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Abstract

The rapid growth of online shopping has increased demand for home deliveries, leading
to sustainability issues and logistical challenges such as labour shortages and congestion.
Autonomous delivery vehicles, including drones, street robots, autonomous vans, and
mobile vending machines, are emerging as potential solutions. Understanding consumers’
perceptions of these technologies is critical for sustainable implementation. This exploratory
study aimed to examine consumer reactions to emerging autonomous delivery services,
providing insights into how consumers may respond to autonomous delivery systems
encompassing multiple vehicle modes and the resulting policy implications. Eight online
focus groups (n = 55) were conducted with a diverse range of participants to examine
community attitudes to autonomous delivery services. Participants were shown videos
depicting various autonomous delivery methods to foster informed responses. Thematic
analysis of the transcripts identified recurring themes relating to participants’ preferences,
concerns, and expectations. While participants had some concerns, they were largely
receptive to using autonomous delivery services. Positive reactions centred around: (i) con-
venience, (ii) cost reductions, and (iii) novelty. Identified concerns included: (i) job losses,
(ii) practical limitations of the delivery devices, (iii) degradation of urban environments,
and (iv) facilitation of unhealthy lifestyles. Overall, the results suggest autonomous deliv-
ery systems have the potential to be popular, and proactive government policies are thus
likely to be needed to ensure they are implemented in a manner that aligns with community
expectations and minimises any negative sustainability outcomes.

Keywords: autonomous vehicles; deliveries; services; consumers; policy

1. Introduction

Demand for home deliveries has surged in recent years, driven by the continued
popularity of online shopping and rapid growth in online orders for food, groceries,
and prescription medications [1,2]. Notably, the global food delivery market tripled in
value between 2017 and 2021, reaching USD 150 billion [3]. While these trends offer
convenience and flexibility, they also create significant sustainability challenges. Last-
mile delivery, involving delivering items to people’s homes, is the most expensive and
resource-intensive part of the delivery process [4], typically occurring in residential areas
where congestion leads to slower travel times and higher fuel consumption [5]. Alternative
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delivery transportation methods like e-scooters and e-bikes help navigate urban traffic but
increase the risk of injury to delivery personnel [6].

New autonomous delivery services are being trialled to overcome some of these
difficulties [2,7]. Specific delivery methods include autonomous flying delivery drones [8],
street delivery robots [9], road vehicles [10,11], and mobile vending machines [12]. These
emerging services offer several potential advantages over existing options, including the
ability to overcome labour shortages, improved reach of services, reduced emissions, lower
delivery costs, quicker delivery times, and improved efficiencies [7,13,14].

As well as technological capabilities, the extent to which these benefits are realised will
depend on consumer acceptance, behavioural responses, and regulatory frameworks [9,15].
Identifying public concerns and desires around the implementation of these emerging
delivery services will be crucial to ensuring they are introduced in a sustainable manner
that aligns with community expectations [9]. Not doing so risks public backlash if these
services operate without appropriate policies to minimise adverse social, environmen-
tal, and economic consequences for communities [15]. Survey studies examining public
attitudes to autonomous delivery services have identified anticipated issues relating to
environmental impact, safety, reliability, privacy implications, loss of human interaction,
cargo security, and job losses [16-23]. However, some evidence suggests that consumers
may be receptive to using autonomous delivery services if they offer clear advantages in
terms of convenience and cost [24,25].

The present exploratory study aimed to examine community reactions to autonomous
delivery services in the Australian context. The focus was on four types of services, drones,
street robots, autonomous vans, and mobile vending machines, which were selected based
on their emerging applications in various global contexts [9,15,26-29]. The study extends
previous research by (i) examining perceptions of multiple autonomous delivery services
concurrently to allow participants to compare services and consider them as part of an
integrated system and (ii) investigating reactions to autonomous mobile vending machines.
Previous studies have typically examined one autonomous service at a time and tended
to focus only on delivery drones or street robots [21-23,25,30,31]. The findings provide
insights into how consumers may respond to autonomous delivery systems encompassing
multiple vehicle modes and the resulting policy implications.

2. Literature Review

Consumer acceptance research has identified a range of factors influencing willingness
to use autonomous delivery services, with perceived convenience and usefulness consis-
tently emerging as primary drivers [18,21,23]. These perceived benefits are often evaluated
alongside concerns relating to safety, privacy, reliability, and trust [16,17]. However, the
nature and salience of these concerns vary across delivery modes. Drone delivery services
are frequently associated with issues such as noise, privacy intrusion, and weather-related
limitations [24,32], whereas sidewalk robots are more closely linked to concerns about
pedestrian interactions, accessibility, and vulnerability to theft or vandalism [28,33]. Al-
though these studies provide valuable insights, they are largely technology-specific, with
limited research examining how consumers compare multiple autonomous delivery modes
or conceptualise them as part of an integrated delivery system.

Findings from the broader autonomous transport literature further highlight the impor-
tance of considering these technologies within system-level contexts. Autonomous vehicles
have been widely recognised as having the potential to transform transport systems, with
possible benefits including improved safety, enhanced accessibility, and increased effi-
ciency [34,35]. At the same time, there are well-documented risks, including increased
congestion, reduced active transport, and job displacement [36,37]. Importantly, these
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outcomes are not predetermined, but instead depend on policy settings, infrastructure
investment, and behavioural responses. This perspective is directly applicable to au-
tonomous delivery services, which may contribute to broader transport system changes
such as increased traffic volumes, altered use of public space, and shifts in travel behaviour.

Autonomous delivery services also intersect with changing food environments and
consumer purchasing patterns. The growth of online food delivery services has increased ac-
cess to meals prepared outside the home, which are often associated with lower nutritional
quality compared to home-prepared foods [38,39]. Evidence suggests that convenience
plays a central role in shaping engagement with these services, often outweighing consider-
ations related to health or cost [14]. The introduction of autonomous delivery technologies
is likely to intensify these dynamics by further reducing effort and time barriers associated
with purchasing. This may contribute to increased impulsive consumption and reduced
deliberation in decision-making, particularly for discretionary products [40,41]. At the
same time, enhanced accessibility may offer benefits, particularly for individuals with
mobility limitations or those living in areas with limited retail access, indicating a complex
balance of potential positive and negative outcomes [14,42].

Closely related to these changes are potential implications for physical activity and
lifestyle behaviours. Research examining the anticipated effects of autonomous transport
systems suggests that increased reliance on automated mobility and delivery services may
reduce incidental physical activity, particularly walking associated with everyday tasks
such as shopping [43,44]. Australian expert stakeholder research has specifically identified
automated home delivery as a mechanism that may reduce incidental walking, which
constitutes an important component of overall physical activity for many individuals [45].
These findings raise concerns about the potential for autonomous delivery systems to
contribute to more sedentary lifestyles, particularly in contexts where opportunities for
incidental activity are already limited.

Given these intersecting impacts, policy and governance have emerged as critical fac-
tors in shaping the outcomes of autonomous delivery systems. Governments are expected
to play a central role in regulating these technologies through infrastructure planning,
operational restrictions, and behavioural incentives [46,47]. Public support is an important
consideration in this process, with evidence indicating that policies aimed at protecting
public space and promoting equity tend to be more widely accepted than those involv-
ing financial penalties or restrictions on consumer behaviour [48,49]. This highlights the
importance of developing policy frameworks that are both effective and socially acceptable.

The Australian Context

Australia provides a useful setting for examining consumer perceptions of autonomous
delivery services due to the early stage of technology deployment and the characteristics
of the local transport and retail environment. Autonomous delivery services are currently
limited in Australia, with drone deliveries operating in only a small number of trial loca-
tions, including Logan (Queensland) and East Melbourne (Victoria) [8,50]. Consequently,
most consumers have little or no direct experience with these technologies, meaning that
perceptions are likely to be shaped by expectations rather than actual use. At the same
time, Australia’s relatively dispersed urban form, high reliance on home delivery services,
and continued growth in online retail create conditions that may facilitate the adoption
of autonomous delivery systems [51]. These factors make it important to understand
consumer perceptions at this early stage, as they may influence both adoption trajectories
and the development of appropriate regulatory responses.

Despite increasing scholarly attention, several important gaps remain in the literature.
Research has largely been fragmented by technology type, limiting understanding of how
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different autonomous delivery modes may operate collectively within integrated systems.
In addition, relatively little attention has been paid to broader sustainability implications,
including impacts on urban liveability, public health, and consumer behaviour. Emerging
delivery formats such as mobile vending machines are also underexplored, despite their
potential to reshape purchasing environments in ways that differ from traditional, request-
based delivery services. Finally, much of the existing evidence is based on hypothetical
scenarios and stated preferences rather than lived experience. The present study addresses
these gaps by examining consumer perceptions of four autonomous delivery modes—
drones, street robots, autonomous vans, and mobile vending machines—within a single
qualitative framework. By exploring how these technologies are perceived collectively, the
study contributes to a more integrated understanding of autonomous delivery systems and
their potential implications for sustainability, health, and policy.

3. Methods
3.1. Sample

Eight online focus groups were conducted with 55 participants from across Australia.
The average age of participants across the focus groups was 43 years (SD = 13.3), and the
gender split was 51% female, 47% male, and 2% non-binary. Each focus group included
participants from the same residential area, with the areas selected to represent various
Australian states, metropolitan and non-metropolitan regions, and socioeconomic levels.
Participants were recruited via Facebook advertisements targeted to specific locations. To be
assessed for eligibility, potential participants provided their age and gender and confirmed
that they lived in the target area. Table 1 provides details of the focus group profiles.

Table 1. Focus group participant profiles (1 = 55).

Gender (%)

Location n State Urban Category Socioeconomic Status * Male  Female Non-Binary
Adelaide city 11 SA Metro High 55 36 9
Ballarat 7 VIC Non-metro Mid 43 57 -
Logan 4 QLD Metro Low 50 50 -
Newcastle 5 NSW Non-metro High 20 80 -
Sunshine 6 VIC Metro Low 50 50 -
Warnbro 7 WA Metro Low 71 29 -
Waterloo 8 NSW Metro High 38 62 -
Wembley 7 WA Metro High 43 57 -

* According to the Australian Bureau of Statistics [52], deciles 1-4 are categorised as low socioeconomic status,
5-7 as mid, and 8-10 as high.

3.2. Procedure

A semi-structured interview guide was used to direct the focus group discussions.
Initially, participants were asked about their current use of non-autonomous delivery
services and their likes and dislikes about these services. Four sensitisation videos were
shown to participants, with each depicting one of the examined delivery service modes
(drones, street robots, autonomous vans, and mobile vending machines). The videos
ranged from 58 to 90 s in duration. They included scenes of autonomous delivery services
transporting and dropping off packages, and of customers interacting with the delivery
vehicles. Following the screening of each video, the participants discussed their initial
reactions, their perceptions of anticipated benefits and disadvantages, and their predictions
about how the portrayed service might affect their neighbourhood if it became widely
available. Figure 1 displays screenshots from the videos. The focus groups lasted 90 to
96 min and were audio recorded.
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Figure 1. Screenshots from the videos shown during the focus groups: (top left) drone; (top right)
street robot; (bottom left) autonomous van; (bottom right) mobile vending machine.

3.3. Analysis

The audio recordings were transcribed verbatim, and the transcripts were imported
into NVivo data management software (Version 14, QSR International, Australia) for line-
by-line coding and analysis. Thematic analysis was used to identify patterns in the data and
involved generating, refining, and reviewing themes [53]. Due to the exploratory nature of
the study, no pre-existing framework was used to guide the data analyses [54]. Data coding
was conducted by a single coder (LB), which is appropriate when coding is reflexive and
emergent during exploratory analysis [55,56].

4. Results

None of the participants reported having any direct experience with autonomous de-
livery services, and most appeared unaware of existing drone services. Seven main themes
were observed across the four examined autonomous delivery services. Three of the themes
constituted positive reactions to these services: (i) convenience is king, (ii) the cheaper the
better, and (iii) novelty, excitement, and futuristic appeal of autonomous deliveries. Four
of the themes represented negative perceptions: (i) concerns about job losses, (ii) scepti-
cism around the practical limitations of autonomous delivery services, (iii) apprehension
about degradation of urban environments, and (iv) fears that increased availability and
affordability of products will encourage unhealthy lifestyles and rampant consumerism.

Overall, there was a general expectation among participants that the introduction
of these services would be largely beneficial to their lives. The anticipated issues were
generally seen as resolvable rather than reasons not to implement the services. Several of
the identified shortcomings were specific to only one of the services, suggesting a system
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that utilises multiple types of autonomous delivery vehicles could address many of the
participants” concerns. Importantly, participants’ responses revealed that perceptions
of benefits and drawbacks were not evenly distributed across delivery modes. Instead,
each mode was associated with a distinct functional “niche” within the broader delivery
ecosystem. Overall, drones were primarily conceptualised as rapid-response options for
lightweight, time-sensitive items; street robots as slower but more versatile carriers suited
to short-distance neighbourhood deliveries; autonomous vans as secure, high-capacity
options for planned parcel deliveries; and mobile vending machines as opportunistic
retail platforms. This differentiation indicates that participants were implicitly evaluating
these technologies not as direct substitutes, but as complementary components of a multi-
modal system.

Tables 2 and 3 provide overviews of the positive and negative response themes, re-
spectively, for each form of autonomous delivery vehicle. Across the themes, participants
frequently engaged in direct or implicit comparisons between delivery modes, often assess-
ing them relative to specific use cases rather than in isolation. This comparative framing
shaped perceptions of both utility and risk, with particular modes seen as more or less
appropriate depending on delivery urgency, item type, and environmental context.

Table 2. Positive reactions to autonomous delivery services.

Street Vending
Drones Robots Vans Machines
Theme 1: Convenience is king
Reduce shopping trips v v v v
Faster deliveries v - - -
Larger deliveries - v v -
Increase food accessibility - - v
Theme 2: The cheaper the better 4 v v v
Theme 3: Novelty 4 v v v
Table 3. Negative reactions to autonomous delivery services.
Drones Street Robots Vans Vending Machines
Theme 4: Concerns about job losses 4 v v v
Theme 5: Scepticism around the capabilities of
autonomous delivery vehicles
Risk of theft and vandalism v v - v
Limited delivery range v v - -
Small payload capacity 4 v - -
Inability to deal with poor weather v - - -
Inability to deal with adverse terrain - v - -
Inconvenient package collection - - v -
Theme 6: Apprehension about degradation of
urban/residential environments
Safety risks v - - -
Footpath congestion - v - -
Noise concerns v - - -
Privacy issues v - - -
Increased traffic congestion - - v -
Theme 7: Fostering unhealthy lifestyles and rampant
consumerism
Fostering unhealthy diets 4 - - v
Encouraging sedentarism v - - -
Intrusive unhealthy advertising - - - v
Promoting excessive consumerism v v v v
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4.1. Theme 1: Convenience Is King

Numerous anticipated benefits of autonomous delivery services contributed to per-
ceptions of convenience. There was the expectation that all the delivery modes would
reduce the number of in-store purchases people would need to make, thereby reducing
physical trips to retail outlets. Drones and street robots were seen as advantageous for
small orders, particularly forgotten items that could be ordered in an ad hoc manner to
avoid an unplanned and inconvenient shopping trip. By bringing smaller items (especially
food) to consumers, mobile vending machines were also seen as being helpful for reducing
visits to retailers. Similarly, autonomous vans were expected to reduce the need to visit the
post office to collect parcels.

The other day I'd forgotten to get some desiccated coconut to make ANZAC biscuits,
and I couldn’t be bothered to go down to the shop because I was still in my pyjamas. So
that would have been handy to have a drone come (drones, metro, high socioeconomic
status (SES)).

I think it’s something that I would use for little things like a bottle of milk, or something
that you've missed out of the shopping. I need an onion and some butter, or something
like that. It’s quite close to the supermarket, the distance is only five, six kilometres, but
by the time you go in and out and everything, and back onto the highway, it takes 10 min
to get there. It's a little bit inconvenient. It’d be pretty convenient to just order the little
robot to bring me what I need (street robots, metro, low SES).

It’s a good idea, especially if they're like sporting fields on Sundays and Sundays for
families so that mum or dad doesn’t have to jump in the car and take off to go and get food
or drinks or ice creams. The convenience is good (mobile vending machines, non-metro,
high SES).

It would be good. I get a lot of parcels, so it would save me having to go to the post office.
It would be awesome (autonomous van, non-metro, mid SES).

Each type of delivery vehicle mode was predicted by participants to have unique
benefits. A commonly raised advantage of drones was their anticipated fast delivery times,
which was an attractive improvement over conventional delivery options. Street robots
were expected to be able to carry larger payloads than drones, which was seen as more
practical for some use cases. Mobile vending machines were considered to be particularly
useful for increasing the availability of food at large events or other contexts where food
options might otherwise be limited. Autonomous delivery vans were valued for their
ability to transport larger packages than the other autonomous delivery options.

Even if you're getting something like Uber Eats, or for like a supermarket order, you often
have to wait at least half an hour, but often more than an hour. If it’s a quick delivery
you want, maybe you're just looking for a snack or you want to have something to make
dinner, that [drones] would be really beneficial (drones, metro, high SES).

I feel like this robot, more than the drone, feels like it can carry larger loads. . . it would be
more helpful (street robots, metro, low SES).

I think they’d been good for community events, say like football matches where you ve got
a lot of hungry people, especially after games . . . everyone would use it (mobile vending
machines, non-metro, mid SES).

It looks awesome, like the way that they move through the city, and you can actually get
bigger packages delivered and stuff like (autonomous van, metro, high SES).

These distinctions in perceived benefits by delivery mode suggest that participants
conceptualised convenience along the multiple dimensions of speed, effort reduction, and
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accessibility, with different modes optimising different aspects. Notably, no single mode
was perceived as maximising all dimensions simultaneously, which appeared to increase
the appeal of the availability of multiple autonomous delivery options.

4.2. Theme 2: The Cheaper the Better

Many participants noted that a key determinant of the popularity of autonomous de-
liveries would be their cost compared to existing options. Some expected that autonomous
modes would be cheaper due to cost savings achieved by not needing to pay delivery
drivers. There was general agreement that, due to the importance of pricing to decisions to
use product delivery services, any cost reductions would make this form of product access
more appealing across the suite of delivery modes.

I’d be all for that . .. Should drop the prices eventually because you don’t have to actually
pay someone to do it (drones, metro, high SES).

It looks like something that would be time saving and cost wise (street robots, non-metro,
mid SES).

If it was just a vending machine and it didn’t have to have a driver, it could save a lot
of money. .. I'd be running out there with my wallet straight away. So yeah, I think I
would be a sucker for that. That would definitely work for me (mobile vending machines,
metro, low SES).

I think it would bring down some of the costs without having someone deliver it to you
(autonomous van, metro, high SES).

4.3. Theme 3: Novelty

Enthusiasm for autonomous delivery services often appeared to be driven by the
excitement of using new technologies. The services were viewed as representing progress
and a futuristic approach to delivering goods, which some saw as an inevitable step forward
in an increasingly fast-paced and technology-driven world. This form of technological
advancement was viewed as just one element of a broader steep trajectory towards a highly
automated future. As a result, while individual delivery modes were discussed in terms of
their technological novelty, there were also general statements about how the combination
of the new modes represents an overall exciting trend.

I think it’s obviously cool, exciting technology, and certainly it feels like we’re on the
precipice. . . It feels like it’s going to happen eventually (autonomous deliveries in general,
metro, high SES).

I think it’s amazing and would I use it, yeah, probably, just for the experience of going,
“Wow this is awesome!” (drones, metro, low SES).

When I think about it (street bots), I think of the future. Obviously, we’re all progressing
to a more technologically advanced future. . .I know that things will get developed and
better as time goes on (street robots, non-metro, high SES).

I think technology being able to do this is awesome. It's the way of the future (mobile
vending machines, metro, high SES).

4.4. Theme 4: Concerns About Job Losses

A ubiquitous concern across all four autonomous delivery modes was the expectation
of job losses, especially for delivery drivers and shopkeepers. There was an appreciation
that many people depend on these industries for their employment, and thus that there is
likely to be societal-level implications due to the volume of jobs that could be displaced.
A few participants were also concerned that autonomous delivery services would enable
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larger corporations to increase their market share by absorbing market niches in which
small businesses operate, resulting in greater job losses among smaller enterprises.

For people whose main source of income is as delivery drivers, where will their income
and employment shift to? Maybe they’ll be the ones sending the things off into the sky?
But I think there’s a lot of people who rely on that gig economy for their work (drones,
metro, high SES).

The only thing that sort of leaps out at me is the implications on the workforce, because
there’s obviously a huge number of people involved in the transport industry and that
would pose some challenges (autonomous vans, metro, high SES).

A lot of people run a small business by having a food van where they pop up at events and
festivals and things like that, and this is shifting that part of the economy from individual
small businesses to major companies. 1 think there will be an impact on people’s small
businesses (mobile vending machines, non-metro, high SES).

4.5. Theme 5: Capability Limitations of Autonomous Delivery Vehicles

Many participants expected autonomous delivery services to have practical limitations
that would constrain their usefulness. Participants identified different types of limitations
depending on the delivery mode, often making direct comparisons between them. Drones,
street robots, and mobile vending machines were mentioned as being susceptible to theft
due to the lack of human supervision that would otherwise deter someone from trying
to steal their cargo. This concern was not observed for the larger delivery vans, which
were seen as being less vulnerable due to their size and the security feature depicted in the
sensitisation video (i.e., customers had to enter a security code to access a compartment
containing their delivery).

It would be good if the delivery could be done at my backyard instead of it being delivered
to my front porch because I'm assuming everyone would know a drone is coming and
think that’s a good opportunity for me to pinch it (drones, metro, high SES).

I think it's quite cute, but what’s to stop anybody from actually stopping it and taking
what’s in it? What stops anyone from interfering with it? Like it could get mugged on
the way (street robots, metro, low SES).

I'm just thinking about security and why would somebody not just pick these things up
and take everything in them? I don’t think we live in a society where autonomous things
out there in public are respected or safe, so I don’t think our society actually would respect
that (mobile vending machines, metro, high SES).

Because they’re (autonomous vans) bigger, people are less inclined to mess with them.
Like, you’re not going to have people trying to steal as many of those. On top of that,
it looked like people were able to access it like with a keypad or something (autonomous
vans, non-metro, high SES).

There was also an expectation that some people would vandalise the smaller forms of
autonomous delivery vehicles for entertainment value. Street delivery robots were seen as
being the most vulnerable targets, likely due to their smaller size and slower speed.

They may be actually taken out of the sky and shot down (drones, non-metro, mid SES).

I wonder what the penalty will be if you kick one over. I think that will become a very
popular game amongst school children, see how many you can kick over in an afternoon.
(street robots, metro, low SES).
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There was a general understanding that drones and street robots would be limited to
relatively short delivery distances and small deliveries. This concern was not discussed in
the context of autonomous vans or mobile vending machines.

Drones, I don’t know how far they can travel. Might have a bit more [range] than the
little robot, but how far can a drone go? (drones, metro, high SES).

It can only carry the light things, like maybe just a drink (drones, metro, low SES).

It’s going to be lots and lots of tiny little trips. You're not going to get your shopping, are
you? Just the size of them don’t seem very practical (street robots, metro, low SES).

There would be, practically, some limitations to it in terms of the distances that they could
travel (street robots, metro, high SES).

Participants were frequently sceptical about the ability of drones to handle adverse
weather conditions and street robots to navigate rough terrain and obstacles. The latter led
some participants to conclude that street robots would be unable to operate in their local
areas due to the unsuitability of their streets/roads.

I'm sceptical about the impacts of certain weather events, when you go, “Oh it’s a bit
windy outside, can I get that delivery today?” (drones, metro, high SES).

A lot of the time it’s just muddy embankments or areas where it’s just construction sites,
like on new developments or something like that. So I do wonder about the abilities of
the driving autonomous vehicles to actually make the route if it’s not a very simple, easy
route with clear roadways to get to it (street robots, non-metro, mid SES).

Several participants questioned how the delivery process would work for autonomous
vans if no one was at home to accept the package. While they frequently envisaged using
drones, street robots, and mobile vending machines for rapid food deliveries intended for
immediate consumption, they more typically expected to use autonomous vans for parcels.
This different use case resulted in participants expecting longer delivery times, where it was
less certain whether they would be home to accept the delivery. The discussions suggested
that this was less of an issue for conventional human deliveries, where the driver can often
find a suitable place to safely store a parcel if no one is present to accept the package.

It also depends on what is the purpose of these deliveries. Whether it’s a food delivery or
if it’s delivering like an Amazon delivery, then obviously you're not going to be home
to collect the delivery. So you do want somebody to drop off the delivery. So from that
perspective, I'm not sure what is the purpose of these deliveries. . . If I'm not at home, |
want the delivery to be dropped off at my front because that’s how you instruct the drivers.
Or just to leave it at a safe place or something (autonomous van, metro, low SES).

It looks like they (recipients) just have to come and get the thing out themselves. I don’t
see how practical that is because what if the person doesn’t turn up? (autonomous van,
non-metro, high SES).

A few participants envisaged potential solutions to the attendance issue. While this
feature was not explicitly shown in the video, they expected that the autonomous van
service would have a mechanism to notify them of the intended delivery time. This option
seemed to alleviate concerns about being present for the delivery.

The thing is, you could have a message to say that it’s coming at whatever, X o’clock, so
you’d go down to do it. You'd know it was coming. I think that could work really well
actually (autonomous van, non-metro, high SES).

You're starting to get those now, your, your parcel will come in this one-hour window
or whatever. You often get little sort of updates. Like when the meat’s coming, I get
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one saying, it’s half an hour away. I think that would work (autonomous van, metro,
low SES).

4.6. Theme 6: Apprehension About Degradation of Urban Environments

Environmental concerns differed by delivery mode. Of all the delivery options, drones
were generally seen as having the greatest potential to adversely affect urban environments.
In particular, there were concerns about noise levels when the devices are used at scale,
potential safety risks from malfunctions, and privacy concerns from cameras flying over
residential areas.

I think it would be really noisy. The thing I like about my neighbourhood is it’s quiet
(drones, metro, high SES).

Could easily be dangerous, like what if a drone fails and falls on a vehicle and the vehicle
crashes? (drones, metro, high SES).

If one of our young kids are playing out the back, if you've got anything going on out the
back of your house, you know what I mean, who’s to stop these cameras taking photos?
(drones, metro, low SES).

Some participants were concerned that street robots and autonomous delivery vans
would cause congestion issues. They worried that street robots would overcrowd footpaths,
potentially causing hazards for more vulnerable pedestrians such as people with walking
aids or babies in prams. A few noted that if autonomous delivery vans can only operate at
slower speeds, they would add to road congestion and frustrate drivers.

I was just thinking about some people that did have larger things to get down a footpath,
like a pram or if you're in a wheelchair, or if you're blind or something. How would that
delivery machine accommodate that? Can it go off road and onto the grass for a bit to
allow somebody in a wheelchair to come through, or is that going to end up in a traffic jam
and neither of them are able to move out of the way? (street robots, non-metro, mid SES).

I think it’d be annoying because they’re not going to go very fast. It’s going to hold you
up (autonomous vans, non-metro, high SES).

4.7. Theme 7: Fostering Unhealthy Lifestyles and Rampant Consumerism

There were concerns that the increased ease of accessing unhealthy food and snacks
could be tempting and lead to the widescale deterioration of people’s diets. Once again,
there were overall similarities in expectations across different autonomous delivery modes
combined with mode-specific perceptions. Drones were expected to be problematic due to
their facilitation of rapid, unhealthy food deliveries, whereas mobile vending machines
were seen as a way to coerce people into purchasing unhealthy food by making unsolicited
offers for immediate consumption.

This is the opposite of like meal planning or budgeting. I just feel like there’s no real
thought that'’s required. It’s I want it, I got it, I need it right now. How is that benefiting
anyone? (drones, metro, low SES).

It'd be horrible for my health. Horrible for my health and my wallet. I'd cook less if I
knew the KFC vending machine was coming around (mobile vending machines, metro,
high SES).

People are going to be more inclined to, because it's so convenient, just grab it. Instead of
waiting till they go home because it’s there in their face. .. It’s going to make people more
inclined to be eating the wrong things (mobile vending machines, non-metro, high SES).

Mobile vending machines were also seen by some participants as an unwelcome intru-
sion into public space. There was a sense that they were different to the other autonomous
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options because they are not responding to delivery requests but instead trying to entice
people to make purchases they might otherwise not have made.

I don’t see the need to have that. The rest are all specific to what we want, we need,
and we’re going out of our way to order it. This is more trying to coax you into buying
stuff when you least expect it. You walk around the corner and there’s a mobile vending
machine, you're likely to buy stuff. And then they’re obviously going to be competing
against each other so they’re going to be bigger, flashier, more of them and having price
wars on the streets. I just don’t see the need or purpose of it (mobile vending machines,
metro, low SES).

I think the other solutions were dedicated to a specific user whereas this feels like it's just
waiting out there and I imagine in a lot of cases it would probably be waiting for a long
time, so it just becomes pollution of the commons. . . I think this at my local park would
definitely annoy me (mobile vending machines, metro, high SES).

I feel like it would just be a way for a corporation to constantly be tailing you, wanting
money. It’s bad enough going onto social media and always seeing ads for this and that
without them actually, physically, tailing you. That’s another level (mobile vending
machines, metro, high SES).

Some participants noted that the increased convenience afforded by autonomous
delivery services would encourage more sedentary lifestyles. There was an expectation
that physical activity levels would drop if people used these services regularly in place of
physically going to retail outlets.

All these deliveries are making a whole group of lazy people. I understand if you're
working, and I get that, I really truly do, but we’ve got a whole generation of lazy people
coming (drones, metro, low SES).

I kind of just think it’s like the last step of laziness. Like, what next? That’s kind of the
end (street robots, metro, high SES).

It kind of just feels like a bit of laziness, really (autonomous vans, metro, low SES).

Autonomous delivery services were also described as an extreme form of consumerism
with adverse human and environmental outcomes. By offering a convenient delivery option
with quick gratification, participants worried that these services would tempt people to
mindlessly buy more products.

All we're doing essentially is just encouraging more and more consumerism. I keep saying
the same thing. We live in this consumer society, limited resources, climate change is
happening, like the water is heating up and so is the air and it's because we keep buying
shit. The more ways that we make it easier for people to buy shit, the more of a hole we’re
digging ourselves (street robots, metro, low SES).

I'd be worried about spending money and that temptation as well. It's sort of full-on
consumerism (mobile vending machines, metro, high SES).

5. Discussion

For autonomous deliveries to constitute a sustainable advancement on current delivery
systems, they need to meet consumer needs and expectations. Consistent with the limited
previous research in this space, participants in the present study were generally receptive
to using autonomous drones, street robots, and van delivery services [19,24,25,32]. This
is an important finding in the context of the lack of prior experience with autonomous
delivery services. Technology adoption theoretical frameworks highlight the tendency
for innovations to become increasingly accepted over time as familiarity grows [57,58],
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suggesting that the support identified in this study could intensify with direct experience.
A novel finding was participants” openness to using mobile vending machines, which
were seen as highly useful in contexts where food options might otherwise be limited.
Enthusiasm for autonomous deliveries was primarily attributed to anticipated cost and
convenience benefits, which are also key determinants of delivery service satisfaction for
delivery modes involving human drivers [59,60].

Many participants were worried about job losses resulting from the introduction of
autonomous delivery services, which is consistent with previous research [19]. Experts
have highlighted the need for governments to pre-emptively prepare for job displacements
that are likely to occur due to vehicle automation [35,37]. One suggested strategy is to
implement programmes that assist people who are likely to be affected in retraining for
new skills and competences [35]. Such schemes could help these people transition into new
roles that emerge from the automation of different industries [61].

Also aligned with the findings of previous research, concerns were frequently raised
about the capability limitations of autonomous delivery services [17-24,62]. A commonly
raised issue was that autonomous delivery services are likely to be targets for theft and
vandalism due to a lack of human oversight. These fears may be warranted; unsuper-
vised micromobility services such as e-bikes and e-scooters have experienced similar
issues [63,64], and theft and vandalism of street robot delivery services have already oc-
curred, despite protections such as GPS trackers, locks, tampering alarms, and video
recording devices [65-67]. Vulnerable autonomous delivery vehicles may therefore require
novel solutions to discourage tampering.

Anticipated issues such as drones being unable to deal with adverse weather con-
ditions, street robots experiencing issues with obstacles and adverse terrain, and both
vehicle types having limited range and payload capacity have been previously observed as
legitimate limitations of these delivery modes [18-24,28]. Based on participants’ responses
in the present study, these issues may impact the perceived usefulness of these delivery
services for certain contexts and delivery requirements. However, the potential shortcom-
ings of drone and street robots were not seen as applicable to autonomous vans and mobile
vending machines, indicating that an autonomous delivery system with multiple types of
vehicles could fulfil most consumer requirements.

Participants raised numerous concerns about autonomous delivery services negatively
affecting the liveability of residential environments. Examples included congestion of
footpaths and roads, increased noise via drones, and privacy and safety implications. These
issues have been noted in previous studies [23,24,28,32], and if realised could result in
corresponding public backlash against autonomous deliveries. In one drone delivery trial
in Australia, local residents successfully lobbied to prohibit drone deliveries after their
introduction due to concerns about excessive noise, invasion of privacy, and possible
impact on wildlife and pets [15]. Additionally, poor communication and transparency
regarding the introduction of the new service and a lack of policy structures to deal with
emerging issues resulted in residents feeling the service was imposed on them without
community consultation and due diligence [15]. This outcome highlights the need to
proactively regulate autonomous delivery services to ensure they align with community
expectations and minimise disruptions. For example, a previous study found that people
were supportive of curfews on delivery drones and limiting the number of drones that can
simultaneously operate over residential neighbourhoods [49].

The present study revealed apprehensions regarding the potential for autonomous
delivery services to encourage unhealthy lifestyles and unnecessary purchases. Experts
have raised similar concerns around autonomous deliveries facilitating unhealthy food
choices and sedentary behaviours, highlighting the need to proactively regulate these
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services to mitigate these potential drawbacks [14,45]. Proposed policies include charging
levies on mobile vending machines to discourage them from continually operating in
public spaces, prohibiting autonomous delivery services from selling to more vulnerable
groups such as school children, and banning advertisements from being displayed on
autonomous delivery vehicles [14]. In the present study, mobile vending machines were
seen by participants as being particularly problematic due to their intrusiveness and
potential to coerce purchases from people by tempting them with unhealthy foods in public
spaces. This novel finding warrants further investigation to better understand the unique
risk this emerging food delivery option might pose to health outcomes and the social utility
of public spaces.

A few participants were concerned that autonomous delivery services might encourage
excessive consumerism. In line with their expectations, previous research has found that
faster delivery times are linked to increased online shopping [40], and quicker gratification
resulting from short delivery times can increase the likelihood of making unplanned
purchases. Impulse purchases are also more likely to be returned by consumers, placing
more strain on delivery services and creating inefficiencies [41,68,69]. This presents a
dilemma for online retailers who want to maximise sales while limiting the proportion of
products returned due to regretted purchases [70].

Study Limitations

The present study has several limitations that should be considered when interpreting
the findings. First, and most importantly, the use of a qualitative research design limits
the generalisability of the findings. The exploratory approach and modest sample size
mean the findings can only be considered preliminary and specific to the study participants.
The use of online focus groups could have further impacted the quality of the data by
limiting the capture of non-verbal communication behaviours and changing the nature of
group dynamics during discussions. Future research could involve larger samples and
quantitative data collection methods to generate more generalisable results.

Second, most of the examined autonomous delivery services are not yet available in
Australia, with only drone delivery services operating in two small trial areas [50]. This
meant participants had little if any direct experience with autonomous deliveries, and
their opinions could change when these services are widely available. While sensitisation
videos were used during the focus groups to anchor the discussions, the actual roll-out of
autonomous delivery services could significantly differ from the depicted scenarios, which
would affect the utility of the present findings. Finally, this study was confined to Australia,
and consumers in other regions may exhibit different responses. Further research is needed
in a broader range of geographical and cultural contexts to assess the extent to which the
findings may hold elsewhere. Additionally, when autonomous delivery services become
more widely available, future studies should gather insights from individuals who have
used these services to assess their experience-based perspectives.

6. Conclusions

Autonomous delivery services are poised to change the home delivery market and
have the potential to be popular if they can provide convenience and cost benefits. However,
there are potential undesirable outcomes for urban environments, consumer behaviours,
and public health. The present findings, taken from the perspective of individuals who
have yet to experience these services, underscore the need for a carefully managed intro-
duction to optimise social, environmental, and economic outcomes. A market-led approach
risks rapid roll-out of these services without adequate policy frameworks, leaving com-
munities to grapple with emerging issues. Proactive government policies are likely to be
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needed to guide the responsible implementation of autonomous delivery services, ensuring
they align with public expectations, minimise disruptions, and do not exacerbate public
health problems.
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