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The purpose of this stu~y was to determine if a relationship exists between hand
strength and handwriting performance among early elementary age children. This study
was designed to test the effects of a hand-strengthening program on handwriting
performance among children entering first and second grade. The 19 children were tested
on grip and pin~h strength, visual motor skills, and handwriting performance at the
beginning and at the end of the trial period. The ~hildren were· divided into control and
experimental groups. The experimental group participated in functional age-appropriate
resistive fine motor tasks three times a week over a seven-week period. No significant
changes in strength, handwriting performance, or visual motor skills were obtained in the
treatment group or the control group. However there were improvements in subjective
areas not included in this study' s outcome measures.
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Effect of Hand Strength on Handwriting Performance: An Investigation
Handwriting is a major part of one's life and is a part of the International
Classification of Functioning, Disability, and !1ealth (ICF). Handwriting is included in
the ICF under the Activities and Participation domains for "dl45-leaming to write" under
.the Leaming and Applying knowledge domain and is a part of "d440-fine hand use"
under the Mobility domain (World Health Organization, 2001 ). Taking messages and
writing letters to friends and family are common writing tasks in which a child may need
to engage at home. Learning is children's work. Copying from the board, taking written
tests, and story writing are some of the written expectations of children at school. With
this amount of writing required in elementary school, it is not surprising that 98% of
school-based occupational therapists report that they have received referrals to evaluate
students with handwriting deficits (Tait, 1998). Deficits in handwriting lead to problems
in many other areas at home and at school. Written work is the primary means for a
student to express his knowledge; if his handwriting is poor the teacher may interpret the
student's performance as being incorrect or non-compliant (Case-Smith, 2002).
Muscle strength has been defined as "the capacity of a muscle to produce the
tension necessary for maintaining posture, initiating movement, or controlling movement
during conditions ofloading on the musculoskeleton system" (Smidt & Rogers, 1983,
p.1283). It is needed for holding the pencil and for the motor control and\ endurance to
complete a writing task. Kauranen, Siira, & Vanharanta (1998) found that a strength
training program improved some fine motor skills, specifically choice reaction time,
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tapping speed, and coordination. They proposed that a strength-training program
targeting specific muscles involved in a certain task ·would result in improved
performance in the activity. Handwriting, however, was not directly addressed in the
investigation.
In four separate studies, strength was investigated in relation to fine motor and
visual motor skills (Ayres, 1965; Case-Smith, 1995a; Case-Smith, 1995b; & Sellers,
1983). Two of these studies demonstrated a strong correlation between strength and fine
motor skills. or visual motor abilities. Case-Smith (1995a) looked at the efficacy of
occupational therapy services on hand skill development. In that study, she tested hand
strength and motor control in a tracing task among other variables. Due to the small
number of subjects and the children's other impairments, no conclusive relationship
could be made regarding strength and visual motor skills. In a factor analytic study,
Ayres (1965) found that hand strength appeared to be closely linked to perceptual-motor
functions. In another study, grasp strength was one of the factors closely related to
measurements in a visual motor tracing task, the Motor Accuracy (MAC) test of the
Southern California Sensory Integration tests (Case-Smith, 1995b). Sellers (1983) found
little significant relationship between grip and lateral pinch strength and cutting, copying
shapes, and tracing a line in kindergarten children; however, handwriting performance of
the children was not examined.
One study that could have led to a more definitive correlation between hand
strength and handwriting performance tested grip strength and visual motor integration in
children of .differing socioeconomic backgrounds (Bowman & Wallace, 1990). While
strength was mentioned, its relevance"to motor skills was not determined. Another study
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found an association between hand strength and legibility of handwriting in adults (Jaffe,
1987). There is little research establishing a protocol for changing coordination of any
kind in children or adults utilizing a strengthening program.
Numerous studies have been conducted examining the components that contribute
to good and poor handwriting. However, a thorough review of the literature revealed no
study that examined the link between children's handwriting and hand strength. _Several
factors other than strength have been identified as contributing to handwriting
performance. Amundson (2001) provided the most complete list which included pencil
grasp, writing readiness, fine motor control and isolated finger movement, prewriting
skills, right-left discrimination, orientation to printed language, ergonomic factors,
\

sensorimotor performance components, cognitive performance components, and
psychosocial performance_ ·components. The effects of pencil grip and proprioceptivekinesthesia and performance on the Beery-Buktenica Developmental Test of Visual
Motor In!egration (VMI), fine motor skills-and in-hand manipulation.have been related to
handwriting skills (Case-Smith, 2002; Schneck, 1991). Additionally, percep~al motor
factors, specifically· visual motor skills, eye-hand coordination,. motor planning, and
visual perception have been shown to influence handwriting ability {Tseng & Murray,
1994).
Strength has not been one of the variables considered with regard to handwriting
performance in previous studies. Although there have been investigations into the
ergonomic and neuromuscular components of handwriting, strength has been largely
ignored. Although Amundson (2001) listed strength as a neuromuscular component
influencing handwriting, the only reference made to-strength was a brief statement that it
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impacts the student's ability to firmly grasp and maintain positional consistency of the
writing tool over time. No other reference to strength was made. Tseng and Cermak
(1993) looked at ergonomics and perceptual motor abilities, but listed pencil grip and
pressure on the writing utensil as the only ergonomic factors addressed.
No study has addressed whether strength directly contributes to the motor
component of handwriting skills. Several studies relating hand strength and visual motor
skills have been inconclusive due to methodological flaws (Ayres, 1965; Case-Smith
1995a; & Case-Smith 1995b). Other studies have shown a strong correlation of visual
motor skills and handwriting skills (Tseng & Murray, 1994; Weil & Cunningham
Amundson, 1994). The results of the literature review led to the question ofwhether
increasing a child's hand strength could have a positive effect on his handwriting
performance. Such an effect could lead to improved performance in school.
In the current study, the role of strength in handwriti,ng among school-aged

children was investigated. Visual motor integration was also evaluated and examined in
relation to the child's handwriting performance. It was hypothesized that increasing hand
strength would improve handwriting and visual motor abilities.
Methods

Research Design
This study was performed to investigate the: relationship between hand strength
and handwriting. It was hypothesized that increasing hand strength would improve
handwriting skills in children. A quasi.:.experimental design was used in this study with an
.

'

..

independent variable, hand strength, and dependent vari~bles, handwriting performance
and visual motor skills. Resistive, functional_ activities were_ incorporated as strength
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training in order to ~ssess the effect of a strengthening program on handwriting ability
.

~

and visual motor skills. A convenience sahiple was used inc~rporating children who
attend the same child care center. The study w:as limited to first and second graders for
ease and consistency of administering and scoring the Children's Handwriting Evaluation
Scale-Manuscript (CHES-M) that included only first and second grad.ers in its manuscript
· evaluation. There was variability in· the .·et~c and socioecon~mic __backgrounds among
the families that participated in the,. study, however, specific data regarding demographics
of the child care center, affording comparison to public school population of children,
was unavailable.

Subjects
The Medical College of Georgia's Institutional Review Board, the Human
Assurance Committee (HAC), approved the stu~y. The study included 19 children who
were to be going into first and second grade and whose parents volunteered them for the
study. All of the children were in regular education classes and had not been identified as
having handwriting deficits. Assignments to study groups were determined by a stratified
randomization. The study took place at the child care facility the children already
attended. The investigator met with each parent and child to go over each step of the
research study and the informed consent form at that person's level of understanding.
Questions were welcomed and answered in depth.
The study began with 21 first and second graders, but only 19 completed the
study. Two of the children withdrew from the child care center early on in the study
process. The ages of the children ranged from 5 years, 3 months (63 months) to 7 years, 8
months (92 months). Of the remaining participants, there were 10 children in the

14
experimental group a~d 9 in the control group. There was a total of 7 females (4 in the
experimental group, and 3 in the control group) and 12 males (6 in each group). There
was a total of 13 first graders (7 in the experimental group, and 6 in the con~ol group)
and 6 second graders (3 in each group). There were two children in the study who were
left handed, one in each group.

Power Analysis
The primary analyses consisted of a comparison of pre-treatment to posttreatment chan&es among experimental and- control chil~r~n-on the VMI and the CHESM. A sample of 19 (10 treatment, 9 control) children yields a power of .51 at the <.05
level _when estimates are based on a.true-difference between group CHES-M mean scores
of 0.6 and with equal standard deviations of .78. This power is considered to be in the
moderate power range ..

Instruments
All of the tests utilized were non-invasive and took less than fifteen minutes each
to administer. The grip and pinch strength measurements were taken on each child
individually, while the VMI and CHES-:rvi were administered in a group setting. To
ensure reliability and avoid bias, a trained occ~pational therapist other than the
investigator scored the CHES-Mand VMI pre-tests and post-tests. The therapist scoring
the handwriting and visual motor assessments was blind to the group assignments. The
study investigator performed the strength testing and was not blind to the group
assignments.
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Strength measurements included grip strength and pinch strength. A Jamar
Dynamometer was used to measure grip strength and a B & L pinch meter was used to
measure pad-to-pad, three-jaw chuck, and lateral pinch. The strength measurements were
obtained. using standardized instructions described by Mathiowetz, Weber, Volland,
&
.
.

Kashman (1984) to ensure reliability and validity of measurements. The Jamar
Dynamometer and the B&L pinch gauge were used because Mathiowetz, Kashman,
Volland, Weber, Dowe, & Rogers, (1985) found that these instruments had very high
calibration accuracy. For each of the strength tests, the subjects were seated with knees at
a 90° angle, feet touching the floor, shoulder adducted by their side, elbow flexed at 90°
angle, forearm in neutral position, and wrist at approximately 0° dorsiflexion and ulnar
deviation. Both the dynamometer and the pinch gauge were lightly supported by the
examiner, as is allowed by Mathiowetz, et al. (1985), to prevent unintentional dropping~
The scores of two successive trials were recorded as the subjects were instructed to
squeeze as hard as possible each time.
The CHES-M was used to objectively measure handwriting performance. The
'

.

'

.

CHES-Mis a simple", but stanµ~rdized writing evaluation tool that can be administered
and scored in a brief amount of time. Studies co~pleted by Phelps and Stempel (1987),
the a1:1thors of the CHES-M, resulted· in very little difference among s_cores .1:>etween
raters, and reliability coefficients ranging from .65 - .93. The children were given two
_ minutes to copy each one of the two se~tences whiyh are placed on a piece of unlined
paper. The sentences together contain 57 letters and include the entire alphabet except i,
q, v, x, and z. The CHES-M provides objective criteria for scoring rate and quality.
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The VMI was used to evaluate each child's visual motor skills. The VMI is a
.. _

.

-

..

. -

standardized desi_gn replication ~ssessment tool. It is widely u~ed due to its ability to be
•

":

I

·.

'

.:

.

-

administered and scored in a s~ort amount of time and beGause it has been found to be
both highly reliable and valid (Beery, 1997). The short form of the test was used, which
. is designed for ages 3-7 and consists of 18 geometric designs to be copied by the
subjects. The forms are arranged in order of increasing difficulty. Specific criteria are
provided for scoring the reproduced forms on a pass/fail basis. Credit is given for each
correct design until three consecutive failures are found. Studies pertaining_ to the
reliability and validity of the VMI are discussed in depth and cited in the VMI manual
(Beery, 1997). It is considered to-be valid and reliable, with the overall average reliability
being .92; although no specific quantity was given for overall validity, Beery reports that
correlations between the VMI with other similar tests range from .29 to .93. Weil and
Cunningham Amundson (1994) found a strong correlation between the performance on
the VMI and handwriting abilities in kindergarten children.

Procedure
This study was designed to test the effects of a hand-strengthening program on
handwriting performance in school-aged children. The children were tested on strength,
handwriting, and visual motor skills before and after the study. The children in the study
were divided into two groups. One group participated in a hand-strengthening program,
while the other group did not. All group sessions took place over a seven-week period at
the child care center the children attended during their summer break from school. Group ·
sessions took place three. mornings a w~ek
for ~pproximately
30 minutes each. Each child
.
..:
..
"'

participated in 15 training sessions.
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The visual motor assessment was administered first, followed by grip strength,
and then the handwriting evaluation. Obtained last were pinch strength measurements·tip (two-point) pinch, palmar (three-point) pinch, and key (lateral) pinch. The strength
measurements were obtained from each child's dominant hand using standardized
procedures described by _Mathiowetz, et al.-(1984). to ensure. reliability and validity of
measurements. The scores·oftwo successive trials were recorded with the subjects
instructed to squeeze as hard as possible each time. The visual motor assessment and
handwriting assessment were administered in small groups according to test instructions,
with a slight variation in the handwriting test that _ affects norm referencing but not the
comparison of pre-tests and post-tests to one another. The CHES-M instructions state that
the children keep writing for the entire two minutes. However, many of the children
stopped after writing the sentence one time (as the visual sample displayed) even when
time was remaining. Therefore, to ensure that everyone completed the t~st the sa~e way
for pre- and post-tests, the investigator had everyone copy the sentence just once whether
or not time was up. The CHES-M provides sc;ores for rate and quality of writing._Because
of this variation in the standardized testing method, rate scores were not included in the
study.
Strengthening exercises consisted of purposeful, resistive hand activities that were
age-appropriate. Specific activities included therapy putty tasks, water toys, a coloring
task that required increased pressure, modeling clay, squeezing small glitter glue pens to
make designs, clothespin games, siinple leather lacing task, and popping mail-wrap
bubbles. The children attended fifteen 30-minute sessions over the 7-week period. More
sessions were desired by the investigator; however, summer vacations· and a stomach
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virus that spread through the facility hindered perfect attendance. Make-up sessions were
provided throughout the study to ensure 15 sessions by each child. Each child performed
the activities with his or her dominant hand. The therapy putty activity was alternated
throughout the study session so that the children completed the putty task eight times,
modeling clay and games with the water toys two times, and the other activities one time
each.

Data Analysis
The initial analyses consisted of several two-sample, non-paired t-tests to ensure
the demographic characteristics of the two groups of children were comparable. A two
(experimental group vs. control group) x two (pre vs. post), repeated measures analysis of
variance (ANOVA) was used to ~etermine if the strengthening__treatment exercises
I

'

,I,

'

resulted in a statistically significant improvement in handwriting performance on the
CHES-Mor improvement in visual motor skills on the VMI. Level of significance was
defined as .05. Repeated measures ANOVAs were calculated to find out if.the
strengthening treatment exercises improved strength measures...
Results .
There were no statistically significant differences between the treatment and nontreatment groups on any of the demographic variables that might have influenced the
results. The demographic variables for each group are presented in Table 1. Examination
of Table 1 reveals there were no important differences between groups with regard to age
(t(l, 17) = -0.15, p = .99), grade level (t(l, 17) = 0.003, p = .88), or gender (..47(1, 17) =

0.09,p = 0.76).
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Treatment did not have any significant effect on strength measures. None of the
pinch measurements between the treatment and non-treatment groups improved to a
significant degree: grip (F(l,17) = 0.25,p = 0.'63), 2-point pinch (F(l,17)
0.66), 3-point pinch (F(l,17)

= 0.20,p =

= 0.50,p = 0.49), or latern} pinch (F(l,17) = 0.003,p =

0.96). There were no significant interaction effects for any of the repeated measures
ANOVA comparisons.
No significant difference was found between the treatment and control groups on
the CHES-M quaJity score (p

= 0.69) or the VMI raw score (p = 0.34). Subsequent, 2

(group) x 2 (time), repeated measures ANOVAs were calculated to find out if the
strengthening treatment exercises improved grip or pinch strength measures. No
significant changes in strength for either group were found (Table 2), with the exception
of three-point grasp. Follow-up analysis showed that the improvement was due to
improvement in three-point grasp over time in both groups as opposed to improvement
due to treatment. An analysis of pre-test scores revealed that there was no statistically
significant relationship of strength measures with handwriting or visual motor scores.
Discussion
No significant changes in strength, handwriting performance, or visual motor
skills were identified in the treatment group or the control group. Because strength was
not statistically improved in the children who participated in tp~ strengthening program,
the hypothesis cannot be supported. The primary limitations of this study were time and
intensity of the strengthening program, small sample size, and assessment processes that
were not sensitive enough.
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Limitations of Study
Strengthening_program. In order to effectively make changes in hand strength,
possibly a longer, more intense strengthening program needs to be implemented. Other
studies (Kauranen; Siira, & Vanharanta, 1998; Hoff, Gran, & Helgerud,")002; Trueth,
Hunter, Pichon, Figueroa-colon, & Goran, 1998) found that a longer course of treatment,
at least eight weeks whh sessions. three times a week, resulted in changes in strength.
Kauranen, Siira, and Vanharanta (1998) improved upper extremity strength in a 10-week
study in which adult participants completed 2 hour-long supervised sessions at the clinic
and 2 forty-TI?-inute sessions at home every week. Unfortunately, during the current study,
the childrens' schedules and attention spans did not allow•for that duration or intensity. In
order to be able to provide the frequency and intensity needed to make changes in hand
strength, future studies may show better res.ults if the children were older than first or
second grade. This study did not have the children participate in strengthening tasks at
home; however, a home program may be a beneficial addition to future studies.

Treatment activities. The current study utilized purposeful activities typically used
in a pediatric occupational therapy treatment program. Pediatric patients in occupational
therapy are typically seen on a 1: 1 basis with direct intervention and supervision of a
skilled therapist. While such activities work well in individualized sessions in which
constant supervision is provided, the amount of resistance used by each child was not as
easily monitored in the group setting. It was difficult to ensure each child used _the same
amount of pressure and resistance. Kauranen, Siira, and Vanharanta· (1998) used non-:
task-specific exercises; they stated that "qualitative task..;specific strengthening may be
more effective, because there is evidence to suggest that some motor units in
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multifunctional muscles may be task-dependent" (p. 930). To add to the intensity of the
strengthening program in future studies, purposeful activitie~ that provide increased and
more measurable resistance should be considered.

Subject selection. An additional limitation of the study was the small number of
subjects so that larger trends did not become evident. This study was limited by time and
financial resources resulting in a smaller sample size. The other factor that contributed to
smaller sample size was that the CHES-M assessment includes only first and second
graders, eliminating older children from the study. To obtain a bigger sample population,
an assessment that includes chi:idren in alfgrades should be ut1lized. Children from
several schools or child care facilities could b~ included for a larger study.

Assessment process. Other limitation~ t4at could have affected the outcome of the
study dealt with ..the ass~ssment process. There were unforeseen problems
with utilizing
.
~

'

.

the CHES-M as a handwriting assessin~11:t- tool. The:yisual sample provided by the
CHES-M had the sentence written one. time, but instructed the subjects to copy the
sentence again if the established time of two minutes had not yet lapsed. Many of the
children stopped after writing the sentence one time even when time was remaining.
· Therefore to ensure consistency with scoring, all the children were instructed to copy the
sentence only once, eliminating the possibility of using rate as a variable. Rate is an
important factor that may have changed among the children in the treatment group, but
was unable to be examined. While the CHES-M js standardized and provides guidelines
for scoring, inconsistencies in judgment upon interpretation are possible. The clinician
who scored the CHES-M assessment expressed concerns regarding the v~riations_in
interpretation in the pre- and post-scoring process. The scoring manual was not always
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clear on what should be considered an error or what variations in letter formation should
be allowed. The test-retest reliability of the CHES-Mis questionable, despite its authors'
findings of high reliability.
The test-retest reliability of the strength tests is also in question. The investigator
administered the strength tests, allowing for unintentional bias. Additionally, the before
and after strength tests were completed at different times of the day due to a change in the
childrens' schedule. This may have affected reliability. The pre-tests were completed first
thing in the morning and the post-tests were completed after the children returned to the
childcare center after being at school all day. The inconsistencies of scores and nonsignificant changes between both groups on all tests reflect this fact. Furthermore, the
children in the control group appeared to be more motivated to participate in and do
better on the post-test than the children in the treatment group. This is supported by the
trend for greater improvement among the control group on all test areas except VMI
scores, of which both groups demonstrated lower scores (Table 2).

Future Studies
Although there were no signi~cant changes in standardized measurements, the
children in the treatment group did appear to demonstrate some positive changes. Overall
e~dura~ce in fine motor tasks anecdotal~y imp~oved within the treatment group. Two
mothers of the c~ildren in the treatment gr_oup have reported receiving positive,
.

'

'

..

unsolicited.feedback on their child's handwriting from teachers who were not even aware
of the child's participation in a study: By the end of the study-the children demonstrated
less difficulty initiating necessary hand movements for resistive activities and required
less assistance to get started. They participated in the resistive tasks for longer time
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periods with fewer complaints of fatigue as th~ study progressed. Further studies are
,·

needed with increase4 duration and intensity of treatment ·sessions. Using older children
'

.

may be of benefit as the younger chlldi-en in this study demo.nstrated decreased attention
~nd did not always seem to fully engage in the resistive tasks.
The findings from a correlative analysis between strength measurements and the
CHES-Mand VMI scores revealed no significant association. This supports the findings
of Sellers (1983), who suggested that strength does not affect performance of pencil tasks
within a typical population of kindergarten children. Both of these studies contained
young children who are fairly new to pencil and paper tasks. A population of experienced
writers beyond second grade may exhibit greater changes with a strengthening program.
There were no significant abnormalities in strength among the children in either this
current study or the Sellers study. However, the question_ remains whether children with
poor handwriting who also have decreased hand strength would demonstrate improved
handwriting with a hand strengthening program. Another consideration t~at has not been
addressed is the effect a hand strengthening program may have on the handwriting of
children who have a disability characterized by muscle weakness. Sellers (1983) also
suggests several important issues--the question of whether there is.a baseline of strength
needed for handwriting and how strength is related to the performance of other fine motor
tasks--that must be addressed before the significance of designing and implementing
hand strengthening programs is ruled out.
This study did not confirm the hypothesis that improving hand strength will
improve handwriting ability. Further research is still needed on this topic. This study is
the first step to a larger, more definitive study on the-·effects:of a·'strengthening program .
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on handwriting in a typical or disabled population .. Strengthening activities that are mor~
intense and more measurable may provide more significant changes in strength
measurements. Home programs along with increased resistance are two possibilities for
increased intensity. Home programs could allow for strengthening on a more consistent
.

.

basis. Increasing the. resi~tance a~ scheduled .intervals may preyent a plateau in the
participants' strength during the program time period. Modifying many of the activities
utilized in this study would help achieve more measurability and intensity:- sculpting with
mqdeling clay requiring much pinching and_ squeezing; therapy putty tasks making
mountains, trees, and vc1:lleys (increasing,.the resistance of the putty with each task); races
with commercial clothespins that provide a set amount of resistance; making a leather
belt which requires more uniform pressure than leather lacing; and races with balls in
vertical tubes that use squeezable air or water pumps to move the balls. Changes in the
population sample, such as larger sample_size, older children, and those identified with
strength or handwriting deficits would likely provide more definitive results. Studies with
both children who. are developing typically and those who have developmental delays are
needed. Objective and subjective results from this study suggest that reliable and
standardized outcome measures of endurance, as well as quality and rate, in a
handwriting assessment are needed. To reinforce the use of endurance as an outcome .
m·easure, De Lateur and Lehmann (1990) suggest that there is a·relationship between
strength and endurance (p. 487). New research approaches may provide more definitive
answers regarding the effect of strength on handwriting. One such approach would be to
treat all participants in the study, then afterwards compare the handwriting scores of those
who demonstrated increased strength and those that did not.
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Conclusion
Poor 'handwriting can lead to many other difficulties at school and home.
Although no definite ·answers came out of this study, further reviews of the literature ·
suggest a relationship between strength and functional skills such as handwriting that
need to be better investigated to provide therapists and teachers with more intervention
options. This studycontributes to occupational therapy research and practice by
providing preliminary data for establishing better protocols using occupation and
purposeful activity as

ameans to an end for improved functional performance.

26

Table 1
Subject Configuration
Experimental group

Control group

n (Percentage)

n (Percentage)

· Age

Age

4 (21 %)

3 (16%)

Total
n (Percentage)

Male (first grade)

7 (37%)

Male (second grade)

Ages: 63 - 80 months

Ages: 72-78 months

2 (11 %)

3 (16%)
5 (27%)

Female (first grade)

Ages: 84 - 91 months

Ages: 85 -91 months

3 (16%)

3 (16%)
6 (32%)

Ages: 80- 82 months

Ages: 76 - 80 months

Female (second
1 (6%)
grade)

0

1 (6%)

9 (48%)

19 (100%)

Age: 92 months

Totals

10 (53%)
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Table 2
Mean (and Standard Deviation) Measurements and Performance Scores for the
Treatment and Non-treatment Groups
TREATMENT

NO TREATMENT
Mean

. Pre_(SD)

Post (SD)

Mean
Pre (SD)

Post (SD)

Change

Change

Grip
9.78 (2.40)

10.15 (3.0)

+ .37*

10.31 (3.01)

10.75 (2.04)

+ .44*

5.65 (1.33)

5.88 (1.28)

+.23*

5.67 (1.03)

6.33 (1.54)

+.66*

7.15 (1.67)

7.63 (1.06)

+ .48*

7.56 (1.51)

8.08 (1.33)

+ .52*

8.88 (1.40)

8.95 (1.50)

+.07*

8.44 (1.86)

9.31 (2.03)

+ .87*

46 (20.66)

51 (30.35)

+ 5*

(Pounds)
2-pt. Pinch
(Pounds)
3-pt. Pinch
(Pounds)
Lateral
Pinch
(Pounds)
CHES-M
Quality

32.22

Raw

· 41.11
+ 8.89*

(23.86)

(26.67)

15 .11 (1.45)

14.22 (1.48)

Scores
VMIRaw
15.5 (2.07)

15.4 (1.35)

-.10*

Scores

Note. (SD)=Standard Deviation;*= Mean change not significant, p < .05

- .99*
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Appendix A
Research Design

Introduction
Handwriting is a major part of one's life. It is a part of the International
Classification of Functioning, Disability, and Health (ICF) under the Activities and
Participation (A & P) domains for "d145-leaming to write" under the Leaming and
Applying Knowledge domain and is a part of "d440-fine hand use" under the Mobility
domain (World Health Organization, 2001) . .Takihg messages·and writing letters to
.·

·.

''1

,:

:

.

'

friends and family are common writing tasks in which a child may need to engage at
home. Leaming is a child's work. Copying from the board, taking written tests, and story
writing ~re some of the written requirements expected of children at school. McHale &
Cen;nak (1992) ·found that.children spend much of their sd:iool day engaged in pencil and
.-

'

.

.

-

.

'

paper tasks. Their study examined specific types of fine motor activities used in the
typical elementary classroom and the amount of time spent on them. They found that
31 % to 60% of the school day consisted of fine motor tasks, and that 85% of that time
was spent on writing activities. With this amount of writing required in elementary
school, it is not surprising that 98% of school-based occupational therapists report that
they have received referrals to evaluate students with handwriting deficits (Tait, 1998).
Deficits in handwriting lead to problems in many other areas at home and at school.
Written work is the primary means for a· student to express his knowledge; if his
handwriting is poor the teacher may interpret the student's performance as being
incorrect or non-compliant (Case-Smith, 2002).
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Kauranen, Siira, & Vanharanta (1998) found that a strength training program
·improved some fine motor skills, specifically choice reaction time, tapping speed, and
coordination. They proposed that a strength-training program targeting specific muscles
involved in a certain task would result in improved performance in the activity.
Handwriting, however, was not directly addressed in the investigation. Many
investigators who have studied handwriting have discussed the sensory components of
proprioception and perceptual skills (Amundson, 2001; Case-Smith 2002; Schneck, 1991;
, Tseng & Cermak, 1993; Tseng & Murray, 1994). Some studies have examined the
neuromuscular components of muscle tone and postural control, as well as the motor
components of coordination, laterality, pencil grip, praxis, and visual-motor control
(Amundson, 2001; Case-Smith 2002; Schneck, 1991; Tseng & Cermak, 1993). Even the
psychological and social issues_ that can affect a child's handwriting performance have
been examined (Amundson, 2001). However, no study has directly linked hand strength
to the child's ability to hold the writing utensil and complete a writing task accurately and
legibly.

In the curren_t study, the role ()f stn~ngth in handwrifrng .delays among school-aged
children was investigated. Visual motor integration was also evaluated and examined in
.

'

relation to the child's handwriting performance.
',

Statement of the Problem
The purpose of this study was to determine i_f a· relationship exists between hand
strength and handwriting performance among early elementary age children~ Many
children are referred to occupational therapy secondary to handwriting deficits. Many of
these children are observed to have below age expected strength in their hands. This
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study was designed to test the effects of a hand-strengthening program on handwriting
performance among 19 children entering· first and second grade. The children were tested
before and after the study on grip and pinch strength, visual motor skills, and handwriting
performance. The 19 children were divided into 2 groups, a control group and an
experimental group. The experimental group participated in functional age-appropriate
resistive fine motor tasks three times a week over a seven week period.

Definition of Terms
Muscle strength has been defined as "the capacity of a muscle to produce the
tension necessary for maintaining posture, initiating movement, or controlling movement
during con.ditions of loading on the musculoskeleton system" (Smidt & Rogers, 1983,
p.1283). It is needed for holding the pencil and for the motor control and endurance to
complete a writing task.
The term handwriting in this study refers to manuscript writing.

Delimitations
The study was limited to first and second graders for ease and consistency of
administering and scoring the Children's Handwriting Evaluation Scale (CHES-M)
assessment that included only first and second graders in its manuscript evaluation. No
other exceptions or exclusions were made.

Limitations
The primary limitations to this study were time, intensity ~f strengthening
program, and sample size. In order to effectively make changes in hand strength a longer,
a more intense strengthening program is needed. The childrens' schedules and attentions
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span did not allow for increased duration or intensity. The children attended 15 sessions
over the seven-week period. More sessions were desired by the investigator, however
summer vacations and a stomach virus that spread through the facility hindered perfect
attendance.
The current study utilized purposeful activities typical for pediatric occupational
therapy. Pediatric patients in occupational therapy are typically seen on a 1: 1 basis with
direct intervention and supervision ofa skilled therapist. While such activities work well
in individualized sessions in which constant supervision is provided, the amount of
resistance used by each child was not as easily monitored in the group setting. An
additional limitation to the study was the small number of subjects so that larger trends
did not become evident. The study included 19 children who were to be going into first or
second grade and whose parents volunteered them for the study. The study included a
convenience sampling of all available first and second graders at a particular childcare
facility.
Other limitations that could have affected the outcome dealt with the assessment
process. While the CHES-Mis standardized and provides guidelines for scoring,
inconsistencies in judgment upon interpretation are possible. The clinician who scored
the CHES-M assessment expressed concerns regarding the possible variations in
interpretation in the pre and post scoring process. The scoring manual was not always
clear on what should be considered an error or what variations in letter formation should
be allowed. The test-retest reliability of the CHES-M is questionable, despite its authors'
findings of a reliability ranging from .65-.93 (Phelps & Stempel, 1987).
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_The test-retest reliability of the strength tests is questionable. The investigator
administered the strength tests, allowing for unintentional bias. Additionally, the before
and after strength tests were completed at different times of the day due to a change in the
childrens' schedule which affected reliability. The pre-tests were completed first thing in
-

.

the morning and the post-tests were completed after the children returned to the childcare
center after being .at school all day. The inconsistencies ofscores and non-significant
changes between both groups on all tests may reflect this fact. fu final analysis of
assessment sessions, the children in the control group appeared to more motivated to
participate in and do better on the post-test than the children in the- treatment _group. This
is supported by the trend for greater improvement among the control group on all test
areas except VMI scores, of which both groups demonstrated lower scores (Table 2). _

Hypothesis
It was hypothesized that first and s·eco11d grade children participating in a seven
week hand strengthening program.will impro_ve scores on handwriting ancf visual motor_
assessment tools.
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Appendix B
Review of the Literature
Numerous studies have been conducted examining the components that contribute
to good and poor handwriting. However, a thorough review of the literatt1;:re found no
studies examining the relationship between handwriting and hand strength in children.
Several factors other than strength have been identified as contributing to handwriting
performance. Amundson (2001) provided the most complete list which included pencil
grasp, writing readiness, fine motor control and isolated finger movement, prewriting
skills, right-left discrimination, orientation to printed language, ergonomic factors,
sensorimotor performance components, cognitive performance components, and
psychosocial performance components. The effects of pencil grip and proprioceptivekinesthesia and performance on the Beery-Buktenica Developmental Test of Visual
Motor Integration (VMI), fine motor skills and in-hand manipulation have been related to
handwriting skills (Case-Smith, 2002; Schneck, 1991). Additionally, perceptual motor
factors, specifically visual motor skills, eye-hand coordination, motor plaI11).ing, and
· visual perception have been shown to influence handwriting ability (Tseng & Murray,
1994).
Several studies have ·examined the influence of fine motor skills and visual motor
skills on handwriting performance. Tseng and _Murray (1994). examined the relationship
between perceptual-motor abilities, including visual motor integration, and the legibility
of handwriting in a stepwise regressional analysis.. -Among all the perceptual-motor
.
-

.

..

.

measures studied, childrens' scores o~_theVMI, a test of visual motor skills, _showed the
strong~st correlation with h<:1ndwriting legibility: Scores from the Motor Ac.curacy Test
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(MAC) of the Sensory Integration and Praxis Tests (SIPT), a test of hand-eye
coordination, were al~o.strongly,correlated with handwriting· ability. An analysis of the
individual scores of good and poor handwriting
samples revealed a significant association
,.,
between VMI scores and the Finger Position Imitation Test (FiPIT), a measure of fine
motor praxis. A ~~milar study examined the relationship betw.een visual motor skills and
handwriting utilizing· the VMI to assess visual motor skills and the Scale of Children's
Readiness In PrinTing (SCRIPT) to measure children's abilities for manuscript writing.
Th~ authors confirmed the results of previous investigators by demonstrating a strong
relationship between visual motor skills and handwriting performance, and went on to
suggest scores on the VMI could be used as a predictor of a child's ability to correctly
form letters of the alphabet (Weil, Cunningham Amundson, 1994).
Strength has not been one of the variables cons~dered with regard to handwriting
performance in previous studies. Although there have been investigations into the
ergonomic and neuromuscular components of handwriting, strength has been largely
ignored. Amundson (2001) listed strength as a neuromuscular component influencing
handwriting. However, the only reference made to strength was a brief statement that it
impacts the student's ability to firmly grasp and maintain positional consistency of the
writing tool over time. No other reference to strength was made. Tseng and Cermak
(1993) looked at ergonomics and perceptual motor abilities, but listed pencil grip ~nd
pressure on the writing utensil as the only ergonomic factors addressed.
In four separate studies, strength was investigated in relation to fine motor and
visual motor skills (Ayres, 1965; Case-Smith, 1995a; Case-Smith, 1995b; & Sellers,
1983). Two of these studies demonstrated a strong correlation between strength and fine

35
motor skills or visual motor abilities. Case-Smith (1995a) looked at the efficacy of
occupational therapy services on hand skill development. In that study she tested hand
strength and motor control in a tracing task among other variables. Unfortunately, due to
the small number of subjects and the children's impairments, no conclusive relationship
could be niade regarding strength and visual motor skills. In a factor analytic study,
Ayres (1965) found that hand strength appeared to be closely linked to perceptual-motor
functions. In an·other study, grasp strength was one of the factors found to be very closely
related to measurements in a visual motor tracing task, the Motor Accuracy (MAC) test
.

.

.

of the Southern California Sensory Integration tests (Case-Smith, 1995b). Sellers (1983)
found little significant relationship between grip and lateral pinch strength and cutting,
drawing.shapes, and tracing a line in kindergarten children; however handwriting
performan~_e· of the children was not examinea.· This study was a one session correlational
study and did not include the effects_ of a _st;rengthening program on pencil and scissor
skills. Furthermore the strength and skills needed for cutting and tracing a single line are
different from those needed for handwriting. Age may also be a limitation in the
mentioned study. Significant results may have been found in older children as
kindergarteners are still developing refined hand skills (Case-Smith, 1995a).
There have been a few articles regarding the impact strength training has on
functional skills in general; however, none involve fine motor coordination and typically
developing children. Ranganathan, Siemionow, Sahgal, Liu, & Yue (2001), Thompson
(2001), and Brandon, Sharon, & Boyette (1996) examined strength training and
functional skills in older adults. If improvements in strength relate to improved function
in the elderly, then similar or even better results should be expected in a younger
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population. The studies addressing strength and coordination are in reference to trained
athletes or children with a specific disability. The studies involving strength in athletes
examined strength tr?,ining in relation to performance of a particular skill or sport (Hoff,
Gran, & Helgerud, 2002; Beneke, Damsgaard, Saekmose, Jorgensen, Jorgensen, &
Klausen, 2002). The investigators in these studies used task-specific strength training,
which resulted in improved function and / or endurance in that particular sport. Kelm,
Ahlhelm, Schmitt, Regitz, & Pape (2002), Trueth, Hunter, Pichon, Figueroa-colon, &
Goran (1998), and Davis (1999) addressed strengthening programs in children with
disabilities such as neuromuscular disorders, obesity, and tetraplegia, respectively.
.However none of these studies·examined fine motor coordination in a functional multimuscle task.
One study that could have led to a more definitive correlation between hand
strength and handwriting performance tested grip strength and visual motor integration in
children of differing socioeconomic backgrounds (Bowman & Wallace, 1990). While
strength was mentioned, its relevance to motor skills was not determined. Another study
found some positive correlation qetween hand strength and legibility of handwriting in
adults (Jaffe, 1987). This study sets the precedent for a possibility of positive relationship
~etween hand strength and handwriting performance in children. Otherwise, there is little
research establishing a protocol for changing coordination of any kind in children or
adults utilizing a strengthening program.
No study has addressed whether strength directly contributes to the motor
component of handwriting skills in children. Several studies relating hand strength and
visual motor skills have been inconclusive due to methodological flaws (Ayres, 1965;
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Case-Smith 1995a; & Case-Smith 1995b). Other studies have shown a strong correlation
of visual motor skills and handwriting skills (Tseng & Murray, 1994; Weil &
Cunningham Amundson; 1994). These results combine to suggest it is worth assessing
whether increasing a child's hand strength could have a positive effect on his handwriting
performance, which could lead to improved performance in school. This study addresses
this issue.
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Appendix C
Institutional Review Board Information
The Medical College of Georgia's Institutional Review Board, the Human
Assurance Committee (RAC), approved the study. The study included 19 children whp
were to be going into first and second grade and whose parents volunteered them for the
study. The investigator met with each parent and child to go over each step of the
research study and the informed consent form at that person's level of understanding.
Questions were welcomed and answered in depth.
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Appendix D
-Strengthening Activities
Strengthening exercises consisted of purposeful, resistive hand activities that were
age-appropriate. Specific activities included therapy putty, water toys, a coloring task that
required increased pressure, modeling clay, squeezing small glitter glue pens to make
designs, clothespin games, simple leather lacing task, and popping mail-wrap bubbles.
The children attended 15 sessions over the seven-week period. More sessions were
desired by the investigator, however summer vacations and a stomach virus that spread
through the facility hindered perfect attendance. Make-up sessions were provided
throughout the study to ensure 15 sessions by each child. ~ach child performed the
activities with his or her dominant hand. The therapy putty activity was alternated
throughout the study session so that the children completed the putty task 8 times,
modeling clay and·g~mes with the water toys two times, and the other activities one time
each.
Each child was given a hand-size amount of therapy putty with 10 buttons inside.
The children first re°;oved the buttons then completed five repetitions of three different
exercises that were made-into games· to make it more purposeful and fun for the children,
'

'

.

~

.

they then returned the 10 buttons into the putty. The investigator demonstrated each
activity in addition to providing step-by-step verbal directions for each task. The
investigator and the children went over identification of thunib and each finger to ensure
the children understood the directions. The first of the three games I exercises was to
squeeze putty in their fist. Directions for this task are as follows: "First, make a ball with
your putty, now place it in your fist and squeeze as tight as you can. The tighter you
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squeeze the bigger the indentions you will make. Let's see if you can make bigger
indentions each time." The children repeated this four additional times. The second task
was makin~ "doughnuts". Directions for making doughnuts are as follows: "Make a ball
with your putty. Now put your thumb on one side and your index finger on the other so
that you will be able to pinch it like I am doing. Now push your index finger and thumb
together until they touch. Now poke your index finger through the hole and you have a
doughnut! Let's make four more doughnuts." The children completed this task five times.
The third activity was to cut a "hotdog" into five sections. Directions for cutting hotdogs
are as follows: "Make a ball with your putty. Now roll it on the table as I am
demonstrating to make it into a hotdog shape. Next use your index finger and middle
finger like scissors to cut into the hotdog. Press as hard as you can with only those two
fingers. Please do not use other fingers or your other hand to help. You do not have to
actually cut the pieces off--making indentions so that we can see each hotdog piece is
good enough. Let's cut the hotdog five times." The children performed five repetitions.
The fast activity with the putty was to return the buttons to the putty. The activity was to
decorate a "birthday cake". Directions for decorating a cake are as follows: "Make a ball
with your putty. Put it down on the table and flatten it a little so that it looks like a cake.
Now put your buttons ort the cake so that they stand on their side and look like candles.
Be sure to use only your thumb and index finger of your writing hand to do this." The
children placed the lO·buttons into the putty.
The children engaged in games with squeezable water toys on two separate
sessions. The children were instructed to squeeze the toys using their dominant hand and
pinch with their thumb and first two fingers. This was demonstrated for them. The first
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game included a simulated relay race in which the children had to see which team could
fill the bucket with more water with 15 squirts using the toys. The s~cond game
completed the same day with the water toys involved trying to squirt the water further out
each time. Lines were drawn in the sand and they were given 10 tries to see the furthest
they could squirt it.
Modeling clay was used in two of the sessions for hand strengthening. The
children made different designs or objects such.as animals or flowers from the modeling
clay. The children were not limited by the number or type of designs but had to
continuously mold the clay for a total of 15 minutes for each session. They were
instructed to pick designs that required pulling apart and pinching together of the clay.
Crayons and tempera paint were used for one of the activities. The children were
given a 5.5 x 8.5 inch piece of white construction paper and crayons and instructed to
~

color the entire page however they desired. They were instructed to press hard with the
crayon to make the colors show up darker; this also added resistance to the task. To make
the activity more motivating and fun fo~. the children, they painted over the crayon ~ith ·
black tempera paint. Then they used toothpicks to draw pictures or abstract designs in the
paint, allowing the crayon colors to show through the black paint.
Anoth~r activity in which the children participated was decorating a paper bag
with glitter glue·pens. The children held the glue pens with a tripod grasp as you would a
pencil; however they were quite resistive and required a forceful squeeze to get the glue
out. The children were allowed to be creative and make whatever they desired on the
bags. As with the modeling clay, the only restriction is that they continuously squeeze for
15 seconds, stopping only to change colors.
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The clothespin game used a 5 x 7-inch piece of cardboard and 25 clothespins. The
game involved the children placing the clothespins on the cardboard and then removing
them. The children were instructed to pinch the clothespins with a pad-to-pad pinch of
their thumb and index finger, a lateral pinch was discouraged.
The children were given two different designs to choose from in the leather lacing
activity. Each design had approximately 50 holes and required only simple loop stitching.
The investigator started and ended the lacing for each child, but the children completed
the entire simple lacing by themselves.
Water, a11 eyedropp_er, markers, and coffee filters were used to make a simulated
tie-dye sun catcher. The children colored the entire coffee filter with different magic
marker colors. They then dipped the eyedropper into a cup of water, sque~zed and
'

'

'

released .the.dropper cap with a three-point pinch in order to fill it with water and then
squeezed it ·again over the coffee filter to wet it. Th.ey repeated this.process until the
entire coffee filter was wet. This ·-caused the ·nia;ker colors- to run and create a "tie-dye"
effect.
The last activity the children performed-was popping mail-wrap bubbles with two
and three point pinch. The children were given a 6" x 6" sheet of small bubble-wrap and
instructed to pop all bubbles using their index finger and thumb and a 5.5" x 7.5" sheet of
_large bubble-wrap and instructed to pop all those bubbles using their thumb and first two
fingers.
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