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Purpose: Drones are an emerging technology with the potential to improve laboratory logistics. This study is based on the hypothesis
that the implementation of drones will benefit from an understanding of the current system and that existing transport solutions should
be optimized before drone solutions are considered. It focuses on carriers transporting biological material today by car along
a traditional circular route. It aims to explore how the current transport service is organized, identify areas for improvement, and
investigate carriers’ perceptions of how drones could be integrated into or substituted for their services.

Methods: A mixed-methods approach was applied, combining a questionnaire, shadowing of nine transport trips, semi-structured
interviews, and time assessments.

Results: The carriers shared insights into how to optimize existing transport solutions in terms of structure, culture, attitudes, and
overall functionality. Most carriers expressed in the questionnaire that they were little involved in innovation work. The time
assessment revealed that not the driving times, but the loading times had the highest deviations from plans and thus represented the
area with the greatest potential for simple improvements. Questions about the use and organizational impact of drones are generated,
and their prospects are discussed from a broad sociotechnical perspective.

Conclusion: Our concept was to broaden our understanding of implementing drones into existing systems in a fairly simple setting.
Although improved logistics may take place without complex processes, future research opportunities such as the impact of drones on
organizational processes and social dynamics in the adoption of drones may be needed if more complex systems are involved. The
paper proposes experimenting with, and learning from, transport with “road vehicles” and drones in combination and suggests that
improvements should be made to existing transport solutions before drones are implemented.
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Introduction

The healthcare sector is influenced by an increasing stream of new technological solutions that aim to improve medical
treatment and care offerings.'”” These new technologies promise a variety of possibilities for healthcare but also come
with certain technical, functional, and operational challenges.

Such emerging technologies may be enthusiastically welcomed by health professionals. Doctors are eagerly imple-
menting new robots for microsurgeries,” radiologists embrace the use of new and improved in-hospital three-dimensional
printing,* and surgeons implement new features and functionalities in mixed-reality applications.’

One area that has a long history of applying automation and technical solutions is clinical laboratories. There are
developments in point-of-care analyses (POC) that may revolutionize the sector, both by simplifying hospital analyses
and providing access to important analyses in a home care setting for patient follow-ups. An emerging technology that, it
has been suggested, could disrupt laboratory services is unmanned aerial vehicles (UAVs, drones).® Oslo University
Hospital plans to construct new hospital buildings by 2030, and considers the use of drones an element of its future
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transport logistics.'®!" Although the realistic potential and value of drone transport remain unknown, it is well
established that both infrastructure for landing and take-off, drone surveillance as well as structures for loading will
be needed for efficient and robust drone transport. Few studies have reported on the potential of drone transport to
influence hospital logistics from an extended perspective.

The value of the drone services offered by companies such as Zipline'? and other providers in Africa, where drone
transport may provide services to remote and hard-to-reach areas, is easy to appreciate.'> Even with open roads,
delivery by drone transport may be faster and cheaper than ground transport in these areas. Although drone
technology is developing quickly, drones will show their full potential only when they are able to fly beyond the
line of sight (BVLOS)' and fully autonomously for long distances. Nentwich et al'® predicted that autonomous
drones would need to be programmed to reach their targets, to have self-reliant route planning, and to be self-
sufficient in averting obstacles. A combination of different technologies may be necessary to reach this level of
automation.'® Although Mion'” reported in a Swiss case study that the implementation of drones had only minor
effects on organizational processes, he also argued that a broader perspective should be taken when integrating
drones.

A widespread adoption of telehealth solutions'® or the acceptance of machine learning applications for clinical
laboratories'® may require taking a broader sociotechnical perspective to fully understand how these technologies can be
integrated into existing health care systems. However, whether traditional and existing clinical processes, logistics, and
patient care can be adapted to drone solutions taking a similar approach, and if and how drones contribute to sustainable
healthcare systems, is currently not completely understood.?**!

New solutions and approaches may challenge the status quo, namely, established work processes and routines.
Existing systems may survive for long periods if they are locked in by traditional ways of operation. In an early
phase, new technologies may develop without consensus being reached on their overall benefits if, for example, it is
challenging to comprehend how the new tool can be integrated into existing workflows in a way that takes advantage of
the technology to improve existing processes.

Awad et al** and Bongomin et al* illustrate a future vision of a connected healthcare system, and in their scenarios,
drones may play an important role. Although it is not obvious that the future scenarios they sketch out will take place, the
combination of multiple future technologies will certainly generate new solutions that we were not able to foresee only
a few years ago. In Norway, political guidelines for future patient treatment aim to increase the use of digital patient
contacts, enabling digital home treatment for 30% of patients by 2030.>* This ambition was sparked after the boost of
such patient contact during the COVID-19 pandemic. Whether the extensive transitions visioned by Awad et al and
Bongomin et al may be enabled by single technologies or will need transformational changes in multiple technologies

25-27

and between multiple actors, remains to be seen. Focusing on the interplay of multiple singular disruptions, with

greater attention paid to complete concepts, may be helpful in observing add-ons that may trigger further
innovations.?**’

One approach that has demonstrated its usefulness in approaches to extensive transformations is the multi-level
perspective (MLP). This may be considered a part of transition studies that is useful for providing a holistic perspective
on system changes, as the MLP takes into consideration both the involvement of different actors and multiple interactions
in a system and dynamic alteration at different systemic levels.

According to Geels, a restricted focus on innovations often ignores in-depth interests in system innovation.”® In
comparison, system innovation has a broader analytical view that may include aligning with more overall ongoing
processes or multiple innovations. Together and over time, these innovations may lead to system innovations. This study
aims to mitigate this gap by focusing on drones and a reconfiguration pathway of system innovation.

Sociotechnical approaches emphasize understanding the work practices in which technology will be used.”®
Following this argument, this article focuses on the carriers at OUS today who transport biological material by “road
vehicles” along a traditional circular route.

The hospital transport services’ carriers are employees who should be considered potential stakeholders and resources
in implementing drone solutions. Automated transport of drones may influence the carriers’ future job positions, and they

1872  "e Journal of Multidisciplinary Healthcare 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Comtet et al

may represent knowledge of how new solutions should be designed if drones are to be implemented as hybrid solutions
that combine existing practices with a new transport modality.

This study is based on the hypothesis that the implementation of drones will benefit from an understanding of the
current system, and that existing transport solutions should be examined and possibly optimized before drone solutions
are considered.

Our research ambitions are as follows:

1. To explore how the current transport service is organized and identify areas for potential improvement; and
2. To study what the carriers perceive as important factors related to how drones could be integrated into or

substituted for their service offerings.

Background

Institutions

Oslo University Hospital (OUS) comprises four hospitals located within Oslo: The National Hospital (providing local,
regional, and national services), Ulleval Hospital (providing local, regional, and national services), Radium Hospital (a
specialized cancer hospital), and Aker Hospital (a local and central hospital). The current ground transport provides
transport of both biological test samples, blood, and other items across differing locations.

Route Organization

Figure 1 shows a map of the institutions. The routes today are mostly organized in a circular design with multi-stop
routings except for some on-to-one trips. The different lines indicate the distance between the locations, together with the
number of trips.
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Figure | The National Hospital, Ulleval Hospital, Radium Hospital, Aker Hospital, and the Blood Bank in the Red Cross house.
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Four routes from the National Hospital to Radium Hospital are served by a bus today that transports patients but also
carries payloads of various types. This part of the OUS transport service was not considered in our study.

The article proceeds as follows. The following section introduces the MLP framework and reconfiguration pathways.
The next section describes the methods, followed by presenting the results and a discussion. Then, continuing with the
limitations of our study, we conclude with our findings.

Is a Reconfiguration Approach Relevant for Drone Implementation?
This paper assumes that drone solutions are initiated by innovators and technologically oriented enthusiasts at the clinical
level and that their initiatives will influence the institutional levels of clinics, departments, and institutions. This process
may create upstream driving forces in the institution, which in turn may create pressure from above to regulate, adapt,
and form the potential implementations and consequences of the innovation. Such processes parallel the hypothesis and
sociotechnical approach of the MLP and transition management theory.?* 2

The potential value of a reconfiguration pathway, as depicted in the MLP, is generated by the method’s hypothesis that
transitions are not caused by the breakthrough of one technology but by a combination of multiple component
innovations.*® These new components are initially developed in what MLP denotes as “niches”, which are equivalent
to the clinical units in our system. In the system discussed in this paper, the MLP approach would identify clinics as
a protected space for radical innovations that need protection because of their strict regulations regarding medical
soundness and documentation.*® Different forms of subsidies may provide protection. Simultaneously, the more
a technology is developed and used, the more is learned about it, and the more it improves.>> Clinics are also the
level that provides space for experimentation and learning processes. Thus, they may also be significant arenas for
building socio-technological networks to develop organizational cultures that support innovation.*®

This requires adequate adoption of the innovations at the clinical department level to solve the challenges caused by
unfamiliar innovations at the institutional level, namely, the hospital (equivalent to the regime level in the MLP
system).**” To obtain a gradual implementation of innovations at the healthcare level (parallel to the MLP landscape
level), deeper structural trends must be triggered to create opportunities and pressure for further change. The expectations
and ambitions of political guidelines are examples of such structural trends.

Multiple technologies, including drones, are being continuously developed in combination with each other. Many
stepwise changes may add up to reconfigurations that, over time, may create major system changes. Figure 2 illustrates
the reconfiguration pathway.

Methods

A mixed-methods approach was applied, combining a questionnaire, shadowing of nine transport trips, semi-structured
interviews, and time assessments with carriers from the transport department.

The findings in this article are based on 16 questionnaires, 9 reports from shadowing, 8 interviews, and multiple time
measures from the transports. By combining both quantitative and qualitative data, the objective was to picture the
current services and the carrier’s work.>*>° Self-administered questionnaires were given directly to the participants.

Ethical Considerations

The study was approved by the hospital’s Institutional Review Board and complied with required ethical and legal
standards relating to participant anonymity and confidentiality. The data material does not contain any identifying
characteristics. Furthermore, data aggregation is only on group-level information. Participation in the survey and
interviews was voluntary. All interviewees gave informed consent orally. The actual participation, and the information
provided to the participants, imply consent based on conclusive behavior. As the study is conducted anonymously, it is
outside the Regional Committees for Medical and Health Research Ethics (REK) mandate. Therefore, ethical approval

from REK was not considered necessary.
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Figure 2 The reconfiguration pathway of the MLP theory translated into a healthcare concept, adapted from Geels FW, Schot J. Typology of sociotechnical transition
pathways. Res Policy. 2007;36(3):399—417 Copyright 2007, with permission from Elsevier.>®

Attended Routes for Observation
Three internal routes were attended three times. Information about arrival and departure times, stops, delays, and
disturbances, as well as a general assessment of the transport flow, was gathered by interviewing the driver as well as
measuring actual time intervals during the trips.

To ensure that identical questions were presented to all drivers, an interview guide was used to funnel the
conversation with the carriers into the questions while accompanying them.

We asked about their opinions of (1) their workday, (2) factors that influence time, (3) changes in routes, (4) barriers
and opportunities regarding their work, and (5) their thoughts about the future.

Questionnaire

A self-administered questionnaire containing 36 structured questions was distributed amongst the carriers in the
transport department to understand the transport department better. Subsequently, participants were selected using
purposive sampling,*® with the main interest of exploring the range of opinions.*' As a result, we received a total of
16 responses.

Transport Department, Routes, and Work Process
The transportation department at OUS is organized as part of the OUS Hospital Service Division (OSS). The transporta-
tion department is located at Ulleval Hospital, from where carriers drive across the different institutions. The transport
department has 20 carriers who operate different routes using “road vehicles”, covering the transport of various
biological materials, supplies, clothes, and food. The carpool ranges from normal-sized delivery vans used the most
(eg, Renault Kangoo) to trucks (eg, Mercedes 3.5 ton).

The routes cover both internal and external clients. Our study focuses on the internal routes between the National
Hospital, Ulleval University Hospital, Radium Hospital, and Aker Hospital.

The carriers are based at Ulleval Hospital, where they start their daily routes for trips across the institutions. The
loading is done manually by the carriers, who do both the pick-up and delivery at the different laboratories. The pick-up
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is organized differently in different locations, and the payload is also stored differently. As we followed the routes, we
observed that three major factors influenced the transport time; delays in the traffic, delays when the cars had to wait at
the loading site, causing varying and prolonged loading times, and the transfer of delays for the next trip. This sparked
the hypothesis that the multi-stop routing with layovers was not always efficient. Furthermore, such multiple routings
would not be relevant for future drone services because such serial transports would include legs with multiple drone
takeoffs and landings, consuming significant energy for hovering and transport times.'* We, therefore, intended to
consider direct routings, ie, round trip tours between two locations. We measured all time intervals during the shadowing
of the tours and also interviewed the drivers about the delays as they occurred. Based on the time measurements, we
could experiment with different alternative direct routings, always ensuring that current transport routings were covered
to the same extent as in existing routings. Time assessments were analyzed by a simple model using Microsoft EXCEL
2016. Mean, maximum and minimum driving and loading times were calculated.

The current transport system involves a daily driving distance of approximately 290 km. We followed each route three
times on weekdays from Monday to Thursday in June 2021. Table 1 below illustrate the current work processes.

Analysis
The analyses followed a convergent design, in which the quantitative and qualitative data were analyzed separately and
then merged to combine the results.*® This design allowed us to link different findings and gain a complete understanding
of the transport system.

The interviews were noted, transcribed, and entered into Atlas.ti (www.atlasti.com), which is a qualitative data
analysis software package. However, Atlas.ti was not used to analyze the data but primarily to organize the data.

The transcripts were analyzed, and the data was structured into relevant categories.**> The categories emerged from
the review and were selected for their relevance to drones.

The round-trip transport times across the locations were assessed, except for the Ulleval-Aker route, which did not have
a return trip but was a one-way transport. The measured time intervals in the current routes include driving times (the time
from departure from one location to arrive at the next location) and loading times (assessed as the time from arrival to
departure for the next leg in the route). The loading time thus includes both the waiting time and the time for delivering/
collecting the payloads at each stop. These time intervals were used to assess total transport times in the existing trips across
the different locations and to estimate theoretically optimized transport times based on minimal time intervals.

Results

Observations
Six categories emerged from the review of the transcripts, together with the findings and consequences (Table 2).

Table | Route Description

Routes Collected Payload Approx.
Total
Length/Day
Ulleval University Hospital, the National Hospital, | Biological material and other goods between 07:30 and 14:30. Transported 80 km
and Aker University Hospital in bags, Styrofoam boxes, or envelopes. Envelopes are also used for mail

between the hospitals.

Ulleval University Hospital, the National Hospital, | Five trips to the National Hospital. Blood is transported in suitcases, 86 km
and Red Cross transport bags, or Styrofoam boxes. Mail between the hospitals is

transported in a laptop bag.

Radium Hospital, Aker University Hospital, Ulleval | Pathologic samples between 08:00 and 16:00. Samples are transported in 124 km
University Hospital, and the National Hospital gray boxes. Mail for the other hospitals is in pink boxes.
1876 s Journal of Multidisciplinary Healthcare 2022:15
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Table 2 Categories That Emerged from the Transcripts

# | Category Description Findings Consequences

I | Change and This theme describes changes to the routes The routes have existed almost unchanged over a long time We thus observe that making changes to routes is difficult to
adjustments and the degree to which the carriers believe | with only minor adjustments. Change is typically initiated top- | accomplish.
of routes they have the power to change and adjust the | down. The hospital divisions and laboratories are the

routes. gatekeepers of change.
2 | Customer The carriers have a service function with The service offering depends on the carriers’ attitude and Lack of incentives and influential force to change the system may
perspective respect to the laboratories. This theme familiarity with the locations. In addition to the transport of lead the carriers to become rather passive service workers, ie,
describes how the carriers perceive and samples, the carriers help to place samples, and supply empty not actively trying to change the system.
represent their roles. racks and containers. They help transport mail, fabrics, garbage,
medical equipment, and medicine.

3 | Service The service structure looked at conditions of | Constant delays when picking up samples, because the carriersare | In relation to drones, the delays may be problematic because

Structure how the service is organized today. asked to wait a few minutes until the samples are ready for drones fly according to scheduled times. One carrier pointed
transport. The carriers follow a schedule with fixed times, which | out, “following the plan [routing] slavishly also means not being
includes additional time for waiting. able to wait”

4 | Management | This theme describes who may be responsible | The carriers suggested that they should be involved in changing | The carriers indicated that greater involvement would result in their
of change for change and if carriers have areas where routes. Furthermore, the carriers wanted to have leaders who | being more motivated and satisfied at work. Furthermore, the

they can discuss and exchange ideas. appreciate their meaning, as well as space to experiment and try | carriers may have no space for exchanging their concerns or ideas
out new things. about how to improve the current system.

5 | Threats and This theme deals with anxiety about possible | The carriers assessed the use of drones for transport purposes | The carriers are afraid of being sacrificed for efficiency goals or
support by job loss and how carriers think drones could | as a threat, because for them drones had been talked about as | private companies that overtake the transport. The carriers are
drones support their work. a replacement for their service offering. However, the carriers | convinced that although technology may replace some work, there

also argued that drones could support their work. will always be a need for a backup. Furthermore, they do not
believe that drones can replace them in meeting the transport
needs to which they cater with “road vehicles” today. Different
sizes, weights, and established routines that are difficult to change
were mentioned as reasons. However, the carriers are open to
using drone support. One carrier argued, “Carriers plus drones
can complement each other”, while another added, “All of the
carriers have additional routes they could give to a drone to make
it easier for themselves.” Another suggested, “Drones may replace
‘road vehicles’ for all the taxi trips that the laboratory orders.”
6 | Miscellaneous | This theme describes the miscellaneous Transport boxes are not standardized and varying in size and Transport solutions are not suited for transportation by drone.
observations that were made while material. Furthermore, carriage issues, such as leaked formol
accompanying the carriers. may be dangerous for drone flights.
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Questionnaire
Sample Characteristics
The mean age of the 16 participants was 48.34 years (SD 2.88). The mean number of years worked at OUS was 11.75
years (SD 3.18).
A summary of the most relevant questions in the questionnaire is presented below in Table 3.

Time Measures of the Routings

The routes that we joined were driven daily between 07:30 and 16:30. Table 4 shows the mean, maximum, and minimum
driving times and loading times and the estimated total transport times. In the multi-leg routings, the loading times are the
sum of all loading times at each site.

Table 4 shows that the loading time represented 33—64% of the total transport times, and the high loading times were
often caused by one delay at one of the stations. In our assessments for improvements of the transport routings, we used
the mean driving time in direct routes and the shortest loading time, assuming that the latter represented a realistic
improvement if better logistics are implemented.

Times from the current and suggested new routings are compared in the upper part of Table 5, the direct routings in
the lower part. The most profound gain was observed by transforming the multi-leg routing to direct routings. This is
illustrated in Figure 3 for the two most complex routings; the Ulleval-Aker transport with four legs and the Radium-Aker
with three legs.

A simple illustration is shown in Figure 3.

Using such modifications to the existing routings, it was theoretically possible to use one less car compared with the
current system.

As a summary of our findings, we observed that the carriers had substantial knowledge of how the current transports
could be improved, they were interested in how new solutions should be developed, and not least, the timelines of the
current ground transport could be substantially improved by simple changes.

Discussion
This study examined basic topics related to logistics, service levels, and personnel involved in an existing ground
transport system that it has been suggested could be substituted for by drone transport. Our findings showed that insights

Table 3 Summary of the Most Relevant Questions in the Questionnaire

Category Scale Variable

Threats

Are you concerned that your work might disappear or that you might lose work because of technological development? | Yes/No 5/11 (31/69%)

Are you optimistic that technology can improve your work in the future? Pessimistic—Optimistic Scale 1-5 3.00 (SD 1.3¢)

Initiating

Do you think a future drone-based transportation of biological material (blood samples, biopsies, other material) is Yes/No/Do not know | 9/2/5 (56/13/31%)

realistic?

Do you think your hospital will use drones in the future? Yes/No/Do not know | 9/1/6 (56/6/38%)

Involvement

Does your leader support innovative ideas? Yes/No 1715 (6/94%)

Do you have an arena to discuss and/or test innovative ideas in your unit? Yes/No 2/14 (13/87%)

Are your leaders active in planning for future change? Yes/No 0/16 (0/100%)

Are you involved in the planning for future change? Yes/No 1715 (6/94%)
1878  "tes Journal of Multidisciplinary Healthcare 2022:15
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Table 4 Driving, Loading, and Optimized Times

Existing Routes Average Average Maximum Minimum Mean Total Loading Time as % of

Driving Loading Loading Loading Transport Total Transport Time

Time Time Time Time Time

UL-AK-RH-UL 40,2 33,6 48,0 25,0 73,8 46%
UL-RA-RH-AK-UL 44,4 43,7 83,0 21,0 88,1 50%
UL-RA-RH-RA-UL 63,0 30,7 43,0 23,0 93,7 33%
UL-RA-RH-UL 39,0 68,0 82,0 55,0 107,0 64%
UL-RH-AK-UL 22,3 24,8 42,0 7,0 47,0 53%
UL-RH-RK-UL 39,0 39,3 45,0 35,0 78,3 50%
UL-RH-UL 19,3 17,5 46,0 8,0 36,7 48%
UL-RK-UL 27,3 28,4 44,0 16,0 55,7 51%
Average All 30,0 27,8 83,0 7,0 57,9 48%

Notes: All times in minutes.
Abbreviations: UL, Ulleval Hospital; AK, Aker Hospital; RH, the National Hospital; RA, Radium Hospital.

Table 5 Current and Direct Route

Route Ulleval- Radium-
Aker Aker

(4 Legs) (3-4 Legs)
Current Route (Multiple Legs) | Mean driving time 443 43.0
Maximum driving time 59.0 52.0
Minimum driving time 35.0 35.0
Mean loading time 239 40.2
Maximum loading time 67.0 83.0
Minimum loading time 10.0 16.0
Mean total transport time 68.2 83.2
Maximum total transport time 126.0 135.0
Minimum total transport time 45.0 51.0
Direct Route Mean Driving Time 14.0 28.0
Maximum driving time 16.0 40.0
Minimum driving time 11.0 18.0
Minimum loading time 10.0 8.0
Mean Total Transport Time 24.0 36.0
Time Saved 44.2 47.2

Notes: All times in minutes.

from the carriers who perform the current ground transport contributed knowledge helpful in optimizing the existing
transport solution concerning the overall functionality. More general, our generated insights on structure, culture, and
attitudes may be relevant to obtaining a more innovative transport system. This, in turn, provides information about how
drones should be implemented, either as a substitution for or as an integrated part of current ground transport.

The carriers had a somewhat passive attitude toward the system performance, which seemed to be associated with
their perception that they had little influence on how the existing system is developed and improved. The current
solutions have mostly remained unchanged for 20 years, although the carriers stated that they had presented several ideas
for improvement. Their impression was that although the external framework for transport had changed in many ways
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Total Transport Times in Excisting and Direct Routes

90,0 83,2

80,0
g 70,0 68,2
£
£ 60,0
o
a 50,0 44,2 47,2
£ 40,0 36,0
é 30,0 24,0
[=
s 20,0

10,0

Ulleval-Aker (4 Legs) Radium-Aker (3-4 Legs)

Current (Multiple Legs)  m Direct Route  m Minutes Saved

Figure 3 Total transport times in existing and direct routes.

over the period, their proposals for improvements for example HUBs were rarely discussed. The carriers said that they
were open-minded regarding involvement in solving problems and improving quality, but that they perceived the
institution as having a deficit in open-minded management.

From our interviews, we concluded that the carriers have suggestions regarding how to reduce transport times and
improve regularity and how drone transport should be integrated with current solutions in the future. They are motivated
to contribute to the implementation of drone services with a positive attitude, but their expectations of being involved are
low because they feel that their workplace does not involve in the innovative processes. Although this perception was
strong among the carriers, we suspect that this is not representing the actual state of the department and assume that the
carriers’ statements that none of the leaders are active in planning for future change are considerably biased. Furthermore,
the fact that only 31% of the carriers had some worries about their future jobs if drones were implemented is not
equivocally telling they are scarcely involved in system development and organization. Nevertheless, we conclude that
involvement should be considered because carriers do more than just transport goods; they also significantly influence
how this transport works concerning how their customers are acting and the service quality perception of the customers.

We observe that the current ground transport system is not primarily focused on transport times, but rather on
maintaining flexibility for the laboratories that are their customers. If the laboratories ask for the transport to wait and
postpone a given departure, this is accommodated, despite that this will cause a delay. This flexibility may be part of the
explanation for some of the long loading times that we observed. Whereas such flexibility may seem valuable for the
actual site requesting elasticity of the transport at an actual time, there is scarce knowledge of whether this reduces the
total service when all transport legs are considered as a whole.

This was also reported by the carriers. They had multiple examples of how the flexible departures were often caused
by insufficient planning and processes in the laboratories to prepare for the pick-up. This indicates that, whereas the
routings are organized as regular trips, the laboratories may act as if the transports are tailored to the laboratories’
insufficient preparations. Accordingly, a consequence of their efforts to satisfy their customers is that there are often
delays, with consequences for subsequent trips.

We, therefore, conclude that the current transport system is not considered time-critical; that is, the total transport
times are not being monitored or processed for standardization or optimization. This, in turn, sparks the question of
whether the “timely” demand of the current transport system makes it a good candidate for drone solutions. With the
short distances between transport sites, the time savings from drones will be limited. The optimized times in Table 5
show an improvement of 17-38%, calculated in minutes saved; this indicates an improvement between 5.4 and 16.3
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minutes. It may be argued that any minutes saved by a drone carrying a cardiac defibrillator could save a life. However, it
may be doubted that this is equally crucial to transporting routine blood samples. Some minutes saved may have marginal
clinical significance in specific healthcare systems where patients may wait for months for their first contact with
healthcare provisions.'* Furthermore, to what extent faster transport will influence the efficiency of healthcare to any
significant degree may be an open research question.

If the variations in the transport times and loading times that we observed are acceptable, this may indicate a limited
willingness to pay for drone solutions. The potential competitiveness of drones will therefore be related to whether they
have lower costs than the current ground transport system for comparable service times or result in real-time savings.

If large cities have frequent future drone trips and routings for multiple sectors and with many operators, drone
transport should be expected to be strictly regulated by time slots and trajectories of unmanned BVLOS flights. This may,
in turn, demand strict and timely routings with minimal deviations, and the “flexible departures” in the current ground
transport system at OUS may violate such regulatory criteria. This may have a significant impact on how drone solutions
are organized in urban locations.

The potential of drones to avoid ground traffic congestion has also been used as an argument for the time savings
achieved by drone implementations.'****’ Furthermore, in this context, stricter organization of the routings may be
needed. In our system, it was the loading times and not the driving times that caused the highest deviations from plans
and may thus represent the area with the greatest need for improvement. The minimum loading times as benchmark times
promise considerable potential for time savings. However, whether such improvements, with only minutes, gained per
leg, have any clinical value at all remains to be evaluated.

Theoretically, building a revised model with optimized transport times could change the existing route organiza-
tion. The optimized total transport times show that hourly routings may be a realistic alternative to the current model
and that one round-trip leg with one car could handle transport needs with shorter transport times than the existing
ones. In our theoretical redesign, one car and carrier could be made redundant, thereby having some gains. Such
improvements should be implemented before comparison between drone and ground transport is performed. However,
our theoretical model would demand strict loading and departure times; otherwise, substantial delays may occur. The
value of strictly regular departures is that missing a specific departure, and thus waiting for the next one, will cause
minimal delays.

Will Drone Implementation Need Specific Organizational Processes for

Implementation?

The current transport routes are not complex, and they are not focused primarily on transport times. Improvements should
be realistic either with or without drones. Drones may therefore represent a logistical solution with relatively little impact
on organizational processes and may have little effect on other clinical services apart from the transportation service. This
suggests that the implementation of drones may be rather uncomplicated concerning the pure transport topic. Therefore,
we conclude that the institutionalization of drones, ie, the process of innovation,*® may be achieved without many
complex processes. This is in accordance with our findings, as only five of 16 carriers expressed concern in the
questionnaire.

Our study showed that the current system focuses on flexibility, but although the current solution has not been
changed extensively in the last 20 years, there should be a regular assessment of which topics are the most valuable for
the laboratories.

An alternative to a simplistic approach to drone implementations in simple models like ours, is the hypothesis that in
more complex systems, such solutions should be considered from a broader organizational perspective. The combination
of micro-behaviors as individuals adopt an innovation, ongoing regime developments and landscape pressures may, over
time, result in more significant system changes. One perspective could be that the transport department rebrands itself as
an innovation hub for logistics with an open culture for experiments and change. As a carrier put it, “The old structure

needs to be cracked to be more innovative.”
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The theory, however, is that socio-technologic transitions require the interplay of technological and social processes
that reinforce each other.® In our setting, our insights into the technological process are scarce because drone technology
solutions are developed externally and not from a hospital perspective. Diffusion across technology and medical
processes related to drones may therefore be rather limited. Although drones may seem promising, there is no guarantee
for drones to break through and disrupt laboratory transports.

Getting support from drones was discussed as a valuable add-on to the service offering of the transport department.
According to the carriers, drones may be used for specific routes, ie, as a replacement for taxi trips that today are used for
emergency analysis or outside of regular working hours. However, economic, or technological considerations may
strongly influence whether this is realistic, and there are not many scientific data to enlighten this topic.

However, the carriers seemed to have the essential knowledge about logistics and the continuous transport of
biological material and other goods and they believed that a combination of drones and the current system may be
beneficial. Including them in the introduction of drones may support the acceptance of drones, a topic that has gained

much interest in the literature.**™>*

Limitations of the Study

The small volume of data in the current study may of course be observed as a significant limitation. Small volumes may
both challenge the validity of scientific conclusions as well as the soundness for generalization across differing systems.
However, our conclusions are not depending on complex scientific deductions but logical conclusions from simple
observations and we intended to elaborate on possible ideas for simple approaches. We hypothesize that the general-
izability of such findings across differing systems may depend more on systemic differences related to service need and
structure, than on the specific findings in each setting.

Although Oslo University Hospital is a large hospital, compared to European standards, the distances between the
various locations are short. Furthermore, traffic congestion is probably less than in many larger cities. Therefore, some of
our findings may not apply to other locations. Large hospitals in other cities may have quite different structures and
transport needs. Nevertheless, involving the workforce in providing transport solutions may reveal important insights.

Our finding that current ground transport could easily be improved is therefore specific to a rather plain model. The
interviews were conducted at the OUS transport division and are ultimately not representative of other hospitals or
transport departments. Furthermore, the existing ground system with “road vehicles” at Oslo University Hospital is not
based on transport times but flexibility for the laboratories. Although these factors may limit the generalization of our
actual findings, it may be of value for other transport departments and hospitals to conduct similar research to understand
how carriers value drones. Their narratives provided insights and underscore the necessity of open-minded and
innovative leadership to facilitate change and acceptance.

This study focused on topics related to current transport solutions and showed that a comparison of drones with
optimized ground transport shows close competition. The argument about avoiding ground traffic congestion and the
value of time efficiency has been put into perspective. Of course, if drone transport shall be implemented in future
transport solutions, multiple infrastructures are needed such as landing sites and automatic solutions for loading and
unloading, drone surveillance and drone maintenance. Unfortunately, the study of such topics is currently challenging to
perform today because of the immaturity of such solutions. It should also be expected that various types of drones and
drone sizes will be used for differing purposes, demanding differing solutions for the mentioned structures. No doubt,
such perspectives will be necessary to define in future studies. Nevertheless, the advantages of drones in other settings
may be more evident. For example, drone transports in rural districts and on-demand services in emergencies have
proven valuable and may have more significant clinical value, resulting in greater willingness to pay, than short-distance
transports.

Although a sociotechnical perspective with the MLP and transitions research has a powerful analytical force,
transitions do happen without it. The purpose of our conceptualization was to broaden our understanding of how to
implement drones into existing systems. We believe that several future research opportunities, such as the impact of
drones on organizational processes and social dynamics in the adoption of drones, may extend the understanding of these
questions and nudge transitions in the desired directions, and have significant relevance in more complex settings.
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Conclusion
The carriers involved in this study had useful knowledge of how future drone solutions should be implemented and were
positive about the use of drones as part of their future services. They showed that existing transport solutions should be
analyzed carefully to realize possible improvements before drones are implemented. The lesson learned from their input
is that drone implementations should be evaluated in context with current ground solutions, either as integrations into or
partial substitutions for current services, and that involved personnel should be involved in developing such solutions.
We conclude that in straightforward transport systems such as the one we examined, improvements to current
solutions may be obtained without complex processes. This may of course vary between different locations, service
demands, and the complexity of the services. Whether an extended organizational perspective of drone implementations
is needed in more complex settings needs further research. We also conclude that although improvements may be
obtained by unsophisticated changes, the potential for added organizational and innovative processes should always be
considered, in particular, if multiple new technologies are included.
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