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ABSTRACT

The research adopts the methods of questionnaire, interview and behavior observa-
tion to study the Motor Capability of armless people in four dimensions (strength,
dexterity, reach and mobility), summarizes the product design strategy using lower
limbs and feet from six dimensions (position, shape, force, precision, task and
environment) based on the Capability-Demand theory, and designs on this basis.
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INTRODUCTION

There are 24.72 million physically disabled people in China (China Disa-
bled Persons’ Federation, 2021), of which the upper limb disabled account
for about 18.43% (Zhiquan Liu, 2003). Armless people are the most seri-
ous group of people with upper limb disabilities. At present, there are few
auxiliary devices designed for the motor capabilities of armless people and
most of them use products designed for ordinary people clamping by their
feet during the process of cooking, which makes it difficult to ensure the
operation efficiency, safety and comfort.

THEORETICAL RESEARCH ON MOTOR CAPABILITY

The Capability-Demand theory was proposed by the i-design team in
response to the initiative of Equal, which puts forward paying more atten-
tion to the disabled and the elderly, and contributes to the social integration
(John Clarkson et al., 2015). The capabilities in this theory represent the
capabilities of users, which are divided into sensory, cognitive and motor
capabilities. Among them, the user’s motor capabilities can be subdivided
into reach, dexterity and mobility (Waller S. et al., 2010). Demands indi-
cate the demands of products for user’s capabilities (hereinafter referred
to as product demands). The relationship between the two depends on
the specific ongoing activities and the background of the activities (Per-
sad et al., 2007). When the product demands are higher than the user’s
capabilities, there will be the user exclusion phenomenon. The more com-
plex the product demands require, the more excluded users will be. And we
can reduce the product demands to better match user’s capabilities to reduce
exclusion.
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Figure 1: Result of motor capability questionnaire for armless people (under kitchen
scenario).

RESEARCH ON MOTOR CAPABILITIES OF ARMLESS PEOPLE

Studying the motor capabilities of armless people will help designers under-
stand the advantages of this kind of people’s motor capabilities. It is assumed
that users’ sensory and cognitive abilities are normal in order to exclude the
influence of other users’ capabilities on the experiment. From the perspe-
ctive of research dimension, the user’s motor capabilities are divided into four
dimensions: strength, reach, dexterity and mobility. The questionnaire design
refers to the research on users’ motor capabilities in capability-demand the-
ory. For example, according to the dexterity of the user’s main hand, it is set
that there is no need to do any precise action to control the cooker knob, pick
up the pin from the desktop with fingers, write with a pen and do other more
difficult things (Department of Social Security, 2000). After observing the
behavior of high-frequency operation in the kitchen scene, the author abstra-
cts and sorts it from easy to difficult (see Figure 1). The evaluation methods
of participants mainly include the following five dimensions: (D 0 point mean
“can’t do it”, which can’t be mastered by any practice; @ 1-3 points mean
“relatively difficult”, which is still difficult to master after a long time of pra-
ctice; @ 4-6 points mean “average”, which takes some time to practice and
master; @ 7-9 points mean “relatively easy”, which requires certain strength
and accuracy; @ 10 points mean “very easy”, which can be completed qui-
ckly and comfortably. A total of 14 valid questionnaires were collected from
armless people, of which 57.14% were men and 42.86% were women; most
of which are young and middle-aged, accounting for 64.29% at the age of
31 to 40.

Strength Capability: There are 6 items including 1.1-1.6 sorted out (see
Figure 1). The results show that when pressing and other force application
operations are needed, sitting posture is a better operation posture; the score
of holding articles with feet is also high (especially when the weight is small)
among various operation modes, suggesting that toes clamping mode can be
considered as one of the user’s operation modes in the design of lighter pro-
ducts. While some behaviors that require more fine movements and strength
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ability score lower such as screwing the bottle cap, showing that we should
try to avoid the product demands with excessive strength requirements.

Dexterity Capability: A total of 16 items including 2.1-2.16 are sorted
out (see Figure 1) and we can see from 2.1-2.8 that movements that use the
lower extremities and feet to perform simple non-fine movements (such as
pressing), contact manipulations that require only part of the existing limb
area (such as the bottom of the toes), and wide grasping without the toes or
wide range of joint movement scored higher. 2.9-2.16 suggest that the design
of cylindrical auxiliary experience is easier to clamp and transfer positions
than flake things when it is necessary to transfer items. From different switch
forms, the push switch is relatively simple and the experience of applying
force on the horizontal or vertical plane is the same.

Reach Capability: 6 items from 3.1 to 3.6 are sorted out (see Figure 1). It
can be seen that the standing posture with back against an object has stronger
reach capability than the sitting posture and it is easier to reach the positions
such as half meter in front and half meter on the right and left, while the upper
half meter is more difficult, it requires the higher flexibility of the lower limbs
and the balance of the body.

Mobility Capability: Total 4 items from 4.1 to 4.4 are sorted out (see
Figure 1). The scores of going up and down stairs and walking are high.
Most of the respondents are able to stand and walk normally, but the sco-
res of going up and down high stools are relatively low, indicating that this
action requires users to have good balance without the assistance of upper
limbs.

It can be seen from the questionnaire results that the higher the score of
the corresponding survey results, the easier the users’ action is to do and the
stronger the users’ motor capability for the action. When the product use
mode matches the user’s strong motor capability, the armless person will be
easier to use and more friendly to the user.

RESEARCH OF FOOD PROCESSING PRODUCTS FOR ARMLESS
PEOPLE

This paper takes the steps of processing food materials in the kitchen scene
as an example to analyze and explain the key points and demands of armless
people. The research adopts the methods of behavior observation and data
collection combined with one-to-one in-depth interviews. A total of 6 armless
people were observed and interviewed, and all 6 respondents had occupati-
ons and sources of income. The interview mainly asked about basic personal
information and scored the existing common kitchen food processing pro-
ducts from multiple dimensions (see Figure 2). Among them, knives have the
highest use frequency and necessity of the cutting tools, but its operation
takes the longest time with the difficulties. Although the use frequency of the
vegetable cutting tool is low, it takes the least time with the simplest opera-
tion. It is a good supplement to cut. Therefore, we will focus on two products
of knives and vegetable cutting tools when selecting research products.

The research mainly discusses the use mode and process of Chinese kitchen
knives, and it takes the right foot as an example (see Figure 3). One of the
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Figure 2: Scoring results of armless people on common used food processing tools.
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Figure 3: Survey results on the use of cutting tools by armless people.

most prominent problems is that the lower limb operates tools without the
suitable grasping and force application position, and armless people will use
their toes to clamp the tool surface or handle. At this time, the toes are requi-
red to open larger and clamp the cutting tool to twist, facing the problems
of small contact surface, smooth and low temperature as well as the small
downward cutting force. Secondly, due to the long distance and line of sight
occlusion, users can’t see the fixed position and other details, or sit on a
higher seat, or slip easily due to the shape, humidity of fixed ingredients, etc.,
which are very easy to cause injuries. Operating the cutting tool involves fine
movements and it takes a long time, requiring high foot dexterity, strength
and balance of body, even vision and so on.

The vegetable cutting tools can save time and labor compared with using
a kitchen knife. Currently, most of the vegetable cutting tools on the market
need both upper limbs to participate while using. Meanwhile, it also involves
a variety of complex motion behaviors such as rotation, pressing, fixation
and reciprocating (see Figure 4). When dealing with large food materials, it
is usually necessary to pretreat the food materials with a knife before using
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Figure 4: Survey results on the use of vegetable cutters by armless people.
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Figure 5: Summary of armless people’s demands for food processing products.

the vegetable cutting tools. In addition, they are difficult foot operations that
often disassemble and replace the blade, and clean the container and blade

after use.

Based on the above research on knives and vegetable cutting tools, the
paper comprehensively sorted out and analyzed the demands of armless
people while using food processing products (see Figure 5).

Product Design Strategies for Armless People

According to the design strategy of products using hand interaction in the
Capability-Demand theory (Inclusive design toolkit, 2022), combined with
the specific motor capabilities and demands of armless people, we analyze
and summarize the design strategy of using foot interaction with products,
which can be used to guide the follow-up design practice (see Figure 6).

@ Position Dimension: The product design requires to consider the use
posture, use gap, flexibility and foot lifting height of armless users as well
as avoiding the discomfort while using. By taking the food processing
products discussed above as an example, it is recommended that armless
people choose the sitting position, and the height difference between the
hip sitting surface and the operating surface is 0.1H (H is the height of
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Figure 6: Design strategies for using feet to interact with products.

the operator). @ Shape Dimension: It needs to support the flexible use, is
suitable for tasks and easy to grasp, and considers the contact area betw-
een the product and the body. For armless users, there are a variety of
gripping methods (such as toe gripping and instep gripping) provided, it
selects the grip according to the task type and provides annular, cylin-
drical and sheet shapes supplemented by changes in contour. And it can
also be considered from the surface friction and contact area. ® Force
Dimension: It should take the force bearing capacity of lower limbs into
considerations; the weight of a single foot shall be maintained at 500g
(5 potatoes); the force application method of downward pressure shall
be given priority; we should focus on the direction of force and try to
make the ankle and wrist in the joint functional position, which could
avoid joint damage caused by long-term force application (Yulan Ding,
2017). (see Figure 6).

CONCLUSION

This paper studies the motor capabilities of armless people and the demands
for food processing products through two surveys. The research on armless
people can provide the reference for product design for this vulnerable group.
As a group with the low attention at the social, market and design levels, the
research expands the connotation and scope of inclusive design to a certain
extent. More importantly, it can help more newly created armless people
to reduce the cost of learning, quickly adapt to life and improve their self-
care ability, and to a certain extent, it can also reduce the psychological and
physical pressure of such users and their family members.
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