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ABSTRACT

In light of the intimate relationship between saccadic eye movements
and reading, measurements of saccadic fixation ability are often utilized
as indicators of poor reading ability. The Pierce Saccade Test is a
standardized test which has been used in the past for this purpose. This
test has some shortcomings, in that the saccades involved are widely
separated and equally spaced, resulting in contamination due to habituation
and anticipation. Further, the amplitudes and line width of the required
saccades are far greater than those habitually encountered in normal reading
tasks. The King-Devick modification of the Pierce Test added more fixations
to each line, thus reducing the amplitudes of the required fixations, and
subsequently found that their test better differentiated between good and
poor readers than did the Pierce Test. However, the King-Devick Test still
utilizes a greater line width, and somewhat larger saccadic amplitudes
than are commonly encountered in normal reading.

In an effort to simulate the magnitude of saccades and line widths
most commonly used in everyday reading material, a new saccade test was
devised, based on the modification of King-Devick Test III. This test,
along with K-D III (King-Devick III), was run on 33 second grade students
in the Big Rapids area, whose age ranges were seven years and four months
to nine years and one month. Each of the students were classified as
either adequate or inadequate readers by the estimation of their classroom
teacher, with whom they had worked for approximately seven months. Mean

values and standard deviations were determined for each cf the groups, and
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correlations between reading abilities and test scores were determined for
each of the tests administered.

The results indicated a good correlation between the KD-III and the
modification thereof, when‘applied to good readers, but a poor correlation
between the two tests when used on poor readers. The study showed the
difference in the means for good and poor readers to be significant to
the .001 level for the KD-III Test; however, the difference in the means for
the modified saccade test were not found to be significant at the .05 level
necessary for clinical use. There was also a significant difference in the
means for the two tests, indicating that the format for presentation of the
figures is a very important factor in both the time required for completion
of the task, and for the ability of the test to differentiate between good
and poor readers. The significant difference in means between the two
groups with the KD-III indicates this test is much better for differentiating
between good and poor readers than is the modification of the test used

here.
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SACCADES AND READING

Eye movements associated with reading have been subject to study for
many years. Originally thought to be smooth and pursuit-like in nature,
Professor Emile Javal, in 1978, discovered by simple observation that
eye movements during reading were a series of small jumps with intervening

(17)

fixation pauses, and thus the term saccade was initially defined to

be "rapid movements between fixation focuses that occur in reading.(s)
Following the realization that eye movements were not smooth and
sweeping in nature, it became necessary to determine if visual information

(13)

s taken In during saccadlc movements. Ludlam provides a brief

literature summary of evidence to indicate a cortical suppression during

(14)

saccadic movements, while Richards proposes a retinal suppression due
to a shearing effect during movement. In any case, the important factor
for this discussion is the agreement that some type of suppression does
occur, indicating that all information acquired from reading must be taken
in during the brief fixation pauses of approximately 250 msec. duration(3)
found in the average reading task. Thus, it is apparent that the accuracy

and speed of saccadic eye movements will play an important role in the

efficiency of reading.

Measuring Saccadic Movements

Although four eye movement systems (saccadic, pursuit, vergence, and

(3)

vestibular) interact constantly in normal reading activity, the saccadic

system has the greatest bearing, and hence has been given the most
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consideration when correlating eye movements to reading deficiencies. The
most effective currently available means of measuring eye movements is

through infrared oculography, using units such as the EDL Reading Eye

Camerggz or the Biometrics Eye Traé§§ Several studies using these instruments
have demonstrated that poor readers consistently make more fixations,

more regressions, and longer fixations than do good readers for any given

reading ]evel.(2’3’4’10a11)

Unfortunately, the cost and relatively limited
use of infrared oculographic units limit their use to educational institutions
and those practitioners specializing in pediatric vision care. Clearly,

a less expensive alternative for determining saccadic efficiency would be
useful to the average practitioner.

John R. Pierce, 0.D., of the School of Optometry at the University of
Alabama in Birmingham, devised an indirect means of measuring saccadic
accuracy, called the Pierce Saccade Test. The test consists of three
cards, each with a column of fifteen numbers of approximately 20/70
Snellen size at 40 cm., with the columns separated by 8 3/4 inches (see
Appendix I). The subject holds one of the cards before him, and is
instructed to read the first number of the left column aloud, then the
first number of the right column, the second number of the left column,
etc. The time required for completion, as well as the number of errors
for each card, are recorded and compared with standardized data for the
subject's age and grade level in school. The Pierce Test has several
inherent shortcomings: first, the separation of each of the figures by
a constant amount introduces two constant errors of habituation and
anticipation, as pointed out by King and Devicksg) Secondly, the separation

of 8 3/4 inches between figures results in a saccadic amplitude of
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approximately 29 degrees at a 40 cm. working distance, hardly an amount

(12)

commonly encountered in reading tasks. Leisman and Schwartz indicate
that 20 degrees is the maximum angular movement within which the eyes

should have to move for maximum reading efficiency. Additionally, a test

using such a huge saccadic amplitude virtually eliminates one of the major

characteristics of dyslexic saccadic behavior —-- regressions. Since
. . . (15) .
regressions are normally of relatively small magnitude, it seems

unlikely that many regressions will occur over a 30 degree separation.

In 1976, Alan J. King and Steven Devick, at Illinois College of
Optometry, came up with a modification of the Pierce Test, specifically
designed to decrease the effects of anticipation and to reduce the
amplitudes of the required saccades to a situation more closely related
to an actual reading situation. The test is comprised of one demonstration
card and three test cards, each containing eight rows of five numbers,
each number spaced such that successive saccades are each of a different
amplitude than the previous one. The numbers are printed in 1l-point
type, which corresponds to approximately 20/100 reduced Snellen acuity
at forty centimeters. The separation between the left and right margins
is reduced from 8 3/4 inches in the Pierce Test to 7 inches for the King-
Devick Test. Subsequent testing found the King-Devick Saccade Test to
show a chronological age/performance relationship similar to the Pierce
Test, with better differentiation between good and poor readers with the
K-D as compared to the Pierce.

The King-Devick Test, although decidedly more comparable to a normal
reading task, still has some deficiencies in my opinion. First, although
obviously much better than Pierce's 29° saccades, the calculated average
saccade amplitudes for the K-D tests at 40 centimeters are about 6.40,
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with a range of 2.1 to 9.9 degrees, somewhat greater than the 1 to 4 degree

(3)

normal saccade amplitudes found in normal reading by Ciuffreda, et. al.

Griffin, et. al.(e)

found that the longer saccadic movements were more easily
and acurrately performed, citing Hyde's work which showed that short
saccades were considerably more neurologically complex than longer move-

(8)

ments as the reason why this is true. Thus, it seems that a test using

even smaller saccadic amplitudes may give even more definitive results.
Another discrepancy between both the Pierce and King-Devick Tests

and the average reading task is in the length of line used. The line

length for the Pierce Test is 52 picas, and a 42 pica line is used in

the King-Devick Test. (Note: a pica is a unit of measurement used in

the printing industry. One pica corresponds to about 1/6th of an inch.)

By comparison, legibility for 10-point type is maximum when a line width

(16)

of between 14 and 31 picas is used. In addition, consider the following

information:

"(longer line widths)...yielded increases in fixations,
pause duration, and regressions (in normal readers).

In reading the very long lines, the major difficulty

was to locate accurately the beginnings of successive
lines following the back sweep from the end of the
previously read line. When this difficulty is experienced,
it tends to upset the normal reading process so much

that re-establishment of the most efficient oculomotor
patterns in reading successive lines becomes difficult

or impossible." (16)

In light of this information, the potential is there for false positive
responses with respect to reading difficulties as judged by performance
on either of the aforementioned tests. I feel it may be advantageous to
investigate the potential of a test similar to the K-D or Pierce, using

a narrower line width and smaller interfixational distances.
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Method

In order to evaluate the impact of a different presentation of a
test similar to the King-Devick or the Pierce Tests, a modification of
the K-D IITI Test was evaluated and compared to K-D III itself, with regards
to either test's efficacy in differentiating between good and poor readers.
The format of the author's modification of K-D III may be examined in
Appendix III. The author's test uses forty numbers of a 20/100 size, as
does King-Devick III Test. The column width for the author's test (herein
referred to as the JJM Test) was, however, 3% inches in width, or 21 picas,
as opposed to the 7 inch line width for the King-Devick Test. Also, the
numbers in the JJM Test are presented in five lines with eight numbers in
each line, rather than eight lines with five letters in each, as in the
case of the King-Devick. As in the KD Tests, the JJM Test has its numbers
distributed at random intervals within each line, to avoid habituation.
The numbers in the JJM Test are separated by a mean distance of 1.26
centimeters, with a range of 0.4 centimeters to 2.7 centimeters. If tested
at forty centimeters, the angular extent of the saccades required to
fixate each number have a mean value of 1.8 degrees, wtih a range of from
0.6 degrees to 3.9 degrees. Thus, the number, size, and orientation of
the stimuli are the same in each of the tests, with the only factor having
been altered in the JJM Test being the angular separation and line width
of the stimuli. In this manner, evaluation of the two tests on the same
populations of good and poor readers will enable us to assess both the
efficacy of defining poor readers in a population using KD III, and whether
or not the aforementioned modification will improve the test's efficacy.

The JIJM Test and KD III were run on a group of 33 second grade students
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at Riverview Elementary School in Big Rapids, Michigan, in early April of
1981. All subjects were judged by their teachers to be of normal intelligence.
Each of the children were instructed to read each of the numbers aloud, in
the order designated by the King-Devick demonstration card, to proceed as
rapidly as possible, but to try to make as few errors as possible also.

The order in which the tests were presented was switched with each successive
subject, so that familiarity with the task was not a factor on either of

the tests. The subjects, whose ages ranged from seven years and four months
to nine years and one month, were divided into two groups: adequate and
inadequate readers for grade level. The groupings were determined by the
teachers with whom the children had been working for approximately eight
months when the testing had been carried out. It was felt that this means

of classification was sufficiently accurate due to the fact that both
teachers are well=qualified individuals who had been working with the
children for a substantial period of time. The examiner did not know

which group the child was in at the time of the testing.

Data
Statistical analysis of the data obtained through the previously

described experiment is as follows:



DATA

. KD III JIM
‘V?!;’ﬁb*
y Good Reader Poor Reader Good Reader Poor Reader
X X2 X X2 X X2 X X2
29 841 42 1764 27 729 31 961
20 400 50 2500 18 324 27 729
27 729 31 961 26 676 20 400
38 1444 38 1444 28 784 33 1089
34 1156 L4 1936 24 576 30 900
37 1369 41 1681 22 484 29 841
24 576 41 1681 23 529 33 1089
28 784 39 1521 20 400 28 784
30 900 40 1600 27 729 21 441
33 1089 3l 961 28 784 24 576
27 729 29 841 22 484 33 1089
20 400 42 1764 21 441 21 441
28 784 40 1600 19 361 29 841
28 784 28 784
41 1681 35 1225
28 784 25 625
27 729 20 400
33 1089 23 529
m&a 38 1444 30 900
: 36 1296 30 900
=606 ZX2=19008 BX=508 EX2=20254 £X=596 EX2=1266A £X=359 Exz=10181
n=20 n=13 n=20 n=13
KD III:
Croup n_ X s.d. (8)
Overall 33 33.75 sec 7.19 sec
Good Readers 20 30.3 5.78
Poor Readers 13 39.0 5.79
STUDENT'S T-TEST:
X = 19008 - (606)° = 646.2
20
2 (508)°
EXZ = 20254 - 3 = 379.47
_30.3 - 39.1 o
ﬁﬁ@ t \I VIR, ~T +._l 4.24 (significant at .001 level)
(L 31 J\20 " 13




JIM TEST:

Group n X s.d. (8)
overall 33 25.8 sec 4.61 sec
good readers 20 24,8 4.31
poor readers 13 27.5 4.74

STUDENT'S T-TEST:

2
2 _ e’
TX: = 12664 - —20— = 363.2
2 (359)2
%2 = 10181 - —322) - 267.1

y 13

~1.72 (not sig. @ .05 level)

Coefficients of Correlation:
For Good Readers: KD III and JJM,
TFor Poor Readers: KD III and JJM,

0.70
0.10

o]
1l
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Results

The data shows several interesting results. TFirst, the JJM Test took
substantially less time to complete than did the KD-III when administered
to the same population under the same testing conditions. A cursory
examination of the two tests leaves the impression that the JJM Test
should require less time to complete, at least in the mind of the author,
and consequently this result is not particularly surprising. A result
which is somewhat more surprising, at least with regards to the evidence
presented earlier in this paper, is the relative significance in differences
between the means for good and poor readers, as determined by the Student
t~test. The difference between the means for the KD-III test were found
to be significant at the .001 level, a very high level of significance.
On the other hand, the difference between the means in the JJM Test were
not found to be significant, even at the .05 level necessary to be considered
clinically significant. This level indicates that one can be quite con—
fident that a poor reader will not do well on the KD-III, and that the
opposite will occur for good readers. The differentiating ability of
the JJM Test, however, is not sufficient that it may be used with confidence
on a clinical basis. Possible explanations for this result will be
discussed later.

Another interesting finding is that a good correlation (r = 0.7)
was found between good readers on the KD-III and the JJM Tests, but a
poor correlation (r = 0.1) was found between the two tests with respect
to poor readers. From this, one can predict that, if a good reader scores

at a certain level with respect to the mean on one of the tests, he can



be expected to score at a similar level with respect to the mean on the
other test. The same can not be said for poor readers, however. Poor
readers had much greater difficulty with the KD-III, scoring approximately
1.5 standard deviations below the mean for good readers on the same test.
By contrast, the same poor readers had a mean time on the JJM which was

only 0.6 standard deviations below the mean for good readers.

Discussion

The reduction of width and angular separation of the stimuli of the
King-Devick Test, contrary to the evidence presented earlier in this
paper, did not improve the test's ability to differentiate between good
and poor readers, but rather decreased it substantially. Having presented
evidence to indicate why this modification of the test may have been more
definitive in the isolation of poor readers, followed by statistical
evidence to indicate this was not the case, it now becomes necessary to
postulate why the data came out as it did.

One serious problem with any of these "saccade tests" is the
requirement of the subject to identify and read the numbers aloud while
performing the test. Thus, this type of test is, at best, a test which
measures saccadic accuracy indifectly, to, at worst, a number-calling
test in which saccadic accuracy is only one of many significant variables.
When administered in this fashion, the limiting factor determining the
speed with which the task may be performed may not be saccadic accuracy
at all; rather, it may be limited by the ability of the subject to
recognize and recite the names of the numbers used. The JJM Test has

been shown to be completed in considerably less time than KD-I1I, even
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though the number of symbols in the two tests is the same. The response
time for each symbol, therefore, is less for the JJM and consequently is
probably more susceptable to this type of error than the KD. This may
also explain the lack of significant difference in the means of the two
groups on the JJM Test —- the JJM may be measuring something more closely
related to an oral reading type of task than saccadic function. Thus, a
relatively good oral reader with relatively poor saccadic function may
perform adequately on the JJM and the converse may be true for a poor
oral reader with good saccadic function. Further investigation needs to
be carried out to isolate the effects of the number-calling from the
saccadic function in these tests before anyone can say with confidence
that they are a true indicator of saccadic function.

The very signficant difference in the means (.001 level) found for
the KD-ITI Test in this study tends to reinforce the credibility of this
test as a tool for differentiating between good and poor readers. King
and Devick went as far as to say that their test identifies poor readers
with deficient saccadic abilities -- [ don't feel the test results can
be carried that far. 1In their study, the KD Tests were able to isolate
students with poor projected reading abilities, as estimated from their
I.Q. scores. Their reading deficiencies may be due to any number of
factors, saccadic efficiency being only one of them. The significant
difference in the means allows one to say with confidence that a good
reader will probably do well on the KD Test, and the converse is true for
the poor reader. However, when applied in reverse, the statement is not
clear-cut. A distinct gray area exists when a given score on the KD is

used to try to predict the reading level for a subject, particularly
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when the score falls between the means for the two groups. If a score
falls more than two standard deviations below the overall mean, one can
say with 95% confidence that this score was not due to chance. For scores
less than 2 s.d. out, the statement becomes increasingly less accurate.
(King and Devick selected their criteria for poor readers to be 1 s.d.
or more below the man.)
In summary, this study revealed three significant findings:
1. The presentation and spacing of characters in
a test such as the King-Devick or Peirce test
has a definite effect upon the speed and
accuracy of the performance of the task.
2. The proposed modification of the KD-III Test
did not work as well as the original in
differentiating between good and poor readers.
‘3. The King-Devick Test was found to exhibit a
very significant difference in the means between
tood and poor readers.
I feel the King-Devick saccade test in its present form may still be used
as a tool in diagnosing oculomotor deficiencies in poor readers; the

examiner should, however, keep in mind the deficiencies of the test, and

the fact that it, in itself, is not a pure measure of saccadic function.
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THE PLEPCE SACUCADL 1EST
4

fohnt b Hierees QD g P D,
Cehool ol Optormet v/ The Modical Center
totversity of Alabana in Sivviapham

The Pivrce Saccade Test is a shert, rceliable cliniecal test for determining
enccadic ability betveen the ages of 6 vears and adulthood. Tt {s composed of
a demonstration card and three test cards. It can be administercd in a few
minutes and can be used as a performance test to determine the effectiveness of
an ocular motility training program or the immediate eftfects of lenses and prisins
used to ald binocularicv.

The demonstration card corsists of 10 numbevs of approximatelv 20/70 reduced
spellen caulvalent.  The letters are separated hovizontallvy bv 8 3/4 inches and
verticallv bv 1 5/8 inches.  Lines vith arrows arce dravm to indicate the pattern
in vhich the saccades are to e performed on this test and the {ollowing three
tests.  The patient is instructed to hold the cavd in the frento-parallel nlane
at his normal reading distance. The card should be ilinminated bv 20 to 60 {oot
candles of glare {ree and shadow free illumination. The patient i1s instructed
to call out all the numbers on the card as rapidlv and accuratelv as h~ can, be-
ginming with the voper Jeit hand number, then the uwprer vient hond nomher, the
cecond lefe hand nuaber, the second right hond number, cte. te is not tired on
the demonatration cavd.  f the patient moves hiz head durins the saccades on
pe deronstration card he vas instructed to try pot to nove his head on the
ollowviny cards, )

« The three test cavds are composced of 30 raudonly selecatod numb.ers with the
sane nurbers being used on cach card but v a ditfcrent seauence. The lateral
peparation of the numbers is & 3/4 incaes.  The vertical separatien is ' inch on
cards one and 11 and 5716 inches on card Til., Tests T and VI differ onlv in that
Test 1 has a horizovtal line to visuallv pulde the patient in making the saccade.
Test 117 differs from Test TU in that the vertical =separation of the numbers ig
closer, makine it wore disT{enlt to naintain one's place durine the saccade. The
tests have beca standardized on the beuis of presenting all the tests and 1n the
order: Demmnstration Card, Test I, Test Il and Test TIT. The«e tests are ad-
ministered in the same manner as the Demonstration Cavd with the exceptien tnat
thiey are timed with a stopuatch and the responses arc checked for accuracv,

Instructions: I wvant vou to call out 211 of the letters on this card as rapidly
ad as accuratelv as possible in the minner indicared. Point to the unper lefte
hand nuwber then the urper ripght hand number, then the sccond leit hand nurber,
tiie second right hand nurher, ete. 1f the patient proceeds dfrectlv down one
column, stop him, correct uim and repeat the Instructions. Ask if the patient
understands what he is to do and if ha Is readv. Then tell hin, 'readv, start”,
and heein tirming him.  Step the tirer vien he has conpleted calling out all of
the numbers.  Record the tinme {n seconds under the column indicated for Test T,



fooontiee briores Trrvors are recorded as emisston or addition errors, with
ﬁ‘ v oo bednye marked vith o a slash and addition errore marvlted vith a
“ﬂw@,”.h. Vg oomamp Lo

It Test 1 werve:

1 2
‘ 5 4
! 5 O
7 8
and the patient called ouwt: 1, 4, 3, 6, 5, 8, 7, ctc., his onlv error is an
{ emission errvor having left out the number 2.
{
1f the paticent called out ¥, 2, 1, 4, 3, 6, 5, 8, 7, ctc., he has repeated
the number 1 twice and it would be circled as an addition error.
dote that in both of the above cxamples the patient started making saccades
obliquely across the pape, obliaue saccades should be marked with an arrow indi-
cating the manner in which the numbers were called out, but the patient §s onlv
checked for the exact omission or addition error that he made.
1
? 1f the patient called out 1, 2, 3, 6, 5, 6, 7, 8, the score sheet would be
| marked as follous and he vould be marted for one omission error (4) and one
| addition erxor (6)
I 1 ?
Lol } 4
& ) 5 6
s 7 8
Aditfonal observations: 1t should also be noted by the tester whether or not

the patfent dous anv of the following:

Marked head movement: This is defined as a gross head movement in which the
pead turnes more than haltway across the pape when making the maccade.

$light head movement: A noticeable head movement that i< less than one half
the distance across the page (s noted as a slight head movement.

No head movement 1s denoted bv not checking either one of the above cataporfes.

Other observations tnclude abnormal worklng distance, head tilt, frowming,
gcowling or squinting.

STANDAPDIZATLO AND NORMATIVE DATA

The tests were administerced to 288 sachool-ape chifldren in a white, middle
class school district in Nirningham, Alabama.  AlL chiildren within normal classroens
vere included and no leaming disability or retardates wvere included §n the rovmative
studv.  The tests were advinistered by the author and bv feurth vear optometry
ctudents Trom the School ot Optometry/ihe Medical Center, The Unfversity ot Alabara
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tn Birmingham. A1l children tested vere capable of performing the test and all
gata are included.  Theve were no frank strabismics and if the child wvas vearing
”wctnclrs. he was instrocted to use them. Acuities vere not taken but all
¢hildren tested were capable of discriminating the test type. Occasionallv, a
child Jost hiw place or did not follow fnstructions. Thev were Instructed apain
gs to how to perform the test and then re-run immediatelv. The second time vas
jecorded as their time for the test.

Children wvere grouped by one vear age groups. The mean ape performance on
test 1, Test 11, Test ITI and the sum of performaunce times on I, II, and 111 were
determined as well as the mean for the sum of the addftion and omission errors on
the three tests.  Lach wmeasurement was correlated with age and the variance attribu-~
table to age alone within cach vear's age proup was remnoved from the total variaunce

for each age group.

The results of the mean performance times for all children on the thbree tests
1h;nv5unt(d in the next wraph. YNote the curvilinear relationship with ape fin
vhich the performance at 10 vears of age hegins to asvmptote not far from the
performance of the adults. The corrclation between aye and performance on Test |
s .89 and Test I1 {s .91, age and Test 1IT is .87, and ape and test T +11 +IT1 ig
9. This means that &0 percent of the variability on the test can be predicted
by ape alone. The remaining vaviance is deternined bv individual differences,
crror variance, ctce.

‘ Use of the age Vs. parformance on Test 1+11=TIT granh. This graph indicates
e relation between total perforrmance on all three tests and age. The abscissa
represents age and the ordinate total time for all three tests. The perforrance
o auv child is determined on cach test. The total of his times on test [ +I1
4111 is determined and that value found on the ordinate. Dropring strafpht down
fron that point, the child's cquivalert ape 1is determined. That is, at what age
wni the average performance of other children the sarme as« 1'is? For exanmple, if

o child's total time for rests 1 411 +111 vas 93 sceonds, his eauivalent ape or
ape At uvhich other children peviormed at this level is 8 vears. 1f he were 12
gors old we could sav that he {s performing at the same 1izél as an 8 vear old
on this test. Or if he vere 6 vears old we could sav that Aie was a superior per-
[mrer, pectorming at the same level as an 8 vear old.
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KD Test (sample size 1202)

oy

=
PP I I ) AT

Total

100

t13 03

100 0y

25 18

207
73 44

26 1

TIME IN SECONDS

Ago 1 It 181
¢ of students 100 100 100

6 Average 30 08 37 0% s 00
5.0, 10 10 12 96 10 3y

¢ of students 127 127 V27

7 Average 26 71 39 12 43 00
S5.D; 5 07 o 75 15 30

¢ of students 22 2223 22

8 Average 22 vo 2a 0w 31 20
S.D o 37 7.75 V.50
# ol students 207 207 207,

!

8] Average 2102 22 09 20 53
5.D 1 20 7 50 10 82

v of students V7 Vi (1Y

10 Average Vo o7z 20 79 27 718
50D i 6 on T uil to 20

« of students iy Vo 121

11 Averaqe AN non RTEET)
50D « ny a5 P4

» of students to2 102 102

12 Average 16 94 V7 an 10 42
S D. 360 4 43 S 30

¢ of students 100 100 100

13 Average 20 10 96 1890
5.0 i 2 52 2P 326

. T, } e Cn A ol e
¢ of students tos 105 109

14 Average 14 no 10 07 16 73
4 > oan 2 13 2 49

- [_ e i et

100

ERRORS
n i Total
100 100 100
3 61 10 B¢ 18 97
5 39 9 Jo 14 70
V27 127 1272
2 10 e 75 1t 97
4 2y 8 0 12 32
2223 223 223
33 2 48 3 38
2 48 4 53 ¢ 13
207 207 207
45 2 02 2 75
t 46 4 3% S o8
117 U P 14872
43 Vo2 1 83
A7 i D 5 3 82
Bt | 31 12/ 3
1.3 2 1 20
nn t In ?2 50
102 1072 102
29 44 83
8 ' 56 2 26
100 100 100
12 36 89
30 LR ¢ 1 28
105 tus 108
ar 33 | ar
26

1 0s iot:




AVERAGE TIMES AND STANDARD DEVIATIONS

FOR EACH TEST

By Age

ACGE P-1 P-2 P-3 P-TOTAL | KD-1 KD-2 KD-3 KD-TOTAL
Avg. Time 6 { 38.20 | 41.27 | 39.67 119.20 | 34.40 | 39.47 | 42.07 115.93
Std. Dev. 6 9.17 6.36 8.12 20.96 6.60 | 10.04 | 11.54 23.28
Avg. Time 7 | 38.65 | 43.71 | 41.06 121.65 | 30.18 | 33.82 | 39.71 103.71
std. Dev. 7 7.17 | 10.17 6.93 18.81 4.72 6.19 7.09 14.46
Avg. Time 8 | 30.56 | 33.96 | 37.12 101.72 | 24.640 | 27.92 | 32.60 84.60
std. Dev. 8 | 10.24 8.37 | 13.20 27.02 5.28 7.07 6.95 17.23
Avg. Time 9 [ 28.13 | 31.61 | 31.83 91.57 | 23.52 | 23.57 | 29.43 76.78
Std. Dev. 9 8.43 | 10.38 8.61 22.31 7.86 6.35 8.68 20.74
Avg. Time 10 | 25.32 | 28.11 | 28.63 82.05 | 21.26 | 22.79 | 25.00 69.08
ad. bev. |10 7.40  7.74 7.48 20.48 4.78 5.09 7.48 15.57
Avg. Time 11 | 20.39 | 24.13 | 25.09 70.91 | 20.09 | 19.87 | 24.39 64 .04
Stdj Dev. 11 5.33 4.86 | 5.32 13.44 4.50 3.45 | 5.67 12.27
Avg. Time 12 | 20.47 | 24.60 | 26.40 71.33 | 20.07 | 21.00 | 21.73 62.80
Std. Dev. 12 4.91 5.87 6.40 15.78 2.99 4.24 3.77 9.82




AVERAGE TIMES AND STANDARD DEVIATIONS

FOR EACH TEST

By Grade in School

i GRADE 1IN

SCHOOL P-1 P-2 P-3 P~TOTAL KD-1 KD-2 KD-3 KD-TOTAL
pvg. Time 1 37.26| 40.70| 40.26| 118.31 | 32.30 | 37.30 | 40.30 | 110.00

sed. Dev.. 1 8.39] 6.42| 6.76] 17.73 | 6.36 | 9.16 | 10.36 21.69
avg. Time 2 36.30| 40.82| 42.34| 118.17 | 27.82 | 31.43 | 38.20 97.52
sed. Dev. 2 10.31] 11.04} 12.30] 26.28 | 5.80 | 5.74 | 6.48 15.29
avg. Time 3 27.90| 32.08{ 30.50| 90.50 | 23.80 | 23.54 | 29.16 76.54
std. Dev. 3 7.43] 9.27| 7.38] 19.21 | 6.59 | 5.01 | 6.53 15.35
Avg. Time 4 25.75| 26.69| 28.38! 81.13 | 20.31 | 22.50 | 24.56 67.50
std. Dev. 4 7.28] 6.36] 6.37{ 17.01 | 5.55 | 6.81 | 6.93 17.95
Avg. Time 5 23.00] 25.33| 27.30] 75.54 | 20.42 | 20.67 | 24.40 65.48
£ Dev, 5 6.48| 6.95 7.26] 19.46 | 4.88 | 4.22 | 5.93 13.31
avg. Time 6 20.18| 24.50| 25.75| 70.33 | 20.17 | 20.75 | 22.96 63.63
std. Dev. 6 0.38] s.s| s.es| 13.69 | 3.0 | 3.73 | 5.3 10.52
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AVERAGE ERRORS AND STANDARD DEVIATIONS

FOR EACH TEST

By Age

AGE P-1 pP-2 P-3 KD-1 KD-2 KD-3
Avg. Err. 6 4.47 5.87 8.93 1.73 2.07 8.20
Std. Dev. 6 2.39 2.77 4.01 2.28 3.41 6.71
Avg. Err. 7 3.71 5.94 6.41 1.24 3.71 7.82
Std. Dev. 7 3.64 4.02 4.08 1.09 4.58 6.63
Avg. Err. 8 2.32 3.32 4.08 1.12 1.28 1.96
Std. Dev. 8 2.85 3.22 3.66 1.05 3.35 2.68
Avg. Err. 9 1.35 1.30 3.87 1.22 0.48 1.83
Std. Dev. 9 1.61 2.03 2.77 1.4 1.41 2.31
Avg. Err. 10 1.32 2.63 3.00 0.89 0.37 1.05
Std. Dev. 10 1.95 3.27 3.09 0.88 0.60 1.54
Avg. Err. 11 1.30 1.61 3.36 0.64 0.50 1.26
Std. Dev. 11 1.89 2.41 2.65 0..73 1.14 ‘2.61
Avg. Err. 12 0.23 2.47 2.31 0.93 0.67 0.38
Std. Dev. 12 0.44 3.29 3.28 1.79 1.29 0.89




AVERAGE ERRORS AND STANDARD DEVIATIONS

FOR EACH TEST

By Grade in School

GRADE 1IN

SCHOOL P-1 P-2 P-3 KD-1 KD-2 KD-3
Avg. Err. 1 4.03 6.11 7.35 1.54 2.85 8.19
Std. Dev. 1 2.91 3,30 4,14 1.86 3.89 7.02
Avg. Err. 2 2.65 3.17 5.87 1.17 1.48 3.09
Std. Dev. 2 2.99 3.24 3.95 0.98 3.01 4.08
Avg. Err. 3 2.08 2.75 4.42 1.33 0.63 2.21
Std. Dev. 3 2.54 3,23 3.28 1.40 1.24 2.40
Avg. Err. 4 1.19 2.00 2.63 0.69 0.38 1.19
Std. Dev. 4 1.80 2.56 3.05 0.89 0.62 1.72 {
Avg. Err. 5 1.29 2.00 3.29 0.79 0.21 1.00 ;
Std. Dev. 5 2.01 3.70 2.66 | 0.83 | 0.41 1.69 {
Avg. Err. 6 0.46 2.13 2.63 1.38 0.71 | -0.88 f
Std. Dev. 6 0.88 3.23 3.06 3,27 1.43 2,31
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