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Abstract
Handwriting is a complex human activity that entails an intricate blend of cognitive, kinesthetic and
perceptual-motor components. Children are expected to acquire a level of handwriting proficiency
that enables them to make skillful use of handwriting as a tool to carry out their work at school.
Poor handwriters have difficulty developing their writing skills and, as a result, often suffer in their
educational and emotional development. This article highlights the importance of handwriting and
reviews the development of the methods used to evaluate handwriting difficulties. Included also is a
discussion of methodological aspects of current handwriting evaluations and a presentation of
research on the use of a computerized system that may be helpful in better understanding the
handwriting process of poor writers. The article concludes by outlining future directions in
handwriting evaluation that would combine the assessment of the handwriting product with
computerized analysis of the handwriting process.
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Introduction
Handwriting is a complex human activity that entails an intricate blend of cognitive, kinesthetic and
perceptual-motor components (Bonny, 1992; Reisman, 1993). In order to produce written text a
student must initiate and execute simultaneously a number of motor and cognitive tasks including
ideation, planning, text production, spelling, punctuation, grammar, self-monitoring, evaluation,
and orthographic-motor integration (Berninger, 1994; Jones & Christensen, 1999; Hooper et
al.1993). Handwriting skills, particularly handwriting fluency, improve with age and schooling
(Graham, Weintraub, & Schafer, 1998; Hamstra-Beltz & Blote, 1990). During their first three years
of school, children are expected to acquire a level of handwriting proficiency that enables them to
make skillful use of handwriting as a tool to carry out their work at school (Laszlo & Broderick,
1991; Maeland & Karsdottir, 1991). As of the forth grade, writing assignments become longer and
more frequent. Children are required to hand in papers, write essays and give longer responses to
test-questions (Cornhill & Case-Smith, 1996; Reisman, 1993). Most children find that they are
ready to handle these demands, and the proficiency of their handwriting is reflected by their ability
to produce legible text with minimum effort. Furthermore, for typical children, handwriting
becomes automatic so that text generation does not interfere with their creative thinking process
(Scardamalia et al., 1982).
Those children who do not succeed in developing proficient handwriting are defined by some
authors as “poor handwriters” and by others as “dysgraphic” (Marr & Cermak, 2001). HamstraBletz & Blote (1993) defined ‘dysgraphia’ as a disturbance or difficulty in the production of written
language that has to do with the mechanics of writing. The difficulty is manifested in the
inadequate performance of handwriting among children who are of at least average intelligence
level and who have not been identified as having any obvious neurological or perceptual-motor
problems. It is reported that the prevalence of handwriting difficulties among school aged children
varies between 10-34% (Rubin & Henderson, 1982; Smits-Engelsman et al., 1995; 2001).
Handwriting difficulties are especially prevalent among children diagnosed with Developmental
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Coordination Disorder (DCD: APA,1994), learning disabilities (Waber & Bernstein, 1994) and
among those children defined as clumsy by their teachers (Laszlo,1990; Laszlo et al., 1988).
Since 30% to 60% of a child’s school day is spent in the performance of fine motor tasks,
consisting primarily of handwriting tasks (McHale & Cermak, 1992) it is likely that the quality of
his or her handwriting skill will effect academic performance. Several authors have suggested that
difficulty in the mastery of the mechanical aspects of handwriting may interfere with higher order
processes required for the composition of text (Berninger & Graham, 1998). Graham (1990) found
that handwriting mechanics influence the quality and quantity of the written product. This finding is
supported by that of Berninger et al. (1997), who reported that handwriting performance was
significantly related to fluency and quality of composition in elementary school students. Graham
et al. (2000) summarized views on the negative sequelae of handwriting difficulties in a recent
article. They, together with others (Briggs, 1980; Chase, 1986; Hughes, Keeling & Tuck, 1983)
have suggested that teachers tend to give higher marks for neatly written papers than for those in
which legibility is poorer. It thus appears that poor penmanship may influence perceptions about
children’s competence as writers. Other authors have proposed that the act of handwriting among
children with difficulties can interfere with the simultaneous execution of composition (Graham,
1990; Scardamalia et al., 1982). It may be that when letter production is not fully automatic, the act
of handwriting makes increased demands on memory and attentional resources, which, in turn,
constrain the higher level cognitive processes required for composition (Jones & Christensen, 1999;
Berninger & Graham, 1998). Additionally, some suggest that if handwriting is very slow, children
may forget the ideas and plans held in memory before they succeed in transferring them to paper
(Graham & Weintraub, 1996).
Unfortunately, some children who have difficulty in mastering handwriting skills may avoid
writing altogether, resulting in arrested writing development (Mizokawa & Bragg, 1991), or are less
willing to devote the extra effort needed for planning composition or revising their work
(McCutchen, 1996). This effects children’s performance in a circular fashion since increased
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writing may help to improve handwriting quality (Graham, 1992). Some of these children may
respond by simply giving up, having developed a mind-set that they cannot write (Berninger &.,
1998). In fact, the results of a series of studies carried out in Canada and in the U.K. have indicated
that difficulties with handwriting in the early years might be used as a predictor of more general
learning difficulties later on (Harvey & Henderson, 1997; Simner, 1982; 1985; 1986; 1990; 1991).

Problems that stem from difficulties in handwriting do not disappear when a student graduates
from school. In fact, in many cases, the problems become more complicated and difficult to
resolve. The demands made in the course of pursuing a higher education or of advancing in the
workplace can often exacerbate an already difficult situation. In some cases, the individual’s
problems become masked and further complicated by increasing stress. It appears that inadequate
handwriting can affect many areas of life, resulting in a loss of self-confidence, and may have
serious consequences for career prospects and even personal relationships (Sassoon, 1997).
In summary, it appears that the quality of handwriting has a marked effect on the writing
and academic performance of school aged children (Berninger et al., 1997; Graham et al., 2000;
Jones & Christensen, 1999) a finding that reinforces the importance of identifying handwriting
difficulties as early as possible. School psychologists often play a role in the overall management of
handwriting difficulties of school children, whether as consultants to teachers as to how to assess
handwriting, as planners and evaluators of programs that include goals for improving handwriting
performance, or as evaluators of children’s progress. Therefore, it seems advisable that school
psychologists be familiar with the issues and procedures that are related to handwriting assessment
(Graham, 1986).
Over the years, many methods have been developed for the evaluation of handwriting
difficulties. Most are based on analyzing the handwritten product and speed. These evaluations
formed the basis for research into the developmental sequence of writing and in the clinical
identification of children with handwriting problems. Comparative studies of the handwritten
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output of children with and without handwriting difficulties reveal differences in the accuracy and
readability of letters, words, and sentences. The handwriting quality of children with difficulties has
been described in studies as “poor” and can be characterized by inappropriate spacing between
letters or words, incorrect or inconsistent shaping of letters, poorly graded pencil pressure, letter
inversions, and mixing of different letter forms (i.e., script and square) (Hammstra-Beltz & Blote,
1993; Kaminsky & Powers, 1981; Maeland & Karlsdottir, 1991; Rubin & Henderson, 1982; Sovik
et al., 1987). The process of describing the features that characterize the written output of children
with handwriting difficulties has formed the basis for the development of scales for handwriting
evaluation.
The purpose of this article is to critically review the various methods used to evaluate
handwriting difficulties. To date, the most commonly used methods have been (1) global-holistic
evaluations of legibility and (2) analytic evaluations that assess readability in relation to
predetermined criteria. Presented in the first section of this article is a historical review of these
evaluations, the process by which they were developed and the results of studies carried out to
determine their psychometric properties. This section is followed by one in which issues related to
methodological aspects of these evaluations will be discussed. The third part of this paper is
devoted to a description of recently published studies on the use of computerized methods for
understanding the handwriting process, utilizing real-time measures of various performance criteria
during the actual performance of handwriting. The article concludes with a brief discussion of
future directions in the evaluation of children with poor handwriting focusing on the combination of
handwriting product evaluation with computerized analysis of the handwriting process.
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Assessment of handwriting

The primary aim of researchers who composed the various handwriting evaluation scales was
to develop standardized evaluations capable of producing quantitative scores for handwriting
quality (Chu, 1997; Reisman, 1991; Rubin & Henderson, 1982). Their dilemma was how to
define the “quality of handwriting” or “readability” (Ayres, 1912) in specific, measurable
terms. The handwriting evaluations that were developed over the years can be categorized as
either global-holistic evaluations of handwriting “readability” or as analytic evaluations that
rated the readability of a handwritten product in relation to predetermined criteria. The global
evaluation scales are used to form an overall judgment of a written product in terms of how
readable it is in comparison to a group of standard handwriting samples that had been
previously graded from “readable” to “unreadable.” In contrast, the analytically based
evaluations are based on the assumption that a relationship exists between the general look, i.e.
the readability, and certain criteria of performance, such as the shaping of the letters, the spaces
between the letters and the words, etc. The handwriting sample is judged by grading each
criterion individually for the passage and then calculating an overall score.

The global holistic evaluations in the early years
Research concerning the development of handwriting evaluation scales was conducted as early as
the second decade of the twentieth century. One of the earliest reported scales developed for the
evaluation of handwriting was a global-holistic scale for students from fifth to eighth grade
(Thorndike, 1910). A handwriting product was first evaluated for ‘general merit’. Then it was
graded according to the average value awarded it by a group of judges who compared it to the
graded handwriting samples that were provided (Tseng & Cermak, 1991). Ayres (1912) also
developed a global handwriting evaluation scale that was based on the rating of the ‘general merit’
of handwritten products. In contrast to the previous scale, the grading criterion used by Ayres
(1912) was the median time taken by ten judges to read the passage. However, researchers
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remained unsatisfied with either evaluation, deeming them as impractical for regular use in the
schools and far too subjective and unreliable (Strach, 1919). In response to dissatisfaction with the
existing scales, Freeman (1915) proposed that the reliability of handwriting scales could be
improved by using clearly defined criteria by which to grade handwriting samples. For this purpose,
he developed a scale for assessing handwriting samples that included a system for grading
handwriting quality according to the following five criteria: tilt, height, shaping of letters, line
quality and general merit (Freeman, 1929). Though more comprehensive, these scales still
provided only a crude grading system. Therefore, Freeman (1959) later revised this scale and
substituted what he considered to be general excellence for the use of specific criteria in evaluation
of handwriting (Tseng & Cermak, 1991).
During the following years, additional attempts were made to produce an improved handwriting
scale with more accurate scoring criteria. In 1962, Bezzi presented a scale similar to the one
developed by Freeman in 1959, but it did not really represent a significant improvement. The
Wisconsin scale, developed by Erlbacher and Herrick (1963) in the following year, represented an
attempt at improving accuracy by providing, for each of three school grades, 200 samples of
handwriting graded according to letter size, tilt, and readability. Not surprisingly, this scale was
considered too inefficient for use in schools due to the difficulty and time required to distinguish
between the samples. It was subsequently used for research purposes only (Herrick & Erlebacher,
1962; Tseng & Cermak, 1991).
In summary, the examination of the early literature on handwriting evaluation development
demonstrates a distinct trend in which global-subjective scales (Ayres, 1912; Thorndike, 1910)
paved the way for the development of specific-objective scales (Bezzi, 1962; Freeman, 1959;
Herric & Erlebacher, 1963).
Analytic evaluations of readability
Most of the handwriting evaluation scales developed during the last 25 years belong to those of
the analytic category; that is, evaluation according to specific criteria of “readability” that can be
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defined objectively. Despite the fact that most researchers of analytic scales agreed as to what
those criteria are - letterform, size, slant, spacing and line-straightness (Bruinsma & Nieuwenhuis,
1991), the approaches used to actually measure the criteria have been varied. In essence, this was a
period of trial and error in which researchers attempted to find the best combination of objectivity
and utility for a handwriting product evaluation. In this section, the major analytic handwriting
evaluations that have been developed will be described according to a chronological sequence. In
order to facilitate comparisons between the scales, psychometric data and handwriting speed values
will be presented in tables at the end of this section (Table 1 and Table 2, respectively).
The first analytic approach to evaluating a handwriting sample, has been referred to as the
“transparent overlays” methods (Collins et al., 1980; Helwing et al., 1976; Jones et al., 1977).
Scoring is based on the use of transparent overlays to determine if specified standards of
performance have been met, as well as to assess topographic features such as shape, size and other
descriptive criteria. The writing sample was printed on top of a transparency and the examiner
compared each letter of the written passage to what had been printed on the transparency. Letters
that protruded out from the boundaries of the letters on the transparency were considered mistakes
taking into consideration criteria such as stability of the pen’s stroke and consistency of the letter
size, among others. For example, to assess letter shape, the examiner typically determines if the
target letter fits within a 1 to 3 mm wide outline of the letter (Graham, 1982). If the writer adds a
little flourish at the end of the letter or writes it a little larger than the standard, it is scored as
incorrect. Graham (1982) noted that this technique was highly reliable, with inter-rater reliability
coefficients ranging from .86-.97. However, evidence on the validity and utility of these
instruments is virtually nonexistent. Collins et al. (1980), Sims & Weisberg (1984) and, more
recently, Graham & Weintraub (1996) concluded that despite their reliability, “transparent overlay”
evaluations lack the sensitivity needed to monitor gradual improvement adequately, yet are overly
sensitive to variations due to personal style. In addition, its construct and concurrent validity has
not been adequately addressed.
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The scale of Rubin and Henderson (1982) was developed to enable teachers to identify
children with handwriting difficulties. Following a few trials, six assessment criteria were chosen:
readability, accuracy of letter formation, unity of letters size and letters tilt, spaces between letters
and words, and straightness of the written line. A four-point scale was developed for each of the
criteria. The children were asked to copy a paragraph of 57 words on unlined paper within five
minutes. Writing speed was calculated as the number of letters written per minute. Both test-retest
and inter-rater reliability of the scale were extremely high (see Table 1).
In developing the Alston Evaluation Scale (1983) the authors used a novel approach to
handwriting assessment. A 20-item questionnaire was constructed to gather information from
teachers regarding features defined by the researcher as influencing readability (e.g., letter
formation, letter size, spacing, and straightness of the written line). The questionnaire includes
questions such as: “Are the letters that are supposed to be rounded indeed rounded?” The
assessment was designed to measure children’s performance on a free-style writing task: children
were asked to write an essay about their favorite person on lined paper within 20 minutes, using any
writing tool. Both inter-rater reliability and construct validity of the scale were moderate to high
(see Table 1). A further study conducted on this scale found that only 15% of the 23 items had a
significant relationship with readability as a result of which it was recommended that the scale be
redefined (Graham & Weintrub, 1996; Tseng & Cermak, 1991). However, no further study
concerning the scale appears in the literature.
Ziviani and Elkins (1984) developed an evaluation scale for manuscript (printing) writing
ability of children aged 7-14 years. Handwriting ability was judged based on the evaluation of
readability components (letter formation, size, spacing, and straightness) and on writing speed. For
each individual letter and symbol form to be written, exact specifications as to readability
components were defined in order to enable the most objective measurements possible. Children
were asked to copy shapes, letters, and words. Their speed was determined by the number of times
that they succeeded in writing the phrase ‘cat and dog’ within two minutes. A transparent overlay
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with straight lines drawn on it was used together with a ruler in order to measure the spaces
between the words or the deviations of words from the horizontal alignment.
The authors conducted studies on the reliability and validity of the scale, comparing its results to
defined criteria of readability found in the research and comparing the scale scores to scores
assigned by teachers. Inter-rater and test-retest reliability were found to be moderate to high.
Content validity of Ziviani and Elkins’s (1984) scale was investigated by use of a table of
specifications examining whether legibility components as found in the research literature, were
represented, and by examining its internal consistency. Results showed a moderately high
agreement between items measuring the same legibility components (see Table 1). Item analysis
was performed to determine which criteria had the greatest influence on readability: shape, spacing,
size or line straightness. Criterion validity for legibility, determined by comparing the handwriting
evaluation results to the teachers rating on students handwriting samples, yielded a moderate
validity coefficient (see Table 1). Norms for speed were compared to those that were found in the
studies by Ayers (1912) and Groff (1961) and were consistent with Groff’s (1961) data. Graphs
indicating normative performance on the handwriting tasks were prepared.
The advantage of Ziviani’s & Elkins’s tool, as compared to its predecessors, is in the
resolution with which criteria were defined (i.e., spacing and size were to be measured to the
nearest millimeter through the transparent overlays). Unfortunately, the authors do not clarify how
they determined that the criteria chosen are indeed the critical ones that support readability (Stott et
al., 1987). In addition, the scale makes no attempt to measure inconsistency of size and slant, or
distortion of letter forms due to poor perceptual-motor control, despite the fact that these are the
components of legibility that pose the greatest challenge for measurement (Stott et al., 1987).
The Children Handwriting Evaluation Scale (CHES) was developed by Phelps et al.
(1985), to enable teachers and clinicians to measure quality and fluency of cursive writing among
third to eighth graders. The scale, part of an evaluation battery to identify children suspected of
having learning disabilities, is quite comprehensive and contains highly specifically defined criteria
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(Phelps et al., 1988). Children are first asked to read a story (of 197 letters) and then to copy it onto
a blank paper “in the same manner in which they usually write”. In order to evaluate writing speed,
the examiner marked the point the child reached after two minutes of copying. The number of
letters copied was compared to a table defining writing speed norms for children of different ages.
On that basis, a score was assigned according to a five-point scale, ranging from worst to best. The
quality was also judged on a scale of five points according to a number of criteria: letter shapes, tilt,
rhythm, spacing, and general look. Of the total 1352 writing samples collected, 150 were evaluated
by each of two researchers, a speech therapist and a teacher, in order to determine the scale’s
reliability. Inter-rater reliability was moderate to high (see Table 1). Handwriting speed norms that
were provided (Phelps et al., 1985) for Grades three to eight are appreciably lower than those
observed in other investigations (see Table 2). In the light of the success of the CHES, a similar
scale, the CHES-M, was developed to evaluate manuscript (print) writing for children in first and
second grades (Phelps & Stempel, 1988).
There are various critics of the CHES scale. According to Graham (1986), the CHES
developers do not specify if it is meant to be a screening or an evaluation tool. Graham (1986)
contends that a tool constructed according to a five-point scale is not sensitive enough to pick up
slight changes that might result from maturation, age, or treatment. Daniel and Froude (1998)
claim that asking children to write on a blank paper probably affects their performance. Similarly,
Burnhill et al. (1983) found that the quality of children’s handwriting on a blank paper suffers as
compared with handwriting on a lined paper. Contradicting views have been found among various
researchers on this issue (Krzesni, 1971; Lindsey & McLennon, 1983).
The Concise Evaluation Scale for Children’s Handwriting - BHK (translation from
German) (Hamstra-Bletz et al., 1987) was developed as a screening tool to examine the readability
and speed of writing performance in young dysgraphic children. The authors of the BHK chose a
writing task that resembles school type assignments. Specifically, children are asked to copy a
standard text that is presented to them on a card for five minutes. The text is graded according to
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the complexity of its contents. The first five sentences are composed of one-syllable words at firstgrade level and the following sentences are progressively more complex.
The writing passage is evaluated by judging deviations of the child’s writing from the standard
handwriting text according to 13 criteria. A total score on all 13 criteria items is calculated to
determine writing quality which is subsequently used to categorize the child as a poor or proficient
writer. Writing speed is calculated according to the number of letters written in five minutes.
The BHK is distinguished by the amount of research that has been devoted to investigating its
psychometric properties, development of norms for second and third graders, and use among
children in various populations (Blote & Hamstra-Beltz, 1991; Hamstra-Bletz & Blote, 1990;1993;
Reinders-Meseselnik et al., 1996; Smitz-Engelsman et al., 1996). Inter-rater reliability for the total
score is high (see Table 1). The percentage agreement for the single items is 80% (Hamstra-Bletz &
Blote, 1990, 1993; Hamstra-Bletz et al., 1987). The BHK scores correlate well to teachers’
evaluations of writing quality (r=.78). Longitudinal studies conducted in Germany with 127
school-children from the second to seventh grade found that the test is sensitive to developmental
changes during the elementary school years (Blote & Hamstra-Bletz, 1991; Hamstra-Bletz & Blote,
1990). The BHK scale has also been found to discriminate between children with and without
dysgraphia (Hamstra-Bletz & Blote, 1993), a finding that has been recently confirmed by SmitsEngelsman, et.al. (2001). As a result, its authors suggest that the BHK can be used in the early
identification of children with handwriting difficulties (Hamstra-Bletz & Blote, 1993).
The BHK assessment’s diagnostic sensitivity is further illustrated by the results of two other
recent studies. Reinders-Messelnik et al. (1996) used the tool to evaluate the performance of
children with Acute Lymphoblastic Leukemia who had received chemotherapy. They found that
the tool is sensitive enough to identify late long-term effects of the therapy; two years after
receiving chemotherapy, difficulties were found in the writing and fine-motor activities of the 17
children participating in the study. Smits-Engelsman et al. (1996) used the BHK to test the
efficacy of physiotherapy given to children aged 7-11 years who had writing difficulties. The
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children were evaluated by the BHK before and after therapy. At the same time, the evaluation was
also used with a control group of children who were identified as needing therapy but were still
waiting to receive it. It was found that the physiotherapy improved the quality and writing speed of
the children that received it, whereas no such change occurred among children in the control group.
An evaluation scale developed by Stott et al. (1984) is part of a system designed to evaluate
and treat handwriting difficulties, called the Diagnosis and Remediation of Handwriting
Problems (DRHP). The goal of the three-part evaluation is to identify one of three possible causes
for handwriting difficulty:
1.

Features such as improper spacing and letter shaping, which are related to flawed teaching or

learning of writing rules.
2.

Performance mistakes, such as inconsistency in letter size, tilt, and the tilt of words on the

line that can occur from a lack of perceptual-motor control.
3.

Inefficient writing manner and position. This part of the assessment involves the direct

observation of the writer, but it is not formally encoded.
The DRHP evaluation scale includes the measurement of quantitative and qualitative mistakes
made during performance, with handwriting samples provided to help the evaluator score each of
the features. The overall score is based on whether the mistakes in writing effect its readability.
The novelty of this evaluation is in the combination of an observational evaluation together with an
analysis of the written product. However, clear instructions are lacking to guide the process of test
scoring and interpretation. In addition, the research into the scales’ psychometric properties is
weak: norms were not provided for the scores and test-retest reliability and validity studies were not
reported (Stott, et al., 1984; 1987; Tseng & Cermak, 1991). Inter-rater reliability was studied and
found to be moderate (see Table 1).
Occupational therapists working within School Health Support Services are receiving
increasing numbers of referrals of children who have handwriting difficulties (Miller et al., 2001).
Therefore, the Minnesota Handwriting Test (Reisman, 1991; 1993) was developed in order to
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assist school-based occupational therapists in the identification of children with writing difficulties
and assess treatment efficacy. The assessment was normed on first and second graders. It evaluates
manuscript (print) writing and is supposed to be sensitive to small changes in performance. The
children are asked to copy a typed sentence on the lines beneath it. Since the sentence presented to
them is a common one (“The quick brown fox jumped over the lazy dog”), the words are printed in
jumbled order in order to eliminate the advantage of children who read better or have better
memories. After writing for two and a half minutes, the children are asked to stop and circle the last
letter written and then to continue writing.
Writing quality is evaluated according to the same five criteria mentioned for previous
assessments: readability, shape, line-straightness, size, and spacing (Freeman, 1959; Graham, 1982;
Kaminsky & Powers, 1981; Rubin & Henderson, 1982; Ziviani & Elkins, 1984). The scoring
process begins with letter readability, followed by the other four criteria mentioned above, since the
researchers reasoned that if a letter is not legible it is not possible to measure the remaining criteria
reliably. Writing speed is calculated according to how many letters are written in two and a half
minutes. The author mentions other important elements of writing that can be observed during task
performance as well such as pencil holding, attention to the assignment, and posture; however,
these elements are not included in the scoring manual. The latest version of the manual provides
three sets of 10 writing samples on which evaluators can practice scoring. Reisman (1993) includes
scored writing samples for instruction and comparison.
Inter-rater reliability of the Minnesota handwriting test was studied by the author (Reisman,
1993) and other researchers (Kupa, 1991; Lilly, 1987) and was found to be high for both
experienced and non-experienced evaluators (see Table 1). Moreover, the correlation between
experienced and non-experienced evaluators was also high (Reisman, 1993). Since all evaluators in
the reliability studies learned the test by referring to the instruction manual, this correlation between
experienced and non-experienced evaluators indicates the clarity of the manual’s instructions.
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All of the above mentioned assessments were developed for languages using a Latin-based
character set. The Hebrew written language contains unique features that would make it impossible
to evaluate by use of these evaluation tools. For example, text is written from right to left, spaces
occur not only between words and letters but within the letters themselves (for example: )ה ק א,
letters do not connect (a fact that results in many breaks while writing) and, furthermore, some
letters change their form when they terminate a word (Modlinger, 1983). The Hebrew
Handwriting Evaluation (HHE) (Erez & Parush, 1999; Erez et al., 1996) was developed to assess
the handwriting of children suspected of having difficulty writing in Hebrew. Children are asked to
perform three assignments:
1.

Copying the letters of the Hebrew alphabet (in atypical order in order to avoid a possible

influence of the familiar order on the copying).
2.

Copying a short story (of 30 words) onto lined paper.

3.

Writing a short story from dictation (also containing 30 words) onto lined paper.
The tool enables the assessment of four factors: writing speed, writing quality, ergonomic

factors, and writing mistakes. Writing speed is measured by the number of letters written in one
minute. Writing quality is tested along two dimensions, letter shaping and spatial organization,
each of which is then subdivided into a number of items. All items from both dimensions are
scored according to a Likert scale (1 to 4) using detailed, accurate criteria (spatial organization is
measured in millimeters), ranging from very good to very poor. An overall score for each of the
two dimensions is the summation of the respective individual item scores. Ergonomic factors pressure, pencil grasp, grip consistency, body posture, paper position and stabilization - are scored
according to defined criteria, again on a scale of 1 to 4, with 1 indicating good performance and 4
indicating poor performance. Writing mistakes are counted in each of the passages written by the
child.
Inter-rater reliability for the HHE scale was found to be moderate to high (see table 1). Testretest reliability was not reported. Norms for handwriting speed of second and third graders were
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reported in the test manual (Erez & Parush, 1999). Construct validity was indicated by the
significant differences found to exist between children who write well and those who have
difficulties, (Dvash et al., 1995; Lifshitz & Parush, 1996).
The internal reliability of the tool was calculated for all of the items within each of the two
dimensions that are rated. Reliability, calculated separately for copying and dictation, was high
(see Table 1). This indicates that the HHE’s test items assess the same skill content areas or
different aspects of the same skill (Erez & Parush, 1999). Finally, significant differences were
found to distinguish between the performance of children with and without handwriting difficulties,
with regards to the ergonomic factors that are measured (i.e., pencil position, paper position, body
posture, body stabilization, and the affect of fatigue) (Parush et al., 1998a; 1998b).

Global readability assessment in recent years
During the past 20 years, some researchers have developed a renewed interest in attempting to
develop global readability assessment methods. The developers of these tests have stressed the need
to use experienced evaluators who have practiced scoring a minimum of ten writing samples before
scoring research samples.
The Test of Legible Handwriting (TOLH) (Larsen and Hammil, 1989) is designed to evaluate the
overall readability of manuscript (print) and cursive writing of children from the second to twelfth
grade. Originally called TOWL (Test of Written Language), the authors of the TOLH constructed a
scale of writing samples graded from 1 to 9 (from least to most readable). Writing samples
consisted of written stories based upon pictures or passages written by the students during school.
The samples were made up of three writing types: print (i.e., manuscript), script writing (i.e.,
cursive) that was tilted vertically or to the right and script writing tilted to the left. The objective of
the evaluator is to match the written passage, as closely as possible, to one of the given samples.
The written product’s readability is given standard and percentile scores, and an informal protocol
is prepared to summarize the analysis of the child’s mistakes. The early version of the TOLH was
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used by Graham, Boyer-Schick, and Tippets (1989) who showed that evaluators who only complete
the minimal practice requirements of the manual did not obtain reasonable inter-rater reliability
when evaluating the writing of children with learning difficulties. The researcher’s team scored 70
writing samples for which a high inter-rater reliability (r=.95) was calculated. However, since
reliability is most properly determined by outside researchers, this result is not considered to be
definitive (Graham & Weintraub, 1996). Graham and Weintraub (1996) criticized the validation
process of the scale. Although the authors conducted several studies that support the validity of the
TOLH, these studies typically involved small numbers of handwriting samples. Of equal
importance, the data presented provide little insight into what the test actually measures (Graham &
Weintraub, 1996). Thus, although this scale is unique in its capacity to evaluate three types of
writing, further research is necessary to determine its psychometric properties (Graham &
Weintraub, 1996).
Despite such criticism, the TOLH scale was used to study the relationship between writing styles
(manuscript, cursive, mixed-mostly manuscript and mixed-mostly cursive), writing speed, and
readability (Graham et al., 1998). To improve the reliability of the study results, the evaluators
participated in a training workshop. The results indicated that students who combined slanted
manuscript with cursive handwriting had the most fluent writing. However, no differences were
found between the readability of passages written in either of the styles. In another study based on
the TOLH, Simner (1996) examined its ability to identify children at risk during the first years of
school. The assumption was that illegible handwriting is related to the general level of learning
performance of the child. Results of handwriting samples evaluated by the TOLH were correlated
with CIBS (Comprehensive Inventory of Basic Skills; Brigance,1983) achievement scores and their
subsequent reading, spelling, and arithmetic performance in second grade. In the light of these
results, Simner (1996) concluded that it is possible to use the TOLH to identify children at risk for
future learning disabilities. In a recent study the TOLH was used by classroom teachers to select
experimental groups of poor and proficient handwriters for research (Graham & Weintraub., 2001).
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The Evaluation Tool of Children’s Handwriting (ETCH) (Amundson, 1995) was
developed by an occupational therapist for the purpose of evaluating the readability and writing
speed generated on written tasks that are similar to those expected in the classroom. One part of the
tool tests manuscript (print) writing (ETCH-M) and the other tests cursive handwriting (ETCH-C).
The time needed to administer each part of the ETCH is 20 to 30 minutes (Shneck, 1998). The
writing tasks include writing upper-case and lower-case letters from memory, writing numbers
from memory, copying a near-point text, copying a text from a distance, dictation and composing a
sentence.
Scoring focuses on overall readability, writing speed, component features of readability, and
bio-mechanical aspects of writing. The evaluator counts and scores occurrences of various
readability components (such as shape, size, and spacing). The mechanical aspects of the child’s
writing, such as pencil grasp, pencil pressure, and in-hand manipulation, are observed during task
performance and noted on the evaluation sheet (Diekma et al., 1997). Evaluators, designated to be
professionals in health and education, are expected to practice the scoring procedures described in
the instruction manual. They are required to achieve scoring competency on the trial tests in the
manual before attempting to score children’s performances in the practice setting (Amundson,
1995).
The inter-rater reliability studies for the ETCH completed by the test developer showed
moderate to high results for different parts of the ECTH-M and the ECTH-C (see Table 1)
(Amundson, 1995). Test retest reliability for readability, according to studies of the ETCH –M that
were conducted on 1st and 2nd grade children, was moderate (see Table 1) (Diekma et al., 1997).
These results did not demonstrate that the ETCH scales had better reliability than previous scales, a
disappointing finding for its authors (Alston, 1983; Phelps et al., 1988; Stott et al., 1984; Zivizni &
Elkins, 1984). However, Shneck (1998) points out that in contrast to the reliability studies done for
prior assessment scales, the ETCH-M was researched among children who have handwriting
difficulties, which would tend to reduce its reliability (Diekma et al., 1997). On the other hand,
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Shneck asserts that since it is based on global readability, the ETCH method is, in fact, a subjective
evaluation. Diekma et al (1997) suggests that therapists take into account the limited reliability of a
writing assessment tool (i.e. its subjectivity and absence of studies applicable to children with
handwriting difficulties) when planning to use it for assessing the efficacy of treatment. In fact, no
significant relationship was found between the ETCH scores and teacher questionnaire scores in
either general legibility or task–specific legibility (Sudsawad et al., 2001). Thus, it has been
suggested that further changes for scoring criteria may be warranted before the ETCH scores can be
considered to be related to actual performance in the classroom as determined by teachers
(Sudsawad et al, 2001).
The writing speed and readability of 372 typical children aged 7-14 years in Australia was
measure by Ziviani’s and Watson-Will’s scale (1998). Unlike the methods they used previously
(see above, Ziviani & Elkins, 1984) this scale evaluates the global readability of handwriting,
measuring the written product on a seven point scale. No significant differences were found
between boys and girls in mean writing speed. However, the readability of the girls’ handwriting
was significantly better than that of the boys. A low correlation was found between writing speed
and readability (Ziviani & Watson-Will, 1998). Reliability studies were not found in the literature.
In summary, during the past 25 years a wide variety of analytic and global handwriting
evaluation scales have been developed in an attempt to find an optimally reliable and practical
method of assessing handwriting. The next section presents a discussion of the relative merits and
limitations of the different methodological approaches that were used.
Methodological issues related to analytic and global handwriting evaluations
From the historical review presented in the first section of this paper, the consensus of opinion
among most handwriting evaluation developers is that general readability is an important factor in
judging the quality of the written product. Similarly, there is agreement among the authors of
analytic handwriting scales regarding the main qualitative criteria by which writing readability
should be judged (size, slant, spacing, shape, general merit) (Bruinsma & Nieuwenhuis, 1991).

21 Product and process handwriting evaluation- Rosenblum et al.

However, there exist many methodological variations between the scales in terms of factors that
may affect students’ outcome scores. These factors include the nature of the handwriting
assignments, instructions given to the examinees, writing accessories, specific assessment criteria
and methods of measuring handwriting speed. Handwriting scales also differ as to the extent of the
investigation into their psychometric properties and the applicability of the scales to different
populations. Finally, scales often differ with regard to the type of evaluator, sensitivity to variability
in personal writing style, practicality of the evaluation’s administration, the nature of the examinees
involvement in the process and other varied performance factors that may influence test outcome.
This section includes a discussion of these factors and describes how they may impede progress in
the development of a maximally reliable and effective handwriting assessment tool (Bonney, 1992;
Graham, 1986; Rubin & Henderson, 1988).
The evaluator: Most of the assessments do not specify who is certified to administer them, whether
it be a teacher, a therapist, or student’s self-assessment, nor what preparation is required prior to
performing the evaluation (Daniel & Froude, 1998). Moreover, precise instructions concerning the
administration of the assessment are sometimes missing (e.g., Stott et al., 1984). In addition, it is
not always clear whether the evaluator is expected to practice using the tool prior to its
administration. These factors may significantly affect a student’s score. The ETCH-M is an
example of an evaluation in which researchers required high standards of evaluator preparation
prior to actual administration (Diekma and Amundson’s, 1997). Only in two of the tests that were
described in this paper was it specified that evaluators should practice on writing samples
(Amundson, 1995; Riesman, 1991; 1993). Different studies have found that teachers who have
experience in administrating a particular test tend to have a more reliable judgment of writing and
that the evaluator may respond, consciously or unconsciously, to different criteria (e.g., letter shape,
size) (Feldt, 1962; Otto & Askov, 1962). According to Graham (1986), the evaluator’s familiarity
with the purpose of the tool may affect the severity of the assessment. The combination of a lack of
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precise instructions together with lack of practice in using the tool raises doubts regarding the
reliability of evaluators who are not part of the research team (Graham et al., 1989).
The grading of assessment criteria: Discussions regarding which criteria constitute the critical
components of handwriting readability, as well as how to measure them, are still ongoing (Bonny,
1992; Daniel & Froude, 1998; Graham, 1986; Phelps et al., 1985; Reisman, 1993; Rubin &
Henderson, 1982). Although there is great variability in the definition of “readability,” most
researchers accept the criteria of size (height, width); slant; spacing (spaces between letters/words);
the degree of line-straightness; shape (letter form and shape); and the general merit of the writing
(Bruinsma & Nieuwhuis, 1991; Mojet, 1989). However, the grading scales for each criterion are
different from one assessment to another. Ambiguous grading of criteria may result in a lack of
scale reliability.
Furthermore, the importance of each criterion and which combinations of criteria best produce
readable handwriting remain unclear (Graham, 1986). For example, letter formation, defined by
Forsma (1988) as the way in which letters are made, is one of the criteria considered in most
evaluations (e.g., Alston, 1983; Rubin & Henderson, 1982; Ziviani & Elkins,1984). Yet, different
scales evaluate this criteria differently. In the BHK scale, the evaluator needs only to check “yes”
or “no” in response to questions relating to general letter forms (i.e. collisions of letters,
inconsistent letter size or correction of letter forms). In Rubin & Henderson’s (1982) scale, letter
formation is judged on a 4-point scale. In comparison, Ziviani and Elkins (1984) give exact
specifications to determine the accuracy of each letter. Graham, Weintraub, and Berninger (2001)
reinforced the importance of measuring letter legibility. They found that letter legibility made a
significant contribution to the prediction of text legibility, after all other predictor variables were
controlled for. They also found that a small number of letters accounted for a large proportion of
the overall legibility. Therefore, it seems that although authors unanimously agree that letter
formation is a legitimate criterion relating to overall legibility, it is difficult to compare legibility
data from different evaluations since most authors describe different ways of measuring it.

23 Product and process handwriting evaluation- Rosenblum et al.

Moreover, no data are available on the age-related performance of children regarding legibility
criteria features (Hamstra-Bletz & Blote, 1990).
The assignment: The existing scales do not consider the effect of the complexity of the
handwriting assignments on test outcomes, nor do they specify the rationale underlying their choice
of handwriting assignment (Ziviani & Watson-Will, 1998). Various levels of task complexity can
be seen from the following examples of tasks that are used in different evaluations. Some tools give
a variety of assignments, such as copying shapes, letters and words (Ziviani & Elkins, 1984).
Others ask the child to copy a paragraph (Erez & Parush, 1999; Hamstra-Bletz et al., 1987; Phelps
et al., 1985; Rubin & Henderson, 1982), to write a paragraph according to dictation or to write
letters and/or numbers from memory (Amundson, 1995; Erez & Parush, 1999). In yet another
approach, children are asked to write a 20-minute essay about their favorite person (Alston, 1983).
What was the rationale of the various test developers for making their choice of assignment task?
Was the tool specifically constructed so as to test writing acquisition according to the
developmental sequence, to fit the assignment to the ones required in school or as a result of some
other rationale? For example, test developers who specified the assignment of copying a passage
containing 57 words (Rubin & Henderson, 1982), did not provide an explanation as to the choice of
assigning exactly 57 words.
These issues are important in the light of research indicating that the type of assignment affects
the performance outcome. Researchers have found that people write differently when asked to
copy as opposed to when they are asked to write creatively (Lewis, 1964). Moreover, writing can
be affected by the individual meaning that the assignment holds for the writer (Graham, 1986).
Task parameters have been shown to be very significant in clinical and educational settings where
children who have been observed to succeed in short writing assignments (words, sentences) fail to
complete longer assignments (paragraphs) or, may succeed in copying tasks but not in dictation
tasks (Melvin & Levine, 1993).
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The instructions: Different handwriting scales specify the use of different types of instructions for
completing the writing assignments. A child may perform differently when asked to “write as
quickly as possible without stopping for corrections” (Ziviani, 1984; Ziviani & Watson-Will,
1998), “write as you usually do when you try to write well” (Reisman, 1993), or “write as you are
used to” (Erez & Parush, 1999; Phelps et al., 1985). It is possible that the nature of the instructions
and even the way in which the child with difficulties perceives them in view of past experience
with writing (e.g., fear or frustration) may have an effect on an individual’s handwriting
performance.
The writing accessories/format: In some assessments, the child is asked to write on unlined paper
(Phelps et al.,1985; Rubin & Henderson, 1982) and in others, on lined paper (Alston, 1983; Erez &
Parush, 1999). According to Phelps and Stempel’s (1988) the rationale for using unlined paper in
the CHES-M, is because this format enables the younger students to arrange the letters and words
in an unstructured manner in the space. The decision to use unlined paper was based on previous
studies in which it had been found that younger children write more legibly on a page with no lines
(Hackney et al., 1973; Lindsay & McLennan, 1983). However, contradictory results can also be
found in the literature. Burnhill et al.(1983) and Krzensi (1971) showed that the quality of writing
on unlined paper was inferior to that done on lined paper. Moreover, young schoolchildren are
used to writing on lined paper .
The effect that writing on different types of paper has on handwriting was also the subject of a
study by Trap-Porter et al. (1983), who found that not only does the presence or absence of lines
affect handwriting quality but the width of the line affects quality as well. These researchers found
that letters written with a wider line (1.11cm) were more accurate than those written on paper with
ordinary line width (0.5 cm). It is possible that the different findings regarding paper format are the
result of the children’s ages or the specific assignments given to them. Regardless of the reason,
most of the assessments lack a description of the rationale for giving a page with or without lines,
and no consideration is given to the way in which the child is used to writing at school.
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Another factor that is not specified to in many handwriting assessments, is which writing tool
(pen or pencil; the one the writer is used to or another one) should be used for the handwriting
assignment. Most assessments that do specify the writing tool, request that pencils be used. In
some assessments, sharpened pencils are required (Diekma & Amundson, 1997; Phelps et al.,
1987), whereas in others children are permitted use their personal pencils (Alston, 1983). Most of
the assessments do not specify whether the child is allowed to use an eraser. Diekma and
Amundson (1997) indicated that the pencils given to the children should be equipped with erasers.
However, this approach is not universal. Erez and Parush (1999) emphasized that the children
should not have an eraser during the assessment. Common sense dictates that the presence or
absence of an eraser during the assessment may affect the amount of time taken to perform
handwriting tasks as well as the degree of readability of the written product.
Variability in personal writing style: Individuals tend to develop their own personal writing
styles. In fact, a person’s handwriting may change from one day to the next or even within the
same written passage (Herrick, 1960). Assessment scales that are not sensitive enough to personal
or developmental changes in the individual’s handwriting may result in children being falsely
judged as having handwriting difficulties. Yet, none of the authors of the scales described in this
paper discussed whether they had considered this issue or whether they had found a resolution to it
in the scale that they developed.
Consideration of performance factors: Most of the assessment scales measure handwriting
quality according to set criteria that were defined by their developers. Unfortunately, only two
scales (Erez & Parush, 1999; Stott et al., 1984), are designed to alert the examiners to behaviors
commonly observed among poor writers, such as stress, fatigue, or the tendency to take frequent
breaks while writing. The observation and subsequent documentation of such behaviors occurring
as the child is writing may give the evaluator additional important information regarding the child’s
handwriting process.
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Practicality of administration: In order for the scale to be useful either in the educational system
or for research purposes, it should require as little time as possible for administration and scoring.
From the description of handwriting scales’ development it appears that the desire of researchers to
produce a scale that was both brief enough to be efficient and objective enough to satisfy reliability
requirements, posed a continuing dilemma. The first approach, attempted by Ayres (1911) and
Thorndike (1910), was to produce a handwriting scale that could be quickly scored by obtaining an
overall impression of handwriting quality. This approach proved to be subjective and lacked
sensitivity (e.g. Ayers, 1912; Thorndike, 1910). A more refined approach to scoring was that used
in a handwriting tool in which graded writing samples were provided to be compared to written
samples submitted by students (Herrick & Erlebacher, 1963). However, this method proved to be
too impractical for use in schools (Herrick & Erlebacher, 1963). Recently, Erez and Parush (1999)
developed an evaluation in which a calibrated measuring device is used to obtain precise
measurements of spatially related data - a relatively time consuming process. In fact, no
satisfactory solution has been found as yet to satisfy the demand for both efficiency and accuracy in
the collection of quantitative handwriting data. As a result, the evaluation of handwriting in the
schools is most commonly accomplished through teacher observations (Stowitschek et al., 1987).
Reliability and validity: An important limitation of any assessment tool is a lack of research into
its psychometric properties. Many of the existing handwriting tools are limited in this respect. Some
of the scales that give scores based on the comparison of a sample of a student’s handwriting to
previously graded samples do not provide [remove: graded writing] samples representative of the
entire range of handwriting performance, nor do they include samples representative of the worst
and of the best writers. Moreover, most tests make no reference to different subgroups of writers
(e.g., boys versus girls), although this may have an effect on the assessment.
For those scales for which inter-rater reliability or test-retest reliability have been checked,
results indicate a very wide range of values (.44 to .98) (Alston, 1983; Hamstra-Bletz & Blote,
1990; Phelps et al., 1985; Ziviani & Elkins, 1984), indicating that not all of the scales are
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sufficiently reliable. Moreover, scales with reliability coefficients as low as .44 and thereabouts,
should not be used for decisions regarding a student’s handwriting status (i.e., deficient or
adequate).
The situation regarding the proven validity of scales is even less satisfactory (see Table 1). For
many scales, no validity studies have been conducted at all. Some of the scales were used only with
typical children and not with those who have difficulties, for whom the tools were actually
intended. The results of the studies raise questions regarding the validity of the writing assessment
tools and stress the need for development of a more reliable and valid assessment tool (Daniel &
Froude, 1998).
Applicability of the scales to different populations
A review of the literature demonstrates that a number of handwriting scales have been developed
for which no further research has been conducted (e.g. Alston, 1983; Helwing et al., 1976; Phelps et
al., 1985; Rubin & Henderson, 1982; Stott et al., 1984; Ziviani & Elkins, 1984). The two scales
receiving the most thorough investigation are the TOLH (Larsen & Hammil, 1989) and the BHK
(Hamstra-Bletz et al., 1987). Results of inter-rater reliability studies performed by members of the
TOHL research team, is high. In addition, they were determined to be sensitive enough to assess the
handwriting of children with difficulties, testing the relatedness between writing style and
readability, and identifying children at risk (Graham et al., 1996; Graham et al., 1998; Simner et al.,
1989).] Extensive research into the psychometric properties of the BHK (Hamstra-Bletz & Blote,
1990, 1993; Hamstra-Bletz et al., 1987) indicate that it is sensitive enough for assessing
developmental changes, identifying dysgraphic children, identifying the secondary effects of
chemotherapy and determining the efficiency of physiotherapy treatment (Blote & Hamstra-Bletz,
1991; Hamstra-Bletz & Blote, 1990, 1993; Reinders-Meseselnik et al., 1996; Smitz-Engelsman et
al., 1996).
Student involvement: An element that is not emphasized enough in many methods of handwriting
assessment relates to the writer’s involvement in his or her own handwriting evaluation. Bruinsma
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and Nieuwenhuis (1991) wrote that the writer’s responsibility for his/her own written product must
be stressed. The researchers recommend that students be taught to evaluate their own handwriting
even at the initial stages of writing acquisition. They suggest that self-assessment would encourage
students to improve their handwriting and to become aware of changes. Studies indicate that
students can be effective evaluators of their own academic product (Stowitschek et al., 1987).
Children can be taught how to successfully document, evaluate and correct their own handwriting].
However, in order for students to assess their own handwriting, defined objective criteria and scales
are needed (Moxley et al., 1990). Unfortunately, the possibility of self-assessment is not mentioned
in any of the writing assessment scales described in this review. It is not clear if this is due to the
researchers’ lack of awareness of the educational value afforded by self-assessment, or to their
belief that evaluation requires professional experience. Bruinsma & Nieuwenhuis (1991)
performed a study examining self-assessment. The researchers asked students to evaluate their
handwriting according to five defined criteria: slant, size, space, shape, and general look. Many of
the students (51%) were not satisfied with different aspects of their handwriting (e.g., slant, general
appearance), although it was globally legible according to the handwriting evaluation score. The
researchers concluded by emphasizing the importance of the writer’s self-awareness as to the
character of his handwriting as a basis for quality improvement. This appears to be an issue that
warrants further development and research.
Writing speed measurement: Functional writing should be both legible and be performed in a
reasonable amount of time. Therefore, many handwriting evaluations include a segment that
determines writing speed. However, different writing tools demonstrate considerable variation as to
how writing speed is measured. Typically, speed is calculated either by recording the amount of
time required to write a specific text or the amount of text reproduced within a specific time period.
Some evaluations test speed based on the number of letters written in a minute (Rubin &
Henderson, 1982), others in two minutes (Phelps et al., 1985; Ziviani & Elkins, 1984), and still
others in five minutes (Hamstra-Bletz et al., 1987). Furthermore, studies done in different countries
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to determine handwriting speed (number of letters written per minute) yielded results that are not
uniform (Table 2). This disparity may be attributed to the different approaches used to teach writing
internationally and differences in letter forms. Alternatively, the inconsistency between writing
speed measurements may also reflect the variability in methodological factors, such as those that
have already been described in this section of the paper in some detail (i.e., differences in the type
and duration of writing assignments, the time needed to perform it, the writing accessories used, the
evaluator or the instructions given to children on how to perform it). What follows are examples
that demonstrate different approaches used to measure handwriting speed in different scales. Ayres
(1912) asked children to copy a passage until it became familiar to them and then to write it from
memory. Groff (1961), in an attempt to have the assessment procedure resemble the handwriting
demands in real life, had children read a passage until they were familiar with all the words and to
then write it. In contrast, Ziviani and Elkins (1984) asked children to copy the phrase ‘cats and
dogs’ as quickly as possible on lined paper for two minutes, whereas Phelps et al. (1985) asked
children to copy a passage on unlined paper, at their own usual pace, for two minutes. In a
longitudinal study performed with children in Germany, subjects were requested to copy a sentence
at their usual pace for five minutes (Hamstra-Bletz and Blote, 1990). In contrast, Wallen et al.
(1996) asked children to copy a sentence (The quick brown fox jumps over the lazy dog) “as
quickly as you can, but as organized as you can” on a lined page for three minutes. In an
assessment tool developed for the Hebrew language (Erez & Parush, 1999), children were asked to
copy a 30-word passage and to write a passage dictated to them. Finally, Sasson et al. (1986) gave
children two different sets of instructions: first, to write at their usual writing pace, (“U” in Table 2)
and then, to write as fast as they can: (“R” in Table 2).
In the light of the variability of methods used by the various scales, it has not been possible
to compare their findings relative to age expected handwriting speed, despite the large sample sizes
used. In fact, the only clear tendency observed from the results is that performance speed increases
with age.
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Another weakness of the rate studies is that subjects’ gender is not reported, despite the fact that
writing speed between boys and girls was found to differ by several researchers (Groff, 1963;
Ziviani & Elkins, 1984). Results of some studies (Cohen ,1997; Ziviani ,1996) indicate that boys
write faster, whereas others (Dutton, 1990; Ziviani, 1984) indicate that girls write faster. Results of
yet another study found that between the ages of 7-10 years, girls write faster and that at age 11,
boys write faster (Ziviani & Watson-Will, 1998). Despite these inconsistencies, these studies
indicate that gender is another significant factor impacting writing speed.
Summary of methodological issues
The above review of the methodological issues to be considered in the construction of
handwriting evaluation tools gives rise to a multitude of questions and pinpoints directions for
future research. The variability of the studies that have been conducted thus far limits comparisons
of the results, a comparison that would have enabled the development of an information database
about handwriting characteristics, such as handwriting legibility and speed of children of various
ages. Such a database would be a useful source of information against which researchers and
educators could compare the handwriting of children with handwriting difficulties at some future
point in time.
It is important to note that the scales developed thus far relate to the written output and not
to the process of handwriting performance, although the latter may yield valuable information
about the characteristics of the writer’s handwriting. For the purpose of this article, writing output
refers to the handwriting product that can be analyzed by analytic and global type evaluation scales.
In contrast, the examination of the handwriting process refers to the computerized measurement and
analysis of a different set of variables, such as time, space and pressure, during the time in which
the child is actually performing a writing task. Research concerning the features that distinguish the
handwriting processes of children in general, and of children with difficulties in particular, is still in
the early stages. In the following section, a brief review of studies designed to analyze the
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handwriting processes of children with handwriting difficulties is presented, as well as a discussion
of new avenues of research that have been initiated as a result of technological developments.

Future Directions: Investigating the Handwriting Process of Children with Difficulties
Handwriting is a multilevel process consisting of numerous, concerted actions of the cognitive and
motor system of which the final, static outcome, cursive script, is the result (Van Galen, 1991; Van
Galen & Morasso, 1998; Shomaker & Van Galen, 1996). In general, studies of dysgraphia have
been conducted from a descriptive, product-oriented approach, and the application of the results of
handwriting evaluation, notably in educational settings, is often based on the static final product
without reference to the underlying source of the difficulty (Bruinsma, & Niewenhuis, 1991;
Hamstra-Beltz & Blote, 1993; Longstaff & Heath, 1997). The development of computerized
technology over the last twenty years has made it possible for researchers to examine handwriting
in a whole new light, enabling the quantitative measurement of the handwriting process instead of
relying solely on the assessment of the written product alone. This switch in orientation is
appropriate since handwriting is a highly dynamic process (Longstaff & Heath, 1997).
Analysis of the handwriting process is accomplished through the use of a digitizing tablet, an
electronic surface which, when used in tandem with a special pen and computer, allows for the
recording of the “x” and “y” coordinates of the pen on the paper. Such recordings enable the
investigation of the spatial and temporal features of handwriting in real-time. Sensors located in the
pen record the pressure used by the writer while writing. As with any skilled performance, the
production of legible handwriting requires movement patterns that can be reproduced with little
variability in time and space (Longstaff & Heath, 1987). Since a skilled movement is characterized
by precise organization in time and space, as well as by appropriate force regulation, documentation
of the spatial, temporal and pressure measures while writing supplies important information about
the degree of handwriting proficiency.
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Applications of technologically driven research into handwriting began with Teulings and
Thomassen’s (1979) study outlining advanced techniques for the recording of handwriting.
Research in recent years has emphasized the handwriting process of adults (e.g., Alimi &
Plamondon, 1996; Rogers & Found, 1996; Teulings, 2001; Van Galen et al., 2001). In contrast, less
research exists in relation to the handwriting process of children in general, and of children with
difficulties, in particular (Wann & Kardirkamanathan, 1991). Until recently insufficient attention
was given to the diagnostic potential of computer analysis in identifying the handwriting
characteristics of children with handwriting difficulties.
The initiation of computerized research on the analysis of the handwriting of children with
difficulties first arose from the investigation of handwriting as a protocol for research on basic
aspects of motor control. The researchers using this approach reasoned that skilled handwriting
requires a high level of control in both time and space (Graham & Weintraub, 1996; Wann, 1987).
As a result of the work of these motor control researchers, it became apparent that the handwriting
process of children with difficulties differed with respect to the process of typical children in terms
of specific spatial and temporal characteristics. For example, Wann (1987), who based his study on
Hay’s (1979) three movement categories - ballistic, step, and ramp - indicating levels of movement
control/maturation, found that children who have handwriting difficulties tended to use less mature
movement patterns, and relied less on visual feedback. Furthermore, their ability to regulate force
appeared to be decreased.
Van Galen et al. (1993) also found evidence of immature movement control among poor
handwriters, which the authors expressed in terms of “movement noise” or “neuro-motor noise” in
referring to the children’s lack of movement precision and consistency. These researchers suggest
that this so-called neuro-motor noise is a dynamic influence on the spatial variability of movement
(Smits-Engelsman, Van Galen, & Shoemaker, 1998). Results of this study presented no surprise to
the researchers: poor writers got higher absolute scores of “neuromotor noise” as compared to
typical writers, utilizing faster movements and larger movement beats (Van Galen, et al, 1993).
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Moreover, poor handwriters were less successful in adapting the level of noise to the variable
spatial accuracy demands of the tasks. The findings of Van Galen et al (1993) seem in keeping with
those of Smits-Engelsman et al. (1995), who found that poor handwriters fail to make fine
adaptations to the spatial demands in motor tasks. This may be due, in part, to deficiencies of the
muscular initiation process, or it may be that due to their difficulties in muscular initiation, poor
handwriters are less effective in the management of the natural neuro-motor noise in their motor
control system (Smits-Engelsman et al., 1998). Regardless of the underlying cause, the research of
Van Galen et al. (1993) and of Smits-Engelsman et al. (1995) provided the scientific community
with objective evidence that the handwriting process of children with poor handwriting differs from
that of typical children, and can be characterized on the basis of its lack of precision in time and
space.
More specific cues regarding the spatial characteristics distinguishing the handwriting of
children with handwriting problems from that of typical children, was obtained from a study
performed by Smits-Engelsman et al. (1994a). The aim of this study was to relate writing problems
to one of the three psychomotor processing stages of the Van Galen handwriting model (For more
details see: Smits-Engelsman et al., 1998; Van Galen, 1991; Van Galen & Teulings, 1983). The
results of this study were unexpected; there was no evidence that poor handwriters had specific
problems in either letter form retrieval or in size control. Further, there were no signs that
handwriting performance problems were related to cognitive ability. Instead, the study findings
indicated that the primary distinguishing factor among the poor writers was the increased number of
spatial errors that they made, and their apparent failure to accommodate for the spatial accuracy
constraints of the experimental handwriting tasks. The contribution of this study cannot be
overstated; it implies that poor movement control among this group of poor handwriters was
manifest primarily as a result of deficiencies in spatial accuracy.
In order to further investigate performance proficiency for different task parameters, SmitsEngelsman et al. (1994b) conducted another study one year later on eight poor and eight proficient

34 Product and process handwriting evaluation- Rosenblum et al.

handwriters from the previous study’s sample groups. The participants viewed a series of letters on
a computer monitor and copied them individually onto a digitizing tablet. This stimulus was varied
according to the type of letters ( i.e., garlands or arcades), sequence of types of letters and the size
of the space in which the children wrote. The results showed that improvements in the writing of
poor handwriters lagged behind that of the proficient handwriters. Specifically, poor writers made
relatively more overshoots (lines extending beyond available space) in the larger letter condition
and more undershoots (lines not reaching the limit of available space) in the smaller letter
condition. The researchers found that the proficient writers showed fairly consistent improvement,
whereas the poor writers did not catch up, nor did their performance improve much in that one-year
period (Smits-Engelsman et al., 1998). These results confirm that the one of the most important
characteristics of poor handwriting is the difficulty that children have in controlling spatial
accuracy. However, an additional contribution of this study was to show that the spatial inaccuracy
problems that contribute to the poor handwriting of children persisted over time.
The researchers conducted a longitudinal study to confirm their results regarding the persistence
of such problems over time (Smits-Engelsman & Van Galen, 1997). They selected 48 pupils on the
basis of their handwriting proficiency (24 poor writers and 24 proficient writers), from Grades two
to four (mean age = 9.1 years) in ten different elementary schools spread throughout the
Netherlands. The children were asked to write letter strings of varying complexity, related to motor
control demands (shape, size, and accuracy) and a representative sample of 16 participants (8 poor
writers and 8 proficient writers) were re-tested again after a one-year period. Outcome measures
included the number of overshoots and undershoots, total movement/writing time, writing
dysfluencies, stroke curvature and “neuromotor noise”. The results indicated that poor handwriters
had significantly less stroke curvature and significantly more overshoots, undershoots, and
neuromotor noise than the proficient handwriters. Handwriting size was also significantly different,
with the proficient group writing 10% smaller then the poor writers. In summary, the findings of
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this study provide support for the view that poor psychomotor skill, including handwriting
performance, persists in children over time.
Smits-Engelsman and Van Galen’s (1997) finding that movement time and writing dysfluencies
do not distinguish between poor and proficient handwriters contradicts the results of other studies
that examined the temporal aspects of the handwriting process (Shoemaker et al., 1994; Shoemaker
& Smits-Engelsman, 1997). For example, in one study, the spatial accuracy of clumsy children who
had poor handwriting was compared to that of a control group in a task requiring them to copy
figures of different levels of complexity (Shoemaker et al., 1994). Although the researchers were
not surprised to find that clumsy children showed a significantly higher incidence of spatial
undershoots and overshoots, no differential speed/accuracy trade-off was found. That is, despite
the inferior quality of their handwriting, the movement patterns of the clumsy children were also
characterized by greater number of dysfluencies and longer pause durations. The researchers
concluded that the clumsy children used a different movement strategy from that of the other
children and suggested that these pauses were utilized for additional programming of movements.
In other words, it may be that clumsy children only manage to process the global aspects of a task
during the reaction time interval and postpone further programming until the execution phase
proper. It is this serial processing strategy which appears to disrupts the fluency of movement.

Shoemaker & Smits-Engelsman (1997) compared dysgraphic children who had no gross
motor problems to dysgraphic children who had generalized motor problems. They used both a
handwriting evaluation (BHK - Concise Evaluation Scale for Children’s Handwriting) to measure
the quality and speed of handwriting as well as a drawing task performed on a digitizer to measure
the handwriting kinematics.The researchers found that both groups of dysgraphic children drew
more slowly and with elongated pause intervals between strokes in comparison with the control
group.
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As a result of their investigations of the handwriting process in poor versus proficient
handwriters, Smits-Engelsman et al. (2001) hypothesized that poor handwriting is part of a wider
neuro-motor condition characterized by faster and cruder movements, lack of inhibition of comovements and poor co-ordination of fine motor skills. To test their theory, they collected digitizer
based data regarding kinematic measures of drawing movements of poor writers in the 4th and 5th
grades using the flower-trail drawing item of the M-ABC test as the research task (Henderson &
Sugden, 1992). They found main effects for the groups regarding their movement time (time
needed to complete the figure) and movement velocity while drawing. The poor writers finished the
drawing task in less time (p<.025) and they also used a higher movement velocity. The results
demonstrated a non-significant tendency for proficient writers to spend, on average, more time
pausing above the paper with the digitizer pen. Differences were not found for pen pressure, nor for
the number of times the pen was raised.

The use of computerized temporal and spatial measurements in evaluating handwriting
performance
The possibility of reliably evaluating handwriting through the use of spatial and temporal
measurement of the handwriting process was examined in a study performed on adults who were
poor handwriters (Longstaff & Heath, 1997). These investigators employed the temporally
sensitive techniques of the digitizer to investigate the relationship between spatial (i.e. legibility)
and kinematics (i.e. dynamic) aspects of handwriting production of poor adult handwriters.
Subjects were asked to write a pseudo-word 10 times on the digitizer, and the spatio-temporal
variables were analyzed both between trials and within subjects using coherence analysis. Subjects
previously rated as proficient handwriters by three independent judges displayed a greater degree of
temporal consistency than did the less proficient writers. Thus, these results, indicating that spatial
inconsistencies are related to dynamic variability, also seem to suggest the possibility that the
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methodology employed can be useful as a tool for the quantitative assessment of handwriting
quality.
The diagnostic potential of computer analysis in identifying children with handwriting
difficulties has also been studied. Wann and Kardirkamanathan (1991) selected 16 children with
handwriting difficulties and 16 children who write well according to the scores that they received in
the writing assessment developed by Rubin and Henderson (1982). The study protocol required
that the children write separate letters (w, a) and a sequence of letters on a digitizer. Wann and
Kardirkamanathan (1991) found that the handwriting of the children with difficulties was
characterized by a lack of continuity when writing a sequence of letters, as well as by variability in
the orientation of the main characters of the letters when writing each letter separately. Similar
results were also found in a study conducted by Mojet (1991) on children in grades three to six in
Germany.
A comparison of the writing process parameters of children with and without handwriting
difficulties, and children diagnosed as having dyslexia was performed by Sovik, Arntzen and
Thygesen (1987a; b). The subjects were chosen based on their reading and spelling abilities; 70%
of them were boys. Different kinds of graded tasks were given to the children for a deeper
understanding of the cognitive and psychomotor aspects of children’s spelling and writing
performance.
The uniqueness of these studies is the rationale underlying the construction of the different
assignments - their structure, their complexity, and the way in which they were introduced to the
children (i.e., writing text that has been memorized versus text that has been dictated). The tasks
included were brief; only different words (Sovik et al., 1987a) and letters were presented (Sovik
1987b). In both studies, the measures of handwriting performance were the total time of
handwriting task performance, the number of spelling errors and a variable which Sovik et al.
(1987a,b) defined as “accuracy”. The accuracy variable was measured according to three
parameters: the overall time of stops during the performance, the maximal absolute writing speed
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(mm/sec) of each of the items, and the average height of the assignment’s items. Results showed
that when comparing “accuracy” scores, the time of performance, and the spelling errors of the
three groups, the children without handwriting difficulties were found to have the best scores and
the dysgraphic children performed worse then the dyslexic children on all variables, except for that
of writing duration (Sovik et al., 1987a)
In a second study, Sovik et al. (1987b) found that the dyslexic children wrote more slowly than
the other groups of children and their average score of writing mistakes was the highest. The
dysgraphic children had the lowest score of “accuracy” in writing and rhythm. The main
characteristic of the third grade dysgraphic children found in Sovik et al ‘s (1987a,b) studies is that
their handwriting was less “smooth” than the writing of their peers. Consistent differences in the
amount of time these two groups spend when pausing as they write, though, have not been
obtained.
Wann and Jones (1986) compared the writing performance of Australian children who write
well with that of children who have difficulties. They focused on aspects of time and space during
movement. They asked children to copy a letter/word that was written at the beginning of every
line. The children were given the opportunity to practice until they felt confident about the
shape/size required in each assignment. Wann and Jones (1986) found that children with
difficulties took intermissions (e.g., pauses) at greater frequencies and for longer periods of time in
comparison to their counterparts when writing letters. In contrast, they did not find that poor writers
paused more often and for longer periods of time than good writers when writing letters (Graham &
Weintraub, 1996), as was the case in the second study by Sovik et al (1987).
Another interesting finding concerns the variability of handwriting speed during the
performance of a writing task (Wann & Jones, 1986). Although the data suggests that the overall
performance speed of children with handwriting difficulties does not differ significantly from that
of proficient handwriters, Wann & Jones (1986) noticed that for individual children with
handwriting difficulties, writing speed showed significantly more variability during writing
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performance than among the controls. The researchers suggested that the degree of variability in
handwriting speed and in the duration of intermissions (e.g., pauses) during handwriting
performance are the best indicators of writing difficulties, even more so than the overall time of
performance or the number of intermissions taken during it.
Methodological issues related to computerized studies of handwriting difficulties
The computerized studies described above discuss different ways of defining and measuring
digitizer data. Instructions and assignments vary widely as do the definitions of criteria for
measuring handwriting proficiency. In most studies, the researchers have focused mainly on the
writing of letters and words (Smits-Engelsman et al., 1994a, Smits-Engelsman, & Van Galen, 1997
; Sovik et al., 1987b; Van Galen et al., 1993; Wann, 1987; Wann & Jones, 1986; Wann &
Kardirkamanathan, 1991), sometimes at different levels of complexity. What is conspicuously
absent is the use of a computerized system to investigate the handwriting process used for text
lengths that approximate those typically required of children at school and at home, using methods
similar to those that have been developed for handwriting product evaluation. Sovik, Arntzen,
Samuelstuen and Heggberget (1994) note that in functional writing (text production), the properties
of the writing tasks (the words) can be expected to affect the process as well as the product of the
handwriting performance.
Another limitation of the computerized studies involves the small sample sizes (as for example
the 24 poor and 24 proficient writers studied by Smits-Engelsman & Van Galen (1997) and by Van
Galen et al. (1993), especially in comparison to the large samples used for studies done on
handwriting product scales. Hence, attempting to generalize results of process studies to the entire
population of poor writers is problematic, and the fact that contrasting results were found between
studies (e.g. Sovik et al., 1987a, in contrast to Sovik et al.,1987b and Wann & Jones,1986), may be
due to the small sample sizes used.
In summary, the aim common to all of the computerized studies was to show that the
differences between children with and without handwriting difficulties lie not only in the written
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products, but also in the dynamics of their handwriting performance. According to these studies,
the main temporal and spatial features that distinguish the handwriting process of poor writers from
proficient writers include less mature movement patterns with “neuro-motor noise”, various
irregularities in movement control (Smits-Engelsman et al., 1995; Smits-Engelsman et al., 1994a;
Van Galen, 1993; Wann, 1987), variability in writing time, pauses at greater frequencies and for
longer periods of time, lack of continuity and fluency (Wann & Jones, 1986; Wann &
Kardirkamanathn, 1991), failure to obey spatial constraints and lack of consistency (SmitsEngelsman & Van Galen, 1997).
One conclusion ensuing from these studies is that variables such as speed or total handwriting
performance time do not significantly differentiate between poor and proficient writers. This
conclusion seems to conflict with anecdotal evidence assumed to be true by most clinicians and
teachers.. In contrast, pauses and the temporal variability while writing are meaningful variables for
differentiating between the poor and good handwriters. These results lead to a number of questions:
What is the influence of task length on the finding that total time or speed do not differentiate
between handwriting groups? If children would be asked to perform longer tasks (such as they are
requested to do in school), would the results be different?
From this brief review of the computerized studies on the handwriting process, it is apparent that
the goal of describing the features of the writing process of children who have difficulties has been
accomplished. Unfortunately, digitizer studies to date have neglected to take the research one
logical and significant step further; relating the writing process features of children with
handwriting difficulties, to the writing products that characterize these children, as described by
clinicians and by the results of writing product assessment scales.

Conclusion
Handwriting researchers over the years were faced with significant problems in attempting
to identify poor writers in an objective and standardized manner and in differentiating between poor
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and proficient writers on the basis of distinguishing writing characteristics. Research in the 20th
century has led to several important advancements in the area of evaluation of handwriting
difficulties. As described in this article, two main directions of research have predominated. The
first direction includes the development and testing of evaluation scales dealing with global-holistic
evaluations of readability and analytic evaluations that assessed readability in relation to
predetermined criteria. The second direction consists of computerized “on-line” investigations of
the handwriting process. Yet, despite these advances, educators, clinicians and researchers continue
to search for tools that will provide greater insight into the motor, perceptual and cognitive
components underlying poor handwriting.
Each approach has its advantages and limitations. Subjective analyses of the handwriting
product, both via global and analytic methods, are readily available, inexpensive, and technically
simple to implement in environmentally friendly settings such as in the child’s classroom.
Moreover, the human mind, because of its ability to detect the “gestalt” of complex images, enables
human evaluators to attain a global impression of a writing sample’s readability. This ability has
been used routinely by teachers and handwriting evaluators, yet has not yet been successfully
automated.
Nevertheless, subjective handwriting evaluations suffer from limited accuracy, sensitivity,
and reliability. In contrast, objective digitizer-based analyses enable the documentation of
handwriting dynamics, providing data beyond that which is observable to the human eye.
Computer based analyses are more accurate, sensitive, and reliable than the subjective analyses and
much of the procedure is rapid and automated. However, the equipment and software is
considerably more expensive than traditional handwriting evaluation scales. Moreover, the tester
must make a serious effort to ensure that the instruments are organized and presented in a way that
does not encumber the child, thereby disturbing his or her ability to write in a natural manner.
Finally, as indicated above, practical applications are still limited. For example, a computer is not
yet capable of making a global decision as to the legibility of the writing product, and even simple
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operations such as the identification of the start and stop of successive characters cannot yet be
fully automated and thus still require human intervention.
A combined approach to handwriting evaluation, one that takes advantage of the strengths
of both human and digitizer based evaluation procedures, could be facilitated through greater
communication between their respective developers. Such a partnership could not only lead to the
accumulation of a richer and broader pool of information than has been available in the past – but
could conceivably stimulate the development of new ideas and improved approaches for both
researchers and individuals committed to helping children with handwriting difficulties.
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Table 1: Reliability and validity values of analytic and global handwriting scales from recent
years
Handwriting evaluation scale

Reliability

Validity

Inter-rater

Test-retest

Construct

Criterion

Alston’s evaluation scale
(1983)
BHK (Hamstra Beltz, De Bie
& Den Brinker, 1987)
CHES (Phelps, Stempel, &
Speack,1985
DRHP (Stott, Moyes, &
Henderson,1984)
ETCH (Amundson, 1995)

.64-.68

.63-.82

.58-.86

-

ETCH-M

.85-.92

ETCH-C

.53-Total numbers
.30-Total words
.97 – Total letters
.75-.79

HHE (Erez & Parush, 1999)
Minnesota (Reisman,1993)

Rubin & Henderson (1982)
TOLH (Larsen & Hammil,
1989)
“Transparent overlays”
(Collins, Baer, Walls, &
Jackson, 1980)
Ziviani & Elkins(1984)
Ziviani & Watson-Will (1998)

.76-.89

.78-Teachers
scores

.64-.82
.56-.66

.63

.99-Experienced
.77-.83 – Unexperienced
.95 –Researcher and her
assistence

.95

.95
.95

.97

.86-.97

.76-.97
_

.44-.93
_

.46-.76

.52-.76
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Table 2: Results of research into the average writing speed of children (characters per
minute)
(Erez & Parush, 1999; Graham, 1986; Tseng & Cermak, 1991; Ziviani & Watson-Will, 1998).

Freeman

Groff

Ziviani &

Phelps et

Sasson et

Phelps et

Hamstra

Wallen

Erez &

1959

1961

Elkins 1984

al., 1985

al., 1986

al., 1988

-Bletz & Blote

et al.,

Parush

1990**

1996

1999

U.S.

U.S.

810

Australia

U.S.

England

U.S.

Germany

Australia

Israel

575

1365

294

1365

127

1292

900

U

R

1

2

3

Cop*

D
ic
*

24

25

25

38

4

32
30

46

55

35

9
33

25

35

34

39

54

46

5
7

80

35

34

37

41

38

50

64

82

46

42

49

57

47

54

59

46

57

66

52

62

94

72

100

64
81

115
117

140

116
124
133

* * “1 2 3” denotes that there were three different groups.
* “Cop” denotes copying tasks and “Dic” denotes dictated tasks.
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