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Abstract
Teleoperating high degree-of-freedom (DoF) robots such as hu-
manoids in interactive settings remains challenging due to high
operator workload, and limited situational awareness. The majority
of existing interfaces often relies on graphical dashboards, limit-
ing natural, embodied control. This study explores an alternative
paradigm: "Robot-as-Interface," where one humanoid robot (the pup-
pet) is physically manipulated to control another (the performer)
through direct joint-to-joint mapping. Following a co-design ses-
sion with expert users, we developed an improved interface fea-
turing joint locking, head orientation control, blockage detection,
and a pausing toggle. A between-subjects user study (N=26) com-
pared this expert-informed system against a baseline. Results show
significantly improved system usability (SUS) and a reduction in
perceived workload. Observations further revealed the importance
of operator pacing, spatial positioning, and clear system feedback.
Overall, results indicate that expert-informed enhancements can
improve usability and operator experience in puppet–performer
teleoperation, provided that hardware limits and user training are
carefully addressed.

CCS Concepts
• Human-centered computing→ Usability testing; User inter-
face management systems; • Computer systems organization
→ Robotic control.

Keywords
Teleoperation interfaces, Wizard-of-Oz, Shadowing, Embodied in-
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1 Introduction
Social robots often require context-dependent behaviors that exceed
current autonomous capabilities [18]. In such cases, a hidden hu-
man operator can teleoperate the robot, commonly referred to as a
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Wizard-of-Oz (WoZ) setup, to give the impression of advanced intel-
ligence or interaction skills [11]. However, effectively teleoperating
social robots remains challenging: operators often face difficulties
in maintaining situational awareness, managing the complexity
of control, and handling high cognitive load, particularly when
interfaces lack a user-centered design [9, 10].

Most existing approaches, such as GUIs, separate the operator
from natural, human-like control modalities. This study explores an
alternative paradigm in which one social robot, termed the puppet, is
physically manipulated to control an identical robot, the performer.
By leveraging the human-like embodiment and built-in interaction
modalities of social robots, we explore the idea that physically
guiding the puppet—with a direct, one-to-one joint mapping to the
performer—can facilitate more intuitive and natural control.

This research addresses two questions: (1) How practical is it to
use a physical replica of a teleoperated robot as the interface? (2)
How can such an interface be made more usable through expert-
informed design improvements? We conducted a co-design study
to explore interface improvements and evaluated these in a com-
parative user study focusing on usability and workload.

2 Related Work
Wizard-of-Oz (WoZ) enables naturalistic interaction studies before
full autonomy is feasible [11]. However, WoZ interfaces remain
labour-intensive, inconsistent across studies, and highly dependent
on operator skill. Riek’s review [11] found that most WoZ systems
rely on ad-hoc GUIs, and later work highlights persistent issues
such as high wizard workload and extensive preparation demands
[1, 12].

Prior research has examined various methods of teleoperation,
including GUI panels [10, 14], immersive VR/AR [14, 15, 19], wear-
ables [3, 8], and proxies [4, 5]. Overall, these studies converge on
the need to balance intuitive embodied control with multimodal
feedback and support for high-dimensional complexity. Yet, to our
knowledge, no work has investigated one humanoid directly tele-
operating another, a gap our puppet–performer study addresses.

Puppeteering replaces GUI-based teleoperation with embodied,
proxy-based control. In social HRI, Troughton et al. [20] showed
that expert improvisers can generate rich behaviours when pup-
peteering Pepper, motivating efforts to formalize reusable strategies.
Schrage-Prent et al. [13] demonstrated that incremental, feedback-
rich puppeteering can be more usable than graphical interfaces,
highlighting the value of accessible, embodied programming.

Key telepresence and leader–follower systems illustrate the de-
sign trade-offs of puppeteering. TELESAR VI [17] achieves high-
fidelity full-body telexistence but requires complex hardware,
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Figure 1: Visualization of the puppeteering setup showing the in-
teraction between the human operator and the performer.

whereas low-cost replicas such as ROBOPuppet [4] enable intu-
itive mapping for novices through physical miniatures. Together,
these works show that puppeteering offers intuitive control but
faces recurring challenges in workload, mapping ambiguity, and
hardware constraints. Our work extends this combined trajectory
through a robot-as-interface paradigm in which one Pepper robot
directly teleoperates another. By integrating co-design-informed
improvements that go beyond simple shadowing of join values, we
empirically evaluate how embodied puppeteering can deliver more
intuitive, effective, and user-centered teleoperation, specifically in
interactive scenarios with highly articulated social robots.

3 Methodology
3.1 System Design
3.1.1 System Overview. The basic version of our system uses two
SoftBank Robotics Pepper robots integrated via the Social Inter-
action Cloud (SIC) framework [16]12. The "Puppet" is physically
manipulated by the operator, and its joint positions, including base
displacement, are streamed in real-time to the "Performer" through
a controllable sampling rate (figure 1).

3.1.2 Co-Design Session. To identify usability challenges, we con-
ducted a participatory co-design session with three expert users: a
professional puppeteer, circus artist and juggler, a Cultural Data &
AI researcher with dancing experience, and a MSc AI graduate. Par-
ticipants explored the baseline system through a semi-structured
setup and identified several issues: (a) motion misalignment caused
by dropped or desynchronized commands, (b) the inability to re-
cover or reposition the robots once they became obstructed, and
(c) the lack of clear orientation or gaze cues, which made social
gestures difficult to judge and perform naturally.

3.1.3 Implemented Features. Based on the co-design outcomes, we
implemented the following visible interface features:

Physical Head Handle: To address issue (c), a handle was attached
to the back of the puppet’s head (figure 2a) to facilitate intuitive
gaze direction and orientation control.

1Source code available at: https://github.com/Social-AI-VU/sic_applications/tree/
main/demos/pepper
2Setup documentation available at: https://socialrobotics.atlassian.net/wiki/spaces/
CBSR/overview

Joint Locking: Operators can lock specific joint chains (left arm,
right arm, or head) by pressing the robot’s side bumpers or head
sensor (figure 2b). This allows the operator to stabilize one limb
while manipulating another, reducing cognitive load.

Blockage Feedback: To address limited situational awareness,
the system compares the puppet’s intended position with the per-
former’s actual position. If a discrepancy persists (indicating an
obstacle), the puppet’s chest LEDs turn red and a spoken notifica-
tion is triggered (figure 2c).

Pause/Resume Toggle: To address issue (b), a toggle to pause the
puppeteering link is mapped to the back bumper (figure 2d). It
allows the operator to reposition the puppet without moving the
performer, facilitating recovery from awkward physical positions.

3.2 Evaluation Study
We conducted a between-subjects user study (N = 26) comparing
the improved puppeteering system against a baseline model that
streamed only real-time joint positions and base movement from
puppet to performer, without any additional control or feedback
mechanisms.

3.2.1 Ethical Considerations. The experimental study was con-
ducted in accordance with institutional ethical guidelines, accord-
ing to an online self-check. All participants were informed about
the study procedures, their right to withdraw at any time without
penalty, and the voluntary nature of their participation. Written
informed consent was obtained prior to the start of the experiment.
Each participant received e10 as compensation for their participa-
tion in the form of a gift card.

3.2.2 Experimental Setup and Tasks. Participants performed three
tasks (figure 3), focusing on different aspects of robot control that
were aimed at testing the newly added features. The participants
using the new model were made familiar with the new features but
not explicitly encouraged to use them. They were told to use them
if they believed it would be beneficial to complete the task. The
participants were given a maximum time of 5 minutes to complete
each task. Not succeeding to complete a task in the given time
limit or upon giving up themselves, the task would be marked as a
failure.

The participants completed the following tasks:

Navigation: Navigating the robot around an obstacle (Figure 3a),
requiring base movement and potential repositioning (testing the
Pausing feature).

Guided Tour: Navigating the performer to two points (Figure 3b),
pointing and directing gaze at a cup at each location (testing Head
Handle and coordination).

Careful Delivery: Carrying a small cube along a pad to a drop-off
point (Figure 3c), requiring stable arms during movement (testing
Joint Locking).

3.2.3 Measures. The two systems were compared using the System
Usability Scale (SUS) [2], NASA-TLX [6], and three qualitative ques-
tions (requested additions, most helpful feature, most unnecessary
feature).
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(a) Prototype for a physical head
handle.

(b) Operator pressing Pep-
per’s bumper to lock an arm.

(c) LEDs turn red after joint mis-
match.

(d) Operator pressing back
bumper to pause/resume.

Figure 2: Overview of implemented features. (A) Physical head handle. (B) Joint locking via side bumpers. (C) Blockage feedback through
LEDs and audio. (D) Pause/resume toggle on back bumper.

(a) Task 1: Navigation (b) Task 2: Guided
Tour

(c) Task 3: Careful De-
livery

Figure 3: Top-down visualization of the three tasks. The Puppet
robot is depicted in red and the Performer robot in blue. A single
grey square indicates a chair, and double grey squares indicate a
table.

4 Results
4.1 Participant Demographics
A total of 26 participants took part, evenly split between baseline
and improved system conditions. Ages ranged from 21 to 68 years,
with 𝑛 = 15 identifying as male, 𝑛 = 9 as female, and 𝑛 = 2 as
non-binary. Prior robot experience is reported by 10 participants,
and 12 reported performance experience.

4.2 Usability and Workload
Participants using the new model reported significantly higher
usability scores (𝑀 = 66.35) compared to the baseline group (𝑀 =

51.73). An independent-samples t-test confirmed this difference
was significant (𝑡 (24) = 2.22, 𝑝 = .036), with a large effect size
(𝐶𝑜ℎ𝑒𝑛′𝑠𝑑 =ψ0.87 , 95% CI [1.03, 28.20]).

NASA–TLX workload scores showed a non-significant trend
toward lower workload for the improved model (𝑀 = 40.88) com-
pared to the baseline (𝑀 = 49.72), 𝑡 (24) = −1.81, 𝑝 = .082, Cohen’s
𝑑 = −0.71, 95% CI [−18.88, 1.22].

Figure 4: Box plots showing System Usability Scale (SUS; higher =
better) and NASA–TLX workload scores (lower = less workload) for
the baseline and new models. The asterisk (*) denotes a significant
difference (𝑝 < .05) based on independent-samples 𝑡-tests; “n.s.” =
not significant.

Figure 4 visualizes these distributions, showing a significant
difference in usability (SUS; *) and a non-significant difference in
perceived workload (NASA–TLX; n.s.).

4.3 Task Performance
Task success rates differed significantly for Task 1, with participants
using the improved system achieving a higher success rate than
those using the baseline (100% vs. 53.8%, p = .015). For Task 3,
success rates did not differ significantly between conditions. No
significant differences were found in completion times for Tasks
1 or 3. Task 2 was excluded from quantitative analysis due to the
absence of a reliable success criterion.

4.4 Qualitative Findings
Participants’ open-ended feedback highlighted several recurring
themes across both system versions. The most common requested
additions were improved synchronisation, voice control, and gen-
eral design refinements, with baseline users especially emphasising
navigation and clearer feedback, while new model users requested
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finer alignment and more dexterous hand control. Across both ver-
sions, participants found the robot-as-interface intuitive, and new
model users specifically valued the pause function and arm-locking
mechanism. Unnecessary elements differed by system: baseline
users pointed to control complexity and some hardware features,
whereas new model users focused on head-related design issues
and overly sensitive sensors.

4.5 Lessons Learned
A series of practical insights emerged from observations during the
study. Misalignment between puppet and performer was common,
driven by hardware limits, required movement thresholds, collision-
avoidance interruptions, and the performer’s maximum replication
speed. Subtle gestures were often lost, fast motions increased desyn-
chronisation, and some users triggered instability or shutdowns
with abrupt movements. Operators who adopted a gentler, more
deliberate controle style avoided many of these issues, indicating
that personal interaction style strongly affects puppeteering per-
formance. Spatial positioning also influenced task success: some
participants inadvertently blocked the robots or restricted their
own maneuverability, reflecting a need for clearer guidance and
possibly alternative navigation controls, such as hybrid control,
when physical space is limited.

Additional challenges stemmed from the interface and the exper-
imental setup. The new model’s rear pause button was sometimes
unintentionally pressed without the operator realising it, while
the baseline model’s lack of such a feature caused participants to
physically reposition the puppet when it was obstructed. System
shutdowns and instability, sometimes unexplained, prevented some
trials from completing.

These observations suggest several directions for refinement: (i)
Provide operators with spatial positioning guidelines; (ii) Explore
navigation-control alternatives that require less physical space; (iii)
Implement acceleration-limiting features to prevent system failures;
(iv) Ensure pause and lock mechanisms are appropriately placed
and clearly indicated; (v) Provide operator training to familiarise
participants with the system and its limitations.

5 Discussion and Conclusion
This study demonstrates that a "Robot-as-Interface" paradigm can
provide an intuitive method for social robot teleoperation, provided
the interface is designed to manage complexity. The improved
puppeteering model, developed through a co-design process, signif-
icantly improved usability scores (SUS) compared to the baseline
system. Although workload scores (NASA–TLX) were lower for the
new model, this difference did not reach statistical significance.

The improvement in usability scores suggests that the added
features successfully mitigated some of the inherent difficulties
of high-DoF control. The joint locking mechanism, in particular,
allowed operators to decompose complex whole-body tasks into
manageable segments, addressing the dimensionality challenge
highlighted in prior literature.

The observations and qualitative findings indicate that hard-
ware and synchronization constraints, stemming from Pepper’s
design, motion streaming thresholds, and collision avoidance be-
haviour, remain barriers to fine-grained control. These constraints

may also interact with operator behaviour, as gentler, more deliber-
ate handling appeared to improve performance, echoing findings
that simplified and constrained control strategies can enhance tele-
operation outcomes [7]. This highlights the need for both technical
optimisations and structured operator training to ensure consistent
results across different interaction styles.

Environmental and spatial constraints also emerged as influential
factors. Limited operating space in the lab sometimes hindered
navigation, a challenge likely to extend to real-world Wizard-of-Oz
deployments. Hybrid control schemes that decouple navigation
from full-body puppet manipulation, or integrate joystick-based
navigation, may help mitigate such constraints.

Overall, this study provides exploratory evidence that a robot-
as-interface paradigm is a promising approach to teleoperation in
social robotics, offering intuitive mapping between operator ac-
tion and robot behaviour. While quantitative improvements were
observed in usability and specific task performance, the primary
contribution lies in the observed interaction patterns and lessons
learned regarding hardware constraints, operator strategies, and
spatial setup. Future research should therefore build on these find-
ings through iterative prototyping, feature-specific testing, and
expanded qualitative evaluation, while also systematically compar-
ing this approach to alternative teleoperation modalities, assessing
its scalability in more complex tasks, and integrating multimodal
feedback to further enhance intuitiveness and situational aware-
ness.
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