementation and exe-
cution. (I-drone-ICMR project; India; 2021). ACS-HS Additional Chief Secretary and Health Secretary,
SMD State Mission Director, SIO State Immunization Officer, DIO District Immunization Officer, MO
Medical Officer, DVLM District Vaccine Logistics Manager, VCCM Vaccine Cold Chain Manager, SSN
Senior Staff Nurse, ANM Auxiliary Midwifery Nurse, FHS Female Health Supervisor, LT Laboratory
Technician

routine immunization (Fig. 1). Our inclusion criteria were (a) individuals who have
not taken a long vacation break in the previous six months of employment; (b) indi-
vidual who represent state-level stakeholders, district-level stakeholders, and health-
care workers; and (c) individuals who work on policy, maintenance, and ground-
level execution (policy involves the development and implementation of guidelines
and regulations governing healthcare practices, while maintenance refers to the
ongoing support and upkeep of healthcare systems and resources to ensure their
effective functioning, and ground-level execution refers to the practical implemen-
tation of healthcare policies and programs by frontline workers directly interacting
with patients and communities).

Data collection

We adapted Troug et al.’s (2020) in-depth interview guide for our data collection
on drone-based medical supply delivery in challenging terrains [15]. The data were
collected by the first two authors with equal impact (SA: scientist, male, MD, epi-
demiologist, NM: research associate, female, PhD, anthropologist and SM: Scientist
C, female, PhD, anthropologist); NM also completed translation and transcription;
and SM (Simmy) did the coding. To ensure comfort and effective communica-
tion, we conducted in-person 20—60-min interviews in English, Hindi, Manipuri,
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and Nagamese at a participant’s workplace assisted by local field investigators who
helped with translations.

We obtained their verbal informed consent prior to conducting the interviews
using recorders. Rapport was established with the participants prior to the inter-
views with the help of local administration. While establishing rapport the partici-
pants were informed about investigators, the research, and the goals. All 27 inter-
views were digitally recorded for audio with participants’ consent, aligning with
ethical guidelines along with the field notes.

Training program

Concurrently, the researchers identified a need for short intervention training among
healthcare personnel to effectively manage drone-related operations, prompted by
emergent requirements observed during fieldwork. While the training was not ini-
tially delineated in the study protocol, its implementation became imperative in
response to the practical demand encountered in the field. Thus, the study encom-
passes both an investigation of healthcare workers’ attitudes towards drone usage
and the subsequent provision of tailored training to address identified skill gaps
and operational necessities. Around 76 participants, mainly male and female health
workers at ground level were interviewed about how they felt towards the drone
implementation in medical delivery in their area.

Data analysis

The study employed thematic analysis using NVivo 14, following Braun and
Clarke’s 2006 framework [20]. Initial codes were generated by two researchers; NM
and SM, systematically identifying meaningful segments relevant to the research
question. Themes were developed inductively, as codes were organized into poten-
tial themes based on observed relationships and patterns within the data. These
themes were then rigorously reviewed against both the coded extracts and the entire
dataset to ensure accurate representation. Each theme was clearly defined and given
descriptive names that captured its essence. We also created a codebook to facilitate
consistency and transparency throughout the analysis process. Finally, we presented
the integrated themes in a coherent narrative, supported by illustrative quotes from
the participants, addressing the core research question. The coding tree is provided
in Supplementary Material Figure S2. To minimize bias and ensure reliability and
validity, SM, anthropologist and SA, public health professional, contributed for
the data analysis using a triangulation method. The analysis was divided into three
sections highlighting findings with verbatim quotes, addressing stakeholder knowl-
edge, perceptions, and concerns towards drone-based delivery of medical supply. To
achieve this, specific domains and probe questions were identified, which are listed
in Table 1.

Themes derived from interviews elucidate healthcare workers’ perceptions of
drone technology in terms of its benefits (improved emergency response, enhanced
healthcare access), challenges (technological reliability, regulatory barriers), and
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Table 1 Probe Questions for Assessing Knowledge and Perceptions of Stakeholders at Various Levels
towards Drone-Based Delivery of Medical Supplies (I-drone-ICMR project; India; 2021)

Domain Questions

Awareness, functionality, and benefits of drones Have you seen a functioning drone in past?
What do you know about the applications of drones?
In which conditions, the drones cannot be used?

According to you what are the benefits of using drones
to carry and delivery medical supplies?

In your opinion, the supplies delivered by drones
have same quality and effectiveness as conventional
methods?

Possible risks related to drones Do you think there are any risk to using drones to carry
medical supplies?

Perceptions and apprehensions related to drones Will you highlight the apprehensions which the com-
munity may have regarding use of drones in such
vicinity?

What are your opinions on the security concerns?

According to you what may be the challenges while
being trained for this programme?

Do you have any apprehensions in participating in this
programme? Any concerns regarding drones?

implications for patient care and health outcomes. The interconnectedness of themes
underscores the complexity of integrating drone-enabled healthcare delivery within
the socio-cultural and infrastructural context of Manipur and Nagaland.

Ethical clearance and regulatory approvals

All necessary regulatory approvals from the Ministry of Civil Aviation (MoCA),
Directorate General of Civil Aviation (DGCA), Airport Authority of India (AAI),
and the State Health Authorities of Nagaland and Manipur are obtained prior to
implementation of this initiative [21]. Ethical clearance was obtained from Indian
Council of Medical Research, Central Ethic Committee on Human Research
(CECHR) Bengaluru, India.

Results

The participants in this study represented a diverse range of stakeholders involved in
the programmatic implementation and execution of medical deliveries in the states
(Fig. 1). The study comprised 27 participants, including 17 males and 10 females,
aged 24 to 58 years, with a mean age of 41 years (SD:+9.4). In Manipur, mainly
Meitei language is used by the local population, whereas there were language bar-
riers in Nagaland due to diverse linguistic landscape, leading to isolation and
restricted social cohesion. However, in Manipur in Karang island, a village amidst
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security concerns, residents view new developments with skepticism, fearing con-
nections to military operations or government interventions. This heightened sense
of suspicion and caution exacerbates existing unease and uncertainty. A history of
conflict and instability in the area, along with a deeply entrenched feeling of self-
preservation, contributed to the predominant sense of dread about strangers, which
complicated the research team’s interactions with the locals at first.

Thematic analysis

Through qualitative analysis, significant themes emerged, capturing diverse perspec-
tives and lived experiences that offer insights into participants’ attitudes and beliefs
towards drones, enhancing our understanding of this cutting-edge approach (themes
are summarized in Table 2, Figure S3, and S4). Collected data show limited aware-
ness regarding drones, regulations, and exposure: 57% of respondents are unaware
of use of drones. Many respondents expressed that they have a limited or no previous
experience with this technology (#1). Some respondents associate drones primarily
with photography, events, weddings, and use in security and military contexts. They
recognize drone usage in capturing visuals and being utilized for surveillance and
related purposes (#2). Participants from both Manipur and Nagaland expressed con-
cerns about the drone regulations in their respective states (#3).

Despite limited exposure, there is generally a positive curiosity expressed by
respondents.

We observed positive reception and excitement surrounding the use of drone
technology in healthcare, particularly for the delivery of medicines and vaccines to
remote or inaccessible areas. Participants expressed openness to understanding and
adapting to the use of drones in healthcare (#4) and enthusiasm about the innovative
initiative and highlighted its potential benefits in improving medical infrastructure,
providing timely and efficient healthcare services, and overcoming geographical
challenges in regions like Northeast India (#5). The positive community response
and the recognition of the potential impact of drone technology contributed to this
overarching theme.

We asked participants about their perceptions regarding drone-based deliveries and
grouped their responses into identified themes based on their views on this technology
and the community’s reaction towards drone-based deliveries. Participants perceived
the use of drones as they can improve healthcare accessibility to remote areas, over-
come geographical challenges, and offer time efficiency and quick delivery. Health-
care workers highlighted it as a solution for delivering medical goods to remote and
hard-to-reach areas (#6). They viewed drone technology as a solution for remote island
villages and remote areas struggling to access medical facilities, thereby bridging the
gap and providing essential healthcare services. The geographical challenges in hilly
and remote regions, where traditional transportation methods are often impractical or
time-consuming, drones were considered a solution to overcome the challenges such as
bad roads, traffic jams, and inaccessible areas and ensure efficient delivery of vaccines
and medical supplies as per the healthcare staff (#7). Many respondents highlighted the
time-saving aspect of using drones. They emphasize that drones can transport vaccines
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on the same day, reducing the need to transport them one day prior (#8). Therefore, they
expect drone-based delivery to enhance vaccination programs on designated days and
handle leftover vaccines efficiently, especially in emergency situations and challeng-
ing weather conditions. Drones were praised for their reliability in delivering medical
supplies and temperature loggers, ensuring timely and safe delivery, and for monitor-
ing vaccine efficacy during transportation (#9). Respondents noted that drone deliveries
are safe, quick, and do not cause damage to the vials (#10). Healthcare staff empha-
sized the idea of integrating drone technology with the ongoing conventional methods
of Universal Immunization Programme (UIP) delivery (#11). This is particularly seen
as beneficial for inaccessible areas like Karang Island in Manipur district. The sugges-
tion was to gradually introduce drone technology alongside providing training to staff,
creating a hybrid approach.

To assess the adaptability of healthcare workers using the probes, we identified the
several themes regarding technical challenges, weather considerations, and landing
locations. Several participants expressed concerns about understanding the technical
aspects of drones. The primary hurdle lies in comprehending the intricacies of drone
technology (#12). They perceived the technology as a potential challenge due to limited
technical knowledge or language barriers. Without proficiency in English or Hindi, they
were concerned about their limited contribution (#13). Many participants highlighted
the need for awareness and support in comprehending the technicalities of drone opera-
tions (#14). Healthcare workers, including youth representatives, expressed valid con-
cerns regarding potential safety issues associated with drone-based delivery, such as the
risk of drones being attacked during deliveries and potential privacy issues. Healthcare
staff emphasized that weather conditions, particularly heavy rain and high winds, pose
potential obstacles to drone operations, including crashes, displacement, and faulty
navigation, necessitating contingency plans for potential risks. Concerns were raised by
healthcare staff about the distant location of drone take-off and landing sites, with sug-
gestions to make them closer to health facilities. Logistics management, including time
management and the coordination of supplies, is identified as a challenge.

Participants emphasized the importance of effective communication between health-
care personnel and drone operators for smooth operations, despite concerns about
specialized manpower and experienced staff to handle technical challenges (#15). Par-
ticipants expressed concerns about the additional workload associated with the drone-
based delivery program (#16) and security concerns about drone use in remote areas,
emphasizing the need to raise awareness and improve understanding of drone-based
delivery systems (#17). Stakeholders identified confusion about COVID-19 infection,
vaccination, and drone technology due to lack of awareness, rumors, and misinforma-
tion. However, community acceptance and understanding increased after investigators
worked with them (#18).

Interventional measures
The study revealed that healthcare workers perceive participation in a drone-based

healthcare program as an opportunity to improve accessibility, especially in remote
areas. To address hesitancy due to lack of technical understanding, we developed a
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comprehensive training module. The training was conducted in English and Hindji,
with local language explanations provided when needed. This initiative empowered
healthcare workers with the necessary knowledge and skills to contribute effectively
to the program, bridging the technical understanding gap and enhancing its success-
ful implementation and execution. We identified several themes regarding the train-
ing aspects.

Healthcare workers express their commitment to undergo training sessions to
familiarize themselves with drone technology. This includes understanding the con-
cept, practicing, and gaining the necessary skills for smooth operations (#19). Some
healthcare workers initially expressed apprehensions or fears but express confidence
that these concerns can be alleviated through proper training, demonstration, and
practice (#20); and some expressed the technological savviness and ability to learn
and adapt to new technologies (#21). There was a willingness to learn and over-
come challenges, suggesting a positive attitude towards incorporating drone technol-
ogy. Participants emphasized the need for coordination between healthcare workers,
stakeholders, local administrators, community, and drone operators, including being
available during operations and maintaining constant contact. Collaboration was
seen as crucial for the successful integration of drone technology into healthcare
practices (#22).

Discussion

The increasing use of drones in various applications has created a need for user-
centric insights regarding the acceptance and adaptability of this technology, par-
ticularly in healthcare systems operating in remote and resource-deprived loca-
tions [14]. In line with this objective, the present study explored the acceptability
and adaptability of introducing drone technology for the transportation of medical
supplies among stakeholders and healthcare workers involved in the state health-
care systems of regions. Additionally, the study documented the challenges faced
by healthcare workers in the existing service procurement and delivery mechanisms
in these geographically difficult terrains. Health authorities reported that achiev-
ing last-mile deliveries of healthcare services in the challenging terrains of the
regions, compounded by torrential monsoons, is a daunting task. A study conducted
by Bajwa et al. (2018) highlighted the challenges faced in last-mile deliveries in
Manipur, emphasizing the urgent need for interventions to strengthen the capacity of
the state’s transportation system [22].

Regarding the acceptance of drone technology, the present investigation found
that while some respondents showed keenness, a few are not familiar with the
related mechanisms. The proportion of respondents familiar with drones is observed
to be lower compared to previous studies conducted among community dwellers in
Malawi and Mozambique, Africa [15], and among healthcare workers in Germany
[14]. As some respondents, reported a lack of understanding regarding drone func-
tionality and operational mechanisms, it indicates perceived complexity. This aligns
with Rogers’ concept that easier-to-understand innovations tend to be adopted more
readily. Refresher training proved effective in reducing this perceived complexity,
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thereby increasing acceptance. However, the acceptance of healthcare workers
towards using drones for healthcare service delivery, as observed in the present
study, is consistent with the observations from Ghana and Germany [14, 16]. It has
been documented that including technical knowledge about drones in training ses-
sions significantly enhances acceptance [23, 24]. These sessions aimed at bridging
knowledge gaps were essential, as they demonstrated how drones could integrate
into current systems. This shows Roger’s compatibility with established procedures
is critical for enhancing readiness among healthcare workers. Similarly, in the pre-
sent study, interventional training has been provided to address the knowledge gaps
among healthcare workers and stakeholders.

The acceptability of such technologies is not only crucial among policymakers
but also among community members and influencers. Despite some initial appre-
hensions, the stakeholders demonstrated positive attitudes towards accepting drone
technology as a means for health service delivery. Operational barriers, such as
identifying drone sites, establishing drone command and control centers, and build-
ing rapport with local partnering stakeholders, are observed in the early stages [23].
However, after informing them about the benefits and involving them in initial trial
sorties, participants became more engaged in the study. For instance, the first sor-
tie conducted between Bishnupur District Hospital and Karang Island in the Loktak
Lake, covering an aerial distance of 12 km in 12 min (compared to a road distance
of 35 km covered in 2 h), is perceived as a useful initiative by the local commu-
nities and authorities [25]. The study found that stakeholders recognized the time
efficiency of drone delivery, illustrated by the successful 12-min flight from Bishnu-
pur District Hospital to Karang Island compared to a 2-h road trip. This significant
advantage over traditional methods positively influenced acceptance, aligning with
Rogers’ principle that perceived benefits are crucial for technology adoption. Simi-
lar experiences were reported in drone-based deliveries conducted in sub-Saharan
Africa and America, where initial skepticism turned into acceptance as operations
proved to be time-efficient [15, 26, 27].

The present study highlighted the concerns of the community regarding safety
and privacy, particularly, in areas sharing international borders with Myanmar,
which have witnessed events of insurgency and unrest. Awareness campaigns con-
ducted during the fieldwork regarding drone-based deliveries, their benefits, and
associated risks helped communities to appreciate the importance of drone technol-
ogy in healthcare service delivery. The successful outcomes of initial drone deliv-
eries, such as reduced delivery times, served as observable evidence of the tech-
nology’s effectiveness. The visible benefits reinforced the positive attitudes towards
drone technology, supporting the notion that innovations demonstrating clear results
are more likely to be adopted. Similar results were observed in a perception study
conducted in remote tribal areas in Mozambique, where drones were used to supply
life-saving drugs [3, 15].

The present investigation revealed that prior to accepting the technology, health-
care workers are uncertain about the benefits due to a lack of knowledge regarding
their roles in the program and the functionality of drones. This finding aligns with
the most reported response by users in perception studies on novel technologies [28,
29]. Additionally, studies have observed mixed reactions, primarily related to trust
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and safety concerns [30]. One study suggested that safety concerns among health-
care workers may stem from the use of personal log-in information, which is a com-
mon practice in many app-based technologies used for setting up preferences [31].

The study highlights the importance of drone technology in healthcare delivery,
particularly in challenging environments. It highlights the need for innovative solu-
tions to address last-mile delivery challenges, such as drones, and emphasizes the
need for comprehensive training and technical knowledge among healthcare work-
ers. The study also suggests that community engagement and awareness campaigns
can help disseminate drone technology, addressing safety and privacy concerns.
Operational barriers, such as establishing command centers and site selection, need
to be addressed through strategic planning and collaboration with local partners.
Safety and trust concerns should be addressed through clear policies and protocols.
The findings contribute to the growing body of knowledge on drone applications in
healthcare, particularly in challenging environments.

Strengths and limitations of the study

The strength of this study is that it gathered qualitative data from various stakehold-
ers in state healthcare services, identifying challenges in remote and hard-to-reach
areas. It captured stakeholders’ apprehensions, satisfaction levels, and perceptions of
integrating drone technology into healthcare programs. However, the study had limi-
tations, such as testing in a limited number of locations and not incorporating quan-
titative measures or a larger sample size. Despite these, the findings offer valuable
insights into challenges and perceptions in remote healthcare delivery, highlighting
the potential role of drone technology in addressing these issues. Further research in
diverse settings and larger sample sizes would be beneficial.

Conclusions

The i-DRONE project provides insights into the need for training healthcare work-
ers regarding drones, active community engagement, and trained drone pilots about
healthcare aspects. We explored the acceptance and adaptability of drone technology
for healthcare service delivery in challenging terrains of Manipur and Nagaland. The
findings highlighted the challenges faced in last-mile deliveries and demonstrated
the positive attitudes of stakeholders and healthcare workers towards using drones.
The study emphasized the importance of awareness campaigns, training programs,
and addressing safety and privacy concerns to enhance the acceptance and success-
ful implementation of drone-based healthcare delivery. These findings contribute to
the growing body of knowledge on the application of drones in healthcare systems,
particularly in remote and resource-deprived areas, and offer insights for policymak-
ers and program implementers. By leveraging this innovative approach, the trans-
portation of medical supplies can be significantly improved, enhancing accessibility
to essential healthcare services for remote communities. The use of drones in health-
care delivery is a promising solution but concerns about privacy and safety must be
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addressed. Comprehensive route plans and careful operation, avoiding densely pop-
ulated areas, are crucial. Regular maintenance checks, pilot training, and adherence
to airspace regulations are essential. By addressing these concerns, the potential of
drone-based delivery in healthcare can be realized, providing efficient and timely
medical supply services. Further exploration and evaluation of drone-based delivery
systems are needed to ensure scalability, sustainability, and long-term impact.
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