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Abstract

Design of writing tools for children should well consider ergonomics factors. However, design guides provided should leave 
designers freedom to handle design without strict limitation. This paper described a study in 2014 with Chinese children aged 
from 3 to 10, in order to find out key factors in design features which have large influence on hand grasp development. The study 
is highly application oriented. Methods like observation, questionnaire, and experiment are applied to achieve the study objective. 
Two key factors in design, i.e. clear positioning of grasp point and balanced distribution of grasp forces among fingers, are found 
to have high relevance to children’s grasp development. More specific design guides are formulated, and initial design concepts 
based on these guides are proposed and presented in the paper. 
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1. Introduction

Handwriting is an important skill for school-aged children. Most kindergartens and primary schools both in China 
and in other countries have training programs for suitable age children for handwriting. Different researches have 
been conducted with the viewpoints from medicine, graphonomics, psychology, occupational therapy, and education.
Many researches have shown that a better handwriting has implications for a child’s overall development, e.g. more 
actively participated in school learning and playing activities, which potentially leads to high academic performance 
and self-esteem[1]. A number of correlative studies have identified the performance components that are associated
with handwriting, namely, motor planning, eye-hand coordination, visual perception, visual motor integration,
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kinesthetic perception and in-hand manipulation[2][3]. The difference among age groups, different sex, and 
handwriting for special children are also studied by many researchers[4].

As handwriting is important not only for school-aged children’s overall development, but also for later education 
or social communication and integration of adults[5], handwriting patterns as well as their influencing factors should 
be well studied in order to provide evidences for design of suitable handwriting tools. By now, one particular hand 
grasp pattern is frequently seen and recommended, which is well known as the ‘dynamic tripod’, referring to use the 
thumb, index and middle fingers to fix the pencil to perform well co-ordinated movements[6]. Many teacher and 
therapists recommend this pattern, and many commercialized writing tools are designed based on this pattern[7]. 
However, the basis for recommending the dynamic tripod pencil grip and for excluding other grips is subjective and 
lacks scientific underpinning. Researches have shown little is known about the possible detrimental effects on 
writing caused by deviation from this recommended grip[9]. Therefore, it is still necessary to research on design 
features influencing handwriting patterns other than ‘dynamic tripod’.

In China, the problem with writing tools is more serious. Under the pressure of promoting school performance,
the Chinese children are requested to perform a lot of writing tasks both in school and at home every day. Children 
are likely to form a faulty writing pattern, which will influence children’s overall development in many aspects, such 
as short sight as well as children’s body posture development. Many researches emphasize that well-designed 
writing tools should be used to help children forming correct writing patterns, however, they have not clearly 
revealed which factors in writing tools design in which form could influence the forming of final grasp pattern in 
which ways[10]. The writing tool designs in China have almost no intension to ensure better writing patterns among 
children.

2. Research plan and methods

Recently, in the D&I (College of Design and Innovation) of Tongji University, researchers have conducted an 
extensive study, to research on the handwriting grasps of children in the sensitive stage of writing pattern 
development, to find out factors in grip design which would significantly influence the writing patterns as well as 
overall postures of the children. The objectives of the study include: 

to reveal how serious the writing pattern problem among the Chinese children is; 
to identify which factors in writing tools design contribute to the development of writing patterns among different 
age groups of children; 
to transfer the research findings into practical writing tools design in realistic reasonable and attractive form 
instead of dominated ‘ergonomics’ appearance. 

The study is highly application oriented without intensive research on the handwriting anatomy, movement, or 
cognitive process. Main purpose of the study is to find out factors in design which could influence the children’s
writing patterns as well as their overall development such as sitting posture and sight, in order to provide designers 
with effective guide or applicable principles for design.

2.1. General research plan

The study is planned to be conducted in 2 phases: the first phase is to use methods of observation and 
questionnaire to investigate the overall problems of Chinese children with writing tools. Parents are invited to fill 
out questionnaires on their opinion on the children’s hand writing issue. Then observation is conducted with support 
of some schools to record Children’s writing grasps; the second phase is to research on the design factors
influencing grasp patterns of children, by analyzing children’s grasps of writing tools with different design features
(both commercialized and designed by researchers) using systematic analysis methods such as Grey Relational 
Analysis (GRA).
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