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Figure 1: User Delegation vs. User Taking Control. Examples of how users managed social interactions during navigation. In (A),
the user delegates to the robot, which asks people with a stroller to move. In (B), the user takes control by speaking and asking
the two people to move. In (C), the user again takes control, deciding to move the blocking suitcases without asking for help.

Abstract
Autonomy and independent navigation are vital to daily life but
remain challenging for individuals with blindness. Robotic systems
can enhance mobility and confidence by providing intelligent navi-
gation assistance. However, fully autonomous systems may reduce
users’ sense of control, even when they wish to remain actively
involved. Although collaboration between user and robot has been
recognized as important, little is known about how perceptions of
this relationship change with repeated use. We present a repeated
exposure study with six blind participants who interacted with a
navigation-assistive robot in a real-world museum. Participants
completed tasks such as navigating crowds, approaching lines, and
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encountering obstacles. Findings show that participants refined
their strategies over time, developing clearer preferences about
when to rely on the robot versus act independently. This work
provides insights into how strategies and preferences evolve with
repeated interaction and offers design implications for robots that
adapt to user needs over time.
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1 Introduction
Autonomy and independent navigation are vital components of
daily life, yet they remain challenging for individuals with blindness.
Robotic systems have been explored to enhance mobility and confi-
dence by providing autonomous navigation assistance in complex
environments [2, 6, 18, 49].

Nonetheless, there are situations where the robot cannot nav-
igate successfully on its own, such as when encountering dense
crowds or physical obstacles [50]. Collaboration between the user
and the robot is essential for overcoming such challenging scenar-
ios. Shared control, an emerging interaction paradigm in which
both user input and robot autonomy jointly shape navigation or
task completion decisions, provides a way to address situations that
autonomous systems alone cannot resolve [1, 34, 50].

In human-computer interaction (HCI) and human-robot inter-
action (HRI), shared control has been widely studied as a way to
balance efficiency with user agency. For blind users, robot auton-
omy is often prioritized for convenience and safety; however, prior
findings suggest that many also value social autonomy and pre-
fer to remain actively engaged in decision-making and interaction
with the surroundings, choosing when and how to rely on robotic
support [15].

On the spectrum between user-led and robot-led interaction in
navigation-assistive contexts, delegation leans toward the robot-led
side. For example, when blocked by a crowd, delegation involves the
user pressing a button for the robot to announce “Excuse me” (Fig. 1–
A), rather than directly asking people to move themselves (Fig. 1–B).
Similarly, when an obstacle is blocking the path, delegation means
asking the robot to request help from nearby staff (Fig. 1–C), as
opposed to the user attempting to move the obstacle independently.

Because deciding what action to take requires an understanding
of both the environment and the surrounding social context, prior
work has identified several categories of queries made by BLV peo-
ple [15]. However, many studies in assistive robotics for BLV users,
such as [15], have relied on Wizard-of-Oz (WOZ) style descriptions
rather than machine-generated ones. This approach is limited, as
it is unrealistic to assume that a human operator will always be
available in real-world deployments. Moreover, participants may
recognize when a human is speaking through the robot, which
could influence their responses and reduce the authenticity of the
interaction.

Additionally, to evaluate how delegation is reflected in practice,
longitudinal studies are necessary. Unlike many assistive robots
that are designed to operate autonomously, shared control offers a
high level of interactivity, and users may find it difficult to delegate
actions to a robot. However, as the novelty effect fades, they may
adjust their trust in the robot, refine their willingness to delegate
tasks, and develop strategies for interpreting its behavior. Nonethe-
less, most prior research has examined only short-term or first-time
interactions, leaving little understanding of how user perceptions,
preferences, and interaction strategies evolve over time. Capturing
these longitudinal changes is crucial for designing systems that not

only perform well in controlled trials but also support long-term
adoption in everyday contexts.

To examine these dynamics, we developed a robot with a shared
control interface and conducted a three-week longitudinal study
with six blind participants in a real-world museum setting. The
system incorporated interactive features to support joint decision-
making, including GPT-based environmental descriptions for query-
ing surroundings, obstacle-specific messages explaining why the
robot had stopped, and robot-mediated social communication for
negotiating crowds or requesting assistance.

Participants completed navigation tasks such as moving between
exhibits, negotiating crowds, approaching lines, and handling phys-
ical obstacles. Across the weeks, they engaged with the robot both
verbally and physically, making use of its interactive features while
also exercising their own judgment about when to act indepen-
dently. Our study focused in particular on obstacles at choke points,
crowds, and lines, as these represent scenarios where autonomous
navigation alone is insufficient and some form of social reasoning
or interaction is required. Crowds demand negotiation of shared
space, obstacles often require assistance from others to be moved,
and lines involve subtle reasoning about when and how to engage.

Our findings show that participants shifted from exploratory
to purposeful use of the robot’s functions, increasingly delegating
social interactions to the robot in noisy or crowded environments
while maintaining independence in quieter settings. This pattern
contrasts with prior work done in this area, which has reported
that participants preferred to take over interactions when faced
with shared control, delegation, or tasks that the robot could not
resolve on its own. Our results suggest that under certain real-
world conditions, users may instead view robot-led interaction as
the more effective option, highlighting the importance of context
in shaping delegation preferences.

Participants also refined their use of environmental descriptions,
moving from curiosity-driven activation to targeted requests for
context-specific information. These behaviors demonstrate that
delegation and collaboration are dynamic, shaped by both situa-
tional demands and evolving user trust. We also observed how
participants used the robot to engage with dynamic crowds and
real museum visitors, with responses ranging from people stepping
aside immediately to cases where requests were misunderstood.

The main contributions of this paper are:
• A three-week longitudinal study with six blind participants
using a navigation-assistive robot in a real-world museum
setting, providing empirical insights into how perceptions
of collaboration and social autonomy evolve with repeated
interaction.

• Detailed analysis of participants’ evolving strategies for del-
egation, including when they chose to rely on the robot
to initiate social interactions (asking people to move or re-
questing help) and when they acted independently, as well
as how they used environmental descriptions to interpret
surroundings and guide decisions.

• Concrete design implications for navigation-assistive robots,
including the need for adaptive levels of support, interac-
tive description systems that enable follow-up questions,
and flexible communication styles that accommodate both
individual preferences and dynamic social environments.
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2 Related Works
2.1 Assistive Navigation Systems and Robots for

Blind People
Various navigation systems have been developed to help blind
people reach their destinations, typically relying on maps, infras-
tructure, and localization methods [20, 24]. They have been realized
through smartphones [5, 16, 21, 43], wearable devices [29, 30], cane-
extensions [35], and more recently, robotic platforms [10, 19, 26,
32, 58]. These robots have gained attention due to their automatic
mobility and way�nding capabilities [54].

Multiple robotic form factors have been explored, including
companion-like [7], cane-like [41], quadruped [6, 22, 52, 58], and
wheeled designs [10,32,58], each o�ering distinct bene�ts. Quadrupeds,
for example, can navigate stairs and uneven outdoor terrain [3],
while many blind users prefer wheeled robots for their stability
and lower noise levels [51]. One widely deployed example is the
suitcase-styleAI Suitcase[46].

Even with these advances, navigation robots still face challenges
in dense, dynamic environments such as busy public spaces [46].
This di�culty is often described as the �freezing robot problem�[ 48,
50]. Researchers have explored social navigation planners[50], as
well as alerting methods to signal pedestrians [17], to mitigate this
issue. More recently, shared control has emerged as a promising
way to handle situations a robot cannot resolve autonomously,
allowing users to directly shape navigation decisions [15, 25, 53].

Building on this line of work, we integrated an enhanced shared-
control system that supports both navigation and on-demand situa-
tional awareness in challenging social environments. Prior suitcase-
style robots provided noti�cations when being blocked by people
and approaching exhibitions [47], but they did not allow users to re-
quest environmental information when needed. To address this gap,
we incorporated a description feature that generates broad envi-
ronmental summaries rather than only safety-related noti�cations.
We designed a general-purpose prompt that produces descriptions
of objects, people, spatial layout, and overall scene context. This
approach was inspired by open-ended exploration tools such as
Wanderguide [26], which o�er contextual descriptions when user
intent is not yet known.

We then used this enhanced system to investigate how blind
participants practically engage with shared control in situations
where the robot alone cannot resolve the environment, focusing
on how users choose between acting independently or relying on
robot-mediated social communication.

2.2 Delegation in Social Interactions
Although fully automatic robotic navigation may seem ideal for
blind individuals, failures can leave users in situations where they
cannot obtain assistance [15]. To address these risks, the shared
control paradigm has emerged as a promising interaction method
for navigation systems for the blind, as it is known to improve
con�dence, comfort, and trust [41, 58]. In shared control, user input
and robot autonomy are dynamically combined to collaboratively
complete navigation tasks.

Within this paradigm, delegation can be understood as a speci�c
form of shared control, where authority is explicitly transferred

between the human and the robot. Rather than blending inputs con-
tinuously, the user may delegate subtasks, such as obstacle avoid-
ance or route following, to the robot, while retaining high-level
decision-making power. This framing highlights the importance of
preserving human agency: the robot should enhance, rather than
override, the user's autonomy [15]. Compared to [15] our work
contributes new insights by examining delegation in a real-world
setting that involves longitudinal exposure, longer routes, more
scenarios, and a fully autonomous system rather than a Wizard of
Oz approach. This combination provides a richer understanding
of how delegation preferences develop over time and how users
negotiate control during everyday navigation tasks.

Prior e�orts in the accessibility domain illustrate how such ap-
proaches can be applied. For example, shared-control systems have
been used to support wheelchair navigation [40, 44, 45], and guide
robots have enabled blind users to specify proceeding directions
at intersections, while the robot provides automated guidance to
the next landmark [13, 14, 25, 27]. Other work has focused on
exploration support in unfamiliar environments, enabling blind
users to �exibly switch between direct control and automated guid-
ance [25, 26].

These examples reinforce the idea that delegation within shared
control is not merely about dividing labor; it is about creating mu-
tual support systems where both the human and the robot actively
contribute to successful navigation. Such systems must be designed
to preserve decision-making authority while o�ering reliable assis-
tance, thereby promoting independence without diminishing user
control.

2.3 Longitudinal Studies
Longitudinal studies allow participants to gain extended exposure to
new technologies, providing insights into how systems are adopted,
adapted, and sustained over time. Such studies are particularly valu-
able for moving beyond short-term novelty e�ects and capturing
how interaction patterns evolve in real-world contexts.

Research on large display systems, VR learning environments,
and other interactive technologies has shown that novelty e�ects
are strongest immediately after introduction or when modi�ca-
tions are made, often producing an initial surge in engagement
followed by stabilization [9, 12, 23, 28]. These �ndings highlight
that short-term trials may misrepresent long-term adoption, since
early behaviors often di�er substantially from stable usage patterns.
Multi-week deployments are therefore essential for understand-
ing how strategies evolve once novelty diminishes and real-world
routines emerge. These prior works show the importance of longi-
tudinal approaches in revealing not only how novelty shapes early
adoption but also how user behaviors and perceptions stabilize over
time.

Although there is limited work on longitudinal navigation stud-
ies with blind participants, prior longitudinal studies in related
domains, such as [28], where participants repeated similar tasks
across sessions, informed our design choices. However, as noted
in [38], the appropriate duration for longitudinal studies remains
context dependent and is still considered an open methodological
question within HRI.
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Despite this, very few studies have applied longitudinal meth-
ods to assistive robots [54], particularly in navigation research.
Existing e�orts have mainly focused on non-navigation contexts,
such as classrooms [36], gaming [33], or even non-robotic assistive
technologies [42]. In navigation assistance, most evaluations still
rely on short-term trials lasting only a few hours [54]. Although
some projects develop navigation systems iteratively through hard-
ware updates and deployments in large facilities [46], individual
longitudinal familiarization and adaptation remain underexplored.

In this work, we address this gap by conducting a three session
repeated-exposure study across three weeks with blind participants
using a navigation-assistive robot. Our focus is on how delegation in
social interactions evolves over time, going beyond single-session
familiarization to investigate how participants balance indepen-
dence with robot assistance in repeated, real-world use.

3 Longitudinal Study Methods
In this work, we conducted a three-week longitudinal study with
six blind individuals, each of whom interacted with the navigation
robot across three separate weeks. We �rst describe our robotic
system, which adopts a shared control interface, followed by details
of the study.

3.1 Robot Function and Interaction
We used an open-source robotic system [47], modi�ed to serve as
the guide robot for this study (Fig. 2a). The robot is equipped with
LiDAR sensors and three RGB-D cameras (front, left, and right)
to support navigation and obstacle detection. Its handle interface
integrates a touch sensor and four buttons (top, bottom, left, and
right), allowing participants to issue commands and receive haptic
feedback. A smartphone mounted on the back of the robot commu-
nicated with a neck speaker worn by participants, which delivered
GPT-generated obstacle detections and environmental descriptions.
An external speaker on the robot was used for preset social phrases
when participants delegated social interactions to the robot.

3.1.1 Surrounding GPT.Thetop button allowed participants to
request a description of their surroundings, which we refer to as
�Surrounding GPT�. Pressing this button captured a frame from the
front RGBD camera and submitted it to GPT using the prompt
�Please describe this scene.�. The prior version of the robot [47] did
not provide users with a way to request information about their
surroundings. It only delivered noti�cations about nearby obstacles
and approaching exhibits, without accepting any user-initiated
queries. To address this limitation, we introduced Surrounding
GPT as a method for o�ering general situational awareness rather
than only safety related alerts. We designed a generic prompt that
encouraged the model to describe the scene broadly, informed by
the principles of Wanderguide [26], which supports exploration by
providing open-ended contextual descriptions when user intent is
not yet known. This resulted in outputs that included visible objects,
people, spatial layout, and higher level semantic impressions of the
environment.

Theright button enabled participants to delegate social inter-
action by having the robot say�Excuse me, please move.�, while the
left button prompted the robot to vocalize�Excuse me, please help
me.�. Together, these functions gave participants multiple ways to

manage social interactions, supporting both independent action
and delegation to the robot depending on the situation. This fea-
ture was developed on top of the open sourced robot platform [47].
While the robot's compact, seamless design allows users to blend
naturally into their environment, this advantage also introduces
limitations not typically encountered with more visibly identi�able
navigation tools such as a white cane or guide dog, since bystanders
may not immediately recognize the device or know to make space
or o�er assistance.

3.1.2 Obstacle Detection.The robot includes a built-in obstacle
detection system that classi�es obstacles into general categories
such asperson, object in front, or unknown obstacle. To enrich this
capability, we developed an additional layer that provides more
detailed contextual information. When one of the three categories
is detected, the system captures a frame from the front RGB camera
and sends it to GPT-4o along with the following prompt:

You are an assistant guiding a person with visual im-
pairment. The robot is currently stopped for one of
the following reasons: (1) there is a person in front, (2)
it is trying to avoid a person, or (3) it has detected an
obstacle. Look at the image and, following the rules
below, state a concise one-sentence explanation cor-
responding to the reason for the stop.
(1) If there is a person in front, or (2) if the robot is
trying to avoid a person: state only the approximate
number of people, whether they are in a line or a
crowd, and whether they are facing toward you or
facing away. Example: �There is a crowd ahead with
about three people, facing away.�
(3) If the robot has detected an obstacle: brie�y state
what the obstacle is. Example: �The robot has stopped
due to an obstacle. There is a cone ahead.�
Please strictly follow the rules below:
� Do not provide any other information or descrip-

tions.
� Do not use vague expressions or apologies such as

�I do not know,� �I cannot judge,� or �I am sorry.�
� Do not include opinions or subjectivity; state only

objective facts.
� Keep the explanation as short and concise as possi-

ble.

The prompt was provided in the local language to ensure that
the generated output was also in that language.

3.1.3 Navigation and Interaction.Participants navigated by hold-
ing onto the robot's handle. Once a destination was set through the
Bluetooth-connected smartphone, participants indicated readiness
to begin moving by pressing the right button. The robot then au-
tonomously navigated to the destination, following waypoints and
avoiding obstacles and other visitors.

In situations where the robot could not move past people, such
as static crowds or physical obstacles, either the robot or the par-
ticipant needed to initiate a social interaction with those nearby to
resolve the problem. Participants were informed that they could
either use the robot's buttons to have the system ask people to
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(a) Front view (b) Top-down view

Figure 2: Guide Robot. The suitcase-shaped robot used in the study. It integrates a handle interface, smartphone, and external
speaker for user interaction. It includes multimodal sensing through front and right RGBD cameras, a 360 LiDAR, a bottom
LiDAR, and motorized wheels for navigation.

move or request assistance from nearby individuals, or they could
choose to manage these interactions independently.

3.2 User Study Detail
Using our robot system, we conducted a three-week study with six
blind participants, which was approved by our institutional review
board (IRB).

3.2.1 Recruitment and Participants.The study was advertised to
the local blind and low-vision community through a mailing list
a�liated with our institution. Six participants (three women and
three men) between the ages of 18 and 69 were recruited (" = 42”0,
(� = 23”6). Table 1 presents a detailed breakdown of participant
demographics, including age, gender, vision level, duration of im-
pairment, navigation tools used, and frequency of independent
outings. Given the di�culty of recruiting blind participants for
long-term studies, our system was evaluated with six users. This
sample size aligns with usability research indicating that a sin-
gle study with approximately �ve users can reveal about 75% of
usability issues [25, 26, 37].

3.2.2 Scenarios & Routes.We designed each route intentionally
to expose participants to a diverse set of navigation challenges.
The routes included narrow hallways, long corridors, chokepoints,
queues, and crowded areas, allowing us to emulate the types of
situations blind travelers commonly encounter in public indoor
environments.

To guide this design process, we developed a set of principles and
guidelines informed by a prior work on social navigation [8]. These
guidelines emphasized creating situations where users would need
to negotiate space, manage congestion, and determine when to rely
on the robot for assistance versus when to take direct control.

We expanded and adapted the routes explored in [15]. Based
on these guidelines, our routes were signi�cantly longer and more
complex than those used in prior work. The repeated-exposure

structure of our study allowed participants to experience multi-
ple instances of social navigation patterns across di�erent spaces.
This enabled us to build on established navigation patterns while
incorporating more complex and extended paths appropriate for
longitudinal evaluation. By integrating both structured challenges
and open-ended environments, the routes o�ered a comprehensive
testbed for observing delegation behaviors and shared control in
realistic conditions.

We designed three distinct scenarios in which participants were
required to take an action to address the situation, following the
framework established in a prior work [15].

(1) Crowd scenario: A static crowd blocked the path. Partici-
pants could either speak directly or press the right button
for the robot to say�Excuse me, please move.�

(2) Obstacle scenario:An object blocked the path. Participants
could press the left button for the robot to request help or
do so themselves.

(3) Line scenario: A line of people formed at the destination.
Participants decided whether to initiate the interaction them-
selves or delegate it to the robot.

Fig. 4 illustrates the routes and locations where the scenarios
were conducted over the three weeks. Thecrowd scenariowas cre-
ated by two experimenters who stood close together to form a
choke point. They remained stationary unless the participant acted,
either by commanding the robot to speak or verbally asking them
to step aside.

For theobstacle scenarios, three di�erent obstacles were intro-
duced, one per week (Fig. 3). In the �rst week, a simple grass-like
foam object was used. This object was taken directly from a mu-
seum exhibit to simulate a pop-up exhibition. In the second week,
two suitcases were placed.

In the �nal week, a baby stroller accompanied by a man looking
at his phone was positioned.These suitcase and stroller obstacles
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