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ABSTRACT

A high correlacion between on-line rate of progress

and student achievement on a standardized t -t was found for a
computer-assisted instruction (C2I) program .n initial reading. In
most cases, CAIl measures of progress were better !ndications of
spring test performance than was the pretest given in the fall. Rates
of progress in the parts or strands of the CAI program were highly
correlated with each other, but certain strands proved to be better
predictors of spring test scores than an overall rate measure.
Regression models were developed to relate spring test scores to

awount of time spent in CAI; results from these models were in accord
with data from an earlier experimental study designed to evaluate the
effectiveness of the CAIl program. Using a stepwise regression, which
included both pretests and rates of progress in the strands, multiple
correlations were obtained of .79 for the Cooperative Primary Test
and .84 for the Metropolitan Achievement Test. (Author)
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Abstract

-

A high correlation between on-line rate of progress and student

achievement on a standardized test was found for a computer-assisted
ginstruction (CAI) program in initial reading. In most cases, CAI.
measures of progress were better indications of spring test’ performa ¢

than was “the pretest given in the fall. Rates of progress in the pd

-or strands of the CAI program were highly correlated with eaeh other;

‘but certain strands proved to be better predictors of spring test seofe
- than an overall rate measure. |
Regression models were developed to relate spring test seores toxeﬁi.
amount of time spent in CAIL; results from these models were in accord':
| with data from an earlier experimentai study designed to gvaluate the
effectiveness of the éAI program. Using a stepwise regression, which

»

‘included both pretests and rates of progress in the strands, multiple _

correlaticns were obtained of .79 for the Cooperative Primary Test and

.84 for the Metropolitan Achievement Test.




*‘afféémpbéll, and Barr, 1973).¢ A recent experimental study has shown tha

. “f'j ’(Fletcher and Atkinson, 1972). Here we present the yesults of a cors

gksT © ui'“v Avmum |

PREDIC‘I‘ING RFEADING ACHIPVEMENT FROM MEADURES AVAILABLE
DURING COMPUTER-ASSISTED INSTTI'CTION -
e Ou Campbe.,, E. J{'ﬁindsay, and & e Atkinsonw,
Stanford University '
Stanford, California 94305
The Stanford-computer-assisted instruction (CAT) program in ini
‘reading has been under development at Stanford Universify over a peridd-

©af eight years (Atkinson, 1968, 197h; Atkinson, Fletcher, Lindsay,

..this method of individualized instruction produces significant gains '

,L4}rmading over what would be expeuted from classroom instruetion a;one;

iifelétional study rglatihg on-line measures of progress in CAIL to post;?:
'i.gchieyementc | |
Computer-asr*qted instruction is importanf in teaching.reading
because it pro;;éns effective individualized instruction. Our inter-’lﬁ
pretation of the literature on tnaobing children to read is that wh@n
{nstruction is not individualized, method variabled aceount for a sm l
proportion of thé variance in reading achievement. Much of our work is‘”
éimed at making the teaching sequence sensitive on & momentato-momént'
basis to the student's nnique history of performénce. |
Improving individﬁallzed instruction requires accurate estimates of
the learner's state pé kneviedge about various classes éf items; for
- example; sight~words at a given level of difficulty or speeific éroﬁ%ﬁ -

of spelling patterns. In adlitlon, the relationship between a studentfs
r~ .

state of knowledge at varir.s peints in the CAI currdeulum and his

o I . - Lo ;/Y'E)I.HL <k
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. gubsequent performance on a standardized test needs to be specified.‘v':i%'

- ———

wu':ﬂy@his report presente models for predicting a student's achievement on a

standardized test from measures taken during CAI in initial reading.
;~¥: éim of this study was not to evaluate the effectiveness of the'progfé”,s

;]iather it was to assess the predictive power of components of the CAT

S weaknesses.

‘;ﬁﬁscrlptlon of the Reading Program

The Stanford CAI program 1° comprised of the following seven parts,’
: if"._ j’f,i'ealled strands, |
B 1. letter Identification
2, Sight-vord Recbgnition,
3. Spelling Patterns
4, Pnonics
5, Spelling
6. Word Comprehension
7. Sentence Comprehension
‘ Each_strand has béen designed to provideﬁpractice on'a.particular set of -~
reading skills, Tn any session the studentﬂgéy étudy curriculum items
from any or all'strandg. 'The amount of time spent in each strénd is
selected to maximize the siudentﬁs.progression_through the eurriculum,
As shown in Figure 1, entry into a strand is determined by the student's
level of achievement in the other strands. The student begins with letter
identification; when tie has mastered a subéet of letters used in'the s
" initial words of the sight~word strand, he begins that strand. Entry

into the other strands is controlled in a similar fashion. A detailed

. 1‘“‘7 -
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Figure 1. Initial entry points into stfands. Vertical dotted lines
represent maximal rate contours which control the studentts
progression in each strand relative to the other strands.
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descriptlon and -fommats used in the program are glven in Atkinson et al.

. (1973) Here we summarize the major elements and present a few examples,‘u
In each strand the student studies a curriculum item in several R
Aviéifferedt instyuctional formats. The. 1nbtructiona1 procedure varies fé&ﬁ
fﬁj§né exercise to the next, but in each a curriculum item is presentedp § jﬂ
1}fét%éSponse is-elicited from the student, and feedback is given; For exéf;
%ﬁ@ffecognition exercise in the spelling patterns strand has the foliewixgl

P

.- format: i . ' .

; B ‘Teletype Display Aﬁdio Message

BIKE LIKE STRIKE Type. STRIKE
"Tfﬁiee words with similar e;elling patterns are presented on the telegp‘”
%ygewriter, followed by an audio presentati?g of one of the words., Iffie“f

. the student types the cerrect reSponse;‘em:e"_is printed indicating théi5f%?
| . the student was correct. ‘In addition, the audio'may give a reinforciﬁg.
message sucﬁ as "great" or “fantastic" depending on the student's ove7a1i "'“
level of performance. If the student responds incorrectly or exceedo the
allotted time, the program prints the correct word and gives audio feed-
back about the nature of the error.

An example from the phonics strand illustrates the build-a-word
exercise: A spoken cae is giveﬂﬁ("ﬁype 'stuff!'") and parf of a word is
printed (ST=). vThe student mu;f reéognize the correct ending from among
three printed alternatives (-UFF -0P -EP). In the word comprehension
strand the student is required to select one of three words which fits &
glven oategoxy. The student may, for example, be presented with "CANDY-
RUN CAR" and asked to type the word that is something to eat. Sentence

comprehension is handled by a fillein-the-blank format where the student
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14

- 18 asked to iecognize the correct item. An.example is, "TED SWAM TO THE*;,
. sws," with choiées, YSTAKR  RAPT RUN." Associated with each exercise 15:
'a.performance ¢ritericn trat must be wmet before the student moves tdéthexl

‘7 next exercise, = - R .

item the student is.to study and in which exercise format it will be §
“&éénted. ..The process shown is common tc all strands except that Fomevr
: étrands have additional provisions for review and pretest. The 1items

L};zhe student is to study‘are_samgledlfrom a working pool of items drawn
" Q;fbnmats;- The sampling ¢ 1tinues until each itém in the working pool ba

‘been presented. Wher; this occurs, a decision is made to shift the stu&e

‘to another strand, to sign the student off the system dependlng on 'che_'j

modei‘KSRu33 teletypewriter and an audic headset. The instiuctional

e

!

« o

PR,

{ ;
from the mastevr curriculum file, and-are presented in one of the exer@ig

¢lapsed time, or te replace those i{tems from the working pool'which the
student has brought to criterion and continue in the current strand.

The' equipment usea is quite simple from a student's viewpoint: a.

program is written in €AIL, which is an expanded form of ALGOL, and ruhs{.
on a PDP~10 computér. Since the program is directed to students whb f
cannot read, spoken eommunication 1z necessary. Digitized audio is uséﬁ}
the volce pattern is sumpled and the result stored in digital'form that

can be accessed as needed to reconstitute the spoken word or phrase.

;ﬂ-ﬂvﬁm,’

'3

The audio system permits fast and essentially random access to any of
more than 7,000 items.
When thé s*udent logs in a+ a terminal, his response history is

retrieved and the instructional materials are selected for the day., The
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Figure 2. Flow diagram for presentation of curriculum items.
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_ 47 student may study in one or all of the strands; wvhen he finishes, the

* pistory record is updated and stored in the computer,

- METHOD

§gbject§
| ~:f3‘ Second grade @tudents in the Stanford CAI Reading Program were
chosen as pa;t of the Compensatorv Reading ProJect carried out by Eau_* ;,vf7
tional Testing Service (ETS;. The sample of students used in our*stuay N
was drawn’ from these second rrade classes and involved 69 students (h2 L
, boy and 27 girls)., All students received 15 minutes of CAT per day in
| -addition to their normal classroom instruction. The students are pf@eﬁ;;;?[

:;zéominantly from lower income Black families. - :finfg.

Eest Instruments

As part of the evaluation, personnel hired by ETS administered the
Word Knowledgé =nd Reading sections of the Metropolitan Achievement (MAT§'

" and the Cooperative Primary (COOP) tests in October, 1972, and again in S

P

May, 1973. COOP fom 12A and Metropolitan Primary I (fom G) were used
in the:fali; while COOP 12B an& Metropolitan Primary [ (form F) were used
in the spring. Scores from the two MAT subtests were combined to yieiﬁ

a total reading score. More difficult forms of these tests are usually
used in the sprxng, put ETS decide d, given the sample selected, to use
_for the spring test parallel forms at the same level as the fall tests.

In this study we evaluate readiné gains'and develop regression models
to'preéict achievement on the spring tests as e funetion of rates of
pfogreés in the CAT strands and fall test scores. The rate of progress
for ench student in a strand of the CAI program was computed by dividing

the number of items reaching eriterion by the time in minutes spent on

10
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the strand. Thus, the ruate measure represents the average time to rea¢h
criterion on an i em in a given strand. These rate measures were obtaiﬁéd

o for all strands, except for the 1wtter strand; this strand provides an '

[

introduction to the CAI program and for second grade students 1s not .

R
PR

- sensitive to individual difrerences. An average rate measure over axif"5”

e

atrands was then obtained for each student, Since rates varigd as a =

function of the strand, a z-score was computed for each stadent on‘eagﬁﬁft

. - strand, thereby placing all rates on a common scale. The z-scores we?éa!

-’gthen averaged over the six strands to obtain an overall rate measure f@r
' each student. '
Rates of progress in each strand (rather than items covered) were

aéed because students differed in the time they spent in the program aagM:::

oa any given strand. The mean CAL time per studentﬂgaswd8.9 hours wi%ﬁi’d?°'

a standard deviation of 3.8 hours. In summary, the variables used are

as follows: | - P

Pretests " Rates in Strands  Posttests
COOP 12A Spelling ~ COOP 12B
Metropolitan G’ Word. Metropolitan F
Word Knowledge _ Total Reading
_ Patterns
Metropolitan G
Reading Phonics
Metropolitan G Word Comprehension

Total Reading
. Sentence Comprehension

Average z-score




s gAbievement

- ;fthe student s scaled scores increased during the year on all tests
'(ﬁaixed t-tests were significant at the .001 level for all comparisons'ég
” i Eércentile scores based on rational norms also increased for all tests;

 Examination of Table 1 indicates that the pattern of results is Similar

'fjrtd their ability ir the spring, and should thus be interpreted cautiou@ly.

4 ;@;é;fe.rences in Rates

. was divided by sex and also into the top, middle, and bottom thirds based

RESULTS AND DISCUSSION

Table 1 summarizes achievement on pre- and posttests ang presentsw

Eﬁrcentile-equivalents in comparison to national norms., As expected,

for boys and girls. The fall tests were quite difficult for these

studento, the apparent gains may reflect only a better fit of the test ‘

- — e

Table 2 presents rate of progress in each strand., The total group

on fall scores on the COOP. In this‘sample the girls progressed faster =~ .
than the boys, and the top group progressed more quickly than the middie
and bottom groups. Note, however, that there.is little if eny difference
between the rates for the middle and bottom groups. This lack of dif=
ference in rates was also reflected in the spring test scores for these
two greups. Even though the bottom and middle groups differed signifi-
cantly on fall test scores, their spring scores were _nearly identinal

(138 vs. 437 for the middle and bottom groupe on the spring COOP and

40 vs. 39, respectively, on the MAT Total Reading). This result is

comparable to other findings (Atkinson, 1968) indicating that CAL effeets

the largest relative gains for students at the low end of the distribution.
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|
Table 1 ;
- Scaled Score, Standard Deviation, and National Percentile e i
for the Cooperative Primary (COOP) and Metropolitan ‘ o ‘ &=;~¥‘»3
Achievement (MAT) Tests S T %
. : ’,»\, pape s o _ oy _\é{’;- . k|
BEST COPY AVAILABEE |
e " S —— 7‘ i .-—-..._ !
Total Group
Fall
ZTest  Pereentile Mean S Pexcéntilel leam
_ coop 7 133.1 8.0 o7 140.3 !
© MAT Word 12 33.9 12.h 16 47.1

MAT Reading .10 32.1 10.9 20 4,0 - ?
MAT Total 10 ’51.0-( 10. 8 lh b4, 1 . 3
' i
é
Boys . ¥
Percentile  Mean Sh Pereentilel Mean gp - '-,;35 i
MAT wWord 12 33.7 12.0 LT 45,6 13.37 l :
MAT Teading 8 30.4 10.5 18 h2.5  11.7
MAT Total 8 30.5 10.8 12 ho,7 12,1 i
o girls - |
Fall |
Percertile  Mean SD Pe reentile’  Mean 8D :
© ¢oOP 7 133.5 7.3 3h ae s GaO |
MAT Word 12 3h,1 e 13,1 22 ug, 11.8 |

MAT Reading 18 34,9 11.1 23 .. 11,0
MAT Total 12 33.4 10.7 20 Lo,y 9.8 |
1National spring percentiles are based on test forms other than those 4
used for this samples Scaled scores are basically equivalent across |

forms and levels of the tests, put ‘spring percentiles should be inters
preted as approximate. : o

8a
13
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Top  Middle = Bottom =
Strand Total  Boys  Girls® [Third Third = Third
. spelling - b0 .39 W1 .68 .25 .25
sD (.33)  (.36) (.29) (.32)  (i25) (+20)
D (:29) (2300 (.27 (2f) (e (hee)
Patterns 071 ) 67 077 : a'98 . 58 . 57
s (32) (3 (8 (2 (29) o (LaL)
Phonics 079 077 083 1.00 069 069
SD (.29) . (.33) - (.23)  (.19)  (.29)  (.28)
Word ' Comp. 69 65 S5 0 Lol .50 W55
8D b0y (e3) (.38)  (.32)  (.31) (+36)
Sentence Comps 63~ .59 70 .91 L9 .50
s (232)  (.33)  (.29)  (.26)  (.2h)  (.26)
leates are in items completed per minute; standard deviations for
these measures are given in parentheses.
8b
i4




Correlation of Rates and Pretests with Spring Achievement

Table 3 presents correlations of rates with spring COOP and spring

MAT total scores. Rates in most of the strands are more HighLy corres

lated with spring achievement than are the pretests@' That is; the

oh-line rate measures are a better predictor of student ability ﬁhan‘ié‘:A” 

LA

a parallel form of the test given in the fall., All of the rates are

" more highly correlated with achievement on the ¢pr1ng Metropolitan than i
“on the COOP tests. Note that the rates of progress in the spelling aﬁ@v;'V

‘sentence comprehension strands are more highly correlated with spring e

achievement than is the average. These strands are relatively. diffi@ﬁ&%g;*ﬁV

'-_while the student encounters them after the others, most studénts rea

them well before the spring°

Table L presents intercorrelations among variables. The rates aré i
highly correlated with each. other (.81 to .91), indicating that'studentslv
who move rapidly in one instructional strand (for example, on spelling
patterns) tend to move rapidlyvin other strands (for example, sight | |
words and comprehension). This undoubtedly reflects both an agpect éf
student ability and similarities in the strands of the program, In most
cases rates correlate more highly with spring than fall achievement.
Moreover, correlation with sprihg achisvement is fairly consistent a@raés
strands. |

Linear stépwise regressions were used to.deveiop separate models
for posttest achievement on the COOP and MAT fotal Reading tesﬁs. Table
5 presents the regression models, multiple R, and the step at which eac¢h

variable entered, together with the F to enter (Draper and Smith, 1966) ¢

* A low ecutoff of E = ,0l was used in order to include most of the variables

4

16
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Table 3

Correlation of Pretests and Strand Rates with
Spring COOP and MAT Scores

Spelling | .69. .76
sight Wopds. . . 52 - .58
Patterns ) ‘“'W; ‘GA : L
Phonics . | 61 .68
WOrd'Comﬁrehension | .68 .7§
Sentence Comprehension 73 STT

Average Rate
Fall COOP

Fall MAT Word
Fall MAT Reading

fall MAT Total

3% o)
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Table 5

' Regression Equations for Predicting Spring COOP
and MAT Total Reading..

' Step S Variable .o Regreééion _ ?ﬂ‘;
number entered coefficlent Multiple R ter
1 Sentence Comprehension rate 16.69 «73 75;?%"
2 Fall COOP .16 .76 7.8%
3 8ight Word rate _ 6497 7T 2,47
4 Word Comprehension rate 5427 79 3.66
5 Spelling rate 3.28 .79 1.6 .
S 6"  Phonics rate 3,15 79 B9
. Intercept is 114,86, Standard Error of Estimate = 3.83. iQ;
. L R
- ~ MAT Total Reading )
'éﬁep : " vartableé Regression  Fte
number entered \ coefficient Multiple R enter -
1 Sentence Comprehension rate 13,00 77 98.5% o
2 Fall MAT Total .09 : .80 9.60 .
3 Spelling rate L. 46 .82 T 5,63
4 Sight Word rate . -12.38 .83 4,27
5 Word Comprehension rate 2,83 83 .66
6 Fall MAT Word .13 .83 .36
7 Phonics rate : 5.06 .84 s19
8 Patterns rate | «3,10 ‘ .84 .19
Interceépt is 25.86, Standard Error of Estimate = 6.65.
{ , .
§ 1'I'he rate measures for spelling patterns and average rate did not enter
; the regression equation with cutoffs at F = .0l and Tolerance Level = .0l
§ Low cutoffs were used in order to include most of the variables for™
% comparison,

2Unc‘ler the cutofis above, average rate did not enter the regression equiation.




for comparison; even with thi. cutoff, the average rdte measure did not

enter the regression for eithe.- tést. The increase in the multiple 5

as each variable is added is ar. indication of greater predictive power.

After the sentence comprehensicn rate and fall test are used, little is
2, gained by adding further variables. The, muitiple correlations obtained |

are relatively high and approach the reliability of the tests themselves.
" The sentence-comprehension rate by itself accounts for most of the vari— '

PR

ance in the posttest data; rather than looking to the average rate as a'

”simple measure, sentence comprehension xate by itsel; can in effect seive
in place of a reading test. Note also that the sight-word rate carries
a negative regression coefficient for both the COOP and MAT teuts,‘ t
although it is positively correlated with both spring tests.

At a higher F cutoff, say F = 3.5, the results in Table 5 indicate
ihat only sentence-comprghensionvrate and fall COOP would be included
in predicting spring COOP. Similarly, only sentence-compreﬁension rate, . i
fall MAT, spelling rate, and sighteword rate would be included in pre-
dicting MAT. The resulting multiple R's are .76 fér the spring COOP
and .83 for the spring MAT, ‘these compare favorably with the multiple
R's of .79 and 3h obtaired with the low cutoff.

Relation of CAT Time to Spring Achievement

We have also estimated the parameters of & linear equation relating
spring test scores to time on the CAL program. The equations for the
COOP and MAT tests are ae follows! . ’

COOP = 134,18 + .32(hours of CAT) B i

MAT = 30,97 +..70(hours of CAT)




The equations are based on correlational data and should not be inte s
preted as suggesting a cause and effect relatlionship; hcwever, they are
in accord with earlier results based on experimental evidence (Fletchey

and Atkinson, 1972).

R A .

CONCLUSION o
This study has ylelded several useful resulfs. First, the high'-

correlation.of rates with spring COOF scores indicatés that progress ih;
the CAI program is highlyﬁ}elated to a studentfs reading ébility as
measured by standardiied achievemeht tests. Second, the high intere
ecrrelations among CAI rates suggests that the several strands of the
CAI program may be tapping the same skill, or that skills in one stféné
of the program are highly related to skills in others. However, the
average rate score was ;ot the best predictcr of posttest ‘scores; after
the first rate measure went into the regression equation, the partial
¢orrelation of the'average rate was so low that it did not enter the
model under the cutoffs established., Third, regreééion models for

relating test scores to instructional time yielded slope measures of 32

and .70 for the COOP and MAT, respectively. These slope parameters

indicate the gain that can be expected with each hour of CAI, and can be

used in formulating optimal policles for allocating instructional time
among students (e.g., see'Atkinson, 1972). They can also be used to
estimate the amcunt of time‘qgeded for a studeﬁt or group of students to
reach a given level of reading performance. Finally, using entering
achlevement scores and rate measures from several strands, we obtained

multiple R's of .79 for the COOP and .84 for MAT Total Reading.

11
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Evidenee .from prior experimental work has shown that the CATL reading
program is effective (Fletcher and Atkinson, 1972). 'This study has de-
- .\re loped gggression models for predicting posttest achievement from
rieasures availaple during instructiod., Tt is interesting to note that

 the rate measure associated with the sentence-comprehension strand is e

v‘highiy correlated with posttest scores (.73 for the COOP and .77 for tﬁé oo

Metropolitan; see Table 3). This single statistic proves to be alm@sﬁ

. _.as good a predictor of achievement as the multiple R's. In experimenting i

with one or another version of the CAI program, one could use this measure
Ey ftself as a crude but continuous monitor of the effectiveness of am -
? eiperimental_manipulation. To the extent that such a measure is-a vaifa
pre&fctor'of posttest performance, we can reduce the effort'and ﬁime

inVOiﬁed in assessing a particular experimental manipulation.
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