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Evaluating FEAST Across Diverse Scenarios with 2 Community Researchers

Fig. 1: Informed by a formative study with 19 care recipients and 2 community researchers, we propose FEAST: a flexible mealtime-assistance
system grounded in adaptability, transparency, and safety. Through in-home evaluations, we demonstrate that FEAST can personalize to the
needs of two care recipients, assisting each with three meals in diverse in-the-wild contexts.

Abstract—Physical caregiving robots hold promise for improv-
ing the quality of life of millions worldwide who require assistance
with feeding. However, in-home meal assistance remains chal-
lenging due to the diversity of activities (e.g., eating, drinking,
mouth wiping), contexts (e.g., socializing, watching TV), food
items, and user preferences that arise during deployment. In this
work, we propose FEAST, a flexible mealtime-assistance system
that can be personalized in-the-wild to meet the unique needs of
individual care recipients. Developed in collaboration with two
community researchers and informed by a formative study with a
diverse group of care recipients, our system is guided by three key
tenets for in-the-wild personalization: adaptability, transparency,
and safety. FEAST embodies these principles through: (i) modu-
lar hardware that enables switching between assisted feeding,
drinking, and mouth-wiping, (ii) diverse interaction methods,
including a web interface, head gestures, and physical buttons,
to accommodate diverse functional abilities and preferences,
and (iii) parameterized behavior trees that can be safely and
transparently adapted using a large language model. We evaluate
our system based on the personalization requirements identified

in our formative study, demonstrating that FEAST offers a
wide range of transparent and safe adaptations and outperforms
a state-of-the-art baseline limited to fixed customizations. To
demonstrate real-world applicability, we conduct an in-home user
study with two care recipients (who are community researchers),
feeding them three meals each across three diverse scenarios. We
further assess FEAST’s ecological validity by evaluating with an
Occupational Therapist previously unfamiliar with the system.
In all cases, users successfully personalize FEAST to meet their
individual needs and preferences. Supplementary materials and
videos can be found at: .

Index Terms—Assistive, Entertainment and Service Robots,
Human-Robot Interaction, Robot Learning: Foundation Models

I. INTRODUCTION

Eating is a fundamental part of human life, deeply inter-
twined with identity and social interaction [1]. The inability
to self-feed has been associated with profound emotional
impacts, including feelings of shame, diminished self-esteem,



and heightened anxiety or fear [2—4]. Unfortunately, millions
worldwide require assistance with feeding due to spinal cord
injuries, strokes, cerebral palsy, old age, and other health
conditions [5]. For caregivers, feeding is one of the most time-
consuming Activities of Daily Living (ADLs) [6], contributing
significantly to their already substantial workload [7, &].

Robot mealtime-assistance systems have the potential to
assist care recipients and improve their quality of life [9]
while decreasing the physical workload on caregivers [10, 11].
Recent advancements have significantly improved various as-
pects of mealtime assistance, including food manipulation [ 12—

1, skill sequencing [ 1, and bite transfer [11, 23-26].
Although further progress is needed before these systems can
operate long-term without expert supervision, these recent
works significantly enhance their robustness and autonomy.

Building upon these efforts, this work considers the need
for personalization in mealtime assistance. A one-size-fits-
all mealtime assistance system is not enough to address the
wide range of preferences, functional abilities, behaviors, and
environmental contexts that vary between care recipients and
between meals [27]. For example, consider the two community
researchers (CRs) shown in Figure |, who are both co-authors
on this paper. CR1, who has Multiple Sclerosis, prefers to
lean forward to take a bite. CR2, who has a C4-C6 Spinal
Cord Injury and very limited head and neck mobility, requires
inside-mouth bite transfer [11]. In a social dining scenario,
CR1 prefers that the robot retract after bite transfer so they
can better see their companion. In another social scenario, CR2
prefers to control the robot using a custom long-continuous-
open-mouth gesture that they create themselves through the
user interface (a standard open-mouth gesture would be falsely
triggered in conversation). These are a few examples among
many underscoring the need for a mealtime assistance system
that can be personalized in-the-wild by the users themselves.

To better understand the nature of personalization in meal-
time assistance, we start our work with a formative user study
(Section III). We use speculative videos to guide in-depth
conversations with 21 care recipients who have diverse med-
ical conditions and mobility limitations. This study has two
outcomes. The first is a collection of specific personalization
requests that we use to develop our system (Section ). The
second is the realization of three key tenets crucial for per-
sonalization in mealtime assistance: adaptability, transparency,
and safety (Section V). Care recipients voice the need for
systems that can adapt to their needs and preferences—not
just once, but from meal to meal, and over time as their
needs change. They also express that any adaptations should
be transparent so that they are able to understand and predict
system behavior. Finally, they underscore the importance of
safety, especially when the system changes.

With these key tenets in mind, we propose FEAST, a flexible
mealtime-assistance system towards in-the-wild personaliza-
tion (Section [V). FEAST is designed for personalization at
both the hardware and software level. The hardware features a
modular tool-change apparatus so that a single robot arm can
assist with feeding, drinking, and mouth wiping. The system

also features accessible buttons, status LEDs, cameras, micro-
phones, and speakers to enable a wide range of customizable
interactions with the user. We also propose a novel feeding
utensil that increases the robot’s workspace and decreases
obstructions to the user’s view.

On the software side, to strike a balance between adapt-
ability, transparency, and safety, we propose to sequence
together parameterized behavior-tree-based skills to achieve
user-specified goals. The parameterized behavior trees provide
a mechanism for personalization: user requests, formulated in
natural language, are translated with a large language model
(LLM) into structured updates to the behavior trees, which
can then be statically validated for safety. This structured skill
representation can also be analyzed by an LLM in response to
user transparency requests. Finally, using the code synthesis
capabilities of LLMs, we enable users to create their own
custom head gestures that can be added to the behavior trees
and used to interact with the robot. Users engage with the
robot through a flexible web-based user interface.

We develop FEAST using community-based participatory
research [28] in collaboration with two CRs (Figure 1). This
approach, involving co-design and in-depth evaluation with
one or two CRs, is well-established in assistive technol-
ogy research [29—31] and increasingly common in assistive
robotics [1, 32-36]. Our collaborations began with introduc-
tory video calls in November 2022 and have continued through
regular meetings—both virtual and in-person at the CRs’
homes. These sessions have been instrumental in gathering
feedback on system design, brainstorming studies to identify
personalization needs (Section I1T), and piloting developments.

This iterative process led to a five-day in-home evaluation
in January 2025 (Section VI), where CRs fed themselves
six meals across three distinct contexts: personal, watching
TV, and social (Figure 1). Results show that CRs success-
fully completed meals with few researcher interventions and
personalized the system on the fly to their preferences and
abilities while reporting low cognitive workload, as indicated
by NASA-TLX surveys [37]. CRs also rated FEAST highly for
real-world applicability, as reflected in Technology Acceptance
Model [38] survey results. Furthermore, both CRs reported
that FEAST provided greater control over their meals and
a stronger sense of independence compared to their human
caregiver, with one noting that conveying preferences was
easier with our system. Finally, to further assess ecological
validity, we evaluated FEAST with an Occupational Therapist
unfamiliar with the system, who confirms its merits over a
no-personalization baseline (Section ).

Qverall, our contributions include:

« FEAST: A flexible mealtime-assistance system built
with community-based participatory research, tackling
in-the-wild scenarios by integrating diverse skills, custom
tools, a flexible interface, and user personalization.

« A user study involving 21 care recipients, which identifies
diverse personalization needs for mealtime assistance.

« A personalization framework built on three key tenets:
(1) adaptability via LLM-based code synthesis, (ii) trans-




TABLE I: Comparison between FEAST and other mealtime assistance systems. Adaptability is assessed based on ability to handle open-ended

user requests, safety by self-reported adherence to ISO 13482 [

1, and transparency by Levels 1-5 of the IEEE Transparency Standard [40].

SYSTEM ADAPTABILITY  SAFETY  TRANSPARENCY  INTERFACE AUTONOMOUS BITE ACQUISITION ~ AUTONOMOUS BITE TRANSFER MINIMAL ‘WORKSPACE OTHER
SEQ. PRE-ACQ. ACQ. OUTSIDE INSIDE OCCLUSION  REACHABILITY  TASKS
Obi [11] - v - v - - - v
Neater Eater [17] - v v v - - v -
Park et al. [25] v v v v v
Bhattacharjee et al. [10] v v v -
Feel the Bite [11] - - - - - - - v
FLAIR [20] - - - - v v v v v
REPEAT [21] - - v v - -
Nanavati et al. [36] - v - v v v - - - -
FEAST (ours) v v v v v v v v v v v v

for commercial systems,

parency (Levels 1-5) through LLM summarization, and
(iii) safety aligned with ISO/TS 13482 safety principles.

e A five-day in-the-wild system evaluation with two
community researchers, spanning six realistic meals
across three distinct environmental contexts, showcasing
FEAST’s real-world applicability.

e An evaluation with an Occupational Therapist un-
familiar with our system, assessing ecological validity
and demonstrating improved performance over a non-
personalized baseline.

II. RELATED WORK
A. Mealtime Assistance

Research on mealtime-assistance systems dates back to the
1970s, with early examples such as the Morewood Spoon
Lifter [43]. Over the years, several commercial systems have
been proposed, such as Winsford Feeder, My Spoon, Neater
Eater, Bestic Arm, Meal Buddy, and Obi [44]. However, their
reliance on manually programmed, fixed food acquisition and
transfer actions has limited user adoption, and as of now,
only Obi and Neater Eater remain commercially available.
To address these limitations, recent research focuses on using
sensors, such as in-hand cameras, to perceive the environment,
and plan and execute autonomous motions.

Bite Acquisition and Transfer. Recent works have ex-
plored autonomous strategies for skewering solid bite-sized
foods [12—15, 45], scooping soft food items [16—18&], twirling
and grouping noodle-like dishes [19], and cutting [46]. Build-
ing on these works, FLAIR [20] introduces a bite acquisition
framework consisting of a library of vision-parameterized
food manipulation skills that use a fork-based utensil. This
framework leverages the commonsense reasoning and few-shot
learning capabilities of foundation models to appropriately
sequence these skills, enabling the feeding of complete meals
while adhering to bite ordering preferences of the user. Various
works also propose autonomous bite transfer methods [ 1, 23—

, 471, which can be broadly categorized into two types.
Outside-mouth bite transfer methods [23, 24, 47] bring food
close to the care recipient’s mouth, requiring them to lean
forward to take a bite. For individuals with severe mobility
limitations who cannot lean forward, inside-mouth bite transfer
methods [11, 25, 26] place food directly inside their mouth.

Our system builds on FLAIR [20] for bite acquisition
and Gallenberger et al. [23] and Feel the Bite [11] for bite
transfer, enabling it to feed realistic dishes to users with severe

for academic systems

mobility limitations. However, recent studies show that feeding
robots often exhibit obtrusive motion [1, 24], limiting their
use in social settings, and have restricted workspace [36],
constraining plate and user placement. These limitations hinder
personalization, as robots must adapt to social contexts with
non-obtrusive motion and allow flexible user and plate posi-
tioning. Towards addressing these challenges, and based on
feedback from community researchers, FEAST adapts these
approaches to a novel feeding utensil (Section ) that
improves the robot’s workspace and decreases obstruction.
Other Essential Mealtime Tasks. Several works have ex-
plored assistance with drinking [48, 49], focusing on grasping
a cup and having users drink from the rim. We instead focus on
drinking from a cup with a straw, aligning with our community
researchers’ routines. Unlike prior methods, which assume
specific cup colors [48] or pre-grasped cups [49], FEAST
emphasizes real-world flexibility, using an adaptable handle
that fits various cups without strict shape or color constraints.
Some works also propose methods for mouth wiping [50, 51].
Similar to these, FEAST can pick up a custom wiping tool
and position it near the user’s mouth, ready for wiping.
Mealtime-Assistance Systems. Most relevant to our work
are autonomous systems that demonstrate integration of vari-
ous components for feeding a complete meal [20, 23, 25, 36]
(see Table I). Unlike Park et al. [25], which focuses on feeding
yogurt, and Bhattacharjee et al. [23] and Nanavati et al. [36],
which limit bite acquisition to skewering, our system employs
a range of skills—skewering, scooping, twirling, grouping, and
more—to pick up diverse food items and sequence them over
a long horizon for feeding an entire meal. Our system differs
from FLAIR [20] (which integrates with Feel the Bite [11])
by adapting it to a novel feeding utensil and a web interface
for user interaction. More significantly, our system is the
first to integrate feeding with other essential mealtime tasks,
including drinking and mouth wiping, while also automating
user personalization. No prior system has explored feeding
in diverse in-the-wild scenarios—except Nanavati et al. [36],
which offers customization of limited system parameters.

B. Personalization in Assistive Robotics

Various formative studies in assistive robotics emphasize
the importance of user personalization based on factors such
as mobility limitations, behavior, and context [1, 52-54].

One approach to achieving personalization is through im-
plicit adaptation, where limited test-time examples guide the



















































