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AN EVALUATION OF THE'STANFORD-CAI PRDGRAM IN
INITTAL READING (GRADES K THROUGH 3) |
J. B. Fletcher and R. C. Atkinson;‘
| Stanford.ﬁniversity

Stenford, California 94305

Computer-Assisted‘Insfructiqh (CAI) iﬁ-initia1 Iéadinga grades K-thréugh

3, has been under developmént at Stanfof&*University for ﬁhe last seven years.
Initially, the aim of this éffoft was to implement a éompléte CAI'reading eur-
riculum which would'depend only minimally_ﬁh:Orﬂinary‘ciaséroém activity.
‘These early efforts wefe'succeéSfui (Aikiﬁséh, 1968), but it ﬁecame clear that
the cost of such a program was prohibitiﬁé.z Ecoﬁémically'énd‘pedagogicélly,
some-aspécts of initial reading seemed bette: left t0 the classyocom teacher.
The aim of the reading project during the last three years has been to design
and implement a low cost CAL curriculum tﬁat ﬁould:aét as & supplement to normal
cilassroom instyuction. A student térmihal in the'cﬁrrent program COnsiétS dnly
of a "Model 33" teletypewriter equipped with audio.  There ig no graphic or
. photographic capability at the student teminal;-and'the-cha.trac'ter set of the
teletypewriter includes only upper case ietters. On the other hand, swdio for
the Stanford CAT sjstem is quite.flexible in that it is aigitized end stored
on magnetic disks. This gystem provides for'rapid-(So milliseconds) random
access torany one of 6,000 recorded sounds. Thé-Stanford CAT system is more
fully documented in Atkinson, Fletcher,:chetin? and Stauffer (1971).

learning to read may be divided into twb1basic-tasks'variously referred

to as decoding and communication. For present purposes, decoding may. be defined



ag the rapid, 1f not automatic, association of phonemes or phoneme groups with
their respective graphic representations; communication may he denoted as read-
ing for meaning, aesthetic enjoyment, emphasis, and the llke. - Of the two, decoding
skills are more easily defined and, consequently, are more amenable to CAT than
are comrunication skills. The major emphasis of the Stanford CAT program is

on decoding, with the view that other aspects of reading instruction can be.left

- to the classroom teacher. Because of this emphasiéz the CAT program can supple-
ment classroom instruction using any basic vocabulary or textbook‘SEries.

Decoding is, however, not the sole concern of the program. Instruction is
divided intc seven content aregas or strands. OStrand 0, the readiness strand,
provides practice with the manual skills required for interaction with the CAT
program aﬁd instruction on a series of falrly standard "reading readiness" tasks.
Strand I, the ietter strand,‘provides practice in copying, recogniticn, and
recall of the letters of the alphabet. The initial pass through the alphabet
presents letters singly and in maximally con%fasting groups, for example.(RTO);
later passes throﬁgh the alphabet present letters in minimally contrasting groups;
for example (MNW). Strand II, the word strand, vprovides for the development of
a sight word voecabulary. BSeven X through 3 reading vocabuléry lists were analyzed
in developihg this strand. Of the words used in Strands IT through IV, those
that do not include regular grapheme-phoneme correspondences are presented only
in this strand. Strand III, the spelling strand, provides for recognition and
recall of érthographically regular ménosyllabic words arranged in groups which
emphasize a single spelling pattern, for-examéle (ran, fan, man) or (fat, fan,

fad). ‘Strand IV, the phonics strand, provides for direct practice in copying-



and recognition of the spelling patterns themselves as well as the "eonstruction”
of monosyllabic words from given consonant clusters and sp2lling patterns.
Strand V, the comprehension categories strand, attempts to prqvidg practice with
the meaning of words by emphasizing the semantic categories of words. Exereises
in this strand ask the student to select the word of those displayed that is an
animal or that is a color, ete. OStrand VI, the comprehension sentence strand,
provides practice in reading sentences by requiring the student to select a word
to fill an empty "slot" in the sentence. On any given day, a student's lesson
may involve exerclses drawn from one to five different strands. A morercomplete
description of the program as well as the rationale underlying it is presented
in Atkinson, Fletcher, Chetin, and Stauffer (1971}.

The CAT program is highly individualized so that each student 1s exposed
to a sequence of instructional materials that maximizes his progress. The
bagie approach has been to develop mathematical models for the acquisition of
various decoding skilis and to use these modelé to gpecify optimal procedures.
These procedures require a rapidly accessible sufficieat history of response
information to be maintained for each student. As the student progresses through
fhe curriculum, his_hisfory is continually updated and interrogated_in order to
specify the curriculum items toc be presented next. A discussion of optimization
procedures developed for the CAL reading program can be found in Atkinson and
Pmﬂmm(inL

The first tryout of the program cccurred in the 19568-69 school year with
students in the grades K, 1, 2 and 3. As expected, many problems of curriculum
design and system operation were identified and had to be corrected during this

period. By the summer of 1969, however, the system and curriculum hed stabilized



to a satisfactory level of operation, and an evaluation of the program was
undertaken during the 1969-70 school year. The purpose of this report is to
briefly summarize some of the more important findings obtained from the

evaluation.

Method -

The problems of evaluating a new curriculum are many, and it is difficult
if not impossible to deal with all of them. The désign adopted for this eva;u-
ation has its faults, but within the economic and administrative cohstraints_of
the situation it appeared tc be the most reasonable choice. A matched-pairs
design was used in which compensation for differences between experimental and
control groups is achleved by matching on the bhasis of pretest scores.

Although over & hundred students were run for varying pericds of time on
the CAT reading curriculum, the evaluvation was limited to a group of 50 matched
- pairs. Prior to receilving an& exposure to CAL, 25 pairs of first-grade boys
and 25 pairs of first-grade girls were matched on the basis of the MEtronlitan
Readiness Test (MET). The MET was administered in early November to groups of
10 or less pupils by ftrained test personnel. The Numbers and Draw-A-Man sub-
tests of the MET were not administered. Matching was achieved so that the MET
scores for a matched pair of students were no more than twe ﬁoints apért.
_Mbredvgr, in matching the students an effort was made to insure that both members
of a pair had classroom teachers of roughly equivalent ability. The mean MET
score for the boys participating in the evaluation was 56.6 and the mean for
the girls was 55.1.

The experimental member of each matched pair of students received eight to

ten minutes of CAT instruction per school day roughly from the first week in

i



January until the second week in June. The_control member of each palr received
no CAT instruction. FExcept for the eight to ten minute CAT pertod there is no
reason to believe that the activities during the school day were any different
for the experimentzl and control subjects.

Three post-tests were administered to all subjects in late May and early
June, 1970. Four subtests of the Stanford Achievement Test (SAT), Primary I,
Form X, were used. These subtests were: word reading (S/WR), paragraph meéning
(8/BM), vocabulary (S/VOC), and word study (S/WS). Second,. the California
Cooperative Primary Reading Test (COOP), Form 12A (grade 1, spring) was admin-
istered. Only the total raw scores were used from this test. Both the SAT
and the COOP were administered to classroom groups by teachers under the super-.
visionrof'district testing personnel. Finally, a test (DF) developed at Stanford
and tailored to the goais of the CAT reading curriculum was administered indi-
vidually to all subjects. The DF items fell into eight groups ylelding the
following eight subtests: upper case letters (D/LU), lower case letters (D/LL),
upper case words (D/WU), lower case words (ﬁ/WL), spelling patterns (I/SP),
monosyllabic words comprising these spelling patterns (D/SW), and nonsense ﬁono-
éyllables comprising these spelling patterns (D/SN). The words for the D/WU
and D/WL subtests were chosen at random from first-grade vocabulary lists. The
spelling patterns for the /8P, D/SW, and DI/SN subtests had all been taught in
.the CAT curriculum, but none of the words or nonsense syllables in the I/SW and
I/SN subtests haa been taught. In administering the test, an item printed in
primary type on a 3 x 5 indéx card is shbﬁn po a subject who then has 10 seconds

toc read the item aloud.



The'CAI,subjedts were expected to score higher on all subtests of DF than
were the non-CAT subjects, since each subtest represented a specific goal of
the curriculum. waever, because_the Mbéel 33 teletypewriters did not provide
Tor lower case printing, the CAI subjects' gains were eipected to be greater
for the two upper case subtests (I/LU and D/WU) than for the related lower case
subtests (D/LL and I/WL). The three spelling pattern subtests were all ﬁresentéd
in upper case, so-the queétion of upper versus lower case did not arise fof these
presentations.

Some predicfions can also be made for the SAT subtestsf The greatest dif~
ference between CAT and non-CAT subjects was predicted for the S/WS since this |
subtest dealé directly with sounds and spelling patterns (Kelley, Madden,
Gardner, & Rudmen, 106l). Very little difference between CAT and non-CAI subjects
was expécted for the 5/PM subtests. Teletypeﬁriter presentation is not suited
to large amounts of text cutput in an instructional situa{ion, and there were
ne paragraph exercises in the CAIL curriculum.—‘SOme differences, but not of
significant msgnitude, were predicted for the S§/WR and S/VOC subtests.

Barlier results had shown that boys in CAL initial reading do about as well
és girls despite the almost universally expected superior performance of girls
in conventional initial reading (Atkinson, 1968). For this reason msle and
female matched pairs were kept separate to see if this result would hold for

the current evaluation.

Results and discussion
During the course of the school year, an equal number of pairs was lost
from the female and male groups; complete data were obtained for 22 pairs of -

boys and 22 pairs of girls.




Means, standard deviations, and t-values for differences in SAT, COOP,

and DF total scores are presented in Table 1 for the matched pairs of boys and

- - - -

- - -

the matched pairs of girls. In this table, standard deviations ére displayed
in parentheses, and t-values in brackets. The t-values calculated are for non-
independent samples, and those that are significant (p < .01, cne-tailed) are
starred. .

The results of these analyses are heartening. Of the six post-test com-
pariscns, only one {COOP for matched pairs of girls) failed to indicate a
significant difference in favor of the CAIL reading subjects. These differences
are also important from the standpoint of improvement in estimated grade place-

ment. Table 2 displays the mean grade placement of the four groups on the SAT

" and COOP. The differences between CAIL and non-CAT groups in estimated grade
placement range from .4 to .7 school years.
Means, standard deviations, and t-values for the differences on the four

SAT subtests are presented in Table 3 for male and female matched pairs. As

in Table 1, standard deviations are displayed in parentheses, and t-values in

brackets; t-values that are significant (p < .01, one-tailed) are starred.



Table 1. Means, standard deviations (in parentheses), and t-values (in brackets)

for the Stanford Achievement Test (SAT), the Callfornia Cooperative

Primary Test (COOP), and the CAL Reading Project Test (IDF)

SAT COOP DF
| CAT 109.7 © 33.2 4.9
(24.1) (8.6) (7.0)
Boys [t=3.60%] [t=l.70%] [t=7.01%]
" non-CAI 90.2 23.4 53.0
(19.5) (8.9) (10.4)
" CAT 115.7 33.7 6.1
(26.2) ~(10.4) (7.6)
Girls [t=2.55%] [t=1.651] [t=3.10%]
non-CAT 96.5 28.9 56,6
(30.5) (10.8) (13.9)

*p < .01, 4f = 21




Table 2. Average grade placement on the Stanford Achievement Test (SAT)

and the California Cooperative Primary Test (COOP)

SAT COOP

CAT 2.2 2.5
Boys
non-CAT 1.8 1.8
_ CAT 2.4 2.6
Girls
non-CAT 2.0 2.2




ot

Table 3. Means, standard deviations (in parentheses), and t-values (in brackets)

for the word reading (S/WR), paragraph meaning (S/FM), vocabulary (S/VOC),

and word study (S/WS) subtests of the Stanford Achievement Test

S/WR S/PM S/voC S/ws
CAT ‘ 25.8 21.8 21.8 40.3 |
(5.6) (8.2) (5.8) (8.4}
Boys 1 [t=h.b2x] [t-3.33¢] [t=-.25] [£=3.33¥]
nen-cAT  18.9 15.1 2.1 34.0
(5.4) (6.7) (6.4) (5.7)
CAT 27.3 24,2 21.3 42,9
(6.2) (8.6) (6.3) (8.3)
Girls [t=3.03%] [t=2.62%] [t=.6h] [t=2.19)
non-CAI 21k 17.6 20.3 37.3
(7.2) (11.0) ' (10.7)

(5.7)

*p < ,01, af = 21




These SAT subtests reveal some interesting results. The S/WS differences
are fairly large as expected, but, in the case of the bays, they fall slightly
short of statistical significance {p < .0l). Of the four SAT subtesté,-the S/WS
was expected to reflect most clearly the goals of the CAT curriculum; yet
greater differences between CAT and non-CAT groups were obtained for both the
S8/WR and S/PM subtests. Also notablg is the lack of ény réal differences for
the S/VOC. One explanation for this result is that the vocabllary Eubtest
measures a pupil's vocabulary indépendent of his reading skill (Kelley, et al.,
1964); since the CAI reading curriculum is primarily concerned with reading
skill and only ineidentally with vocabulary growth, there may have been no reason
to expect a discernable effecf of the CAT curriculum on the S/VOC. Most nbtable,
however, are the S/PM results. In both the méle and female groups, the CAT
students performed significantly better on paragraph itemé than did the non-

CAT students, despite the absence of paragraphlitems in the CAIL progrem and the
relétive dearth of sentence items. These résults for phonics~oriented programs
are not unprecedented as Chall's (1967, pp. 106-107) survey shows, Nonetheless,
for a program_with 80 1itt1e emphasis on connected discourse, they are surprising.
Means, standard deviations, and t-values for five of the seven IF subtests

are presented in Table h for male and female matched pairs. As in Tables 1 and 3,

standard deviations are in parenfheses,'and t-values in brackeig; signifiecant
t-values (p < .01, one-tailed) are starred. All subjects obtained perfect or

nearly perfect scores on the DF letter subtests (D/LL and I/LU}; the male and
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Teblé 4. Means, stendard deviations (in parentheses), and t-values {in brackets)

for the upper case words (D/WU), lower case words {D/WL), spelling patterns

- (D/8P), spelling pattérn words (D/SW), and spelling pattern nonsense

syllables (D/SN) subtests of the CAT Reading Project Test

D/sP

D/swW

D/SN

/WU D/WL
CAL  -10.k ' 9.9 7.0 7.0 6.6
(2.1) (1.6). (1.5) (1.) (1.6)
Boys [=5.20%] [t=t.72%] [t=3.62%] C [teh.on¥] [4=5.80%]
non-CAT 7.k 7.3 s | 5.1 | :h.h |
| (2.7) - (2.6) (2.1) (1.9) (2.0)
CAL 10.5 10.2 7.4 6.3 6.5
(1.7) (1.9) (1.0) (1.8) -(2.0)
Girls [£=3.37¥] [t=2.63%] [t=3.35%] [t=1.44] [t=2.56%]
non-CAI 8.3 8.7 5.5 5.5 N 4.8
(2.8) (2.7) (2.9) (2.8)

(3.2)

¥p < .01, 4f = 21



- female CAT groups obtained slightl& highé.i‘ gecores on the subtests than did ‘fheir
non-CAT counterparts, but the performance was 50 high and the variabllity so low
that comparisons are not justified. These data suggest that a lesser emphasis
-on letter teaching in the CAL progra.ﬁ is in order, rand that the time devoted to
letter teaching should be shifted to other strands of the curriculum.

The DF word subtests presented in Table 4 show the e:mectéd superior per-
formance of the CAT groups on the upper case pxesentations- (D/WU). However,
the differences favoring the CAT groups for lower case pm;sentations are also
statistically significant thc;ugh of a leéser I_nagnitude than those fof upper .
case pregentations. Evidently, the lack of lower case Jetters in the CAT
program is a- handicap of only minor importance.

The DF spelling pattern subtests reflect goals which are a£ the beart of
“the CAi curriculum. The greatest effect of the curriculum was expected to be
on the sbility of s*budents_t_o recognize spelling pattems_ (D/sP) s 0 pronounce
_. orthographically regular bit unfamiliar words 60mprising the spelling patterns
(/8w), and to pronounce orthographically négular nonsense syllables comprising
the spelli’ng patterns (D/SN). Five of the six obtalned differences on thesé
épelling pattern subtests are statistically significant.

It was expected that some measure of performance on the system would cor-
relate fairly highly with the SAT, COOP, and DF total scores. These correlations

are presented in Table 5. The measure of performance on the CAT curriculum used

hem'is the total number. of curriculum units brought to criterion by a student

divided by the total amount of time accumulated on the system. Tt will be noted
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Table 5. . Correlations of-thel rmumber of CAT reading items cémpleted
per unit time with the Stanford Achievement Test (SAT),
the California Cooﬁérétive. Primary Test (COOP),

and ‘the CAT Reading Project Test. (DF)

SAT - CO0P ' TF

Boys - b 68 .48

Girls = .84 VT g

lh,




alé s0 substantial suggests that the CAI treatment administered over several
years could well have dramatic results. Although we have no systematic data
on students who have been on the program for several years, the size of the
effects observed in this short-term study are in accord with our impressions of
the improvements achieved by students with more extended experience.

Other analyses of these data .have been run but will not be reported heie.
Our main purpose in this pgper is to briefly report a few of the more important
results from the evaluation, but not to offer any firm conclusions or interpre-
tations. We recognize that some readers_will not be happy with our multiple' use
of paired t-tests. They are presented not as definitive measures of statistical
significance but rather as rough indexes of the influence of CAT on the various
dependent measures. Also, we expect that there will be readers interested in
analyzing aspects of these data not reported here. With this in mind, we hawve

. recorded our data in a format that can be readilj sent to those who request it.
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