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ABSTRACT

Spoons are among the fine tools frequently used by toddlers who transition from early
power grips to refined dynamic tripod grips. Research on fine finger manipulations
reveals that such operations are more stable when performed with relatively small
finger flexion and pressure changes. Existing literature on pencil and chopstick
handling shows that the cross-section of the handle affects fine manipulation, but
there is limited research specifically evaluating such effects with regard to spoons.
To design a spoon suitable for dynamic tripod grips and facilitate learning for toddlers
with less mature manipulative skills, experiments were conducted with adults who
exhibit stable dynamic tripod operations. This study synthesized spoon operation
literature and movement processes to identify three specific tasks: Scooping, Cutting,
Gathering. Following an analysis of commercially available products, six common
cross-sectional shapes were selected. Thirty adults with normal hand function
participated in the experiment, wearing flexion and pressure sensors to assess the
impact of handle cross-section shapes on operational efficiency, finger stability, and
finger pressure. Results indicate that hexagonal and pentagonal shapes offer the
best operational efficiency. No significant differences in finger stability were observed
among the six shapes, and circular shapes allowed for better performances in finger
pressure. Overall, the combined evaluation suggests that circular, pentagonal, and
hexagonal shapes are preferable, providing a foundation for product development
in this field. The applicability of these findings to toddlers can be further validated
through future experiments.

Keywords: Cross-section of a spoon handle, Dynamic tripod grip and manipulation, Spoon
manipulation

INTRODUCTION

Fine motor skills play a crucial role in various aspects of development,
including physical fitness, sensory processing, cognition, and social-
emotional well-being. As children enter school age, approximately 30%
to 60% of their time is spent engaging in fine motor activities (McHale
and Cermak, 1992), highlighting their significance. Among the early fine
motor tools encountered by young children, the spoon holds particular
importance. With age and finger differentiation, children transition from
a static tripod grasp to a dynamic tripod grasp, enabling them to scoop
small amounts of liquids or easily rollable food and guide it to their
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mouths (Kamosita, 2020). Literature on self-feeding and robotic arm studies
suggests that using spoons involves not only scooping but also various
subtle manipulation techniques (Yasuda et al., 2017). These fine movements
enhance eating efficiency (Kamosita, 2020). Handwriting research indicates
that utilizing lower finger pressure and posture variations for fine tool
adjustments leads to better outcomes (Falk et al., 2011). This emphasizes
the importance of fine motor control in the dynamic tripod grasp, which
requires hand strength, coordination, and manipulation skills for precise
and efficient operation (Kamosita, 2020). While the lack of practice in
dynamic tripod manipulation may not pose immediate danger, it significantly
impacts handwriting skills in school age children (Prunty et al., 2013).
Research has also shown that practicing flexible finger joint manipulation
before handwriting instruction can reduce the occurrence of incorrect
postures, excessive force, and compensatory behaviors (Benbow, 2006).
Previous studies on chopstick and pencil use have demonstrated that different
handle cross-sections can influence operation efficiency and flexibility
(Goonetilleke et al., 2009 ; Wu and Tsai, 2012). However, limited research
has focused on handle cross section evaluation for spoons. Commercially
available spoon products often prioritize effective grasping, emphasizing
grip posture while neglecting manipulation techniques, potentially hindering
the transition from static to dynamic grasp. This study aims to design
a spoon suitable for dynamic tripod operation in preschool children.
While experiments using existing spoon cross-sections are conducted, adults
are chosen as participants instead of young children. This decision is
based on the assumption that adults can better reflect actual operation
conditions. Additionally, due to the underdeveloped dynamic tripod grasp
in young children, simultaneous instrumentation and operation could lead
to compensatory issues. Adult participants allow for a more accurate
assessment of the impact of spoon handle cross-section on dynamic tripod
operation.

Fine Motor Skill Development and Dynamic Tripod Learning

Gesell’s Maturation Theory (1954) explains that fine motor skills in
the hands develop from proximal (closer to the body) to distal (farther
from the body), encompassing Reach, Grasp, In Hand Manipulation,
and Release. Coordinated palm and finger movements, involving the
Metacarpophalangeal Joints, are key for delicate finger manipulations (Wu
et al., 2019; Exner, 1989). Grasping skills typically develop first, with
the dynamic tripod grasp essential for activities like writing and scissor
use, emerging around four and a half years old (Case-Smith and O’Brien,
2010). This development happens in two stages: initially, a static posture
with assistance from the shoulder, arm, and wrist, and later, reduced upper
limb and wrist movements with more finger joint activity (Bardo et al.,
2018). Stable and coordinated finger movements significantly impact writing
efficiency, so practicing finger joint flexibility before learning to write can
reduce posture errors and excessive force (Ziviani andWallen, 2006; Benbow,
2006).
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Finger Operation Measurement

Research in handwriting studies suggests that lower finger pressure and subtle
posture adjustments are preferable for fine control (Falk et al., 2011). Finger
pressure is commonly measured using resistive thin-film pressure sensors like
SEN-09673 and FSR-402, which detect pressure changes through resistance
alterations (Hsu et al., 2013; Lin et al., 2017). Optical motion capture
systems, though precise, are costly and require specific setups (Arauz et al.,
2016; Zhu et al., 2021). Mechanical motion capture using various sensors
can also detect dynamic joint movements (Nelson et al., 2000; Li et al., 2019).
Flex Sensors, for example, change resistance when bent, allowing detection
of finger movements (Syed, 2012). Traditional resistive instruments can be
error-prone due to electromagnetic interference, but data stability can be
achieved using methods like simple averaging and threshold algorithms (Liu
et al., 2018). Sensors can be stabilized on fingers using gloves or braces (Syed,
2012; Wang and Yu, 2015; Liu et al., 2018). This study will use sensors on
glove interfaces, with Arduino microcontrollers to detect finger movements
for analysis (Syed, 2012).

Dynamic Tripod Grasp and Fine Manipulation of Spoons

The mature dynamic tripod grasp allows for efficient and subtle
manipulations, improving tasks like eating by enabling refined spoon usage
(Kamosita, 2020). Studies show that scooping liquids like soup takes longer
than scooping soft foods (tofu, pudding), solid particles (malt), or semi-
solids (yogurt) due to the need for precise horizontal positioning of the spoon
(Yasuda et al., 2017). When handling solid and soft foods, people rotate and
tilt the spoon to cut and then scoop the food. They also scrape food along the
bowl’s wall to gather it for easier scooping (Abe et al., 2013 ; Yasuda et al.,
2017). This study focuses on five key actions: scooping, cutting, gathering,
lifting, and a combination of cutting and scooping. Based on dining tasks,
three experimental tasks are planned: lifting, gathering and scooping, and
cutting and scooping.

Figure 1: Illustration of pick, cutting-scraping, and gathering-scooping tasks.

Analysis of Literature and Commercial Products on Spoons

The transition from static to dynamic tripod grasp involves gradually
introducing finer motor skills while reducing restrictive aids. Studies on pencil
grip learning suggest that different handle shapes and lengths can influence
grip efficiency and flexibility (Cochran and Riley, 1986; Goonetilleke et al.,
2009; Wu and Tsai, 2012). Similarly, research on spoon length indicates that
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a 30mm increase is appropriate for taller individuals to facilitate support
and operation (Liu et al., 2008). For digging and placing food tasks, adults
generally prefer spoons with a smaller diameter (15mm) compared to 15, 25,
40mm diameters (Leiras et al., 2014). Product design, including appearance
and material, can also influence user operation (McCoy, 1984). This study
aims to investigate the impact of spoon handle cross-section on dynamic
tripod grasp learning. Common spoon handle cross-sections at the tripod
grip area were identified and classified into six categories: Circular, Oval,
Triangle, Square, Pentagonal, and Hexagonal. While literature does not
provide definitive guidance on the most suitable handle shape for dynamic
tripod grasp learning, commercial spoons often incorporate designs intended
to enhance grip for young children. However, these designs often prioritize
product appearance over grip posture, potentially hindering the development
of fine motor skills. Therefore, this study will conduct experimental
evaluations of spoon handle cross-sections to investigate their impact on
dynamic tripod grasp learning.

Figure 2: Spoon handle cross-section shapes.

METHODS

Research Sample (Independent Variables)

This study analyzed commercially available products and classified six
types of handle cross-sections for spoons: Circular, Oval, Triangle, Square,
Pentagonal, and Hexagonal. According to the literature, the outer diameter
of these spoons is 15mm, and the length is determined by adding 30mm to
the average hand length of Taiwanese adults, resulting in a total length of
200mm.

Participants

This study recruited 30 participants who are adults with normal hand
functionality and meet the criteria of the 50th percentile of the human
database, with an average hand length of 112.60±6.9mm. All participants
completed the experiment. The valid sample consists of 16 males and 14
females, with a mean age of 24.80 years (SD = 1.32).
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Dependent Variable and Measuring Tools

This study employed a repeated-measures within-subjects design to
investigate the impact of spoon handle cross-section on dynamic tripod
grasp learning. Three primary data sets were collected: task efficiency, finger
stability, and finger pressure.

(1) Task Efficiency: Task efficiency was assessed by measuring the time
required to perform the pick, gather-scoop, and cut-scrape tasks,
recorded from the spoon’s contact with the food particles until placing
the food in the simulated mouth opening.

(2) Finger Stability: Finger stability was evaluated using Flex Sensor
SpectraSymbol 4.5 and an Arduino hardware platform. The sensor
measured the flexion angles of the thumb, index finger, and middle
finger at the proximal and distal interphalangeal joints (PIP and DIP).
Smaller flexion angles were indicative of greater stability.

(3) Finger Pressure: Finger pressure was assessed using resistive thin-film
pressure sensors (SEN-09673) and an Arduino hardware platform. The
sensors recorded the normal force applied to the tool by the smaller
finger pads of the thumb, index finger, and middle finger’s distal radial
side.

Figure 3: Spoon handle cross-section shapes.

Task Environment Setup

This study sets up the task environment with a working area of (420x297mm)
and a height of 750mm. The placement point is positioned at a height of
220mm in front, and an adjustable height chair is provided. Participants
are required to adjust the chair to a suitable height before testing. The task
content is defined based on the literature as follows:

(1) Pick Task: Participants are required to scoop three red beans (diameter:
80mm) from the bowl at a time, repeating this action three times, and
place them at the designated point directly in front of them.

(2) Cutting Task: Participants are tasked with cutting a piece measuring
(100x20mm) into three pieces, repeating this action three times, and
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placing the resulting pieces at the designated point directly in front of
them.

(3) Gathering Task: Participants scoop four red beans from a plate
(diameter: 130mm), moving them to the edge, repeating this action three
times, and placing the scooped beans at a designated point directly in
front of them.

After obtaining informed consent from participants, this study randomly
assigns six different spoon shapes for experiments. Since daily dining
actions often involve three tasks simultaneously, the study will calculate the
efficiency of each task separately and cumulatively. This approach aims to
comprehensively assess the impact of spoon shape on operational efficiency.

RESULTS

As the study utilized a repeated-measures within-subjects design, a test
for homogeneity of variance was conducted to ensure consistency in the
variability of the data across the repeated measures. The results of this test
are summarized in Table 1.

Table 1. Mauchly’s test of sphericity for six spoon handle cross-sections.

Dependent Variable Mauchly’s W Approx Chi-Square df p

Operational efficiency Pick 0.30 32.38 14 0.004
Cutting 0.02 97.94 14 0.003
Gathering 0.16 49.01 14 0.006
Overall 0.83 67.33 14 0.000

Finger Stablize Pick 0.13 55.02 14 0.000
Cutting 0.11 58.24 14 0.000
Gathering 0.12 56.62 14 0.000
Overall 0.27 35.47 14 0.001

Finger pressure Pick 0.20 43.57 14 0.000
Cutting 0.52 17.65 14 0.225
Gathering 0.57 14.78 14 0.395
Overall 0.37 26.84 14 0.021

According to the results of Mauchly’s sphericity test shown in the table,
only in the finger pressure measurements for cutting (p = 0.225 > 0.05)
and scooping (p = 0.395 > 0.05) did the data pass the Mauchly’s sphericity
test, indicating homogeneity of variance and suitability for ANOVA analysis.
However, for the remaining items, Mauchly’s sphericity test was not passed.
Therefore, Friedman test (Nonparametric test) ANOVA andWilcoxon signed
rank test will be used for analysis.

Impact of Spoon Handle Cross-Section Shape on Operation

The study analyzed the six cross-sections based on operation efficiency, finger
stability, and finger pressure, as shown in Tables 2 and 3.
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Table 2. Friedman test and Wilcoxon signed rank test results for six types.

Dependent Variable N Chi-
Square
Test

Df p Wilcoxonsigned-Rank Test

Operation
Efficiency

Pick 30 27.31 5 .000 Hexagon, Pentagon > Oval, Square
> Circle**
Pentagon > Triangle**

Cutting 30 41.49 5 .000 Hexagon, Triangle > Pentagon, Square,
Oval > Circle

Gathering 30 57.29 5 .000 Hexagon, Pentagon > Oval, Square
> Circle **
Triangle > Circle, Square *

Overall 30 56.85 5 .000 Hexagon, Pentagon > Oval, Triangle,
Square > Circle *

Finger
Stablize

Pick 30 14.76 5 .011 Square > Triangle, Oval, Circle *
Pentagon > Triangle, Circle *
Hexagon > Circle *

Cutting 30 13.46 5 .019 Pentagon, Oval > Hexagon *
Gathering 30 9.52 5 .090 Nonsignificant
Overall 30 10.76 5 .056 Nonsignificant

Finger
pressure

Pick 30 15.92 5 .007 Circle > Triangle, Square, Pentagon *

Overall 30 23.58 5 .000 Circle > Oval, Triangle, Square,
Pentagon, Hexagon *

Table 3. ANOVA variance analysis and post-hoc comparisons for six types.

Dependent Variable SS Df MS F p ηp
2 Post-Hoc(LSD)

finger
pressure

Cutting 51390.82 5 10278.16 6.53 .000 .18 Circle > Triangle, Square,
Pentagon, Hexagon,
Oval**
Hexagon > Square**228136.3 145 1573.35

Gathering 20925.52 5 4185.10 3.80 .003 .11 Circle > Oval, Triangle,
Pentagon, Hexagon *
Square>Triangle *159486.5 145 1099.90

Operational Efficiency

In terms of pick efficiency, the hexagonal handle resulted in significantly
shorter operation times compared to the circular (P=.00), elliptical (P=.04),
and rectangular (P=.03) handles. The pentagonal handle also showed
significantly shorter operation times compared to the circular (P=.00),
elliptical (P=.04), and rectangular (P=.00) handles. There were no significant
differences between the triangular handle and the hexagonal (P=.08),
rectangular (P=.81), elliptical (P=.53), and circular (P=.06) handles, but
the triangular handle had significantly longer operation times compared to
the pentagonal handle (P=.00). There were also no significant differences
between the elliptical and rectangular handles (P=.30), but both handles
had significantly shorter operation times compared to the circular handle.
In terms of pick task operation efficiency, the hexagonal and pentagonal
handles exhibited the highest efficiency among all handles, significantly
outperforming the circular, elliptical, and rectangular handles. In the
cutting-scraping task, the circular handle had significantly longer operation
times compared to the triangular (P=.00), pentagonal (P=.00), hexagonal
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(P=.00), and elliptical (P=.04) handles. The hexagonal handle, on the other
hand, had significantly shorter operation times compared to the elliptical
(P=.01), rectangular (P=.03), triangular (P=.00), and circular (P=.18)
handles. There were no significant differences between the pentagonal
and elliptical or rectangular handles. The triangular handle had longer
operation times compared to the pentagonal (P=.00) and hexagonal (P=.00)
handles, but no significant difference with the elliptical handle. The
pentagonal and hexagonal handles did not show any significant difference
in operation times. In terms of cutting-scraping task operation efficiency,
the hexagonal and triangular handles exhibited the highest efficiency,
significantly outperforming the circular, elliptical, and rectangular handles.
The pentagonal handle’s operation efficiency did not differ significantly from
that of the elliptical and rectangular handles. In the gathering-scooping
task, the hexagonal and pentagonal handles did not show any significant
difference (P=.95), and both outperformed the circular (P=.00), elliptical
(P=.00), and rectangular (P=.00) handles. The pentagonal handle also did
not differ significantly from the triangular handle (P=.08), but outperformed
the circular (P=.00), elliptical (P=.01), and rectangular (P=.00) handles.
The triangular handle, on the other hand, showed no significant difference
with the elliptical handle (P=.10) but outperformed the circular (P=.00)
and rectangular (P=.02) handles. The elliptical and rectangular handles
did not show any significant difference (P=.29), but both outperformed
the circular handle (P=.00). The circular handle, in turn, outperformed
the rectangular handle (P=.00). Therefore, in terms of gathering-scooping
efficiency, the hexagonal and pentagonal handles were significantly better
than the elliptical, rectangular, and circular handles, followed by the
triangular handle. The circular handle was found to be significantly more
difficult to use in this task. Overall, the hexagonal and pentagonal handles
did not show any significant difference (P=.11), but both significantly
outperformed the rectangular (P=.02), triangular (P=.01), elliptical (P=.01),
and circular (P=.00) handles. The pentagonal handle also significantly
outperformed the rectangular (P=.03), triangular (P=.01), elliptical (P=.01),
and circular (P=.00) handles. The rectangular and triangular handles did not
show any significant difference (P=.94) and neither did the rectangular and
elliptical handles (P=.53), but both handles significantly outperformed the
circular handle (P=.00). The elliptical and triangular handles also did not
show any significant difference (P=.55), but both handles outperformed the
circular handle (P=.00). In summary, the hexagonal and pentagonal handles
exhibited higher operation efficiency compared to all other spoons, with the
hexagonal handle demonstrating the highest overall efficiency. The elliptical
and triangular handles had intermediate operation efficiency between the
hexagonal and circular handles, with the circular handle having the lowest
operation efficiency.

Finger Stablize

In the Pick task, the rectangular handle did not show any significant
difference with the hexagonal (P=.34) or pentagonal (P=.89) handles,
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but significantly outperformed the triangular (P=.01), elliptical (P=.04),
and circular (P=.01) handles. The pentagonal handle also did not differ
significantly from the hexagonal (P=.89) or elliptical (P=.12) handles in
terms of stability, but significantly outperformed the triangular (P=.04)
and circular (P=.03) handles. The hexagonal handle did not show any
significant difference with the triangular (P=.14) or elliptical (P=.09)
handles, but significantly outperformed the circular handle (P=.04). The
elliptical and triangular handles did not show any significant difference
(P=.86), and neither did the triangular and circular handles (P=.46). In
the cutting-scraping task, only the pentagonal (P=.04) and elliptical (P=.03)
handles significantly outperformed the hexagonal handle, with no significant
difference between the pentagonal and elliptical handles (P=.13). In the
gathering-scooping task, there were no significant differences among the six
cross-sectional shapes.Overall, there were no significant differences in finger
stability among the six cross-sectional shapes. However, when considering
the tasks individually, rectangular, pentagonal, and hexagonal handles
demonstrated better finger stability in the pick task, with pentagonal and
hexagonal handles showing slightly better stability compared to rectangular
handles. In the cutting-scraping task, pentagonal and elliptical handles were
the better choices, while the remaining four handles did not show any
significant differences.

Finger Pressure

In the pick task, the circular handle exhibited similar performance to
the elliptical (P=.052) and hexagonal (P=.10) handles, but less pressure
compared to the triangular (P=.04), rectangular (P=.00), and pentagonal
(P=.00) handles. No significant differences were observed among the
remaining handles (P>.05). For the gathering-scooping task, the circular
and rectangular handles had comparable performance (P=.05) but exerted
less pressure than the other handles (P=.00). The rectangular handle
showed similar performance to some handles but less pressure compared
to the triangular handle (P=.02). In the cutting-scraping task, the circular
handle exerted less pressure than most handles (P=.00). The hexagonal
handle showed similar performance to some handles but less pressure than
the rectangular handle (P=.00). The triangular, elliptical, and rectangular
handles did not significantly differ (P>.05). Overall, the circular handle
exhibited the lowest pressure, followed by the triangular and hexagonal
handles.Overall, the circular handle showed significantly better finger
pressure performance compared to other handle shapes (P<0.05), while the
remaining handle shapes (elliptical, triangular, rectangular, pentagonal, and
hexagonal) did not differ significantly from each other (P>0.05).

CONCLUSION

The conclusion drawn from organizing and analyzing the experimental
results is as follows:
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(1) Hexagonal and pentagonal shapes are the most efficient. Finger stability
shows no significant difference among spoon types for adults. Circular
spoons exert the least finger pressure.This finding is consistent with
related literature on pen grip (Goonetilleke et al., 2009) and spoon
manipulation (Huang and Chang, 2022), where subjective evaluations
align. The circular cross-section applies less pressure on the fingers due
to its larger curvature, leading to greater satisfaction. In summary, this
study suggests that circular, pentagonal, and hexagonal cross-sectional
spoons are best suited for dynamic tripod grasp operations, considering
their efficiency, finger stability, and pressure.

(2) The scope of this study is limited to the Taiwan region. However,
literature suggests that fine motor skills may vary depending on factors
such as geographical location(Chui et al., 2007), experience (Kamosita,
2020), and physiological differences. Therefore, data collected from
other regions or countries may differ.

(3) As this study assesses the mature dynamic tripod grasp, primarily
observed in adults, its relevance to children is uncertain. Future
experiments could confirm the applicability of these findings to young
children.
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