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EVALUATION OF COMPUTER-ASZEISTEL INSTRUCITION IR EIFMENTARY MATHEMATI G

FOR FEARING-TMFATRED) STUDENTSH

P, Suppss, J. D. Fletzher, M. Zenottd,

P, V. Lordon, Jr., and B. W. Searle

INTRODUCTION

V5]

The Insgtitute for Mathsmatical Stuaies in the Sociel Sciencesz at
Stanford Univerzity (IM3S:) has been aeveloping curriculume and tech-
nigues for computer-assisted instruction (CAI) since 1963, In 1370
the Office of Education funded the Ing tltute for CAI regearch in schodlisz
for the deaf. During the 1970-T7i school year approximately 1, OOJ gtu-
dents in schools for the deaf participated in the project, and during
1971-72 this number increased io more than 2,000 students taking CAI
lessong at 15 schools for the deaf loceted in Four statez and the
Digtrict of Columbia. |

The students who participzted in the experiment reported in this
srticls were chosen from smong the entire population of deaf students
receiving CGAI lessons in mathematics and language arts through the
IMBESS gystem din 1971-T72, The degree of hearing losc among the students
wag essentialiy that adopted for sdmiszion standards oy the schools.

General:y, this loss is at least 60 decibels in the better ear. Stu-

dents selected by the schools for CAI reprecent z cross ssction of

*Thiz research was supported by Office of Educstion Grani
OEG-0-T0-4797(607), OE Project No. 14-2280.




their elementary and secondary school population. Scme of these students l

may be significantly handicapped in ways other than that of hearing loss,

but these additional handicaps do not prohibit the students from meeting l
primary school advancement reguirements.
This experiment evaluated the effectiveness of the CAI mathematics
program on the acquisition of computational skillis. We first describe
the models of evaluation tested, and then the curriculum, before turning
to the anzlysis of deta. In the models fested, we have emphasized
varigtion in intensity of experimental treatment, as opposed to simply

comparing experimental with control groups.

THE MODEL

To investigate the relationship of posttreatment scores to pre-
tregtment scores and the number of CAT mathematics strands sessions

given, five models were tested. In all five models, T, ig the pre-

il

treatment score of ztudent i, TiE is the posttreatment score of
student i, and Ni is the number of CAI mathematics sirands sessions
taken by student 4. Following standard notation, E(Tig) is the

expected posttreatment score of student 1.
Model I: ILinear.
E(Tig) =agt e T, +al, . -
In this model, the expected effect of pretreatment score and number of l

sessions on posttreatment performance is assumed to be linear.

Model II: Linear with interaction.

E(Tig) =a.+a Til + a

0 1 Ni + &a

T T
2 37418
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In Model II, a linear effect of pretresatment score snd number of ses-
sions is assumed, but 2 linear effect from the interaction of pretrezi-

ment score and sesgsgions is also postulated.

Model ITI: Cobb-Douglas.

E(n T =g, ta

ip) =8yt e In Ty

1 + 32 £n Ni o

Model TIII is based on a formulation of the Cobb-Douglas type (from

econometrice), namely,

This model is multiplicative and assumes a ‘weighted intersction' between
pretrestment score and number of sessions in accounting for change in
poattreatment scores.

Model IV: Log guadrstic,

T _ : , : ) .3
E(Iiz) =g +a. T _ + &, in Ni + a_(4n Ni) + ah(ﬂn N7

o 1741 3
In Maodel IV, ths effect of the pretreatmeni score is assumed to be linesr,
but the effect of number of ses=zions is assumed to be logarithmic, rather

than linear. In order to explore thisg logerithmic assumption fully, we

included second- and third-order terme in 4n Nic

Model V: Exponential.

E{fn Tiz) =8, + alNi.-:il .

Model V is based on an exponential formulation, namely,
A R £
i? 0 °

In this model, the effect of number of sessions and pretreatment score

mzy be strictly increasing or strictly decreasing, depending on the
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sign of = Pretreatment score and number of sessions are assumed

1°
to interact.
In each of these modelis we treat pretrestment and postireatment
scores separately, i.e., we do not, for instance, regress the differ-
ence in the two scores on the rmumber of CAT sessions. Even though
reasons for avoiding difference scores have been discussed from several
standpoints in the literature of evaluation (e.g., Cronbach & Furby,
1970; Lord, 1963), we give here a direct but elementary analysis from
first principles. 8o far as we know, this argument has not appeared
in this form in the literature.
Iet X, Y, and N be fandom variables with E(X) = E(Y) = E{N) = 0,
and with finite, nonzero variasnce. The pairwise correlation coefficients

of these random variablegs are then well defined. Consider now the cor-

relstion

. _ E((Y - X)N
r(Y - X’N) =Ty - X)d%N% : (1)

‘From the linearity of the expectation operator,

E((Y - X)N) = E{YN) - E(xW) . (2)
Further, since by hypothesis E(X) = E(Y) = 0,

UE(Y - X) = E((Y - X)g) E(XE) + E(YE) -‘EE(XY)

E(XE) + E(Ye) - 2r (X, Y)a(X)o(Y)

it

Li§

(X) + o () - 2r(X,Y)o(Do(y) . (3)
Substituting (2) and (3) into equation (1) we obtain:

E(¥YN) - E(XN)
o(M) {o2(X) + o°(Y) - 26(X)o(¥)r(X,¥)}

I‘(Y - X’N\) = 1/2 -

L



Let us now assume that the correlstion of X and N is zero, i.e.,
r(%,n) =0 (1)

&nd also that X and Y are highly correlated, tut r(X,Y¥Y) <1, and

that approximately
o(X) = r(X,¥)c(Y) , (1IT)
then, on the basis of (I) and (II)

E{¥N)
(W) {0 () - oS (D)2 (x, 1)} 2

r(Y - X,N) =

r(Y,M)o(T)o(N) )
c(Me(¥)(1 - ro(x,1)) Y2
Therefore,
r(Y - 4,0 ~ —2E0 (1)

J1- r2(X,Y)

Fquation (4) shows that with appropriate choice of a random variable
X, r{X,Y) large, and X orthogonal to N, we can obtain a correlation
coefficient, r(Y - X,N), as close to 1 as we please so long as r(Y,X)
is not zero. The correlation of N with the Y - X difference gcore
may depend solely on the correlation of Y with X and may have nothing

to do with the effect of N.  For that matter,
i‘g(Y,N) +rox,Y) =1
implies that

r(Y - X,N) =1.




The gecmetrical interpretation is clear.

A

N Y Y"=Y-YF=Y-—X

rnolA

bis
: I

el J
v

Assumption (II), of(X)= r(X,Y)o(Y), is the requirement that the norm
of the projection ¥' of Y on X sapproximately equals the norm of X.
Assumptions (I) and (II) hold approximetely for many experiments
using Y as the posttreatment measure, X as the pretreatment mea-
sure, and N as some measure of the amount or intensity of trestment.
From these and other results in the literature about difference
scores, it is clear that studies of evaluastion that use models built
around difference scores must be approached with considerable caution.
We numerically illustrate later in the analysis of data pertinent to
the five models these remarks about difference scores, even though for
practical purpcoses we include some general remerks sbout gains in the

analysis of data.




THE MATHEMATICS STRANDS CURRICULUM

Tne research repcrted here attempts to azsazas the pedagogical effect
of the Institute’s elemenitary mathematics curriculwur on achievement among
the hearing-impaired students. CAT in elementery mathematics provided by
the Institute has had a history of success with hearirg students (Suppes &
Morningster, 1969, 1970a), and compsrable success was anticipated fgr stu-
dents in schools for the deafl.

The obJectives of the strands program are {a) 1o provide supple-
mentary individualized instruction in slemeniary mathemeitics at a level
of @ifficulty appropriate to each student's level of achievement, (b) to
gliow acceleration in any concept areaAin which & student demonstrates
proficiency, and to allow repeated driil snd practice in areas of de-
ficieney, and (c) to report a dailj profile of each student's progrezs
throvgh the curriculum.

A strand is a series of exercises of the sam= logical type (=.g-,
horizontal sddition, vertical subtraction, multiplication of fracticrs)
arranged seguentially in eguivalence classes according to their relative
difficuity. The 14 strands in the program and the grade levels spanned
by eacn strand ars shown in Table 1. Eack strard contains either five
©or ten equivalence classes per half year, with each class labeleé in
terme of a grade-placement {GP) equivalent. The GP of equivalence
clazses was determined by analysis of three major eilementary-school

mathematics texts (Clark, Beatty, Payne, & Spooner, 196¢; Eicholz &




TABIE 1

Grade level Spanned by Each Strend in

the Elementary Mathematics Program

Strand Content Grade level
UM Nurber concepts 1.0-7.9
HAD Hordizontal addition 1.0-32.9
HSU Horizontal subtraction 1.0-3.4
VAD . Vertical eddition 1.0-5.9
VL Vertical subtraction 1.5-5.9
BEQN Equations 1.5-7.9
MEA Measurement 1.5-7.9
U Horizontal multiplication 2.5-5.4
TAW laws of arithmetic 3.0-7.9
VMU Vertical multiplication 3.5-7.9
DIV Division 5.5-7.9
FRA Fractions 3.5-7.9
DEC Decimals 4,0-7.9
NEG Negative numbers £.0-7.9




O'Daffer, 1968; Suppes, 1966), Dats collected during several years of
the earlier drill-and-prazctice methemetics program abt Stanford were
us2d to arrznge the egquivalsence classef in an inecreasing order &f
difficulty and to insure that new skills (e.g., regrouping in sub-

traction) were introduced at the appropriate point.

In addition to ordering the equivalence classes within a strand,
it was necessary to determine how much emphasis to give each strand zt

2 given grade level. 7To determine this emphasisz, we divided the curric-

ulum into 1k parts, each corresponding to a half year. A probability
disztribution was defined for the preoportion of problems on each strand
for each helf year. Both the problem count from the three textbosk
seriez mentioned above and the average latency for problem types based
on past date were used to define the curriculum distribution. The final
proportions in terms of Time and problems for each half year for each
strand are shown in Teble 2.

The analyzis contalned in Table 2, which embodies not only empirical
analyzis, but also some normative decisions sbout relative emphasis in
curriculum,; is one of the few explicit guantitative analyses of curricuium
distribution in elementary-school methematics to be found anywhere in the
mathematics education litersture.

A gtudent's progress through the strands structure is purely a
function of his own performance and is independent of the performance
of other gtudents; in fact, his progress on & given strand is independent

of his own performance on other strands. A scheme defining movement

9



TABIE 2

Proportion of Time and Proportion of Problems for Each Strand for Each Half Year

Half year
Strand
1.0 1.5 2.0 2.5 3.0 3.5 4.0 %5 5.0 5.5 6.0 6.5 7.0 T.5
WM PT | 50 24 2k 17 10 5 7 T 8 11 14 10 15 15
PP | 3% 18 16 12 10 L 8 8 10 1+ 20 10 19 219
HAD PT | 26 21 21 9 1k 9
PP | 32 28 26 10 1L 8
ESU PT | 14 10 16 9 L
PP | 18 14 16 10 In
VAD PT | 10 10 g 19 19 7 8 2 3 1
PP | 14 12 12 22 20 & 10 2 i 2
VSU PT 9 8 15 22 10 13 3 3 1
PP 12 12 18 20 8 10 2 I 2
QNPT 17 12 16 17 14 17 7 5 7 7 8 15 15
PP 10 10 12 16 12 20 8 8 112 12 10 19 19
MEA  PT 9 10 8 8 11 T 7 5 5 5 5 5 5
PP 6 8 6 6 6 8 8 8 8 8 6 é 6
EMU PT 7 3 8 5 3 2
TP 10 6 14 1D 6 8
IAW PT 3 5 5 3 3 3 1 1 8 8
PP L 6 6 N 6 & 2 2 10 10
VMU PT 10 5 1k 6 8 7 5 8 8
FP 1k 6 16 8 b b 2 i Y
DIV PT 15 22 3% 48 33 Lo 13 14k 1k
PP 18 10 16 16 6 8 2 3 3
FRA PT 6 k15 13 20 17 18 10 10
PP L L 24 22 32 32 26 10 10
DEC PT 7 5 ko1 7 3 10 10
- PP 8 6 6 1% 10 38 10 10
NEG PT 2 k15 15
PP b Yy 19 19

Note.--PT = proportion of time; PP = proportion of problems.
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through a strand uses the pattern of correct anﬁ incorrect responses to
insure a rate of movement that reflects performance. The movement scheme
will be described in detail elsevhere (Suppes, Searle, & Lorton, in prep-
aration). The overall determination is based on a model thet sssumes
independence of responses for problems of a given equivalence class and
is defined so that & student with average performance gains one year's
GP in one school year of CAI time, which ranges from 6 to 10 minutes per
school day. A detailed description of the strande curricuwlum is given

by Suppes, Goldberg, Kanz, Searle, and Stauffer (1971).

DESIGN OF THE EXPERIMENT

Equipment

The central computer processor was the Institute's PDP-10 system
located on the Stanford campus. On-line; real-time communication was
maintained with the participating schools located in California, Florida,
Cklehoma, Texas, and the District of Columbia by means of dedicated
telephone lines.

The student terminals were KSR Model-33 teletypewriters. The tele-
typewriters communicate informstion to and from the central computer
system at & rate of sbout 10 charscters per second. All of the ele-
mentary mathematics exercises were typed at the terminal under computer
econtrol, and keyboard respomnses were glven by the students. The details
of exercise format and student responses are described in Suppes, Jerman,

and Brian (1967) and Suppes and Morningstar (1972).
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Students end Number of Sessions

The students participeting in this experiment included the entire
population receiving the elementary mathematics and languasge arts
curriculum whose current, average GP on the mathematics strands cur-
riculum was equal to or greater than 2.4 and equel to or less than 5.9,
and who had taken at least 15 mathematics CAI sessions.

Five levels of intensity for number of CAI sessions were selected.
Treatment groups 1, 2, 3, 4, and 5 were assigned 10, 30, 70, 100, and
130 sessions, respectively, and 77 students were randomly assigned to
each group.

Session limits were imposed on a calendar basis so that students
_ with low numbers of sessionsg received them distributed throughout the
experimental period. A participeting student had no control over the
type of lesson, mathematics strands or language srts, he received.
Whether he signed on for strands or language arts he was given a
mathematics lesson if he was eligible for one. Otherwise, he
received a language srts lesson.

Eligibility for a mathematics session was decided according to

the following algorithm.
TSi
ir NSi < [Pi ( Eﬁ; ) + 2] and TS:.L < TDi s

then student i received a mathematics session; otherwice, he received
8 language arts session. In the algorithm,
NSi = number of sessions taken during the experimental period

by student I,

1z

——




TS, = total number of sessions student 1 was to receive during
the experimentsl period,
TDi = number of calendar déys in the sxperimentzl period for-
student i,
D, = number of calendar days elspsed for student 1 in the
experimental pericd,
and the brackets denote the next grestest integer. For example, suppose
a student was in a 7C-sessions group (TSi = T70) and the experimental
veriod was 150 days (TDi = 150). If on the 2lst day he was in the

experiment '(Di = 21) he had taken 11 sessions (Nsi = 11), then he

would have received a mathematics session when he signed on, since

11 = N8 <[D (E—E~S~i—>+2]=[21 —ﬂ)+2]=12
i i TDi 150 '
Some students signed on more than once a day in order to obtain the
assigned number of sessions.

The actual number of mathemetics sessions a student received was
monitored daily. The assistance of teachers and proctors was sought to
help students achieve the number of sessions they were assigned.
Teachers were urged not to give compensatory off-line work to those
students assigned to low numbers of on-~line sessions, and, in general,
not to alter the classroom work of any student because of his partici-

pation in the experiment.




THE MODI¥TED STAWFORD ACHIEVEMENT TEST

One aim of the experiment was to develop a reliable and valid test
of achievement that could be adwinistered 'on line', i.e., by computer,
st student terminals. Tt was hoped that administering the test on line
would standardize procedures for giving it, that the schools would be
spared the difficulties of having yet another test to administer, and
that the clerical task of getting test scores into the computer for
data analysis would be minimized. ‘The Arithmetic Computation Section
of the Stanford Achievement Test (SAT) was used as a guide in developing
e modified SAT (MSAT) thet could be administered on line at student

terminals.

Description of the SAT

The Arithmetic Compubtation sections of three SAT batteries,
Primary II, Intermediate I, and Intermediate II, were used as models.
For all three levels, forms W and ¥ were examined.

Computation problems on the Primary IT test are worked in the test
booklet. All guestions on the computation sections of the Intermediate
level tests (I and IT) are multiple choice,.and responses are entered
in the test booklet or on a standard answer sheet. The responses are
Jletters between 'a and j. Fach question has four or five possible
responses; the letters 5-4 and a-e are used for one question, the
letters e-h or f-J are used for the next question.

Seversl properties of the testz are shown in Table 3. The tsble

contains, for each level, the nmumber of problems, the time sllowed for

e . —
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TABIE 3

Charscteristics of Computstion Section of the 3AT
Placement Placement
Number of Time on form W on form X
Test level .
problems {min.)

.25 .50 .75 .25 .50 .75
Primery IT 60 30 2.4 Zh hb | 2.2 3.3 bk
Intermediate I 39 35 3.5 4.6 5.8 3.5 L.7 6.0
Intermediate 1T 39 %5 L,y 6.3 8.5 ] 46 6.2 8.7
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administration, and the normed GP corresponding to error rates of .75,

.50, and .25. These last figures are shown separstely for forms W and X.

ﬁonstructior of tha MBAT

Three sets of parallel items were constructed for each item in the
romputation section of the SAT. The method used to construct items de-
pended on whether the type of SAT item being congidered sppeared in the
CAT mathematics strands curriculum.

Each SAT problem of a type that occurs in the CAT curriculum was
labeled with the eguivalence class number into which it fitted. Both
forms (W and X) were examined and labeled. If similar items for both
SAT forms fell 4n tﬁe same eguivalence class, three items from that
equivalence clase were used; if not, a new clasgs definition was con-
structed that included the attributes of both classes, and three
problems were written to fit this definition.

If a test problem was of & type that d4id not occur in the strands
curricuiuvm, a new class definition was written that described the salient
features of the exemplars from both test forms. Then three items were
written using the definition,

A careful analysis was made of the answer choices presented in
Intermedizte T and TI. The distractors for each addition problem differ
from the correct answer in one digit that occurs in any but the left-most
position. The—distracfors for each subtraction problem differ from the
correct answer in one digit that occurs in any but the left-most position,

or the left-most digit is one less than that of the correct answer.

16




Two of the distractors for each multiplication problem in the SAT
differ from each other in one digit and zre both one digit too short.
Other possible wrong answers differ from the correct answer in any but
the left-most digit., In the case of a two-digit multiplier, one wrong
answer for the MBSAT was constructed by using only one of the digits of
the multiplier to obtain a product. Distractors for decimal problems
using dollar signs are the same ag those for comparable integer prob-
lems. In other decimal problems in the SAT, the ﬁrong answers differ
from the correct answer in the placement of the decimal point; specifi-
cally, they are chosen from (CA)(lOK), K==%1, +2, whkere CA is
. the correct answer.

Division problems in the 5AT occur in three formats: A/f; B + 4,
and 1/A of B. Some choices have a remzinder and others do not,
regardless of the correci-answer remainder. Some remainders are larger
than the divisor. The same method wes used to construet MSAT answer
choices for all three types of division problems. Distractors were
constructed by changing one of the digits of the guotient, and where
appropriate, choosing & random remainder.

One dilemms was encountered in constructing answers for divigion
problems. Two problems on the X form of Intermediste I and one on the
W form have two technically correct answers., The following item exem-

plifies these problems.

17




L/268

A) L2
B) 50, REM 8
c) 52
D) 5, REM 8

E) NOT GIVENW

Ajthough C is the 'correct' answer, an argument can be made that B is
also correct, This answer cholice was not used in constructing wrong
ansvers for the MSAT. In both Intermediate I and Intermediate IT there

are four problems for which the correct answer is "not given."

" Administration of the MSAT

The MSAT was administered by randomly selecting one of the three
items written for each problem number. Thus, while approximately one-
third of the items on one MSAT administration would be repeated on =a
second administration, it was unlikely that any two students sitting
next to each other would receive the same test. A record was kept of
the items that comprised each student's test.

The MSAT was administered as much like the SAT as possibie. The
major exception concerns the possibility of students taking the peper
"and pencil SAT to return to problems already completed or skipped over.
Students may skip any problem on the MSAT simply by typing the retuwrn
key on the teletype terminal. However, once a studént answers or skips
‘an MBAT problem there is no way for him to return to it.

Tests were administered at the terminasl, preferably at one sitting.

If a student did not complete the test in cne sitting, he began where

18




he left off at his next sign on. The maximum time allowed to complete
the test was the time allotted for zdministration of the computstion
section of the SAT, plus one-half the time it tekes to type the tést
at the terminal.
Response modes on the MSAT were as close as possible to those on
the SAT. For multiple-choice items the student types = single letter.
For constructed responses the student types the numerical answer as he
would for an ordinary straﬁds item with the strands error response sup-
pressed. The student may alter his response using the rubout key. When
he has completed his answer, he types the return key. If a student
working a multiple-choice problem types a number instead of a letter,
he is t0ld to type a letter and given another chance. As soon as the
return key is typed the program moves to the next problem. There is no
time 1imit for individual problems. Many of the problems reguire pencil
and paper computation.
The procedures that differed from the usual mode of responding zt
the teletype were explained to the student. A message at the beginning
of each test mentions the following:
1. Use paper and pencil when necessary;
2. Answer multiple-choice questions with a letter (for
Intermediate I and I1);

2. Use the return.key after a response (for Intermediate I
and II);

4. Use the return key to skip a problem;

5. Use the rubout key to erase;

6. Be aware of the time limit for the entire test.

19




These six points and the printed instructions were explained and ampli-
fied by the CAI proctors before students took the MSAT., The instructions
printed for Primzry IT and for the two intermediate forms of the MSAT

are displayed in Figure 1. As in the SAT, students were given a

nongraded semple problem before beginning the MSAT, Students were not
given any results et the end of a test session. A coded number contain-

ing the score was printed at the end of the session for use by teachers.

Choice of level of test. The level of the MSAT administered to

a student is made with reference to his average GP in the mathematics

'_strands curriculum, The choice algorithm is presented in Table L.

The MSAT was administered in January, 1972, at the beginning of
the experimental period and again in May immediately after the experi-
ment ended.

DATA ANATYSIS AND RESULTS

Analysis of Variance

As mentioned earlier, treatment groupé 1, 2, 3, b, and S5 were
assigned 10, 30, 70, 100, and 130 sessions, respectively, and 77
students were randemly assigned to each of the five treatment groups.
Complete date were obtained for 60 students in group 1, 62 students

in group 2, 60 students in group-E, 60 students in group 4, and

20




Instructions for MSAT Primary I1I:

MODIFIED S. A. T. STRAND

THIS IS A SPECIAL TEST. YOU HAVE 33 MIKUTES TC WORK
ON IT. YOU MAY USE PENCIL AND PAPER.

TYPE THE RETURN KEY TO GET THE NEXT PRORLEM.
HERE IS A SAMPIE PROEBLEM.

b +g9= 13

Instructions for MSAT Intermediate E and Intemrmediate EE:

MODIFIED &5, A, T. STRAND

THIS IS A SPECIAL TEST. YOU HAVE 38 MINUTES TC WORK
ON IT. ©USE PENCIL AND PAPER TC WORK THE PROERLEMS.

ALL QUESTIONS ARE MULTIPLE CHOICE. TYPE A LETTER AND
THEN THE RETURN XEY, USE THE RUBCUT KEY TO ERASE, USE
THE RETURN KEY TO SKIP A PROELEM.

HERE IS A SAMPIE PROELEM,

b+ 9=

A) 12

B) 5

C) 13

D} 49
E) NOT GIVEN

Fig. 1. Instructions printed for the Primary IT and for the

Intermediate forms of the MSAT.

21



TARLE 4-

Algorithm for Choosing an MSAT Test Ievel

Range of aversge GF on

Test level date of adminisiration
Primary II 2.0 - 3.5
Intermediate I 5,6 - 4.8
Intermediate II 4.9 - 6.5

22



TO students in group 5., This information is summarized in Table 5,

which elso gives the means and standard deviztions for number of

sessione actuaslly taken within each of the five treatment groups.
The number of sessions taken fell well short of the number assigned
in groups 3, 4, and 5, primarily because of difficulties in scheduling
extra CAT sessions in the schools. However, the groups remained suf-
Ticiently distinct to warrant proceeding with analysis of wvariance.
Anslyses of variance were performed teking MSAT scores and
average GP of the mathematics strands as dependent measures. In
order 1o make comparisons across all three MEAT batiery scores, we
used SAT sceles to convért MSAT raw scores to GP scores, Analyses
of variance were performed on pretreatment measures as well as post-
treatment measures to check for any bias in the sssignment of stu-
dents to treatment groups.
The pretreaiment analyses of wariance for the strands average GP

and MSAT scores sre presented in Tables 6 and 7. Both F ratios are

small. In addition, the correlation between pretreatment, strands
average GP and the humber of sessions taken was .013, and the cor-
relation between MSAT pretest GP and number of sessions taken was
-.022, It is reasonable to conclude that random assignment of stu-

dents to treatment groups was essentially achieved,
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TABLE 5

Assigned and Obtained Number of Students and Sessions for

the Five Treatment Groups in the Experiment

Treatment Number of Number of Numbgr of Average Pumber Standard deviation
rou students students gseggsions of sessiong of sessions obtained
& P assigned obtained asgigned obtained -
1 T7 60 10 11.85 1.90
2 77 62 30 3h.95 8.88
L 3 77 60 T0 53%.30 17.92
Ly 7 60 100 65.98 27.38
5 i 70 130 75.84 29.15
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TABLE 6

Analysis of Variance for Pretresztment, Mathematics Strands

Average GP for the Five Treatment Groups

Treatment group

1 2 3 L 5
Sample size 60 62 60 60 TO
Mean 4,18 3.88 3.96 3,04 .12
Standard deviation .87 87 JTT .84 .9l
Analysis of variance
Sum of squares af Mean square F ratio
Between groups 4,1113 b 1.0278 1.408*
Within groups 224,157k 3077 L7302
Total 228.2687 311
*Nonsignificant
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TABLE 7
Analysis of Variance for Pretreatment, MSAT GP Scores

for the Five Treatment Groups

Treatment group

1 o 3 I 5
Sample size 60 £ &0 60 TO
Mean L,79 4,23 L.L1 4.61 L,52
Standard deviation 1.50 1.31 1.21 1.72 1.64

Anelysis of variance

Sum of squares af Mean'square F ratio
Between groups _ 10.5828 4 2.6457 1.185%
Within groups 685. 644k 307 2.2334
Total 695, 2272 z11

*Nonsignificant
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The posttreatment analyses of variance for the strands asverage GP

and MSAT scores are presented in Tables 8 and 9. The F ratio for the

strends GP scores is significant (p < .01, d4f = 4/307), eand we note

that the average GP improvement for the 10-seggions group 1 is only .15
compared with .96 for group 5. The F ratio for the MSAT scores is non-
significant, but the average GP improvement for ths 10-seszsions group 1

is 42 compared with .76 for group 5.

Test of the Five Models

Perameters for the five nrodels weré,generated twice, once using
mathematics strands average GP azs pretreaitment and posttreatment achleve-
ment measures and once using MSAT GP scores. Models énd parameters using

strands average GP zs the achievement measures are presented in Takle 10.

The linear model with interaction, Meodel II, accounts for more of the
variance in the dependent varisble (postireatment average GP) than does
any of the other models, but despite the inclusion of & term for.the
interaction of number of sessiones with pretreatment GP, it represents_
only & slight improvement over Model I, the simple linear model. Asgsuming
Ni = 120 or slightly less than one session per déy for a school year and

taking a, = 0123 from Model I, we zan project Ti - Til = 1.48. That

2

is to say, if a student from this populaticon tekes about one strands ses-

2

sion per day for an entires school year, we can expect his strands average
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TARLE 8

Analysis of Variance for Posttreatment, Mathematics Strands

Average GP for the Five Treatment Groups

Treatment group

1 2 3 L 5
Sample size €0 62 60 60 70
Mean 4,33 4,32 L.60 4.85 5.08
Standard deviation .89 .8l () .4 .96
Analysis of wvariance
Sum of sguares af Mean square F ratio
Between groups 28.3792 4 7.0948 9.088*
Within groups 23%9.6608 207 L7807
Total 268. 0400 311

*Bignificant, p < .0l.

28




Analysis of Veriance for Posttreztment, MSAT GP Scores

TABLE 9

for the Five Treatment Groups

Treatment group

29

1 2 3 4 5
Sample size 60 62 60 €0 70
Mean 5.21 L.82 4.89 5.29 5.28
Standard deviztion 1.50 1.3%6 1.39 1.7 .44
Analysis of variance
Sum of squares arf Mean square F ratio
Between groups 12,9009 4 33,2252 1,46h*
Within groups 676. 4771 307 2.203%5
Total £89.3780 z11
*Nonsignificant




TABIE 10
Parameters Generated for the Five Models Using Mathematics Strands

Average GP as Pretreatment and Posttreatment Measures

— — —

Model I: E(Tie) = a,+ a, T, + &N, .

Parameters: &8, = . 305, al = .930; a2 = L,0l2.

Multiple correlation = .95k,

Model II: E(T ) = a, + a,T,, + a N, + a3TilNi'
Parameters: &, = .027, a; = .998, a, = .018, ay = - -001.

Multiple correlation = .955.
Model III: E(4n Ti2) =8, +8 n T, +a, inN.

Parameters: a, = LOLL a, = 817, 2, = .010.

Multiple correlation = ,94l.

Model IV: E(TiE) = ay + a, + 8, £in N + a_(£n N, ) + a, (&n N, )3

0 T11 3
Parsmeters: a_ = .698, a, = .928, a, = .036, ay = - .126.

4

0
Multiple correlation = .953.
‘Model V: E(4n TiE) =8, + alNiTil'
Parameters: &, = .363, a, = .0001.
Multiple correlation = .632.

NOte'--Til = pretreatment strands GP for student i,
TiE = postireatment strands GP for student i,
Ni = number of sessions taken by student i.



GP to increase by about a year and.a half. Data presented later show

that strands average GP underestimated both GP messured by paper and pencil
administrétions of the SAT and GP measured by the MSAT. This impfovement
of 1.48 can be compared with an expected GP increase over a school year

of .3 to .k in the SAT computation subtest for hearing-impaired students
.receiving ordinary instruction (Gentile & DiFrancesca, 1969). '

Models and parameters using MSAT GP as pretreatment and posttreatment

measures are presented in Table 11. The multiplicative model from econometrics

that assumes weighted interaction of number of sessions with pretreztment
GP, Model III, accounts for more of the variance in the posttreatment
measure than does any of the other models, but, as with the strands
average GP, it represents only a slight improvement over Model I, the
.8imple linear model. Agzin, assuming Ni = 120 and taking =, = .0084

2

from Model I, we can project Ti - Til = 1.C1. That is to say, if a

2
student from this population takes sbout one strands session per day for

a school year of 120 net days, we can expect his MSAT GP to increase by
about one year. Roughly, we can expect an increase of .1 in MSAT GP for
every 12 sessions taken.

Overall, the models using MSAT GP as the achievement measure account
for about 25 percent less variance in the posttreatment results than do
those using strands GP as the achievement measure. In the case of Model T,
this decrease might he due to less contribution from the pretreatment

scores in accounting for posttreatment scores, less contribution from

number of sessions, or both. A comparison of the 8 parameter for
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TABIE 11
Parameters Generated for the Five Models Using MSAT GP Scores

25 Pretreatment and Posttreatment Measures

Model I: E(Tig) =a_ +aT _ +al

ot %M1t
= 1,116, a, = 793, &, = .008.

T
Parameters: ao
Multiple correlation = .811.

. —_ T
Model ITI: E(TiE) = ag + a, ;) + a N, + aBTilNi.

Parameters: ay = +939, &, = .831, a, = .012, ay = - L001.%

Multiple correlation = .812.

*The F ratio for deletion of a, is nonsignificant {(p < .005).

Model III: E(£4n Tiz) =2y + 8 In T, + &, o N,.
Parameters: a, = .101, a; = .711, a, = .006.

Multiple correlation = .818.

.2 3
. = { ,
Model IV: E(Tiz) = e, +a T +a, In N + a3‘£n N+ a, {4n Ni) .
Parameters: a, = 2.405, a, = 784, a, = .000, a, = - .330, a, = .069.

3
Multiple correlation = .816. '

Model V: E(£n Ti2) =8y +aNT..

Parameters: a, = . 370, ) = .0001.

Multiple correlation = .477.

pretreatment MSAT GP for student i,

Note.--Til =
T12 = posttreatment MSAT GP for student i,
Ni = mumber of sessions taken by student i.
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Model I, using strands GP (a. = .930), with Model I, using MSAT GP

1
(al = .?95), and s comparison of the a, parsmeter for Model I wsing
strands GP (a2 = ,0123), with Model I, using MSAT GP (ae = ,0084),
imply that the pretreatment measure gnd the number of sessions both
contribute less when Model I uses MSAT GP as the achievement measure
than it does using strands average GP, a resuli that is not aﬁ all
surprising,

Beceuse of the interest in the contribution of number of sessions
taken to the GP gain meassured by the MSAT, we computed the 95 percent
confidence level for coefficient a  for Model I (Table 11). The

2
result is a, = .0084 % ,0032. Conseguently, the change in GP with

2
120 sessions should be between .624 and 1,392, admittedly a large interval.
Assuming that the effect of 120 sessiong is somewhat sublinear, we should
conservatively expect an increase in GP of about .5 that would be due to
the 120 strands CAI sessions. This conservatively estimated GP gain is
5till superior to the results for ordinary instruction of hearing-imﬁaired

students already cited. As is evident from Table 10, & lerger gain in GP

meagured by the strands curricuvlum itself would be anticipated.

Comparison of SAT, MSAT, and Strands GP

In order to generalize the MSAT results, comparisons of the achieve-
ment measures used in this study with each other and with standardized
tests are needed. Because neither the MSAT nor GP measured by the strands
curriculum is & common messure, it was decided to estimate the concurrent
validity of the MSAT GP and strands average GP by comparing them with each

other and with paper and pencil administrations of the SAT.
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Sixty students were drawn at random from among participating stu-
dents in three of the residential schools. BSelection of the students
was stratified so that b4 were chosen for each of the 15 cells ariging
from the three MSAT forms (Primsry II, Intermediate I, Intermediate IT)
end five treatment groups. Two of the 4 students were chosen at random
and assigned to group I; the remaining 2 were assigned to group IT. There
were then 30 students (2 from each form-by-treatment cell times 15 cells)
assigned to group I and 30 assigned to group II., Group I received paper
end pencil administration of the SAT Arithmetic Computafion Subtest
(SAT—COMP), form W, before receiving the pretreatment MSAT, and group 11
received the SAT-COMP after receiving the pretreatment MSAT. The roles
of groups I and I were reversed for the postireatment measure. Group I1
received the SAT-COMP before the positreatment MSAT, and group I received
.the SAT-COMP after the postireatment MSAT. Pretreatment and posttreatment
strends GP scores were élso recorded.

Compiete dsta were obtained for bhk of these students. The logs of
16 was solely due to such random factors as student illnesé, change of
schools, and administrative errors. Means and standard deviations ob-
tained by the b4 students for pretreatment and posttreatment SAT GP,

MSAT GP, and strands GP are displayed in Teble 12. It should be noted

from Table 12 that the SAT consistently gave the highest estimate of GP
for this group of students, the MSAT consistently gave the second highest

GF estimate, and the strands GP consistently gave the lowest GP estimate.
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TABLE 12

Means end Standard Deviations Obtained by b4 Randomly Chosen Students for Pretreatment

and Posttreatment SAT GP, MSAT CP, and Mathematics Strands Average GP

Mean

Standard
deviation

SAT GP SAT GP MSAT GP MSAT GP Strands GP Strands GP
pretreatment | postireatment | pretreatment | posttreatment | pretreatment | posttreatment
5.01 5.69 4,88 5.24 4,27 h.84
1.13 1.40 1.53 1.h6 .91 .96




Evidently, both the MSAT and the strands average GP mezsures underesiimeted
GP measured by paper and pencil administration of the SAT.
A metrix of simple correlstions for the GP scores dotained by the

L} students on pretreatment and postireatment SAT, M3AT, end mathematics

strands is given in Teble 13. These correlations are fairly lerge, but

they are not sufficiently large to identify SAT GP, MSAT GP, and strands
GP as parallel measures, According to Lord and Novick {1968), two dis-
tinect measurements ng and th are parsllel if for every subject s
in the populstior, Tos = The and U(Egs) = U(Ehs), where x indicates
measurements with the same true scores but pessibly different error vari-
ances. More Iintuitively, two measurements are parallel if their expecta-
tions are equivelent and their obgerved gcore variances are egual. This

is not true of the three GP megsures.

Difference Scores

Table 14 displays & matrix of simple correlation coefficients obtained

- from number of sessions, pretreatment and posttreatment MSAT GP, and

pretreatment and postirestment strends GP for the 312 students who partici-
pated in the expefiment. Table 14 also inecludes correlation coefficients
for the difference scores, MSAT A GP (posttrestment minus pretrestment
MSAT GP) and strands A GP (postireatment minus pretreatment strands

average GP).
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TABLE 13

Matrix of Simple Correlation Coefficients for GP Scores Obtained by 44 Randomly Chosen Students

on Pretreatment and Posttreatment SAT, MSAT, and 'Mathematics Strands Observations

SAT pre-
treatment

SAT post-
treatment

MSAT pre-
treatment

MSAT post-
treatment

Strands pre-~
treatment

Strands post-
treatment

SAT pre- SAT post- | MBAT pre- | MBAT post- | Strands pre- | Strands post-
treatment treatment | treatment | treatment treatment treatment

1.000 .61 L7187 .689 ;685 -T33
1.000 173 .82t .758 LT
1.000 .833 .800 .796
1.000 . T6h .807
$1.000 .860
1.000
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TABLE 14

Matrix of Simple Correlation Coefficients for Number of Sessions, Pretreatment MSAT GP,

Posttreatment MSAT GF, MSAT A GP, Pretreatment Strands GP, Posttreatment Strands GP,

and Strands A GP for the 312 Students Participating in the Experiment

Sessions

- MSAT pre-

treatment

MSAT post-
tregtment

MBAT A GP

Strands pre-
treatment

Strands post-
treatment

Strands A GP

Sessions MSAT pre- MSAT post- MSAT Strands pre- Strands post- Strands
treatment treatment OGP treatment treatment H GP
1.000 -.022 2155 273 .013% 416 796
1.000 793 - . TW8 L711 LOh1
1.000 -- .689 162 .27
1.000 -.097 072 2320
1.000 863 -
1.000 -
1.000

Note.--The difference score, MSAT A CP, is posttreatment MSAT GP minus pretreatment MSAT GP.
The difference score, Strands A GP, iz postireatment strands GP minus pretreatment strands GP.
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The date reported in Tables 13 and 14 allow comparisons of the
4h-student sample with the full sample of %12. The ccrrelation of the

strands pretreatment GP and the strands posttreatment GP is .860 in the

hi-gtudent sample compared with .863 in the 312-student sample., The largest

difference in correlation was obtgined for the pretreastment MSAT GP with
the posttreatment strands GP--the bLl-student sample correlation being .T711
compared with ,796 for the 312-student sample. As might be expected, the
correlations for the 312-student sample are in every case higher than
their counterparts in tﬁe Lh-gtudent sample. Given these small differ-
ences 1in correlgtion coefficients, it seems regsonable to conclude that,
with respect to the measures taken, the 44-student sample is representa-
tive of the full 312-student population.

The anticipated increass in correlation occurs when difference
scores replace postireatment scores zs the dependent measures in regres-
sions using number of sessions as the independent variables. The correla-
tion for sessions and MSAT posttreatment GP is only .155 compared with a
correlation of .273 for sessions and MSAT A GP. More striking, but also
expected, 1s the correlation for sesgsions and strands posttreatment GP
of .416 compared with .796 for sessione and strands A GP.

Means and stanGard deviationz for GP change (posttreatment GP minus
pretreatment GP) obtained by the five treatment groups are displayed in

Table 15. With the exception of average GP change for group 3, a fairly

——— e e Ee A e e A e - e e e B B A e W

e

steady increase in GP change with increasing number of sessions is evident

in the data. It should be noted that the GP change for group $ whose

39



TABLE 15
Sample Size, Means, and Standard Deviations of GP Change (Posttreatment GP
Minus Pretreatment GP) Measured by Strands Average GP and MSAT

for the Five Treatment Groups

Treatment group
1 2 3 L 5

Sample size 60 62 60 60 70

Mean .15 s an .01 .96
Strands A GP

Standard deviation .01 .03 .03 .05 .05

Mean e .58 18 .68 .6
MSAT A GP _

Stendard deviation .10 .09 .08 .10 11

ko




members averaged 75.84 sessions is .96 for strands average GP and .76 for
MSAT GP., Both of these messures underestimsted GF mezsured by paper andé
pencil administration of the SAT to the 4L-student sample. Using the
smaller measure, the group 5 students achieved an increase in mathematics
computation GP of .76 during the experimental period of approximately
five months. This improvemént is about double the CGP gain indicated by
Gentile ard DiFrancesca (1969) for hearing-impaired students after a full

school year of traditional classroom instruction.

SUMMARY AND CONCLUSIONS

From the analyses of date given above, we conclude that the mathe-
matics strands CAI curriculum can lead to substantial increases in mathe-
matics computation GP when used by hesring-impaired students. The increages
ere sufficient to bring the students to GP gaine expected of normal-hearing
gtudents. Moreover, these gains can be achieved by students working intensely
for only a few minutes a day in 2 supplementary drill-snd-practice program,
The actual time espent at a computer terminal by each student ranged from
6 to 1C minutes for each session,

In addition, a simple linear model of student achievement gives a
good account of the posttreatment distribution of GP measured either by
the MSAT or by the strands GP. The investigation of other modele, includ-
ing models with interaction terms, did not lead to any substantiszl improve-
ment in sccounting for posttreatment GP variance. The results of the
analysis, including the application of the linear model, indicate that

greater numbers of CAI sessions are beneficisl for all gtudents, across

L1




all levels of pretreatment achievement. Further investigztion using
demographic and other psychological varisbles would be desirable in pro-
viding &8 more detailed analysis of the extent to which postireatment
distribution of GP is primarily affected only by pretreatment distribu-
tion of GP and amount of time at computer terminals.

The inequality-averting properties of the mathematics strands cur-
riculum used ze compensatory education for disesdvantaged hearing students
has already been noted by Suppes and Morningstar (1970b) and by Jamison,
Fletcher, Suppes, and Atkinson (1973). These properties seem to obtain
to about the same degree for the population of hearing-impaired students

used in this study.
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