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vhe Develonrent, lmplementation and tvaluation of a
Mlot Proaram of Computer-Assisted Instruction
for uUrban Hioh Schools:

Genera' Mathematics and Algebra 1*

Ketth A :1all, Harold E. Mitzel, Marilyn 4. Suydam
tars C. dansson, and "obert Y. Iao

The Commonwealth CAL Consortium was imitially funded by the U. 5. 0ffice of
Education or “arch ). 963, under theprovisions of Title III of the Elementary
and Secondary Education Act  The purpose of the organization was to develop and
evaluate two ndividuaily-adaontive mathematics courses for urban high school youth.
decause Fennsytvanti ninth-araders typically take either general mathematics or a
fir<t course 'n ataerra, it was decided to construct both courses in order to beqin
the corstruct-on of a complete four-year secondarv mathematics program.

Individuaily Adantive Curriculum

Building a new curriculum by employing a radically different technology,
such as comoute--assisted 'nstruction, requires careful definition of a plan for
mplementin? tne new comb:nation of curriculum and technoloay with students.
The utiiization pattz-n for the Consortium was conceived as an individually-
adaptive set of mathematics exveriences with a predominant theme of teacher-
monitored 1ndependent study for each student. The traditional approacn to
mathematics instruction with its emphasis on teacher exposition and student
recitation around texthook themes was drastically reduced.

The individiual study cu‘riculum was composed of an "on-l1ine" or computer-
mediated comoonent :nvolving student;content interaction at a computer terminal
and an "off-11ne' componert consisting of seif-study in a variety of modes,
such as worksheets, fil'mstrips, puzzles, games, and textbooks. The "on-line"
program provided the principle source of continuity within the total curriculum
with specific carefuliy-selected "off-11ne" assignments i1nserted at strategic
points in the computer-mediated program. In general the "on-line" material was
designed as the "basics" or fundamentals of each course while the "off-1ine"

*This summary is abstracted from Mitzel, H.E., Hall, X.A., Suydam, M.N., %
Jansson, L.C. and Igo, R.V. A Commonwealth Consortium to Develop, Implement
and Evaluate a Pilot Program of Computer-Assisted Instruction for Urbar High

Schools: Final Report. Computer Assisted In-truction Lzboratory. 1he
o Pennsylvania State University, University Park, Pa. Report R-47. July 1971,
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sequences serves &nsioNent ant & en:’ Yanctinas with rughas’s on enrich-

ment.

The utiiizatioa plan for tne praiect was adapted to tne existing eight-
period schsoi ‘av 35 mninuces per per-od) iith about “vice as many nupils as
computer termina:s assignad to tne Yalil.t, guring any oné c'iss pericd.  Stated
another way, the pip1! waxing averaze progress was expected to spend about
one-half time in “"cn-line" and one-ha'f time in "off-line" study. With close
teacher-monitoring provicded far in tne vtiiization pattern, tricht, quick s*ulen.-
were supposed to spasl somewbat lzss thaa the average one-half period per day
with the "on-line’ {unanentais and the slower students somewhat more than ore-
half time with tie "on-1inme" fundameatals at the computer terminals. These
plans were mod:f¥:ed 1n practice i% the schools du=inj the iast year of the project

in order to adapt o loca! needs

The Computer System

The iBM 1500 cimputer system used in this project is designed specifically
as an instructiona?® system. * computer terminal (or student station) consists of
three dispiay/response devices which may be usec 1ndividuaily or in combination.
The central dispiay device is a cathoda-ray tube screen (CRT) with sixteen hori-
zontal rows and forty verticail columns for a total of €40 display positiors.
Information sufficient to fil® the screen 1s available in micro seconds from an
internal random access “isk. One response device is a typewriter-like keyboard
which makes possitie constructed responses by typing the necessary character.

A second response device, the iight pen, permits response to displayed text,
fiaures, an craphics, hy toucking the approp-iate piace on the (RT screen. An
image proiector. utilizine Yemm fiim, 1s capable of holding 1,024 colored &nn/
or black and white photoaraphic imaues on a sinale reel. This device, under
proaram control. can access 2N imaces per second. An electronic typewriter
{proctor station) i+ 4 separate output unit used to deliver messages to the

teacher racard'na stilent pertormance in the program.

The 1500 system is capable of accomrmodatina up to a total of 37 terminais,
each complete with the (RT and imane prolector devices. 8 pictoral diaoram of

the 1500 system is presented in Fiaqure 1.

Curriculum Nevelopment

The content for hoth courses was selected with special regard for the

inner city taraet popuiation, thus the readina level, for examp-e. vas kept o
a certain level, e.a., terseness was erphasized. Likewise, examples were

drawn from content and from situatic-s hopefuily experienced by :<he students.




CENTRAL CARD
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Fig. 1 A typical configuration (showing one of
of 32 student stations) of the IBM 1500
Instructional System.




Teterminatinog of tipifs oo fo irtlele ! was accomplishes

v teachers from
Phila“elphia az. "ittsturgh .0 spent approximately eiaonteen months on the Penn

tate campus. ‘'orlkirc tonetha» vith mathematics ecucators, the teachers jdentified
obiec*tivas an' placne’ urits. =s iime pressures increasa’, “owever, specific
heharicral ohizcitves we-e arnitt:” whicn resulted in less consistency and articiis
tion of topics as wel' as less 2rnhisis on conscious cdecisons to employ identifiabie
teachina stratecies than was anticipated. Thus the ultimate curricular outcone

reflecte the imprint of various authors and vieupoints, and contincency decisi.m

Tro flowchar*s in Fiqures [, 3. and 4 jilustrate the sequence of events
within the curriculum. The term instructior" as it is used here refers to tha:
portion of the Rlock in which new material is irty .duced. The pedaaoaical
anproach, vhe*-er 2xposiiorv or inductive, requires constant interaction of the
pupil with the material i1 the computer and an understandine of the inter-
relationshins of strateay and objective. These aeneralizec flovcharts are

applicable to hnih the aleebra an:' ine o2ncral mathematics curricula.

Aloebra. The core conteut of a svandard alaebra 1 course is well deiinec
hy current textbcoks ar curriculum quides. The scope ant sequence of the matev:
developed under this project inciude numbers anz set notation, properties of
equality and cperations. inteqcrs (properties anZ operations), operations with
rational and real! numbers, eauaticns, inequalities and problem solving, linear

systems, polvnomials. an” factorine polynomials.

Tha curriculu avi‘es of the Philadelphia an* Pittsburah school systems
provided the mirirum cortent listing. In acdition, there was mutual aareement
amonag the author tearhers, math coordinators of the narticipatina schools, and
proiect sta€f. tn secuencz the material in such a way that it could he used
with a stan‘ar’ terttoo! {Paters 1. and Schaaf, W., Mlgebra, A ilocdern Mpproach.
. Van Mostrare. 2. 13€5) whic! all stucents would have. The professional
staff modified an’ excludnl varicus alaebraic topics hecause the material in
question was 1) peripheral to the tasic alaebraic skiils required, and/or
2) too sophisticated for the tarcet nopulation at that point in the curriculum.

Mthouah *he course as it o exists mey not go as “eeply into the material
or as far as mary colieqc preparatory courses, it does provice the basic skills.
It has the adde” advantage of heina individualized with respect to the feedback

which pupils receive. !lgetra off-line assignments came from the textbook.
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J. Studert perforrance

.. From nrevious instruction

. Bloct i. (see Fia. 3)

. Rlock n. (see Fig. 7)
. Chapter Review Test

. Student. performarce reperted
at proctor station

. Sianed off

. Signed on

. Chapter Peview Test and
Chapter Test *he same cay?

@

— (D
| No

3

Q

. Chapter Test

reporiedq

. Mant review question same
day as Chapter Test?

(T )
Yes
No
Mo

C

—Cp

. Review questions of
previous chapters

T.
S.
R.

Q.

P.

0.

N.

M.

Next chapter

Skip routine to
access blocks within
chapter.

Teacher option:
Should student
review portions
of chapter?

Review questions
on previous
chanter

“oview questions
answered?

Chapter Test
and next chapter
the same day?

Sianed on

Sianed off

Fig. 2 Structure of an "on-line" chapter.




Prestiils teost o: Rlock(s)

Criterion

Nption to taxe »raasc

Pretest on tlock(s)

Criterion met?

. Instructicnal
material (see
Fig. 4)

. Off-line assiqnrent,
roaGe

Mt-guiz on Flocl(s)

. Criterion met?

. Fext instructiona’
Mock or chapter
review “est

M
2ndT
3rd

Q.

reredial an”/or
review

. Mext block not

covered by pre-
test

Student option only
after 1st iteraticn
of bHlock

. Teacher assigns Ofi-

1ine material

Teacher informed.
May assir~ addi-
tijon- ' off-line
activity

. Wrich iterations

of out-quiz?

. Teacher inforned

of 2rd failure of
out-quiz

Fig. 3 Structuré of an “on-line" instructional block.




. Instruction frames
(Topic 1)

. Assianment loaded

. Practice frames H. Options routine to

(Topic 1) access components of
instructional
material

. Instruction and
practice frames
(Topic 2)

. Summary frames

. Sian off - . Failure to meet out-
quiz criterion

Fig. 4 Structure of "on-line" instructional
material.
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fenera: Mathematics. Tre ceneral mathematics course includes instruction
in equatinns, resa“ive inteceprs. divisiorn of whole nuribers (reredial only)
decimals, frac*irns, ratis and ~roportion, percent, formulas, aceometry, measure-
ment. an’ arantira.  San2 *opics trzditionallv consitered to be part of alaebra 1,
such #g eaua*isne. i~~iali 135 nreative inteagers, and araphing with coordinates.

as well as aritkmetis revies vera also inclueed,
Afe_lipe vonl qnclyt=d  ~ganrizll - in the coamatry and graphing units,
activities ~+her =map r-oe drill. Caripulative and “rawina tashs were inclnde:.

in re~rular assiarman®s,

Fvaluation

The e~ Af +5n cmpde ¢~y arimes*alt and "rontrol” in describina the groups
used in the eyalua*iv- st “as heen avni‘ed. The 'CAT aroup” vas the one in
which the comciter was use” .- assis® the instructicnal nrocess, while the “cohert
oroun  was the npe in uLhich *he cemputer was not a component of the instructionai
nrocess [*ra-iti.inal “Tiesas). Since all available acneral mathematics and
aloebra 1 ¢135:-5 . ="' ~"n~u Vigh School in Pittshurab were included in the CAl
aroup, it vas neccgsary oo sciert colort croups from a similar but nct identical
schncl (Peabery iiar Schanl). I- Philadelphia), koth CAI and cohort classes
were Arawn from Lincals Ui~- Scrol. Table 1 inticates the total numher of

students invo ver ir ~tabh arony i- each school.

“ntal "omrer of Ttodents in
Fazh fuvpiculum Crou)

reneral Vatheratics Mgebra

rey Cohort Cohort

Pittshyrgh:

Priladelphia: Lircein




Since many students were absent on testing days, the number takina various tests
and those who took all tests is an additional source of variation in standard

laboratory research procecures.

A set of criterion measures was selected and developed to study the effect .
of the varyina mo-es of instruction on the achievement of students in algebra 1

-4

and aeneral mathematics courec " -se pre- and post-measures were usually
administerer hy the teacher vi@ assistance of a member of the evaluation
team. In addition, formative evaluation of course content and of student achieve-
ment in various sections of the courses was continuing during the school year.
Thus, recular, on-line chapter tests and mid-semester tests were administered

to the CAI aroup, and the.teacher's usual testina prooram was conducted in the
cohort arouns. Information derived from these tests was used in revision of

the courses and for assigning marhs to students.

Evaluation Instruments. Both non-normed and normed tests were used to

obtain measures of student achievement in each course. The term "non-normed"”
achievement test was coine’ to reflect the fact that there is no independent
set of descriptive statistics concernina the sets of items used. These two
tests, one for alaebra anc¢ the other for general mathematics, were designed to
reflect th. fundamental objectives of the Consortium curricula as closely as
possible. It was necessary in the operational settings of schools to restrict
the amount of student time devoted to evaluation to an absolute minimum.

The off-line ron-normed achievement test for general mathematics (33
items). developed hy Jansson, was designed to measure mastery of 1) computa-
tion with “he four operations with whole numbers and with positive rational
numhers in fractional and decimal form, 2) ratio and percent, 3) linear
equations, and 4) geometric concepts. Equivalent forms were developed to
serve as pre- and post-measures, containing identical items arranged in a

different sequence.

The off-1ine non-normed achievement test for alaebra (32 items),
developed by Beardslee and Jansson, includes both knowledae-level and under-
standina-level items of hoth computational and abstract-manipulation types,
drawn from test-item pools from all chapters in the course. The posttest
was an equivalent form, containing the items from the pretest ordered in a

different seauence.




The Starfor< "chjeverent Test, High Schnol Pasic Pattery, Test 2:

“umerical Cempeterce (L iters). vas used as a norn-referenced neasure for
aeneral rat' eatics stu'ents. Forms ¥ and V' were use” as the pre- and post-

+este respertiveiv.  The Ceonperative ‘latheratics Tes?®, Manbra 1 (40 items),

was uced As a rern references measure for algebra students. Forms /v and B

were user as pre anc posttests respectively.

Findinas

Far the statistical analvses to test the various hypotheses with sufficier:
precision, i* was necessary to use cata ornly for those students fron whom all
pertinent scores were avcila'le. Thus, cata from onlv those students who had
taken both pretest and pos:test versions of hoth achievement tests were used--
657 students. In each ins*ance, the assumption remains that the exclusion of
data for those students for whom data wvere incomnlete does not bias the remain-
ing samrle for whem data are complete. The “abridaed” data vere used in ali

statistical analvses.
A11 null hypotheses were tested for sianificance at the .01 Tevel.

No attempt was marde to compare data from the two districts, nor from the
two courses. Thus. the data was treated as if derived from four separate
sources: aeneral mathematics and alaebra, in Pittsburgh and in Philadelphia.
Tahle 2 shows the hiah and low ohserved achievement scores for all groups

on both the normes and non- normed achievement testis.

Man-narme ! Achieverent Test Data. The data from administration of the

non-norme” achievemen* tests was analyzed usina Analysis of Variance. The
hypothesis heirg *ested was *he same ir each of *the four situations, for
Pittshurch aeneral mathematics Pittsburch algera, Philarelphia aeneral
mathematics. ar? Phila“alphia algebra aroups:

Thers is nn Aifference in achievement on the non-norme:

test (aeneral rathematics and aloebra consiceres separately) )
between aroups follouing CAI or nen-CAI instruction, as defined.

In the casa of the non normed achieverent test, it seeres wise to
atterpt to adjust the pesttest scores of the stucents in order to compensate
for the €act *ha*t manv of them dic¢ not complete the total proaram of
instruction. ‘'mea students are allowed to pace themselves through content
- material, and when absentee rates vary from 0 to 75 percent of a 180-day
school vear, there are inevitable fluctuations in the arount of course material

Q
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Tabie 2

High and Low Observed Achieverent Scores for A1l Groups

Pre-Instruction Post-Instruction

ncn-normed  normed non-normed  normed

Pittsbursgh
Genera™ Mathematics CAI Group 7-278 3400 7-312 1-38P
General Mathemztics Cohort Group 8-332 3-36°  4-292 2-38P
Philadelphia
Genera® Mathermat:cs CAI Group 7-252 1-30°  7-302 5-29P
General Mathematics Cohort Group 7-3n2 6-31b 7-282 6-32b
:r~ Pittsburgh
, c d c d
Algebra CAI Group 4-18 2-20 5-26 3-28
Algebra Cohort Group 6-24° 5-249  3-26¢ 5-294
Philadelphia
c d oC d
Algebra CAl Group 2-19 1-21 5-28 7-28
Algebra Cohort Group 4-24° 4-289  4-24¢ 6-279

%The nen-normed achievement test for generai mathematics contained
33 jtems.

bThe normed achievement test for general mathematics contained 45 items.

“The non-normed achievement test for aigebra contained 32 items.

dThe normed achievement test for aigebra contained 40 items.




actuallv attemrta', Tables  ar! 4 sv~v curul=tiv2ly t"e proportions of students

in the four crauns che comnlnged cach chanter of either the alaehra or aeneral

i

matheratice cours~c, i’ Table T oshrus the extromes of ghsences an’ amount of time-
an-tine ey 2™t cp 5. 17 a va pcstar *erainacs! moare thas half-wav throuah

+

A particular <ha-*er, thes he wvas oontor as carplating it. Tosttest scores of
everv sty 'onl vavs Fer qliusiel 1 a tase of sithar 23 jtoms (aeneral math)

or a “ase af "2 j*oms (algetra). Tius. 2s shavr din Tatle 7, a studert who finished
Chapter  of ac-o=3% wacheratics shnul ' Kave Leen alle to ansver 22 test quescions
correctly,  Tirroege b osgtarity apsuare. egvrectly 20,0 Uis gjusted score hecame

20/27 ov 017 ~F "7 op 0

Tahble 6 shovs a crmparison of the 'ma:juste? ant adjustes posttest means.
The a‘iusten- created cstiaca. inarcases 1, —astory level {nercentaces of
/ *ost jtens carrcr®) froo o ogoenect on 11 eopcert.  The acdisster scores were

use” in thue comaarisons 'ith the cavort orcan in Tatle 7.

.nalssis ~F veriance shoved “hat Lie ircrease in achievement score between
pratest an’ nostiost for *he Fig*spurey asnaral matheratics aroup was sionificantly
areater for *he { "I aqroup thar fnr the conort aroup (F1lustrate! i Fiaure 5).

The sie vres trae far Tha “Li%e'e154vis neasral matheratics oroup and is illustrated
in Fiqure £, fnalssis <€ variance aisn shove! that the increase in achieverent
scores he-wee:r pretest opl -isitest for the Mitisburah aloebra aroup was signifi-
cantly creater “ar *he (21 grour t'.ar for the cohert aroun (illustrated in

Figure 7). The sane was “rae for ke ®3ila'elphia alestra CAL aroup and is

illig*vate” in Ficupn 7,

N the pon-noreet 52 devecen’ tests, t'.e ONT aroups in Loth school districts
in bo*h ratheritits anveses caco sianificantly greater increases in achievement
srores Retwac, apetagt an' nesttest thas 'i+ the cohort aronps. The replication
of t™1s rasil* s irdicative cf “ha effiracy nf the non-normad test for each aroup-

in ascerca’niv~ ohether ~v not e O oracracs vere effective.

Harme' "ctieverent Test Mata. The data fro~ administration of the normed

achievement tes*s was alsc analvze' using “nalvsis of Variance. The hypothesis

heine *este? was *he s2re i~ each of *ie fovr situations:

There is »n differance in achievoment on the normed test
aenoral mathematics ar’ alaebra considered separately) between
arouvps <-iiovineg 71 or non-Ci1 insteuction,

ERIC
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Table 3

Number and Percentage of Students who Completed
Each Chapter in the Consortium
Course in General Mathematics

Number of
Students
Terminating
in Chapter.
Pittsburgh

Through
Chapter

Cumulative
Total

Number of
Students
Terminating
in Chapter.
Philadelphia

Cumulative
Total

Cumulative
No. of Test
Items Rela-
ted to Each
Chapter

1
2
3
4
5
6
7
8
9

p—
o

N
Termination

Date 6/4/M

233
233
225
222
142
14
92
67
54
2

100%
100%
97%
95%
61%
49%
39%
29%
23%
1%

6/16/7

222
222
222
222
206
160
129
73
45
3

100%
100%
100%
100%
93%
72%
58%
33%
20%
1%

3 9%
15%
18%
39%
58%
67%
79%
85%

88%




Table 4

Number and Percentage of Students who Completed

Each Chapter in the Consortium

Course in Algebra

Through
Chapter

lumber of
Students
Terminating
in Chapter.
Pittsburgh

Cumulative
Total

Humber of
Students
Terminating
in Chapter.
Philadelphia

Cumulative
Total

Cumulative
No. of Test
Items Rela-
ted to Each
Chapter

1
2
3
4
5
6
7
8

9

Termination

Date

6/4/7

243  100%
243  100%
221 91%
150 62%
40 16%
14 %

3 1%

6/16/71

220 1007
220 100%
220 100%
220 100%
183 85%
65 30%
25 11%

16%
22%
43%
53%
66%
72%
917
947
100%
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Table 5

Extremes of Number of Absences and
Amount of Time-on-Line for A1l Groups

——— e L .

Absences (In Days) Time On-Line

19692 1970 1971 (Hours)
Pittsburgh
General Mathematics b
CAI Group (N=140) 0-9 0-127 0-140 - 66.78
General Mathematics
Cohort Group (N=88) 0-55 1-63 0-62 None
Philadelphia
General Mathematics
CAl Group (N=220) 0-30 0-41 0-42 24 .82 - 57.83
General Mathematics
Cohort Group (N1=77) 0-37 0-60 0-65 None
Pittsburgh .
Alaebra CAl Group (N=254) 0-62 0-78 0-87 - 81.97
Algebra Cohort Group (N+97) 1-35 0-34 0-53 None
. Philadeiphia
Algebra CAI Group (N=221) 0-43 0-43 0-61 16.30 - 68.27
Algebra Cuhort Group (M=104) 0-36 0-67 0-47 None

—— e - — e

Yncademtc Year

bA meaningful minmnum figure was not available for this group.




Table 6

Comparison of Adjusted and Unadjusted Mean
Posttest Scores and Mastery Levels for
CAI Groups on Non-normed
Achievement Tests

Unadjusted ’ Adjusted
Posttest Mastery Posttest Mastery
n Mean Level Mean Level

Pittsburgh
General Math.

(33 Items) 101 19.57 59% 20.18 61%

Philadelphia
General Math.

(33 Items) 156 17.45 53% 20.17 61%

Pittsburgh
Algebra
(32 Items) 135 13.86 43% 15.82 49%

Philadelphia
Algebra

(32 Items) 183 17.43 54% 20.65 65%
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Fig. 5. Mean scores on non-normed achievement test for Pittsburgh general
mathematics groups. (Abridged Data)
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Fig. 6. Mean scores on non-normed achievement test for Philadelphia
general mathematics groups.
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Fig. 7. Mean scores on non-normed achievement test for Pittsburgh
algebra groups.
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Fig. 8. Mean scores on non-normed achievement test for Philadelphia
algebra groups.
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The means for all arcups are preseated in Tahle R, In eac* situation,
there was ne sianificant interaction effect between type of instruction and pre-
post cain. Ti:e rail hwacthesis s*ated ahgve was not reiecteu. Therc vas a
sigrificant “estira maia effer* in all caszs, iniicatine an increase in achieve-
ment scores for 211 qroups: the four groups all showed improvement from pre-

test to posttest.

The €act that students in koth CAI and cohort groups achieved a mastery
level of 30-40 percent on *h2 n~rmes achievement “ests cas*s considerable doubt
on the alequacy ~f *hese tests for measuring sturden. achievement over tro
semes*ers. T-e ~htaine’ ~iffarences were no* sianifican* for FFI and cohort

aroups .

Surmary

he results o7 the statistical analyses ir-icate:

1) On ive ror-novne’ achinverent test, the TMI grouns made significantly
areater increasss in achioverent than did the cohort aroups. The reacer is
reminded thzt the non-normed achievement test was based on the Consortium

curricu’lue.

2} Three of the four C'"I aroups attained a mean adjusted mestery

level of &N nercent an the non-norred achievement test.

3) On the normed’ achievenent test, no significant differences between

CAI and corort arouns vere fouri.

The twn tvpe. of achievemen® tests were highly correlated, yet the non-
normed tests apparently provided a more precise measure of the achievement of
those studerts havine computer-assistec instruction than did the normed
test. This finfinc cauld ke anticinate”, since the non-normed test was
written tn “est the obiectives of tna C:1 course. Tre results indicate that
students can achieve at l2ast as well with the use of CAI as from conventional

instruction alone.
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