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Figure 1: The overview of the prototype, a telepresence robot augmented with hand gestures. The robot contains a chassis with
Mecanum wheels capable of omnidirectional movement. A MyCobot320 robotic arm, a Samsung Tab A8 tablet, and a Logitech
C920 camera are installed on top of the chassis. A robotic hand that resembles the shape and size of a real hand is attached at
the end of the robotic arm. The system has four main functions: spatial reference, motion demonstration, direct action, and
remote-controlled view.

Abstract
Although remote assistance is a common resource older adults turn
to when learning new digital technology, remote helpers face diffi-
culty in assisting older adults in learning new physical devices as
they are unable to perform trial-and-error operations or demonstra-
tions remotely. Through a formative study with 8 older adults and 8
younger helpers, we identified key challenges in remote assistance,
including poor camera placement, difficulty in communicating mo-
tion, and the limitations of remote trial-and-error methods. We
designed a telepresence robotic system that augments remote assis-
tance with gesture-based cues to address key limitations of video-
call support, and to potentially facilitate in-the-moment learning
during device use.

CCS Concepts
•Human-centered computing→ Empirical studies in HCI;
Collaborative and social computing; • Computer systems
organization→ Robotics.
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1 INTRODUCTION
An increasing number of older adults are open to adopting new
technology and using technology devices widely [2]. Learning new
devices is crucial for them to stay connected with their social net-
works, access essential services, and enhance their perceived quality
of life [10, 18]. However, challenges still exist in learning to use new
devices due to non-inclusive designs, such as overly complicated
user manuals [8] or complex digital displays [7]. As reported, more
than 60% of older adults seek technical assistance from others [20].
However, in many regions, intergenerational co-residence rates
are declining and family members are geographically dispersed,
making timely and actionable remote support a practical necessity
for technology use and daily activities [13, 21, 25].

For screen-based devices, remote helpers commonly rely on
video calls or screen-sharing tools (e.g., Skype, TeamViewer) to
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provide step-by-step guidance [20]. However, these tools are only
applicable to standard screen-based devices like laptops and smart-
phones and cannot be used for devices that rely on physical in-
teractions, such as smart home appliances like coffee machines or
vacuum-cleaning robots. For devices with no screen-sharing capa-
bilities, older adults may turn to video chat apps on smartphones
for assistance. However, maintaining a good camera position for
the remote viewer while operating the device can be challenging
[17]. Additionally, older adults may find it difficult to see demon-
strations from the remote helper who has no direct access to the
device, making the learning process more challenging.

Telepresence robots have shown potential in addressing the
challenge of providing remote assistance across different devices.
These robots act as local stand-ins for remote operators, enabling
them to navigate local environments and gain various perspectives.
Previous research has explored the use of telepresence robots in
workplaces, schools, and home settings, highlighting their ability
to enhance the sense of presence, which in turn leads to improved
communication and task performance [3, 9, 15]. While prior studies
in Human-Computer Interaction (HCI) have mainly focused on
social interactions using telepresence robots, recent developments
in robotics have led to the development of teleoperated humanoid
robots [6] equipped with robotic arms capable of complex manipu-
lation tasks and expressive motion. Leveraging this capability may
be beneficial for the collaborative learning process between older
adults and remote helpers. However, the potential of telepresence
robots in providing remote assistance to older adults in physical de-
vice learning has not been extensively explored, and little is known
about how to design a telepresence robot to facilitate collaborative
learning and remote technology adoption among older adults.

Building on prior research, our study investigates how teleoper-
ated robots can facilitate remote helpers in teaching older adults to
use new technology devices. Specifically, we sought to answer the
following research question (RQ):

RQ: How might a telepresence robot be designed to support
older adults learning a new technology device that requires physical
operations?

To answer the RQ, we conducted a formative study with older
adults and young remote helpers to examine challenges with con-
ventional video calls. We found difficulties in 1) maintaining good
camera placement, 2) communicating position and motion, and
3) conducting trial-and-error for the remote helper. In response,
we built a telepresence system combining a mobile telepresence
robot (for helper-controlled viewpoint) and a stationary robotic
arm with a hand end-effector (for spatial referencing and motion
demonstration via predefined gestures). We aim to improve the
learning outcomes and user experience for both the remote helper
and the older adults in the future.
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2 RELATEDWORK
2.1 Remote Support for Older Adults’

Technology Learning
While in-person presence is highly effective for teaching device
use, it is often constrained by the logistical demands of time and
travel in an era of geographically dispersed families [13, 21, 25]. Pre-
prepared instructional support (manuals, printed/recorded tutorials)
can be provided offline [16], yet it is not always timely or adaptable
to emergent glitches, and many older adults still prefer to seek
assistance from their social networks [20].

Given these practical constraints, remote assistance offers a flex-
ible alternative through various digital tools. For instance, screen-
sharing/remote-desktop tools (e.g., TeamViewer/Skype) are effec-
tive for screen-based tasks but do not transfer to physical devices.
However, they may raise privacy concerns by granting device con-
trol [11]. Smartphone video calls are flexible yet fragile: maintaining
an informative camera view while operating the device is difficult,
and remote helpers cannot easily demonstrate spatial actions, lead-
ing to frequent repair turns [17]. Prior work has also explored AR
overlays and projected annotations to point, label, or draw on the
scene—improving spatial referencing [14]—but AR still cannot enact
a real 3D action in space, making it hard to convey nuanced manip-
ulation [4, 5]. By contrast, telepresence robots offer embodied pres-
ence with helper-controlled viewpoints and non-verbal cues (e.g.,
indicative/demonstrative motion), which prior work shows can en-
hance communication and coordination across settings [1, 3, 9, 15].
This makes telepresence a promising way to deliver the conve-
nience of “being there” without imposing the recurring time and
travel costs of co-located help.

2.2 Telepresence Robots with Non-verbal Cues
The Human-robot Interaction (HRI) community has extensively
explored the use of non-verbal cues to enhance telepresence robots
in conversation and meeting scenarios. For instance, Adalgeirsson
et al. [1] developed Metbot, which can reflect the motion of the
teleoperator, to explore the impact of expressive body condition
in remote communication. Similarly, Sirkin et al. [24] examined
how consistency in physical and on-screen actions enhances un-
derstanding of motion in remote communication scenarios. Otsuka
et al. proposed MMspace [19] to evaluate the effect of providing
the robot with a sense of eye contact in symmetric group-to-group
remote conversation.

Previous work has examined how non-verbal cues function in
remote collaboration or assistance scenarios. Sakashita et al. [22]
developed an embodied remote presence system aimed at facili-
tating design tasks that require interaction with physical artifacts.
Gurevich et al. [9] presented TeleAdvisor. In addition to conven-
tional telepresence capability, the TeleAdvisor contains a projector
mounted on the end of a robotic arm to display additional infor-
mation from the teleoperator on the onsite workspace to provide
visual guidance and assistance to the local worker. Saraiji et al.
[23] proposed Fusion, a wearable bimanual robot teleoperated by
a remote user, allowing the remote user to "dive into" the local
worker’s body for collaborative tasks. VROOM [12] extended the
conventional telepresence robot with a live-sized avatar overlay in

Augmented Reality, allowing the local users to see the teleopera-
tor’s head pose and hand movements. Despite extensive research
on telepresence robots with non-verbal cues, there remains a gap in
understanding how these can be effectively integrated to enhance
remote collaborative learning of physical devices for older adults. In
this work, we investigate how integrating telepresence robots with
non-verbal cues can improve older adults’ collaborative experience
in remotely learning to use physical devices.

3 Formative Study
To examine challenges in remote technology assistance, we ran a
formative study with 8 pairs of older adults and college-aged remote
helpers. Each older adult collaborated with a young helper on two
devices: one task via remote video call and one face-to-face. After
each session, we conducted semi-structured interviews with both
participants to surface challenges and support needs. We observed
three recurrent issues: (1) maintaining an informative camera view,
(2) communicating position and motion, and (3) enabling trial-and-
error remotely. These findings informed a set of design objectives
and a prototype telepresence robot augmented with hand gestures
to probe impacts on learning outcomes and user experience.

3.1 Participants
With ethics approval, we recruited 8 older adults (7 females, 1 male,
M=58, SD=4.23) from a local Open University for older adults and
8 college students (4 females, 4 males, M=24, SD=3.34) from a local
university. Participants are recruited with online advertising and
word-of-mouth from local elderly communities and our home in-
stitution. All older adult participants self-reported low familiarity
with the coffee machine (M=1.25/5, SD=0.65) and computer assem-
bly (M=2.13/5, SD=0.87). The demographic information is shown
in Table 1, with OF representing the older adults and YF represent-
ing the remote helpers. Each older adult participant is randomly
assigned to a young participant for each task during the study.

We selected two devices for the formative study: a coffeemachine
(Philips 3200) and a desktop personal computer (Shown in Fig. 2).
Participants completed two tasks—pulling an espresso on the coffee
machine and connecting cables (display, chassis, keyboard, mouse)
on the PC. Each pair performed both tasks under two conditions: (a)
video call—older adult and helper in separate rooms using Tencent
Meeting on tablets, with the older adult sharing the device view
via the rear camera; and (b) face-to-face—both in the same room,
communicating in person while operating the device.

3.2 Procedure
Participants first completed a demographics questionnaire. Both
OF and YF received the device manual, then the older adult entered
the task room and attempted the task independently for 5 minutes.
If the task was not completed, the helper joined—via video call
or face-to-face, depending on the condition. Each session ended
at completion or after 15 minutes. Each pair completed two ses-
sions, following the same procedure but with a different device
and condition each time. After both sessions, we interviewed both
participants ( 30 min) about perceived challenges and observed
behaviors. Interview transcripts were analyzed using an induc-
tive thematic analysis approach. Two researchers independently
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ID Sex Age Coffee
Machine

Computer
Assembly ID Sex Age Coffee

Machine
Computer
Assembly

OF1 Female 65 1 1 YF1 Female 24 3 4
OF2 Female 59 1 1 YF2 Female 22 1 4
OF3 Female 56 1 1 YF3 Female 22 1 3
OF4 Female 52 1 3 YF4 Female 32 4 5
OF5 Female 54 2 3 YF5 Male 26 1 3
OF6 Male 62 1 3 YF6 Male 23 4 4
OF7 Female 58 2 2 YF7 Male 23 1 1
OF8 Female 60 1 3 YF8 Male 23 3 3

Table 1: Participants’ demographics in the formative study. It contains participants’ sex, age, and level of familiarity with the
coffee machine and the assembling computers (rated on a scale of 1 to 5, from never used to high proficiency).

Figure 2: Formative study setup in the video call condition. The image on the left illustrates the coffee-making task, while the
image on the right depicts the computer assembly task.

performed open coding, met regularly to compare and reconcile
codes, and iteratively grouped them into broader themes through
discussion and consensus.

3.3 Findings
After the experiment, most older adults were ultimately unable
to complete the task within the allotted time and did not acquire
knowledge from the process. Building on this, our interview results
revealed three main challenges older adults and helpers might face
during remote assistance: 1) maintaining ideal camera placement
for the onsite user, 2) communicating motion and position, and 3)
conducting trial-and-error for the remote helper.

3.3.1 Maintaining Camera Position. Many remote helpers (5/8)
reported that the undesirable handheld camera position was a major
barrier to providing useful assistance. Views were often too narrow
or shaky to see the device clearly (YF2, YF5, YF7). Visibility was
worst while the older adult was operating: helpers could not see
which button was being pressed (YF5, YF8). As OF8 put it, “I can
only focus on one place—when I focus on the device I can’t keep
the camera on my hand.” In some cases the tablet was set aside,
leaving the helper with no view at all (YF3).

3.3.2 Communicating motions and location. Describing where to
act and how to move produced notable anxiety. Identifying a spe-
cific button/port was hard for both sides (YF5; OF7, OF8), and OF8
said she was often unsure which control was meant but hesitated
to ask repeatedly. Explaining the water tank removal on the cof-
fee machine was especially difficult: “Verbal description is always

too vague—it’s hard to convey the pulling direction and required
force,” noted YF3; similar concerns arose for YF7 and YF8. Several
participants (YF8, YF7, YF3, OF8) said direct demonstration—as in
the face-to-face condition—would make the task much easier.

3.3.3 Remote Trial-and-error. Helpers differed in device familiarity.
When they were unfamiliar or unexpected errors occurred, they
tried trial-and-error—but only the older adult had hands on the
device, forcing helpers to “teleoperate” through verbal guidance.
This made trial-and-error slow and frustrating because precise
locations and motions were hard to communicate. “I wanted to try
it myself first and see how the water tank comes out,” said YF8,
after multiple failed attempts by the older adult. The inefficiency
frustrated both parties: OF7 felt the helper “didn’t know how to
help,” while YF7 said he couldn’t help effectively because he could
not try the actions himself.

4 PROTOTYPE
To address the challenges revealed in the formative study, we de-
signed a teleoperated robotic system with the following design
goals: 1) allowing remote users to adjust camera position and ori-
entation, 2) supporting spatial referencing, and 3) supporting trial-
and-error for the remote user. The system comprises a mobile telep-
resence robot and a stationary robotic arm, as shown in Fig. 1.

4.1 Mechanical Structure
The telepresence robot contains a screen and a camera to support
conventional video conferencing capability. A Samsung A8 tablet
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Figure 3: Interface for Controlling the Telepresence Robot and Robotic Arm. The controller’s left and right joysticks are used
to maneuver the telepresence robot, enabling translational and rotational movement, thus adjusting the remote helper’s view
for observing older adults’ conditions. The mouse controls the robotic arm, where the left button selects an interactive area of
the physical device on the screen, and the right button opens a context menu. This menu provides three key options: (1) Point
(spatial reference) for identifying locations, (2) Motion Demonstration for actions like “click” based on the physical device, and
(3) Home to reset the robotic arm to its initial position.

Figure 4: The prototype photos. To ensure participants’ safety and better robot movement accuracy for a smooth experience,
the robotic arm is fixed on the table. A: Photo of the prototype with the robotic arm fixed on the table. B: How participants use
prototypes.

and a USB webcam are installed on the Elephant Robotics myAGV
platform. Mecanum wheels on the robot allow for omnidirectional
movement. The remote user can adjust their views by changing
the robot’s position and orientation using a gamepad. A 6-DoF
robotic arm (Elephant Robotics MyCobot 320) is fixed on the table
facing the device to be operated during the study. A robotic hand
(modified InMoov Hand i2) that resembles the shape and size of a
real hand is attached at the end of the robotic arm.

4.2 Robot Gesture
Because of collision-safety concerns, we disabled free-form gesture
mirroring of the teleoperator’s arm. Instead, the robot executes a
predefined gesture set derived from formative-study challenges: (1)
spatial referencing—pointing with the index finger to a teleoperator-
specified location to disambiguate targets; (2) motion demonstra-
tion—showing how to act without contact (e.g., a grab-and-pull
next to the coffee machine’s water tank), which clarifies motion,
supports learning, and covers movements the arm cannot safely
execute on the device; and (3) direct action—pressing device buttons
to enable teleoperator trial-and-error.

4.3 Teleoperation Interface
The teleoperator controls the telepresence robot and the robotic
arm with a GUI interface on a PC. The interface is implemented
with QT and OpenCV. The remote user can control the movement
of the telepresence robot with two joysticks on a gamepad. They

can command the robotic arm to carry out gestures by first se-
lecting a component of the device to interact with by left-clicking
on the streamed video feed. The areas that allow for interaction
are localized by detecting the ArUco markers. Then, the remote
user can right-click and select the gesture to be performed with
the robotic arm. The telepresence robot and the robotic arm are
connected to the teleoperator’s PC over the WIFI network. The
interface is shown in Figure 3, and the physical product and usage
demonstration is shown in Figure 4.

5 Conclusion
In this paper, we explored the use of a telepresence robot system to
enhance remote assistance for older adults learning to use physical
devices. Through a formative study, we identified key challenges
for remote helpers to assist older adults in learning physical devices,
including maintaining the camera position, demonstrating motion
and location, and conducting remote trial-and-error. To address
these challenges, we designed a telepresence robotic system en-
hanced with a robotic arm that can perform gestures to improve
communication.

This work presents our formative insights and prototype design
as a first step. As future work, we plan to conduct a formal eval-
uation to assess the system’s usability and its effects on learning
outcomes and task performance in realistic device-learning sce-
narios. We also intend to examine how might a telepresence robot
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impact remote collaborative learning of a new technology device
requiring physical operations for older adults.
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