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In the first experiment, the development of the

ahility to copy alphabet letters by black males aged 3-9 (middle and
lov S.E.S.) was studied, using a newly-developed scoring system. In
the second experiment, kindergarteners learned to associate letter
names with six lower-case printed letters by the anticipation method.
The addition of an active-kinesthetic training component led to
performance inferior to that following purely visual or
passive-kinesthetic training. The final two experiments, in which
nursery school and kindergarten children were studied, compared
tactile-kinesthetic training and visual discrimination training on
the ability to reproduce and to discriminate letters and letter-like
forms. Training effects were "specific," in that discrimination
training aided performance on the discrimination posttest, and
reproduction training performance. In addition, the effects of
discrimination training were seen on untrained as well as trained
forms, but reproduction training effects were limited to trained
forms. The results of these experiments did not strongly support the
claims that have been made for tactile-kinesthetic training
techniques by designers of a variety of remedial programs in reading.
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The Development of the Ability to Copy Letters

Research fnto the ways in which sensory modalities develop and Inter-
doet I essentfal to an understanding of how literacy skills are acquired.
While there has been a substantial amount of work done on the visual and
aural modalfties, both of theoret{cal importance (hay and Beach, 1950;
Dilley and Paivio, 1968; Schulz, 1969) and also of relevance to reading
instruction (Katz and Deutsch, 1964; Williams, Blumberg and Williams,

1970; Williams, Williams and Blumberg, 1973), considerably less work has
been done on the tactile-kinesthetic modality. Over the years, there has
been interest in methods of instruction that rely heavily on tracing and
copying (Fernald, 1943; Spalding and Spalding, 1957); and standardized

tests of form-copying, such as the Bender-Gestalt (Koppitz, 1964) have long
been used as predictors of reading readiness (e.g., Keough and Smith, 1968).
But there has been little systematic research of a fundamental nature.

This lack of interest may reflect the current emphasis within psych~
ology on psycholinguistics and cognition as well as the fact that technology
has tended to make the "fine hand" obsolete. However, research in the area
should not be neglected, for (at least) one reason: the perceptual-motor
training involved in developing handwriting skill may also influence the
development of the reading process itself.

The only contribution of a theoretical nature that extends current
interest in basic research on reading to the topic of writing was made by
Gibson and Yonas (1968), who described the "fundamental graphic act," {i.e.,
the child's early scribbling and the tendency to explore visually the
results of his scribbling. Gibson and Yonas stressed the importance of
this activity for perceptual learning.

Goodnow and Levine (1973) have considered form-copying as a type of
task that can be used to analyze patterned or rule-governed activity.
Braine (1972) takes the same approach, arguing from data on children's
Judgments of orientation that there are processing strategies in the per-
ception of two-dimensional forms and that these strategies may change as a
function of development. However, neither of these investigators has
attempted to consider the implications of her work for the acquisition of
reading and writing skills.

There have been a few studies which have focused specifically on
how the ability to copy forms changes with age. I_rch and Lefford (1967),
for example, looked at the ability of middle-class children, five to
eleven years old, to copy triangles and diamonds. As wouid be expected,
older children were more able to identify components of a figure and to
combine and reorganize parts of the whole. Graham, Berman, and Ernhart
(1960) traced developmental changes in the reproduction of eighteen simple
forms in children from two-and-one-half to five years old. Their samples
included boys and girls, black and white, who varied widely in intelligence
(1Q's from 75 to 173). The data indicated that a child's performance did
not reflect discrete stages of development; rather, there was gradual
improvement in ability over the ages tested.

EMC 0N 31”9
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The above studles have conceuntrated on the ability to copy -imple
geometric torms,. Indeed, even the educators who have been conceracd about
the relatfonship between visuo-motor skill and reading readiness have
focugsed prirarily on how children copy such forms rather than focusing
morc directly on how they copy letters of the alphabet.

l.Little research has been done on the manuscript style of handwriting
that is taught to most pupils. Ames arnd Ilg (1951) described gross changes
in writing behavior that occur between the ages of three and nine, including
not only the development of the form-copying per se but also of general
posture and patterns of hand activity. Coleman (1970) ranked the lower-
case letters in the order of difficulty that kindergarteners demonstrated
in lecarning to print them. Lewis and Lewis (1965) assessed the relative
difficulty of reproducing each of the fifty-two letters and tabulated the
incidence of various types of errors on each letter. Their subjects were
middle-class first-graders. Most of the conclusions were based on data
confounded in terms of instruction--i.e., letter-productions prior to
instruction and after six months of instruction were analyzed together.
Stennett, Smythe, Hardy and Wilson (1972) did a similar study of children
trom kindergarten to third grade. In all of these studies, letter-repro-
ductions were evaluated by means of judges' subjective ratings; no well-
specified scoring systems were used.

In recent years there has been a great deal of interest in learning .
efficiency as it relates to group differences. When learning proficiency
is assessed in terms of performance on standardized achievement tests or
intclligence tests, middle-class children are generally superior to dis-—
advantaged children (Stodolsky and Lesser, 1967). While most of the evidence
comes from such data, there is a small number of recent studies that deal
with laboratory learning paradigms. These are important, because the tasks
involved demand new learning and cdo not depend heavily on past learning. In
contrast to the findings with intelligence and achievement tests, in these
"new-learning" tasks disadvantaged children tend to perform as well as do
middle-class children. For example, studies by Zigler and his associates
(e.g., Zigler and Kanzer, 1962) have shown no difference in overall perfor-
mance on a learning task between the two social classes, even though there
werc significant differences as a function of social class in terms of the
effectiveness of various types of reinforcers (tangibles versus intangibles).

Rohwer, Lynch, Levin and Suzuki (1968) found no differences between
children from high-strata and low-strata elementary schools on a paired~
associates task. On the other hand, while Semler and Iscoe (1963), using a
similar task, did not find a difference in eight-to ten-year-old children,
hiph-strata white subjects did better at the five-and six-year-old level
than low-strata biack subjects. Williams, Williams, and Blumberg (1973)
found that middle-class white children were significantly superior to lower-
class white children on both aurally-presented and visually-presented paired-
assoclates lists at the second-grade level; no socio-economic status
differences appeared at the fourth- and sixth-grade levels. A second
experiment replicated these findings for black children.

9




Practically all the work to date on the relationship of basic learning
a' ilities and socio-economic status has been done in verbal learning; per-
ceptual-motor skills have becn neglected in this context. Most of the
studies mentioned above, for example, focused on middle-class children; or,
as in the case of (‘raham,et al., data from several types of children were
collected but not differentiated.

There were two major purposes of the present experiment. The first was (o
trace the development of the ability to copy the lettcrs of the alphabet
over a wide age range (three to nine), using a newly-developed scoring
svstem that is well specified and highly recliable. The second purpose was
to co. sire the performance of children from two socio-economic levels on
this basfec perceptual-motor skill.

Subjects

Subjects were 196 black males, all right-handed, enrolled in public
schools, Get Set Centers, ard private nursery schools in Philadelphia. At
each age level (three to niire), fourteen children of low soclo-economic
status and fourteen of middie socio-economic status were tested.

Materials

Each upper-case and lcwer-case manuscript letter was printed indi-
vidually on a 6" x 9" card. Letters were one to two inches tall.

Procedure

Four booklets, each containing a different random order of the fifty-
two letters, were prepared. Subjects were assigned one of the four booklets
randomly. Each letter was presented to the subject individually, and, with
the standard in view, he was asked to copy it with a beginner's pencil on a
sheet of paper the same size as the stimulus card. Ample time was allowed
for completion of the task. There were two sessions with each child, held
on consecutive days or with a maximum of one day intervening. Twenty-six
letters were copled at each session.

Scoring

A scoring system was developed in which each letter was evaluated in
terms of two general criteria, each weighted equally: first, the method of
reproduction and second, the overall appearance. The maximum score for a
letter 1s 6.0, A detailed description of the scoring system is presented
later in this report.



The reliability of the scoring system was determined by randomly
selecting five reproductions of each of six letters at each of the seven
age levels. The letters E, f, g, k, N, and p werc selected as representa-
tive of the entire alphabet. The thirty-five reproductions for each
letter were scored independently by two people, and a Spearman rank
correlation coefficient was computed for each letter separately. Correla-
tions ranged from .96 to .99.

To assess the validity of the scoring system, the same set of
reproductions were used. The thirty-five samples of each letter were
ranked from 1 (best reproduction) to 35 (poorest reproduction), and these
rankings were correlated with a set of scores obtained using the scoring
system. Spearman rank correlation coefficients, currected for tied observa-
tions, were calculated. Correlations ranged from .62 (E) to .86 (k).

A second, independent assessment of validity was done, using the same
six letters (E, f, G, k, N, p). Eight reproductions of each letter were
randomly selected from the three-year-old, four-year-old, and five-year-old
subjects. Four judges rankcd the twenty-four samples of each letter from
best to poorest, and the mean of the four judges' rankings was correlated
withh a set of scores obtained using the scoring system. Spearman rank
correlation coefficients, ccrrected for tied observations, were calculated.
Correlations ranged from .7 (E) to .92 (k and p).

RESULTS

Mean reproduction scores (method and appearance subscores separated)
as a function of age and socio-economic status are presented in Figure 1.
An analysis of variance was computed on the total reproduction score
(~qually weighted on method and appearance). There were two factors: age,
with seven levels (3-9), and socio-economic status, with two levels--low and
middle. Similar analyses were also done on the method subscore and on the
appearance subscore separately. Table 1 presents the results of these
analyses. 1In all three analyses, both factors were significant. That is,
performance increased with age; and performance was superior for middle-class
subjects. There was also a significant interaction, such that the differences
between the middle-class and lower-class subjects appeared only at ages three
and four.

Table 2 presents the correlations between the method and the appearance
subscores as a function of age and socio-economic status.® There was a sub-
stantial positive correlation at the younger ages., but as age increased, the
correlation decreased. At age nine, the correlations were negative, though
neither reached significance.

Dhpd



FIGURE 1

Mean Reproduction Score by Age and

Socio-economic Status
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TABLE 1

Analyses of Variance on the Re 't 1 Scores

(a) Total score:

A (class) 1 24,399,33 34,12%%
B (age) 6 118,281.87 165.44%%
AB 6 10,052.20 14.06%%
Error 182 714.92

(b) Method score
A (class) 1 9,711.96 27.88%*%
B (age) 6 26,486.15 76.03%%
AB 6 3,360.83 9.64%%
Error 182 348.33

(c) Appearance score
A (class) 1 3,320.64 17.81%*
B (age) 6 33,059.97 177.36%%
AB 6 1,832.84 9,.83%*%
Error 182 186.39

**p < .001
6
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TABLE 2

Correlations Between Method and Appearance Subscores

Socio-economic Status

Low

« 90%*
«91%%
.66%
.07
.42
.32
-.43

>
(NoRe -BL NN SV, BR R ™ ] hg

*pe.05; ** p .01

Middle

L 95%%
o T4%%
54%
.48
.14
.18
-.34



DISCUSSION

The usefulness of the scoring system was demonstrated not only in
terms of 1its high reliability and validity but also by the results of this
developmental study. The data indicated clearly that the ability to copy
alphabet letters increases with age. as would be expected. Moreover, the
fact that the middle-class children performed significantly better than
did the lower-class children, but only at the lowest age levels, corrohborates
previous findings (Williams, Williams and Blumberg, 1973). Thus the develop-—
ment of this basic tactile-kinesthetic skill is simllar to the development
of learning tasks involving the visual and aural modalities. The present
data suggest that the task and also the method of scoring the data will be
of value irn further experimental work.

The finding that the correlations between method of reproduction and
overall appearance are highly positive at early ages and decrease as age
increases was unexpected. It would appear that as children get older, they
become so adept at this copying task that they can produce a letter that
resembles the standard even 1if they do not follow prescribed methods.
However, before this point :.s reached, the method of reproduction is of
greater importance. If a clild follows prescribed procedures, the overall
appearance of his reproduct:ons will be closer to that of the letter
standards. It would seem r::asonable on the basis of these findings to
investigate further the relitionship between method of reproduction and
quality of the final product, i.e., the overall appearance of the letter,
in an instructional setting.
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Using a tactile-kinesthetic method to learn letter names

The clinical literature abounds with recommendations for the use of
"kinesthetic" or "tactile" techniques in reading instruction, as anv textbook
will I{ndicate (Robeck and Wilson, 1974). Many of ttese techniques follow
from the well-known Fernald method (Fernald and Keller, 1921l; Fevrnaid, 1943).
One of Fernald's recommendations for remedial reading instruction consists
of the following: The teacher writes a word as a demonstration. 1he child
then traces the word with his finger and pronounces it at the same time.

He repeats this procedure until he can read and write the word on his own.

One reason why such cactile-kinesthetic practice might be effective
is that it might enhance labellin, or associative learning. Recent analyses
of the processes involved in reading have stressed the development of grapheme-
phoneme correspondences, which in many important ways can be understood in
terms of the paired-associates learning paradigm (Samuels, 1968; Williams,
1968). Samuels (1973) has pointed out the complexity of this apparently
simple paradigm. One of the several processes involved consists of visual
discrimination, 1.e., identifying and differentiating the visual stimuli
(the graphemes). A likely way in which this visual identification occurs is
through the mechanism proposed by Gibson (1962; 1970), i.e., the ahstracting
of the distinctive features of the forms, or, in other words, those dimen-
sions of difference that distinguish the stimuli.

There are relatively few experimental studies of training in the
tactile-kinesthetic modality, and the ones that exist do not lead to any
conclusions as to the effectiveness of such training. Roberts and Coleman
(1958), using a word-recos.ition task, found that visual presentation plus
tracing was significantly more efficient than visual presentation alone for
12-year-old dyslexic boys. However, the same comparison for a normal group
yielded no significant difference. Ofman and Shaevitz (i963), working with
male disabled readers with a mean CA of 13-1/2 years, found both finger-
tracing and eye-tracing, where the subject visually followed a moving point
of light as it followed the outline of a nonsense trigram, significantly
superior to simple visual presentation.

But in general, experiments do not indicate superiority for kinesthetic
training: for example, Berman (1939), working with 9-year-old dyslexics,
Kirk (1933), working with retardates whose mean CA was 10 and mean MA 7, and
Mills (1956), working with children in grades 2 to 4. Otto (1961) found
that second-graders learned a paired-associates 1ist in fewer trials with
tactile-kinesthetic "relnforcement," but visual reinforcement was more
efficient with fourth-graders. There was no preference for any specific
mode at the 6th grade level. Forster (1941), working with adults, found
the addition of a tactile-kinesthetic component to training to be signifi-
cantly inferior.

It would appear likely that the effectiveness of tactile-kinesthetic
training would be greater at young ages. Piaget (Piaget and Inhelder, 1956;
Flavell, 1963) sees tactile experience as a necessary prerequisite to



perceptual and intellective development. Zaporozhets (1965; 1969) also
emphasizes the role of motor activity in the devclopment of pereeptual
processes especlally in the early years. However, the results ot studlies
on younger children, while fewer, are just as inconclusive. lLevin, Watson
and Feldman (1964) found thet for {irst graders, tracing was effective as
pretraining for associative learning, but only when the most salient cue.
the initial grapheme, was tiaced. Ringler and Smith (1973), whose study
involved a relatively extensive instructional treatment (7-1/2 hours),
found no superiority on a word-recognition task for kinesthetic training,
either for all their first-grade subjects or for those who had previously
been characterized as "kinesthetic" learners. Using a kindergarten popula-
tion, Jensen and King (1970) found no difference in word-recognition after
training involving tracing, manipulative re-arranging of constituent
letters, or matching-to-sample.

The present experiment, designed to investigate the effectiveness of
the tactile-kinesthetic modality in associative learning, differs in
several respects from the studies cited above. First, a younger population,
kindergarten children, was studied, following the suggestions from previous
data and developmental theory. Second, the task, while following the same
paradipgm, was simplified so that (a) it was appropriate for the younger
subjects, and (b) it provided a meaningful task in terms of reading instruc-
tion: the children were required to label printed lower-case letters with
their appropriate names. Third, a slightly difficult question in terms of
kinesthetic training was asked, and the experimental treatments varied
somewhat from previous studies.

Recommendations as to teaching techniques based on tactile-kinesthetic
learning include copying as well as tracing; these are two quite different
activities. One major difference between them is that copying involves
more active participation on the part of the subject. No experiments have
been noted that evaluate this particular training procedure, although very
of ten one hears from classroom teachers that tracing per se does not assure
that a child's attention will be focused effectively, because of the passive
nature of the activity.

It must be concluded that the purely motoric aspect of the tactile-
kinesthetic task cannot be responsible for its effectiveness. The Ofman
and Shaevitz study suggests, rather, that its efficacy is due to the fact
that it forces the child's attention to the critical features of the stimuli
to be differentiated. This hypothesis has received some corroboration from
findings in other experiments: while discriminative motor responses are
significantly superior to labeling responses in preschoolers' learning of
left-right distinctions (Jeffrey, 1958), the manual motor responsc can be
supplanted by demonstrations that highlight the relevance of orientation
(Koenigsberg, 1973).

The present experiment compares the following conditions:

(1) active kinesthetic training (AK), in which the child is asked
to copy lettcr forms from a model (which is always available)




(2) passive kinesthetic training (PK), in which the child is asked
to watch the experimenter trace the outline of letter forms

(3) no kinesthetic training (NK), in which the child simply looks
at the letter forms.

A secondary purpose of the experiment was to compare the performeace
of middle-class and lower-class children on this task. Most of the work tao
date on the relationship of basic learning abilities and socio-cconomic
status has been done in verbal learning (Rohwer, 1968; Williams, Wlllinms
and Blumberg, 1973), but no previous studies on the effects of tactile-
kinesthetic learning have cor sidered this 1issue.

Thus the design was a three by two factorial, with thiee levels of
presentation-mode and two levels of socio-economic statis

METHOD

Subjects.

Subjects were 108 black kindergarten children, half male and half
female. Half the subjects viere drawn from Philadelphia public schools whose
population, based on scores on s%andardized aptitude and achievement tests
and on educational level and ¢ .cupational category of parents, conld be
classified as middle-strata. The other half were drawn from lower-strata
schools.

However, at the kindeigarten level itself, no standardized test scores
were available. It was felt that pretest screening on the experimental task
itself could serve as a useful indicator of the child's relative standing in
his class; knowledge of letter names is generally considered a good predictor
of reading achievement (Chall, 1967). Thus the subjects were those for whom
difficulty in reading was likely.

Materials.

The stimuli consisted of six lower—case Roman letters 1.5 and 2.5
inches tall, printed on white 5 x 8 cards. The letters a, f, g, h, r, and
y were chosen to minimize visual confusabili'y as well as auditory contus-
ability. Each subject in the AK group also used a [ x 8 inch unlined
writing tablet and a beginner's pencil.

Procedure.

The anticipation method was used. That 1s, a stimulus card was
presented and the subject was given three seconds to name the letter shown.
After each response, the experimenter said "Yes, good, it 1s an 'a,'" or
"No, it's an 'a,'" thus providing reinforcement for correct responses,
correction for errors, and equating the number of times the subject heard
tho name of the letter. Each subject was seen once for approximately twenty
minutes. He was told that he was to play a game and that he would receive

a prize (an animal sticker) at the end of the game.

11
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A pretest was administered. Each of the six letters was presented
individually, and the subject was asked to name it. Tf the child correctly
named two or fewer letters, he was included in the experiment. Follewing
the pretest, pretraining was given. Using a rapid drill pace, the experi-
menter repeated each letter name. The subject pronounced cuach one
fmmediately afterward. The 1list of six names was randomized for each
subject. The 1list was completed twice in this manner, In order to insurc
that the subject's responses would be correctly recognized during tirafning.

Training.

Total training time was equated for all three treatment groups. The
time required for training of each AK subject was used to dctermine the
total training time for one subject in each of the other two groups. For
the PK subject, this amount of time was divided by 18 (the number of
stimulus presencations) so that each letter stimulus would have an equal
exposure time. For the NK subject, additional training trials were
presented until the specified amount of time had elapsed.

Group AK.

Three acquisition tri..ls were given, each one consisting of a
different random order of tlie six letters. A letter card was presented,
and the subject's response vas reinforced if correct, corrected if wrong,
and provided by the experim:nter if no response was made within the three-
second time allotted. The subject was directed to repeat the correct
letter-name after it was given by the experimenter, and then to copy the
letter on a clean sheet of pad paper. After this first copy, the subjact
repcated the letter name, ai.d copied the letter a second time. (The
subject repeated each letter-name three times during the presentation of
each item ond the vxperimenter, four times.)

Group PK.

The same procedure was followed except that the experimenter traced
the outline of each letter on the stimulus card while the subject watched.
As in group AK, the subject pronounced each letter-name three times per
item, and the experimenter, four times.

Group NK.

The sare anticipation method, with three seconds allotted for a
response, was used. The difference prucedurally lay in the number of
exposures to the stimuli, for additional trials (new random orders) were
given until the total training time that had been specified by the Group AK
subject had elapsed.

Posttest.

Immediately following the completion of training, all subjects were
given the posttest, which was identical to the pretest.




RESULTS

In order to obtain 108 subjects who met the pretest criterion, ft was
necessary to pretest a total of 161 children. 1n the low-strats schools,
73 children were pretested and 19 excluded. 1In the middle-strata schools,
88 children were pretested and 34 excluded. The difference in proportion
excluded was not significant (X2= 2.873, d.f. = 3). In addition, eight
subjects were dropped from the sample because they were uncooperative. One
subject was eliminated because, at the end of the letter-name pre-training,
the experimenter could not evaluate his responses.

Preliminary analysis of the data indicated that males and females
did not differ as a function of either treatment or social class, so in
subsequent analyses the scores for both sexes were combined.

Correlations between pretest and posttest scores were computed for
each of the six experimental groups. Pearson r's were significant in five
cases. Table 3 presents these correlati.ns.

Table 4 presents the analysis of covariance performed on the pretest
scores, using the pretest score as the covariate. This analysis indicated
that the main effect of training was significant (F = 3.50; d.f. = 2,101;
p £ .05), the effect of S.E.S. was not significant, and the interaction of
the two variables was not significant. Orthogonal comparisons indicated
that there was no significant difference between the PK and NK groups
(FL1; d.f. = 1, 101). The AK group was significantly inferior to the
otner two groups (F = 6.99; d.f. = 1, 101; p«.01). Table 5 presents the
adjusted posttest means.

DISCUSSION

The results indicate clearly that tactile-~kinesthetic training did
not lead to improved performance on the associative task. In fact, the
active kinesthetic training group was significantly poorer than the other
two training groups. It 1is possibie tha* the added requirements in the AK
task were in fact distracting to the subject rather than facilitating. This
possibility was raised by Forster (1941), whose results were similar to
those of the present study, and by Bee and Walker (1969), whose experiment
evaluated tracing and copying in a paradigm different from the associative-
learning paradigm.

While these findings, taken with those of previous studies, do not
indicate that the Fernald method itself 1s not of value, it does suggest
that perhaps the basis for the success of the method does not lie in the
tactile-kinesthetic training itself. An analysis of the source of the
effectiveness of the remedial educational program would require (a) the
isolation Uf all possible task components that might be responsible for the
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TABLE 3

Correlation Between Pretest and Posttest Score

Training Condition

A.K. P.K. N.K.

Lower S.E.S. L68%% 4%k 50%%

Middle S.E.S. L64%%  61%% 45

(d.f. in each case = 35; ** p .01)
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TABLE 4

Analysis of Covariance

d.f. m.s F
Training Croup 2 5.44 3.50%
PK ws. NK 1 .003 Ll
PK vs. (PK + NK) 1 10.88 6.99%*
S.E.S. 1 3.59 2.31
Interaction 2 2.66 1.71
Error 101 1.56

* p.05; ** p .01




TABLE 5

Adjusted Mean Posttest Score

Training Condition

A.K. P.K. N.K. Mean

Lower Class 1.17 2,20 2.38 1.91
Middle Class 1.40 1.70  1.55 1.55
Mean 1.28 1.95 1.96 1.73
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effectiveness ot the total program and, (b) the evaluation of each of them
singly and perhaps in combination with certain others. An evaluation of
the effectiveness of tactile-kinesthetic learning, on the other hand,
should include an analysis of all the various ways in which this type of
training might be utilized; the associlative-learning paradigm is only one.

While the difference between the proportion of children that were
screened out in the middle class and the lower class on the basis of the
pretest was not significant, it was substantial enough to provoke specula-
tion. The excluded proportion was larger in the middle class sample; this
is in Line with the higher level of achlevement generally found in those
schouvluy. Were the middle-class subjects who actually participated in the
experiment, then, more disabled in reading, relative to the other children
with whom they would be compared? These children did show relatively less
sensitivily to the various experimental conditions. (Again, this was a
tendency in the data only.) Might this reflect the fact that these children
see themselves as relative failures in their classrooms and thus exhibit
lower levels of motivation for school tasks? The present data do not allow
for conclusive answers to these questions.
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Visual Discrimination vs Tactile~Kinesthetic Training

In Bee and Walker's (1569) study, four- and five-year—cld (bildren
were given tralning consisting of peinting to detalled features ot tifongles
and clretes which led to better drawlnks, but when tracing requircments were
added, post-test drawings were worse than pre-test drawings. The seanlis of
the experfment, however, were cyulvocal, lor the training was relatively
briet, and the subjeets who traced showed much fatigue.

Within regular kindergartea classcs, Pryzwansky (1972) compared the
elfects ot three wldelv-used perceptual mo-or training programs, fwo of which
tnvolved fine-wotor exercises focusing on non-letter forms and one of which
involved tralning in manuscript writing. While the program that had letters
of the alphabet as its content significantly improved post-training scores,
no effects were noted in tests of visucl discrimination ability.

The question can be reversed, of course. Does visual discrimination
training enhance the ability to copy? Hirsch and Niedermeyer (1972) found
that the addition of discrimination training to letter-formation training
did not improve performance on a post-test requiring the ability to copy the
letters usel in training. Rand (1973) gave three- to five-year-olds visual
analysis training on simple geometric figures, consisting of printing and
counting sides and corners of figures, and discrimination training with
feedback (1.e., placing transparent outlines of the standard figure over
samples). This training did not help the child's ability to copy accurately.

In a slightly different type of experliment, Strayer and Ames (1972)
found that four- and five-year-olds given perceptual training in using
orientation as a discriminative stimulu: significantly improved in copying
performance, whether or not the specific aspects of the particular forms
to be copied on the post-test were used in training. None of those
ditferent types of discrimination training led to improved copving in young
learning-disabled children in a study by Axelrod (1974).

Considering all the studies cited above together, it appears that the
effectiveness of either training method is limited to perfoimauce on tests
involving similar procedures; it does not generalize to other tasks involving
the same stimuli. The studies demonstrating this are those by Williams
(1969); Rand (1972);and Hirsch and Niedermeyer (1973); none of the other
studies confllcts with this finding, but they were more limited in their
experimental conditions.

The studies are less clear as to whether the training effects transfer
to novel stimuli content (forms and letters) not used in training. Hirsch
and Niedmeyer's experiment did not include a test of this sort of transfer.
Rand found that both discrimination training and reproduction traiuning were
cffective in improving performance on both trained and untrained stimuli.

It should be noted, however, that her reproduction training was of a
different variety: she taught "drawing rules," which involved planning one's
drawing by making dots at the corners of figures and then connecting the
dots. Performance In this task did improve with training, but {t did not
transfer to more typical copying, where there was no such stimulus support.
(One of Hirgch and Niedermeyer's experimental groups was trained with a
similar technique, Involving gradual withdrawal of the supportive dots; no
improvement on a regular copving post-test was seen.) Koenigsberg's, Bee's,
Williams', and Pryzwasky's studies were not designed to answer this question.




Many of the earlier studies that investigated the effectiveness of
tactile-kinesthetic training did so in the context of rather complex gitua-
tions. The effectiveness of such training was often evaluated on a measure
such as word recognition or word retention, involving one or another varia—
tion of a paired-associates paradigm. For example, Ofman and Shacvitz (1963}
compared tracing with visual presentation on a test of written recatl of
three-letter words. Jensen and King (1970) used a simple oral reading test
of the words that had heen used in training. Levin, Watson, and Feldman's
(1964) criterion was the ease of learning to attach labels to "words" con-
structed from artificial graphemes after pre-training which either did nor
did not involve tracing.

The results of a fairly large number of such studies do not indicate a
strong superiority for tactile-kinesthetic training. Even if they did, it
would be difficult to identify the specific mechanisms by which the effect
occurred. For example, 1t might be a function of the amount of attention
that is focused on the stimuli (0Ofman and Shaevitz, 1963; Wiener and Goodnow,
1970) rather than the motor activity per se.

There have not been m:ny experiments that ask a question that, while
still complicated, is relatively straightforward, l.e., what 1s the effec~
tiveness of such training o. visual discrimination? Williams (1969), working
with children who had just tegun their kindergarten year, compared reproduc-
tion training, involving trzcing and copying letter-like forms, with
discrimination training of two types, (1) where the comparison stimuli were
quite different from the standard, and (2) where they were transormations
(rotations and reversals) of the standards.

Reasoning from Gibson's (1962) hypothesis that improvement of visual
discrimination depends on learning the distinctive features of the forms to
be discriminated, {.e., those dimensions of difference that distinguish the
stimull, Williams predicted that the second discrimination training condition
would be supertior to the first. The dependent measure was a set of matching- -
to-sample tasks involving the letter-like forms used in training and trans-
formations of them, presented singly and in clusters. The results were as
predicted. When subjects were kindergarten children who had had only a
couple of months of school, the reproduction training group was only as
effective as the simple discrimination training group, suggesting that 1f
content in a discrimination training procedure were carefully chosen, it
would force the Ss to attend to more criterial attributes of the stimuli than
would simple discrimination training but not as many as discrimination-of- /
transformations. A replication of the experiment done toward the end of the
kindergarten year showed no differences among training groups.

Koenigsberg (1973) compared a variety of training procedures including
tracing, aligning standards with comparison figures, and observing align-
ments. She tested achievement on matching tasks with both line figures
and difficult-to-discriminate letters. Her results indicated that demonstra-
tions of the relevance of orientation were sufficient to produce improved
discrimination and that the various forms of sensori-motor training did not
improve performance further.
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The purpose of the present experiment is to determine the velative
effectiveness of tactile-kinesthetic training (tracing and copving) and of |
visual discrimination training on (a) the ability to reproduce letter-Jike i
forms, and (b) visual discrimination. A further question to be answered is
whether or not the effectiveness of such training generalizes to novel,
untrained material of the same type as the stimuli used in training.

EXPERIMENT 3

METHOD

Subjects

Subjects were ninety blick males enrolled in Get Set Centers and public
kindergartens in Philadelphia, whose population, based on educational level
and occupational category of parents, could be classified as disadvantaged
(poverty) schools. There were thirty subjects from each age group, three-
year-olds (i.e., between three years,two months and four years of age at the
start of the experiment), four-year-olds (four years,two months to five years),
and five-year-olds (five years,two months to six years).

Materials

Six upper-case letters were used. All subjects were trained on the
letters T and E, and test included those letters plus F, L, C and Q, singly
and in combination. Stimuli were presented on 5" x 8" cards. In addition,
the Reproduction group used 5" x 8" unlined paper and beginner's pencils.

Design

The experiment was a 3x3x3 factorial, with ten subjects per cell.
The age variable (3, 4, and 5-year-olds) and the training group variable
(discrimination, reproduction, and control) were between-subject factors;
the letter-group variable (letters used in training; similar transfer lecters;
and different transfer letters) was a within-subject factor.

Procedure

Each subject was seen thr~: times. At the first session, the first
twelve items of the Beery-Buktenica Test of Visual-Motor Integration (1967)
were administered and scored according to the test manual. In addition,
there was an Alphabet-Naming test, in which each of the twenty-six upper-
case Roman letters was presented individually in random order and the
subject's score was the number he named correctly.

At the second session, two pretests were administered anl training
was begun. In the reproduction pretest, the subject was asked to copy each
of the six letters on unlined paper. The sample letter remained visible to



the sublect as he copied 1t. In the discrimination pretest, twelve
simultaneous matching-to-sample items were presented. Four had siagle-
letter standards, four had palr stdandards, and four had triad standatrdas.

All standards and alternatives consisted of comblnations of T and E or of

C and Q. Subjects were asked to underiine, among four alternatives, the one
identical to the standard. Half the subjects received the discrimination
pretest first, and the other half, the reproduction pretest. One-third of
the total amount of training followed.

At the third session, the final two-thirds of training was given,
followed by two posttests. Both the reproduction and the discrimination
posttests were ldenilcal to the pretests: half the subjects received one
test first, and half the subjects, the vther first.

A scoring system develcped by Williams was used, in which each letter
was evaluated on two general criteria, each welghted equally: first, the
method of reproduction, assessed in terms of the number of lines drawn and
the order and direction in which they were drawn; and second, the overall
appearance, evaluated according to a series of criteria specified for each
letter individually (accurate intersection, angularity, accurately propor-
tioned curved segments, etc.). The total possible weighted score for a
letter was 6.0, and thus, with six letters in a test, the best score possible
for an individual subject was 36.00.

In order to determine the reliability of this scoring system, thirty
pretest reproductions of each of the six letters (T, E, F, L, C, Q) were
randomly selected, ten from each age group. These were scoced independently
by two people. A Spearman rank correlation coefficient was computed on the
thirty scores for each letter separately; none of the correlations was below
.95. Overall, the correlation for the method subscorc was .98 and, for the
appearance subscore, .96. (The judges had had prior experience in rating
a preliminary sample.)

To determine the validity of the scoring system, the same 180 repro-
ductions were used. Four judges were asked to rank the thirty samples of
each letter from best to poorest, and the mean of the four rankings was
correlated with the scores obtained using the scoring system. Spearman rank
correlation coefficients, corrected for tied observations, were obtained.
With the exception of the letter C, for which the correlation was .77, all
correlations were .86 and above, the highest (L) being .95.

Training

Discrimination: Training items consisted of eighteen simultaneous
matching-to-sample items, using T and E, with equal numbers of single, pair,
and tiriad standards. The total time taken by each subject was noted and
was used as the basis of equating training time among groups.

Reproduction: Subjects traced and copied the two training letters
(T and E) alternately. The standards were displayed continuously. Each
subject in this group was given the same amount of training as had been




TABLE_6

Mean Scores on Pretest Measures

Discrimination Reproduction

Letter-Naming Test Beery Test Pretest Pretest
Age (maximum = 26) (maximum = 12) (maximum = 12) (maximum = 36)
3 4.03 3.18 4.70 14.29
4 6.18 4.95 6.48 22.89
5 17.43 8.13 9.33 29.17
22
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Age 3

Discrimination
Reproduction
Beery
Letter-naming

Discrimination
Reproduction
Beery
Letter-naming

Age 5

Discrimination
Reproduction
Beery
Letter-naming

TARLE 7

Correlations Among Rzggggg_ﬁggﬁggxﬁ

Discrimination Reproduction Beery

X . 55%% .31*
X Lg%k
X

* pg.05
** pe .01

Letter-naming

.23

< T3%%
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TABLE 8

Experiment 3

Analysis of Covariance Table for the Discrimination Post-test

af ms F
Between subjects:
A (Age) 2 38.822 25.57%%
B (Training Method) 2 10.956 7.22%%
2By - (Bp + By) 1 21.627 14,25%%
AB 4 2,263 1.49
Lrror 80 1.518
Within subjects: -
C (Letter type) 1 18.049 15.42%%
AC 2 0.487 <]
BC 2 2.814 2,40
ABC 4 3.609 3.08*
Error 80 1.170

*p. <.05; **p.<£ .01
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taken by a subject in the discrimination group. Instructions were given,
such as: '"Let's start this time at the top. Let's start here. Dc this line
first. See 1f you can make your lines come together like this. Look how
long this 1line is; make yours like that."

Control: During a time period equal to that taken in training bv a
discrimination subject, each subject looked at a picture book that
contained no printed words.

RESULTS

Description of the experimental sample

The mean scores on the Beery and the letter-naming tests, as well as
on the discrimination and reproduction pretests, are presented in Table 6.
As expected, all four scores increased with age. The most dramatic increase
occurred between the ages of four and five on the letter-naming test. The
Beery scores fell with age expectations according to standardization data
on the Beery test.

Pearson product-moment correlations between each pair of tests are
presented in Table 7. It would be expected that the most substantial
correlations would be found between the Beery test and the reproduction pre-
test scores, since both of these tests are similar in intent and in scoring.
Indeed, most of the correlations between tests are significant at ages three
and four, including the correlaticn between the Beery test and the repro-
duction pretest, but the latter is the only correlation that remains
significant at age five.

An analysis of covariance with age, training method, and type of
letter as factors was performed on the scores on the discrimination post-
test. Discrimination pretest scc.e was the covariate.

Table 8 presents the resaults of the analysis, and Table 9 presents
the adjusted means. Performance increased with age, and specific compari-
sons indicated that performance at each age was significantly different
from that at the other ages.

The training variable was also significant. Orthogonal comparisons
indicated that discrimination training was significantly different from the
other two conditions (F = 14.25; df = 1, 80; p £.0l), which did not differ
(F<1, df = 1, 80). Performance on the half of the post-test containing
the letters that had been used in training was significantly superior to
that on the other half of the post-test. None of the two-way interactions
was significant, but the three-way interaction was significant at the .05
level.
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TABLE 10

Experiment 3

Analysis of Covariance Table for Reproduction Post-test

af ms F
Between subjects
A (age) 2 85.010 21,780%%x
B (training method) 2 11.874 3.042
AB 4 5.853 1.499
Error 80 3.903
Within subjects
C (type of letter) 2 6.656 2.812
AC 4 6.267 2.648%
BC 4 3.567 1.507
ABC 8 0.796 0.336
Error 160 2.367
* p £.05
*k% p ¢.001
27
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A similar analysis of covariance, using pre-test score as the covariate,
was done on the reproduction post-test scores. (See Tables 10 and 11.)
Again, performance improved as age increased, with performance at each age
level significantly different from performance at each other age level.
There were no significant differences among training methods nor among the
types of letters. Only one interaction was significant, that between age
and training mathod. This interaction was due to a high score for the four-
year-olds on the similar transfer letters (F and L).

DISCUSSION

The finding that discrimination training was significantly better than
reproduction training on the discrimination test corroborates previous findings.
In the present experiment, post-test performance on the trained letters was
significantly superior to that on the untrained letters, suggesting that
effects of training do not transfer beyond the specific content used in
training. No firm conclusions can be drawn from the present data, however,
because the training letters and the transfer letters had not been equated in
difficulty prior to the experiment. (Over all ages, the mean pre-test score
for T and E was 4.33, and for C and Q it was 3.90.) There 1is no logical
reason for the three-way interaction, and in view of the fact that none of
the simple interactions reached significance and that there was no a priori
reason to expect a three-way interaction, it should be ignored.

Turning to the reproduction test, the main effect of training method
did not prove to be significant in the present experiment. The most likely
explanation for this result is that the experimental treatments were not
designed effectively enough. It is felt that too little time was devoted to
training. Because of this, the hypothesis that the differences between
training methods would vary as a function of age can, of course, not be
agsessed effectively by this experiment.

The fact that the performance of the four-~year-old subjects was
particularly high on the similar transfer letters led to a significant age-
by-training-method interaction. Again, there is no reason to expect Such
an effect, and without replication, does not warrant speculation.

Overall, the results of this experiment indicated that the experimental
situation, generally speaking, was appropriate for the assessment of the
hypotheses. However, the need for certain specific modifications in the
design was noted. First, the use of Roman upper-case led to limitations in
conclusions that would not have been necessary had content equated in diffi-
culty prior to the experiment been used. Second, the training methods did
not prove effective in demonstrating any differences that might be present on
a reproduction criterion test. The following experiment was designed to take
into account these 1issues.
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EXPERIMENT 4:

METHOD

Subjects

Subjects were forty black children enrolled in two day-care centers
in Philadelphia. Half were male, and half, female. The families of the
subjects met the Federal soclio-economic criteria for participation in Get
Set (Headstart) and Day Care centers; thus the subjects were homogeneous
in relation to low socio-economic status. All subjects were between the
ages of forty-eight and sixty-six months at the time of the experiment.

Materials

Six letter-like forms, adapted from Gibson, Gibson, Pick and Osser
(1962) and previously used by Williams (1969), were used. Three of these
forms were used as standards in training, and all six were used in testing.
The set of three training forms and the set of three non-training forms had
been found to be equal in difficulty in the previous research (Williams,
1969). Stimuli were presented manually, the 2.5" letters drawn on 4" x 6"
cards.

Design

The experiment wag a 4 x 2 x 2 factorial, with five subjects per cell.
Within the training method variable, there was (a) reproduction training;
(b) discrimination training; (c) combination train.ng; and (d) no training.
Sex was the second factor. The third factor was type of letter-form and
was the only within-subject factor: (a) forms used in training, and (b)
forms not used in training.

Procedure

Each subject was seen five times. At the first session, scheduled on
the Thursday or Friday preceding the Monday on which the training was begun,
pretests were administered. There were three fifteen-minute training R
sessions, one per day. If more than one session were missed (because of
absence from school), the subject was dropped from the study. The fifth
session, held on the day immediately following the final training session
({.e., on Thursday or Friday), was devoted to post-testing.

Pre-tests

Four tests were administered, including the Beery-Buktenica Test of
Visual-Motor Integration (1967) for children from two to eight, and an
alphabet-naming test, in which each of the twenty-six upper-case Roman
letters was presented individually in random order and the subject's score
was the number he named correctly. The third test was a reproduction
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pretest, in which the subject was asked to copy six items composed of the
three letter-like forms to be used in training. Unlined paper was used.

Each standard form remained visible to the subject as he copied it. Each

of the first three items consisted of one of the forms presented individually:
each of the next two items contained two of the three forms; and the last item
presented a combination of all three forms. The fourth test was a discrimina-
tion pretest, consisting of eighteen simultaneous matching-to-standard {tems
involving the three training letter-forms. Six items involved choosing a
match to a standard consisting of a single form, where the (four) alternatives
consisted of transformations (rotations and reversals) of that standard.
Another six items consisted of a pair of letter-like forms as the standard;
the four alternatives included (1) the correct choice, (2) the first form
correct and the second, a transformation of the second form, (3) a trans-
formatfon of the first form and the second form correct, and (4) the two
correct forms but in reverse order. The last six items presented all three
forms as the standard, and the four alternatives consisted of (1) the correct
choice, (2) the first two forms correct and a transformation of the thrid,

(3) a transformation of the first and the last two correct, and (4) all three
forms correct but with their order reversed.

Placement of the correct alternative in the response array was balanced
over all items. Pretests (.nd posttests) in all cases were administered by a
different person than the one conducting the training sessions.

Training

Reproduction training consisted of copying the three letter~like forms.
When errors were made, feedback was given by the experimenter as to correct
method of drawing the letters (using the same criteria as built into the
scoring system). Training items were the three standards used in the pre-
test. Each daily training session was divided into three five-minute sections.
During the first five minutes, the subject copied singly-presented forms (cf.
the first three items on the pretest). During the second section, he copied
pairs of forms, and during the third section, he copied sequences of three
forms. Within each section, the appropriate standards were presented in
random order and were repeated until the five minute period had elapsed.

Discrimination training consisted of simultaneous matching-to-sample
practice on the items that had appeared on the discrimination pretest. There
were three five-minute segments, during which single-form items, pairs, and
triples were presented, in that order. Throughout each five-minute portion
of training, appropriate items were presented in random order. Feedback as
to correct choice was given on all items.

Combination training consisted of both discrimination and reproduction
training, identical in format and content to the other two groups. Only half
as much time for each type of training was given; within each five-minute
section of a session, the subject chose whether he wished to do the repro-
duction tasks (2-1/2 minutes) or the discrimination tasks (2-1/2 minutes)
first. No training was given to the control group.
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Postteot

The reproduction posttest consisted of two parts. The first part was
identical to the reproduction pretest. The second part, consisting of
another six items, was exactly the same in format but was constructed from
three letter-like forms that had not been used in training and transforma-
tions of those forms.

The discrimination posttest consisted of two parts. The first was
identical to the discrimination pretest, and the second part consisted of
another eighteen items exactly the same in format to the pretest but
including the same three letter-like forms and transformations of them used
in the second part of the posttest.

RESULTS

Table 12 presents, for each treatment group, mean chronological age
and medan scores on the letter-naming and the Beery tests, as well as on the
discrimination and reproduction pretests. All four treatment groups were
comparable in age (FL1.00, df = 3, 32), alphabet-naming score (F = 1l.44,
df = 3, 32), the discrimination pretest (F = 1.001, df = 3, 32), and the
reproduction pretest (F = 1.40, df = 3, 32), and there were no sex differences
on any of these measures (all relevant Fs below 2.50, df = 1, 32). There were
initial differences on the Beery test (F = 4.53, df = 3, 32, p <. 01). A
Neuman-Keuls test revealed that the reproduction group differed significantly
from both the discrimination and control groups but not from the combination
group.

Pearson product-moment correlations between pairs of the following
variables: chronological age, the Beery test, the alphabet-naming test, and
the discrimination and reproduction pretests, are presented in Table 13.

To test whether the pretest and the posttest were indeed independent
of one another, the scores on these tests were correlated for both the dis-
crimination and the reproduction tasks. The obtained correlations were .66
and .61, respectively. t .

Analysis of covariance, using pretest score as the covariate, was
performed on the discrimination posttest. There was a significant difference
in performance among the four training conditions. Table 14 presents the
analysis of covariance. Specific comparisons indicated that discrimination
training was superior to the other three training conditions (F = 8.10; df = 1,
31; p<.01), which did not differ among themselves (F = 1.20; df = 1, 31).
Neither of the other main effects, sex and type of letter, was significant.
None of the interactions was significant. Figure 2 presents the mean
(adjusted) scores as a function of training condition and type of letter.




TABLE 12

Experiment 4

Mean Scores on the Prete.t Measures

Alphabet-
Age  Naming Berry Discrimination  Reproduction
Troinwng Condition (mos.) Test Test Pretest Pretest
Male 60.40 13.60 5.00 8.20 21.90
Reproduction
Female 57.00 4,80 3.60 4,80 22.53
Male 59.80 14.20 7.00 5.60 28.34
Discrimination
Female 56.60 16.60 6.60 5.60 26.43 .
Male 59.(0 12.80 6.40 7.40 27.70
Combination
e ~_Female 59.80 21.00 7.80 8.60 34 .84
Male 58.60 17.00 5.60 6.60 29.50
Control
___Female 54.00 8.60 5.00 6.20 25.64
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Discrimination
Pretest

Reproduction
Pretest

Beery
Letter-Naming
Age

p .05

TABLE 13

Experiment 4

Correlations Among Pretest Measures

Discrimination  Reproduction Tetter-
Pretest Pretest Beery  Jdaming
.27 .24 .29
Jab* .60
A3k
34
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TABLE 14
Experiment 4

Analysis of Covarionce on the
Posttest Discrimination Scores

af iy F
Between subjects
A (Training Method) 3 63.821 3.10%
5 A 1 .00t <1
(A)+A4)-244 1 24.778 1.20
(A +Aq+A,) =34, 1 166.685 8. 10%#*
B (Sex) 1 4.096 <1
AB 3 11.099 <1
Error 31 20.574
Within subjects
C (Type of lettrer-form) ] 8.450 1.98
AC 3 4.817 1.13
BC 1 1.384 <1
ABC 3 1.257 <1
Error 31 4.269
*p < .05
**p< .01
35
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FIGURE 2

Mean Discrimination Scores (Adjusted) as a
Function of Training Method
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Similar analyses wer.- performed on the reproduction data, and the
results are presented in iable 15 and Figure 3. Again, the main effect of
r-aining method was significant. Sex was not a significant factor, and the
interact ion between those two vdariables was not significant. The third
factor, type of letter tested, was significant: performance on forms that
had been used in training was superior to that on untrained forms. 0Only
one interaction, between training method and type of letter, was significaat.
Partitioning the interaction sum of squares into orthogonal components
revealed that all of the interaction was accounted for in the comparison of
the Reproduction and the Combination training groups, on the one hand, with
the Discrimination and Control groups on the other, on the two sections of
the post-test (F = 26.38; df = 1, 31; p<~..001). That is, on the trained
forms only, Reproduction and Combination training did not differ from each
other, but they were significantly superior to the other two training groups,
which did not differ from each other.

DISCUSSION

The results indicated that effects of training were quite specific:
that is, discrimination training improved performance on the dlscrimination
test but not on the reproduction test, and reproduction training led to
superior performance on the reproduction test and not on the discrimination
test. The combination training was as effective as the reproduction
training on the reproduction test, however, which suggests that either half
as much reproduction training was as effective as the total amount that was
given to the reproduction groups, or perhaps that the addition of some dis-
crimination training enhances the effectiveness of reproduction training on
a reproduction criterion.

The degree of "specificity' of the two tasks varied in another way as
well. While the effects of the discrimination training were seen on both
parts of the post-test, i.e., on the forms that had been used in training
as well as on those that had not been used in training, the effect of
reproduction training was present only on the trained forms; the training
conditions did not differ in terms of performance on the untrained forms.
Thus the "specificity" of reproduction training is even stronger than that
of discrimination training.

Such findings are consonant with those of previous studies. The
implications for instruction, especially for reading and writing, seem
clear. One cannot rely on transf2- from training on one task to another,
even though both deal with the . 1e content (alphabet letters). Rather,
the perceptual learning involved in the development of the ability to
differentiate between letters and the acquisition of the ability to copy
letters must be considered in terms of optimal curriculum development as
separate tasks.

Presumably, whatever is learned in the training of letter-discrimina-
tion--the ability to identify and contrast the distinctive features,
according to Gibson (1970)--will transfer when the child is faced with novel
letters. But the letter-formation training to be pursued in the development
of good handwriting must focus on all the letters; improvement on novel,

_untrained forms cannot be expected.

b v
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TABLE 15

Experiment 4

Analysis of Covariance on the

Posttest Reproduction Scores

Between subjects
A (Training Method)
B (Sex)
AB
Error

Within subjects
C (Type of Letter)
AC

A, Ayvs. €, €,
Ay, B, vs. Cp, C,

Al + A3, Az + A4 vs.

BC
ABC
Crror

*p <055 **p .01

641.

49
90.

200.
233.

662.
4,
20.
25.

751
.711
.515
245

343
603

.451
.900

458
012
787
110

e

7.11%
<1

<1

7.98%%
8.905%*

<1
<1

26.38%*
<1
<1



FIGURE 3

Mean Reproduction Scores (Adjusted) as a
Function of Training Method
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CONCLUSIONS AND RECOMMENDATIONS

The system developed for scoring reproduction of alphabet letters
proved reliable, valid, and useful in experimental work.

The development of basic tactile-kinesthet:: skill is similar to
the development of tasks involving the visual and aural modalities.

Active-kinesthetic training proved significantly inferior to
purely visual and to passive-kinesthetic training in a paired-
assoclates paradigm, indicating that the value of the tactile-
kinesthetic presentation mode in remedial reading programs does
not derive from its enhancement of associative learning.

Visual discrimination training led to superior performance on a
discrimination test, while reproduction (tactile-kinesthetic)
tracing led to superior performance on a reproduction test.
Moreover, the effects of discrimination training were seen both
on forms that had not been used in training and on forms that had
been trained, but reproduction training effects were limited to
the forms used in training. These findings suggest that tactile~
kinesthetic training (and discrimination training, to some extent)
is relatively specific in its effects.

The results of these experiments, while not conclusive, do not
strongly support the claims that have been made for tactile-
kinesthetic training techniques by designers of remedial programs
in reading. This statement holds for the assuciative-learning
paradigm, which most of the experiments to date have used, as
well as for a perceptual-learning paradigm as used in Experiments
3 and 4. Unless further research leads to different conclusions,
expectations for tracing, copying and other such instructional
techniques should be tempered.
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APPENDIX

A Scoring System for Alphabet Letters

The system is based on two equally weighted div.sions for scoring of
letters: method of reproduction and appearance. The method of reproduction
i{s further brr»en down into thiree categories—-number of lines drawn, order
of lines draw... . ' direction of lines drawn. Fach letter has a total
possible raw scie. of 4.0 (1.0 for each method category and !.0 for the
appearance category) which, after weighting, yields a possible weighted
score (referred to as TOTAL SCORE) of 6.0: that is, (1 x Method/Raw Score)
4 (3 x Appearance/Raw Score).

METHOD OF REPRODVICTION

For each letter there is a constant 1/n (where n is the optimal
number of lines for that letter). Every score in the three Method cate-
gories shouid be . multiple of this constant for :he specific letter.
After category 1 (number of lines) 1is scored, all irrelevant lines or
extra lines should be disregarded. That is, scoring for order and
direction cf lines should te based only on the lines which best fit the
standard.

1. Number of lines: For each extra line drawn and/or each line
missing, subtract 1/n from 1.00 to obtain score. Alternatively, each line
drawn, from 1 to the optimum number, gives §‘1/n credit. If the correct
number of lines 1s drawn, the score will be n (1/n) = 1.0. For more than
n lines drawn, give score of (-1/n) for each extra line drawn. Do not give
negative scores; for scores below 0.0, give 0.0.

2. Order of lines: This 1s based only on those lines of best fit.
The same lines should be used for this and category 3, direction of liaes.
If a curve is drawn where two lines are specified, consider it as two
lines for these categories.

Credit as follows:

(a) 1/n roints for line 1 drawn first (or for the lowest-
numbered line of those lines of "best fit'" in the event
that more lines were drawn than the n of the standard)

(b) 1/n points for line 2 (or next highest) following line 1
\c) 1/n for line 3 (or third highest) following line 2

(d) etc., for all n lines (see examples below).
3. Direction of lines: The number of directions is not always equal
to the number of lines in a figure. When, for example, a curve of more
than 180 degrees is involved, the number of directions is increased by one,
as in the case of the letter 0, which has 1 line, 1 order, and two directions,
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or in the case of the letter U, which has one line, one order, and three
directions (downward vertical, horizontal across the bottom, and upward
vertical on the right). Each line drawn in the correct direction receives

credit of

1/n. Direction is determined in relation to the letter itself,

and not in relation to its orientation on the page.

APPEARANCE

This category has a maximum score of 1.0 for each letter. Critcrian
are listed separately for each letter (see chart below). Give 1/n credit
for each criterion satisfied.

General Criteria:

1.

. . .

« o o

[enJRN-Rs LN e RV I S

=

All

(a)
(b)
(c)

Proper orientation on page, i.e., no rotation in excess of
20 degrees
Distinct, continuous, relatively satraight lines
Distinct, continuous, relatively smooth curves
Accurate intersections, no substantial gcoping or overhanging
Angularity accurate within 10 degrees of specification
Accurately proportioned curved segments
Accurately proportioned line components
Accurate placement of midpoint intersections within 10 percent
No lateral reversal
No vertical rotation

specifications are approximate:
Angles may vary 10 degrees from the specification
Midpoints may vary by 10 percent of the total leagth of a line

Percentages may vary within 10 percent unless limits are
otherwise stated.
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Mathod :
Kurmtwr of lines: 3
Nurber of Dirsctions: 13
Apprarancs:

1.
2.

3.
4,

5e
6.

7.

rropsr ori-ntation on the pase,

Distir~t, continuous, relatively straicht
linns,

Accurate intersections with nc substantial
£2pping or overhanging

Th2 diaronals intersect to form an angle
of 45 degrens. (Angle A = 45)

The diagonals ara cqual in lernzth.(AC = AD)
The horizontal intersscts the diaconals at
their midpinis, (A3 = DC; AZ = ED)

‘0 vertical rotation,

Mathod:

Mumber of lines: 2
Fumkor of divections: 3
Aprrarance:

1.
2.

3.

Propar orientation on the pye.

Distinct, continnous, relatively straicht
line,

Lictinet, continuons, relatively scooth
cutve.

Accurats dnlersections with no suhstantial
FAPTILNG or ovarrinsing,

e vertien] ents oft no rore thon 15%

o Lur ema) d.d curve, BT
A round or vertical oval chaps, i.c., a
borizontal dinvster 35 75 <100 of a -
vertical din-akar, (CF = 75-100" ED)

The Isnsth of the wartic  is rqual to the
leasth of a wortical dinmater of Ltha curva,
(A% = pp)

Yo Iateral raversal,

52. BEST COPY AVAILABLE
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Vethocl:
Funtvr of lines:
bumb»r of directions: 5 )

Appearance

1. Proper orientation on the pace,
2. Distinct, continuous, relatively straight
lineo
3. Distinct, continious, relatively simanth
curves,
b, Accurate intersections vith no substantial
gapvinz or overnanging,
5¢ Thz curves are cqual in size: the lowar
curve may b2 slightly larzer, (DGC = AXB)
6. The distines botieen the vertical and the
outerrost point on a curve is 25°=75% of
the lencth of the vertical, (D2 = 7G =
7. Th~ curves intersect the vertical at its
midpoint. (A3 = BC)
8. MNo lateral roversal,
9. Mo vertical rotation,
Vathod:
Tumbar of linoag: 2 ’
Mumber of directions: 3
Appcarance:
1. Proper orisntation on the page,
2. Distinct, continuous, relatively straizht
1ine,
A 3¢ Distinet, continuous, relatively smooth

curve.
tecurate intersactions writh no substantial
g2pping or ovzrhansing,

ey
i

e vertical euts odf wo nore Lhan 159

of the co-plitsd eurva.

A round or vertical oval shapn, i.4., a
horizoatnl din-ster iz 7571087 of a
vertical dinster, (CD = 75-100) aE)

Tha 1lengsth of thr vertieal is tuice tha
leazth of a voriseal diarater of tha curve,
(AB = 2 7v) .

Yo Jotwval ravargal,

In vertical rotation,

53-

10564




Yethod s

furker of lines: 1 3
\ . Lurber of «lirections: 2
N Appearance:

1. Propsr orientation on tha page.

2. Distinet, coniinuous, relatively smooth
curve, ..

3. A vound or vertical oval shipa, i.6,, a
horizontal diareter is 759-100% of a

. vertical diar~ter, (CF = 75-1004 En)

be the open segmanl is 2074407 of the total
circunference.

5. The op:n segrenl (AZ) includss equal
poridons of thy upoar right and lower
right quadrants, i.e., no lateral reversal,

Mathod: -

turbir of lines: 1
fumbor of directions: 2
Aprearancas

1. Proper orisntation on the vage.,
2. Distinct, continious, relatively smooth
\‘\ curvs,”
3. A round or vertienl oval shape, i.e., a
horizontal dia=stor is 75'-1007 of a
vertic2l diarat_ oy, (g- = 75~100% ED)
A

F
8 " . .
A ho The open seermaab (AT) ig 20 ‘<407 of the
¢ C F tolal ciceunfercnca,
c 5. Th2 ornm sesrent (A3) incInd~s equal

> Fortions of the wsp-r right, anl louer rizsht
quadrints, i.e., no lateral raversal,
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A
£
o

Mathod .
lurter of lines: 2 3
Furbvr of dircctions: 2

Apprarance: .
1. Proyr orientation on the page,
2, Distinct, continuous, relatively straight
line.,
3. Distinct, continuous, relatively smooth
curve,
4. Accurate intersections with no substantial
gapping or overhangzing,
5. The distance totwien the vertical and the
outerrost point on the curve is 25%-754
of the lengih of the vertical, (8D = 25-754:\C;
6. Yo lateral reversal,
\
Yethed:
Kurbar of lines: 2

Yurbter of directions: 3
Appearance

1.
2,

3.
4,
Se

6.

7e

Prop»r orientation on the PIge.

Distinct, continuous, relatively straight
line,

Distinet, continuous, relatively smoolh
curve,

Accurate int-rssclions vith no substantia
farpin, or everhonzing,

The vorlieal is tangzent to the curva and
Ferp:viicnlar to a borizontal bassline.
e voctical sttt of P po rore than 15+

or tha eorpl. b curve, . R
vertical dinnmster, (Ch = 75-1007 5F)

The lenzth of thw: vertical is twice the
length of a vortieal diamster of the curva,
(AZ = 2 57

o 1oteenl roversal,

o vertical rotntion,

55
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Fethod:

— 2, : lurbar of lines: b >
l Funter of directions: &4 :
' Appearanca:
1. Propsr orientaLion on the pasge.
2. Dhistinct, continwus, relatively straight
lines,
-3 3. Accurale interseactions with no substantial
— rapoing or overhan ting,
A F k. 7The rorizontals are peroendicular to the .
vertical, (Angle A = Angle C = Angle ABE = 90)
B . 5. ‘ih2 oulerrost horizontals are equal in
T leneth, (AF = cn)
-4 6. ihe outoriost horizontals ara 50% - 1007

of the length of the vertical, (AF =CD =
50-1007 AC)

7. The center horizontal is 50% <« 100% of the
length of the outer horizontals, (23 = 50%-
1009 AF)

8. The conter horizontal is located at the
ridroint of the vertical. (AB = BC)

9. DNo lateral reversal,

¥»thod:
Mamber of linas: 2
Nurb:ir of diractions: 3
: Apprarance

1. Proper orisntation on ths pare.
2. Distinct, continuous, relatively straight

line.,
3. Distinct, continuous, relativ-ly smooth
curve,
3 - ho Aecurate intersactions tith no substantial

Fapping or ovarhaazing,

) 9¢ A rovnd or varliecasl oval shape, i.e., a

3 horizonial dis~:ter is 75% = 1004 of a
veriictl diam~iar. (CA = 75-100% 3D)

6. The opea sezreuh (5\) 4s 5% - 109 of the
total circuntar-nece.

7+ Th2 horizontal (C)) is a biscetor of the
curva,

8¢ Mo l-teral revorsal,

9. lo vertieal rotalior,
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Method:
tunber of lines: 3 - 3
Mumber of directions: 3 :
Appearance:

1. Proprer orientation on th: page.

2. Digtinet, conlinuous, relatively straight
linzs,

Je  Accurate intersections tith no substantial
rappine or overhanzing,

ke The horizontals are parpandicular to the
vertical. (An<le A = Angle ARD = 90)

5. The upper horizontal is 50% - 1004 of
the lenzih of the vertical. (A% = 50-1009% AC)

6. The loir horizoatal is 50% - 100% of the
length of the upper horizontal, (BD = 50%-
1007 AR)

7. The louer horizontal is located at the
nidpoint of the vertical. (AB = BG)

8., Mo latcral reversal.

9. llo vertical rotation,

Yethod:

Xumber of lines: 2
humbor of directions: 2
Appcarance:
1, Pe-ror orientation on the page, -
2, Listinet, contimous, rclatively straight
lines,

3¢ Disliact, continuous, relatively smooth
curvs,

b, Accurate intersichtion with no substantial
£ 0ine or overannging,

5¢ The horizontal is poro-ndicular to the ver-
tical. (Anzle £C = 50)

6. The distonce batuzen the vertica ond the
outeriost poink on the curve is 25% - 50%
of th~ length of the vertical. ( DA = 25% =
50% CF)

7. Th2 curved scsrinb extends throuch 254
of th> lenstn of tha vertical, (CD = 253 CDRF)

Be o tacinentnl 1. 33907 of the
Trneth of the vovkicals (47 = 33=50" CI)

9. Tan bPorisonlal za! vorsical intorscct at
thelir cidwaints, (30 = C3; CO = OF)

10. I'o 1ateral rovocsal.

11, No wvertienol rotoiion,
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Metliod:

Hurter of lines: 2 ' 3 |
Maicor of dirvectionsg: 3
Appearance

1.
2.

3.
4.
5.

6.
7.

8.
9.

ropar orinntation on the page.
Uiztinct, continuous, relatively straight
line,

Pistinet, continuous, relatively swooth

curve,

Avcurate intorisction with no substantial
oaoving or ovarhenging.

A round or viorlieal oval shape, i.e., a
horizontal dia<sler is 75% - 100! of a
verticad di. - oher, (C? = 75-100" D)

“he open seqoont (AX) is an arc of L5 degrees.
ihe horizcilal is a radian of the curve, .

(o8 = 504 C0.3)

the opan ot is located in the upper
rizht quadront, i.e., no lateral reversal,

Lo vertical rotation,

Method:
ulee of lineg: 2
Muter of direelions: 3

Apoenr-: ot

1.
2,

3.

Pro»ar orien'alion on tha paze,

Bistinet, Codvinous, rolatively straicht
linn,

Mstinet, continuous, rclatively sriooth
cury s,

foeurnte dinterasctions wAth no substantial
EOping or ovishansine

¢
dovertiesY UL a0 o rore than 15 -
et T ed aurva,
A ronnd or v lieal oval shage, i.e., a

Leticontal dis stor 35 790 -~ 1007 of a
revierl dis oo, {CF = 75-100% 39)
cnaolinloan L2 vertical ead the
ctibar, o5t ratab on its curved se~ront is
5010t the 1 a-th of the veriieal, (In = 501 +-
e oenrvad e ont of tie verticol extends
boveeh 250 o) ki Ien Uhof thy wortical,
(ie o2y, A1)

ot
2o on

(O

1

-

LY ot . 3 oy e L
st o e wart o) 4y Leies the lon v
[hd R A t 1 - [ —

Go dnerviesl o sber of L ong ide (AU = 2.

Do Tnterad poy o,




Vethod:
Lnder of Jineg: 3 \
Furber of directions: 3
Apperrance:
¢ i 1. Froper orientation on the paze.
X 2. Dis tinct, continuous, relatively straight

lines.,
3. Accurate interscctions with no substantial |
D3 rapoing or oveshanging,

4. Tha hovizontzl: ig - verpendicular to the
A E verticals. ( Annle Ay = Anzle FOB = 90)
5. the horizontal is 504 - 1007 of Lhe “~ngth
of thr vorlicals., (50 = 505 AC)
Bf——-ft 6. he vertiesls ape equzl in lensth, (AC = ¥D)
7. ‘ihe horizontal inlersactg the verticals at
3 D their nidpoints, (AR = EC = Fg = D)

Mothed:
Yurbar of Iinng: 2
Martor of directions: 3
Apreneonce:
1. Troper orient~tion on thn pagc.
. 2. DNistinet,, coalinuwous, relatively straight
L lines,
. 3. Distinet, conlinuous, ralatively swooth
! curve,
L, locurate intessoclion vilh no enbstontial
’ GunpinT o ovarnonsine,
L 5. Wbrdistraen beteaaa Lo vertical and the
/// A : . cuterront roint en Lhe curval soornt is
505 of thr Taa<ih of L1 loft vertical,
(72 =300 400)
6. he curv-d oo s oant cxtonds thisach S04 of
the 1 sih o {ha Inrt yorbical, (%G = 505 ¢
7o by rieht vopelieal st ds parallel to
tis Inft vartical, (D ABC)
8. 1 lateral rosapsal,
9 o vertical rooation,

59
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athod:

. Funter of lines: 3 '
- ! Rurber of dircctions: 3
——— Appearance
' !I' 1. Fropor orienlati:. on the pape.
y 2. Distinct, continuous, velatively straight
lines,
3. Accurate interscctions with no substantial
7appinz or overhanging.
k. 7The horizontals are perp.ndicular Lo the
A B o veriical, ( Ancle ADS = Anzlc DiB = 9n)
— 5. The nhorfzontals are $07% of the length of
the veitical, (AC = 50 Bs; DF = 504 BE&)
6. %he hor:~ontals intersaet the vertical at
53 their midroints.( A3 = DC; DE = EF)
— >R
A
Method:
Pambar of 1inns: 2
funter of dircelions: |
Apr:aranca:
. 1. Prop:r orientation on the page.
o 2. Distinct, ‘contirnous, relatively straight

lina,
Je  Distinet placer-nt of dol,
b Thz dob ig plasnd diractly above the vortical

! A, at a disl-nca of 254 - 505 of Lhe length of
B . the ver'iezl, (4B = 252504 o

5« Yo vartical rotation,
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Mot nod:

llanker ot lines: 1 y
‘L Yumoer of directions: 1
i Appearance: .
. 1. Propor orientation on the page.
2. Dis'inct, continuous, relalively straight
linCo
3. Distinct, continuous, relatively smooth
curve,
b. The curved segront extends through 2)5 of
the lengsth of th: vertical, (EC = 25. ABC)
5. The distonce betizen the vertical and the
outerrast poinl on the curve is )0) of the
length of the vertieal. (D3 = 507 ACC)
6. Yo lateral revercal.
7. Mo vertical rotation.
[
N
Method
Murber of lines: 2
lunoer of directions: |
Appearance:
. 1. Propar orientalion on the poge.
2. Distinct, contirnous, relalively straight
o2 ‘ line.
3. Distinet, continncus, relalively smooth
\L curve.
L, Disiinat placer nl, of dot.
! 5+ The curved saevanl extends through 253 of
, A - the Trnith or cha vertical. (CD = 25% BCD)
€. The distones tebosen the verbical end the
a® outor O“L roint o1 Lhe curved sepement is
255 = 507 of tha length of Lhe wvertinal.
(¥C = 25=50% 1 on)
\\\\~“’/) F‘\;;)«: 7« The dol i35 pla c.l diICCf]j above thd vertical
En'o at a distance of 257 - 50, 01 the lenzth of

the vortical, (13 = 25-503 L0D)
8. Mo lateral reversa
9. 1o vertical rotalion,

O
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Method:
' thanker of lines: 3 )

App:arance: .
1. Pror 1 ovientatien ou the page.
2. Distincl, continnous, relatively straicht
lines,
3. Accurate intersections with no substantial
gapping or overhangingz.
L, The di-, onaJ., for an angle of 75 degrees.
(Angle war) = 95)
A € S. The ‘.ng,]cs forrmed by the vertical and ad-
jacent dia~onal are caqual. (Anele ABS =f\u\c\\c('.€
8 6. ine diauoanls are cimal in Jencth.
. The diczonals are 505 - 100% of the lensth
\ of the vortical. (%2 = 50-1007% ABC = BD)
¢ i) « The diazonals inlersect the vertical at its
midpomt (AB = EC) :
9. No laterzl reversal,
Method:
Yunb-r of lin~g: 3
J{ horkber of dircctions: 3
X Appoaronce s
. 1. Propar orientation on the page.
2. Distinct, coatinuous, “"13.th<,!../ straignt
Jines, _
3, lecurate Intersections with no substantial
gappint or overhon:inz,.
4, ‘The diezeonls inters-et to form an angle of
) 90 derrars, (Ingle 5D = 90)
A ' 5. The aniles fored by the verticel and ad ja-
¢ cent diszonal arz equzl., (Angle ARS = Ansle €=
8 G. The ¢ i"f’o;*.n.ls are 25% - 334 of the lensth
! o of tha worlical, (52 = 2) = 29-331 A50C)
7. 'I}‘e diare o L3 inlersact the vertical at a
oint 25" fron the bass of the wvertical,
( C = L:_‘J \L(‘)
8. Mo latera! revoarsal.
Y4y Yo verilerl rotalion.
L]
Q
-2 hhyy

turher of directions: 3




Yethed:
) Munber of lines: 2 ' \
Numb2r of divections: 2
Appcarance:
'l 1. Prop:r oricntation on the page.
\ 2. Distinet, continuous, relatively straight
lines.,
3. Accurate intovseation uvith no subshantial
gappinz or overhanging,
4, 1he horizontal is parp:ndicular to the
vertical. (Azle B = 90)
A 5. ‘The horizontal is 50% - 1007 3f tgc length
of the verlical., (BC = 50-1005 AB
6. lo lateral reversal.
>z 7. No vertical rotation.

&

Method:
Nurienr of lines: i
Yuoer of directions: 1
Apprarance:
1. Preper oricntation on the paze.
2. Dislinct, continnous, relatively straight
line,

A
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Methed:
Mumber of lines: h ' \
: Muriter of directions: &4
Appearience:
i 1. Froper orientalion on the page.
2. Distinct, conlinuous, relatively straight
1 lines,
// 3. Accurate intorsections wvith no substantial
rapping or overhangzine,
b, ahe diaconals form anzles of 40 desrees with
their adjecent vertieals., (Angle & = Angle C
= 40)
5. The verticals are equal in length., (AB = CD)
6. Tr> diazonals ors eqal in length. (A2 = CE)
7. The diagonals interscct at a point midway
y B batiaan the vertieals at the height of
B D) their midpoints, (52 = 3; AF = IB; CG = GD)
8. Mo vertical rotation,

w
i -

A ¢

Fethod;

Yum2r of lineg: 3
Pun=er of directions: 5
Appearance:
. 1. Proger orientalion on the page,

2, IDislinet, coal.invous, relatively straight
13 5

- 3. Distinet, continuous, relatively srooth
i ~re, ,45'\\\ curves,
\ b, tecorate int~rs2clions with no substantial
Zropine or ovniitnzing.

5 b enrved Cosvoents are equal in size.
c 6. Th~ corved g3en ba exlend Lhroush 1007 of
the Tonsth of the Laft vorljcal, (TJ = A3)
7. Thr distence Lebieea the 1aft vartjeal and
F Lo ontersost coint on iho risht vertical
st As 1960 of the length of the left
vectieal, (005 = 1507 AR)
8. ‘in> veelical ¢t of the curves are
Pulinl to the 2oft vertical,
L2 RS | 1vraal,
10, Yo v .rtical rolatlon.

) ' . -
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Yethol:
Funbor of lines: 3 )
Pumbor of directions: 3
Appear-nces
t. Prorer orientation on the page.
2. Dintinel, contimous, relatively straight
lines,
3. Accurate interucetions with no substantial
grnoine or ovrhaneing,
4, the diaconal forns an anele of 40 degrees
tuith each adjacent vertical., (Angle A =
Anela C = 40)
A v 5. The wvorticals . are ecqual
in lenzth, (AB = DC)
6. 1o lateral reversal,

Method s
bupb-r of lines: 2
Fumbor of dirsctions: 3
Appraronca:
1. Froper orienitation on the page.
2. TDisiinct, centinuous, relatively straicut
linrs.,
3. Ti=linet, continnous, ralotively smooth
CUrve,

A, £ 4, Jeanrate intovsoclion with no substantial
“\b - #annins or ov:itnzing,
;\j 5. "y eurved o cmont extends tbhrough 1€0Y of
p' g 'C the len-th o the vartical, (37 = A3)

6. Tt digstonce Yotwoen the vertical and the
outeridst polat of the richt vertical sesmont
in 1007 of th: length of the verlical,

(AD - AB)

7. by richt verticeal seeat is parallel to
the 1eft vartisz~l, (AR LC)

e !'n VTotsral rovov.al,

9. 1 ovirtieal ratilion,

CLERT




Hethad s

Lwler of Jines: 1
Nuibor of dircetions: 2
ol Appeorance
T 1. Distinct, continuous, relatively swooth
curve,

2. A round or vertical oval shap:, i.e., a
horizontal diamater is 7594 - 1007 of a
vertical diamcter, (i) = 75-1004% AC)

A
B D
()
Yethod: .
thiebtor of linog: "1
fubar of dirsctions: 2
Aprrarance:
1. Distinct, continuous, relatively smcoth
curve,
2. A round or vertieal oval shapz, j.e., a
horizontal disnmater is 757 - 100f of a
A verileal dianzter, ( BD = 75-1007 AC)
-4 )y
5 (2)
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Mothod:

.. . . - Fo B .4 . ,
LUitar ot tiness: <

LAV

or of divestions: 3

Apprmranee:

1.
2.

30
4,
Se

Propar oricntation on the pase,

Distinet, continuous, relatively straight
line.

Distinct, continuous, relatively smooth
curve,

Accurats intersections with no substantial
gapping cr overhanging,

The distance batween the vertical and the
outeriost point on the curve is 257 - 759 .
of the lanzth of the vertical., ( BY =
25-75% AD)

The loi:»r segment of the curve interseccts
the veriieal at its midpoint. (AC = CD)

o lateral reversal,

Lo vertical rotation.

Method:

Yubar of lines
Lurmter of dirac

2

tions: 3

Aprearance:s

1,
2'.

67,

Propar oricntation on the 200,

Distinet, continuous, relatively straight
line,

Distinet, continuous, relatively snooth
curve,

dcenratey iatersaalions with no substantial
sarping or overhanzine, )

"y ovoerlieal euts ofd no rore than 157

AL e eon 0T atad aurva.

A round or vertical oval share, i.e., a
horizoatal diaiister is 754 - 100, of a
/I o~
g

verctical dinrstar, ( CD = 95-10014 )

thr Iensth of thy vertical is twice the
lensith of a vertical diarzter of the curve,
( AD = 2 3F)

Yo Taterod roversal,

Y

Dy verdien rotation,

My R



Fethods
\ —— . uneber of lines: 2 )
Nurber of directionu: 3
Acpenrance:
1. Proper oricntalion on the page.
' 2, Distincl, continuons, rclatively straight
lim! .
J. Distinect, continuous, rclatively smooth
curve.
A round or vertical oval shaps, i.e., a
horizmontal dianster is 754 - 1004 of a
vertical dirrater. (BD = 75-1007% AC)
The diazonal is 25% « 50 ¢ of tha length of
a vartical dianster. ( 3F = 25-5C4 AC)
The dinzoral is located in the lower right
quadrant, i.e., no lateral reversal or
vertical rotation.

Fethod:
inmbar of lines: 2
tusner of diractions: 3
Apnrarcnee:
. 1, Propar orientation on the page.
2. Dictinet, continuous, rclatively straight
\ line.
N b 3. Tistinel, continnous, rolatively smcoth
2 curve,

b, Accurate intercections with no substontial
FAPDINg Oor oV IChtn T LilT.

’ N .. /
' ' 6. ‘he vertieal ¢ai, off no rore thon 155
nt Lthe co obletod curve,

« A round or wvertical oval shape, i.c., a
borize-tal dianster is 755 - 1004 of a
virticsl dirscter, (57 = 7521031 CD)

7. The lensih of i verticsl is tuice the lenszth

of a vertical disrasler of the curve. (A3 = 2030

8. 1o lateral roversal, )

3 9, 1o vertics) rotation.

o 68 .
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Fethod:

Mariher of lines:
Mt of dircetions:

3
L

Appearcico:

L 1.

2.
3.
4,
Se

O\.D [0 BN

)

Fropor orientation on the e,

Distinct, continuous, relatively straight
lines,

Listinct, continuous, relatively srooth
curve,

Accvrate interssctions with no substantial
gapping or overhanging,

The inlerior ansle foruad by the diagonal
and thz lowver se-nent of the curve is

120 derrees. (Anzle BDY = 120) Y
“he distance Loatuzen the vertical and the
onterrost point on thz curve is 254 ~ 754
of the lensth of the vertical., ( FG =
25-75" ABC)

The diazonal and the
downiiord to Lhe same
The low:r s~ mni, of
the varlical at its midpoint. (AB
o laleral reversal.

tlo vertical rotation,

srtical are extended
horizontal -plane.

th? curve intersects
~y

5C)

Method:

Mumbar of lines:
Lot ey

2
2

o~

of diroctions:

Appearonce:

1.
2.

3.

3.
9

O
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Frorer orientnlion on the page.

Distinct, continnous, relatively straignt
line,

Disiinchk, continuous, rclatively smooth
curva,

temiaate interssclion with no sutstantial
i7anniny or overianzing,

Thy curvad seoront extends Lhroush 2575 of
. « " o e g - !
ten Jength of tie vertical. (EI = 2535 AC)

/Thn digtance fron the vertical to th: outer-
st paint on th: curve is 757 of Lhe length
of Lo warticsl, (29 = 755 AG)

"ho point of intersaction is 207 fron the
top of the varuienl, (AD = 205 APC)

0 I~teral roeversal.

0 vertical rolation,

.
:
"’
i
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Mothed:
: ' hurdbor of line

.
a
L
N

S 1
i Kty of dirvacevions: 3
\\ Appwarence:
1. Prorer ori~ntation en the page

2. Distinet, continucus, relatively srooth
curve.
3. The upper and lover segrents of the curve
are equal in size. (AB = CD; B = FG)
N 4, The lebter widih is 507 of the virtical
h"Jr"lu. (u') = )0" '_"T})
9. 0 lateral reversal.

Methorl:
turter of Iinos: 1
burd-r of dir~clions: 3
Appoarcnce:
. 1. FPropar ori-nlatien on the poge.
2. Distinct, coatinucus, rolatively srooth
\ curve,
3. he unrer ard levor segronts of Lhe curve
are cquol in size, (V5 = C2; IF o= )
e Thin 7r'w< ot leh ig 505 of the vertical

X
h‘,‘_!."ﬂ-.. (“’. " )f)) e

13
\ ’ «© L3 ’ -“—
NL 238 5. o laternl roversal,
1
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Method:

Rurter of lipes: 2
tunter of directions: 2 .
—>2 Appcarence: )
1. Proper orientation on the poge,
¢ 2, Distinct, continuous, relatively straizht
! lines.

3. Accurate intersection with no substantial
fapping or overhoneing,

4, The horizontal is porpoendicular to the
vertical, ( Anzle AED = 90)

A 8 ¢ 5. The horizontal is 50" - 100} of the length
of the vertical, (AC = 50-100% 3D)

6. The interscction of the horizontal and the
vertical is located at the midpoint of the
horizontal., (A3 = BC)

7. No vertical rotalion.

D
Yethod:
luarmeer of lines: 2
Yurter of directions: 2
Appeesrance:
1. Proper orientation on the page.
2, Dis tinct, continuous, relatively straight
lines,
3¢ The horizental is perpendicular to the
J vertical., (fnzla %3 = Angle DC = 90)
' b, The horizontal is 50} of thelensth of the
=2 A vertical, ( 23D = 507 AZC)
: : 5¢ The horizental intersacts the vertical at
8 o a poink 337 fron the top of th: vertical,
(A% = 337 ARC)
6. The horizental is intersected ab its ridpoind,

¢ (7 = =)
7. Yo vertical rotation.
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Method:

Purber of linas: 1 >
J/ \ humber of dircctions: 3
’ Aprearance:
| 1. Proper orientation on the pare. '
2. Distinct, continuous, relativcly straight
lines.
J. Distinct, conlinnoug, relatively smooth
curve,

F

The curve extends throuzh 257 of the totl
vertical length, (5C = 257 RBOC)

The vertical sogrsats are equal in length,
The horizeatal distenee totuooa tie vertical
seamenls is 507 - 1007 of the length of

the vorbticals., (A3 = 50-1007% kC)

7. Dlo vertical rotation.

N\
D)

Method:
turber of linas: 2
Luiiter of discctions: 3
Apperarance:

. 1. Propor oricantabion on the page.
2. istinet, continuous, rc1&01Vulj straigsnt
lines
3. Distincl, continucus, relatively smooth
] , ciurve,
Y z 4o Accurale interseetion with no snbstantial
. gapoing or ovarisn ting,

5¢ The curvel soszent exlonds Lhvonsh 10079 of
the len th of the ri ut vertiecal.
(Fy = 2C
6. the distonte talucon the verljesl and the
i
o

oucernest toint on L lell varbical somront
1004 ot the 1onsih of the worbical. (xn = ZC,
7. he 1lefu virtieal .--:ont is v f?Jlnl to Jhe
right vortical, (03 5C)
8. o later.) rover;al,
9, 10 verlica) rotation,

<-v-.
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1thod:

turmbor of linas: 2
Mutber of cirections: 2 .
Apoearance:
1. Prorer oricentation on the page.
’ ' 2. Distirct, continuous, relatively straight
7 lines.
2 3. Accurate iatorsccetion with no substantial

Fanpin~ or averbancing,
L, ‘'the diazonals intersect to form an angle

of 45 derrens. (Andle C = 45)
5. ‘“he diacconals are equal in length, (AC = EC)
6. 1!o vertical rotation.

Yethod:

Munbar of lines: 2
Mo of directions: 2
Aprearance:

1. Prorer orientalinn on the page.

2. Distinct, ccentinnous, relatively straight
lines,

3.  Accurale inblersoction with no substantial
manuine or overhanging,

L, 1ihe din~onnls intorseet to form an angle

of LS derre~s. (Yaszle C = 45)

ihe disconals are equal in length. (AC = EC)

b}

o vortical rotation,

<_—
o

(0,88, }

L ] [}
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Aruitoxt provided by Eic:

trthod s

. lumber ot linas: l \
Mumber of «direcctions: 4
Apprarance: .

1. Troper orientation on the vage,

2. Dislinet, continious, relatively straicht
linQS .

3. Accurte intevsections wilh no substantial
gappin: or overhanging,

b, The outer diz-onals form an<les of 40
degrees with o' “~ecent innev diaconals,

( Angle B = An+de D = 40)

5. The irner diajzon~ls intersect to form an
enzle of 50 desroes. ( Anzle C = 50)

6. ke outer diajonals are equal in len:;th,
(A3 = ©D)

7. The imeor diazonals are equal in length,
(BC = DC)

8. The inner diagonals interscet at a point
midi:ay batuzen the outer disgonals at the
height of their midpoints. (AF = FB; G = DG)

9. Yo vertical rolation.

r>thod:
unber ~f lines: L
Yumber o ¢ivections: &4
Aprearance:
1. Pror:r orientation on lhe pC,
2. Distinct, contiruous, relatively straizht
lines, .
3. Accurste inter:ieoctions with no substanlial
gapnin; or oviriitizing.
be Tl culer diarcon s forn angie  of 40 degrees
with wljncent inane diasonals, (Anzle B =
Angl2 D = 40Q)
5« Th2 inosv diagon-ls intorsoct to form an
an;ls of 50 degrons. (Suzle € = 50)
6. A1l diz;onals are equal in lenzth, (AB = BC =
CD = Ds)
7. Mo veriical rotation.
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Yethod: ‘
Murter of lines: 2 3
Musber of divections: 2

Approrance:

1. Proper ori-ntatiorn on the page.

2. Distincl, continuous, rclatively straight
lines.

3. The diagonals inter -t to forn vertical
ancles of 70 degrees. .ngle ATD = Anglo
nuC = 70)

4, ‘Tha diacon:ls are equal in length. (AC = BD)

5. The dizcourls intersect at their midpoints.
(AB = &C; &4 = ED)

€
c -
Meothod:
fu-ar of lines: 2
Yurbar of direcllions: 2
Apoearance:
1, FPropar oricntation on the page.
2. Distinct, continuous, rclatively straight
lines.
3, The diergonals intersact to forn vertical
angles of 70 degrees. (Angle AZD = Angle
LiC = 70)
A - b, “he disconnls are cqual in length. (AC = 20)

‘e diascontls intersceb at their midpoints.
(A% = EC; B3I = 3D)

<
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Yathod:
. Numbar ot lines: 3 \
hunber of dircclions: 3
Appearonce:

\y ¥ 1. Propur oricntobicn on the prge.
' 2 2. Instinct, continuous, rolatively straight
lines.

3. fcowaete intercoction with no subslantial
gapping or ov-cuiansing,

f/ 4, The diazonals intersect to form an anzle
$ of 80 dzrrees. (insla D = 80)
3 A ¢ S5¢ Tho vertical for:s an anile of 140 dogrees
with cach adjazoal dizonal., (Angle B =
b Angla ¢ = 140)
£YF 6. Tar vortical and the diagoanls are equal
' in lengsth,
- 7. lo vortical rotalion,

Vethod:
“ Mmber of lines:
Nurbor of directioas: 2
Mppoarance
1. Frop:r orinnlsiion on the page,
2, Distinst, coatintous, rol-tively stroight
lines,
3. leewi e dntaraietion vilh no substastial
£rnn’toor overhingingz,
b, Ihe dirgennl; ntorsaet o forn an anzle
of 45 damrans, (nle A7 = 45)

: S. Thy 1.1t din;“ﬂ“L s 207 or tie It of
A the »i i dis 00, (83 - 3035 CBD)
¢ 6. 102 1ot dia, u“' intars~cts the risht
L divonl at its nidroiat. ( €3 = D3)

() 7. lio Interal ro.ovoal,
8. Mo voriical ro'-tion,

76

Q A
ERIC ihyyT

Aruitoxt provided by Eic:




O

" FRIC
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Method:
Mumber of lines: 3 !
Mnbee of divecticns: 3 a
Appraracee:

1.
2.

3.
b,

Pvoper ovientation on the paeco,

Distlinct, conbinnons, relatively straipght

lines,

Accurate interscctions with no substantial
rapping or overhanzing,

“he diazonal forrss an anzle of 60 degrees

wilh each adjacent horizontal.

(Anzle B = Angle C « 60)

The horizontals are 504 of the length of
the diazonal. (A3 = CD = 5079 BG)
No lateral reversol.

Method:
warrer of linns: 3
fu-tor of direstions: 3
Aprearvance:

1.
2.

3.

S

Go

Propzr orionintion on the paze,

Distinet, coatinuons, relabivaly straight
lines. .

fecurate iataro~clicns wilth no substantial
SAMping or overiitacing,

A dlogonrl S on sacls of 89 dosrens
with erelt edircont forizontal, ( faizle 8 =
rngla € = Q)

“hay borizoat-la ore €45 0f Ui Trncth of
the dinzond, (A3 = C) = &5 50)
Yo latecal reversal,

-’
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