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Abstract— Eating is a daily challenge for over 60 million
adults with essential tremors and other mobility limitations. For
these users, traditional utensils like forks or spoons are difficult
to manipulate — resulting in accidental spills and restricting the
types of food that can be consumed. Prior work has developed
rigid, hand-held utensils that often fail to secure food, as well
as soft, shape-changing utensils made strictly for robot-assisted
feeding. To assist a broader range of users, we introduce a
re-designed kiri-spoon that can be leveraged as either a hand-
held utensil or a robot-mounted attachment. Our key idea —
developed in collaboration with stakeholders — is a pivot-based
design. With this design the kiri-spoon behaves like a pair of
pliers: users squeeze the handles to change the shape of the
utensil and enclose food morsels. In practice, users can apply
this kiri-spoon as either a spoon (that scoops food) or as a fork
(that pinches food); when the handles are closed, the utensil
wraps around the morsel and prevents it from accidentally
falling. We characterize the amount of force required to open
or close the kiri-spoon, and show how designers can modify this
force through kinematic or material changes. A highlight of our
design is its accessibility: the hand-held version consists of just
four 3D printed parts that snap together. By adding a servo
motor, we can extend this same kinematic structure to robot-
assisted feeding. Across our user studies, adults with disabilities
and elderly adults with Parkinson’s reported that the kiri-spoon
better met their needs and provided a more effective means of
spill prevention than existing alternatives. See a video of our
kiri-spoon here: https://youtu.be/FFIomm5RL98

I. INTRODUCTION

How do humans manipulate food? Traditional utensils
such as spoons, forks, or chopsticks enable most adults to
seamlessly pick up food items and transfer those morsels to
their mouths. But for the over 60 million people worldwide
with essential tremors, traditional utensils can be difficult
to utilize [1]. If the human’s hand has unintentionally jerky
motions — e.g., the effects of Parkinson’s, arthritis, or other
motor limitations — they may accidentally spill food from
their spoon, or fail to stab a morsel with their fork.

Existing research seeks to address this problem and assist
users in two main ways. First, a variety of hand-held utensils
have been developed to counteract the effects of motor
disabilities. Modified utensils feature larger grips, angled
stems, or gyroscopic stabilization to keep food balanced atop
the utensil. Users can use their own arms to manipulate these
custom utensils and eat everyday meals. A second paradigm
is robot-assisted feeding, where an external robotic arm picks
up the desired food and brings it to the human’s mouth.
These robots are usually equipped with traditional utensils,
and the robot must coordinate its positions and velocities to
manipulate that utensil correctly.
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Both paradigms have shown promising results for users
with varying levels of motor disability. However, the mechan-
ical design of today’s assistive utensils also presents funda-
mental limitations. From the hand-held perspective, modified
utensils are either too rigid to prevent food from sliding
off, or overly expensive with complex electrical components
that require charging [2]. From the robotic perspective, it
is challenging for robot arms to orchestrate their motions so
that they acquire, carry, and transfer morsels without spilling
[3]. Traditional utensils were developed for humans — not
robots — making them inefficient for robot-assisted feeding.

In this work we introduce a modified spoon that can be
used as either a hand-held utensil or robotic attachment. We
begin from the kiri-spoon [3], [4], a robot-mounted device
with a soft kirigami structure. By stretching the kirigami,
the kiri-spoon changes shape and encloses food items. To
convert this mechanism into an accessible utensil with both
hand-held and robotic versions, our insight is:

We can articulate the utensil using a pivot-based design
where users squeeze the handle to stretch the kirigami.

Applying this design principle we present a versatile tool
that can be used either as a spoon (to scoop food) or as
a fork (to pinch morsels). The hand-held version is fully
3D printed, and consists of just four parts (see Figure 1,
left). We characterize the amount of force required to close
the device, and co-design with stakeholders to ensure the
tunable squeezing motion is suitable. This hand-held utensil
is different from today’s assistive alternatives because it (a)
has a soft, shape-changing structure and (b) when squeezed,
it holds food within the kirigami mesh, preventing them from
falling despite user tremors or spasticity.

The same kinematic and material structure also extends to
robot-assisted feeding (see Figure 1, right). Here we add a
single servo motor to open or close the kirigami mesh around
the pivot point, and attach the resulting mechatronic device to
the robot’s end-effector. Compared to previous kiri-spoons,
our new approach to actuation greatly simplifies the system
and introduces a unified, self-contained mechatronic design
that can be reproduced by other researchers. Depending on
the stakeholder’s specific motor disabilities, either the hand-
held or robotic version may be more suitable.

Overall, we see this work as a step towards accessible
utensils for assistive eating, whether manipulated by humans
or robot arms. We make the following contributions:
Hand-Held Design. We present the kinematics and manu-
facturing process for our hand-held kiri-spoon. This design
consists of four components that can be 3D printed with PLA
and TPU and snapped together. We include the files needed
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Fig. 1. By using a pivot design similar to pliers, we enable hand-held and robot-mounted kiri-spoons. Rotating the pivot causes the kirigami mesh to
extend, changing its shape from a flat sheet to an ellipsoid enclosure. The kirigami enclosure prevents accidental spills. a) Hand-held kiri-spoon. b-c) User
squeezing the kiri-spoon to acquire cereal from a bowl. d) Robot-mounted kiri-spoon. e) Robot arm leveraging the kiri-spoon to grasp foods.

to print these kiri-spoons, and also derive the relationship
between applied forces and kirigami displacement.
Mechanics Characterization. We model the kirigami sheet
as a spring, and estimate its spring constant. We find that
the force required to stretch the sheet primarily depends on
the mesh material, and support our theoretical model with
simulations and real-world experiments.
Multiple User Studies. We conduct three separate eval-
uations. These experiments span stakeholders living with
long-term disability, elderly adults with Parkinson’s, and
adults without disabilities. From our user studies we identify
key design parameters, and compare our utensil to other
customized alternatives. Overall, the results suggest that the
kiri-spoon (whether hand-held or mounted to a robot) is more
effective at preventing spills while remaining user-friendly.

II. RELATED WORKS

We focus on assistive feeding utensils. Existing approaches
can be sorted into two categories for stakeholders with
varying needs: hand-held utensils and robot-assistive feeding.
Modified Hand-Held Utensils. There are commercial uten-
sils for users with tremors or irregular motor control [5], [6].
The two best performing types are weighted utensils, which
passively dampen high-frequency tremors, or self-stabilizing
utensils, which use onboard electronics to align the handle
and tip [2]. For example, the Liftware system [7], [8] tries
to prevent food from spilling by re-balancing the utensil so
that it always remains horizontal. However, there are several
shortcomings with these approaches. Adding weight only
helps a specific set of users [2], and does nothing to prevent
food from accidentally sliding off a rigid spoon. Liftware
and its alternatives cost upwards of 200 USD, require daily
charging, rely on manual switches between spoon and fork
heads, and can prevent the user from tilting their utensil —
even when this tilt is intended [7], [8]. Unlike these rigid
hand-held approaches, we propose a soft, shape-changing
alternative that wraps around target morsels, preventing falls
regardless of the utensil weight or handle orientation.
Robot-Assisted Feeding. For users who require external
assistance when eating, robot arms can automate the process
of acquiring bites of food and carrying them to the user’s
mouth [9], [10]. Commercial systems have been developed
specifically for this purpose [11], [12], and ongoing research

enables multi-purpose robot arms to also provide feeding
assistance [13]–[16]. Here we focus on the utensils that
these robots leverage. In most prior works the assistive robot
uses a traditional fork or spoon [17], [18], sometimes incor-
porating extra degrees-of-freedom to increase the utensil’s
workspace [19], [20]. But there has been a recent push
towards customized utensils for robot-assisted feeding. The
advantage of these modified utensils is that they make it
easier for the robot arm to acquire and carry food, while still
maintaining a user-friendly form factor. Examples include
an origami-based spoon [21] and utensils that break during
failures [22]. Most relevant to our work is the original kiri-
spoon developed in [3], [4]. Our approach builds on these
prior robot-mounted utensils to create a unified, pivot-based
design. This yields both an accessible hand-held version (that
requires no electronics and can be fully 3D printed) and a
simplified mechatronic version for robot-assisted feeding.

III. KINEMATICS AND DESIGN

Prior work developed a robot-mounted version of the kiri-
spoon [3]. In this early version the kiri-spoon was actuated
by a motor which retracts one end of the kirigami sheet; the
other end is held in place by a metal wire that wraps around
the device. There are two key issues with this kiri-spoon: a)
the design requires onboard and offboard electronics, making
it unsuitable for hand-held use, and b) the user must eat
around the metal wire, leading to uncomfortable bites. In this
section we present a design which addresses both challenges,
enabling hand-held or robot-mounted kiri-spoons.

A. Hand-Held Version

We begin by focusing on the hand-held kiri-spoon; this
design is intended for users who can eat on their own,
but struggle to manipulate traditional utensils. Our finalized
design is shown in Figure 1. The hand-held version does not
require electronics, is inexpensive and food-safe, and can be
cleaned by a dishwasher.
Actuation Mechanism. The proposed kiri-spoon is based on
a simple pivot that the user squeezes. The system functions
like pliers: when the user applies forces to both handles, the
opposite sides are pulled apart, causing the kirigami mesh to
extend. Because of our cut pattern within the kirigami mesh,
extension leads to a change in shape: the spoon increases
curvature and wraps around food items.



Our pivot-based actuation mechanism addresses the key
problems with [3]. It greatly simplifies the design, reduces
the number of components, and removes the need for any
metal wires. Now the only part of the kiri-spoon that enters
the user’s mouth is the kirigami mesh; we note that this
mesh is deformable, and users can manipulate it with their
mouths as necessary. The intended procedure is for the user
to reach for food with the kiri-spoon open, and then squeeze
the kiri-spoon to capture morsels. If the user holds the handle
closed while carrying food to their mouth, the kirigami
mesh prevents any morsels from sliding out and accidentally
spilling1. The user then opens the kiri-spoon to transfer the
bite into their mouth. In practice, users can leverage the kiri-
spoon as either a spoon (scooping food) or as a fork (pressing
down on food). The key limitation is that the desired morsel
must be smaller than the kirigami enclosure. However, other
hand-held assistive spoons face the same limitation, and food
for adults with motor impairments is usually cut into bite-
sized portions before serving [23].

Stakeholder Feedback. The design we present was created
by incorporating feedback from five (N = 5) stakeholders
living in The Virginia Home [24], a residential commu-
nity for adults with physical disabilities. These residents
tested different variants of the hand-held kiri-spoon, and
provided informal suggestions and guidance on necessary
improvements. Much of their feedback focused on the act
of opening or closing the utensil. Interestingly, stakeholders
found it easy to close the kiri-spoon, but struggled to release
their grip so that the spoon could re-open. Based on their
guidance, we added a 3D printed elastic band to the hand-
held kiri-spoon. This band behaves like a spring to make the
open state an equilibrium point: users must apply more force
to squeeze the kiri-spoon and enclose food, but by reducing
their applied force the spoon naturally re-opens. While this
design requires sustained grip force when carrying food,
stakeholders explained that maintaining a closed grip was
significantly easier for them than opening their hands or, for
example, executing the fine-motor control required to trigger
a mechanical latch. The band can be added or removed based
on user need, and designers can also adjust the stiffness of
this band to better suit an individual stakeholder.

Manufacturing and Assembly. The hand-held design con-
sists of four 3D printed parts: two handles, the kirigami mesh,
and the band. In our experiments the handles were printed
using polylactic acid filament (PLA), and the kirigami mesh
and band were printed using thermoplastic polyurethane
(TPU). Both PLA and TPU are non-toxic, food-safe, and
common materials for standard 3D printers [25], [26]. Using
PLA makes the handles rigid, while using TPU makes the
kirigami mesh and band elastic. This elasticity is repeatable:
because of the high tensile strength of TPU, we were
able to cycle a single kiri-spoon across multiple sessions
without any noticeable degradation in the elastic components.

1The kirigami mesh can be printed with a porous or continuous base.
Our experiments show that a porous base is sufficient for most food, but a
continuous mesh is necessary for liquids like soup. See Figure 7.

Fig. 2. Assembling a hand-held kiri-spoon. (a) The handles can be snapped
together by aligning the two bumps. (b) The kirigami mesh is then attached
by pushing its side holes onto their respective pegs. (c) A band is wrapped
around the posts. This optional band acts as a spring to open the mesh when
the squeezing force is removed. (d) The completed assembly.

Assuming the user has access to a 3D printer, the hand-
held kiri-spoon can be manufactured using 43g of filament
for a total cost of ≈ 1.57 USD. We include part files and
detailed assembly guides here: https://github.com/
Kiri-Spoon/Kiri-Spoon

We summarize the assembly process in Figure 2. Users
first snap together the two handles to form the central pivot
point — we have added small bumps to the surfaces of those
handles to help guide this process. Once the handles are
attached, the user then presses the kirigami mesh onto the
pegs located at the end of the handles. This kirigami mesh
has a gradient design, where the back is thicker than the
front to better encapsulate food. Finally, the user wraps the
TPU band around the marked posts. The kiri-spoon is ready
to use in this form; if preferred, the user can also print out
and slide on a strap that goes around their hand and prevents
the human from accidentally dropping the entire utensil.

Force vs. Displacement. Now that we have a design for
the hand-held kiri-spoon, we next want to evaluate the
kinematics and physics of this design. Specifically, we are
interested in the relationship between the user’s applied force
and the extension of the kirigami mesh. Put simply: how
much force does the user need to apply to close the spoon
and encapsulate food?

Since the assembly is symmetrical, we start by measuring
the forces applied to a single handle. As shown in Fig-
ure 3(a), the three forces acting on the kiri-spoon’s handle
are the human’s applied force (FA), the kirigami mesh force
(FK), and TPU band force (FB). For our analysis we will
assume that FA is applied perpendicular to the thinnest part
of the handle. When multiplied by their respective moment
arms (LA, LK , LB), each force produces a moment about
the pivot point. At static equilibrium, the human’s applied
moment is equal to the kirigami and band moments:

FALA = FKLK + FBLB (1)
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Fig. 3. Schematic of the applied forces, moments, and generated displace-
ments. (a) The forces of the kirigami and band are applied horizontally to
their respective pegs, while the squeezing force is applied perpendicular
to the handle. (b) The blue lines represent the moment arms and similar
triangles utilized in Equation (2). The central vertical line represents the
line of symmetry for the full kiri-spoon assembly.

Variable Description Value
LA Applied Force Moment Arm 69.6 mm
KK Kirigami Stiffness Factor 4.55 mm
E Kirigami Young’s Modulus 14.9 MPa
HK Kirigami Hypotenuse 59.2 mm
b Kirigami Offset 20.7 mm

KB Band Stiffness 2.18 N/mm
HB Band Hypotenuse 22.5 mm
c Band Offset 7.8 mm

TABLE I
CONSTANTS FOR THE FORCE-DISPLACEMENT EQUATION.

The TPU band can be modeled as a pure spring with stiffness
KB . For example, in our experiments we test a band with
stiffness 2.18 N/mm. As we will show in Section IV, we can
also model the kirigami mesh as a spring. Here the spring
constant is KKE, where KK is the kirigami stiffness factor
and E is Young’s Modulus for the kirigami material.

We will therefore use Hooke’s law to model FK and FB .
What makes this challenging is that the moment arms for
both the kirigami mesh (LK) and the band (LB) change
as the kiri-spoon is actuated. Let ∆X be the horizontal
displacement of the kirigami mesh: this is a key variable,
since it measures how much the human has opened or
closed the spoon. Similarly, we define ∆Y as the horizontal
displacement of the TPU band. Leveraging the geometry in
Figure 3(b), we can write the changing moment arms in terms
of the spring displacements ∆X and ∆Y :

FALA = KKE∆X
√
H2

K − (∆X + b)2

+KB∆Y
√

H2
B − (∆Y + c)2 (2)

In Equation (2), HK is the hypotenuse of the triangle defined
by the kirigami mesh and HB is the hypotenuse of the

triangle defined by the band. The constant b is the initial
offset between the kirigami attachment point and the neutral
axis; similarly, c is the offset between the band attachment
point and the neutral axis. We provide a list of these variables
and their values for an example kiri-spoon in Table I.

Our goal is to derive a relationship between the human’s
applied force, FA, and the kirigami displacement, ∆X . To
complete this relationship we use the property of similar
triangles. Recognizing that ∆Y + c = (HB/HK)(∆X + b),
we obtain our final result:

FALA = KKE∆X
√

H2
K − (∆X + b)2

+KB

(
HB

HK
(∆X + b)− c

)√
H2

B −
(
HB

HK
(∆X + b)

)2

The first term on the right side of this equation captures the
forces applied by the kirigami mesh, and the second term
captures the forces applied by the TPU band. If the band is
removed, then the force-displacement relationship simplifies
to: FALA = KKE∆X

√
H2

K − (∆X + b)2. Designers can
leverage this equation to tune the overall stiffness of their
own hand-held kiri-spoon. By scaling the overall size up or
down, designers change the hypotenuses and offsets (altering
HB , HK , b, c). Alternatively, the designer can adjust the
stiffness by changing the materials used to print the kirigami
mesh and band (altering E or KB).

B. Robot-Mounted Version

In Section III-A we presented our design for a hand-held
kiri-spoon. Here we extend these same design principles
to a robot-mounted version. Most of the design details are
identical across both versions; the primary difference is the
actuation. For the robot-mounted kiri-spoon we use a servo
motor to turn the pivot and open or close the kirigami mesh.
As shown in Figure 1 (right), this kiri-spoon can then be
mounted to the end-effector of a robot arm. All the parts
and assembly instructions are available in our repository;
the system can be manufactured for ≈ 102.55 USD (both
the motor and the gears are around 35 USD each).

IV. MODELING THE KIRIGAMI MESH

The core of our spoon is the kirigami mesh. By squeezing
the handles — or turning the pivot — we can extend both
sides of the kirigami, causing it to deform. Looking at Fig-
ure 1, the kirigami has a complex pattern of interconnected
bands and ribbons. These ribbons were designed so that
the kirigami increases curvature when extended, ultimately
going from a flat sheet to a container for the food items.
Despite its complexity, we hypothesize that we can model
the overall kirigami mesh as a spring. More specifically,
here we show that the spring constant only depends on the
material properties, and not on the size of the kiri-spoon.

Independent Variables. For testing the kirigami mesh we
varied two parameters. First, we changed the materials used
to 3D print the mesh: we manufactured kirigami sheets using
TPU with Shore hardness 85A, 90A, and 95A. We then
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Fig. 4. Results from Section IV used to model the kirigami mesh. (Left) Force vs. Displacement from real-world experiments and ANSYS simulations.
Each separate graph represents a change in the kirigami sheet’s parameters. From top to bottom, the sheet is increasing in size from 1× to 1.5×. From left
to right, the sheet is increasing in material stiffness, ranging from a Shore hardness of 85A to 95A. (Right) Force vs. Young’s modulus times displacement.
Here we group all nine experimental plots on a single graph, and show that (a) we can approximate the kirigami mesh as a spring, and (b) the spring
constant is of the form KKE. A line of best fit is overlaid to highlight the kirigami stiffness factor KK from our model.

performed tensile tests to measure the Young’s modulus
(E) for each of these materials. The second parameter we
varied was the size of the kirigami mesh. We scaled up our
geometry from 1×, to 1.25×, and finally to 1.5×. These
two parameters are important because users will manufacture
their kiri-spoons out of different materials, and may change
the size of their kiri-spoon to suit their individual needs.
We therefore wanted to determine how E and the mesh size
affect the kirigami sheet’s overall stiffness.

Testing Procedure. Our testing procedure measured the
force required to stretch the kirigami mesh. For each combi-
nation of mesh material and size, we increased the displace-
ment ∆X , and recorded the force FK required to maintain
that displacement. We only tested displacements that were
within our operating range (i.e., displacements between a flat
kirigami sheet and its enclosed state). Displacements beyond
this limit are highly non-linear, but are not relevant for users
who just want to open or close the kiri-spoon. Our tests
were performed using both physical components and finite-
element simulations: the results are summarized in Figure 4.

To collect the Experimental curve we mounted one end
of the kirigami mesh to a fixed point and attached a force
sensor to the opposite side. We then stretched the mesh for
displacements ranging from 5 mm to 50 mm, with 5 mm
increments, and recorded the force at each displacement. This
testing was repeated three times to obtain average values.

To collect the Theoretical curve we used ANSYS simula-
tions. We first built an accurate version of our kirigami sheet
in ANSYS by using the neo-Hookean hyper-elastic model
[27]. We then obtained the shear modulus and bulk modulus
from our measured E values, and set 0.003 MPa−1 as our
incompressibility factor. Finally, we actuated this model to
obtain the forces FK at different displacements ∆X .

Spring Model. Our individual results for each material and
size are displayed on the left of Figure 4. These plots show
a strong agreement between experimental and theoretical

stiffness, and the highly linear force-displacement relation-
ship suggests that the mesh can be modeled as a spring. To
determine what factors affect that spring constant, we turn
to the right side of Figure 4. Here we show all nine of the
experimental results on a single plot, where the x-axis is
E∆X , and the y-axis is the resulting force. Based on this
plot we argue that the size of the mesh does not noticeably
impact kirigami stiffness. We recognize that size may have
an impact if it is significantly changed — but for our utensil
application, the size is restricted to standard spoons. Instead,
the stiffness of the kirigami sheet is based on material:

FK = KKE∆X (3)

A value of KK = 4.55 mm was estimated from our
experimental data using linear regression. Note that the units
of KK make sense when multiplied by Young’s modulus —
i.e., KK · E has units N/mm.

Impact for Designers. Based on our experimental and
theoretical results we approximate the kirigami mesh as a
spring. Equation (3) provides designers with insight on how
to modify the stiffness of this spring — specifically, designers
can change the kirigami stiffness by altering the material.
Plugging Equation (3) back into the kinematics analysis from
Section III-A provides an overall understanding of how much
force humans must apply to actuate the hand-held kiri-spoon.
We recommend that designers identify their individual user
needs (e.g., does the user struggle to open or close the kiri-
spoon?), and then modify the mesh material E and/or band
stiffness KB to suit that user.

V. PRELIMINARY STUDY:
UNIVERSITY STUDENTS WITHOUT DISABILITY

We have presented our pivot-based re-design of the kiri-
spoon, and characterized its force-displacement relationship.
The objective of this modified utensil is to enable individuals
with motor limitations to manipulate food without spilling.



Fig. 5. Setup for our preliminary study with university students without mobility limitations. (Left) In the Manual phase participants completed two
tasks using hand-held utensils: transferring food from a bowl to a pitcher, and eating food from the bowl. (Right) In the Robotic phase we mounted the
utensil to the end-effector of a UR5 robot arm. Using a combination of teleoperation and programmed motions, participants controlled the robot to eat
cereal from a bowl. We compared our pivot-based kiri-spoon to a Liftware utensil in both phases.

To evaluate the feasibility of our design, we begin with a
proof-of-concept study with participants without disability.
The study compares both hand-held and robot-mounted ver-
sions of our kiri-spoon against Liftware [7], a self-balancing
utensil currently available for purchase.

Experimental Setup and Procedure. The experiment was
divided into two phases corresponding to the two applications
of the kiri-spoon: hand-held (Manual) and robot-mounted
(Robotic). In both Manual and Robotic participants scooped
food from a bowl containing 50 g of Honey Nut Cheerios.
We compared two conditions: using the Liftware spoon and
using the kiri-spoon. To avoid potential ordering effects
and learning bias, the order in which the two spoons were
evaluated was counter-balanced across participants.

The Manual phase is shown in Figure 5 (left). Participants
held the feeding instrument with their hand to (a) transfer
food from a bowl to a pitcher and (b) scoop food from a bowl
to feed themselves. Participants were seated at a table with
the pitcher directly in front of them — the bowl containing
the cereal was placed diagonally to the left or right depending
on participant’s handedness. Prior to the recorded trials
participants were given 5 minutes to familiarize themselves
with the utensils. In the first task, participants transferred
cereal from the bowl to the pitcher over 5 repetitions. Next,
we replaced the pitcher with a refilled bowl, and instructed
participants to eat 5 scoops of cereal.

The Robotic phase is shown in Figure 5 (right). In this
phase the feeding utensil was attached to the end-effector
of a 6 degree-of-freedom UR5 robot manipulator. For the
Liftware condition, we mounted only the passive spoon
attachment to the robot to prevent interference with the
Liftware’s internal stabilization. Participants teleoperated the
robot to scoop cereal from a bowl. This teleoperation was
performed with a hand-held joystick; when using the kiri-
spoon, participants pressed a trigger on the joystick to actuate

the servo motor and open or close the kiri-spoon. Once the
user acquired their food, they pressed another button which
automated the process of moving the utensil to their mouth.
Users could then use the joystick to adjust the robot’s final
position for more natural bites. We provided participants with
a practice session to familiarize themselves with the robot
and joystick-based teleoperation. Participants then completed
5 trials of robot-assisted feeding.

Dependent Variables. To assess the effectiveness of each
utensil we measured the time taken to acquire and transfer the
cereal (Time) and the amount of the cereal that was spilled
(Spill). Time was measured as the total duration from the
initiation of the first scoop to the completion of the final
scoop. We computed Spill by counting the total number of
Cheerios that were dropped over all 5 repetitions of the task.
Ideally, participants are able to minimize the Time they need
to manipulate food while also minimizing the amount of food
they Spill with the utensil.

Participants. We recruited 12 participants without disabil-
ity from the university community. All participants were
undergraduate or graduate students (4 female, 8 male, av-
erage age 22.3 ± 2.9). Each participant provided informed
written consent according to the university guidelines (IRB
#ANON). We followed a within-subject design where each
participant performed Manual and Robotic experiments
with both feeding utensils (kiri-spoon and Liftware).

Results. Our results are summarized in Figure 6. After par-
ticipants completed each phase, we weighed the amount of
food for consistency. With Liftware participants transferred
slightly more food (≈ 1.95 g total), but an independent
samples t-test revealed that the differences were not statisti-
cally significant (p = .17). This suggests participants were
carrying similar amounts of food with both utensils.

The Time taken to complete the task varied between
Manual and Robotic conditions. In the Manual tasks people
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Fig. 6. Results from our preliminary study in Section V. This experiment
was performed by users without disability. There were two phases as shown
in Figure 5: Manual and Robotic. We quantify performance using the total
Time to finish 5 repetitions of each task — transferring cereal from a bowl
to a pitcher, eating cereal with a hand-held utensil, and eating cereal with
a robot-mounted utensil. We also report the average number of Cheerios
Spilled during each of the tasks. For both metrics we find that the Manual
results are better for Liftware, and the Robotic results are better for kiri-
spoon. Since the Liftware spoon functions similarly to a standard spoon —
and our participants here had no mobility limitations — it is not surprising
that they were more effective with the hand-held Liftware as compared to
the hand-held kiri-spoon. The asterisk (*) indicates statistical significance.

were faster with the Liftware utensil: 2.43 minutes (transfer)
and 1 minute (feeding) with Liftware vs. 3.71 minutes
(transfer) and 1.1 minutes (feeding) with kiri-spoon. This
trend reversed in the Robotic phase: participants took 5.45
minutes with Liftware, but only 4.7 minutes with kiri-spoon.

We observed a similar pattern for the number of Spills. In
Manual tasks the participants spilled fewer Cheerios when
using the Liftware utensil. This difference was slight during
the transfer task (1.08 Cheerios on average with Liftware
vs. 1.33 with kiri-spoon), but the difference became more
pronounced during feeding (0.08 with Liftware vs. 0.91 with
kiri-spoon). On the other hand, when performing the Robotic
trials users spilled more food with the Liftware utensil. Here
participants spilled 4.75 Cheerios on average with Liftware,
and only 1.9 with kiri-spoon.

Summary. These results should be taken with a grain of
salt. The kiri-spoon was developed for users with disabilities,
and the tests summarized above were conducted with able-
bodied participants. In practice, the Liftware utensil behaves
very similarly to a standard rigid spoon — it is therefore
not surprising that our users found it easier to manipulate
the Liftware utensil during Manual tasks. Put another way:
we should not expect our modified utensil to outperform a
normal spoon, especially not when the participants have used
spoons their entire lives. Where the kiri-spoon did excel,
however, was the Robotic condition: here the kiri-spoon
reduced both Time and Spills. This result suggests that robot-
assisted feeding can be more effective with kiri-spoons, even
for users without disabilities.

VI. INVESTIGATIVE SURVEY:
ELDERLY ADULTS WITH PARKINSON’S

In Section III we co-designed with stakeholders, and in
Section V we performed controlled tests with adults without
disability. Now we return to our target population to test our
finalized kiri-spoon. Specifically, we conduct an investigative
survey in collaboration with Warm Hearth, a retirement vil-

lage offering support groups for individuals with disabilities.
Due to safety protocols and logistical constraints, this round
of stakeholder evaluation was limited to the hand-held kiri-
spoon; future work will evaluate the robot-mounted system
with the same demographic.

We collaborated with three (N = 3) elderly residents
diagnosed with Parkinson’s disease. These participants pro-
vided informed written consent following IRB #ANON.
The tremors and impaired motor control caused by Parkin-
son’s can make eating challenging: two of our volunteers
reported occasional difficulty while eating, and the remaining
participant reported that they had difficulty eating on a
daily basis. We first introduced the participants to the kiri-
spoon through a detailed explanation of its mechanism, the
assembly process, and its intended use. We next provided
all three participants with hand-held kiri-spoons for open-
ended testing. Each participant was given ≈ 15 minutes
to physically examine the design, assess the ergonomic
comfort, and test it by consuming different food items. This
user-guided interaction allowed the participants to provide
informed and experience-based feedback.

Survey Results. After the user-guided interaction we asked
participants to rate three statements on a 1-7 scale. Lower
numbers indicated that the participant disagreed with the
statement, while higher numbers indicated stronger agree-
ment. The statements and the responses are listed below:

• “This spoon was comfortable.” (scores 7, 7, 5)
• “I found this spoon easy to use.” (scores 6, 6, 6)
• “This spoon dropped food frequently.” (scores 1, 2)

Note that the last statement only had two responses because
one participant wanted to test a wider variety of foods before
committing to an answer.

Alongside the structured survey we also encouraged the
participants to provide free-form feedback. The participants
explained that the kiri-spoon’s design “held a good amount
of food” while effectively restricting the portion size (i.e., the
amount of food per bite was limited by the volume of the
actuated kirigami mesh). The participants emphasized that
this restriction is advantageous because appropriate portion
sizes can reduce choking hazards. One volunteer stated that
the spoon was “very comfortable,” and that they “would take
the kiri-spoon to a restaurant.” Participants did not report
fatigue or difficulty opening or closing the kiri-spoon.

Our discussion with the participants also highlighted the
need for personalized utensils. One user wanted the kiri-
spoon to be narrower, while others thought the current shape
was suitable. We recognize that one size will not fit all,
and recommend that users scale up or down the provided
kiri-spoon files to suit their individual needs. Overall, the
feedback we obtained from elderly adults with Parkinson’s
indicated that (a) the kiri-spoon was comfortable and easy
to use, (b) the kiri-spoon prevented accidental spills, and
(c) individual users will want to tune their own kiri-spoon
parameters. Despite the small sample size, these findings
support the key contributions of our hand-held design.

https://retire.org/about/


Fig. 7. A prototype of the non-porous kiri-spoon. We 3D-print the kirigami
mesh on top of a plastic sheet to allow deformation while keeping the gaps
sealed. This continuous mesh is necessary for liquid food such as soup.

VII. CONCLUSION

In this paper we re-designed the kiri-spoon using a pivot-
based approach, enabling hand-held and robot-mounted ver-
sions. These kiri-spoons act like pliers: by squeezing the
handle, the user extends the kirigami mesh and encloses
food morsels. The fundamental advantage of our design
is its accessibility: users can 3D print and snap together
their own hand-held kiri-spoons with just four parts made
of PLA and TPU. By adding a servo motor, this same
system can be mounted to a robot arm. We collaborated with
stakeholders throughout the design process. In particular,
stakeholders highlighted that closing the kiri-spoon was easy,
but opening the kiri-spoon was difficult. We therefore added
a resistive band, and characterized the force-displacement
relationship as a function of the kiri-spoon geometry and
kirigami materials. Designers can use our resulting models
to personalize their own kiri-spoons to the needs of indi-
vidual stakeholders. Our preliminary experiments with users
without disabilities suggested that the kiri-spoon improves
robot-assisted feeding, and initial surveys with stakeholders
with Parkinson’s indicated that the hand-held kiri-spoon was
comfortable, intuitive, and effective at preventing spills.
Limitations. Additional testing with a larger set of stake-
holders is necessary to better understand the user’s perspec-
tive, particularly regarding the deployment and safety of the
robot-mounted kiri-spoon in residential care settings. A core
limitation of kirigami is that the ribbons make the mesh
porous; when the kiri-spoon is actuated, gaps in the kirigami
grow in size, allowing small food items to slip through. This
is problematic if users want to consume liquids like soup.
We show in Figure 7 that it is possible to address this issue
by making a continuous mesh. However, the food safety of
the plastics used in this mesh is not well established.
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