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ABSTRACT
Domestic robotic entities are on the rise, out of which, domestic
drones are taking place in our society as one of the upcoming in-
teractive technologies that we will see in our daily lives. In this
paper, we scope for research literature that addresses the use of
domestic drones within our environments to understand the cur-
rent usage as well as identifying future research directions. After
performing a search based collection of relevant papers in the ACM
digital library (N=61 papers), we analysed the drone’s application
areas, their interaction modalities, the target users, and the level of
autonomy of the proposed systems. The results show interesting
trends in the modalities of interaction (visual projection combined
with hand/foot gestures) as well as important research gaps such
as child-drone interaction, and the use of drones for healthcare or
education, given that currently most use cases for domestic drones
are generic in nature.

CCS CONCEPTS
• Human-centered computing → Human computer interac-
tion (HCI); Interaction design; Empirical studies in HCI.
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1 INTRODUCTION
Traditionally, the field of Human-Agent Interaction (HAI) encom-
passes a wide range of interfacing mediums or “agents” that hu-
mans interact with across numerous scenarios [57]. These include
embodied agents such as social robots, humanoids, virtual agents.
Additionally, flying robotic agents (drones) is emerging as a state of
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the art research area in the field of HAI, cutting across an extended
range of applications such as security, surveillance, navigation,
way-finding and more. More recently, we are seeing efforts directed
in the topical area of social drones or domestic drones. Such drones
are typically deployed within a user’s localised environment (such
as home, office, park, etc.), employing a range of social cues to
interact with the user. This has led to the conceptualisation of re-
search into the areas of Human-Drone Interaction (HDI) [16]. In
this field, in addition to the focus on technical aspects and algorith-
mic development, we have seen extensive emphasis on the design
of interaction modalities between humans and drones in a range of
different application areas. Typically, such investigations extend to
usability or user experience of the interactions as well as improving
the accuracy or efficiency of the communication between humans
and machines [66]. We anticipate an increase in research interest
in the topic of HDI, particularly in the area of domestic drones. In
this context, Baytas et al. [11] referred to such a drone as a "Social
Drone", where they defined it as

[...] an autonomous embodied agent in an inhabited
space can be similarly described as social.

Therefore, we believe this is an opportunemoment to establish an
understanding or an overview of current research being conducted
using (social) domestic drones, to identify the gaps, challenges, and
future opportunities.

Therefore this paper aims to unearth the application areas where
such domestic drones are being deployed as well as delineate the
interaction modalities between drone and user.

We found a handful of survey or review articles focusing on or
related to drones, and none specifically in the field of HAI. Some
review articles focus on the technical aspects of drones [5] or their
engineering applications [15, 65]. Others have looked at understand-
ing user perception [9] or design aspects related to drones [10]. Fur-
ther review articles have looked at Unmanned Aerial Vehicles (UAV)
in a non-domestic context [54], emphasising the technical instead
of interaction aspects. However, to the best of our knowledge none
of the prior review articles touch upon HDI in domestic settings
nor do they investigate their applications and context of use. Thus,
in this paper we contribute to the HAI research community the
following:

• A review of domestic drone applications and their context
of use.

• A collated set of papers that represent several application
areas on domestic drones.

• Future directions that can build the base of HAI research on
domestic drones.
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2 METHOD
Our approach to collate a list of relevant literature on domestic
drones was based on a literature scoping approach. This is a com-
monmethodology that has been used in several other Human-Agent
Interaction, Human-Computer Interaction and Human-Robot Inter-
action (HRI) literature to provide a review or a survey of emerging
technologies. For example, Mubin et al. [58] used an identical ap-
proach to investigate Sci-Fi robotics in HRI literature. Baytas et al.
[11] used a similar approach to review literature on the design of
social drones but without looking into the details of the applications
and context of use of the drones. We also notice scoping reviews
in the field of robots for healthcare [25]. For a topic that is in its
infancy (case in point Human-Drone Interaction), we understand a
scoping review is the preferred methodology [67]. In the following
two sections we described the details of the process of consolidating
a set of relevant publications for further analysis.

2.1 Term Search
We started by conducing a term search using the ACM Digital
Library (ACM DL). The ACM DL is the one of the prominent repos-
itories for Computing literature and gives us sufficient confidence
in its breadth. A number of other researchers have used the ACM
DL in their review research such as the work presented by Baytas
et al. [11].

To start, we aimed to scope for broad range of HDI literature,
thus we selected several generalised search terms that can span
across HDI research. However, to retrieve relevant publications,
we made sure that the search terms had a focus on the human
aspects, such as social and domestic interactions. At the end, our
search terms included: "human-drone interaction", "human drone
interaction", "social drones", "domestic drone", or "domestic drones".
The final search was conducted in early June 2020.

The initial search retrieved 69 publications. Thereafter, we scanned
the cited references in the most recent review article on designing
social drones by Baytas et al. [11] to seek for further relevant HDI
articles, which resulted in an additional 20 publications.

Overall, we had a total set of 89 publications that we thoroughly
processed to make sure that each publication matched the following
inclusion criteria; otherwise, the paper was excluded.

• A research publication must belong to one of the following
tracks: full papers, posters, demos/videos, work in progress,
and workshop papers. We excluded workshop proposals,
keynote briefs, and publications that are unrelated to the field
(i.e. did not do research on drones, but only had a mention
as an example of the domain area).

• The publication is not significantly similar to another publi-
cation in the collated list, such as publications from the same
research group. In this case, for example, a full paper that
extends the work of a poster or a workshop will be selected
as it is the most elaborate publication.

• The paper must explicitly mention the use or design of a
drone, so for example review or survey papers were excluded.

In total, we excluded 28 publications that did not match the
inclusion criteria and, finally, we had a set of 61 publications to
investigate further for the purpose of the presented review.

2.2 Coding
We used a deductive categorisation approach to derive the annota-
tion categories based on the authors’ experience in the HAI/HRI
fields. Firstly, the three authors started with an iterative process
to define and discuss each of the presented categories. Thereafter,
the coding procedure was commenced by three coders. The coders
started with four publications each and then discussed their an-
notations of the four publications thoroughly and resolved any
misunderstandings; this was to minimize any ambiguity in the
annotation categories. Then, each coder was given a set of publica-
tions to annotate. Such a layered approach to multi-rater qualitative
coding is commonly used in HRI research [49].

The annotation scheme consisted of six categories that include
the following: (1) year of publication, (2) application area (which
included a wide range of applications of agents, which were derived
from seminal works and surveys on social robots and agents such
as [29, 32]), (3) primary user or participant group (such as adults
or children), (4) setup type (fully autonomous, Wizard of Oz (such
that the user perceived the drone to be autonomous), or teleop-
erated (i.e. operated by the user themselves or a researcher)), (5)
interaction mode between the user and drone (hand, body, expres-
sive, proxemics, visual, controller, auditory, haptic, tangible, gaze,
program-code, or text based interactions) and (6) the location of
the setup (indoor or outdoor). The results of the annotated coding
of the categories are presented in the next section.

3 RESULTS AND ANALYSIS
The annotations of the 61 collated publications revealed several
findings. In particular, we found that the application domains as-
sociated with the 61 publications to span over 14 different areas,
generic (or not addressing a specific application area) being the
most popular with 28 hits. Table 1 shows the different application
areas and the collated literature associated with it. A figure is also
presented as a cross-section of application areas and the year of
publication (see Figure 1). Wizard of Oz was the most popular mode
of operation with 20 hits, followed by autonomous (16) and tele-
operation (14). Eight papers did not mention a mode of operation
and 3 used a mixed strategy. Adults were the dominant targeted
user group with a frequency of 52. There were 5 papers that did
not mention a user group and only 1 paper mentioned children as
the primary user. There were 3 papers that focused on either public
audiences or mixed user groups. In the following sections we take
a detailed look into the context of use of the different application
areas of domestic drones.

3.1 Applications
Inspired from the contextual usage of social agents, we identified a
number of areas that categories our papers on domestic drones.

3.1.1 Generic. Because the research field of domestic drone is still
in its infancy, a lot of research papers do not focus on a specific
application area but instead investigate novel human-drone inter-
action methods or technological advancements. We termed this as
the generic category. Of the 28 papers in the generic category, only
8 papers reported the use of an autonomous drone in their study, 11



Table 1: The corpus of research literature collated and their associated application areas.

Application Area Associated References

Generic Approach

Obaid et al. [64], Kunde and Duncan [50], Hoppe et al. [35], Khan et al. [43], Yamada et al. [79],
Duan et al. [26], Zhang et al. [83], Braley et al. [13], Jensen et al. [37], Knierim et al. [47], Lee et al. [53],
Han and Bae [33], Khamis et al. [42], Walker et al. [77], Yeh et al. [82], Abtahi et al. [2], E et al. [27],
Obaid et al. [62], Matrosov et al. [56], Gomes et al. [31], Hieida et al. [34], Scheible and Funk [70],
Yamaguchi et al. [81], Cauchard et al. [17], Szafir et al. [74], Arroyo et al. [6], Szafir et al. [73],
Scheible et al. [71]

Navigation Cauchard et al. [18], Brock et al. [14], Knierim et al. [48], Colley et al. [23], Kim et al. [44],
Matrosov et al. [56], Schneegass et al. [72]

Wellbeing La Delfa et al. [51], La Delfa et al. [52], Romanowski et al. [68], Al Zayer et al. [4],
Zwaan and Barakova [84], Mueller and Muirhead [59], Schneegass et al. [72]

Companionship Watanabe et al. [78], Karjalainen et al. [41], Cauchard et al. [19], Kim et al. [44],
Ng and Sharlin [60]

Accessibility Garcia et al. [30], Avila Soto et al. [8], Avila et al. [7], Al Zayer et al. [4]
Entertainment Rubens et al. [69], Matrosov et al. [56], Kljun et al. [46]
Art/Performance Eriksson et al. [28], Kim and Landay [45], Agor et al. [3]
Video(Photo)graphy Chen et al. [22], Chen et al. [21]
Shopping/Advertisement Abtahi et al. [1], Yamada et al. [80]
Security Chang et al. [20]
Video Conferencing Jones et al. [39]
Delivery Tan et al. [75]
Education Huggard and Mc Goldrick [36]
Environment Obaid et al. [63]

Figure 1: Frequencies of the different application areas that
are represented in 61 publications on domestic drones re-
search per year.

had a Wizard of Oz approach, while the other papers were teleop-
erated or did not operate a drone) . Most of the studies investigated
proxemics [37, 82], body motion, or hand gestures [27, 62] as new
modalities of interaction with drones. We also noticed an interest-
ing trend; several papers reported the use of a visual display, often
content projected on the floor, combined with hand or foot gestures
[18, 70]. This trend seems to mimic touch screens and aims to use
drones as a way to provide experience of a pervasive touch display.

The fact that these studies were mainly using a Wizard of Oz ap-
proach, may demonstrate the limitations of the current drones in
terms of tracking and human sensing. Among these generic papers,
none involved children participants and very few with a public
audience (one count of public audience as users). Finally, most of
these studies, often investigating new modalities of HDI, are occur-
ring indoors (18 papers) in lab environments and feature a technical
setup (i.e. external cameras, Wizard of Oz system).

3.1.2 Navigation. A prominent research application for domestic
drones is navigation, such that the user and drone guide or direct
along a route with the assistance of either or both. Within our pool
of papers we saw examples of drones being used to guide users
in a touristic area [72], a museum [18, 56], or outdoors [14, 23,
44, 48]. In this guiding role, the drone indicates the path usually
outdoors (5 papers out of the 7 in the navigation category). In
terms of a communication channel, we see that predominantly
researchers have proposed systems to extend the drones capabilities
with a visual display. The visual display can take several forms:
projector [14, 18, 48], attached screen on the drone [72], or using a
smartwatch [44]. Another trend of research in navigation scenarios
is to investigate motion as a medium of communication with the
drone, using hand and body gestures (foot tracking) [14, 18]; and
for the drone with the design of novel drone behaviours to indicate
the way [23]. None of the papers reviewed in this category have
involved children participants.

3.1.3 Well-being. Another relevant application area that we ob-
served was using drones as a sport companion, a sport coach or a
logging system. These applications take advantage of the abilities



of the drones to move swiftly with six degree of freedom. Interest-
ingly there is a trend in the interaction mode being to use either
proxemics - for jogging and running applications [4, 59, 68], hand
gestures [84] or wearable controllers [51, 52]. In this category, pa-
pers reported studies with adults participants only. There is only
one paper that proposes a teleoperated robot [68], in which sup-
porters use the robot to cheer up a race runner. The other studies
employed autonomous drones or a Wizard of Oz equally.

3.1.4 Companionship. Companion robots are designed for per-
sonal use in domestic environments, and are expected to communi-
cate in a natural and social waywith humans [24]. Some researchers
have explored the use of drones as companions, with studies mainly
investigating how drones could feature and incorporate pet-like or
companion-like behaviours. These studies report on the design of
non-verbal drone behaviours that could for instance be related to
personality or emotion [19].

3.1.5 Accessibility. The HAI/HRI research fields have addressed
the area of accessible and inclusive assistive robotics in different
prospective including robotic forms, intended tasks and user groups,
such as the work presented in [40, 55, 76].

In the context of domestic drones, our dataset revealed only four
publications that have tackled research that address accessibility
related application areas. Three of which include a domestic drone
to support visually impaired individuals in different situations,
such as navigating and running scenarios [4, 7, 8], while the other
publication focused on designing a controller to support drone
pilots with disabilities [30]. It appears that three of the publications
associated with accessibility applications have demonstrated to use
auditory interactions and proxemic interactions, while all of the
experimental setups were conducted in indoor environments.

3.1.6 Other Applications. The five popular application areas men-
tioned above have included several publications (four or more) that
allow us to scope for a better understanding on their context of
use and then elaborate on possible future directions. On the other
hand, our results show that there are nine other application areas
that have a low number of research publications associated with
them. For example, applications in entertainment and art where
apparent in three research publications each; despite the popularity
in commercial entertainment and art installation use. Similarly,
video(photo)graphy applications and shopping/advertisement ap-
plications had only two mentions each in the collated list. Finally,
the areas that had the context of use as security, video conferencing,
delivery, education, and environmental support have all had one
publication count each. These low numbers may indicate several
aspects that limits researchers to address them, such as technical
limitations and policies on using domestic drones. In the next sec-
tion, we will discuss the under presented application areas further
and point the reader towards possible research directions.

4 DISCUSSION
Our results showed that there are interesting trends emerging from
the research in domestic drones. In terms of application areas, we
noticed that nearly half of the papers (28/61) included in the col-
lection were classified to be generic without a specific application.
This could be explained by several factors. First, currently drones

still have many technical limitations (i.e. battery life, load bearing
capacity, noise) that could prevent their wider use in some contexts
[54]. Another factor that could refrain domestic drone research
is policies and regulations, which may mean that drones cannot
readily be integrated in different contexts. Acceptability of drones
by the general public is also not fully established which may mean
that researchers are skeptical in utilising drones for a wide variety
of social applications. In summary, our review on the usage of do-
mestic drones has unearthed a number of application areas which
are unaddressed or not tapped into. We find this unusual as other
domestic social agents (humanoids, virtual agents, and more) are
very popular in such scenarios. Some of these aspects are discussed
below.

Education and Children: Research in using social robots in
education is growing rapidly [12, 38, 61]. While the field of social
robots for learning is seeing a standardisation of platforms and
learning scenarios, we believe that it is the right opportunity for
domestic social drones to enter this application area. Our review
showed that only one publication to have investigated the use of
drones in education. However, drones could provide novel ways
of learning and novel collaborative interactions, such as through
imitation, gameplay, cooperation, virtual projections, and more.
Extending and relating to this, child-drone interaction is also a
seemingly absconding research area in the field of domestic drones.
This may primarily be due to safety, ethical and privacy regulations,
which makes children not the primary users of domestic drones. In
our results, there were very few instances of children being men-
tioned as users of domestic drones, including the work presented
by Rubens et al. [69] and Kljun et al. [46]. Future research should
also investigate new ways for drones to be safe for younger users.
Novel forms of caged drones could be a promising in that sense.

Accessibility, Elderly Care, and Health: In general, research
on accessible and inclusive design and health informatics have ex-
panded to the HAI and HRI areas to derive research that can support
individuals in all situations and different user needs; in particular
focusing on individuals with motor and/or cognitive impairments.
Moreover, many research efforts have been put towards assistive
robotics for elderly care that investigate the area from different
prospective; for example, see review by Kachouie et al. [40]. To
the best of our knowledge, very little has been done on the use of
social domestic drones in elderly care or healthcare applications.
One exception in our pool of papers was the example presented
in [7, 8], where a drone was used for the purpose of navigating
blind users. We interpret that this low number of papers in the
health domain may happen due to regulatory, ethical and, safety
obstacles or hurdles. Thus, we foresee the need of research on uti-
lizing social domestic drones to address accessibility and elderly
care application areas. This could easily be extended to general
healthcare applications, for example promoting healthy outdoor
behaviour in the companionship of a drone.

Operating Environment: The majority of the presented publi-
cations in Table 1 had their setup in an indoor (mostly controlled)
environment (62%). This might indicate that the majority of the
drone setups are dependent on indoor hardware systems (e.g. track-
ing systems), such as the work presented in [51], or they are re-
stricted by ethical implications of flying drones outdoors [82]. In
addition, our results revealed that approx. 33% of the setups had



a Wizard of Oz approach, which can additionally support the fact
why the majority of drone setups were conducted indoors. Other
aspects that could have contributed are lighting and wind condi-
tions; i.e. in visual projection based setups, controlled lighting is
a must and a stable flight path is required. We also noticed that
most of the indoor settings mentioned in the pool of research pa-
pers were controlled lab settings and not in natural environments
such as homes or offices. Drones are still a work-in-progress as an
instrument, with the public generally may not be fully accustomed
to drones in their daily life. Technical limitations or operational
regulations as mentioned earlier may mean that drones need to be
operated in highly constrained and invigilated environments.

Other areas: The implications of conducting the majority of re-
search in indoor experimental setups may explain the low number
of the mentions in domains such as environmental sustainability,
video(photo)graphy, shopping, advertisement, delivery services,
and security applications. In the context of these applications, out-
door settings can be essential elements to investigate domestic
drone operations. Though, art and entertainment applications had
three mentions each, one would have expected to see more work
done in these applications areas. We can suspect that their low
number in our set of papers is perhaps due to the complexity of the
setups and unreliability of use in front of public audiences.

Interaction Trends: Now, we also shed light on some of the
interaction trends that were observed within the set of application
areas surveyed in the collated publications. It is apparent from the
results that the use of domestic drones have increased to include
a wider range of applications from 2015 onwards as evidenced
in Figure 1. One of the application trends that we identified is
the use of visual interaction via projected graphical displays on
indoor/outdoor surfaces (approx. 27%). We believe that this trend
can further lead to introducing drones as ambient-interfaces that
enable augmenting human capabilities in their domestic daily tasks.
This includes utilizing domestic drones to introduce visual, sound,
and movement representations in our environment to subtly allow
for a more seamless interaction with the drone. Therefore, further
research is needed to support these trends to enable further design
for such interactions.

Furthermore, natural bodily interaction is one of the main trends
within the range of the different application areas (combined: hand,
body, proxemics, and expressive interactions are approx. 48% of the
papers). In this context, human-drone communications are achieved
by various bodily gestures. While we might see this as a form of
intuitive and user-friendly way to interact with technology, we
also believe that a sense of social empathy associated with a drone
as a living-being is a large factor in supporting the acceptance of
natural interactions with domestic drones; in a similar way to how
we intuitively use gestural interaction with our pets (as illustrated
in the results presented in [17]). In addition, we stress here that
the interaction is bidirectional, thus reactive bodily expressions
demonstrated by the drone are equally important to establish this
social empathy bond. Therefore, research in the direction of deriv-
ing guidelines on what makes natural gestural interaction plausible
with domestic drones in context of different application areas would
be very timely and welcome.

5 OVERARCHING FUTURE RESEARCH
In summary, we conclude our analysis by highlighting several over-
arching future directions that were identified as research gaps of
high importance to investigate domestic drones and their context
of use in our daily environments. The following list can serve as the
bases for some of the future efforts for the HAI/HRI communities:

• Increase applied research for scenario based systems so that
the uptake of drones can occur in real world contexts and
out of the lab settings.

• Investigate low represented research application that could
boost the positive impact of domestic drones, such as inclu-
sive design of assistive drones, child-drone interaction and
educational drones.

• Natural outdoor environments research could lead to in-
vestigating novel application areas such as entertainment,
tourism, and environmental sustainability.

• Develop bi-directional natural communication channels that
the research community can build on. Some natural com-
munication channels are under researched such as speech
interaction between human and drones, and a creative setup
(i.e. using phone speakers or headphones) could allow users
to establish dialogue with their accompanying drones.

Limitations
One of the limitations of the work presented is that the scoping for
related literature might have excluded journal and other research
articles that are not listed in the ACM DL. In addition, we are aware
that the field has other words that represent a "drone" such as
UAV, a quadcopter or a flying robot, which may have eliminated
potential relevant papers from the inclusion in the presented set.
Moreover, we did not consider more technical engineering research
repositories such as IEEE in our collection, which could have ex-
panded our pool of publications further. However, we believe that
the extent of terms used in the search and the ACM DL gave us a
good sample that reflects on the general research work on domestic
drones within the HAI and HRI communities. Lastly, we acknowl-
edge that the choice of applications and the categories therein are
by no means exhaustive or mutually exclusive. Therefore, some
application areas may have unintentionally been excluded in our
analysis.

Acknowledgments
Thisworkwas partially supported by theWallenbergAI, Autonomous
Systems and Software Program – Humanities and Society (WASP-
HS) funded by the Marianne and Marcus Wallenberg Foundation
and the Marcus and Amalia Wallenberg Foundation.

REFERENCES
[1] Parastoo Abtahi, Benoit Landry, Jackie (Junrui) Yang, Marco Pavone, Sean Follmer,

and James A. Landay. 2019. Beyond The Force: Using Quadcopters to Ap-
propriate Objects and the Environment for Haptics in Virtual Reality. In Pro-
ceedings of the 2019 CHI Conference on Human Factors in Computing Systems
(CHI ’19). Association for Computing Machinery, Glasgow, Scotland Uk, 1–13.
https://doi.org/10.1145/3290605.3300589

[2] Parastoo Abtahi, David Y. Zhao, Jane L. E., and James A. Landay. 2017. Drone
Near Me: Exploring Touch-Based Human-Drone Interaction. In Proceedings of
the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies 1, 3 (Sept.
2017), 34:1–34:8. https://doi.org/10.1145/3130899

https://doi.org/10.1145/3290605.3300589
https://doi.org/10.1145/3130899


[3] Maxime Agor, Damien Clergeaud, Antoine Clée, and Martin Hachet. 2017.
Human-drones interaction for gravity-free juggling. In Proceedings of the 29th
Conference on l’Interaction Homme-Machine (IHM ’17). Association for Computing
Machinery, Poitiers, France, 309–314. https://doi.org/10.1145/3132129.3132163

[4] Majed Al Zayer, Sam Tregillus, Jiwan Bhandari, Dave Feil-Seifer, and Eelke Folmer.
2016. Exploring the Use of a Drone to Guide Blind Runners. In Proceedings of the
18th International ACM SIGACCESS Conference on Computers and Accessibility
(ASSETS ’16). Association for ComputingMachinery, Reno, Nevada, USA, 263–264.
https://doi.org/10.1145/2982142.2982204

[5] Muhammad Yeasir Arafat and Sangman Moh. 2019. Routing protocols for un-
manned aerial vehicle networks: A survey. IEEE Access 7 (2019), 99694–99720.

[6] Dante Arroyo, Cesar Lucho, Silvia Julissa Roncal, and Francisco Cuellar. 2014.
Daedalus: a sUAV for human-robot interaction. In Proceedings of the 2014
ACM/IEEE international conference on Human-robot interaction (HRI ’14). As-
sociation for Computing Machinery, Bielefeld, Germany, 116–117. https:
//doi.org/10.1145/2559636.2563709

[7] Mauro Avila, Markus Funk, and Niels Henze. 2015. DroneNavigator: Using
Drones for Navigating Visually Impaired Persons. In Proceedings of the 17th
International ACM SIGACCESS Conference on Computers & Accessibility (ASSETS
’15). Association for Computing Machinery, Lisbon, Portugal, 327–328. https:
//doi.org/10.1145/2700648.2811362

[8] Mauro Avila Soto, Markus Funk, Matthias Hoppe, Robin Boldt, Katrin Wolf, and
Niels Henze. 2017. DroneNavigator: Using Leashed and Free-Floating Quad-
copters to Navigate Visually Impaired Travelers. In Proceedings of the 19th Inter-
national ACM SIGACCESS Conference on Computers and Accessibility (ASSETS
’17). Association for Computing Machinery, Baltimore, Maryland, USA, 300–304.
https://doi.org/10.1145/3132525.3132556

[9] Burchan Aydin. 2019. Public acceptance of drones: Knowledge, attitudes, and
practice. Technology in Society 59 (2019), 101180.

[10] Mehmet Aydin Baytas, Damla Çay, Yuchong Zhang, Mohammad Obaid,
Asim Evren Yantaç, and Morten Fjeld. 2019. The design of social drones: A
review of studies on autonomous flyers in inhabited environments. In Proceed-
ings of the 2019 CHI Conference on Human Factors in Computing Systems. 1–13.

[11] Mehmet Aydin Baytas, Damla Çay, Yuchong Zhang, Mohammad Obaid,
Asim Evren Yantaç, and Morten Fjeld. 2019. The Design of Social Drones: A Re-
view of Studies on Autonomous Flyers in Inhabited Environments. In Proceedings
of the 2019 CHI Conference on Human Factors in Computing Systems (Glasgow,
Scotland Uk) (CHI ’19). Association for Computing Machinery, New York, NY,
USA, 1–13. https://doi.org/10.1145/3290605.3300480

[12] Tony Belpaeme, James Kennedy, Aditi Ramachandran, Brian Scassellati, and
Fumihide Tanaka. 2018. Social robots for education: A review. Sci-
ence Robotics 3, 21 (2018). https://doi.org/10.1126/scirobotics.aat5954
arXiv:https://robotics.sciencemag.org/content/3/21/eaat5954.full.pdf

[13] Sean Braley, Calvin Rubens, Timothy Merritt, and Roel Vertegaal. 2018. Grid-
Drones: A Self-Levitating Physical Voxel Lattice for Interactive 3D Surface De-
formations. In Proceedings of the 31st Annual ACM Symposium on User Interface
Software and Technology (UIST ’18). Association for Computing Machinery, Berlin,
Germany, 87–98. https://doi.org/10.1145/3242587.3242658

[14] Anke M. Brock, Julia Chatain, Michelle Park, Tommy Fang, Martin Hachet,
James A. Landay, and Jessica R. Cauchard. 2018. FlyMap: Interacting with Maps
Projected from a Drone. In Proceedings of the 7th ACM International Symposium
on Pervasive Displays (PerDis ’18). Association for Computing Machinery, Munich,
Germany, 1–9. https://doi.org/10.1145/3205873.3205877

[15] Guowei Cai, Jorge Dias, and Lakmal Seneviratne. 2014. A survey of small-
scale unmanned aerial vehicles: Recent advances and future development trends.
Unmanned Systems 2, 02 (2014), 175–199.

[16] Jessica R Cauchard, Jane L E, Kevin Y Zhai, and James A Landay. 2015. Drone &
me: an exploration into natural human-drone interaction. In Proceedings of the
2015 ACM international joint conference on pervasive and ubiquitous computing.
361–365.

[17] Jessica R. Cauchard, Jane L. E, Kevin Y. Zhai, and James A. Landay. 2015. Drone
& me: an exploration into natural human-drone interaction. In Proceedings of the
2015 ACM International Joint Conference on Pervasive and Ubiquitous Computing
(UbiComp ’15). Association for Computing Machinery, Osaka, Japan, 361–365.
https://doi.org/10.1145/2750858.2805823

[18] Jessica R. Cauchard, Alex Tamkin, Cheng Yao Wang, Luke Vink, Michelle Park,
Tommy Fang, and James A. Landay. 2019. Drone.io: A Gestural and Visual
Interface for Human-Drone Interaction. In 2019 14th ACM/IEEE International
Conference on Human-Robot Interaction (HRI). 153–162. https://doi.org/10.1109/
HRI.2019.8673011 ISSN: 2167-2148.

[19] Jessica R. Cauchard, Kevin Y. Zhai, Marco Spadafora, and James A. Landay.
2016. Emotion encoding in Human-Drone Interaction. In 2016 11th ACM/IEEE
International Conference on Human-Robot Interaction (HRI). 263–270. https:
//doi.org/10.1109/HRI.2016.7451761 ISSN: 2167-2148.

[20] Victoria Chang, Pramod Chundury, and Marshini Chetty. 2017. Spiders in the
Sky: User Perceptions of Drones, Privacy, and Security. In Proceedings of the 2017
CHI Conference on Human Factors in Computing Systems (CHI ’17). Association
for Computing Machinery, Denver, Colorado, USA, 6765–6776. https://doi.org/

10.1145/3025453.3025632
[21] Chien-Fang Chen, Kang-Ping Liu, and Neng-Hao Yu. 2015. Exploring interaction

modalities for a selfie drone. In SIGGRAPH Asia 2015 Posters (SA ’15). Association
for Computing Machinery, Kobe, Japan, 1–2. https://doi.org/10.1145/2820926.
2820965

[22] Yu-An Chen, Te-Yen Wu, Tim Chang, Jun You Liu, Yuan-Chang Hsieh, Leon Yu-
lun Hsu, Ming-Wei Hsu, Paul Taele, Neng-Hao Yu, and Mike Y. Chen. 2018.
ARPilot: designing and investigating AR shooting interfaces on mobile de-
vices for drone videography. In Proceedings of the 20th International Confer-
ence on Human-Computer Interaction with Mobile Devices and Services (Mo-
bileHCI ’18). Association for Computing Machinery, Barcelona, Spain, 1–8.
https://doi.org/10.1145/3229434.3229475

[23] Ashley Colley, Lasse Virtanen, Pascal Knierim, and Jonna Häkkilä. 2017. In-
vestigating drone motion as pedestrian guidance. In Proceedings of the 16th
International Conference on Mobile and Ubiquitous Multimedia (MUM ’17). As-
sociation for Computing Machinery, Stuttgart, Germany, 143–150. https:
//doi.org/10.1145/3152832.3152837

[24] Kerstin Dautenhahn, Sarah Woods, Christina Kaouri, Michael L Walters,
Kheng Lee Koay, and Iain Werry. 2005. What is a robot companion-friend,
assistant or butler?. In 2005 IEEE/RSJ international conference on intelligent robots
and systems. IEEE, 1192–1197.

[25] Julia Dawe, Craig Sutherland, Alex Barco, and Elizabeth Broadbent. 2019. Can
social robots help children in healthcare contexts? A scoping review. BMJ
paediatrics open 3, 1 (2019).

[26] Tinglin Duan, Parinya Punpongsanon, Daisuke Iwai, and Kosuke Sato. 2018.
FlyingHand: extending the range of haptic feedback on virtual hand using drone-
based object recognition. In SIGGRAPH Asia 2018 Technical Briefs (SA ’18). Asso-
ciation for Computing Machinery, Tokyo, Japan, 1–4. https://doi.org/10.1145/
3283254.3283258

[27] Jane L. E, Ilene L. E, James A. Landay, and Jessica R. Cauchard. 2017. Drone &
Wo: Cultural Influences on Human-Drone Interaction Techniques. In Proceedings
of the 2017 CHI Conference on Human Factors in Computing Systems (Denver,
Colorado, USA) (CHI ’17). Association for Computing Machinery, New York, NY,
USA, 6794–6799. https://doi.org/10.1145/3025453.3025755

[28] Sara Eriksson, Kristina Höök, Richard Shusterman, Dag Svanes, Carl Unander-
Scharin, and Åsa Unander-Scharin. 2020. Ethics in Movement: Shaping and Being
Shaped in Human-Drone Interaction. In Proceedings of the 2020 CHI Conference on
Human Factors in Computing Systems (Honolulu, HI, USA) (CHI ’20). Association
for Computing Machinery, New York, NY, USA, 1–14. https://doi.org/10.1145/
3313831.3376678

[29] Terrence Fong, Illah Nourbakhsh, and Kerstin Dautenhahn. 2003. A survey
of socially interactive robots. Robotics and autonomous systems 42, 3-4 (2003),
143–166.

[30] Jérémie Garcia, Luc Chevrier, Yannick Jestin, and Anke M. Brock. 2019. HandiFly:
Towards Interactions to Support Drone Pilots with Disabilities. In Extended
Abstracts of the 2019 CHI Conference on Human Factors in Computing Systems
(CHI EA ’19). Association for Computing Machinery, Glasgow, Scotland Uk, 1–6.
https://doi.org/10.1145/3290607.3312957

[31] Antonio Gomes, Calvin Rubens, Sean Braley, and Roel Vertegaal. 2016. Bit-
Drones: Towards Using 3D Nanocopter Displays as Interactive Self-Levitating
Programmable Matter. In Proceedings of the 2016 CHI Conference on Human Factors
in Computing Systems (CHI ’16). Association for Computing Machinery, San Jose,
California, USA, 770–780. https://doi.org/10.1145/2858036.2858519

[32] Michael A Goodrich and Alan C Schultz. 2008. Human-robot interaction: a survey.
Now Publishers Inc.

[33] Jeonghye Han and Ilhan Bae. 2018. Social Proxemics of Human-Drone Interac-
tion: Flying Altitude and Size. In Companion of the 2018 ACM/IEEE International
Conference on Human-Robot Interaction (HRI ’18). Association for Computing
Machinery, Chicago, IL, USA, 376. https://doi.org/10.1145/3173386.3177527

[34] Chie Hieida, Hiroaki Matsuda, Shunsuke Kudoh, and Takashi Suehiro. 2016.
Action elements of emotional body expressions for flying robots. In 2016 11th
ACM/IEEE International Conference on Human-Robot Interaction (HRI). 439–440.
https://doi.org/10.1109/HRI.2016.7451795 ISSN: 2167-2148.

[35] Matthias Hoppe, Marinus Burger, Albrecht Schmidt, and Thomas Kosch. 2019.
DronOS: a flexible open-source prototyping framework for interactive drone rou-
tines. In Proceedings of the 18th International Conference on Mobile and Ubiquitous
Multimedia (MUM ’19). Association for Computing Machinery, Pisa, Italy, 1–7.
https://doi.org/10.1145/3365610.3365642

[36] Meriel Huggard and Ciarán Mc Goldrick. 2016. Droning On: Reflections on
Integrating UAV Technology into a Computer Engineering Design Laboratory. In
Proceedings of the 47th ACM Technical Symposium on Computing Science Education
(Memphis, Tennessee, USA) (SIGCSE ’16). Association for Computing Machinery,
New York, NY, USA, 504–509. https://doi.org/10.1145/2839509.2844650

[37] Walther Jensen, Simon Hansen, and Hendrik Knoche. 2018. Knowing You, See-
ing Me: Investigating User Preferences in Drone-Human Acknowledgement. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(CHI ’18). Association for Computing Machinery, Montreal QC, Canada, 1–12.
https://doi.org/10.1145/3173574.3173939

https://doi.org/10.1145/3132129.3132163
https://doi.org/10.1145/2982142.2982204
https://doi.org/10.1145/2559636.2563709
https://doi.org/10.1145/2559636.2563709
https://doi.org/10.1145/2700648.2811362
https://doi.org/10.1145/2700648.2811362
https://doi.org/10.1145/3132525.3132556
https://doi.org/10.1145/3290605.3300480
https://doi.org/10.1126/scirobotics.aat5954
https://arxiv.org/abs/https://robotics.sciencemag.org/content/3/21/eaat5954.full.pdf
https://doi.org/10.1145/3242587.3242658
https://doi.org/10.1145/3205873.3205877
https://doi.org/10.1145/2750858.2805823
https://doi.org/10.1109/HRI.2019.8673011
https://doi.org/10.1109/HRI.2019.8673011
https://doi.org/10.1109/HRI.2016.7451761
https://doi.org/10.1109/HRI.2016.7451761
https://doi.org/10.1145/3025453.3025632
https://doi.org/10.1145/3025453.3025632
https://doi.org/10.1145/2820926.2820965
https://doi.org/10.1145/2820926.2820965
https://doi.org/10.1145/3229434.3229475
https://doi.org/10.1145/3152832.3152837
https://doi.org/10.1145/3152832.3152837
https://doi.org/10.1145/3283254.3283258
https://doi.org/10.1145/3283254.3283258
https://doi.org/10.1145/3025453.3025755
https://doi.org/10.1145/3313831.3376678
https://doi.org/10.1145/3313831.3376678
https://doi.org/10.1145/3290607.3312957
https://doi.org/10.1145/2858036.2858519
https://doi.org/10.1145/3173386.3177527
https://doi.org/10.1109/HRI.2016.7451795
https://doi.org/10.1145/3365610.3365642
https://doi.org/10.1145/2839509.2844650
https://doi.org/10.1145/3173574.3173939


[38] Wafa Johal. 2020. Research Trends in Social Robots for Learning. Current Robotics
Reports (June 2020). https://doi.org/10.1007/s43154-020-00008-3

[39] Brennan Jones, Kody Dillman, Richard Tang, Anthony Tang, Ehud Sharlin, Lora
Oehlberg, Carman Neustaedter, and Scott Bateman. 2016. Elevating Communica-
tion, Collaboration, and Shared Experiences in Mobile Video through Drones.
In Proceedings of the 2016 ACM Conference on Designing Interactive Systems (DIS
’16). Association for Computing Machinery, Brisbane, QLD, Australia, 1123–1135.
https://doi.org/10.1145/2901790.2901847

[40] Reza Kachouie, Sima Sedighadeli, Rajiv Khosla, and Mei-Tai Chu. 2014. Socially
Assistive Robots in Elderly Care: A Mixed-Method Systematic Literature Review.
International journal of human-computer interaction 30, 5 (2014), 369–393.

[41] Kari Daniel Karjalainen, Anna Elisabeth Sofia Romell, Photchara Ratsamee,
Asim Evren Yantac, Morten Fjeld, and Mohammad Obaid. 2017. Social Drone
Companion for the Home Environment: a User-Centric Exploration. In Pro-
ceedings of the 5th International Conference on Human Agent Interaction (HAI
’17). Association for Computing Machinery, Bielefeld, Germany, 89–96. https:
//doi.org/10.1145/3125739.3125774

[42] Mohamed Khamis, Anna Kienle, Florian Alt, and Andreas Bulling. 2018. Gaze-
Drone: Mobile Eye-Based Interaction in Public Space Without Augmenting the
User. In Proceedings of the 4th ACM Workshop on Micro Aerial Vehicle Networks,
Systems, and Applications (DroNet’18). Association for Computing Machinery,
Munich, Germany, 66–71. https://doi.org/10.1145/3213526.3213539

[43] Md. Nafiz Hasan Khan, Carman Neustaedter, and Alissa . Antle. 2019. Flight Chair:
An Interactive Chair for Controlling Emergency Service Drones. In Extended
Abstracts of the 2019 CHI Conference on Human Factors in Computing Systems
(CHI EA ’19). Association for Computing Machinery, Glasgow, Scotland Uk, 1–5.
https://doi.org/10.1145/3290607.3313031

[44] Bomyeong Kim, Hyun Young Kim, and Jinwoo Kim. 2016. Getting home safely
with drone. In Proceedings of the 2016 ACM International Joint Conference on
Pervasive and Ubiquitous Computing: Adjunct (UbiComp ’16). Association for
Computing Machinery, Heidelberg, Germany, 117–120. https://doi.org/10.1145/
2968219.2971426

[45] Heesoon Kim and James A. Landay. 2018. Aeroquake: Drone Augmented Dance.
In Proceedings of the 2018 Designing Interactive Systems Conference (DIS ’18).
Association for Computing Machinery, Hong Kong, China, 691–701. https:
//doi.org/10.1145/3196709.3196798

[46] Matjaž Kljun, Klen Čopič Pucihar, Mark Lochrie, and Paul Egglestone. 2015.
StreetGamez: A Moving Projector Platform for Projected Street Games. In Pro-
ceedings of the 2015 Annual Symposium on Computer-Human Interaction in Play
(CHI PLAY ’15). Association for Computing Machinery, London, United Kingdom,
589–594. https://doi.org/10.1145/2793107.2810305

[47] Pascal Knierim, Thomas Kosch, Alexander Achberger, and Markus Funk. 2018.
Flyables: Exploring 3D Interaction Spaces for Levitating Tangibles. In Proceedings
of the Twelfth International Conference on Tangible, Embedded, and Embodied
Interaction (TEI ’18). Association for Computing Machinery, Stockholm, Sweden,
329–336. https://doi.org/10.1145/3173225.3173273

[48] Pascal Knierim, Steffen Maurer, KatrinWolf, and Markus Funk. 2018. Quadcopter-
Projected In-Situ Navigation Cues for Improved Location Awareness. In Pro-
ceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(CHI ’18). Association for Computing Machinery, Montreal QC, Canada, 1–6.
https://doi.org/10.1145/3173574.3174007

[49] Sarah Kriz, Toni D Ferro, Pallavi Damera, and John R Porter. 2010. Fictional robots
as a data source in HRI research: Exploring the link between science fiction and
interactional expectations. In Proceedings of the 19th International Symposium in
Robot and Human Interactive Communication. IEEE, 458–463.

[50] Siya Kunde and Brittany Duncan. 2020. Intuitive Autonomy for Real Users of
Small Unmanned Aerial Vehicles (sUAV). In Companion of the 2020 ACM/IEEE
International Conference on Human-Robot Interaction (HRI ’20). Association for
Computing Machinery, Cambridge, United Kingdom, 576–578. https://doi.org/
10.1145/3371382.3377440

[51] Joseph La Delfa, Mehmet Aydin Baytas, Rakesh Patibanda, Hazel Ngari, Ro-
hit Ashok Khot, and Florian ’Floyd’ Mueller. 2020. Drone Chi: Somaesthetic
Human-Drone Interaction. In Proceedings of the 2020 CHI Conference on Human
Factors in Computing Systems (CHI ’20). Association for Computing Machinery,
Honolulu, HI, USA, 1–13. https://doi.org/10.1145/3313831.3376786

[52] Joseph La Delfa, Mehmet Aydin Baytas, Olivia Wichtowski, Rohit Ashok Khot,
and Florian Floyd Mueller. 2019. Are Drones Meditative?. In Extended Abstracts
of the 2019 CHI Conference on Human Factors in Computing Systems (CHI EA
’19). Association for Computing Machinery, Glasgow, Scotland Uk, 1–4. https:
//doi.org/10.1145/3290607.3313274

[53] Jangwon Lee, Haodan Tan, David Crandall, and Selma Šabanović. 2018. Fore-
casting Hand Gestures for Human-Drone Interaction. In Companion of the 2018
ACM/IEEE International Conference on Human-Robot Interaction (Chicago, IL,
USA) (HRI ’18). Association for Computing Machinery, New York, NY, USA,
167–168. https://doi.org/10.1145/3173386.3176967

[54] Chun Fui Liew and Takehisa Yairi. 2020. Companion Unmanned Aerial Vehicles:
A Survey. arXiv preprint arXiv:2001.04637 (2020).

[55] Sara Ljungblad, Jirina Kotrbova, Mattias Jacobsson, Henriette Cramer, and
Karol Niechwiadowicz. 2012. Hospital Robot at Work: Something Alien or
an Intelligent Colleague?. In Proceedings of the ACM 2012 Conference on Com-
puter Supported Cooperative Work (Seattle, Washington, USA) (CSCW ’12). As-
sociation for Computing Machinery, New York, NY, USA, 177–186. https:
//doi.org/10.1145/2145204.2145233

[56] Mikhail Matrosov, Olga Volkova, and Dzmitry Tsetserukou. 2016. LightAir: a
novel system for tangible communication with quadcopters using foot gestures
and projected image. In ACM SIGGRAPH 2016 Emerging Technologies (SIGGRAPH
’16). Association for Computing Machinery, Anaheim, California, 1–2. https:
//doi.org/10.1145/2929464.2932429

[57] Omar Mubin, Max Manalo, Muneeb Ahmad, and Mohammad Obaid. 2017. Scien-
tometric analysis of the HAI conference. In Proceedings of the 5th International
Conference on Human Agent Interaction. 45–51.

[58] Omar Mubin, Kewal Wadibhasme, Philipp Jordan, and Mohammad Obaid. 2019.
Reflecting on the Presence of Science Fiction Robots in Computing Literature. J.
Hum.-Robot Interact. 8, 1, Article 5 (March 2019), 25 pages. https://doi.org/10.
1145/3303706

[59] Florian ’Floyd’ Mueller and Matthew Muirhead. 2015. Jogging with a Quadcopter.
In Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing
Systems (CHI ’15). Association for Computing Machinery, Seoul, Republic of
Korea, 2023–2032. https://doi.org/10.1145/2702123.2702472

[60] Wai Shan Ng and Ehud Sharlin. 2011. Collocated interaction with flying robots.
In 2011 RO-MAN. 143–149. https://doi.org/10.1109/ROMAN.2011.6005280 ISSN:
1944-9437.

[61] Mohammad Obaid, Gökçe Elif Baykal, Asım Evren Yantaç, and Wolmet Baren-
dregt. 2018. Developing a Prototyping Method for Involving Children in the
Design of Classroom Robots. International Journal of Social Robotics (2018).
https://doi.org/10.1007/s12369-017-0450-7

[62] Mohammad Obaid, Felix Kistler, Gabrielundefined Kasparavičiūtundefined,
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