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ABSTRACT

The purpose of the study was to determine if a generalized motor program (GMP) exists for writing, as
has been previously reported. Beginning with a 1942 experiment by Lashley, and continuing with a 1976
(Raibert) example, writers of some motor learning texts have asserted that one can write with different
effectors (nonpreferred hand, mouth, foot, etc.) and the results are quite similar, thus demonstrating that
writing is a generalized motor program. The task has not been reported in recent literature. In order to
determine if the results reported were generalizable, the researchers recruited 31 individuals who vol-
unteered to write a short sentence under five conditions: 1) preferred hand, 2) preferred hand with wrist
stabilized, 3) non-preferred hand, 4) mouth, and 5) foot. Participants ranged in age from 19 to 75 and were
grouped as follows: < 25 yrs, n = 15; 25-44 yrs, n = 6; > 44, n = 10. Although all of the samples were
legible in Conditions 1and 2, legibility deteriorated significantly in Conditions 4 and 5. Contrary to expec-
tations, there were no significant differences between the samples produced by based on age groupings.
The authors concluded that most adults cannot write legibly with their mouths or feet, contrary to what
has been previously reported.
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INTRODUCTION

In the first few grades of elementary school, children begin learning academic con-
tent, but also establishing the groundwork for learning to express themselves through
the written word. Handwriting is considered to be integrating motor programs,
visual-spatial skills, and setting of parameters for letter formation (Graham, Struck,
Santoro, & Berninger, 2006). For some children, handwriting is the first instance in
which coordination of all three systems is tasked simultaneously. Handwriting, as with
all physical skills, requires effectors (skeletal muscle fibers) which are under manual or
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voluntary control. With practice, one develops a certain style, which is accompanied
by motor programing, a term used to describe performance of certain motor skills in
an automatic, spontaneous fashion (Shusterman, 2011). The brain/hand motor mem-
ory has been thought to be the most powerful of people’s memories (King, 2015).

For the most part, handwriting is still taught in elementary schools in the U.S.
About 90% of teachers stated that they provided about 15 minutes per day on in-
struction (70 minutes per week), and about 80% of the districts require teaching of
handwriting (Graham, Harris, Mason, Fink-Shorzempa, Moran, & Saddler, 2008).
Typically, handwriting continues to improve for the first few years (Accardo, Genna,
& Borean, 2013; Overvelde & Hulstijn, 2011), and speed and legibility continues im-
proving through fourth or fifth grade (Bara & Morin, 2013). When some elementary
schools experimented with children composing by keyboard and by hand, almost all
students composed superior essays by hand, both in terms of speed and content (Con-
nelly, Gee, & Walsh, 2007).

Despite the proliferation of computers/voice-activated devices/phones with key-
boards, Feder and Majnemer (2007) maintain that legible handwriting remains an im-
portant life skill that deserves continued emphasis from educators and health practi-
tioners. Handwriting is a critical part of childhood development and can have negative
consequences if not accomplished.

Even though computer keyboarding is progressively becoming the norm, vital
cognitive benefits are lost with the disappearance of handwriting (Berninger, 2012;
Zubrzycki, 2012) because handwriting engages more networks within the brain,
which aids in recall (Berninger, 2012).

Failure to attain handwriting competency during the early school age years often
has far-reaching negative effects on academic success and self-esteem (Feder & Majne-
mer, 2007). In a review of 13 studies, the authors (Graham, Berninger, Abbott, Abbott,
& Whitaker, 1997) concluded that handwriting fluency was moderately correlated
with measures of writing achievement. Jones and Christensen (1999) estimated that
after controlling for reading ability, the ability to form accurate letters accounts for
about two-thirds of the variance in written expression.

Handwriting is integrally linked to composition. Impaired handwriting can impact
the ability:

1) to be accessible to others (Graham, 1999),
2) for a composition to be perceived as being of good quality (Marshall & Powers,

1969),

3) to put thoughts onto paper if the writer is trying to remember how to form letters

(Scardamalia, Bereiter, & Goleman, 1982),

4) to develop writing competencies (McCutchen, 1995), and
5) to make the writer believe he/she can become a writer (Berninger, Mizokawa,

& Bragg, 1991). Thus, handwriting is a critical developmental process in early edu-

cation.

In becoming adept at writing, the practice of writing letters, joining them together
to form words, joining those to create sentences, etc., the mechanical part eventually
becomes, for most people, a rather effortless process that is executed without thought,
and is known as a motor program. Handwriting has been considered a generalized
motor program (GMP) (Carter & Sharpiro, 1984), and if practiced, has the potential
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Figure1  Writing sample in motor learning books used to illustrate GMP
Used by permission of author (Raibert, 1977).

to develop into an instantaneous action (Schmidt, 1991; Schmidt & Lee, 2014) with
invariant writing patterns (Castiello & Stelmach, 1993).

A GMP is one in which the timing/rhythm (an invariant feature) remains the same
for different movements, but each movement itself can vary in terms of size, direction,
force, speed, angle, or sets of muscles (effectors) used. In other words, in a tennis game
with a skilled player, the same GMP for a forehand stroke occurs to contact the ball
even though the ball may be coming at a different angle, speed, or direction from one
shot to the next (Schmidt & Lee, 2014).

In the case of the effectors or size varying while accessing the same GMP, when one
writes a word on a piece of paper, it should look almost identical if written on a black-
board. Thus, a person with a motor program for cursive handwriting should still be
able to perform the same action on a grand scale, say a blackboard, and the samples
should be easily recognizable as coming from the same person (Merton, 1972).

Beginning with the first edition of Richard Schmidt’s Motor Learning and Perfor-
mance: From Principles to Practice (1991), the author(s) included five writing samples
written by one person with preferred hand, preferred hand stabilized, non-preferred
hand, teeth, and foot. Each of the sentences is easily recognizable as coming from the
same person, and all samples are approximately the same size, with similar spacing be-
tween letters, equivalent pressure, and the same slant. Results of the original study by
Raibert (1976) have been included in each subsequent edition of Schmidt’s book, up
to and including the current fifth edition. Raibert (1976, 1977) drew two conclusions
from the writing samples in his 1976 paper: 1) that motor programs are independent of
effectors or kinematic considerations, and 2) a GMP can be translated into directions
for “muscles, mechanics, and sensors of a particular limb” (p. 10, 1976).

A similar example was illustrated by Schmidt and Lee (2011), by two different par-
ticipants who wrote with preferred and non-preferred hand, right mirror image, left
mirror image, and teeth (Lashley, 1942). Again, samples were easily identifiable as be-
ing written by the same person, albeit one of the participant’s trials was notably larger
than the other samples. The authors suggested that the spatial pattern was invariant,
even though different effectors were used.
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Figure2  Average writing (score of 20/25)

Bernstein (1967) asserted that handwriting with different effectors shows a high de-
gree of motor equivalence. Merton (1972) demonstrated the difference in writing on
a wall versus a tabletop, and though the size was considerably larger, the actual letters
themselves were very similar in character, suggesting that though the effectors were
different for the two trials, the same motor program was accessed. Motor equivalence
was also seen through the qualitative findings of spatial similarities across familiar
writing patterns or similar letter forms (Castiello, & Stelmach, 1993).

More recently, Li et al. (2015) found that that there were no significant differences
in the size or number of motor units activated for movement between dominant and
non-dominant hands. They reasoned that since muscle activation is quite similar, the
actual action carried out might be similar, as well. Changing the orientation of the
surface used to write on, such as a desk versus a chalkboard, changes how the effector
approaches the movement, however. Factors such as gravity increase the acceleration
of downward strokes, and more effort is needed for upward strokes (Phillips & Ogeil,
2010). In this case, the motor program appears to adjust for the added orientation.

Additional factors were also present when attempting to write with effectors that
differ from the usual mode of writing, such as writing on the floor using the foot.
Phillips and Ogeil (2010) drew the same conclusion as Raibert (1976), in that similar
outcomes may be achieved when using multiple joints, such as comparing movements
between the shoulder and wrist. In a recent publication, Osiurak, Lesourd, Delporte
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& Rossetti (2018) reported that, regardless of the effector, and without any instruc-
tion, participants maintained approximately the same amount of force (left and right
hand, right elbow and right foot) with different effectors.

However, others have found that the dominant hand and the non-dominant hand
patterns exhibited different movement characteristics, indicating that learned writing
patterns share only the very highest and most abstract representation suggesting that
theme similarities may not be sufficient in themselves to demonstrate that writing
with different effectors is controlled by a single, effector-dependent representation
(Castiello & Stelmach, 1993; Wright, 1990).

After one of the authors watched several hundred students over the course of the
past twelve years attempting to write with the foot and mouth, she has observed that
not a single student ever produced the high quality of the writing reported by Rai-
bert (1976, 1977). When one of the authors queried Richard Schmidt (lead author
of Motor Learning and Performance) about the discrepancy between the complete-
ly legible writing samples provided by Raibert and current university students’ fail-
ure to meet up to the presented standards, Schmidt responded “if people can’t write
with their feet, the world should know about it. At least, the textbook writers should
stop claiming that they can” (personal correspondence, 2008). Tim Lee, a co-author
of Schmidt’s 5th edition of the text further suggested, that since 1976, when Raib-
ert authored the original paper, handwriting may have become an especial skill, not
a GMP, but because of massive amounts of practice with the preferred hand, a very
specific motor program that is usable only for the preferred hand. In other disciplines,
this phenomenon is known as a splinter skill. Lee suggested that perhaps handwriting
is still a GMP for adults who have spent decades handwriting, but not for the young
generation who grew up with computers, and suggested a comparison of university
students and their parents’ capabilities (personal correspondence, 2008).

Although GMPs have been studied in regard to other effectors, the writing task
included in Raibert’s 1976 and 1977 papers has not been replicated. The purposes
of the current study, therefore, were to determine whether 1) contemporary adults
have a GMP for writing with different effectors and 2) to determine if age is a factor in
writing quality across conditions.

METHOD

Participants

Following Institutional Review Board (IRB) approval, during the spring semester
of 2018, a convenience sample of university students and adults in the community
was approached to participate, and those wishing to do so read and signed an IRB
approved consent form. In total, 31 participants (male n = 17, female n = 14) provided
complete data. Age was separated in the following manner: < 25 yrs, n = 15; 25-44 yrs,
n = 6; > 44, n = 10. The ages ranged from 19 to 75.

Data were collected individually at a site and time of the participants’ choosing. No
attempt was made to diversify the sample by sex or ethnicity, however, researchers
attempted to recruit approximately equal numbers of participants in each group.

Each participant received several pieces of standard size paper, a short “golf” pencil
(9 cm), and packaged alcohol wipes. The first condition was to write with the pre-
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ferred hand in their usual form (print or cursive). In the second condition, partici-
pants used the preferred hand with the wrist stabilized by the contralateral hand so
the larger effectors of the arm completed the task. The third condition was writing
with non-preferred hand and the fourth condition was to write while holding a short
“golf” pencil in the mouth. The fifth condition was holding the pencil between the toes
using the preferred foot. The researchers taped the paper to the floor and the pencil to
the foot so enough pressure could be maintained to write, and to minimize movement
of the pencil. Each condition consisted of three trials in which participants wrote as
normally as possible, “Motor learning is fun”.

Previous studies (Graham, Weindtraub, & Berninger, 1998) have identified numer-
ous elements contributing to handwriting legibility (spacing between letters and spac-
ing between words, alignment, size and slant of letters, and letter formation accuracy).
In the current study, the investigators chose to focus on letter formation alone as the
main criterion for determining legibility. Researchers chose the most legible sample
of the three trials in each condition and determined a readability score of 1 to 5. Out
of the 18 letters in the trial, a score of I = 0-4 letters legible, 2 = 5-8 letters legible,
3 = 9-12 letters legible, 4 = 13-16 letters identifiable, and 5 = legibility of 17-18 let-
ters. Across the five conditions, a possible cumulative score of 25 was attainable.

Interrater reliability was established in a two-step process. In the first step, two of
the investigators independently determined the most legible sample in each condition
for each participant and scored the sample based on the criteria outlined above. In the
second step, all three researchers met together, compared scores, discussed scores
that differed, and reached a consensus, resulting in 100% interrater reliability.

Data Analysis
The researchers computed descriptive statistics for demographic variables. All data

were subjected to correlation crosstabs and repeated measures ANOVA conducted
with SPSS v. 24 (IBM, 2018).

RESULTS

Three-fourths (74.2%) of the participants recalled being graded on their handwriting
in elementary school. The vast majority of the participants (87%), regardless of age,
stated they had completed homework during secondary school by hand, not using
typewriter or computer. Approximately half (z = 15) said that their handwriting qual-
ity was important to them, 11 (35.5%) said that quality was sometimes important to
them, and 5 (16.1%) said that quality was unimportant. Of the sample, 6 (19.4%) had
completed high school, 14 (45.2%) earned some college credit, 7 (22.6%) had earned
a bachelor’s degree, and 4 (12.9%) reported having a graduate or professional degree.

The participants reported how much they currently wrote by hand: less than 25%
(25.8%), 25-50% (25.8%), 50-75% (32.3%), and more than 75% (16.1%) of writing
was still done by hand. As expected, the scores for dominant hand and dominant hand
stabilized were the highest with the scores progressively decreasing with each subse-
quent condition (Table 1). Across all five conditions, means ranged from 5.00 (dom-
inant hand) to 2.73 (foot) with a total mean of 4.22. The most legible condition, not
surprisingly, was dominant hand, with all participants receiving a “5” for readability.
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Although scores for conditions 1 and 2 were nearly identical, writing legibility degrad-
ed rapidly across the remaining conditions.

Table1 Means and standard deviations for each condition

Variables Means SD+
Dominant hand 5.00 (0.00)
Rigid wrist 4.96(0.18)
Non-dominant hand 4.77(0.49)
Mouth 3.61(0.92)
Foot 2.74(1.18)

A repeated measures ANOVA for the five conditions resulted in statistically sig-
nificant differences (F (4, 120) = 72.127, p < 0.001) among the conditions. A New-
man-Keuls post hoc test indicated that, with the exception of rigid wrist and dominant
handwriting, all subsequent combinations were significantly different, with the com-
bination of dominant hand and non-dominant hand and the combination of rigid wrist
and non-dominant hand reaching significance at p < 0.05 (Table 2). No significant
difference (p = 0.22) was found between handwriting quality and age group.

Table2  Results of repeated measures ANOVA for each combination of dependent variables

Variables Means SD+ df Pvalue
Dominant hand 5.00 (0.00) 54 0.321
Rigid wrist 4.96 (0.18)

Dominant hand 5.00(0.00) 54 0.014*
Non-dominant hand 477 (049)

Dominant hand 5.00(0.00) 54 <0.007**
Mouth 3.61(0.92)

Dominant hand 5.00 (0.00) 54 <0.001**
Foot 2.74(1.18)

Non-dominant hand 4.77(0.49) 54 0.045*
Rigid wrist 4.96 (0.18)

Non-dominant hand 4.77(0.48) 54 <0.001**
Mouth 3.61(0.92)

Non-dominant hand 4.77(0.48) 54 <0.007**
Foot 2.39

Rigid wrist 4,96 (0.18) 54 <0.001**
Mouth 3.61(0.92)

Rigid wrist 4,96 (0.18) 54 <0.001**
Foot 2.39(2.74)

Foot 2.39(2.74) 54 <0.001**
Mouth 3.61(0.92)

*p < 0.05, **p < 0.01
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The researchers computed correlations to determine whether any variables were
related to writing quality. When comparing handwriting quality of those who wrote
in cursive (n = 8) or print (n = 23), the researchers found there was no statistically
significant relationship between the two (p = 0.126) (Table 3).

Table3  Spearman rank order correlations by dependent variable

Variable Rigid Wrist Non Dominant Mouth Foot
Rigid Wrist 1.000 0.356* —0.078 0.273
Non Dominant 0.356* 1.000 0.094 0.237
Mouth —0.078 0.094 1.000 0.426*
Foot 0.273 0.273 0.426* 1.000
*p < 0.05
DISCUSSION

The purpose of this study was to determine whether 1) adults have a GMP for writing
with different effectors, and 2) if mature adults’ and young adults’ writing patterns
differ in quality, independent of effector. We determined from the repeated measures
ANOVA that the quality of mouth writing and foot writing was significantly poorer
than the other conditions. Additionally, statistical analysis revealed that mature adults’
and young adults’ writing patterns did not differ in quality independent of effector. In
spite of taking into account numerous variables that could potentially influence the
quality of writing, the authors were unable to find any variables that accounted for
differences in writing quality across the five conditions. All foot and mouth samples
were inferior in quality and legibility to the preferred hand samples, both visually and
statistically.

The original source of the sample in the motor learning textbook (Raibert, 1977),
was a paper generated in 1976 while Raibert was a doctoral student in the Artificial
Intelligence Laboratory at MIT, and presented the results of one person (Raibert,
1976). The paper related to computer programming for a robotic arm, and how that
could be accomplished. The sample was again included in his dissertation the follow-
ing year (Raibert, 1977). Richard Schmidt (1991) included the sample in each of the
six editions of Motor Learning and Performance. The task does not seem to have been
replicated until now.

Samples from conditions 1, 2, and 3 demonstrated the same GMP with respect
to size. However, following condition 1, samples in each of the conditions typically
became larger, to the point where condition 5 often took more than one page for each
of the three trials.

Examination of our writing samples provides support for and against GMPs for
writing. It may be argued that the individuals with the best writing showed a GMP, be-
cause all of the conditions appeared to be from the same person - the style and shape
of the letters were clearly similar, although the size of the letters and variability in-
creased with each condition. However, the vast majority of the participants’ attempts
on conditions 3, 4, and 5 were vastly inferior to conditions 1 and 2. When observing
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the majority of our samples, not only were the letters illegible, but there was no con-
sistent spacing, style, or construction of letters. Without knowing ahead of time what
was written, it would be improbable for a reader to be able to decipher the sentence
in the last two conditions. If the samples are illegible, they probably cannot be part of
a GMP, concluding that writing may not be a GMP for most people. Although many
of the samples received acceptable scores, writing for the fourth and fifth conditions
were clearly and conclusively inferior to Raibert’s sample. Most of the samples of the
last two conditions were more than double or triple the size, and had altered spacing
and forms from the first three conditions.

Siilzenbriick, Hegele, Rinkenauer and Heuer (2011) hypothesized that people who
spend more time using a computer, therefore practicing their handwriting less, have
less precision in their handwriting. Evaluation of participants in the current study who
completed 50% or more of their writing using a computer did not confirm this conclu-
sion. When evaluating the differences between those who did the majority of writing
by hand and those who did not, no significant difference in overall quality appeared.

During the scoring process, researchers were aware of the identity of the letters.
This allowed for an increase in likelihood that the letters would be recognizable (ex.
looking for an “M” at the beginning of “Motor learning is fun.”). More conservative
scores would have resulted if the samples had been graded by someone who did not
know which letters to look for. In this instance, the researchers were trying to gener-
ate the best scores possible in order to show any real differences between the groups
and Raibert’s sample. Statistical analysis of handwriting samples strengthened the
current study. Aside from, Siilzenbriick, Hegele, Rinkenauer and Heuer (2011), most
researchers have not employed statistical analysis for handwriting.

Because the results of this study were so dissimilar those of Raibert (1976, 1977),
these authors suggest that practice is required to attain competence in foot writing.
Some have accomplished foot dexterity in the absence of arms, a prime example being
Christy Brown, Irish author and painter with cerebral palsy who wrote and painted
with his left foot (later made into a movie called “My Left Foot”), or mouth dexterity
in the absence of arm or foot functionality (Nonaka, 2013). However, we disagree
with the notion that effector independence is automatic, as Raibert appeared to be-
lieve, and as Schmidt and co-authors have continued to suggest in all editions of Motor
Learning and Performance (1991, 2000, 2004, 2008, 2014).

As to the second hypothesis, the authors cannot confirm that mature individuals
have a GMP for writing, as Lee suggested (T. Lee, personal communication, Septem-
ber 25, 2008), because mature adults’ attempts were as uncontrolled and illegible as
younger adults’ for mouthwriting and footwriting. It appears that handwriting may
be or may have become an especial skill (Keetch, Schmidt, Lee, & Young, 2005) for
all adults, suggested by Tim Lee (T. Lee, personal communications, September 25,
2008), as opposed to a GMP, as suggested by authors of motor learning textbooks.

Suddath (2009) suggested that using keyboards may cause a general loss of hand-
writing skills. Siillzenbriick et al. (2011) further reinforced the idea that mature adults
performed better at a fine motor task with a pen than younger individuals, although
on most skills, mature adults do not perform as well as young ones. Researchers have
found that learning to write with novel effectors can be accomplished in a relatively
short period of time (Schmidt, 1991; Schmidt & Lee, 2014). In another case, after



Patricia Paulsen Hughes, Madison Gilliam Beanland, Tyler Danielson, Bert H. Jacobson 76

25 years, a person who did calligraphy by mouth was able to achieve master level
(Nonaka, 2013).

In any case, samples from a total of three participants in 1942 and 1976 being held
up as a GMP deserve to be examined, as good science would demand. Based on re-
sults from 31 participants, these investigators suggest a GMP for writing with different
effectors does not exist.
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