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Abstract
As drones are deployed in public spaces for tasks such as package delivery, drones will encounter the public as bystanders 
passing by. The distinctive character of bystanders is that they are not the package recipients, so they lack prior information 
about the drone. Clear communication of drone intentions is essential to reduce uncertainty and improve public safety and 
trust. Limited research, however, has examined how a drone’s communication strategies affect bystanders. This online ques-
tionnaire study investigated how a drone’s visual cues affect bystanders' uncertainty about a drone’s intentions. Participants 
(N = 150) viewed software simulated scenarios of drones delivering packages either by landing or by cable drop, each with 
or without visual interfaces (on-board lights, on-board display, or ground projection). Participants rated the scenarios for 
uncertainty, convincingness, predictability, understandability, and trust, and provided qualitative feedback through textual 
comments. Results illustrate that explicit communication improves bystanders’ ability to predict drone actions and influ-
ence bystanders’ intentions. While lights posed challenges with visual clarity, displays were effective for conveying drone 
movements, and projections were most preferred for indicating landing locations and safety zones. We recommend adapting 
interfaces, particularly ground projection, to provide instructions to bystanders on how to act (e.g., whether or not to cross) 
during drone operations. Our study contributes to the introduction of safe and trustworthy drones in public spaces.

Keywords  Drones · Human–robot interaction · Uncertainty · Public · Delivery application · Human–machine interfaces

1  Introduction

Drones are increasingly being integrated into daily life, par-
ticularly in the context of package delivery (Dutta 2024). The 
advancements in Artificial Intelligence (AI) have enabled 
drones to navigate to drop-off locations, avoid obstacles, and 
deliver packages with minimal human intervention (Nunkoo 
et al. 2024). This emerging trend has prompted discussions 
surrounding the economic, environmental, and societal ben-
efits of delivery drones, as well as their potential for large-
scale global adoption (Zeng et al. 2020). Global research and 
industry experts suggest that delivery will emerge as one of 
the primary Human–Drone Interaction (HDI) applications 
in public spaces over the next decade (Lingam et al. 2025a), 
highlighting the growing significance in HDI (Herdel et al. 
2022). As drones begin to operate in public spaces to deliver 
packages, they encounter public users who are novice in two 
primary roles: recipients, who have requested the package 
delivery, and bystanders, who are not customers but present 
in the vicinity (Lingam et al. 2025c). Bystanders are likely 
to experience confusion (Kramer et al. 2025) and uncertainty 
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about the drone’s intentions (Lingam et al. 2025c). Feel-
ings of uncertainty (referred to as uncertainty henceforth) 
will arise from a lack of understanding of drone intentions, 
leading to interaction breakdowns, reduced trust and safety 
concerns (Lingam et al. 2025b, c).

A possible approach to reducing uncertainty in HDI is 
to clearly communicate the drone's intentions, which has 
potential to affect human behavior and improve trust, usabil-
ity, and public acceptance (Fink et al. 2023; Lingam et al. 
2025a, b, d; Obaid et al. 2015; Shapira and Cauchard 2022). 
Research in Human–Robot Interaction (HRI) has examined 
motion-based cues (Bevins and Duncan 2021), as well as 
visual interfaces including LEDs, displays, and projection 
technologies (Hetherington et al. 2021; Obaid et al. 2015; 
Szafir et al. 2015). Much of the prior work on visual inter-
faces has focused on communicating robot intentions at 
ground level or in lateral directions, with comparatively little 
attention to the context of delivery drones. When operating 
in public spaces, delivery drones need to move vertically, 
for example, when descending to drop-off a package. Dur-
ing the descent, delivery methods could affect uncertainty 
of the users. For example, Lingam et al. (2025b) found that 
a drone descending to the ground raised higher uncertainty 
than a drone hovering above eye level and lowering the pack-
age via a cable. During these delivery operations, it remains 
unclear how drones should communicate with bystanders 
to reduce uncertainty. Existing empirical studies on HDI 
involving delivery drones (Lingam et al. 2025b; Sanfridsson 
et al. 2019; Zègre-Hemsey et al. 2020) have primarily inves-
tigated the recipient’s perspective, with limited consideration 
to the bystander’s role. Bystanders, who potentially repre-
sent a majority of the public, are likely to encounter robots 
(e.g., drones) more often than recipients in public spaces 
(Rosenthal-von Der Pütten et al. 2020). In contrast to recipi-
ents, bystanders are likely to experience greater uncertainty 
about the delivery drone’s intentions due to diverse factors 
(see Lingam et al. 2025c). This raises the need to develop 
cues to address uncertainty for the bystanders during the 
delivery drone operations.

As drones begin operating in public spaces and moving 
vertically during delivery operations, their intentions shift 
across interaction stages (Lingam et al. 2025c). A lack of 
clarity regarding drone intentions may increase bystand-
ers’ uncertainty and reduce trust in drones. A research gap 
remains on how to effectively represent the intentions of 
delivery drones and communicate transitions between opera-
tional stages to bystanders, in ways that reduce uncertainty 
and improve trust in drone technologies.

Motivated by the above gap, our study investigated the 
possibilities for reducing bystander uncertainty using dif-
ferent delivery methods and visual interfaces to communi-
cate a drone’s intentions. To assess bystanders’ uncertainty 
in response to the visual cues, an online questionnaire 

incorporating video-based scenarios was conducted. This 
study contributes to the field of HDI and HRI by investi-
gating how visually communicated drone intentions during 
delivery operations influence bystanders’ uncertainty, trust, 
and behavioral intentions. In addition, the study identifies 
bystander needs and concerns that extend beyond intention 
communication and provides recommendations for future 
research on drone services in public environments.

2 � Background

2.1 � Delivery drones and human interactions

Drones will interact with humans, particularly during the 
final delivery stage, such as when descending in a public 
space to drop-off a package and then take-off (Lingam et al. 
2025b, c). Previous experimental studies in HDI related to 
delivery drones have predominantly focused on recipient 
roles (Lingam et al. 2025b; Sanfridsson et al. 2019; Zègre-
Hemsey et al. 2020). A virtual reality study (Lingam et al. 
2025b) investigated how flying behavior affects recipient 
uncertainty. The authors found that recipients felt less uncer-
tain with curved flight paths compared to straight flights. 
Field studies (Sanfridsson et al. 2019; Zègre-Hemsey et al. 
2020) explored recipient experiences with delivery drones, 
noting the ease of interaction. However, the aforemen-
tioned studies offer limited empirical insights into the role 
of bystanders during delivery operations.

Previous HRI research has emphasized the importance of 
considering bystander perspectives in the design of interac-
tions with robots, such as for delivery tasks, to ensure safety 
and improve public acceptance (Nielsen et al. 2023; Pelikan 
et al. 2024; Puig-Pey et al. 2023). Drone interactions with 
bystanders may take many forms. For example, bystanders 
could be neighbors of recipients (Duncan et al. 2018), indi-
viduals assisting a medical drone in locating the delivery 
address of the recipient (Krämer et al. 2025), people seeking 
assistance from a drone during emergencies such as flooding 
(Brock et al. 2018), or people in the vicinity of a fire incident 
(Khan and Neustaedter 2019).

During drone deliveries in public environments, both 
bystanders and recipients may share the same space, yet their 
roles remain distinct. While recipients interact by retrieving 
their package, bystanders might be unaware of the drone’s 
presence and purpose (Krämer et al. 2025; Lingam et al. 
2025a). The bystanders might lack familiarity and under-
standing of a drone’s intentions (Duncan et al. 2018; Herdel 
et  al. 2022). This can lead to confusion (Krämer et  al. 
2025), uncertainty about the drone’s intentions (Lingam 
et al. 2025a), reduce trust, and potentially create feelings of 
unsafety when being in the drone’s vicinity (Lingam et al. 
2025b). Furthermore, interaction challenges and acceptance 
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issues may arise (Herdel et al. 2022). Boll et al. (2019) sug-
gested that drones should be designed with consideration for 
bystander perspectives and reduce uncertainty by designing 
drones to avoid surprise or anxiety-inducing behavior. There 
is a need for developing and evaluating strategies from the 
perspective of bystanders to reduce uncertainty.

2.2 � Feelings of uncertainty in HRI

Uncertainty can negatively impact decision-making (Lind-
ley 2014) and shape trust in automated systems (Lee and 
See 2004). Managing uncertainty is considered a signifi-
cant challenge when integrating drones into public spaces 
(Lingam et al. 2025a). Previous HDI research (Lingam et al. 
2025b) described uncertainty in HDI as "a state of doubt 
experienced by humans when interactions with drones devi-
ate from the expected, leading to a loss of understanding of 
the drone's intentions or its next actions." In an interview 
and focus group study (Lingam et al. 2025c), the results 
show that bystanders imagined to experience higher levels 
of uncertainty with delivery drones than recipients, making 
it crucial to address bystanders' uncertainty. Various factors 
influence uncertainty in HRI, including communication cues 
(Lingam et al. 2025c), the type of robot, and the information 
required by the user (Hedayati et al. 2021). Such uncertain-
ties may give rise to safety concerns. For example, Lingam 
et al. (2025b) reported that participants felt unsafe, fearing 
a potential crash or a package dropping on them, when a 
drone descended into a public space and its intentions were 
not communicated clearly. Prior work (Lingam et al. 2025c) 
found that when bystanders are uncertain about a drone’s 
intentions, safety concerns arise, with bystanders noting that 
uncertainty might lead them to interfere with the delivery 
process. This raises the need to address uncertainty. One 
possible approach is to design drones with clear communi-
cation mechanisms that convey the drone's intentions (Boll 
et al. 2019; Jane et al. 2017; Lingam et al. 2025a, b).

Uncertainty has previously been measured in HRI 
research using Likert-scale questionnaires (Franssen et al. 
2024; Lingam et al. 2025b; Windschitl and Wells 1996). 
Although Likert-scale measures of uncertainty capture feel-
ings of hesitation, examining related human factors, such 
as understandability, predictability, trust, and convincing-
ness, provides deeper insight into how designing for reduced 
uncertainty influences bystander perception and intentions 
in HDI. Understandability and predictability are central to 
how uncertainty is defined in HDI (Lingam et al. 2025a) 
and reflect users’ ability to interpret a robot’s (e.g., drone’s) 
actions and anticipate its next steps (Dragan et al. 2013). 
Higher levels of understandability and predictability are 
associated with lower levels of uncertainty. For example, 
Lingam et al. (2025b) found that recipients reported lower 
uncertainty for the cable-drop delivery method, which they 

rated as more understandable and predictable than a direct 
landing method. Trust is essential for understanding how 
individuals respond to situations marked by uncertainty (Lee 
and See 2004). Drone cues that reduce uncertainty levels are 
associated with higher trust levels (Lingam et al. 2025b). 
Convincingness (of cues) offers insights into human deci-
sion-making and actions during HRI (Herse et al. 2018). For 
instance, designing drone cues for reduced uncertainty may 
convince bystanders to feel certain in their intentions (e.g., 
crossing the drop-off spot). It is therefore reasonable to aim 
to design drone cues that reduce uncertainty, as such cues 
have the potential to improve the clarity and predictability 
of drone actions and enable bystanders to act with certainty 
and trust during HDI.

2.3 � Need and cues to communicate drone’s 
intentions

Users in a prior study (Lingam et al. 2025c) reported chal-
lenges in interpreting current delivery drone designs (e.g., 
Wing and Amazon) in public spaces and noted that these 
designs do not adequately communicate the drones’ inten-
tions. Prior research has highlighted the necessity of com-
municating the drone’s intentions, such as directional cues, 
drone state, and landing location, to reduce uncertainty and 
improve trust (Lingam et al. 2025c) and user experience 
(Sanfridsson et al. 2019; Zègre-Hemsey et al. 2020). Vari-
ous communication cues of a drone, including movement 
and Human–Machine Interfaces (referred to as ‘interfaces’), 
were explored (Bevins and Duncan 2021; Lingam et al. 
2025b; Obaid et al. 2015). For delivery drones, the deliv-
ery method acts as an implicit cue for drone intentions. A 
descending drone signals an imminent landing (Bevins and 
Duncan 2021), whereas hovering with a cable-suspended 
package suggests an aerial drop-off, as employed by deliv-
ery operators (Shankland 2023; Wing 2025). Delivery meth-
ods, such as ground landing versus aerial cable drop-off, can 
influence trust, perceived safety, and uncertainty (Lingam 
et al. 2025b). The interfaces are required to clarify the tim-
ing and location of package release (Lingam et al. 2025b).

Previous studies have investigated the use of visual and 
auditory interfaces to explicitly convey intent of drones 
(Bretin et al. 2025; Herdel et al. 2021, 2025; Obaid et al. 
2015; Szafir et  al. 2015; Yeh et  al. 2017). Bretin et  al. 
(2025), Herdel et al. (2021, 2025), and Yeh et al. (2017) 
investigated the use of on-board displays to convey emo-
tions, to improve recipient engagement with drones and their 
acceptance. Furthermore, recipients have been shown to 
feel more comfortable and to approach more closely when a 
drone displays emotions, such as a smiling face (Bretin et al. 
2025; Yeh et al. 2017), or when the drone signals inatten-
tiveness by averting its ‘eye’ gaze (Bretin et al. 2025). Szafir 
et al. (2015) found that LEDs blinking in a manner similar 



	 AI & SOCIETY

to automobile turn indicators improved recipients’ ability to 
anticipate a drone’s directional changes (i.e., left or right). 
In an online study, Obaid et al. (2015) found that drones 
using projected light and audio cues prompted recipients 
to dispose of waste in public spaces. However, participants 
found the use of multiple colors ambiguous for conveying 
drone intentions. The aforementioned studies on drones pri-
marily focused on ground-level or lateral communication 
with recipients.

2.4 � Research gap and aim

As drones enter public spaces for deliveries and operate in 
vertical spaces, their intentions shift across interaction stages 
(Lingam et al. 2025c). For example, drones descend while 
dropping off a package and ascend to take-off. Bystand-
ers in the vicinity of a delivery drone often have limited 
insight into the drone’s dynamic intentions, goals, or pur-
pose (Krämer et al. 2025; Lingam et al. 2025c), and may 
be unsure how to respond or behave around the drones 
(Krämer et al. 2025). This can generate uncertainty, not only 
in interpreting the drone’s behavior, but also in feeling safe 
around the drone (Bhat and Zhao 2022), and in determin-
ing an appropriate response, particularly when needing to 
pass through the space directly beneath it. A possibility to 
address such an uncertainty is to use visual cues to commu-
nicate drone intentions with the bystanders. There is a lack 
of empirical research examining the effects of visual cues on 
bystanders’ uncertainty about intentions of delivery drones 
operating in public spaces.

To address the above gap, our research aims to answer the 
question: How do visual cues, in terms of delivery methods 
and visual interfaces, affect bystanders' uncertainty during 
drone delivery in public spaces? We investigated two deliv-
ery methods: (1) a drone that lands to deliver the package, 
and (2) a drone that hovers above eye level and releases 
the package using a cable. The visual interfaces evaluated 
include: (a) a display mounted on the drone, (b) ambi-
ent lights attached to the drone, and (c) projection on the 
ground. Delivery methods and visual interfaces are selected 
based on the expert and user recommendations from prior 
studies (Lingam et al. 2025a, b, c). The study focuses on the 
drop-off and take-off stages of the delivery operation, each 
preceded by a preparatory stage to ensure stabilization and 
operational safety (Lingam et al. 2025b).

3 � Methods

Participants took part in an online video study using a 
within-participant design, in which they viewed software 
generated videos of a specific scenario with a drone. To 
understand uncertainty, participants rated each video 

according to several criteria. The visual interfaces pre-
sented in the videos were adapted from a previous study on 
visual interfaces designed for delivery drones (Lingam et al. 
2025d), as described below.

3.1 � Visual interfaces for the online study

The current study adapted visual interface concepts from a 
previous design study (Lingam et al. 2025d). These concepts 
were developed by a professional designer based on input 
obtained from a series of focus groups with seven partici-
pants. They were asked to imagine a drone delivering a pack-
age in a park and to generate ideas for three types of inter-
faces (Display and Lights on the drone, and Projection on the 
ground) to communicate three delivery intentions: package 
drop-off, take-off, and preparation for drop-off or take-off. 
From the six resulting concepts, three were selected for this 
study—one from each interface category: Directional Dis-
play (hereafter Display), Indicator Lights (hereafter Lights), 
and Helipad Projection (hereafter Projection). These con-
cepts were chosen to maintain diversity in interface types 
and to support intuitive interpretation based on familiar 
mental models, such as elevator displays, vehicle indicators, 
and helipads. The interface concepts are explained below.

1.	 Display: A front-facing display on the drone presented 
animated (up/down) arrows to indicate vertical move-
ment, drawing inspiration from elevator indicators and 
prior studies on directional cues for robotic intent com-
munication (Hetherington et al. 2021). The arrows ani-
mated in the direction of movement during the drop-off 
and take-off stages, and remained stationary during the 
preparation stage.

2.	 Lights: Two vertically aligned LED lights mounted on 
the drone’s front conveyed the direction of the pack-
age movement during drop-off and take-off stages. The 
lower light blinked when the package was descending, 
the upper one blinked during ascent, and both blinked 
during the preparation stages. This cue design was 
inspired by the existing turn indicators on motor vehicles 
(Hetherington et al. 2021).

3.	 Projection: Inspired by helipad designs, this interface 
projected a visual landing marker on the ground. An "H" 
symbol (as used on the landing platforms of helicopters) 
indicated the drop-off zone, surrounded by a circular 
safety boundary with a fixed radius. The "H" blinked 
during the drop-off stage, while the circle flashed dur-
ing take-off, indicating the drone’s drop-off and take-
off intentions, respectively. Both elements (i.e., “H” and 
circle) remained static during the preparation stage.

4.	 Baseline: A scenario without any visual interface was 
used to evaluate the effect of visual interface presence 
on participant perceptions.
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Figures 1 and 2 illustrate the four interface concepts for 
a drone landing on the ground and for a drone hovering 
and lowering the package via a cable, respectively.

3.2 � Online questionnaire study

The online questionnaire was administered in English 
using Qualtrics (https://​www.​qualt​rics.​com/). The follow-
ing sections detail part of the video stimuli, measures used 
in the questionnaire, procedures, participant characteris-
tics, and data analysis methods.

3.2.1 � Video stimuli and environment

A total of 8 videos were developed to illustrate a drone carry-
ing out delivery tasks within a simulated public park setting. 
The propeller noise was synchronized with the drone move-
ments to achieve realistic replication. The virtual environ-
ment and drone model (dimensions: 1.3 m × 1.0 m × 0.4 m) 
were adapted from prior VR research on HDI with delivery 
drones in a public park (Lingam et al. 2025b).

The study employed two independent variables: interface, 
with four conditions (Baseline, Display, Lights, and Projec-
tion), and delivery method, featuring two modes (Cable and 
Land). In each scenario, the drone began by descending to 

Fig. 1   Illustration of 4 interface 
conditions, namely Baseline 
(top-left), Display (top-right), 
Lights (bottom-left), and Pro-
jection (bottom-right) when the 
drone is landing on the ground 
to drop-off the package

https://www.qualtrics.com/
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a height of 7 m and hovering (Lingam et al. 2025b). This 
behavior signaled the drone's intention to prepare for deliv-
ery and to scan the surroundings for a safe drop-off (Lingam 
et al. 2025b).

Following the preparation stage, the drone performed 
the package drop-off either by descending and placing the 
package on the ground (Land) or by hovering and lowering 
the package via a rope (Cable). After the drop-off stage, the 
drone signaled readiness to depart by activating its propel-
lers while on the ground (Land) or by remaining in hover 
(Cable) and scanning the surroundings for a safe departure. 
During the take-off stage, the drone either ascended (Land) 
or retracted the rope (Cable) before lifting off and exiting the 

area. The preparation stage lasted 5 s, whereas the drop-off 
and take-off stages lasted 10 s each. The total duration of 
each video is 35 s. The duration of each stage was adjusted 
based on feedback from pilot studies.

3.2.2 � Procedure

The online study began with an overview of the study objec-
tive. Participants were recruited through the Prolific plat-
form (https://​www.​proli​fic.​com/), with eligibility criteria 
including at least 100 previously approved submissions, 
an approval rate of 97% or higher, native proficiency in 
English, and residency in the United States (Fartook et al. 

Fig. 2   Illustration of 4 interface 
conditions, namely Baseline 
(top-left), Display (top-right), 
Lights (bottom-left), and Pro-
jection (bottom-right) when the 
drone is hovering and using a 
cable to drop-off the package

https://www.prolific.com/
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2025; Herdel et al. 2025). The study context involved a brief 
introduction to the concept of delivery drones operating in 
a public park, followed by a role-specific briefing adapted 
from an interview and focus group study on delivery drones 
(Lingam et al. 2025c). Participants were instructed to envi-
sion themselves in the role of a bystander: “Imagine you are 
in a public park, and you hear a distant hum that gradually 
grows louder. You then see a drone descending nearby to 
deliver a package ordered by someone else. Although you 
weren’t expecting it, you become aware of the drone's pres-
ence in your vicinity.” Participants were then informed that 
drones may use visual interfaces and delivery mechanisms 
to communicate their intentions. Participants were informed 
about delivery stages and the use of lights or signals to con-
vey drone intentions, but specific meanings of visual ele-
ments were not explained to promote intuitive interpretation 
and avoid bias.

Participants signed an informed consent form and com-
pleted a demographic questionnaire that included items on 
age and gender. They also reported their prior experience 
with drones. Each questionnaire page featured a video stimu-
lus followed by assessment questions based on the measures 
detailed in the next section. To minimize order effects, the 
presentation order of questionnaire pages was randomized. 
At the end of the study, participants ranked the visual cues in 
order of preference. Reliability check questions were incor-
porated to assess participants' contextual understanding 
and attention (Dey et al. 2020). The entire experiment took 
approximately 30 min, with participants receiving £4.25 as 
compensation. The study method was approved by the Ethi-
cal Review Board of Eindhoven University of Technology.

3.2.3 � Measures

The study employed a combination of quantitative and 
qualitative measures. After viewing each video, partici-
pants evaluated the corresponding visual cue using a series 
of questions (see Table 1) adapted from prior HRI research 
on uncertainty (Lingam et al. 2025b), understandability, pre-
dictability, trust (Körber 2018; Lingam et al. 2025b), and 
convincingness (Bazilinskyy et al. 2020; Tabone et al. 2023). 

Participants responded to each item using a seven-point Lik-
ert scale (1 = strongly disagree to 7 = strongly agree).

Following the Likert-scale items, participants were 
shown images representing different stages of the delivery 
process and asked to indicate the stage at which they would 
feel certain approaching the drop-off spot before crossing 
(referred to as participant crossing intention). Response 
options included: 'scanning before drop-off', 'drop-off', 
'scanning before take-off', 'take-off', 'after the drone exits 
the scene', or 'none of the above'. While the convincingness 
measure evaluated how effectively the cues captured par-
ticipants’ attention and prompted thoughts of crossing the 
landing spot, the crossing intention measure complemented 
by identifying when participants deemed it appropriate to 
approach the drop-off spot. Additionally, participants were 
encouraged to elaborate on their evaluations and preferences 
through open-ended responses after each video.

Participants were presented with images of all eight vis-
ual cues at the end of the study. They were asked to rank 
the cues in order of preference, from 1 (least preferred) to 8 
(most preferred) and to provide textual elaborations for the 
most and least preferred cues.

3.2.4 � Participants

A total of 173 individuals responded to the questionnaire. 
Following the exclusion of 23 participants due to technical 
difficulties and multiple reliability check failures, the final 
sample included 150 participants (75 men, 74 women, 1 
non-binary). The participants aged between 18 and 64 years 
(M = 40.2, SD = 11.3). Nearly all participants (n = 149) had 
encountered drones in some form, either through media or 
direct observation, with 25 indicating that they owned a 
drone. Specifically, 142 participants had seen a drone from 
a distance, 120 had seen one flying nearby, and 41 had pilot-
ing experience. Only 8 reported never having seen a drone 
in real life.

Table 1   Questions on 
uncertainty, understandability, 
predictability, trust and 
convincingness toward the 
visual cues

a Inverse statement

Scale Item

Uncertainty The cues made me feel uncertain about the drone’s action
Understandability The cues, intended to show the drone’s actions, were clear to me

I was able to understand the drone’s actions based on the cues
Predictability The cues I received acted unpredictablya

It was difficult to identify what the cues would show next about the drone’s actionsa

Trust I trust the cues to inform me of the drone’s actions
I relied on the cues to inform me of the drone’s actions

Convincingness The cues made me feel certain to approach the drop-off spot (for crossing)
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3.3 � Analyses

3.3.1 � Quantitative data analysis

The Likert-scale data violated the normality assumption 
for all the measures: convincingness (W = 0.9, p < 0.001), 
predictability (W = 0.9, p < 0.001), preference (W = 0.93, 
p < 0.001), trust (W = 0.91, p < 0.001), uncertainty (W = 0.86, 
p < 0.001), and understandability (W = 0.89, p < 0.001). 
The data were analyzed using nonparametric methods. The 
Likert-scale responses were analyzed using Aligned Rank 
Transform ANOVA (ART-ANOVA; Wobbrock et al. 2011), 
a statistical approach previously adopted in HCI and HDI 
research (Bretin et al. 2025; Villa et al. 2022; Wang et al. 
2024). The procedure includes aligning and ranking the 
data first and then conducting a two-way repeated-measures 
ANOVA (henceforth referred to as ANOVA) on the trans-
formed values (Wobbrock et al. 2011). Post hoc pairwise 
comparisons (hereafter referred to as post hoc tests) were 
then conducted using the extended ART-Contrasts procedure 
with Bonferroni correction (Elkin et al. 2021). Spearman 
correlations were conducted to investigate how uncertainty 
relates to other Likert scales and how these scales can help 
with the interpretation of uncertainty. The significance level 
for all statistical tests is α = 0.05. Only significant results 
were reported for the sake of brevity.

The data on participant crossing intention, excluding 
"none of the above" responses, were analyzed using a Chi-
square test to examine the distribution of responses across 
different delivery stages for diverse visual cues. The dataset 
comprised 149 and 148 observations for the Cable and Land 
methods in the Projection, and 147 and 148 observations for 
the Cable and Land methods in the Baseline, respectively.

3.3.2 � Qualitative data analysis

A total of 1,500 textual responses were collected across 
eight scenarios, as well as from the end-of-question-
naire questions regarding participants’ most and least 
preferred cues. The data were analyzed using reflexive 
thematic analysis (Braun and Clarke 2022) by the first 
author to explore participants’ subjective perspectives. 
This approach acknowledges the interpretative role of the 
researcher and the relevance of domain expertise in HDI. 
The analysis process was inspired by prior HDI research 
(Herdel et al. 2021, 2024).

The first author began by familiarizing himself with the 
data through reading responses and taking notes. Using 
MaxQDA software (https://​www.​maxqda.​com/), the 
researcher conducted a bottom-up and inductive coding 
process, allowing codes (with sub-codes where applicable) 
to emerge from the data (i.e., participant quotes) without 
applying pre-existing categories. Themes were developed 

iteratively, with axial coding employed to identify rela-
tionships between codes. Related codes were grouped 
into themes based on patterns of similarity and difference. 
Codes and themes were continually reviewed and refined 
against the original dataset. In total, 15 codes were identi-
fied across three themes (see Table 2). A content analysis 
(White and Marsh 2006) was conducted to quantify the 
frequency of codes within the final themes. Each time a 
quote aligned with a specific code, its frequency count 
was incremented by one, enabling the transformation of 
qualitative insights into quantifiable data (i.e., count data).

4 � Results

4.1 � Likert scales

Figure 3 shows mean and standard deviation for all the six 
measures across the four interface conditions and two deliv-
ery methods. Baseline, particularly for the Land method, 
received higher uncertainty scores and exhibited greater var-
iability compared to the interface conditions. Baseline-Land 
received lower ratings for understandability, predictability, 
trust, and convincingness, and higher variance in ratings 
compared to the interface conditions.

ANOVA was performed to examine the effects of inter-
face and delivery method on the six Likert scales. The 
interface had significant main effects with large effect sizes 
across all six measures: uncertainty, F(3, 149) = 187.15, 
p < 0.001, ηp

2 = 0.35; understandability, F(3, 149) = 242.55, 
p < 0.001, ηp

2 = 0.41; predictability, F(3, 149) = 211.03, 
p < 0.001, ηp

2 = 0.38; trust, F(3, 149) = 218.88, p < 0.001, 
ηp

2 = 0.39; convincingness, F(3, 149) = 165.84, p < 0.001, 
ηp

2 = 0.32; and preference, F(3, 149) = 565.37, p < 0.001, 
ηp

2 = 0.62. The delivery method showed a main effect on 
uncertainty, F(1, 149) = 14.98, p < 0.001, ηp

2 = 0.01 and 
understandability, F(1, 149) = 3.98, p = 0.046, ηp

2 < 0.01. 
However, the effect sizes were small and had no significant 
impact on the remaining four measures. Interaction effects 
between interface and delivery method were statistically 
significant for five measures, but with small effect sizes: 
uncertainty, F(3, 149) = 6.35, p < 0.001, ηp

2 = 0.02; predict-
ability, F(3, 149) = 5.83, p < 0.001, ηp

2 = 0.02; and trust, F(3, 
149) = 7.71, p < 0.001, ηp

2 = 0.02.
Post hoc tests revealed that Baseline received the highest 

uncertainty ratings and the lowest scores for understand-
ability, predictability, trust, convincingness, and preference 
compared to the three interfaces. The mean, standard errors, 
and p values for significant pairs are reported in Fig. 4. 
Among the interfaces, Lights were associated with sig-
nificantly higher uncertainty scores and lower understand-
ability, predictability, trust, and convincingness scores than 
Display. Projection received significantly lower uncertainty 

https://www.maxqda.com/
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and higher understandability, predictability, and convinc-
ingness scores than Lights. Projection was rated as the 
most preferred interface, followed by Display and Lights, 
respectively.

Post hoc tests for the delivery methods showed that 
Land (M = 3.12, SE = 0.08) was rated significantly higher 
in uncertainty than Cable (M = 2.93, SE = 0.07), p < 0.001. 
Land (M = 4.86, SE = 0.07) received significantly lower 
understandability scores than Cable (M = 4.94, SE = 0.07), 
p = 0.046. For the interaction between interface and deliv-
ery method, Baseline–Land (M = 5.11, SE = 0.14) received 
significantly higher uncertainty scores than Baseline–Cable 
(M = 4.44, SE = 0.15), p = 0.03. Baseline–Cable (M = 3.67, 
SE = 0.13) was rated significantly higher in predictability 
than Baseline–Land (M = 3.09, SE = 0.12), p = 0.03. Simi-
larly, Baseline–Cable (M = 3.57, SE = 0.14) received signif-
icantly higher trust scores than Baseline–Land (M = 2.99, 
SE = 0.13), p = 0.02.

Uncertainty was strongly and negatively correlated with 
understandability (r = −  0.85, p < 0.001), predictability 
(r = − 0.87, p < 0.001), trust (r = − 0.78, p < 0.001), and 
convincingness (r = − 0.76, p < 0.001).

4.2 � Participant crossing intention

The proportion of participants indicating their cross-
ing intention significantly differed across delivery 
stages depending on the interface condition, χ2(12, 
N = 150) = 61.05, p < 0.001, but not across delivery methods, 
χ2(4, N = 150) = 5.62, p = 0.23. These findings indicate that 
the timing of participants’ intent to cross the drop-off spot 
was influenced by the presence of an interface (see Fig. 5). 
Although most participants indicated an intention to cross 
after the drone exits the scene, interfaces encouraged earlier 
crossing intentions compared to the Baseline. The Projec-
tion elicited the highest proportion of participants willing 
to cross before the package drop-off, followed by Display, 
Lights, and Baseline. During the drone’s take-off, more par-
ticipants indicated the intent to cross for the Display, fol-
lowed by Lights, Projection, and Baseline. In the Baseline, 
most participants reported feeling certain to approach only 
after the drone had exited the scene.

4.3 � Textual responses

This section presents the themes and codes identified from 
the qualitative analysis, supported by quotes. Participant 
quotes are denoted by ‘P’ followed by their ID number.

Table 2   Themes corresponding to the codes quantified from the open-ended responses

Themes Codes Description with example quotes Code frequency

Bystander needs for HDI Crossing behavior Bystander intention to approach and cross the landing spot (e.g., when to 
approach/cross the spot)

89

Attention capture The need to capture the bystander's attention (e.g., draw awareness) 70
Drone state awareness Information on changes in drone behavior (e.g., landing, retracting, prepa-

ration stages)
110

Landing spot Clarity on landing spot information (e.g., where it was going to drop-off) 21
Additional information Desire for additional information beyond the above needs (e.g., drone’s 

presence, progress bar)
50

Effects of cues Explainability Clarity of cues in conveying and predicting drone behavior (e.g., clear way 
for the drone to indicate its actions). Contains sub-codes on cues as clear 
or not, and predictable or not

597

Bystander intentions Influence of cues on bystander decisions or actions (e.g., to approach) 60
Uncertainty Uncertainty experienced by bystanders regarding the cues (e.g., blinking 

light is too confusing)
63

Perceived safety Feelings of safety with a given cue during the interaction (e.g., felt unsafe) 136
Intuitiveness Ease of understanding and interpreting the cues (e.g., simple, intuitive) 124
Likeability Overall likability and comfort associated with the cues (e.g., good, com-

fort, prefer)
311

Concerns and improve-
ments with cues

Safety Safety concerns regarding the delivery method (e.g., cable would get 
stuck, hit someone in face)

85

Visibility Concerns about the visibility or clarity of the interface cues (e.g., hard to 
see from other people’s location)

130

Role transition Change of bystander role to recipient (e.g., receive the package) 32
Improvements Suggestions to further enhance the cues (e.g., combining interfaces) 112
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4.3.1 � Bystander needs for HDI

Participants highlighted the need for clear information 
regarding landing spot location, when to approach/cross the 
drop-off spot, how to capture bystander attention, aware-
ness of drone states, and additional information. Drone state 
awareness (33.3%) was the most frequently mentioned code, 
followed by crossing behavior (27%), landing spot informa-
tion (18.2%), additional information (15.1%), and attention 
capture (6.4%).

4.3.1.1  Drone state awareness  Most mentioned the need 
to raise bystander awareness by clearly communicating 
different drone states (e.g., drop-off and take-off) and the 
transitions between these states (e.g., scanning), rather than 
waiting for clarity about “what the drone is doing until after 
the package is dropped” (P126). Participants suggested 
using interfaces to create drone state awareness to reduce 

uncertainty about the timing of drone actions and improve 
predictability: “Was it [drone] going to hover for 2 s or 5 s 
after dropping the package, for example, or just fly away 
immediately?” (P32).

4.3.1.2  Landing spot information  Participants expressed 
the need to receive information about the drop-off location 
before the drone initiates the delivery action. The absence 
of such information made participants feel uncertain about 
the drone’s actions, contributing to anxiety and a sense of 
lack of safety: “I would be very apprehensive of the drone's 
actions. I would be unsure of the landing spot and when the 
drone would exit the scene” (P136).

4.3.1.3  Crossing behavior  Participants expressed confu-
sion about deciding when it was safe to approach and cross 
the drop-off spot. Intentions varied as some preferred to 
approach before the package was dropped off or before the 

Fig. 3   Mean and standard 
deviation of uncertainty, 
understandability, predictabil-
ity, trust, convincingness, and 
preference ratings for the eight 
visual cues, with overlaid indi-
vidual data points. Likert-scale 
items ranged from 1 (strongly 
disagree) to 7 (strongly agree), 
while preference was assessed 
using a rank-based scale from 1 
(lowest preference) to 8 (highest 
preference)
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drone took off, while others felt that it was safer to wait until 
the drone had exited the scene. Participants highlighted the 
need to clearly advise on the time to approach or cross for 
safety: “The danger must be more pronounced after drop-
ping the package to wait for an ‘all clear’ signal or [a] dan-
ger signal with a cross (X) symbol.” (P100).

4.3.1.4  Attention capture  As the drone entered the public 
space from the sky, requiring participants to look upward, 

participants expressed the necessity to capture their atten-
tion. A failure to do so, particularly under poor lighting con-
ditions, posed safety risks. Participants noted that the pres-
ence of an interface “makes it easier to spot [the drone]” 
(P94) and decide “if it was safe [to be in the vicinity of the 
drone]” (P27).

4.3.1.5  Additional information  Additional needs men-
tioned by participants included communication of recipient-

Fig. 4   Mean and error bars 
of the four interfaces across 
the six scales: uncertainty, 
understandability, predict-
ability, trust, convincingness, 
and preference, combined for 
the two delivery methods. The 
Likert-scale measures ranged 
from 1 (strongly disagree) 
to 7 (strongly agree), while 
preference was assessed on a 
rank-based scale from 1 (lowest 
preference) to 8 (highest prefer-
ence). The error bars represent 
standard errors. Pairwise 
comparisons with significant p 
values are reported

Fig. 5   Proportion of par-
ticipants indicating the stage at 
which they felt certain to cross 
the drop-off spot, shown across 
the four interface conditions 
(Baseline, Display, Lights, and 
Projection)
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related information such as “who it came for” (P66), veri-
fication mechanisms to restrict bystander interaction, and 
safety warnings such as “extra blinker lights” (P80).

4.3.2 � Effects of cues

The results of the content analysis (as described in 
Sect. 3.3.2) on the effects of the visual cues are presented 
in Figs. 6 and 7. These figures show that the visual cues 
influenced participants’ perceptions and behavioral inten-
tions during interactions with the delivery drone. Partici-
pants reflected on the cues’ explainability (Fig. 6), as well 
as their likeability, intuitiveness, perceived safety, and 
bystander intentions (Fig. 7).

4.3.2.1  Effects due to  the  visual interfaces  The absence 
of a visual interface reduced clarity and led to difficulty in 
trusting the drone: “With no indication of what's going on, 
it would be hard to trust the drone” (P5). The interfaces 
were considered important for capturing bystander atten-
tion and conveying explicit information, thereby improv-
ing the clarity and predictability of the drone’s actions. 

This was observed when compared to the Baseline, where 
participants frequently cited a lack of clarity and predicta-
bility (see Fig. 7). Moreover, the interfaces were perceived 
as safe and intuitive, and were associated with higher like-
ability ratings than the Baseline (see Fig. 7).

Projection: Among the three interfaces (see Figs. 6, 
7), Projection was frequently associated with greater clar-
ity and predictability of drone actions, as well as higher 
likeability and perceived safety, followed by Display and 
Lights. Ground projection conveyed both drone action 
and safety zone information (via a circular ring) and was 
reported to require less visual effort than drone-mounted 
interfaces (i.e., Display and Lights), as participants did not 
need to look upward. Among the three interfaces, Projec-
tion helped participants decide on crossing intention (see 
Fig. 7) by implying “(…) where to go [or wait] when I am 
approaching [the spot]” (P39).

Display: Participants found the Display (of arrows) 
more intuitive than the other two interfaces (see Fig. 7), 
appreciating the large directional cues for their potential 
to be easily visible from a distance: “I like the directional 
cues and the larger screen displaying them. I believe this 

Fig. 6   Frequency of sub-codes, 
namely clear/not clear and pre-
dictable/not predictable, associ-
ated with visual cues under the 
explainability code

Fig. 7   Frequency of selected 
codes, namely likeability, 
bystander intentions, intuitive-
ness, and perceived safety (i.e., 
felt safe/unsafe), associated with 
visual cues
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makes it clear and obvious while also being visible from 
a further distance” (P86).

Lights: Lights were described as intuitive (see Fig. 7). 
Participants appreciated the simplicity of two separated 
LED lights. However, Lights were criticized for lacking 
clarity compared to the other two interfaces (see Fig. 6). 
The lack of clarity was associated with distinguishing 
between the top and bottom LEDs and interpreting the 
drop-off and take-off intentions: “I think in the real world, 
it would be super hard to tell which light was blinking” 
(P52).

4.3.2.2  Effects of delivery methods  Figure 6 indicates that 
participants found the Land method less clear to interpret 
the drop-off task and more difficult to predict than the Cable 
method, particularly in the Baseline. The drone’s descent 
directly to the ground, without the use of interfaces, was 
perceived as “dangerous” (P79) and unsafe (see Fig. 7). The 
Display of arrows and Lights on the drone was considered 
more intuitive than in the Cable method (see Fig.  7), as 
the animated symbols were seen to align with the drone’s 
descending actions rather than those of the package: “The 
down-pointing arrow could be misconstrued as [drone] 
landing [rather than for package descent]” (P96). The dif-
ferentiation between the top and bottom LEDs became more 
noticeable during descent for the Lights-Land, contributing 
to higher likeability and intuitiveness than the Lights-Cable 
(see Fig. 7).

4.3.3 � Concerns and improvements with cues

Participants identified several potential concerns regard-
ing the implementation of visual cues in dynamic public 
spaces. Among the concerns raised, visibility issues related 
to the interfaces were most frequently mentioned (52.6%), 
followed by safety concerns regarding the delivery methods 
(34.4%), and the potential for role transitions from bystander 
to recipient (13%).

4.3.3.1  Visibility concerns  A major concern was the vis-
ibility of interfaces in dynamic public environments. Par-
ticipants noted potential issues such as reduced visibility of 
the Projection on varying landscapes and light conditions 
(e.g., effectiveness under “bright daylight” (P50)), limited 
readability of the Display and Lights from different angles 
(e.g., “It [lights] is only visible from the front of the drone, 
which could be problematic for pedestrians at other angles” 
(P98)), and difficulty viewing drone-mounted cues from dif-
ferent heights and distances. Such visibility concerns were 
reported to contribute to uncertainty about interpreting 
drone intentions and deciding when to approach.

4.3.3.2  Safety concerns  Participants expressed potential 
risks associated with both the delivery methods in public 
spaces. For the Cable method, concerns primarily centered 
on the weather and wind conditions that could "cause insta-
bility" (P140) during the delivery process. This raised uncer-
tainties related to the package safety: “Would it make the 
package sway and not land properly?” (P11), and “get stuck 
or swing around” (P56). In contrast, concerns with the Land 
method focused on safety risks to humans and animals, due 
to the drone’s propellers potentially operating “dangerously 
close to the ground, people, or animals” (P96). Despite the 
concerns, some participants highlighted advantages of the 
Cable method, including “less risk of vandalism” (P46) and 
safer interactions with bystanders: “The cable avoids having 
the drone’s blades/wings hitting anyone accidentally” (P52).

4.3.3.3  Concerns due to role transitions  Although a major-
ity of participants reported an intention to stay away from 
the drop-off spot, concerns arose when some participants 
expressed a willingness to approach and retrieve the pack-
age. This was particularly observed during the drone’s take-
off stage when equipped with visual interfaces. This high-
lights the potential for role ambiguity, where a bystander 
may unintentionally transition into a recipient role.

4.3.3.4  Improvements to  visual cues based on  identified 
concerns  Participants suggested improvements for the vis-
ual cues to further reduce uncertainty, clarify intent, support 
crossing decisions, and improve safety of HDI. A key rec-
ommendation was to combine interfaces to convey different 
types of information, while also improving the visibility of 
the information from various angles. For instance, partici-
pants proposed using the Display and Projection together 
to communicate directional intentions and drop-off location. 
Another suggestion was to combine Lights [placed around 
the drone] with Projection: using Lights “to catch the atten-
tion of people who are not paying attention” (P111), and 
using projection to indicate where the package would land 
and the area to avoid.

5 � Discussion

This online study investigated how visual cues can be used 
to communicate a delivery drone’s intentions and reduce 
bystanders’ uncertainty, with the goal of improving trust 
and safety of drones in public environments. Specifically 
the research question was: How do visual cues, in terms 
of delivery methods (i.e., drone landing and cable drop) 
and visual interfaces (i.e., display, lights, and projection), 
affect bystanders' uncertainty during drone delivery in pub-
lic spaces? Uncertainty was measured through qualitative 
feedback and Likert scales on uncertainty, understandability, 
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predictability, trust, and convincingness. A strong negative 
correlation between uncertainty and the other scales indi-
cates that these measures can be used to understand the 
implications of uncertainty. The mixed-methods analysis 
showed that visual interfaces communicating drone inten-
tions significantly reduced uncertainty and also improved 
understandability, predictability, trust, and the convincing-
ness of the cues, compared to having no interface. Specifi-
cally, the quantitative findings showed that the display and 
projection interfaces significantly reduced uncertainty more 
than the lights. Among the three interfaces, projection was 
rated as the most preferred interface. Furthermore, qualita-
tive feedback highlighted the benefits of projection interface 
and emphasized the need for clear approach cues and vis-
ibility concerns with the cues in public spaces.

5.1 � Recommending visual interfaces to improve 
certainty and trust

The use of visual interfaces not only reduced uncertainty 
about the drone’s intentions but also increased trust and 
made bystanders feel more certain about crossing the drop-
off spot compared to conditions without interfaces. When 
the interfaces clarified what the drone was doing (e.g., drop-
off, take-off, and preparation states) and what it would do 
next, bystanders experienced less ambiguity and expressed 
higher trust. Without interfaces, however, bystanders felt 
uncertain and had difficulty interpreting and predicting 
intentions solely from the delivery method. We suggest the 
use of visual interfaces to communicate the drone inten-
tions in order to reduce uncertainty and improve bystander 
trust on delivery drones in public spaces. Below, we discuss 
the findings for each of the interfaces and provide tailored 
recommendations.

5.1.1 � Use projection to indicate drop‑off spot and safety 
boundary

The helipad-like projection on the ground, which was the 
most preferred interface, reduced uncertainty about the 
drone’s intentions and improved the understandability and 
predictability of the drone actions compared to the light-
based interface. The qualitative findings further supported 
this result, with participants describing the projected cues 
as clear and predictable and reporting that they felt safer 
around drones equipped with projection cues than those 
using displays or lights. An explanation is that the helipad-
like projection has conveyed not only the drone’s drop-off 
and take-off intentions but also communicated the precise 
drop-off location and a visible boundary around the drop-off 
area. This safety boundary helped bystanders feel more cer-
tain and supported their decision-making regarding where 
to cross. The findings add novelty by extending the prior use 

of projections in HRI, such as to mark garbage pickup zones 
(Obaid et al. 2015) and to display directional symbols (Heth-
erington et al. 2021). We recommended the use of projection 
to clearly indicate drop-off spots and safety zones, helping 
bystanders feel safe and decide where to cross.

Participants further noted that ground projection lies 
within the human line of sight, making it easier to capture 
attention than the drone-mounted cues. The need to visu-
ally identify both the robot and its separate interface may 
divide attention and reduce the intuitive interpretation of the 
cues (Aleva et al. 2024; Peereboom et al. 2024). This may 
increase uncertainty in cluttered environments, such as due 
to the presence of pets, or vegetation, where users must shift 
their attention between the robot, surrounding elements, 
and the visual interface. Future research is recommended 
to examine bystander’s gaze behavior and uncertainty when 
interacting with delivery drones equipped with projection-
based interfaces in cluttered public environments.

5.1.2 � Use display to signal drone motion and direction

The on-board display reduced uncertainty, improved the 
understandability and predictability of drone actions, and 
was associated with higher trust scores than the lights. An 
explanation, based on the qualitative feedback, is that the 
directional arrows are found to be the most intuitive among 
the three interfaces to interpret the drone movements. These 
findings extend the functional role of displays on drones that 
conveyed ‘emotions’ using facial features in the previous 
HDI studies (Bretin et al. 2025; Herdel et al. 2021, 2025; 
Yeh et al. 2017).

The predictability and intuitiveness of arrows on the 
drone were evident especially for the landing method com-
pared to the cable drop method. Participants perceived the 
arrows to be more suitable for conveying the drone’s own 
motion than the movement of the package. The findings have 
implications for HRI and aerial manipulation (e.g., drones 
with arms or grippers). Drone mounted displays are recom-
mended to prioritize communicating the robot’s intent rather 
than the status of the manipulator (e.g., gripper) or carried 
objects (e.g., packages).

When the drone was taking off, participants expressed 
an intention to approach the drop-off area upon seeing the 
animated upward directional arrow, more so than with the 
projection or light-based interfaces. An explanation is that 
the upward arrow may have been interpreted as an instruc-
tion to approach the drop-off area, similar to the forward 
directional arrows marked on roads to instruct traffic to drive 
ahead (Ministry of Infrastructure and Water Management 
2025). Future research is recommended to further explore 
arrow-based designs and to clearly differentiate between 
cues that communicate the drone’s intended motion and 
cues that instruct bystanders on how to act during each 



AI & SOCIETY	

interaction stage. For instance, adding a cross (X) symbol 
to the animated upward arrow during take-off could clarify 
that bystanders should not approach.

5.1.3 � Use lights to signal direction on a landing drone

The on-board lights were perceived as intuitive due to 
their similarity to motor-vehicle signaling. However, lights 
received the highest rating for uncertainty and lowest ratings 
for understandability and predictability, among the three 
interfaces. Participants reported that the light cues were not 
clear, made it difficult to anticipate the drone’s actions, and 
left them feeling less safe and more uncertain when deciding 
whether to cross the drop-off spot. An explanation, based on 
the qualitative feedback, is that the participants find it dif-
ficult to distinguish between the top and bottom LEDs when 
drones are positioned higher than eye level. This limited the 
benefits of familiarity typically associated with light-based 
signaling as seen for motor vehicles on roads. The issue was 
particularly evident in the cable drop condition, where the 
drone hovered above eye level, making it harder and less 
intuitive to interpret the signals. As the drone descended to 
land, the lights became more distinguishable and their mean-
ing more intuitive. We recommend using lights on a drone 
that descends to the ground. Instead of using only two LEDs, 
future research should investigate employing multiple LEDs 
animated in the direction of motion (Shin et al. 2024) to 
improve the interpretability of drone movements, especially 
in vertical planes.

5.2 � Integrate explicit approach cues into the visual 
interfaces to guide bystander safety

The projection and display interfaces not only reduced 
uncertainty but also influenced bystanders to express an 
intention to approach the drone and cross prematurely (i.e., 
before drop-off or take-off). This aligns with prior work 
on proxemics around drones, which found that individuals 
tend to approach closer to drones when they feel comfortable 
(Yeh et al. 2017). However, HDI research (Bretin et al. 2025; 
Yeh et al. 2017) has focused primarily on design recommen-
dations that encourage humans to approach drones, with a 
lack of attention given to communicating when individu-
als should not approach the drone. Attempts by bystanders 
to approach the drone during a (delivery) operation raise 
concerns, including the risk of interrupting the delivery 
process and the potential for collisions. For example, par-
ticipants reported an intention to cross the drop-off spot once 
it was communicated by the drone, while landing. Partici-
pants expressed intent to retrieve the package from drones 
equipped with interfaces. These findings broaden existing 

discussions on HRI breakdowns in public settings (Nielsen 
et al. 2023; Pelikan et al. 2024; Yu et al. 2024) by highlight-
ing safety concerns not just for the bystanders, but also for 
the robot and its carried contents.

Among the three interfaces, the projection interface 
showed the greatest potential to provide guidance on how 
to act, as the design of the circular safety boundary was per-
ceived as encouraging bystanders to not enter the boundary. 
The current design requires further development as some 
participants expressed an intention to approach the drop-off 
spot even before the drone had taken off, raising potential 
safety concerns. Participants expressed the need for explicit 
cues to guide bystanders on when it is safe or not to cross 
the drop-off spot. For example, drone designs could project 
a cross symbol (X) when it is not safe to approach. Future 
research is recommended to adapt and validate the current 
projection interface to communicate not only drone inten-
tions and safety boundaries but also instructions on when 
bystanders should or should not approach the drone or 
the drop-off area. This has implications for service drones 
operating for purposes beyond delivery, such as firefighting 
drones, which must assist firefighters while keeping bystand-
ers at a safe distance from the incident.

5.3 � Recommending cable‑drop method 
for delivering packages

Differences were observed between the two delivery meth-
ods across uncertainty, understandability, predictability, 
and trust, particularly when no interfaces were present. An 
implication of this finding is that, in the absence of inter-
faces communicating drone intentions, bystanders rely sig-
nificantly on the delivery method to infer the intentions. The 
cable-drop method was associated with feelings of safety 
and certainty, as the drone hovers above human height while 
releasing the package. The landing approach was perceived 
as less clear, less predictable, less safe, less trustworthy, and 
significantly more uncertain than the cable-drop approach. 
Based on the textual responses, an explanation is that par-
ticipants are concerned about potential collisions involving 
a descending drone operating in close proximity to bystand-
ers or animals in public environments (e.g., parks). These 
findings align with Lingam et al. (2025b) and Bevins and 
Duncan (2021), who reported that humans feel uncertain 
around landing drones and often step back when drones 
change altitude. To reduce uncertainty and improve trust 
of the bystanders, we recommend that designers implement 
cable-drop mechanisms allowing the drone to hover above 
humans rather than descend to the ground when delivering 
packages in public spaces.
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5.4 � Addressing practical concerns with visual 
interfaces and delivery methods

Participants raised practical concerns regarding the visibility 
and safety of visual cues. Visibility issues are caused by 
varying lighting conditions, uneven ground surfaces, and 
proximity to the drone. These issues could affect the read-
ability of information and increase bystander uncertainty. 
Suggested solutions included using omni-directional or mul-
timodal interfaces (e.g., combining projection with lights 
attached around the drone) to quickly attract bystander atten-
tion, and improve awareness of drone intentions and drop-
off locations. Future research should empirically investigate 
whether the proposed solutions attract bystander attention by 
examining the gaze behavior when bystanders are interacting 
with the drone’s visual cues.

While the package is being delivered, participants 
expressed concerns about the stability and safety of the 
drone and package in strong winds. This may cause the 
drone to deviate from its planned behavior and reduce trust. 
Kox et al. (2024, 2025) found that trust can be maintained 
when behavioral deviations or errors of a robot are commu-
nicated transparently. Future research should conduct focus 
groups to involve bystanders in refining interface designs 
for clearly communicating intentions of drones under uncer-
tain conditions (e.g., package or drone sway due to strong 
winds). Next, the research should empirically evaluate the 
designs while maintaining ecological validity.

5.5 � Limitations and considerations

Although video-based online studies provide greater repeat-
ability and experimental control, there could be other factors 
affecting the bystander perception. For instance, the envi-
ronmental factors, such as weather, and presence of animals 
and trees, have been previously discussed to affect human 
perception and uncertainties (Lingam et al. 2025c). Exclud-
ing such factors limits the ecological validity of the find-
ings and reduces the perceived risk for participants (Tabone 
et al. 2023). This highlights the need to validate the results 
through real-world field experiments. Current regulations do 
not allow delivery drones weighing more than 500 g from 
operating near people, requiring a horizontal distance of at 
least 50 m (Netherlands Enterprise Agency 2025). Research 
should continue to explore clear communication methods in 
HDI, evaluate in simulated environmental conditions, and 
contribute to improving interaction safety. Such efforts could 
inform revision of regulations to allow closer interactions 
with drones in the real-world public spaces.

Potentially due to the regulations (Netherlands Enter-
prise Agency 2025), among other factors, the current state 
of bystander-drone interactions is less frequent than the 
bystander interactions with ground robots such as automated 

vehicles. We expect the bystander-drone interactions to 
increase in future when AI and automation advance the 
drone technologies to safely enter public spaces and poten-
tially interact with bystanders. Beyond the role of bystand-
ers, humans may interact with drones as recipients in public 
spaces (Lingam et al. 2025b). These are the primary users 
who typically order packages to be delivered to public loca-
tions. Recipients possess prior information (e.g., drone spec-
ifications and delivery method) that may affect uncertainty 
differently compared to bystanders (Lingam et al. 2025c). 
Future research should complement our research by examin-
ing the effect of visual cues on recipients in the context of 
delivery services.

To ensure experimental control and replicability, the 
videos were presented from a bystander’s viewpoint, with 
the drone positioned at a fixed distance of 7 m horizontally 
and descending from a height of 7 m. In real-world settings, 
however, bystanders may move and place themselves at var-
ying distances or viewing angles. Such changes in proxemic 
behavior potentially influence uncertainty. For example, a 
bystander observing a descending drone might feel unsafe 
and step further away, which in turn could reduce the visibil-
ity and clarity of visual interfaces such as LED lights. Future 
research should examine how bystanders naturally position 
themselves relative to drones when visual cues are present 
and how the bystander movements shape their uncertainty 
about visual cues.

6 � Conclusion

This online study investigated how visual cues, such as 
delivery methods (i.e., cable drop and landing) and inter-
faces (i.e., lights, display, and projection), communicating 
a drone's intentions affect bystanders’ uncertainty during 
a delivery process in a public space. Understanding these 
effects is essential for enabling trustworthy and safe interac-
tions with drones, as bystanders will engage with delivery 
drones in public environments. Quantitative and qualitative 
findings suggest that conveying explicit information about 
drone intentions with visual interfaces reduces uncertainty 
and improves bystanders' ability to predict drone behavior 
and decide where to cross with greater certainty and trust. 
While the placement of lights presents clarity challenges, 
display of directional arrows is perceived as intuitive and 
useful for predicting drone motion and direction. Projection 
of landing location and safety zones is the most preferred, 
and is appreciated for easily capturing attention without 
requiring upward gaze. Although intent communication 
reduces uncertainty, it may encourage premature crossing or 
package retrieval, raising safety concerns for both bystand-
ers and the drone. We recommend that drone designers use 
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interfaces not only to communicate motion of the drone and 
drop-off spots in public spaces, but also to instruct bystand-
ers on how to act (e.g., whether or not to cross) during the 
drone operations. Such efforts have the potential to improve 
public safety and trust in drones operating in public spaces.
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