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Abstract

The purpose of this study was to assess the use of a structured muiti-sensory
handwriting program with grade one students. This study utilized a multiple-group
time series design and included a pre-test. A standardized assessment of
handwriting skills, the Minnesota Handwriting Test was used for this baseline
measurement and subsequent measurements throughout the school year. Two
experimental classes received instruction using the Handwriting Without Tears
method and a control class used traditional methods. Subsequent testing of
handwriting skills was conducted each month from December until June. A one-
way Analysis of Variance was used to compare the results. The experimental
classes using the structured muiti-sensory handwriting program improved
significantly in handwriting skills specifically, in overall printing skills, alignment of
letters on the baseline and size of letters in comparison to the control class. The
giris in both experimental classes mirrored the above resuits and demonstrated
improvement in overall printing skills, alignment and size when compared to the
giris in the control class. The boys in the experimental classes demonstrated
significant changes in the areas of legibility and spacing. Although the
experimental classes demonstrated more improvement than the control class in
overall handwriting skills, the students in the control class were faster writers.
Further research including an assessment of handwriting skills into grade two would
be helpful to further explore the speed and legibility issue and consolidation of

handwriting skills. A longitudinal study would assist in exploring handwriting issues.
1}
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An Assessment of a Structured Handwriting Program

CHAPTER
Introduction

Occupational therapists receive frequent referrals for children who have not
mastered the skill of handwriting. These children have difficuity keeping up with
schoolwork, produce illegible work and lack confidence in their abilities in the
classroom. Sometimes the method of handwriting instruction or a lack of
handwriting instruction has contributed to the child’s difficulty in learning to print
and write. (Rubin & Henderson, 1982).

Printing and cursive handwriting instruction used to be an important part of
the elementary school curriculum. In recent years, handwriting instruction has
become more incidental. Although some teachers still use formal methods of
teaching handwriting with emphasis on the mastery of the basic motor and
perceptual skills, many have adopted whole language curriculum. The whole
language approach to reading and writing integrates the teaching of handwriting
with the teaching of other literacy skills so there is no separate handwriting
curriculum (Alston & Taylor, 1987). Until now, there has been little empirical
evidence supporting one method of handwriting instruction over another (Graham

i
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& Weintraub, 1996; Rubin & Henderson, 1982). This is a study of one particular
handwriting program entitied “Handwriting Without Tears”.
The following terms associated with printing, writing and handwriting are

used interchangeably throughout this paper:

Handwriting: The motor and perceptual task of printing or cursive writing.
Manuscript printing: Upper and lower case letters in the printed form.
Cursive Handwriting: Upper and lower case letters in the joined script form.
Wiriting: A task that requires the integration between handwriting and

cognitive processes for communicating ideas on paper.

Handwriting is the perceptual-motor skill involved in the process of writing.
The problems that, school age children encounter in learning the skill of handwriting
include inconsistent spacing between letters and words, difficuity writing on the
baseline, inefficient letter formation, letter reversals, inconsistent letter size,
decreased legibility and slow handwriting speed (Aiston & Taylor, 1987, Tseng &
Cermak, 1993).

Handwriting has remained a necessary skill as children spend at least half
of the school day employed in paper and pencil tasks (McHale & Cermak, 1992).
Despite the introduction of computers and word processors printing or cursive
writing is the primary means for taking notes, generating ideas on paper and

communicating what children have learned (Amundson & Weil, 1996).

b
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i
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Children learning the process of writing, can be slowed down by inefficient
handwriting. Slow and inefficient handwriting skills can impact on the cognitive
skills of planning and content generation involved in the process of writing
(Graham, 1992). Children with poor handwriting skills have been graded less
favourabiy on essays and tests than chiidren with neat, iegibie handwriting (Briggs,
1970 & 1980, Sloan & McGinnis, 1978). In order for children to effectively engage
in the activity of writing, they must be able to easily and automatically handwrite
their ideas on the page so that it can be read with ease by them and others. The
need for proficiency in the basic skill of handwriting should not be underestimated
(Tseng, 1998).

Background to the Problem

Occupational therapists assessing and treating children with handwriting
difficulties require an awareness and understanding of the methods used to teach
handwriting in the classroom. Teachers are using many methods and the methods
can vary from school to school and within the same school depending on a
teacher's approach (Alston, 1985; Rubin & Henderson, 1982).

Occupational therapists often choose multi-sensory approaches for
remediating handwriting difficuities of children who have identified fine motor,
visual motor and sensori-motor problems . A muiti-sensory approach to handwriting
remediation utilizes the various sensory experiences to assist the child's nervous
system to integrate information for producing a satisfactory motor output.

The motor output targeted in handwriting remediation is legible handwriting.

}
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In a multi-sensory program, all sensory systems can be utilized including the
olfactory, gustatory, visual, proprioceptive, tactile and auditory senses with the goal
of sending information through a variety of channels, to the child’s nervous system
(Admunson, 1892). The multi-sensory approach reinforces learning on various body
system levels to include the motor system, sensory system, cognitive system and
perceptual system. This study assesses the effectiveness of one structured multi-

sensory handwriting program.

Pu of the Study / Research Question

The purpose of this study is to assess a multi-sensory structured handwriting

program. Specifically the question is:

Is there a difference between the handwriting skills of grade one students
taught using a multi-sensory handwriting program and those of students in a control
group which did not use this approach?

Specifically, three areas will be examined. These areas include:

. Will the subjects in the experimental group demonstrate an overall
improvement in handwriting skills? Is the improvement significant
when compared to the control group?

. Will the subjects in the experimental group demonstrate improvement
in each of the five areas of handwriting skills being evaluated to
include: Legibility, Form, Size, Spacing and Alignment? Is the
improvement significant when compared to the control group?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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. Is there a difference in the improvement of handwriting skills between
the boys and the giris? Is the improvement significant when

compared to the control group?

Rationale

There is a limited amount of research literature on the effectiveness of any
given method of handwriting instruction for school age children. Very few countries
have a national handwriting policy (Graham, 1992). Teachers are guided by the
knowledge that students must develop legible handwriting, but they are left to
develop their own methods for teaching handwriting skills.

Teachers consider legible handwriting an essential skill for their pupils to
posses (Rubin & Henderson ,1982). However, some teachers spend little time
teaching formal handwriting skills and there are inconsistencies in the methods of
instruction used across the grades for the same students. Hagin (1983) suggests
that handwriting training may be a gap in the current education of teachers. He
points out that handwriting is one of the most poorly taught components in the
elementary school curriculum. Poor or inefficient teaching may be a reason for
children’s failure to acquire the complex skills of handwriting (Rubin & Henderson,
1982).

Teaching handwriting is full of decisions regarding how to initiate the
instruction, how to teach pencil grip, posture, and other factors that influence

handwriting (Graham & Miller, 1980). For example, Rubin and Henderson (1982)
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suggests that teachers must decide whether to start with manuscript or cursive
handwriting, when to transfer from one to another, what style of printing and cursive
writing to teach, and whether or not to allow poor writers to continue printing or not.
Although most teachers would describe precisely what they do and when, few could
cite the sources of their decisions (Rubin & Henderson, 1982, p.18). Rubin and
Henderson (1982) report that “the success with which writing is learned depends
not only upon the motivation and ability of the child but also on the methods and
ability of the teacher” (p. 23).

Teachers use various approaches to teaching handwriting and are often
unsure of their own abilities and skills when teaching it. They are given little
guidance on which approach to use for handwriting instruction. Students, as a
result, are taught handwriting using different handwriting methods which vary
among grades and between schools. It is likely that students are taught several
different methods of handwriting from SK to grade four. Therefore, illegible
handwriting may be a result of the mechanisms by which children are taught (Rubin
& Henderson, 1982).

The structured multi-sensory approach to handwriting instruction
Handwriting Without Tears (Olsen, 1997), appears to have the potential to assist
all children in learning printing and cursive hanawriting in the classroom. it has the
potential to offer teachers a method for handwriting instruction that provides specific
structure and guidance in how to teach the skill. This research is an examination
of this program.
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CHAPTER Il

Literature Review

Introduction
This chapter summarizes major findings, conclusions, and theories on
handwriting and handwriting instruction. Various handwriting approaches will be
introduced and discussed in terms of the theory behind the method and the implied
assumptions fromwhich the methods were developed. Specifically, the Handwriting
Without Tears approach to handwriting instruction will be described and related

back to the literature on handwriting instruction.

The Devel nt of Handwriting Skill
Children follow a sequence of developmental milestones associated with the
development of handwriting skills. This sequence moves from a preprinting stage
to the handwriting stage. Children at approximately 10-12 months of age can make
scribbles on the paper. Usually, by age 2, children can imitate horizontal, vertical,
and circular marks on the paper. At approximately age 3, children can copy a

vertical line, horizontal line and circle when given a prompt. At about ages 4-5
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years, children can copy a cross, right oblique line, square, left diagonal line, left
oblique cross, some letters and numerals, and they may be able to print their own
names. By around ages 5-6 years, children can copy a triangle, print their names,
copy most lower case and upper case letters (Amundson & Weil, 1996, p. 525).
Ziviani (1995) reports that the usual developmental sequence of
graphomotor (drawing, writing) skills is that drawing precedes writing. Children
when given tools at an early age, smear paint, scribble with crayons and draw
(Amundson & Weil, 1996). The scribbles, pictures letters and words produced on
the paper is the end result of the process of integrating varied developmental

functions (Benbow, 1992).

The Pencil Grip

With the introduction of a writing tool, children must be able to manipulate
the tool to produce an image on the paper. The development of pencil grasp in
young children follows a fairly predictable course in children who are developing as
expected. Development of pencil grasp occurs from proximal (trunk muscies) to
distal (arm muscles), global or whole arm muscles to differentiated or fine hand
muscles (Erhardt, 1994).

The muscles of the hand or the intrinsic muscles are used to guide and
grade the movement of the fingers and thumb when manipulating and gripping
small objects like pencils and crayons. These small hand muscles allow the fingers
to spread out and come together (Hanft & Marsh, 1993) The larger muscles of the

|
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forearm that cross the wrist and attach to the small bones in the hand are known as
the extrinsic muscles. Their function is to move the fingers and the thumb in farger
hand movements for example flexing all fingers or fisting, or using a power grip
(Hanft & Marsh, 1993). Good hand function is dependent on the balance between
the intrinsic and extrinsic muscle of the hand and forearm. The small intrinsic
muscles permit the thumb and index and middle finger to filex and straighten, and
complete rotary strokes with a pencil to print or cursive write (Hanft & Marsh 1993).

Children just starting to grasp a crayon at the earliest age of two, hold the
crayon with a palmar-supinate grasp, with the wrist slightly supinated, the hand
fisted , and the shoulder motion predominating (Erhardt, 1994). Between the ages
of two and three, shoulder stability is developing and the beginning of elbow
mobility is observed in the digital-pronate grasp, when the pencil is held by the
fingers with the wrist pronated.

Starting at age three, the emergence of the tripod posture is noted in the
hand when holding a pencil or crayon. The tripod grasp is characterized with the
wrist in slight extension, holding the pencil between the distal phalanges of the
thumb and index fingers and the radial side of the middle finger (Amundson, 1992).
The tripod posture is static at first, with some wrist mobility, but the control of the
movement based in the shoulder and elbow, with the arm moving as a unit.

At age four, the dynamic tripod posture is developing and begins to be
perfected. The shoulder, elbow, and wrist provide stability allowing the
interphalangeal joints to perform very fine individuated movements (Erhardt, 1994).
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The dynamic tripod grasp allows for increased speed, sustained and most dextrous
control of the pencil in the hand (Connolly, 1973). The development of an efficient
grasp for handwriting is very desirable. An efficient grip allows the pencil to be
controlled as a skilled extension of the hand (Benbow, Hanft, & Marsh., 1992, p.23).

The establishment of definitive hand dominance appears to correlate with the
developing mature dynamic tripod posture used by four to six year-olds.
Completely integrated hand dominance may not develop until eight or nine (Erhardt,
1994, p. 14). However, most children between ages 4.5 and 6.5 years develop
dynamic tripod grasps when using a pencil (Schneck & Henderson, 1990).

The lateral tripod grasp is another pencil grasp commonly used by children
characterized by the pencil being stabilized against the radial side of the middie
finger, with the index finger on top of the pencil and the thumb adducted and braced
over or under anywhere along the index finger (Schneck & Henderson, 1990, p.
896). The lateral tripod grasp was observed to be one of the most commonly used
grasps along with the dynamic tripod grasp. However, as age increased, the use
of the lateral tripod grasp began to decrease (Schneck & Henderson, 1990). The
findings of Schneck and Henderson (1990) indicate that variability of pencil grasp
does exist in children without handwriting and motor difficulties. Aiso, the use of the
lateral tripod grasp can be expected to decrease in older children up into
adulthood. Myers (1992), indicates that further research is needed in order to
determine whether or not the lateral tripod grasp is a desirable grasp. After

studying the lateral tripod grasp in aduits, Bergman (1990) concluded that the

|
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lateral tripod grip may be used by young children however, it is not an efficient
grasp for handwriting.

Two other dynamically efficient grasps have been identified by Benbow et
al. (1992) They are the “quadripod”™ grasp and the “adapted tripod® grasp. The
quadripod grasp is characterized by a similar hand posture for the dynamic tripod
grasp, except four fingers are placed on the shaft of the pencil. Benbow (1990)
reports that approximately one half of all children use this grasp. The “adapted
tripod grasp” is characterized by placing the pencil between the index and middle
finger resting in the space between the upper part of the fingers. The pencil is
grasped by the thumb, index and middle finger pads similar to the tripod grasp. The
web space is round and open similar to the dynamic tripod grasp posture.

Regardless of the type of grasp, one of the most important components of
an effective pencil grasp is the rounded open web space in the hand between the
thumb and the index finger (Long et al , 1970; Benbow et al., 1992). This allows for
opposition of the fingers and the thumb so that objects can be manipulated freely
with the finger tips (Benbow et al, 1992). Another important consideration of an
efficient pencil grasp is the dynamic ability of the grasp or movement of the fine
muscles ofthe hand. This allows for simpie flexion and extension movements of the
wrist and fingers to make vertical pencil strokes while the horizontal wrist action
moves the hand across the paper (Benbow et al., 1992).

Zivianni (1983 , 1987) suggested that the presence of an atypical pencil
grip in the absence of other difficulties, does not predict poor handwriting. Children
|
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with handwriting difficulties however, frequently use less typical grasps. Pencil grip
must be considered along with other findings when assessing children who have
handwriting difficulties. It has been found that children with decreased
proprioceptive-kinesthetic finger awareness along with handwriting difficulties
generally used less efficient grasps than children who demonstrated average
proprioceptive-kinesthetic finger awareness (Schneck, 1991). As handwriting
requirements increase throughout the grades, children with atypical grasps may
have difficuities with fatigue limiting handwriting production (Ziviani & Elkins, 1986).

Ziviani and Elkins (1986) suggested that less emphasis should be placed
upon the most desirable grasp pattern and more emphasis placed on underlying
factors that may be contributing to poor handwriting performance. Ziviani (1995)
sums the issues up in this way:

. Mechanically the dynamic tripod grip offers a high level of precision
and control. If a child is young enough, and has not developed a
fixed writing posture, then the dynamic tripod grasp should be
encouraged.

. Variations of the dynamic tripod grip do not, of themselves contribute
to handwriting difficuities. If the grip adopted allows for intrinsic
muscles action and some opposition, then it may be acceptable for
the task.

. Differentiation should be made, however, between a modified version

of the dynamic tripod grip that is developmentally immature. The
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latter requires intervention because it may indicate that the child has
not developed the necessary prerequisites to progress to a mature

hold (p.186).

The Deveiopmental Foundations of Handwriting

The developmental functions of handwriting include the sensori-motor, fine
motor, visual perceptual and language foundations. The sensori-motor foundations
of handwriting include proprioceptive /kinesthetic awareness, bilateral integration,
posture and balance, shoulder/ wrist stability and mobility, tactile sensation, and
motor planning. The fine motor foundations of handwriting include thumb
development, hand arches, in-hand manipulation, motoric separation of the hand,
eye-hand coordination, and laterality. The visual perceptual foundations of
handwriting include visual memory, visual discrimination, spatial organization and
position in space. The language foundations that impact on handwriting include
visualization, vocabulary, auditory discrimination and syntax/ grammar (Benbow et
al., 1992). The language foundations necessary for writing are beyond the scope

of this paper and therefore have not been addressed.

Th nsori- Motor Foundation
At the sensori-motor level, children must have a unconscious sense of arm
and body movement as well as the position of their body in relation to the writing

surface (Benbow et al., 1992). Children must be able to use one hand to hoid the
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pencil and move the pencil to write while the other hand holds the paper in place.
They must be able to maintain an efficient and proper posture at their desk.
Children must be able to sense where the pencil is on the paper and provide
enough pressure to make letters and words on the page and guide the excursion
or movement (Benbow et al., 1992). initially, children rely heavily on visual input
to assist with letter formation, however, as the kinesthetic memory of letters
develop, children rely on proprioceptive and kinesthetic input when handwriting.

This increased awareness allows handwriting speed to improve (Ziviani, 1995).

Eine Motor Foundation

A child must be able to hold the pencil efficiently in the hand to write for brief
and longer periods in the classroom. When the child has this fine motor foundation,
the hand maintains the position on the pencil to allow for skilled movements of the
fingers for handwriting. The fingers must be able to assist with pencil pressure on
the paper. The child must be abie to hold the pencil and move the pencil into the
grasp for writing. If a child makes a mistake and wants to use the eraser on the
pencil, the child is able to easily turn the pencil to the eraser side and back to the
lead side. Eye movements guide the action of the hand during the writing task.
The child must have developed a superiority of skill and function of one hand over
the other (Benbow etal., 1992). Exner (1990) identified gender related differences
in the area of in-hand manipulation which is a fine motor component of handwriting.

She noted that four year old girls were ahead of four year old boys in in-hand
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manipulation skills. The four year old boys in this research compared similarly to
the three year old boys and girls in the area of in-hand manipulation (Exner, 1980).
These gender differences for in-hand manipulation could impact on handwriting

development in boys and girls.

Visual Perceptual Foundation

Children must be able to discriminate the letters of the alphabet. They must
be able to recall shape and form of letters and numbers when writing (Benbow et
al., 1992). Children must be able to recognize that letters are the same size and
to space letters appropriately to make words on the page (Benbow et al., 1992).

Boys and giris have been studied for differences in performance of design
copying or visual motor areas which is a component of visual perception and fine
motor skills. Judd, Siders, Siders, and Atkins (1986) found that boys demonstrated
decreased skills when compared to girls in grade one in the rate of production of
symbols and accuracy of copying symbols. The authors suggest that differences
may be related to information processing of symbols at that age (Judd et al., 1986).

Karapetsus and Viachos (1997) identified that children’s ability to copy
designs develops specifically between ages 7 and 12. They reported that boys
demonstrated decreased abilities in design copying when compared to girls at
younger ages. The authors hypothesized that different rates of human cerebral
hemispheric maturation and especially myelinization of the corpus callosum and the

lateralization of the hemispheres may be part of the reason which leads girls to
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exhibit better performances in certain developmental stages (Karapetsus &

Viachos, 1997).

Handwriting Instruction

Rubin and Henderson (1982), reported that a variation in the practical
aspects of teaching exists in the areas of handwriting instruction. Often teachers
must determine within their own classrooms, how often handwriting instruction
should occur, and how long a teaching session should last. Some other issues that
teachers of handwriting must reach decisions on include the child's readiness,
selection of writing tools, use of lines, and whether to start with upper or lower case

letters. These issues have all been subject of research and published opinion.

Handwriting Readiness or Pre-Printing Skills

Some controversy exists as to when children are ready for formal handwriting
instruction (Amundson & Weil, 1996, p. 525). Alston and Taylor (1987) suggest
that children should master readiness skills before being introduced to handwriting
instruction to decrease frustration and limit the development of poor handwriting
habits. Other authors have suggested that handwriting instruction should be
postponed until after the child is able to master the first nine figures in the
Developmental Test of Visual Motor Integration (VM) (Beery, 1982, Benbow etal.,
1992). Weil and Admunson (1994) found that children who were able to copy the

first nine forms on the VM! were able to copy significantly more letters than were the
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children who could not copy the first nine forms. The resuits of the investigation

into the relationship between visual motor skills and handwriting skills of children
in kindergarten indicate that most children in kindergarten who are typically
' developing will be ready for handwriting instruction at the later end of the school
year (Weil and Amundson, 1994).

Lamme (1979) suggested six prerequisites that children must have before
handwriting instruction begins. These include (1) small muscie development; (2)
eye-hand coordination; (3) the ability to hold utensils or writing tools; (4) the
capacity to smoothly form basic strokes such as circles and lines; (5) letter
perception, visual discrimination; (6) orientation of written language including right

/ left discrimination.

Writing Tools

Lamme and Ayris (1983) investigated the effects of five writing tools on the
handwriting legibility of 798 first grade students to find that the type of writing tool
did not impact on legibility. The use of the large primary pencil did not produce
more legible work than the No. 2 pencils for beginning handwriters and teachers
noted the children’s attitudes toward writing were more positive when using feit-
tipped pens rather than pencils.

Amundson (1992) points out that during handwriting remediation,
occupational therapists utilize a wide variety of tools for handwriting activities. This

as part of a multi-sensory approach to handwriting. Writing tools include magic

|
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markers, felt-tipped pen, crayons, wipe-off boards, grease markers, chalk, and

erasable ink pens. Pencil grips added to pencils, markers and pens may aiso be

useful.

Use of Lines

Weil and Amundson (1994) found that kindergarten children who are
developing as expected would benefit from using unlined paper until they have
learned the correct sequence, order and direction of strokes necessary for letter
formation. A study conducted by Hill, Gladden, Porter, and Cooper (1982) on
variables affecting the transition from the use of wide lined paper to normal spaced
paper for printing, indicated that second grade students made more correct letter
strokes using wide spaced paper than when using normal-spaced paper. Space
and size did not affect performance in third grade students. Therefore, the
transition from wide-spaced paper to normal-spaced paper may be appropriate
during the second grade (p.53).

Bailey (1988) reviewed the literature on various aspects of handwriting
related to ergonomics, assessment and instruction. She concluded that there is
evidence to support the notion that lines on the writing paper provide the novice
writer with structural guidance which will improve letter formation and legibility (p.
69). The lines improve the organization of work, especially for younger children

(Waggoner et al., 1981; Leung et al., 1979; Hill et al., 1982).

!
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Upper Case and Lower Case Letfters

Should beginning students be taught upper case or lower case letter forms?
In Stennett, Smythe, Hardy and Wilson's (1972) study, children from kindergarten

| to grade three were given a printing test during the last week of May and early

| June. The children were given a stimulus letter and asked to copy it as carefully
and accurately as they could. The children copied all 26 upper-case and 26 lower-
case letters. (f the letter was readable without the reader knowing the stimulus, it
was “acceptable”. The results indicated that the children found lower-case letters
more difficultto copy. By the end of grade 2, children had mastered the upper-case
letters. By the end of grade three, children were still having some difficulty copying
lower-case letters.

The lower case letters that were easier for the kindergarten children to
complete were the relatively simple letters involving a single stroke (o,l,c,s) which
are the same in both the upper and lower case forms. These children had the most
difficulty copying the letters that were more complex, required more than one stroke

and more visual motor control (r,u,h.t).

m f Handwriting Foundation Skill
The research, then, suggests the following basic information on handwriting
instruction. Children follow a sequence of developmental milestones in the visual
motor and fine motor areas associated with the development of handwriting skills.

Handwriting is the end product of the integration of a number of skills that include

i
|
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sensori-motor, fine motor, visual perceptual and language foundations. In children
who are developing typically, the foundational skills of handwriting are in place and
integrated to a level for handwriting instruction to begin at age 6 or around the latter

half of the senior kindergarten school year. There is some evidence that upper

case letters are easier than lower case letters for younger children to form. It is
. also suggested that children start to print using lines, moving from wider lines to

normal sized lines in grade two.

Handwriting Instruction Methods

Although handwriting is a necessary skill, teachers are not consistent in the
approach they use to teach it. With the introduction of computers, the adoption of
the whole language approach to writing, and the availability of various commercial
methods for handwriting instruction, teachers are varied in their philosophies and
approaches to handwriting instruction.

Teachers have had little formal training in the area and they are not
confident in how to teach the skill of handwriting (King, 1961). Instructional
practices for handwriting are based on traditional procedures rather than on
research findings and tends to be based on personal opinion (E. Askov, Otto & W.
Askov,1970; Manning,1988).

Handwriting Pr:

One traditional approach to handwriting, introduces manuscript printing first

i
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using a ball and stick method. This is initiated by teaching the children basic
strokes: vertical lines, horizontal lines, circles and diagonal lines. Once the basic
strokes are mastered, children are taught how to put them together to form letters.
Letters are usually introduced in alphabetical order from A-Z. Letters are given a

letter group name identified by the use of basic strokes i.e. backward circle letters,

curve line letters, straight line letters and slant line letters. Letters are formed
starting on the baseline or on the middle line. Specific letter formation may not be
encouraged as long as the letter is legible (Zaner Bloser, 1976).

One of the earliest alternative methods for teaching handwriting was
introduced and studied by Furner in the late 1960's. Furner (1969a, 1969b, 1970)
developed a program of instruction for grades one through grades three which
emphasized the development of a perception of letters and their formation through
the guided examination of the letter formation process, development of verbal
descriptions by the children during letter formation procedures, and handwriting
practice based on the verbalizations. The self-analysis of errors was also used in
the program.

in her three year longitudinal study, Furner emphasized the need to learn
each procedure so that the children had an understanding of why they were
learing it. This was to increase the children ‘s motivation and sense of the
importance of their learning. The children were introduced to letter forms on
various sensory and cognitive system levels so that they had many types of
exposures to the stimulus. The children where given demonstration on the actual

;
|
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letter formation process several times. They were guided to verbalize a
description of the process involved in forming the letter and to practice this when

printing. They were provided with a multi-sensory approach utilizing the visual, the

auditory and the kinesthetic sensory systems along with an auditory and cognitive

approach.

Letters were placed in groups related to the way in which they were formed.
This was to emphasize transfer of learning in both perceptual and motor aspects
of handwriting. During the instructions for letter formation, children were given
terms used to differentiate various aspects of the development of perception of the
letter formation.

Teachers in the study were given daily lesson plans which characterized the
experimental method. This method was compared to commercially available
handwriting materials. The outcomes of the study indicated that the experimental
method of instruction, which emphasized verbalization of procedures and multiple
sensory stimuli to develop perception of the letter formation and handwriting task,
was effective in teaching handwriting. The quality of handwriting was maintained
without deterioration at a functional level over the course of the study.

At the end of the study, individual letter formation errors were analyzed to
determine the extent of letter form errors in the experimental and control groups.
Children from both groups were randomly selected and given a test to determine
letter form errors. In grade one, the children in the experimental group printed with
more correct letter formation skills than those in the control group (Furner, 1870,

i
i
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p.67). According to Furner (1970), correct letter formation is essential to quality of
handwriting.

In grade two, the children in the experimental group printed with more

correct letter formation skills than those in the control group, and demonstrated a
statistically significant improvement. The experimental method was found to be
effective in developing and maintaining accurate perceptions of the handwriting
task to act as the basis of motor execution. In grade three, the experimental group
continued to demonstrate significantdifferences in the correctletter formation skills.
This also carried over into cursive writing (Furner, 1970).

In the early primary years quality of letter form may impact on the speed as
some letters are more difficult to form when learning. Once the skill becomes more
automatic, the speed will increase. This finding was identified by Furner (1970) at
the grade three level for the experimental group.

This research implies that handwriting instruction that builds perception of
letters and their formation as a guide for motor practice, rather than emphasizing
the motor practice, appears more effective in teaching handwriting skilis that last.
Inversely, current programs which stress copying or tracing as the primary means
of instruction does not build on these perceptual abilities.

Furner's research introduced the idea of using several processes to learn
the skill of handwriting. Emphasis on the visual, auditory, kinesthetic and
motivational or mediational skills provides the learner with a variety of experiences
and reinforcers to use in developing the complex skill of handwriting.
|
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in 1978, a new type of manuscript alphabet, the D’'Nealian was developed

(Trap-Porter et al., 1984). The letters of the alphabet are written with a slant and
show more resemblance to the cursive letter form. Most of the D'Nealian letters are
formed with a continuous stroke. Supporters for using this style of manuscript
writing suggest that transition to cursive letter forms is easier using D'Nealian as
all that is required in the cursive form is the joining stroke (Alston, Taylor, 1987).

Trap-Porter et al., (1984) conducted a study to test the effect of training
under two manuscript alphabets, D’'Nealian and Zaner-Bloser (ball and stick style)
in grade one handwriting instruction. Eleven grade one classes participated in the
study in six schools in Ohio. Inclusion criteria for student participation in the study
was: a) interest and cooperation of teachers and principals, b) formal handwriting
instruction only in manuscript letters had been given to the students, and c)
previous training in writing the D’Nealian Manuscript aiphabet or the Zaner-Bloser
alphabet had occurred (Trap-Porter, 1984).

The children were given instruction on use of the lines, as well as how to
siant the paper when writing in the cursive form. They were then asked to figure out
how to “write” each letter on the model sheet which had numbers and arrows which
explained the cursive form of the letter. Students were told to make each letter iook
just like it did on the model letter sheet including the same size and shape (p. 344).
The number of correct strokes made by each student was analyzed. An analysis
of variance was performed based on the type of instruction (Zaner-Bloser and
D’Nealian) and sexdifferences in the number of correct cursive strokes (Trap-Porter

[
1
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et al, p. 345). The results indicated that the first grader's production of cursive
letters was not enhanced in the students who learned the D'Nealian method of
manuscript instruction.

In another comparison of the transition to cursive handwriting between the
D'Nealian and Zaner-Bloser manuscript instruction methods, Farris (1982)
compared cursive handwriting performance of students in the second grade who
had learned to print using one of the two methods. In this study students who had
been taught the traditional method using the Zaner-Bloser materials outperformed
the D'Nealian students.

In Graham's (1992), review of the literature on handwriting instruction, he
concluded that the ease in transition to cursive handwriting purported to be
associated with the D’'Nealian method was not supported in the literature (p. 8).
Although, the continuous stroke has been said to be more rhythmical, faster and
directionally consistent than traditional manuscript, Graham (1992) was unable to
find conclusive evidence in the literature to substantiate the benefit of one type of
script over another.

One study by Oglesby(1982) looked at 12 underachieving students in
second grade. The students were randomly assigned into two groups. One group
received nine weeks of D’'Nealian instruction, while the other group received nine
weeks of Zaner-Bloser instruction. Every three weeks, the students were assessed
for quality in the areas of letter formation, legibility, and spacing, by four teachers.
The overall results favoured the D'Nealian method but the study was limited by the
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omission of information regarding reliability of assessment and assessors and a
small sample size.

Graham (1992), reported that Duvall (1985) assessed handwriting methods
using a variety of criteria to look specifically at the difficulty of the different
manuscript handwriting methods. She found that using the D'Nealian method,
children would have to change direction more often and do more retracing of lines
and make more strokes that occur with increased age and maturity. On the other
hand, the Zaner-Bloser manuscript method requires children to pay more attention
to visual information such as position and intersection of strokes.

In 1998, Ziviani and Watson-Will, conducted a study which investigated
speed and legibility of modern script and the beginner's alphabet which recently
had been established in the curricula of most Australian schools compared to
previous print and cursive styles. A comparison between speed and legibility in
boys and girls was aiso investigated. Modern cursive differs from the traditional
‘ball and stick” style in two ways. First, transition from print to cursive form
occurred with the introduction of joiners (Ziviani, Watson-Will, 1998). Second, the
script shape is oval in appearance when compared to the round shape of the ball
and stick style. The lines are also slanted rather than vertical which was thought
to facilitate the transition from print to cursive. The letters in print are formed using
a continuous stroke method. The continuous stroke method is thought to reduce
the tendency for reversals and promote faster, more automatic writing (p.60).

The outcome of the study suggests that young children write at similar
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speeds and that older children demonstrate faster speeds when writing. Girls are
able to maintain a higher level of legibility than boys. Overall, the study reports that
this script facilitates writing speed. It is also noted that during the primary years,
legibility is emphasized by the children over speed, indicating that quality is the
precursor to speed (p.64).

Many teachers do not ascribe to any particular handwriting program. The
whole language philosophy for the process of writing, encourages teachers to teach
handwriting skills within the activity of writing when a particular child needs the skill
for the completion of the work (Edelsky, 1990). Handwriting is taught sporadically,
with advice and practice given only on an individual, as needed basis
(Graham,1992). Teachers using this approach believe that writing conventions,
such as letter formation, are best learned by using them naturally and in concert

with each other (Graham, 1992, p. 4).

Principles of ive Handwritin rriculum
Whatever the program used, formal handwriting instruction occurs in grade
one and is reinforced in grade two. In grade three, children are taught cursive
handwriting (Graham, 1980). In kindergarten, children are asked to trace letters
and practice printing their names. However, formal instruction on proper letter
formation generally does not occur in this grade. The change in emphasis of writing
as a process rather than a product has influenced handwriting instruction (Farris,

1991). This occurred primarily with the introduction of the whole language
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approach to teaching Language Arts.

Whatever the program, some basic guidelines for teachers have been

outlined by researchers. Furner (1970) suggested that effective handwriting

programs should utilize multi-sensory stimuli and verbalization of letter formation

for increasing quality, letter formation and speed.  She recommended that a

perceptual method of handwriting instruction be used in the elementary school

program and suggested the following instructional methods.

1)

2)

3)

4)

5)

6)
7

8)

Encourage the child to identify the problem for each lesson. This will
develop an appropriate “mental set” and motivation for learning.
Guide children to observe letter formation through demonstration of
procedure.

Provide many guided exposures to letter formation in order to build
perception.

Encourage a mental response from each child regarding the letter
formation in conjunction with the motor response.

Use muiti-sensory stimulation to include visual, auditory, and
kinesthetic modalities.

Aliow the chiid to evaluate and seif correct against a desired model.
In practice, emphasize comparison and improvement rather than
writing numerous samples.

Demonstrate a consistent style, and keep it consistent throughout the

grades.
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9) Set clear and attainable expectations of the expected quality and

speed.

Graham (1980), discusses handwriting curriculum and reports that the
handwriting product should be easy to learn, read and write. Achieving fluency of
handwriting is a primary goal for handwriting instruction. Letters should be
introduced in groups that share common formational characteristics (p. 5). Letters
must be over learned first and then practiced in the context of writing. When
teaching manuscript letters he recommended an alphabet with oval shape letters
rather than the more difficult circle and slant letters.

Graham (1980) highlighted the following principles and conditions that
should be used when teaching handwriting.

1. Instruction should be direct rather than incidental.

2. Instruction should be individualized to meet the needs of all students.

3. The handwriting program should be planned, monitored and modified

based on ongoing assessment of student's needs, and skills.

4. A variety of methods and techniques that are flexible and adaptable

should be used.

5. Handwriting lessons should occur in short daily periods.

6. Skills should be over learned in isolation before being applied to

assignments.

7. Work expectations should be outlined to facilitate the student's best

effort. Have high standards.
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8. Positive attitudes are necessary of the teacher and students toward

handwriting instruction.

9. The atmosphere should be pleasant, promoting motivation through

incentives, reinforcement, success, and enthusiasm.

10. Teachers are to model using the same style. Practice is necessary.

11.  Students should be encouraged to self-evaluate and actively

participate in initiating, conducting and evaluating the remedial
program.

12. The teacher should assist in helping students maintain a consistent,

legible handwriting style throughout the grades.

Furner ( 1970) and Graham (1980) identify essential considerations for the
development of an effective handwriting curriculum which has the potential to teach
children to be fluent printers. Once children learn to handwrite efficiently, they can
concentrate on getting their ideas down on paper. [f handwriting is taught in a
manner that is consistent, and provides structure for both the teacher and student,
it may assist in the development of automatic efficient skills. These principles are

evident in the Handwriting Without Tears method of handwriting instruction.

The H. i | T
Handwriting Without Tears (Olsen, 1997) is a teaching method for children
in the regular classroom as well as for children with special needs. it emphasises

and utilizes a multi-sensory approach. The author considers it a total method
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“‘which takes a child from pre-printing skills to a mastery of cursive writing” (Olsen,
1997, p. 2). The structured handwriting teaching method starts with a basic rule in
printing that emphasises all letters starting at the top. Letters are taught in letter
formation groups. The lessons are designed to meet a variety of learning styles to
assist children who are visual, auditory, tactile, and kinesthetic learners. The
sequence of instruction is based on developmental abilities of children and fine
motor development. Children progress through the program at their own rate of
competency (Olsen, 1997).

Like Furner's method of handwriting instruction, the Handwriting Without
Tears method uses a multi-sensory approach that encourages children to learn
through movement, perception and cognition. The teacher demonstrates the letter
formation through movement and verbalizations. The children then imitate and
verbalize and learn says and stories about letter formation. As they practice
printing, they verbalize the letter formation rules. Children are encouraged to “feel”
the movement when forming a letter. They are asked to look at a letter and describe
the movement needed for forming letters based on stories and rules. The students
are encouraged to form the letters using the identified movements on the
chalkboard, in the air or on paper. Through this process, good handwriting habits
are developed (Olsen, 1997).

The Handwriting Without Tears program incorporates many rules that are
used to teach children consistency when learning to print and write. When teaching

the letter formation for printing and writing, the program emphasizes imitating,
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copying, and independent practice. Sovik's (1980) research supports the use of
demonstration and imitation according to developmental cybernetics theory. In
developmental cybemetics the child begins to track the behaviour of another person
at an early age in learning different kinds of skills. He identifies that compared to
a static model of presentation, a dynamic display of the model to be copied shouid
improve the quality of children’s reproduction of the model.

The Handwriting Without Tears program encourages the mastery of good
handwriting habits using specific rules. An example of a rule is that children always
start at the top when forming upper case and lower case printed letters (Olsen,
1997). The children learn a song about this in order to reinforce this first lesson.

Handwriting readiness activities are always reinforced. Children are
provided with exercises to prepare themseives posturally and physically for
handwriting instruction and practice. Children are instructed on proper pencil grasp
and No. 2 HB pencils are always used. The program teaches children to use two
lines for printing and writing rather than using paper with the broken midline. This
program aiso includes adjustments for the left handed child.

The Handwriting Without Tears program is sequenced from kindergarten to
grade six. Atthe pre-printing and printing level in kindergarten, children use wood
pieces to manipulate, “feel” and make letters. In kindergarten, children use the
blackboard to learn directionality and vertical down strokes. Then letters are
introduced and taught in capitals (upper case form) in a specified order and
practised using “gray boxes” which children use to visually guide them when
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forming capital letters on paper for the first time. Once the children demonstrate
consistent letter formation from memory, they start to print the alphabet and familiar
words on a wide line with a top line and bottom line. They continue to print in
capital letters until the letter formation is mastered (see Appendix A).

Once upper case printing has been mastered, children move on to learning
lower case printing in grade one using My Printing Book, a grade one workbook.
This book emphasizes what the children already know about forming capital letters.
The teaching of lower case manuscript starts by utilizing letters from upper case
that have the same letter formation in the lower case form. As the children master
the letter formation they progress through the program (see Appendix A).

Two letter groups are used in the Handwriting Without Tears program.
These letter groups include letters that are formed using the same movement of the
pencil on the paper. Letter formation occurs in a continuous stroke pattern. For
curved shaped letters, the oval shape is used rather than the circle shape. All
letters are vertical rather than slanted.

The first is the “magic C" letter group which consists of letters which begin
on the top line with a C stroke (¢, a, d, g). The second group is the “diver” group.
All these letters begin with a down stroke and then come up and over (p, , h, b, m,
n). These groups are introduced in an appealing way which children find motivating
(Olsen, 1997). To encourage acquisition, skills are reinforced using practice
sheets. During handwriting practice using My Printing Book, children are asked to

practice letters twice rather that practicing a whole line of the same letter.
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Berninger et al.(1997) supports this practice in their work on teaching handwriting
for use within the writing process. In their approach, children print letters one to
three times only. They identified that in traditional methods where children were
asked to print letters many times, habituation of poor letter formation may resuit.
Limiting this type of practice, encourages children to follow the rule for proper letter
formation.

Once printing has been mastered children are introduced to the cursive
handwriting component. Cursive handwriting is usually taught in grade three. By
that time children have matured and developed better eye hand coordination and
longer attention spans (Olsen, 1997).

Handwriting Without Tears, cursive handwriting program employs a vertical
cursive script (see Appendix A). Olsen (1997) reports that vertical cursive is easier
to learn, read, and write. Olsen (1997) indicated that children will develop sianted
cursive as their personal style naturally. Developmentally, children initially learn
on the vertical plane. Once the vertical plane has been mastered and developed
children are then able to reproduce diagonal lines. Olsen notes that some children
have difficulty learning slanted cursive because of the diagonal component to this
type of handwriting. In the cursive handwriting program, Olsen (1997) strongly
suggests that all children learn vertical style first. If a person is going to slant their
handwriting it will occur naturally. When comparing this program to other
handwriting cursive programs, Olsen’s Handwriting Without Tears letters appear

vertical and only essential strokes are used. The handwriting has a simple clean
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appearance and is easier to read (Olisen, 1997).

The Handwriting Without Tears, cursive handwriting program has 22 letters
that end on the baseline and 4 letters that end higher on the line. This is a rule that
the children are taught and it is reinforced throughout the program. The first letters
introduced are ¢, a, d, g. These letters are formed in cursive writing using the
“magic C” initial stroke like in the manuscript form. Then the h, p, t, letters are
taught as they are familiar letters to children in the cursive form. Next, the letters
that are slightly or very different from printing are introduced. These letters all end
on the baseline and are easily joined. They include e, |, f, u,y,i,j, k,r, 8, letter
groups. Once the children have mastered these letters and are consistent with
using them, the “Tow Truck” letters are next. There are only 4 letters which end like
a “Tow” (higher up from the line) they are, b, 0, w, v (Olisen, 1997, p. 5). These
“Tow Truck” letters do not have an “in-stroke” (Olsen, 1997, p. 5). After the “Tow
Truck” letters are mastered, 2 more letters are added. These letters are the m, and
n. Another rule is introduced when these letters are taught, “When M or N are
joined to a “Tow Truck” letter, the letter is used in the printed form® (Oisen, 1997,
p.5). Once these letters are practised and mastered, the x, 2, and q, letters which
are less frequently used are taught.

Children may learn any of these letters in a different order if they need to use
them to write a name or for some other reason. Olsen (1997) suggests that a child
is taught needed letters individually. Cursive capital letters are taughf last. Due to
the fact that they are used less frequently these letters must be practised and
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drilled.

The Handwriting Without Tears, My Printing Book (grade one workbook),
Printing Power (grade two workbook), Cursive Handwriting (grade three workbook),
and Cursive Success (grade four workbook) are all written with step by step
directions in the corresponding teacher's manuals. The workbooks and teacher's
manuals include instructions and stories for forming letters. The teacher employs
these stories when teaching letter formation to the children. The stories are
reinforced for the children in the workbooks using the letter formation sampie and

pictures.

Summary

There is limited empirical evidence suggesting the use of one method of
handwriting instruction over another. Controversy exists as to how and when to
teach children to print the manuscript alphabet. Authors have suggested that
children should start handwriting instruction when they are able to copy a diamond.

itis also suggested that teachers utilize a method of handwriting instruction that
incorporates the use of muitiple senses and multipie modes of instruction rather
than copywork. Authors suggest the use of regular pencils, teaching students how
to grasp, using lines, teaching upper case letters before lower case letters and
teaching manuscript letters before cursive letters.

The Handwriting Without Tears method of handwriting instruction offers

teachers a consistent structured method. Itincorporates the use of multiple senses

i
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and muitiple modalities as a means to teach children to print. The program
provides teachers with a method to teach grasp, prepare the child's posture, and
provide a context to discuss, evaluate and reinforce letter formation.

The purpose of this study is to assess the effectiveness of the Handwriting

! Without Tears method of handwriting instruction in teaching grade one children to

print. This method will be compared to handwriting instruction that is presently

being used in the grade one program.
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CHAPTER il
Methodology

Research Methodology: Multiple- Group Ti ries ign

The study followed a muitiple-group time series design and included a pre-
test. This particular design was chosen because it allows for comparison of change
within and between sampie groups and observation of the naturally occurring
dependent variable over time. Here the dependent variable was the student's
printing ability.

With a time series design, a pattern of progress can be monitored and
studied along a continuum as a resulit of the observations or measurements over
time. When analyzing the pattern of resuits, one can infer the effect of the
intervention on the dependent variable. By having a control group within the study,
the pattern of the dependent variable in students who were not given the
experimental intervention can be evaluated and conclusions can be drawn from the
observations and measurement (Wiersma, 1991). In this case, both the control
group and the experimental group were grade one classes. The experimental

group received the Handwriting Without Tears- printing program, while the control
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group received the traditional method of printing instruction which was the ball and
stick method, eclectic approach. Both groups were pretested before the
intervention began and were retested at four week intervals throughout the school
year. The experimental intervention was implemented throughout the school year
as was the traditional method of instruction provided to the control group.

Random sampling did not occur as the experimental and the control groups
under study were intact as a classroom group at the start of the study. With the
lack of randomization of subjects, there were potential problems in the internal
validity and external validity of the results. When using this design, building in as
much control as possible into the study is beneficial. For increasing internal
validity, the researcher needed to establish the degree of equivalence between the
groups (Weirsma, 1991, p. 136)

A pretest can help to provide some information to determine the similarities
between the experimental and the control groups. The use of a pretest aids in
checking the extent of group similarity (Weirsma, 1991, p.140). In this case, the
control group started at a different level from the experimental group so the pretest
scores were used for statistical control for generating gain scores (Weirsma, 1991).
This study design using multiple groups and a pretest, allowed for analyzing group
results by comparing the magnitude of change between groups, and the amount of
change within subjects of each group. It aiso lent itself to making more detailed
comparisons of the data (Weirsma, 1991). With greater similarity between the

groups, the researcher can be more confident when drawing conclusions from the

i
!
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results (Weirsma, 1991). In this study, the control class and the experimental
classes started at different levels of skills. This finding was also mirrored for the
girls. For the classes and the girls, a comparison of the magnitude of change was
needed in order to make comparisons between classes. However, the boys in the
study in both the experimental classes and the control class, started at the same
level of skill. With the boys starting at the same level, direct comparisons between
groups can be made from the pre-test scores to the post-test scores.

The time series design, using muiltiple groups and a pretest, is an
established method of applied clinical and educational research. it lends itself to

educational research when using intact classrooms. The pretest will assist with

providing statistical evidence about the similarities between the experimental and
| the control groups. The baseline data gathered from the pretest demonstrates
performance without treatment.  The resuits gained by observation and
measurement every four weeks over a period of time, will assist in determining the
effect from the intervention on the dependent variable. The use of a control group
allows for comparison between the groups while holding the dependent variable

constant throughout the study.

Subjects
The subjects were students in three grade one classes at two elementary
schools in a Northern Ontario City (population 118, 000). The choice of classes
was limited as few teachers were trained in the Handwriting Without Tears program
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for printing instruction, so two classrooms at one school were chosen to be the
experimental group. These classrooms were located in a neighbourhood school in
a residential suburban area of the city. One grade one classroom at another
school was chosen to be the control group. This school was also located in a

residential suburban neighbourhood and the teacher was interested in handwriting

instruction.

The subjects in the experimental group were kept as intact classes. Class
| 1 included 22 students, 14 girls and 8 boys. Class 2 included 25 children, 11 giris
] and 14 boys. Class 3 included 26 students, 13 girls and 13 boys. All students in
. these grade one classrooms were potential subjects for the study. The students
* who did not return a signed consent form were excluded. A total of 63 subjects, 37
| girls and 25 boys, were given parental consent to participate in the research. In

Experimental Class 1, one boy did not participate. In Experimental Class 2, three
children were excluded from the study including two boys and one girl. In the
control class, eleven children did not participate including 10 boys and one girl.
The numbers in the analysis varied as children were absent from some monthly test
periods but present for the others. All the children included in the study, completed
a pretest sample. If a pretest sample was not available the student was excluded

from the study.

i
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Independent Variable

The independent variable is the handwriting instruction methods of the
Handwriting Without Tears program using the printing workbook titied, My Printing
Book and the Printing Teachers’ Guide that outlines and describes the teaching
methods of the printing program. Handwriting instruction using the Handwriting
Without Tears program was implemented by two grade one teachers trained in this
method of printing instruction. The teachers followed the Printing Teachers’ Guide

and developed lesson plans utilizing the methods outlined in the book.

Dependent Variable

Printing improvement in the students represented the primary dependent
. variable under study. Several other variables related to the overall printing skills
were measured for improvement. These variables included; Legibility, Form,
Alignment, Size and Spacing. The Minnesota Handwriting Test (MHT) (Reisman,

| 1993) was the instrument chosen to evaluate printing skilis of the subjects.

H is of
There are four hypotheses generated from the problem statement. During and
following printing instruction in grade one:
1. The subjects will demonstrate an increase in overall scores on the
Minnesota Handwriting Test (MHT) compared to the baseline

measurement.

|
|
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2. The subjects in the experimental group will demonstrate a greater
increase in handwriting test scores than the control group.

3. The subjects in the experimental group will demonstrate significantly
more improvement in each of the five areas of handwriting skills
specifically being evaluation on the MHT to include: Legibility, Form,
Alignment, Size and Spacing.

4. There will be a difference in the improvement of handwriting skills
between the boys and the girls in the experimental group and the

control group.

instrumentation

The printing skills of the grade one classes were evaluated using the

research version of the Minnesota Handwriting Test (MHT). This evaluation tool is
a norm-referenced test that is sensitive to small changes in the performance of
younger students (Reisman, 1993, p. 43). It was designed for handwriting
| assessment of grade one and grade two students primarily for use by occupational
| therapists. This test can identify students with handwriting difficulties as well as
document treatment effectiveness in improving handwriting skills. Because of the
need for classroom administration of the tool, rather than individual testing, an
assessmenttool thatwas easily administered in a group was favourable. The MHT
is easily administered to children in a classroom setting in a relatively efficient

? manner.
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Administration of the MHT

The children are asked to copy words from a near point sample (a sample
at the desk as opposed to the blackboard). Words used for completing the sample
are from the sentence, “the quick brown fox jumped over the lazy dogs®. This
sentence is mixed up and printed on the top of the page. The students are asked
to copy the words, the “same size as the example” and to “write as you usually do
when you are trying to use good handwriting” (Reisman, 1993 p. 43). The words
are mixed up to eliminate memorization by fluent readers, ensuring that all students
read each word before they printit. The students are given 2.5 minutes to copy the
sample. After the time is up, the students are asked to put their pencils down. This
ends the timed part of the test. The students are then asked to circle the last letter
that they completed and finish the rest of the sample. The rate score is measured
by counting the words completed in the 2.5 minutes. The quality of the sample is
measured according to legibility, form, alignment, spacing and size. This criteria

is used to evaluate the quality of the entire finished sample.

ring Criteri
Analysis of the samples included scoring for quality of handwriting
(printing), based on criteria outlined in the MHT. Five different categories were
included in the scoring to include legibility, form, alignment, size and spacing. All
letters in the sample were scored individually. Each letter is given 1 point score for

each category. A maximum point score for each letter is 5 points. A maximum total
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point score on the MHT is 170. Overall, the lowest test scores on the MHT
demonstrated poorer skills in printing. On the other hand, the highest test scores
indicated better skills in printing.

Legibility. To receive one point score for legibility, the letter must be
recognizable out of context. It must include all strokes needed to complete the
letter and contain no reversais or rotations ( p for b). The letter must not look like
another letter requiring interpretation. Legibility is weighted more heavily than the
other categories. If a letter loses it's point for legibility, it scores O for the other four
categories (Reisman, 1993). The maximum point score for the Legibility category
on the MHT is 34.

Form. To receive one point score for form, the quality of print is present. For

example, lines that should be curved should not have sharp points. Lines that
should be curved are not straight or pointed. Gaps or line extensions greater than
1/16" cannot be present (Reisman, 1993). The maximum point score for the Form
category on the MHT is 34.

Alignment. This criterion refers to the position of the letters on the bottom
line. To receive one point score, the letter must rest within 1/16" of the bottom line
or baseline (Reisman, 1993, p. 46). The maximum point score for the Alignment
category on the MHT is 34.

Size. To receive one point score for size, all parts of the letter must be within
1/16" of the lines that should be touched by the letter (baseline or middie dotted

line). Letters cannot be too big or too small based on the scoring criteria (Reisman,

i
!
i
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1993). The maximum point score for the Size category on the MHT is 34.
Spacing. This criterion includes both letter and word spacing in the test
sample. Letter spacing requires “daylight” between letters but not more than 1/4"
between letters. Word spacing requires more “daylight”, to include 1/4" or more
between words. Enough space should be allowed to eliminate overiap between
letters however, letters in words should not be split by the space (to look like two
words). Words should not “run into” each other looking like one word rather than
two (Reisman, 1993). The maximum point score for the Spacing category on the

MHT is 34.

Reliability

Reliability studies demonstrated interrater reliability for two experienced
scorers of twenty handwriting samples reached r= 0.99 for total test scores with a
range by category from r=0.90 for form to r=0.99 for alignment and size (Reisman,
1993, p. 48). For another rater who was inexperienced, 20 samples were scored
and compared to the experienced raters. The correlation obtained on the total test
scores was r=0.98 with a range in category from r=0.87 to r=0.98 (Reisman, 1993,
p. 48).

Another inexperienced rater achieved 86% agreement with a second rater
on 15 samples. These inexperienced raters used the printed directions and
learned the scoring independently (Reisman, 1993, p. 49). Reisman (1993)
postulated that the high reliability between raters may be attributed to the precise
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directions and ruler measurement of samples. This limits the amount of subjective
input into the evaluation of handwriting.

intrarater reliability of the MHT was studied to determine the consistency of
scoring within individual raters. Three raters ranging in experience using the MHT
scored 20 samples. They re-scored the same sampies five to seven days later.
The two experienced raters achieved 98.5% - 98.7% (Reisman, 1993, p. 49). The
inexperienced rater achieved 96.4%.

Test re-test reliability did not achieve as high scores as the other reliability
studies. Reisman (1993) attributes this lower correlation to possible differences in
test conditions or student's motivation and attention to task in two testing periods
(p.52). The correlation for total accuracy scores was r=0.72 with a between school
range of r=0.58 - 0.94 (Reisman, 1993, p. 50). Reisman (1993) recommended that
“ therapists using the MHT in the evaluation process consuit the classroom teacher
to verify whether a handwriting sample is an accurate representation of a particular
student’s performance” (p. 51).

The researcher for this study engaged an evaluator to score the MHT and
completed a similar interrater and intrarater evaluation between the researcher and
the evaluator. The evaluator was a university student, who had no formal training
in handwriting instruction. She was unaware of which students were in the
experimental classes and which students were in the control class. Both the
researcher and the evaluator were inexperienced in scoring the MHT. In order to

test interrater reliability, the researcher and the evaluator used the first set of ten
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samples provided with the MHT. This was used in order to discuss the differences
in scoring and determine the cohesion of the interpretation of the scoring between
the researcher and the evaluator. Following scoring and discussion of the first ten
samples, the second ten samples were used for analysis of interrater reliability.
The researcher and the evaluator achieved a Pearson Product - moment correlation
of r= 0.9933, p<.001. This agreement was statistically significant.

The evaluator scored all handwriting samples for the study. After scoring all
samples, she randomly picked ten samples to re-score. She was unaware of the
first score for each sample. The intrarater reliability analysis achieved a Pearson
Product - moment correlation r=0.9912, p<.001, between 1* scores and 2™ scores.
Therefore, interrater and intrarater reliability for the evaluator achieved statistical

significance.

Validity

Data on the validity of the MHT was not available. However, a study
completed by Reisman (1990) which looked at children who were referred to
occupational therapy for handwriting intervention, determined that children who
scored the lowest on the MHT from a sample of second grade students (N=565)
were the children that required handwriting intervention according to teachers and
occupational therapists. The differences among four groups of students; regular
classroom, no special education, mainstreamed students who received special

education for part of the day, students in the regular classroom with handwriting
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difficulties, and mainstreamed students receiving special education and
occupational therapy, were statistically significant (Reisman, 1990, p. 851). This
study identified that students with poorer handwriting scored the lowest on the MHT

in a large sample.

Procedure
The procedure for the present study consisted of the following steps:
Pre-Test : October 1997 (Mid-Month)
Intervention: Ongoing printing instruction (October - December)
Test Period: December 1997 (Mid-Month)
Intervention: Ongoing printing instruction (December - January)
Test Period: January 1998 (Mid-Month)
Intervention: Ongoing printing instruction (January - February)
Test Period: February 1998 (Mid-Month)
Intervention: Ongoing printing instruction (February - March)
Test Period: March 1998 (Mid-Month)
Intervention: Ongoing printing instruction (March - April)
Test Period: April 1998 (Mid-Month)
Intervention: Ongoing printing instruction (April - May)
Test Period: May 1998 (Mid-Month)
Intervention: Ongoing printing instruction
Final Test Period: June 1998 (Mid-Month)
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Pre-test

During the middie of October, the teachers for the experimental classes and
the control class administered the Minnesota Handwriting Test. The researcher
provided the teachers with the administration procedures and test sheets. The
instructions were clearly identified for the teachers. All students provided the
handwriting sample on the same day. It was not determined whether the sample
took place in the morning or the afternoon. Handwriting instruction occurred in
each of the study classrooms on a limited basis in September and beginning of
October. The experimental classrooms were reviewing the uppercase letters while

the control group were starting lowercase letters.

b nt Test Periods

Starting in December 1998, the researcher went into the three classrooms
to administer the Minnesota Handwriting Test. The first test period was completed
in the middie of December. Subsequent test periods were in the middle of each
month to include January, February, March , April, May and June.

During the test periods, the children remained seated at their desks. They
used their own pencils for the session. The students were given the instructions,
asked if they had any questions and then were told to begin printing. Atthe same
time as they began the sample, the timer was started. At 2.5 minutes, the children
were asked to stop and put their pencils down. Once they all stobped. they were
asked to circle the last printed letter and continue until they were finished.

i
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The experimental groups were taught using doubled lined paper not the
triple lined paper that was used on the MHT. Because of this difference, and
disadvantage, it was decided that another sample would be completed. This other
sample, was not brought into the test for scoring or statistical analysis. It was used
for observation only.

In June, all subjects in the three classrooms were asked to do an extra
handwriting sample. This sample was completed on regular blue lined paper that
the children use in the classroom, the type usually present in their Hilroy exercise
books. The children completed the sample “ The red baseball team won the game”.

Samples were not used for statistical analysis, but for observation.

Ongoing Printing Instruction

The teachers were asked, using a questionnaire, to identify their experience
in teaching handwriting, and the process that they used in their handwriting
instruction sessions.

The teachers in all three classes taught printing on an ongoing basis
throughout the school year. The teachers in the experimental group taught the
children using the Handwriting Without Tears program while the teacher in Class
3 used the more traditional ball and stick method.

All three teachers have taught printing at the present grade 1 ievel for many
years. The teachers in Class 1 and Class 2 had recent training in the Handwriting

Without Tears method of handwriting instruction. The Class 1 teacher was using
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it for the first time. While, the Class 2 teacher used Handwriting Without Tears for
the last third of the previous school year. Both Class 1 and Class 2 teachers had
‘ a teacher's manual to use as a guide. The teachers in Class 1 and Class 3 had
| formal instruction on teaching handwriting to students in Teachers’ College where
they learned the Zaner Bioser (ball and stick) Method . Ali three teachers have
followed (Class 1 and Class 2) or are following (Class 3) the Board of Education’s
curriculum guidelines which were developed in the 1970's and 1980's. The teacher
in Class 2 did not receive any formal instruction for handwriting teaching except the
training for Handwniting Without Tears.

The teacher in Class 1 reported teaching the children handwriting four to five
times per week at the beginning of the school year. These were then gradually
lessened to one session per week during the later third of the school year.
Incidental teaching of printing occurred throughout the year as needed during the
day. Verbal instruction and letter correction was included in the incidental teaching.
With more complicated letters, incidental teaching occurred using the blackboard
for teaching and practice.

The teacher of Class 2 conducted formal printing instruction sessions using
the Handwriting Without Tears program, until April 1898. In April, printing was
reinforced incidentally. Printing was taught throughout the day on an as need basis
with reinforcement of letter formation. Incidental teaching usually occurred in
journal writing and seat work.

In the experimental groups, the children were taught the capital letters first,
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and then moved on to the lowercase letters by November 1997. The lowercase
letters were then taught throughout the school year. The children started printing
using their individual workbooks entitied My Printing Book. This book utilized
double lines, the bottom (bumping line) and the top line (starting line). The children
started with wider lines and were using smaller width lines by the end of the year.
Transition to the regular exercise book lines was taught at the end of the school
year.

The teacher of Class 3 taught formal handwriting sessions throughout the
school year using the Ball and Stick Method. The teacher reported that lowercase
letters were taught first, then the capital letters. The teacher used four lines to
orient letter placement during instruction at the beginning of the school year. In the

spring, the children were switched to three lines and were taught to reduce the size

of their printing.
Group Similarities and Differences
| - Baseline ment

Tables 1 through 3 display the mean, standard deviation and number of
students for each class at the baseline measurement for total test scores and
category test scores. Baseline measurements from the October sampies on the
Minnesota Handwriting Test (MHT) showed that the control class started with
different abilities than the experimental classes (see Table 1). ‘An analysis of

variance was conducted to statistically determine the differences between the
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classes at the start of the study. It was determined statistically F(2,55)= 6.77,
p<0.002, that the control class (Class 3) was different fromthe experimental classes
(Class 1 and 2). Thatis, Class 3 performed significantly better on the Minnesota
Handwriting Test than both the experimental groups, at the baseline test period for
total test score. The mean for the control group, in all categories, was considerably
higher than those of the experimental group (see Table 1). The standard deviation
from the class norm was also consistently lower, which means that the control group
consisted of students whose handwriting skills varied less widely than those in the
experimental groups. Therefore, the control group started with better handwriting.
Because of this statistical difference between the experimental and the control
classes, it was essential to utilize change scores for comparisons between the

classes.

Girls - Baseline Measurements

The results above was mirrored by the giris in the experimental classes and
the control class. Baseline measurements from the October samples on the
Minnesota Handwriting Test showed that the girls in the control class started with
different abilities than the experimental classes (see Table 2). An analysis of
variance was conducted to statistically determine the differences between the
classes at the start of the study. It was determined statistically F(2,35)=11.02,
p<0.000, that the girls in the control class (Class 3) were different from the giris in

the experimental classes (Class 1 and 2). Therefore, the girls in the control group
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started with better handwriting. Refer to Table 2 to review the means and standard

deviations of the giris in these classes.

Boys- Baseline Measurements

Baseline measurements from the October samples on the MHT showed that
the boys in the control class and the experimental classes started with similar
abilities at the start of the study. An analysis of variance was conducted on the
means of the boys in the control class and experimental classes. It was
determined statistically F(2,19)=0.1334, p<0.876, that the boys in the control class
and the experimental classes were the same (see Table 3). Therefore the boys in
the control group and the experimental groups started with the same handwriting
skills.

Use of Gain Score

Because of the statistical differences between the experimental classes
(Class 1 and 2) and the control class (Class 3), it was essential to utilize change
scores to allow for comparison between the experimental classes and the control
classes. Change scores were also utilized for comparison of the giris between
experimental classes and the control class. For the analysis of the experimental
classes and control class, and the giris in the experimental classes and control
class, overall total improvement scores were caiculated by measuring the
magnitude of change in handwriting performance from the baseline measurestothe
various test periods.

i
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! The statistical similarities between the boys in the experimental classes and

the control classes allow for direct comparison between these groups. As well,

change scores have been utilized for comparison of improvements in the boys.
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Table 1 57
Cl - line M men
Comparison of Means and dard Deviation n the Experimental Classes and the
Control Class at the Baseline ober) Measure

Mean (M) Std Dev ( SD) Cases
Total Scores
Class 1 106.35 23.45 20
Class 2 107.50 25.17 22
Class 3 134.71 24.79 14
Legibility Scores
Class 1 30.00 3.40 20
Class 2 .22 4.19 22
Class 3 32.43 2.50 14
Form Scores
Class 1 22.80 5.54 20
Class 2 23.23 6.18 22
Class 3 26.43 4.77 14
Alignment Scores
Class 1 15.40 7.94 20
Class 2 17.32 7.89 22
Class 3 24.36 7.82 14
Size Scores
Class 1 12.89 7.98 20
Class 2 10.36 6.77 22
Class 3 20.09 9.41 14
Spacing Scores
Class 1 25.90 5.43 20
Class 2 26.36 5.14 22
Class 3 30.57 3.44 14
Speed Scores
(Letters Per Minute) .
Class 1 8.50 234 20
Class 2 8.89 3.17 22
Class 3 9.55 144 8
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Table 2 58
irls - line M men
Comparison of Means and Standard Devistion Between the Girls in Experimental
Classes and the Girls in the Control Class at the Baseline ober) Measu
Mean (M) Std Dev ( SD) Cases

Total Scores
Class 1 109.33 23.64 15
Class 2 112.60 19.62 10
Class 3 145.09 15.41 11
Legibility Scores
Class 1 30.47 3.58 185
Class 2 31.30 2.54 10
Class 3 33.36 0.67 1
Form Scores
Class 1 24.07 5.02 15
Class 2 26.10 420 10
Class 3 28.27 3.44 1
Alignment Scores
Class 1 15.27 8.34 15
Class 2 186.70 7.36 10
Class 3 27.45 5.34 11

| Size Scores
Class 1 13.21 8.1 15
Class 2 10.20 5.98 10
Class 3 24.10 7.98 11

. Spacing Scores

} Class 1 27.20 4.96 15

| Class 2 28.30 3.62 10

i Class 3 27.08 6.46 1
Speed Scores

. (Letters Per Minute) ~

- Class 1 8.51 265 15

. Class 2 9.48 3.33 10

 Class 3 9.46 1.45 6

!
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Table 3

Boys - Baseline Measurement
Comparison of Means and Standard Deviation Between the Boys in the Experimental

59

Classes and the Boys in the Control Class at the Baseline ber) Measure
Mean (M) Std Dev ( SD) Cases
Total Scores
Class 1 97.40 22.83 5
Class 2 103.25 29.18 12
Class 3 96.67 6.51 3
Legibility Scores
Class 1 28.60 2.61 5
Class 2 29.33 5.12 12
Class 3 29.00 4.00 3
Form Scores
Class 1 19.00 5.79 5
. Class 2 20.83 6.70 12
| Class 3 19.67 1.15 3
| Alignment Scores
: Class 1 15.80 7.43 5
. Class 2 17.83 8.59 12
~ Class 3 13.00 3.00 3
. Size Scores
' Class 1 12.00 8.48 5
- Class 2 10.50 7.62 12
' Class 3 9.33 1.53 3
" Spacing Scores
. Class 1 22.00 5.34 5
¢ Class 2 24.75 5.79 12
- Class 3 25.67 2.08 3
. Speed Scores
. (Letters Per Minute) -
‘ Class 1 8.48 1.25 5
' Class 2 8.40 3.09 12
 Class 3 9.80 1.98 3

i
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CHAPTER IV

Results

The results of the study are presented in this chapter. At the start of this
chapter some of the children’'s handwriting samples are included. The samples
allowthe reader to “see” the differences from the baseline measurement in October
to the final measurement in June. Samples of one girl in each class and one boy
in each class are included for direct observation of change within these groups.
Following the samples, the reader will be presented with the statistical comparison
of the experimental classes and control classes. The total test scores for each of
the classes are presented first followed by the category test scores for the classes.
Change within groups is then presented. Following within group comparison, the
reader is provided with gender comparisons. Firstly, the statistical analysis of the
girls in the experimental classes and the giris in the control class is introduced.
Secondly, the statistical analysis of the boys in the experimental classes and the
boys in the control class is provided. Tables and Figures follow the presentation

of the results for @ach comparison.
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Handwriting Samples

Figures 1-12 are the pre-test samples (October) and the final test samples

(June) of the MHT for students from the experimental classes and the control class.

They are presented in the following order:

Figure 1:  Girl Class 1:
Figure2:  Girl Class 1:
Figure 3: Boy Class 1:
Figure4: Boy Class 1:
Figure5:  Girl Class 2:
Figure6:  Girl Class 2:
Figure 7.  Boy Class 2:
Figure 8: Boy Class 2:
Figure9:  Girl Class 3:
Figure 10: Girl Class 3:

Figure 11: Boy Class 3:

Pre-test (October)
Post-test (June)
Pre-test (October)
Post-test (June)
Pre-test (October)
Post-test (June)
Pre-test (October)
Post-test (June)
Pre-test (October)
Post-test (June)

Pre-test (October)

Figure 12:  Boy Class 3: Post-test (June)

These samples illustrate the amount of improvement in handwriting skills for the

experimental classes and the control class.
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Statistical Analysis and the Interpretation of the Results

A statistical analysis was completed on the MHT test scores of the three
classes. In order to test for differences between the experimental classes and the
control classes on the MHT test scores, a one-way analysis of variance technique
(ANOVA) was used. The (ANOVA) is an inferential statistics procedure by which
a researcher can test the null hypothesis that two or more population means are
equal. Ifone independent variable is included in the study then the ANOVA is one-
way (Wiersma,1991, p. 330). In this study, there is only one independent variable
or experimental treatment under study.

When using an ANOVA technique, the total sum of squares (each
observation is squared and summed) is partitioned into a number of sum of
squares. One sum of squares is based on the mean of all observations; others are
sources related to treatment and other reliable variation portions; while other are
error sources. Each sum of squares is divided by its df (degrees of freedom) to
obtain a mean square. Differences between groups of observations is ascertained
by forming a ratio of two mean squares (_F ratio) and comparing the resuiting value
to that obtained from the_central F distribution. The central F distribution is the
distribution which prevails when the null hypothesis is true (Gaito, 1973).

When analyzing a sample population which received a specific treatment
procedure, a population distribution would result if each member of the population
obtained a value on a specific dependent variable. In this study, each member of

the sample population obtained a total test score on the MHT. Ifthe null hypothesis

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75

were true (there were no differences between the experimental classes and the
control class), the two treatment populations would be the same. Therefore, only
one population distribution is involved (central_F distribution). On the other hand,
if the null hypotheses is not true ( there are differences between the experimental
classes and the control class), there would be two population distributions present
(one central F distribution and a noncentral F distribution). In actual practice, it is
unknown whether the null hypothesis is true or not, therefore, samples are drawn,
the total sum of squares is partitioned and through appropriated F tests, it is
determined if differences exist (Gaito, 1973).

Sources of between group variation, within groups variation and random
variation (error variance) are determined. The null hypothesis is tested by forming
a ratio of Between Groups mean square (MS) to the Within Groups mean square
(MS). ifthe nuli hypothesis is true, the F ratio should vary around 1 because both
MS will represent estimates of error variation. Therefore the higher the F ratio, the
more chances of the null hypothesis being rejected. As a result, differences will
exist between the sample populations. The E probability represents the
significance or strength of the differences. We will reject the null hypothesis if
p<.05 (Gaito, 1973).

The one-way ANOVA has a range subcommand of seven different tests that
can be used to compare the means of the classes. In this study, the Student-
Newman-Keuls (SNK) test was used to compare the means of the three classes to

determine which of the classes were different from each other (SPSS, 1988).
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Total Test Scores

Tabie 4 contains the means and standard deviations of the change scores
from the baseline assessment (October) to the subsequent test periods in total test
scores on the MHT. An analysis of variance (ANOVA) demonstrated that at the first
test period (December), in total test scores, Class 1 exhibited significant
improvement relative to Class 3 F(2,53)=3.18, p<.049. In the second test period
(January), both Class 1 and Class 2 demonstrated significantly more improvement
than did Class 3 F(2,55)=14.63, p<.000. Similarly, at the third test period
(February, F(2,47)=11.07, p<0.000); fourth test period (March, F(2,53)=11.88,
p<0.000 ); fifth test period (April, F(2,49)=12.41, p< 0.000); sixth test period (May,
F(2,52)=10.34, p<0.000) and the last test period (June F(2,53)=10.69, p<0.000)
both Class 1 and Class 2 demonstrated significantly more improvement on their
total writing scores than did Class 3 (see Table 4). Figure 13 displays the total
scores by class at the baseline test period (October) and subsequent total scores
from the December test period until the June test period.

An ANOVA was performed on the June Total change scores to investigate
how class and gender impacted the magnitude of change on the total scores.
There was a main effect of class and gender F(3,50)=6.65, p<0.001. However,
only class was significant F(2,50)=8.64,p<0.001, while gender failed to reach
significance F(1,50)=0.920,p<0.34. The 2-way interaction between class and
gender was not significant F(2,50)=2.65, p<0.08. |
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Table 4
Total T P
Comparisons of Change Scores Between the Experimental Classes and the Control Class on
Total Test Scores (MHT)
Time Experimentat Experimental Control F df SNK
Class1 Class 2 Class 3 Ratio
Change 1
(Oct. -Dec.)
M 38.67 32.09 20.43 319* (253) a
8D 19.83 19.61 2215
N 18 2 14
Change 2
(Oct.- Jan.)
M 43.50 41.73 12.14 1464 (255) ab
SD 20.13 19.81 1153
(N) 20 2 14
Change 3
(Oct.-Feb.)
M 44.12 47.80 14.27 11.07** (247) ab
$b 21.41 2153 12.52
Ny 17 20 "
c 4
| {Oct.-Mar.)
‘M 4211 49.14 16.86 11.88" (253) ab
, 8D 19.53 2207 15.68
- {(N) 18 2 14
; Change 8
| (Oct.-Apr.)
M 43.19 52.90 18.85 1241* (249) ab
'Sb 20.51 21.66 13.43
N) 18 21 13
Change 8
(Oct.-May.)
‘M 46.61 52.77 19.15 10.34" (252) apb
8D 23.50 21.95 18.18
Ny 18 2 13
Change 7
(Oct.-Jun.)
M 41.75 51.48 18.69 10.68"™ (253) ab
o) 20.54 21.68 16.83
()] 2 21 13
* indicates p<.05
** indicates p<.01
a= Experimental Class 1 significantly differed from Control Ciass 3
b= Experimentsal Class 2 significantly differed from Controi Class 3
c= Experimental Class 1 significantly differed from Experimental Class 2
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Figure 13: Total Test Scores on the
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Category Test Scores

Five categories of the Minnesota Handwriting Test contributed to the overall
total test scores. Each of the five categories were also evaluated using change
scores in order to establish relative improvement in each domain. Table 5 through
Table 10 located at the end of this section, show the means and standard
deviations for each of the category’s change scores on the MHT. An ANOVA was
performed on the change scores to determine whether the changes were
significant. The SNK value on each table will point out which of the classes made
a significant change resulting in significant differences. The F ratio is presented on
each table. As described earlier, the an F ratio close to 1.00 indicates no
differences between the groups. Therefore, the null hypothesis would be accepted.
A high F ratio will most probably indicate differences between the groups.
Therefore the null hypothesis would be rejected. An F probability (p value ) score
is provided to identify the chances of type one error. An F probability less than 5%
is significant. In this case, p<.000 is indicated by two ** and p<.05 is indicated by
one*. The degrees of freedom (df) indicates the number of ways in which the data
are free to vary (n-1) (Wiersma, 1991).

Following each of the tables is a figure (Figures 14 through 19) which
illustrates the mean scores on the MHT for each of the three classes for each of the
test periods. The figures graph the means for each of the categories. An ANOVA
is completed to determine if the changes in the means for each category is

significant when comparing classes.
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Legibility
There was no significant difference between the classes at any of the test
periods (see Table 5). Figure 14 displays the means of the Legibility category test
scores for the experimental and control classes at the baseline period and

subsequent test periods. Legibility was not significantly impacted by the
handwriting instruction method used.

Form

The Form category change scores are presented in Table 6. Classes 1 and
2 demonstrated significant improvement on form scores when compared to Class
3 (F(2,53)=3.65, p<.03) at the March test period. At the April test period, only Class
2 demonstrated significant improvement relative to Class 3 (F(2,49)=3.44, p<.04)
in the form category. But in May, both Class 1 and Class 2 showed significant
improvement when compared to Class 3 (F(2,52)=3.79, p<.02). However, these
significant improvements were not present at the June test period. Figure 15

displays the means of the Form category test scores on the MHT for each of the

classes at the baseline sample period and subsequent test periods.

Alignment
Changes in the Alignment category, which measures the student's ability to
position letters on the bottom line are shown on Table 7. Class 1 and Class 2

showed significant improvement relative to Class 3 at all of the test periods, thatis:
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December (F(2, 53)= 6.38), p<0.003), January (F(2,55)= 9.93, p< 0.000), February
(F(2.47)= 6.41, p<0.004), March (F(2,53)= 6.67, p< 0.003), April (F(2,49)=7.92, p<
0.001). May (F(2,52)=5.60, p<0.005), and June (F( 2, 53)=7.54, p<0.001) as shown
on table 7. There was no significant difference between Class 1 and Class 2.
Figure 16 presents the means of the test scores by ciass for the Alignment category
on the MHT from the baseline (October) and subsequent monthly test scores until

the final test sample in June.

Size

The Size category change scores are shown in Table 8. Ciass 1 and Class
2 demonstrated significant improvement relative to Class 3 during the first 3 test
periods , December (F(2, 52)=11.64, p<0.000), January (F(2,54)=18.34, p<0.000),
February (F(2,46)=16.51,p<0.000). Atthe March test period, Class 1 and Class 2
also demonstrated significant improvement when compared to Class 3, but Class
2 demonstrated significantly more improvement than Class 1 (F(2,52)=15.52,
p<.0000). Atthe April (F(2,49)=18.00,p< 0.000), and May (F(2,51)=18.89, p<0.000)
test periods, Class 1 and Class 2 demonstrated significant improvement in
comparison with Class 3 (see Table 8). At the June test period, Class 1 and Class
2 demonstrated significantly more improvement on size scores than did Class 3.
Again, in this final test Class 2 demonstrated significantly more improvement than
Class 1 (F(2,52)=13.92, p<.0000). Figure 17 displays the Size category test scores
for the classes at the baseline test period and at subsequent test periods until the
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final test sample in June.

Spacing

The spacing category was measured for change in spacing from the baseline
measure to the subsequent test periods (see Table 8). No significant differences
were identified for the December test, nor for the February, March, April, and May.
However, in January, Class 1 demonstrated significant improvement when
compared to Class 3 ( F(2, 55)= 4.04, p<.023) and also in June Class 2
demonstrated a significant improvement in test scores when compared with Class
3 (F(2, 53)=3.32,p<.044). There were no differences noted between Class 1 and

Class 2 at any of the test periods (see figure 18).

Speed

At the beginning of the study an ANOVA was completed to determine
whether there were differences between the classes in the area of speed. In
October, there were no statistical differences in speed for Class 1, Class 2 or Class
3, F(2,49)= 0.456, p<0.64. At the final test in June, Class 1 and Class 3 were
statistically faster in handwriting than Class 2. Class 3 was also statistically faster
than Class 1 in June, F(2,57)=11.33, p<0.000. Speed scores were analyzed for
statistical differences inimprovement between the classes. No statistical difference
in speed was identified in the December and January test periods. Atthe February

test period, Control Class 3 demonstrated significant improvement in speed when
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compared to the Experimental Classes 1 and 2, F(2,41)=4.32, p<0.02. In March,
April, and May, there were no statistical differences identified between the groups
for improvement in speed. At the June test period, Class 1 demonstrated
significantly more improvement than Class 2 and Class 3, F(2,47)=3.21,

p<0.05)(see Table 10 and Figure 19).
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Legibility C T

Legibility Category Test Scores (MHT)

84

Comparisons of Change Scores Between the Experimental Classes and the control Class on

Time Experimental Ex Control F df SNK
Class 1 Class 2 Class 3 Ratio
Change 1
{Oct. -Dec.)
i M 3.72 268 4.29 0.57 (2.53)
. SD 3.89 402 6.11
- (N 18 2 14
¢ 2
| (Oct-Jan)
M 3.05 2.95 1.48 159 (255)
i 8D 2.98 3.15 2.08
N) 20 2 14
. Change 3
© (Oct.-Feb.)
M 253 345 1.36 1.48 (2.47)
. 8D 2.40 4.15 234
() 17 20 1
. € 4
(Oct. )
M 278 3.59 1.38 2.30 (2,53)
1] 2.41 3.87 213
(N) 18 2 14
!
)
275 357 1.31 1.86 (2,49)
Sb 3.24 4.04 1.70
(N) 16 21 13
- @ ]
(Oct.-May.)
261 350 1.92 0.92 (2,52)
8D 3.18 4.00 253
() 18 2 13
Cl 7
(Oct.~Jun.)
M 3.05 338 1.48 1.42 (2,53)
$D 3.12 4.15 1.78
- Ny 20 21 13
* indicates p<.05
** indicates p<.01
a= Experimental Class 1 significantly differsd from Control Class 3
b= Experimentsai Ciass 2 significantly differed from Control Class 3
1 ¢= Experimental Class 1 significantly differed from Experimentai Class 2

|
|
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Figure 14: Legibility Category Test
Scores on the M.H.T. by Class
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Table 6

Form Category Test Scores

Comparisons of Change Scores Between the Experimental Classes and the Control Class on

Form Category Test Scores (MHT)
Time Experimental Experimental Control F df SNK
Class1 Class 2 Class 3 Ratio
i
Change 1
(Oct. -Dec.)
] 522 3.55 5.07 1.08 (2,53)
[Ts] 4.94 3.08 383
N 18 2 14
c 2
(Oct.- Jan.)
] 5.45 5.09 250 256 (2.55)
80 4.57 3.99 293
N 20 2 14
c 3
(Oct.-Feb.)
M 6.47 6.10 355 207 (2.47)
8D 4.30 4.08 291
Ny 17 20 11
c 4
mﬂm
] 8.72 5.95 264 366° (253) apb
80 5.03 473 290
1)) 18 2 14
)
t.-Ape.
M 8.25 7.33 3.00 345° (249) b
8D 5.48 507 268
Ny 16 21 13
* Change 8
(Oct.-May.)
M 7.61 7.32 354 380" (252) ab
1] 4.86 4.80 299
()] 18 2 13
c 7
(Cct.-Jun.)
M 6.80 6.14 3.69 228 (2,53)
: 8D 5.07 42 214
()] 20 21 13
* indicates p<.05
** indicates p<.01
a= Class 1 significantly differed from Control Class 3
' b= Experimental Cisss 2 significantly differed from Control Class 3
i c= Experimental Class 1 significantly differed from Experimentsl Class 2
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Figure 15: Form Category Test Scores
on the M.H.T. by Class
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Alignment C T

Comparisons of Change Scores Between the Experimental Classes and the Control Classes on
Alignment Category Test Scores (MHT)

Time Experimental Experimental Control F dr SNK
Class1 Class 2 Class J Ratio
!
Change 1
(Oct. -Dec.)
M 13.11 10.36 464 838™ (253) ab
i 8D 7.70 7.33 3.61
i (N) 18 2 14
. Change 2
| (Oct.- Jan.)
] 15.00 1264 464 993" (255) apb
: 8D 7.99 6.88 465
L) 20 7} 14
. Change 3
© (Oct.-Feb.)
‘M 15.76 14.35 573 641" (247) ab
8D 8.62 7.64 5.69
[L)] 17 20 1
Change 4
(Oct.-Mar.)
M 14.83 14.84 8.36 887" (253) apb
[-1b) 7.62 8.08 5.69
N) 18 2 14
Change §
(Oct.-Apr.)
M 15.50 15.80 6.69 792" (249) ab
8D 7.92 7.08 5.74
Ny 16 21 13
C (]
(Oct.-May.)
M 15.67 15.59 7.08 6.00"™ (252) ab
-1») 8.72 759 6.36
N) 18 2 13
Change 7
(Oct.~Jun.)
M 14.85 15.95 6.46 754 (253) apb
% 7.69 7.74 574
{ 20 21 13
* indicates p<.05
** indicates p<.01

a-emmucm1wm differed from Control
.b-Emmuleu Mmmwcu
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Scores on the M.H.T. by Class
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Tabie 8 90
ize C T r
Comparisons of Change Scores Between the Experimental Classes and the Control Classes on
Size Category Test Scores (MHT)
Time Experimental Experimental Control F df SNK
Class 1 Class 2 Class 3 Ratio
|
a
Change 1
(Oct. -Dec.)
M 1418 14.95 5.00 11.64" (252) ab
sSD 7.80 825 4.51
(L] 17 2 14
Change 2
(Oct.- Jan.)
M 17.00 18.68 4.29 18.34" (254) ab
8b 8.21 8.2 3.41
N) 19 2 1
Change 3
(Oct.-Feb.)
M 17.00 19.75 4.55 16.51 (246) ab
sD 7.29 7.95 5.35
N 16 20 11
Change 4
(Oct.-Mar.)
M 15.35 20.23 7.21 15.52* (252) abc
8b 6.62 7.57 5.74
Ny 17 2 14
Change §
(Oct.-Apr.)
M 17.08 21.38 7.62 18.00" (248) ab
. 8D 6.74 6.21 6.75
N) 16 21 13
Change ¢
{Oct.-May.)
] 17.18 2164 6.54 18.89" (251) ab
(1) 7.65 6.81 6.62
N 17 2 13
| Change?
" (Oct.~Jun.)
M 15.89 2052 7.85 1392 (252) abc
- 8D 7.59 653 597
i (N) 19 21 13
3
* indicates p<.05
** indicates p<.01
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on the M.H.T. by Class
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Table 9 92
ing C T r
Comparisons of Change Scores Between the Experimental Classes and the Control Clasa on
Spacing Category Test Scores (MHT)
Time Experimental Experimental Control F df SNK
Class 1 Class 2 Class 3 Ratio
Change 1
{Oct. -Dec.)
] 5.50 39 5.43 0.75 (2,53)
8D 426 4.3 5.54
N) 18 2 14
Change 2
(Oct.- Jan.)
] 5.55 4.00 2.14 404 (255 a
(1] 4.26 2.94 2.80
N) 20 2 14
Change 3
(Oct.-Feb.)
M 5.24 4.85 1.82 288 (2.47)
8D 3.82 4.72 1.94
117} 17 20 1
Change 4
(Oct.-Mar.)
M 4.02 5.55 2.29 2.99 (2,53)
sD 3.48 5.01 1.94
| [T} 18 2 14
| Change §
| (Oct.-Apr.)
M 4.00 5.95 254 2.41 (2.49)
. 8D 4.49 5.31 273
‘i ™ 16 21 13
i
i Change 6
| (Oct.-May.)
‘M 4.50 5.45 2.69 1.83 (2.52)
| [} 378 4.94 287
L)) 18 2 13
c 7
" (Oct.~Jun.)
| M 4.35 6.05 2.31 332 (253) b
8D 3.96 5.01 239
LN 20 21 13
. mu"mm p<.05
** indicates p<.01

WCN1WVMMWCMB
'mwcmzmmm Cless 3
rwcu1mmmwcmz
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I Table 10 94
} ijpﬂllon of Change Scores Betwaen the Experimental Ciasses and the Control Class on Speed Scores
(MHT)
Time Experimental Experimental Control F df SNK
Class 1 Class 2 Class 3 Ratio
Change 1
( (Oct.-Dec.)
| M 3.41 2.87 2.75 0.32 (2.45)
sD 257 223 2.36
/ {N) 17 21 8
Change 2
(Oct.-Jan.)
M 3.08 2.97 3.05 002 (248)
sSD 2.02 1.84 1.91
1 N) 20 21 8
Change 3
(Oct.-Feb.)
M 207 2.00 4.40 432" (241) d
sD 1.78 1.70 1.23
(N) 1 20 5
Change 4
(Oct.-Mar.)
M 3.01 230 3.73 165 (241)
sD 1.98 1.74 1.73
[ (N) 15 21 8
Change S
(Oct.-Apr.)
M 3.65 2.38 4.00 268 (2,43)
sD 1.68 234 1.42
(N) 16 21 7
} Change 6
(Oct.-May)
M 3.33 282 3.77 070 (2,43)
S0 220 1.83 1.86
N) 16 21 7
Change 7
(Oct.-Jun.)
M 4.40 270 3.7 3.21* (247) a
sD 240 1.89 1.78
(N) 20 21 7
J * indicates p<.05
** indicates p<.01
I a= Experimental Class 1 significantly differed from Control Class 3
b= Experimental Class 2 significantly differed from Control Class 3
c= Experimental Class 1 significantly differed from Experimental Class 2
( d= Control Class 3 significantly differed from Experimental Classes 1 and 2
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Figure 19: Speed Score on the M.H.T.
by Class
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Pre-test and Post-test Scores

Paired samples t-tests were completed to analyse the significance of change
and improvement within groups from the baseline measure (October) to the final
measure (June) in each of the classes. Similar tests were conducted using the
male population and the female population within each classroom. Tables 11
through 16 display the mean, standard deviation, sample size, t-value and the
degrees of freedom for each of the classes with combined male and female t-
scores, males only and females only. The tables are located at the end of this

section.

Total Test Scores

Classes 1, 2, and 3 and both the male and female sub-populations of these
classes, demonstrated significant improvements from the pre-test measure
(baseline) to the post-test measure on total test scores of the Minnesota

Handwriting Test (see Table 11).

Class 1 demonstrated significant improvement on the pre-test and post-test
measures in the Legibility category (t(19)=-2.36,p<.03) and Class 2 demonstrated
significant improvement (t(20)=-3.39,p<.003) from October to June. Class 3 failed
to demonstrate significant differences between pre-test and pbst-test scores

(8(12)=-1.13,p<.281).
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Male subjects in Class 1 demonstrated significant improvement in scores
over time from pre-test to post-test measures (t(4)=-14.70,p<.000). This significant
improvement was aiso noted in Class 2 (t(10)=-2.24,p<.049). There were no
significant differences found within Class 3 males from pre-test to post-test
measures (see Table 12).

Female subjects in Class 2 demonstrated significant improvement from pre-
test measures to post-test measures in the legibility subcategory (t(9)=-
3.17,p<.011). No significant changes were noted in the female subjects of Class
1 and Class 3 (see Table 12).

Eorm Cat core:

Table 13 displays the mean scores, standard deviation and t-test scores for
male and female subjects combined and separated. For combined scores in the
Formsubcategory, significantdifferences was noted in improvement of the subjects
in Class 1 (t(19)=-4.44,p<.000), Class 2 (£(20)=-5.89,p<.000) and Class 3 (t(12)=-
2.73,p<.0.18) from the pre-test to post-test measures.

The males in Class 2 demonstrated significantimprovement fromthe pre-test
to the post-test (1(10)=-4.08,p<.002). No significant improvements were found of
the male subjects in Class 1 and Class 3 in the Form subcategory.

The female subjects demonstrated significantimprovement from the pre-test
scores to the post-test scores in Class 1 (t(14)=-3.56,p<.003) and élass 2 (8(9)=-
4.61p<.001). Class 3 female subjects failed to demonstrate significant

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

improvements in scores from pre-test to post-test (see Table 13).

Alignment Ca Scores

All groups demonstrated significant improvement in alignment scores as
shown in the probability values which follow (see Table 14). All t-test scores both
combined demonstrated significantimprovements for Class 1(t(20)=-8.63,p<.000),
Class 2 (t(21)=-9.44, p<0.000) and Class 3 (t(13)=-3.84,p<0.002) and for female
subjects in Class 1 (t(15)=-7.23, p< 0.000, Cilass 2 (t(10)= -7.36, p<0.000) and
Class 3 (8(10)= -3.35, p< 0.008). The male subjects in Class 1 ({(5)= -4.63,
p<0.010, Class 2 (t(11)=-5.95, p<0.000), and Class 3 (t(3)= -4.36, p< 0.050)
demonstrated significant improvements from the pre-test measure to the post-test

measure.

ize Ca res

The Size category was analysed for all classes using pre-test and post-test
paired t-tests. Class 1 (£(19)=-9.12. P<0.000), Class 2 (t(21)=-14.40, p<0.000), and
Class 3 (1(13)=-3.36, p<0.006) demonstrated significant improvement from pre-test
to post test measures (see Appendix A9).

All, except females in Class 3 demonstrated significant improvements: male
subjects Class 1 (1(5)=-3.08, p<0.04), maie subjects Class 2 (1(11)=-9.24, p<0.000,
male subjects Class 3 (1(3)=-27.71, p<0.001), female subjects Class 1 ((18)=-
912,p<.000) and female subjects Class 2 (t(20)=-11.02,p<000) (see Table 15).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Spacing Category Scores

No significant differences were found in Class 1 and Class 3 from the
baseline measures in October to the post-test measure in June. Only Class 2
demonstrated significant improvements on pre-test and post-test scores for all
subjects on total test scores (t(20)=-5.12,p<001). Both male and female subjects
in Class 2 demonstrated significantimprovement from baseline to post-test (t(10)=-
3.43,p<.035) and (1(9)=-4.66,p<.001). Class 1 male subjects demonstrated a
significantimprovement from pre-testto post-test scores (t(4)=-3.15,p<.006) butthe
females did not. No other significant differences were found in the Spacing
category from pre-test measures to post-test measures. Class 3 failed to reach

significant improvements from pre-test to post-test in this domain (see Table 16).
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Table 11 100
Pre- /| Post-test: Total T
Comparisons of Pre-test /Post-test t-test Scores Within the Experimental Classes and the Control
Class on Total Test Scores
Experimental Experimental Control
Class 1 Class 2 Class 3

MALE/ FEMALE
October (Pre-test)
M 108.35 108.43 134.00
SO 23.45 25.40 25.65
June (Post-test)
M 148.10 159.81 151.34
SD 17.73 6.32 11.69
(N) 20 21 13
t value -9.09" -10.74" -3.30"
D.F. 19 20 12
MALE
October (Pre-test)
M 97.40 104.64 96.67
SD 22.83 30.18 6.50

- June (Post-test)

| 141.2 156.82 140.00

., 8D 26.19 6.66 8.54

N) 5 11 3

~ tvalue -8.52" -8.61™ -5.65"

. D.F. 14 9 9

. FEMALE

i October (Pre-test)

"M 109.33 112.60 145.20

SO 23.68 19.62 16.24

| June (Post-test)

‘M 150.40 163.10 154.70
sSD 14.42 4.07 10.52

- (N) 15 10 10

- tvalue -7.07 -9.15" -2.78*
D.F. 14 9 9

' *indicates p<.05

- *indicates p<.01

i
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Table 12 101
Pre-test / Post-test: i T

Comparisons of Pre-test /Post-test t-test scores within the experimental groups and
control group on Legibility Category Test Scores

Experimental Experimental Control
Group 1 Group 2 Group

MALE/FEMALE
QOctober (Pre-test)
M 30.00 30.38 32.38
sD 3.40 423 2.60
June (Post-test)
M 32.05 33.57 33.08
SD 2.59 0.81 1.32
(N) 20 21 13
t value -2.36* -3.39"* -1.13
D.F. 19 20 12
MALE
October (Pre-test)
M 28.60 29.55 29.00
SO 2.61 5.32 4.00
June (Post-test)
M 32.20 33.27 32.33
SO 2.39 1.01 1.16
(N) 5 11 3
t value -14.70** -2.2¢4° -1.89
D.F. 4 10 2
FEMALE
October (Pre-test)
M 30.47 31.30 33.40
SD 3.58 2.54 0.70
June (Post-test)
M 32.00 33.90 33.30
SD 273 0.32 1.34
(N) 15 10 10
t value -1.35 -3.17* 0.26
D.F. 14 9 9

*indicates p<.05

**indicates p<.01
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Table 13 102
Pre-test / -test: F T

Comparisons of Pre-test /Post-test t-test scores within the experimental groups and
control group on Form Category Test Scores

Experimental Experimental Control
Group 1 Group 2 Group

MALE /| FEMALE
October (Pre-test)
M 22.80 23.71 26.00
SD 5.54 5.89 467
June (Post-test)
M 28.80 29.57 28.62
sD 3.49 2.54 3.18
(N) 20 21 13
t value -4.44** -5.89** -2.73*
D.F. 19 20 12
MALE
October (Pre-test)
M 19.00 21.55 19.67
SO 5.79 6.53 1.16
June (Post-test)
M 26.80 28.36 25.00
$D 1.92 1.80 2.00
(N) 5 11 3
t value -2.54 -4.08" -3.02
D.F. 4 10 2
FEMALE
October (Pre-test)
M 24.07 26.10 27.90
SD 5.02 4.20 3.38
June (Post-test)
M 29.47 30.90 29.70
SD 3.68 264 263
(N) 15 10 10
t value -3.56** 461" -1.75
D.F. 14 9 9

*indicates p<.05
**indicates p<.01
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Table 14
Pre- [ Post- : Alignment C

T

103

Comparisons of Pre-test /Post-test t-test scores within the experimental groups and

control group on Alignment Test Scores

Experimental
Group 1

MALE / FEMALE
October (Pre-test)
M 15.40
sD 7.94
June (Post-test)
M 30.25
sD 3.88
(N) 20
t value -8.63"*
D.F. 19
MALE
October (Pre-test)
M 15.80
sD 7.43
June (Post-test)
M 29.20
SD 6.30
(N) 5
t value -4.63"
D.F. 4
FEMALE
QOctober (Pre-test)
M 16.27
sSD 8.35
June (Post-test)
M 30.60
SO 2.90
(N) 15
t vaiue -7.23**
D.F. 14

*indicates p<.05
**indicates p<.01

Experimental
Group 2

17.29
8.08

33.24
1.14

21
-9.44*
20

17.82
9.01

32.82
1.40

1
-5.95**
10

16.70
7.38

33.70
048

10
-7.36*"

Control
Group

23.78
7.81

30.08
3.38
13

-3.84**
12

13.00
3.00

27.00
5.29

-4.36*

27.00
5.40

31.00
2.21

10
-3.35"
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Table 16

Pre-test / -

Comparisons of Pre-test /Post-test t-test scores within the experimental groups and

control group on Size Test Scores

MALE / FEMALE
October (Pre-test)
M

sD
June (Post-test)
M

sD
(N)

t value
D.F.

MALE
October (Pre-test)
M

SO
June (Post-test)
M

SO

(N)
t value
D.F.

FEMALE
October (Pre-test)
M

sD

June (Post-test)
M

S0
(N)

t value
D.F.

*indicates p<.05
**indicates p<.01

Experimental
Group 1

12.89
7.98

28.79
6.23

19
-9.12**
18

12.00
8.46

25.40
10.92

-3.08*

13.21
8.11

30.00
3.33

14
-9.12**
18

Experimental
Group 2

10.57
6.86

31.10
3.40

21
-14.40**
20

10.91
7.85

30.73
4.22

11
-9.24**
10

10.20
5.98

31.50
2.37

10
-11.02*
20

104

Control
Group

21.46
9.57

28.23
3.88
13

-3.36*
12

9.33
1.53

25.33
2.08

27.71**

25.10
7.61

29.10
3.93

10
-2.20

12

Dp— -
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Table 16 105
Pre-test/ Post-test: ing C T

Comparisons of Pre-test /Post-test t-test scores within the experimental groups and
control group on Spacing Category Test Score

Experimental Experimental Control
Group 1 Group 2 Group

MALE / FEMALE
October (Pre-test)
M 25.90 26.48 30.38
sSD 5.43 5.24 3.50
June (Post-test)
M 28.25 32.33 31.31
SD 4.88 1.83 2.96
(N) 20 21 13
t value -1.92 -5.12** -1.02
D.F. 19 20 12
MALE
October (Pre-test)
M 22.00 24 82 25.67
SD 5.34 6.06 2.08
June (Post-test)
M 27.60 31.64 30.00
SD 7.70 2.16 3.06
(N) 5 11 3
t value -3.16* -3.43* -2.13
D.F. 4 10 2
FEMALE
October (Pre-test)
M 27.20 28.30 31.80
SD 4.96 3.62 2.40
June (Post-test)
M 28.47 33.10 31.60
SO 3.89 0.99 3.03
(N) 15 10 10
t value -0.88 -4 66" 0.29
O.F. 14 9 9

*indicates p<.05
“*indicates p<.01
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Gender Differences
Since handwriting literature suggests that males and females differ in areas
of handwriting skill development, the data in this study was further broken down

within groups to compare males and females across groups.

Female Subjects

Table 17 through 23 located at the end of this section contain the mean
change scores for female subjects on the total test scores and each of the category
tests from the baseline assessment (October) to scores in subsequent test periods.

As with the whole class tables, these tables include the change scores for female
subjects by class, the F ratio, the degrees of freedom and the SNK which identifies
which class is different at the test period. Figures 20 to 26 graphs the means for
total test scores and category tests at the baseline and each subsequent test
period. These figures are located behind each corresponding table for each
analysis.

Total Test Scores. Analysis of Variance (ANOVA) demonstrated that at the
Second (January) test period, Class 1 and Class 2 female subjects exhibited
significant improvement in change scores relative to Class 3,
(F(2,35)=17.23,p<.0000). Significant differences in improvement noted in Class 1
and Class 2, female subjects, were maintained relative to Class 3 at the third
through seventh test periods , February F((2,29)= 11.70, p< 0.000, March F(2,34)=
13.70, p<0.000, April F(2,31)=13.09, p<0.000, May F(2,33)=15.29, p<0.000, June
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F(2,34)=13.06, p<0.000 (see Table 17). Figure 20, graphs the means from October
to June for the Total Test Scores.

Legibility. The Legibility category change scores for female subjects are
presented in Tabie 18. No significant differences in improvement on change
scores were found between females in Classes 1, 2, and 3 atany of the test periods
(December through June). Figure 21 graphs the means for the legibility category

from October to June.

Form. Tabie 19 displays the mean change scores, standard deviations and
the analysis of variance for the females subjects in the Form category. No
significant differences were noted in this subcategory at the December, February,
April and June test periods. At the January test, a significant difference was noted
in Class1 relative to Class 3 on improvement change scores (F(2,35)=3.51,p<.041).
In March and May, significant differences in improvement was noted when females
in Class 2 were compared with the females in Class 3. No significant differences
were noted between the females in Class 1 and Class 2. Figure 22 graphs the

means from the baseline measurement until the final measurement in June.

Alignment. Significant differences in the test scores of the females in Class
1 and Class 2 in comparison to Class 3 was observed for all test periods,

(December through June) in the Alignment category (see Table 20). Figure 23
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graphs the means of the baseline measurement and the subsequent

measurements.

Size. The Size category change scores were calculated for the females
subjects in each group at each of the test periods. Class 1 and Class 2 showed
significant improvement comparative to Class 3 at all test periods (see Table 21).
There were significant differences in improvement identified between Class 1 and
Class 2 at the March test period (F(2,33)=14.58,p<.0000), with Class 2
demonstrating more improvement. No other significant differences were noted
between Class 1 and Class 2 in the Size category. Figure 24 graphs the means

from the October measure to the final measure in June.

Spacing. Table 22 presents the comparison of change scores for the
females in Classes 1,2, and 3 for the Spacing category. No significant differences
were noted in the change scores for the females at the December, March , April,
May and June test periods. Significant differences were observed in Class 1 when
in comparison to Class 3 on improvement in the Spacing domain at January testing
(F(2,35)=4.59,p<.017), and at the February testing (F(2,29)=4.39,p<.022). Figure
25 graphs the means of the Spacing Category test score from the baseline
measurement to the final measurement.

Speed. A one-way ANOVA was completed with the speed scores at the

baseline sample to determine whether there were statistical differences in speed
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between the classes. At the October pre-test period there were no statistical
differences in speed for the girls in Class 1, Class 2 or Class 3, F(2,30)= 0.489,
p.0.62. At the June final test period, Class 1 and Class 3 were statistically
differentin speed than Class 2, F(2, 35)= 6.94, p<0.003. No significant differences
in improvement were found between Class 1, Class 2, and Class 3 for speed at any
of the test periods (see Table 23). Figure 26 graphs the means for speed at the

October sample and subsequent samples.
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Tabile 17 110

Femal :Total T r

Comparisons of Change Scores Between the Experimental Classes and the Control Classes on
Total Test Scores - Female Subjects

Time Experimental Experimental Control F daf SNK
Class 1 Class 2 Class 3 Ratio
c 1
(Oct. -Dec.)
M 33.36 3210 20.00 180 (2.34)
8D 15.40 16.13 23.90
()] 14 10 1"
Change 2
(Oct.- Jan.)
M 44.27 36.30 7.91 17.23" (235) ab
(D] 20.74 14.30 7.41
() 15 10 1"
Change 3
(Oct.-Feb.)
M 44.85 42.11 7.75 11.70"™ (229) ab
[]+] 2372 15.40 474
(7] 13 9 9
c 4
(Oct.-Mar.)
M 4214 45.70 11.36 1370 (2,34) apb
8D 20.11 17.53 11.08
™ 14 10 1
Change §
(Oct.-Apr.)
M 44.25 48.80 14.40 13.09" (231) ab
1] 20.36 15.48 11.37
(] 12 10 10
c [
(Oct.-May.)
49.07 48.80 12.00 152" (233) ab
8D 23.43 15.07 8.12
() 14 10 10
Change 7
{Oct.-Jun.)
M 41.07 50.50 11.30 13.06™ (234) ab
8D 249 17.44 8.69
()] 15 10 10
* indicates p<.05
** indicates p<.01
a= i Class 1 significantly differed from Control Class 3
b= ¥ Class 2 significantly differed from Control Class 3
c= Experimental Class 1 significantly differed from Experimental Class 2
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Figure 20: Females - Total Test Scores
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Table 18 112

Femal : Legibility C T or

Comparisons of Change Scores Between the Experimental Classes and the Control Classes on
Legibility Test Scores - Female Subjects

Time Experimental Experimental Control F daf SNK
Class 1 Class 2 Class 3 Ratio
Change 1
(Oct. -Dec.)
M 3.29 200 4.82 0.92 (2,34)
Sb 4.16 211 6.79
N 14 10 1
Change 2
(Oct.- Jan.)
M 3.07 2.00 0.91 253 (2.35)
sD 3.39 1.63 0.94
(U] 15 10 1
C 3
(Oct.-Feb.)
M 231 1.56 0.38 317 (2.29)
sD 229 1.33 0.52
N 13 ) 8
C 4
(Oct.-Mar.)
M 257 2.50 0.73 2.78 (2,34)
8D 259 237 0.79
Ny 14 10 1
M ) 258 220 0.60 207 (231)
$D 358 1.40 0.70
N 12 10 10
C ]
(Oct.-May.)
27 1.90 0.80 1.75 (2,33)
3b 3.58 145 0.63
Ny 14 10 10
Change 7
(Oct.~Jun.)
M 287 260 0.90 1.63 (2,34)
b 3.60 259 0.74
(L)) 15 10 10
. ina”um p<.05
** indicates p<.01
a—Exponmonthha 1 significantly differed from Control Class 3
b= Experimental Ciass 2 significantly differed from Control Class 3
c= Experimental Class 1 significantly differed from Experimental Class 2
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Figure 21: Females - Legibility 13
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Table 19
Femal : FormC T

Comparisons of Change Scores Between the Experimental Classes and the Control Classes on

Form Test Scores - Female Subjects

114

Time Experimental Experimental Control F df SNK
Class 1 Class 2 Class 3 Ratio
Change 1
(Oct. -Dec.)
) 429 3.20 491 0.56 (2.34)
8D 420 268 3.9
[()] 14 10 11
Change 2
(Oct.- Jan.)
M 5.00 280 1.64 351* (235 a
sSD 4.61 1.48 201
Ny 15 10 1
Change 3
(Oct.-Feb.)
M 6.00 433 2.50 3.02 (2,29)
sb 4.36 212 1.20
Ny 13 9 8
(o] 4
(Oct.-Mar.)
] 6.21 4.00 1.91 495 (234) a
sSD 385 3.80 2.21
(N) 14 10 11
Change 8
(Oct.-Apr.)
M 5.58 4.60 2.50 219 (2.31)
1) 4.48 313 217
(N) 12 10 10
c [ ]
(Oct.-May.)
7.21 5.20 330 350 (233) a
SD 4.48 3.08 250
14 10 10
c 7
(Oct.~Jun.)
M 6.47 5.00 32 258 (2.34)
$b 458 294 1.69
(L) 15 10 10
* indicates p<.05
** indicates p<.01

b= Experimental Clees 2 siicanty
wwcm1%ﬁymmwcm

??
;
]
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Figure 22: Females - Form Category 115
Test Scores on the M.H.T. by Class
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Table 20 116
Femal : _Alignment C T

Comparisons of Change Scores Between the Experimental Classes and the Control Classes on
Alignment Category Test Scores - Female Subjects

Time Experimental Experimental Control F af SNK
Class 1 Class 2 Class 3 Ratio
Change 1
(Oct. -Dec.)
M 1221 11.10 364 540" (234) apb
sSD 7.79 8.10 335
N 14 10 1
c 2
(Oct.- Jan.)
M 1573 11.70 327 11.22* (235 ab
$D 8.39 6.40 335
N 15 10 11
c 3
(Oct.-Feb.)
16.85 13.22 263 969" (229) ab
8b 9.29 6.74 1.85
N) 13 9 8
c 4
(Oct.-Mar.)
M 1550 15.90 4.27 10.75" (234) ab
SD 8.19 7.05 377
(N) 14 10 1
Change 5
(Oct.-Apr.)
M 18.75 16.20 4.70 9.97™ (231) ab
.11 8.3 6.65 497
(U] 12 10 10
c e
(Oct.-May.)
17.209 16.20 4.20 1227 (233) ab
80 8.54 6.65 3.08
Ny 14 10 10
c 4
(Oct.~Jun.)
15.33 17.00 4.20 10.54* (234) ab
[ 1] 8.21 7.30 352
N 15 10 10
* indicates p<.05
** indicates p<.01

a= Experimental Class 1 significantly differed from Control Class 3
b= Experimental Class 2 significantly differed from 3
c= Experimentsl Class 1 significantly differed from Experimental Class 2
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Figure 23: Females - Alignment
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Table 21 118
Femal : Siz T

Comparisons of change scores between the experimental groups and the control group on Size
Category Test Scores - Female Subjects

Time Experimental Experimental Control F dt SNK
Group 1 Group 2 Group Ratio
Basetine
c 01,
‘n ) 12,69 16.00 418 11.18™ (233) ab
% 3 e i
Change 2
ﬁ)ct.-.lln.}
17.64 18.70 4.09 1463 (234) ab
$D 7.91 858 383
Wy 14 10 1
c 3
ﬁ’“" eb.)
7.00 21.00 4.50 1283 (228) ab
% 7._31 g.as g.4z
c 4
Qct.-Mar.
&l d 15.46 21.00 6.09 1458 (233) abe
% 6.68 6.78 5.79
13 10 11
c 5
ﬁ"&"ﬂm
17.75 21.80 5.50 1963 (231) ab
" %3 %! 2%5°
c (]
‘4 d 1792 2200 4.40 2044 (232) ap
S 7.30 653 519
mY 13 10
CM!!O?
Oct.-Jun.
’u 4 16.79 21.30 5.40 1886 (233) ab
11} 6.89 6.11 430
Ny 14 10 10

*i

ndicates p<.05
** indicates p<.01

a= Experimental Group 1 significantly differed from Control Group
b= Experimental 2 signi differed from Control
csswmsm1mammew Group 2
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Figure 24: Females - Size Category
Test Scores on the M.H.T. by Class
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Table 22 120
Femal : ing C T r

Comparisons of change scores between the experimental groups and the control group on
Spacing Category test scores - Female Subjects

Time Experimentat Experimental Control F df SNK

Group 1 Group 2 Group Ratio
Baseline
c
foct -0eed

3.00 573 1.19 (2.34)
$b 27 2.11 6.25
L) 10 11
Change 2
‘?"’n""'"" 2.90 1.64 459° (235 a
1) 461 218 73 '
(L) 10 1
c 3
ﬁ)ct.-!ch.)
244 1.00 43 (229) a

S0 4.15 230 0.76
)] 1 9 8
c 4
ﬁ)et. ar.)

443 3.10 164 3.14 (234) a
|11 369 2.3 1.50
L)) 14 10 1
Change §
ﬁ"" )

392 4.20 1.50 203 (2,31)
5D 4.40 2.86 1.96
(L)) 12 10 10
Bt
L y 450 3.90 1.70 2.44 (2.33)
% 4.16 228 1.89

14 10 10
c 7
ﬁct. un.)

3. 1.60 3.07 (2.34)
-1 4,01 291 1.43
(L] 15 10 10
. .05
”immp;;.m
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Figure 25: Females - Spacing
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Table 23 122

Femal :

Comparisons of change scores between the experimental groups and the control group on

Speed Scores - Female Subjects

Ti Experimental Experimental Control F dt SNK
me Group 1 Grzp 2 Group Ratio

Baseline

chet
1]

348 3.88 3.00 0.1 (2,28)
272 2.60 242
L] 13 10 6
Change 2
ﬁ)et.- Jan.)
3.2 3.28 280 0.12 (2,30)
| 1») 1.94 213 201
[L)] 15 6
c 3
“Oct. eb.)
218 231 4.80 296 (2,24)
8D 1.66 1.96 0.69
(L] 13 9 3
C 4
‘?et. ar.)
3.7 289 370 0.54 (2.23)
8D 1.86 1.86 191
) " 9 4
Cha §
fax" } 350 284 408 073  (2.29)
Sp 1.61 247 1.42 ' '
Ny 12 10 5
Cl ]
By
.77 267 376 0.84 (2,.25)
- 1+] 2.30 1.65 205
(L] 12 9
crmso 7
ﬁ)ct. un.)
4.5 280 368 153 (2.29)
1] 264 218 191
L)} 15 10 ]
* indicates p<.05
**indicates p<.01
a= Experimental Group 1 significantly differed from Control Group
bcEmMgmpzdv\ﬁammmcmsmur
c= Experimental Group 1 significantly differed from Experimental Group 2
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Figure 26: Females - Speed Category
Test Scores on the M.H.T. by Class
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Male Subjects

Tables 24 through 30 contain the mean change scores for the male subjects
on the total test scores and each of the category test scores from the baseline
assessment in October to scores in subsequent test periods. These tables are
located at the end of this section along with the corresponding figure. As with the
classes and female subjects, these tables display the means for the males in Class
1, Class 2 and Class 3. The F ratio is stated along with the degrees of freedom.

The SNK identified which class made significant improvements.

Total Test Scores. An ANOVA was completed for the pretest scores which
indicated that the boys in Class 1, Class 2 and Class 3 were the same at the
beginning of the study F(2,19)=0133, p<0.88. Another ANOVA was completed at
the end of the study to assess the similarities and differences of this group. It was
determined that at the end of the study, Class 2 was significantly different than
Class 1 and Class 3 F(2,21)=4.11,p<0.03. Comparison of change scores between
the experimental groups (Class 1 and 2) and control group (Class 3) on total test
scores are displayed on Table 24. No significant differences in change scores were
identified between the classes at any of the test periods. Figure 27 graphs the
means for the total test scores for the males at the pre-test period in October and

subsequent test periods until June.

Legibility. Legibility category scores ( see Table 25) failed to demonstrate
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any significant differences between the male subjects in Classes 1, 2, and 3 at any
of the test periods between December and June. Figure 28 graphs the means of
the legibility category test scores from the baseline sample and subsequent test

periods.

Form. Table 26 contains the means and standard deviations of the change
scores for the Form category in the male subjects. No significant differences were
found in any of the scores at the test periods from December to June. Figure 29

graphs the means for the form category scores during the school year.

Alignment. The Alignment category scores were analyzed for all classes and
failed to demonstrate any significant improvements between the classes at any of
the test periods (see Table 27). Figure 30 displays the means from the October

sample until the June sample.

Size. Comparisons of change scores between Classes 1, 2, and 3 for males,
found a significant difference in Class 2 when compared to Class 3 for the February
test period (F(2,17)=3.57,p<.05) for the Size category. No other significant
differences were found between the classes for the Size domain (see Table 28).
Figure 31 presents the means on a graph from the October baseline sample until

the final sample in June.
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Spacing. Table 29 presents the change scores for the males between the
experimental groups and the control group for the Spacing category. No significant
differences were found between Classes 1, 2, and 3 in this area. Refer to Figure

32 for the means from the October sample to the June sample.

Speed. An ANOVA was completed to identify any differences in the males
between groups for speed at the October pre-test. In October, there was no
statistical differences in speed for the males in Class 1, Class 2 and Class 3,
F(2,18)= 0.237, p<0.79. At the final test period in June, the boys demonstrated no
statistical differences in speed F(2,21)=3.024, p<0.07. Change scores for speed
were caiculated (see Table 30). There were no statistically significant
improvements in speed for the male sample. Figure 33 graphs the means for speed

in the male subjects.
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Mal : Total

127

Comparisons of Change Scores Between the Experimental Classes and the Control Class on

Total Test Scores - Male Subjects

Time Ex Experimental Control F df SNK
Class 1 Class 2 Class 3 Ratio
Change 1
(Oct. -Dec.)
M 57.25 32.08 22.00 251 (2.18)
$b 24.70 22.83 18.19
1] 4 12 3
c 2
(Oct.- Jan.)
M 41.20 48.25 27.67 092 (219
8D 20.24 23.08 11.37
N) 5 12 3
c 3
(Oct.-Feb.)
M 41.75 52.45 31.67 120 (217
SD 13.60 25.27 9.02
N) 4 1 3
Change 4
(Oct.-Mar.)
M 42.00 52.00 37.00 062 (2,18)
8D 20.20 25.67 7.41
N) 4 12 3
%et.-u: )
‘a 40.00 56.64 33.67 143 (217)
(1] 23.79 26.27 8.50
™ 4 11 a
Change 8
(Oct.-May
38.00 56.08 43.00 086 (218)
[.]s] 24.99 26.60 24.02
N) 4 12 3
Change 7
(Oct.-Jun.)
M 43.80 52.36 43.33 036 (218)
1] 15.02 5.7 13.28
N 5 1 3
* indicates p<.05
** indicates p<.01

1 significantly differed from Control Group

::ammgwpzwmmmmm

c= Experimental Group 1 significantly differed from Experimental Group 2
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Table 25 129
Mal : _Legibility C T r

Comparisons of change scores between the sxperimental groups and the control group on
Legibility Category test scores - Male Subjects

Time Experimental Experimental Control F df SNK
Group 1 Group 2 Group Ratio

Baseline

ch,
w

525 axs 233 0.43 (2,18)
%63 ?2;14 2.08
Change 2
‘?ct.- Jan.)
3.00 333 0.08 (2,19)
- {+] 1.41 391 4.04
w 5 3
Clllll‘. 3
‘2:(.- eb.)
325 5.00 4.00 0.24 (217)
" = e 3
c 4
é.‘t,mr.l
350 4. 367 0.11 {2,18)
ﬁ 1 73 :.70 3.04
C s
‘?ct.nr.)
325 4.82 367 022 (217
™ 2 i 3%
c ]
Oct.
hm 225 483 567 0.70 (2,18)
1] 1.25 495 306
(L)) 4 12 3
cnusc 7
Wct. un.)
3.60 4.09 3.33 0.05 (2,18)
055 522 3.06
ﬁ 5 1 3
:‘mm p<.
indicates p<.01
a= W 1 signi differed from Control
= Experimental c«imup2 significantly § group
c= Experimental 1 i differed from Expuunr%f Group 2
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Figure 28: Males - Legibility Category
Test Scores on the M.H.T. by Class

IEEN

130

Score

i

29-

28 1 1 | | Ll { L{

Oct. Dec. Jan. Feb. Mar. Apr. May Jun.

Month

——Class 1 =-Class 2 - Class 3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Ty



Table 26 131

Mal : FormC T

Comparisons of chan ores between the experimental groups and the control group on Form
test scores - Male Sub, 1::11

Time Experimental Experimental Control F df SNK
Group 1 Gfé’:p 2 Group Ratio

Baseline

cham
j:11]

8.50 383 567 1.79 (2.18)
6.61 349 404
4 12 3
Change 2
ﬁct.- Jan.)
6.80 7.00 567 0.1 (2.19)
1] 466 445 404
m 5 12 3
“ "!:m
8.00 755 6.33 0.12 217
432 478 462
4 1 3
cnnn_"o 4
‘?et. ar.)
8.50 758 533 0.28 (2.18)
Sb 8.58 494 404
L] 4 12 3
c s
B,
8.25 9.82 467 0.90 217
j-11] 834 533 404
L)} 4 11 3
cnur‘ ¢
fpot-May
9.00 9.08 433 0.91 (2.18)
j-11] 6.68 5.38 493
L] 4 12 3
Chuso 7
‘?ct. un.)
7.80 718 5.33 0.21 (2.18)
'° g e 3
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Figure 29: Males - Form Category Test
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Table 27 133

Mal : _Alignment C T
Comrnrisons of change scores between the experimental groups and the control group
on Alignment Category test scores - Male Subjects
Time Experimental Experimental Control F df SNK
Group 1 Group 2 Group Ratio
Baseline
c 1
ot Do)
16.25 9.75 8.33 1.72 (218)
b 750 6.92 153
L] 4 12 3
Change 2
ﬁ)ct.-.lan.)
12.80 13.42 9.67 033 (2.19)
Sb 698 7.44 6.03
W 5 12 3
cum‘o 3
ﬁ’“” eb.)
1225 15.27 14.00 025 217)
1] 5.44 8.51 3.00
Ny 4 11 3
c 4
eet. Al
12.50 13.58 14.00 0.04 (2,18)
% 545 9,02 5.29
4 12 3
c 5
Borter)
11.75 15.64 13.33 052 (217
ﬁ 5.56 774 058
4 1 3
e 8
fpoav
10.00 15.08 16.67 0.77 (2.18)
1] 7.70 8.56 451
(L1} 4 12
c 14
ﬁ"" un.)
13.40 15.00 14.00 0.08 (2,18)
1] 647 8.35 5.58
()] 5 1 3
* indicates p<.
* indicates p<.01
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Figure 30: Males - Alignment Category
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Table 28

Male Subjects: Size Category Test Scores

135

Comparisons of change scores between the experimental groups and the control group on Size

Category test scores - Male Subjects

Time Experimental Experimental Control F df SNK
Group 1 Group 2 Group
Baseline
Change 1
LOet.ngoc.)
18.00 14.08 8.00 214 (2,18)
- {s) 8.60 6.60 6.08
] 4 12 3
Change 2
LOct?-'-l.ln.)
15.20 18.67 5.00 3.36 {(2,19)
SD 9.73 8.29 1.00
()] 5 12 3
Change 3
Pct. ob.)
17.00 18.73 467 s 217) o
D 6.05 893 6.35
L] 4 1 3
Change 4
&Oet.'rar.)
16.00 19.58 11.33 1.56 (2,18)
R 744 843 379
4 12 3
Change 8
oroe)
15.00 21.00 14.67 1.72 (2,17)
1] 8.37 6.48 6.11
w 4 11 3
Change 6
ot
14.75 21.33 13.67 1.89 (2,18)
9.43 7. 6.51
ﬂ’y 4 12 3
C
&Oct un.)
13.40 19.82 16.00 1.35 (2,18)
g 9.74 7.11 1.00
5 11 3
* indicales p<.
** indicates p<.01
a= Experimental Group 1 significantly differed from Control Grou
b= Experimental 2 s wdiﬁm from Control 5
c= Experimentsl ] 1%' differed from Group 2
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Table 29 137
' Mal : ingC T

Comparisons of change scores between the experimental groups and the control group on
Spacing Category test scores - Male Subjects

Time Experimental Experimental Control F df SNK

Group 1 Gr&‘np 2 Group Ratio
Baseline
c 1
et Bec.
‘a ) 925 467 4.33 118 (2.18)
" 5 0 =
c 2
et Jan) 5.00 492 00 011 (219)
w 3% 3 265 S
c 3
“xt.-!ob.}

6.25 6.82 4.00 044  (217)
o :® o 3®
cmr 4
ﬁm’ o) 250 7.58 467 171 (218)
R 3 2 = |
c 5
ot Rpr)
‘a 425 7.55 6.00 047 (217
" g4 £ 3
cuum s
ooy

50 6.75 6.00 026  (218)

ﬁ 238 f1s.220 3.46
c 7
Oct.-Jun.
‘4 d 5.60 7.00 467 025 (2.18)
ﬁ 397 6.37 379

5 1 3
* indicates p<.
" imwp;m

Control Group
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Figure 32: Males - Spacing Category
Test Scores on the M.H.T. by Class
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Table 30 139
Mal :

Comparisons of change scores between the experimental groups and the control group on
Speed Scores - Male Subjects

Time Experimental Experimental Control F df SNK
Grgu.p 1 Group 2 Group Ratio
Baseline
cnam‘e 1
oct. Dec
320 1.96 200 077  (216)
8b 2.31 1.36 283
™ 4 11 2
Change 2
(pet-dan) 272 269 3.80 031 (217
sb 2.42 158 1.98 | '
()] 5 11 2
c 3
ct-reed 1.70 1.75 3.80 121 @17
Sb 239 150 1.98 | '
()] 4 11 2
c 4
ﬁm ") 1.10 187 3.80 234 (217
:11) 020 158 1.98
(W] 4 12 2
c 5
ﬁ)ct.nf.)
4.10 1.96 3.80 170  (2.16)
1) 05 224 1.98
L] 1 2
c e
WJ:.,
2.00 293 3.80 067 (217
ﬁ 126 202 1.98
4 12 2
c 7
ﬁct.ﬂm.)
408 262 3.80 120 (217
1) 1.73 1.90 1.98
1] 5 11 2
* indicates p<.05
** indicates p<.01

= Expanmertal Broup | eamiicanty afered o
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Figure 33: Males - Speed Category
Test Scores on the M.H.T. by Class
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CHAPTERYV

The present study was designed to evaluate the effectiveness of the
Handwriting Without Tears method of handwriting instruction for improving printing
skills in grade one students. Atthe designated test periods, December to June, the
students who received instruction using the Handwriting Without Tears method,
demonstrated significantly more improvement than the students in the control group

using the ball and stick method of instruction.

Hypothesis Testing
Hypothesis One
Hypothesis one was that the subjects would demonstrate an increase in
overall scores on the Minnesota Handwriting Test (MHT) compared to the baseline
levels. All subjects in both the experimental (Class 1 and Class 2) and the control
group (Class 3) demonstrated an increase in total test scores on the Minnesota
Handwriting Test from the pre-test (October) to post-test (June). This finding

indicates that all the students in the study were printing at a better quality level at
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the end of the school year than in the beginning.

Hypothesis Two
Hypothesis two was that the subjects in the experimental group would

demonstrate a greater increase in handwriting test scores than the control group.
Because the experimental groups and the control group were not the same at the
beginning of the study, the magnitude of change within the groups was used to
statistically determine the significance of the change between the groups. In the
December sample only Class 2 demonstrated significant differences when
compared to Class 3. An Analysis of Variance (ANOVA) of the change scores
indicated that the improvement for Class 1 and Class 2 was significantly better than

Class 3 for the January to June samples.

Hypothesis Three
Hypothesis three was that the subjects in the experimental Classes 1 and 2

would demonstrate significantly more improvement in the five areas of handwriting
skills being evaluated to include: Legibility, Form, Size, Spacing and Alignment.
The subjects in the Experimental Classes 1 and 2 demonstrated significantly better
improvement in only the Alignment and Size domains. The improvements in these
two areas were consistently observed at each of the monthly test periods from
December until June. In the other category areas, that is, legibility, form, and

spacing, some statistically different improvements were noted at various test
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periods however, the improvements were not maintained monthly on a statistical
level. The resuits of this study support the hypothesis for Alignment and Size

categories but not for the other 3 categories.

Hypothesis Four

Hypothesis four was that there would be a difference in the significance of
improvement of handwriting skilis between the boys and the girls in the
Experimental Class 1 and Class 2 and the Control Class 3. In the study, the giris
in the Experimental Class 1 and Class 2 demonstrated statistically significant more
improvement than the girls in the Control Class 3 on Total Test Scores of the MHT.
This improvement was aiso found to be statistically significant for the Alignment and
Size Categories. The boys in the Experimental Class 1 and Class 2 did not yield
statistically significant change scores when compared to the Control Class 3 for
any of the categories on the MHT. However, it was determined that the boys at the
start of the study were the same. As a resuit, direct comparisons of the data
demonstrated that the boys in Class 2 were significantly different than the boys in
Class 1 and Class 3 at the end of the study in June. Also, comparisons of the pre-
test / post-test t-test scores identify that the boys in all classes made significant
gains from the beginning to the end of the study but the boys in Class 1 and Class

2 achieved a higher confidence level p<0.01. Class 3 reached p<0.05.
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Summary of Findings / Interpretation of Resuits
At the beginning of the study it was determined that the control Class 3 was

different than experimental Class 1 and experimental Class 2. That is, Class 3
demonstrated significantly better skills in handwriting than Class 1 and Class 2 for
whole classes. This is also true with the female population (although it was not true
for the boys). Because of these differences, gain scores rather than direct
comparisons were used to analyse the significance of improvement in each of the
classes, both for whole classes and for the giris in all classes.

At the beginning of the study, it was determined that the boys in Class 1,
Class 2 and Class 3 were at the same level of ability. That is, the boys in all
classes started the study with similar handwriting skills. Because of this, direct
comparison of skills at the pre-test and post-test was possible. To add to this
information, gains scores were also used to analyse the magnitude of improvement
from the baseline measurement to subsequent test periods until June. See Figure

34 for a chart summary of the statistical resuits.
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Results for Classes

Overall Handwriting Skills. The Handwriting Without Tears method was
more effective in improving students handwriting when compared to a traditional
ball and stick method. Comparisons of change scores for whole classes on total
test scores of the MHT identified that at the test periods, January to June, Class 1
and Class 2 demonstrated significantly more improvement than Class 3. At the
December test period, Class 1 demonstrated more improvement. This means that
the two experimental classes using the Handwriting Without Tears method of
handwriting instruction demonstrated more improvement in handwriting skills than
did Class 3 using the more traditional ball and stick method on a consistent basis
throughout the school year. As illustrated in Figure 13, Class 1 demonstrated
improvement from October to June with a change in mean from 106.35 to 148.10.
Class 2 demonstrated improvement from October to June with a change in mean
from 108.43 to 159.81. Class 3 improved from 134.00 to 151.31. Within groups,
all changes were significant to the p<0.01 confidence level. Within group

improvements can be attributed to normal maturation.

Alignment of Letters. The Handwriting Without Tears method was
found to enhance skills in the alignment of letters more consistently and effectively
than a traditional method. From October to June, Class 1 and Class 2
demonstrated significant improvement in the Alignment domain of handwriting in

comparison to Class 3. As illustrated on Figure 16, Class 1 demonstrated
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improvement from October to June with a mean change from 15.40 to 30.25. Class
2 demonstrated improvement from 17.29 to 33.24. Class 3 demonstrated
improvement from 23.78 to 30.08. Although all classes made significant
improvements within class comparison (t-test scores) most likely due to normal
maturation of skill, Class 3 did not make significant improvements when compared

to Class 1 and Class 2.

Size of Letters. The students using the Handwriting Without Tears method
demonstrated more skills in producing letters of consistent size than did the
students using a traditional ball and stick method. Between class comparison
identified that Class 3 did not improve as much as Class 1 and 2 in this area. Class
1 and Class 2 demonstrated more improvement in printing letters the same size
than did Class 3. Again, within class improvements for all classes in this domain
were significant. This within class improvement is most likely the result of normal
development usually seen in grade one students. As illustrated in Figure 17, Class
1 improved from 12.89 to 28.79 from October to June. Class 2 improved from
10.57 to 31.10 and Class 3 improved from 21.46 to 28.23.

Legibility of Printing. The students using the Handwriting Without Tears
method demonstrated significant improvement in skills from the beginning of the
school year to the end of the school year. The students using fhe traditional
method did not improve in legibility from the beginning of the school year to the end
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of the year in June. This improvement and lack of improvement was noted within
classes. Ifthe improvement was the result of normal maturation, all students would
have made a significant change for each of their handwriting skilis from October
to June. As noted by the figures, Class 3 started with better skills in this area but
no significant differences were found between Class 1, Class 2 and Class 3 on
improvements in these domains. However, when comparing scores for within class
improvements from the pre-test/ post-test t-test, Class 2 significantly improved from
October to June at a p<0.01 confidence level for legibility (30.00 to 32.05). Class
1 improved significantly at a p<0.05 confidence level for this domain (30.38 to
33.57). While Class 3 did not demonstrate significant improvement from October
to June (32.38 to 33.08). The within subjects improvement noted in Class 1 and 2

most likely was impacted by the program.

Eorm. All students in the study improved in this area from the beginning of
the school year to the end of the school year. However, the students using the
Handwnriting Without Tears method demonstrated a higher confidence interval than
the control class. The strength of the result for Class 1 and Class 2 may have been
impacted by the method of handwriting instruction. No significant differences were
found between Class 1, Class 2 and Class 3 forimprovements in the Form domain.
Within class comparison from pre-test (October) to post-test (June), Class 1 and
Class 2 improved statistically at a p<0.01 level. Class 3 signiﬁcantiy improved at
a p<0.0S level. Figure 15 illustrates the improvement for Class 1 (22.80 to 28.80),
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Class 2 (23.71 to 29.57) and Class 3 (26.00 to 28.62).

Spacing of Letter and Words. Only the Students in Class 2 using the
Handwniting Without Tears method demonstrated significant changes in abilities

from the beginning of the study in October to the end of the study in June. No
significant differences were found for improvements in the spacing domain for any
of the classes. For within group improvement as identified by the pre-test/ post-test
t-test scores, only Class 2 demonstrated significant improvement in skills from the
October baseline to the measurement in June. This improvement was
demonstrated at a p<0.01 confidence interval. Figure 18 illustrates the means of
the Spacing scores within the groups for Class 1 (25.90 to 28.25), Class 2 (26.48
to 32.33) and Class 3 (30.38 to 31.31).

Speed. Class 1 and Class 3 were significantly faster than Class 2 at the end
of the study. Class 3 was also significantly faster than Class 1 at the end of the
study. However, regarding gain scores, Class 1 made significant improvements in
speed compared to Class 2 and Class 3 from October to June. These results
indicate that Class 3 was maintaining a consistently higher speed than the
experimental groups however they did not improve significantly in speed. Class 1
however demonstrated significant increase in speed at the end of the study
indicating possible consolidation of skills in handwriting. it appeéts that Class 2

was spending most time in the process of printing. Class 2 students were still
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developing consolidation of skills in handwriting. It is most likely that an increase
of speed would occur in grade 2. A comparison of skills and speed in grade two

may be a truer examination of the significance of this relationship.

Results for Females

Qverall Handwriting Skills. The Handwriting Without Tears method
increased handwriting skills in the girls more effectively than the traditional printing
method. The giris in Class 1 and Class 2 demonstrated significant improvement
in handwriting skills when compared to Class 3 from January to June. All
improvement scores achieved a p<0.01 confidence interval. When comparing
improvement within classes, Class 1 and Class 2 demonstrated significant
improvement from October to June with a confidence interval of p<0.01. Class 3
demonstrated significantimprovement from October to June with a confidence level
of p<0.05. The differences in the confidence level of the within class findings may
be the resuit of the teaching method. Figure 20 illustrates the means for the total
test scores for the giris in Class 1 (109.33 to 150.40), Class 2 (112.60 to 163.10)
and Class 3 (145.20 to 154.70).

Alignment of letters. The Handwriting Without Tears method impacted on
letter alignment in the girls more effectively than the traditional ball and stick
method. The girls in Class 1 and Class 2 demonstrated significantly more

improvement in alignment than did the girls in Class 3. As demonstrated by the
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pre-test/ post-test t-test scores, Class 1, Class 2 and Class 3 improved significantly
within classes from the beginning of the school year to the end at a confidence
interval of p<0.01. This improvement is most likely the result of normal skill
development. Figure 23 illustrates the improvements from October to June for

Class 1 (15.27 to 30.60), Class 2 (16.70 to 33.70) and Class 3 (27.00 to 31.00).

Size of Letters. The Handwniting Without Tears method was more effective
in developing print of consistent size in the girls over a traditional ball and stick
method. The giris in Class 1 and Class 2 demonstrated statistically greater
improvement in printing letters of consistent size than the girls in Class 3. From the
pre-test measure to the post-test measure, only Class 1 and Class 2 demonstrated
statistically significant improvement for within class comparison. Class 3 did not
improve within class comparisons. With normal maturation, it would be expected
that all students improve from the baseline measure to final measure. The within
group improvements for Class 1 and Class 2 may be partly related to the
Handwriting Without Tears method. It must be noted however that Class 3 started
with better skills in this area. The between group comparison however, made
adjustment for this difference. The pre-test / post-test t-tests only look at the
subjects within groups and cannot be compared between groups. Figure 24
illustrates the means for size from the baseline sample to the final sample for Class

1 (13.21 to 30.00), Class 2 (10.20 to 31.50) and Class 3 (25.10 to 29.10).
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Legibility of Print. The giris in Class 2 using the Handwriting Without Tears
method improved in legibility from the beginning of the study to the end of the study.
If this within group improvement was the resuit of normal maturation, all classes
would have demonstrated gains in this area. No differences were found between
the girls in Class 1, Class 2 or Class 3 for improvements in the legibility of their
printing. Figure 21 illustrates the means for legibility from October to June for

Class 1 (30.47 to 32.00), Class 2 (31.30 to 33.90) and Class 3 (33.40 to 33.30).

Form. The girls using the Handwriting Without Tears method improved from
the baseline measurement to the final measurement. The girls using the traditional
method did not show improvement in form from the beginning of the study to the
end of the study. No consistent statistical differences were found in this domain for
the girls in any of the classes. For within class comparisons on the pre-test / post-
test t-test, only Class 1 and Class 2 demonstrated significant improvement from
October to June. This improvement reached a confidence interval of p<0.01. It
may be possible that the within class improvement was impacted by the Handwriting
Without Tears method Figure 22 illustrates the means for the form domain from
October to June for Class 1 (24.07 to 29.47), Class 2 (26.10 to 30.90) and Class
3 (27.90 to 29.70).

Spacing of Letter and Words. The giris in Class 2 using the Handwriting
Without Tears method improved from October to June in the area of spacing. No
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consistent statistical differences were found for the giris in any of the classes with
regard to spacing change scores. For within class comparisons, only Class 2
demonstrated significant improvement from the baseline measure to the final
measure on the pre-test / post-test t-test with a confidence interval of p<0.01.

Figure 25 illustrates the means for spacing for the girls from October to June for

Class 1 (27.20 to 28.47), Class 2 (28.30 to 33.10) and Class 3 (31.80 to 31.60).

Speed. Class 1 and Class 3 were significantly faster than Class 2 at the end
of the study. With regard to gain scores, there were no significant differences in
improvement of speed for any of the subsequent test periods. Itappears that Class
1 and Class 3 were starting to consolidate their skills in handwriting, while Class 2
was still developing skills therefore handwriting was not yet making a difference in
the speed domain. Follow up in grade 2 in the area of speed would help to make

further inferences about speed and quality of handwriting.

Results for Mal

Qverall Handwriting Skills. The boys in Class 2 using the Handwriting
Without Tears demonstrated the better handwriting skills in June. An ANOVA
completed at the end of the study indicated that the boys in Class 2 had better
handwriting skills than the boys in Class 1 and Class 3. No statistical differences
were found for the boys in any of the classes in gain scores. However, pre-test

| post-test t-test identified that the boys in Class 1, Class 2 and Class 3
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demonstrated significant improvements from October to June. This finding
suggests that normal skill development was occurring in handwriting skills
throughout the school year. Class 1 and Class 2 achieved a higher confidence
interval (p<0.01). Class 3 achieved a confidence interval of p<0.05. Figure 27
ilustrates the improvements for Class 1 (97.40 to 141.2), Class 2 (104.64 to
156.82) and Class 3(96.67 to 140.00). This higher significance level may indicate
that Handwriting Without Tears impacted on overall quality of skills for Class 1 and
Class 2.

Legibility of Print. The Handwriting Without Tears method was more
effective in improving legibility in the boys than the traditional method. Gain scores
did not demonstrate any differences between the classes. Pre-test/ post-test t-test
identified that the boys in Class 1 and Class 2 improved from October to June,
whereas, the boys in Class 3 did not improve statistically from the baseline
measurement to the final measurement. Figure 28 illustrates the improvement from
October to June for Class 1 (28.60 to 32.20), Class 2 (29.55 to 33.27) and Class
3 (29.00 to 32.33). Because the boys started with the same skills in handwriting at
the beginning of the study, direct comparisons can be made between groups for any
mean scores. Therefore, the improvement noted in the experimental groups from
the baseline measurement to June was significant for between group comparisons

as well as within group comparisons.
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Form. The boys in Class 2 using the Handwriting Without Tears method
demonstrated more improvement than the boys in the other two classes. Gain
scores did not find any differences in the boys from Class 1, Class 2 or Class 3.
Pre-test/ post-test t-test identified that only Class 2 made significant improvements
from October's baseline measurement to June. Figure 29 illustrates the
improvement from October to June for Class 1 (19.00 to 26.80), Class 2 (21.55 to
28.36) and Class 3 (19.67 to 25.00).

Alignment of Letters.  The Handwriting Without Tears method was similar
to the traditional method for improving alignment of letters for the boys. Gain scores
did not identify any differences between the boys in this domain. However, the
boys in all classes demonstrated improvements from the baseline measurement
to June on the pre-test / post-test t-test. Class 1 and Class 2 achieved a
confidence interval of p<0.01 while Class 3 had a confidence interval of p<0.05.
Figure 30 illustrates the improvements from October to June for Class 1 (15.80 to
29.20), Class 2 (17.82 to 32,82), and Class 3 (13.00 to 27.00).

Size of Letters. The Handwriting Without Tears method was similar to the
traditional method for developing consistent size of letters for the boys in the study.
No consistent results were found for gain scores in this area. Pre-test/ post-test
t-test found that the boys improved in this area in all classes. Class 2 and Class 3

improved with a confidence interval of p<0.01, while Class 1 had a confidence
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interval of p<0.05. Figure 31 illustrates the improvement for size of letters for Class

1 (12.00 to 25.40), Class 2 (10.91 to 30.73) and Class 3 (9.33 to 25.33).

Spacing of Letters and Words. The Handwriting Without Tears method was
more effective than the traditionai method for enhancing letter and word spacing in
the boys. No significant differences were found for the boys in this domain for gain
scores. For the pre-test / post-test t-test, the boys in Class 1 and Class 2
demonstrated improvement from October to June. The boys in Class 3 did not
demonstrate improvement in this area from October to June. Figure 32 illustrates
the improvement in spacing from the baseline measurement until the final
measurement in June for Class 1 (22.00 to 27.60), Class 2 (24.82 to 31.64) and
Class 3 (25.67 to 30.00). Again as indicated earlier, the pre-test and post-test
scores can be compared directly between classes for the male sample because of
established group similarity at the start of the study. Therefore, the boys in Class1

and Class 2 made significant improvement in this area when compared to Class 3.

Speed. There were no differences in speed for any of the boys in Class 1,
Class 2 or Class 3 at the beginning or end of the study. The analysis of gain scores
did not identify any differences between the classes in this domain. It is likely that
the small sample size for Class 1 and Class 2 for the male sample impacted on the
result. Class 1 had a speed of 9.75 letters per minute. Class 2 had a speed of 9.25
words per minute while Class 3 had a speed of 13.5 words per minute. Class 1 had
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a sample of 5 and Class 3 had a sample of 2. Further research is need to identify
the changes in speed of handwriting for boys.

Application to Present Literature

Multi-Sensory Approach to Handwriting
The improvement in handwriting skills demonstrated by the students in Class

1 and Class 2 indicate that the use of a multi-sensory structured handwriting
program specifically Handwriting Without Tears , for improving handwriting skills
was more effective than a traditional ball and stick method of instruction. This
finding was reached with a very high significance level (p<0.000) for whole classes.

The girls using Handwriting Without Tears demonstrated significant skill
development when compared to the class using traditional methods. This finding
achieved a high alpha-level or significance level (p<0.000).

Only the boys in Class 2 demonstrated significant improvement at the end
of the study when compared to the boys in the other classes. This class had the
larger sample size which was favourable. Perhaps, larger sample sizes for the
other two classes would have made a difference in the analysis.

These finding supports the work of Furner (1969a, 1969b, 1970) who found
that a multi-sensory approach to teaching handwriting improved children’s quality
of handwriting in grades one, two and three. Multi-sensory methods for teaching
handwriting have aiso been supported by other authors (Alston & Taylor, 1987;
Bemninger et al., 1997; Graham, 1992, 1997; Lockhart and Law, 1994).
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The Handwriting Without Tears method used by the teachers in experimental
Class 1 and experimental Class 2 provided the teachers with a comprehensive
approach to teaching handwriting. This approach encompassed all areas of
handwriting instruction to include: teaching grasp, use of lines, demonstration of
letter formation and motor planning, stories to go hand in hand with letter formation,
letter formation imitation and letter printing practice. The method provides the
teacher with the “how to" related to the many controversies associated with

handwriting instruction presented in the literature review.

Alignment and Size

The significantimprovement identified in the alignment and size components
of printing for Class 1 and Class 2 implies that the Handwriting Without Tears
method is effective for enhancing skills in these two areas. The resuits were
obtained with a high degree of confidence (p<0.000) therefore indicating that the
improvement occurred most likely as a resulit of the handwriting program.

The giris using the Handwriting Without Tears method significantly improved
in alignment and size domains. The results for the girls likely occurred because of
the handwriting method of instruction. A confidence interval of p<0.000 was
reached for both experimental classes.

The boys in the study did not demonstrate the same results. All the boys in
the study improved in alignment and size significantly from the beginning of the

study to the end. This improvement may be the resuit of maturation and instruction
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in handwriting in general, as improvement would be expected. The boys in the
experimental classes however, demonstrated significantimprovements in the areas
of legibility and spacing. Ziviani (1995) identifies that handwriting skills mature
with age in legibility areas with letters becoming more accurately formed initially.
Once this has developed, consistent spacing occurs and size decreases (most
especially in the girls). Horizontal alignment is the last area to develop. |f
handwriting skill development follow this sequence of events, the boys in the study
may be lagging behind the giris in the area of alignment and size. They are
however following the natural course for the development of legibility and spacing
(the boys in the experimental classes more so than the control class).

One explanation for the improvementin Class1 and Class 2 may be the use
ofthe “double line” in the Handwriting Without Tears method (see AppendixA). The
double line consists of the bottom line and the top line. Olsen (1997) identifies in
her program that “the bottom line keeps the writing straight while the top line
controls the size (p.45). According to these findings, the “double lines” used in the
Handwriting Without Tears method may have contributed to improvement in
alignment of letters and size of letters. The students in the experimental classes
improved significantly in these domains of all the categories on the MHT. The
students in the experimental group used the double lines for printing instruction and
during other writing tasks. All letter formation during printing practice was oriented
to the double lines on a visual, cognitive and motor basis.

A number of authors, identify that the use of lines increases legibility in
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younger printers and that lines assist students in developing well alignment script
of acceptable size.( Burnhill, Hartley, Fraser, Young,1975; Bumhill, Hartley, Davs
1980 ; Jarman ,1979 ; Manning, 1988; Pastericki, 1987).

The MHT used in this study provided three lined paper for the completion of
the handwriting test sample. The children in the experimental classes, who were
introduced to the Handwriting Without Tears’ double line paper demonstrated a
transition to using three lined paper at the test periods with good resuits. Although
they were not using three lined paper in the classroom, they continued to
demonstrate more significant improvements on test resuits than the control group.
In Addy and Wylie's (1973) survey of 400 teachers in ten states in the United States
and one province in Canada, teachers generally preferred three lined paper (top
line, middie dotted line, and baseline) when teaching printing. Three lined paper
continues to be used in schools at the present time.

In the author’s clinical experience, some teachers are concerned about the
possible difficulty the children may have changing from double lined paper to three
lined paper or to regular lines in exercise books. This study suggests that this type
of difficuity would be unlikely. The teachers of the experimental groups assisted the
children in this transition by going to the “pink - biue - biue” lined paper in the Hilroy
exercise books. They oriented the children to using the biue-blue line as they had
used the double lines and indicated that the pink line was the “clouds’. The “clouds”
orient children visually to print tall letters beyond the top line when using the double

lined paper in the Handwniting Without Tears program. From the pink-blue-blue
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lines, the children were oriented to the regular blue lines without much difficuity

according to the teachers of the Handwriting Without Tears classes.

Legibility, Letter Formation , Alignment , Size and Spacing

Ziviani and Elkins (1984) found that as children matured the distance allowed
between words (spacing) and the size of letters decreased gradually. Letter
formation and horizontal alignment also gradually improved between grades 2-6.
in this study, the children using the HWT program in experimental class
demonstrated more improvementin alignment and size. The giris also demonstrated
significant differences in alignment and size. The boys did not demonstrate
significant differences in alignment and size which may be the result of a lag in skill
or maturation of skills for the boys in this area. If the study was carried over to grade
2, these domains would most likely change for the boys.

The boys using the Handwriting Without Tears method demonstrated
significant differences in legibility and spacing from October to June. Class 2
demonstrated significant differences in letter formation or form. The control class
did not demonstrate any significant differences in these areas for the giris or the
boys. The Handwriting Without Tears method most likely impacted on the rate of

development in these areas. Further research is needed in this area.

ured Handwriting P m and Teacher Training in Handwritin

it is difficult to identify the effect, if any, that the structured teaching
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component of the Handwriting Without Tears program had on the outcome of the
study. The structured teaching component of the Handwriting Without Tears is
included within the multi-sensory approach. Perhaps the structure of the instruction
impacted as much as the multi-sensory component. Further research assessing
other structured handwriting programs along with the Handwriting Without Tears
method may provide information in this area.

it has been noted in the literature, that the lack of teacher training in the area
of handwriting may impact on the children's handwriting skill development (Rubin &
Henderson, 1982). Peck, Askov, and Fairchild (1980), reported in their review of the
literature on handwriting instruction, that the measured effects of teacher’s inservice
training in handwriting impacted significantly on pupils’ performance in manuscript
printing. In this case, did the teachers’ knowiedge of handwriting instruction gained
by the Handwriting Without Tears - Teachers’ Printing Guide, and teacher training
in preparation for participation in the study impact on the students’ handwriting
skills? Further research may be useful to assist in providing more insight and
knowledge in this area. Regardless of what parts of the program made the
difference, in this case the combination of all three components: the multi-sensory
component, the structured component, and the teacher's knowledge gained by
training in the Handwriting Without Tears method, the students using this method

made significant gains in handwriting skills.
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Motor Skill Training and Handwriting Errors

The three most common errors observed in first grade students are incorrect
size, incorrect relationship of parts and incorrect placement of the letter relative to
the size. These errors are related to lack of motor control (E.R. Lewis and
H.P.Lewis, 1965). In the present research, the alignment and size categories were
the ones with the lowest means of all the five categories on the MHT for all classes.
However, during and following the Handwriting Without Tears intervention, there was
significant improvement in these areas.

Oliver (1990) suggests that “training in one area of the motor skill components
tends to enhance overall performance” (p.112). This was true for the children in the
experimental classes. The handwriting skills were targeted, intervention or teaching
was directed at this particular skill and improvements were noted in overall

performance.

Differen n nd Girl

Gender was considered in this analysis as there is evidence in the literature
that girls are better handwriters than boys (Graham & Miller, 1980; Tarnopol,
Feldman, 1987, Yochman & Parash, 1998) Aiso, girls develop more quickly in visual
motor areas than boys (Judd et al., 1982; Karapetsas & Viachos, 1997) and handwrite
faster than boys (Berninger, Vaughan, R.D.Abbott, S.P. Abbott, Woodruff Rogan,
Brooks, Reed, 1997; Maeland, 1992; Ziviani, 1984). The girls in the experimental
classes who were leaming to print using the Handwriting Without Tears method,
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demonstrated significantly more improvement in handwriting skills than the giris in
the control class. This improvement was noted on a consistent basis from the
monthly test periods, January to June. Significant differences in improvement
between those in the control and experimental classes were also noted for the giris
at all test periods from December untii June in alignment and size components on
the MHT. The boys failed to show any statistically different improvements in the
alignment and size categories however demonstrated improvements in legibility and
spacing. Class 2 demonstrated significant improvement in overall handwriting skills
and form.

Hamstra-Bletz and Blote (1990) suggest that handwriting skills do improve
over time in most students up to grade four when formal handwriting instruction
stops. According to their research, the first changes in handwriting skills occurs with
maturation of fine motor abilities. With this, the size of handwriting becomes
smaller, the word and letter alignment improves and the writing becomes more
steady. They note that girls are ahead of boys in this development. This finding has
been supported in this research study as the girls demonstrated improvement in
these areas were the boys did not make the same gains. All students improved from
baseline to post-test within class comparisons in most areas. This improvement is
likely due to normal maturation for both the boys and girls. Between the classes, the
girls in the Experimental Classes 1 and 2 demonstrated significant improvements
when compared to Class 3.

Berninger et al. (1997) concluded that boys are more vuinerable to
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handwriting problems. They reported that boys are more prone than giris to
handwriting fluency problems in the elementary grades. Ames, Gillespie, Haines
(1979) reported that in many areas of development, giris reach developmental
stages about six months sooner than boys. ifthe study was carried through to grade
two, further skill development in the area of overall handwriting, alignment and size

for the boys may be identified.

Speed and Accuracy
A study conducted by Judd et al.(1986), reported that boys demonstrated

deficiencies in both rate of production of symbols and accuracy of copying symbols.
The authors suggested that the difficulties for boys may be related to information
processing. The MHT involved a timed test for copying words. If the findings of
Judd et al. (1986) are true, the boys in this research may have been slower in
processing information for copying words on the MHT.

For whole class comparisons, it was identified that Class 1 and Class 3 were
significantly faster than Class 2 and that Class 3 was significantly faster than Class
1. For the giris in the study, Class 1 and Class 3 were significantly faster than Class
2. For the boys, there was no significant differences in speed between the classes
however the sample size for Class 1 and Class 3 was small. There were no
consistent significant improvements in the classes related to speed over the test
periods. However, at the end of the year in June, experiinental Class 1

demonstrated significant improvements related to speed in comparison to Class 2
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and Class 3. There is very little research reporting findings of letter and word speed
in grade one samples. Ziviani and Watson-Will (1998) noted that in the younger
grades, children may not be able to produce fast and legible writing at the same
time. Younger children tend to take their time making their work legible before
increasing their speed. This finding is supported by the research. The chiidren in
both the experimental classes and the control class, did not demonstrate consistent
significant improvements in the area of speed. The children were instructed to
“write as you usually do when you are trying to use good handwriting” (Reisman,
1991a). It may be hypothesized that the children were focusing on legibility and
printing neatly rather than printing fast. All children in the study were given the same
instructions therefore it may be assumed that they were trying to use “‘good
handwriting” and the speed for the sample reflected this instruction.

Although speed was scored, the results suggest that the children emphasized
neatness over speed. As children become more familiar with the letter formation and
develop motor memory for letters, printing becomes more automatic and speed
improves. Alston (1991) suggested that when students are writing correctly and
confidently, writing at increased speed can be encouraged and monitored. All
studies that have analyzed handwriting speeds have started the analysis at the
grade two level. Grade one is a year where handwriting skills are developing in the
areas of letter formation, alignment, size, and spacing to increase legibility. These
components are usually stressed before speed (Ziviani and Watson- Weil, 1998).

The emphasis on good handwriting habits is essential to the development of
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efficient handwriting skills.

Another explanation for the differences noted between the experimental
classes and the control class in the area of speed, is that the experimental classes
were introduced to a new style of manuscript that required them to use a continuous
stroke letter formation rather than the ball and stick letter formation. This letter
formation was introduced to the children in the experimental ciasses for the firsttime
during the school year. Prior to the introduction of the continuous stroke (etter
formation, the children were using a ball and stick letter formation or upper case
letters for printing in kindergarten. Possibly the introduction of a new method would
have caused the children to be slower than if they were building on a method
previously introduced to them. Ziviani and Watson-Will (1997) had similar results
with the introduction of modern cursive to a population of children age 7-14. They
noted that the children in their study were siower in writing. The authors feit that the
slower speed with handwriting may have occurred because of the transition from a
traditional handwriting curriculum to the one that was being introduced and used in
the system.

Hamstra-Bletz and Blote (1990) argue that the relationship between legibility
and speed may not be linear. In their study of grade 2 children, the students with
the slowest writing had better letter formation and accuracy than faster writers but
the script was more irregular with respect to size and alignment. At grade 3, they
noted that fast and slow writers were similar in terms of letter formation and spacing

but the script of fast writers was more regular. They identify that variation in the
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proficiency of handwriting skills exists between the grades.

In the present research, the siower writers found in the experimental classes
had more consistency in alignment and size of print. They had only one year
exposure to the continuous stroke letter formation which may have been a factor in
their slower speed on evaluation. These students were using a different style in
kindergarten therefore started from “scratch™ with the continuous stroke of the
Handwriting Without Tears method in grade one. The children in the control class
were using a traditional method in both kindergarten and grade one. They were
introduced to the ball and stick letters in kindergarten prior to starting printing in
grade one.

Allin all, the relationship between legibility and speed must be looked at from
a developmental perspective spanning the primary grades. It appears that the
introduction of a different type of letter formation may require the children to slow
down to develop a motor memory for printing ietters. Once motor memory has
developed and has been established, automatic abilities in letter formation will
surface leading to proficiency of handwriting. Children must first learn to form the
letters correctly and consistently before developing automatic abilities. Once
automatic abilities in letter formation surface, handwriting becomes a means to an
end by which it becomes the vehicle for writing one’s thoughts on paper. it appears
that the control class were at a level of more automatic ability than the experimental
classes. They also appeared to have more exposure to the traditional method of

handwriting whereas the experimental classes only had one year exposure to the
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continuous stroke method of letter formation. Further assessment and evaluation
in grade 2 would allow for a more fair comparison of the experimental classes in the
area of speed.

Limitations of the Study

The results must be considered within the limitations of this study. The study
has a relatively small sample size. Keppel, Saufley, and Tokunga (1992) report that
the “F test provides important and necessary information concerning the presence
or absence of treatment effects and differences among treatment means in the
population” (p.178). They note that the F ratio is directly related to sample size as
the size of the F ratio increases as the sample size increases . A larger sample size
therefore, may have strengthened the resuits of the study. Also the small sample
of males in Class 1 and Class 3 may not have identified the same resulits as a larger
sample size. In this case, Class 2 with the larger sample size made the greatest
improvement. Equal samples would result in increased generalizability for the boys
in the study.

Although the study was implemented over the course of the school year which
allowed for some information to be gathered about consistent change over time, it
may have been useful to extend observations into grade two. Some data suggests
that boys develop slower than girls in the area of handwriting, therefore the male
sample may have consolidated and improved their skills by grade 2 in the same area
that the giris demonstrated improvement in this research.

The MHT was administered in a group situation, therefore, the actual forming
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of the letter was not observed for each student. Letter formation, in its truest sense,
was not measured. It would be interesting to evaluate letter formation through
individual student observation to see if the children in the experimental class were
consistent by using the letter formation rules provided in the Handwriting Without
Tears program.

Aithough attempts were made to control variables within the study, more
control for teacher variation was placed on the experimental classes because of the
structure of the Handwriting Without Tears method. However, the fact that two
different teachers were providing the experimental treatment provided increased
strength to the results, as both experimental classes demonstrated significant
differences in total test scores, alignment and size category scores when compared
to the control class. Therefore, the effect on handwriting performance as a result of

teacher variation was minimized within the experimental classes.

Conclusion
The results of this research indicate that the Handwriting Without Tears method of
handwriting instruction improved printing skills of grade one students when
compared to a more traditional approach. Identified improvements were aiso noted
in the alignment and size of letters. The girls using the Handwriting Without Tears
method improved significantly in overall handwriting skills and alignment and size.
The boys demonstrated improvements in legibility and spacing. Réplication of this

research using a larger sample size, with equal numbers of girls and boys in the
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experimental group and control group would assist in generalizing resuits.
Implications for Theory

A multi-sensory approach to teaching printing and cursive handwriting
emphasizes the use of sensory motor functions to develop the skill of handwriting
to an integrated, automatic level. The results of this study indicate that a muiti-
sensory approach to teaching handwriting is more effective than a traditional method
of instruction for improving handwriting performance of grade one students. It also
is more effective than a traditional method in improving alignment of letters on the
baseline and consistent letter size. When gender is considered, the Handwriting
Without Tears method improves giris’ overall performance in printing in grade one.
As well, it is effective in developing consistent alignment and size of printed words
for girls in grade one. For boys, Class 2 demonstrated the most improvement and
the boys improved most in legibility and spacing. However, as indicated in the
literature, boys’ skills in handwriting lag behind girls (Graham & Miller 1980). A
larger sample of boys in the control group would have made the sample size
between groups more equal possibly increasing the chances of generalizing results
for the boys.

The result of this research imply that a structured muiti-sensory handwriting
program makes a difference in handwriting skills for grade one students. |t is
uncertain whether the structured approach, teacher training or multi-sensory
component impacted individually on the results of the study. Research identifies

that a multi-sensory approach impacts on outcome (Furmner, 1970). Also research
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identifies that teacher training impacts on manuscript printing outcomes of children
(Peck et al., 1980). Whatever the individual impact of these factors, in this study,
the three components together made significant differences in handwriting for the

students in the experimental classes.

Implications for Research and Practice

There has been increasing interest throughout the United States and Canada
in the Handwriting Without Tears method of handwriting instruction. Occupational
therapists have been using it to treat children with handwriting difficulties as a resuit
of learning disabilities, developmental coordination disorders, attention deficit
disorder, autism, Down's Syndrome, cerebral paisy and other related difficuilties.
Word of mouth about its benefit and success has drawn further attention to this
method. There have been no research studies on the benefit of this program in
treating children with special needs. Further research is needed in this area.

There continues to be little research on the effectiveness of handwriting
instructional methods. With the introduction of the whole language approach to
writing, teachers are changing their methods of teaching handwriting in the
classroom (Graham, 1996). Whole language approaches rely on indirect rather than
direct methods of instruction. it is assumed within this approach, that mechanical
skills such as handwriting develop naturally as students are provided with many
opportunities to read and write in the classroom (Graham, 1996). Research

investigations comparing handwriting instructional approaches between traditional

i
H
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methods and whole language process methods is needed.

Replication of this study would increase confidence in generalizing the
results to practice. A larger sample population including all girls and boys in each
class would make classes more equal in numbers especially for the control group.
Also, by using all children in the class, it wouid be more likely that children of all
level of abilities would be accounted for in each class. A larger sample of boys
would assist with understanding more generally the impact of handwriting instruction
methods for boys.

A longitudinal study over two or three years would allow the researcher to
make clearer conclusions about the development of proficient handwriting skills to
include the relationship between legibility and speed. As indicated earlier, when
automatic ability in handwriting fails to develop or is underdeveloped, the motor
aspect of writing impedes content generation. Ziviani and Watson-Will (1997)
identify the during the primary years children may not produce fast and legible
handwriting simuitaneously. Usually, speed is sacrificed for legibility. As with all
skill acquisition, attaining quality is a precursor to speed. If quality is not
emphasized , practice will ensure permanence not proficiency. The relationship
between speed and legibility may need to be examined into higher grades as it is in
these grades that handwriting demands increase for students in the classroom.

The Handwriting Without Tears method of instruction utilizes a continuous
stroke for letter formation of lower case letters. Olsen (1997), identifies that the

continuous stroke method is an easier styie of handwriting for chiidren to learn for
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the development of efficient handwriting skills. The benefits of the continuous
stroke letter formation were not reported for letter formation. In order to analyze the
benefits of the continuous stroke, the researcher would have to complete individual
samples to observe how children formed their letters. This was beyond the scope
of the present study. However, further research about the benefits of the continuous
stroke manuscript letters using the HWT wouid be useful. The benefit of the use of
the continuous stroke in manuscript printing in the transition to cursive handwriting,
would be interesting to investigate in future research.

In practice, occupational therapists use handwriting programs to remediate
skills in certain areas. This research suggests that the HWT method promotes skills
in overall handwriting performance and as well, in alignment and letter size. Malloy-
Miller, Polatajko and Anstett (1995) identify that specifying remedial methods that
are matched to types of handwriting difficulties remains a challenge for clinicians.
More research would be beneficial to see if these research findings carry over into
populations of children with special needs. Preliminary data suggests that similar
benefits may exists. For it is likely, that when intact classrooms are used, as in this
case, children who have special needs are included.

Forteachers, the outcomes of this study suggest that the Handwriting Without
Tears method for handwriting instruction for grade one students will improve
children's handwriting skills more effectively than a traditional method. The teachers
in the experimental classes reported feeling more confident about teaching

handwriting using the HWT method. Previously, these teachers used a more

1
1
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traditional handwriting instruction method.

In conclusion, the Handwriting Without Tears program which includes a
structured multi-sensory approach to teaching handwriting, teaching methods and
information and handwriting practice using a student’'s booklet is more effective in
improving children’s skills in handwriting than a traditional ball and stick method.
The development of grasp, use of lines, motor reinforcement for letter formation,
stories to enhance memory of letter formation, demonstration techniques, imitation
of letter formation and handwriting practice are all integral components of the
Handwriting Without Tears approach. In grade one, the goal of handwriting
instruction is to develop handwriting habits and skills that will lead to proficiency in
the motor aspects of writing so that the children can think about what they want to
write on paper rather than think about how to make the letters and words. Further
research of the Handwriting Without Tears method using a larger population with a
more even distribution of boys and girls is recommended for generalizing these
findings.

The importance of teaching handwriting is reflected in the following quote

“It is easy and exciting to teach handwriting because with
concentration and will, marvelous resuits are possible. They
are visible achievements which are also pleasing to parents.
The inevitable sense of success which follows will pay dividends
across the rest of the curriculum. For a school to develop a
coherent handwriting policy, to train staff and to see the resuits,

the reward both in public relations and in higher standards all
round is very worthwhile (Jarman, 1990, p. 153)".
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Appendix A

Components of the
Handwriting Without Tears
Method of Handwriting Instruction

Reprinted with the permission of the author (Olsen, 1997).
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