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he Develoorent, Implementation and Evaluation of a
nlot Prunram of Computer-Assisted Instruction

for Urban Hinh Schools:

Genera' Mathematics and Aloebra 1*

Keith A :!.111, Harold E. Mitzel, Marilyn A. Suydam

[ars C. Jansson, and robert V. Igo

The Commonwealth CAI Consortium was initially funded by the U. S. Office of

Education on '!arcti l.). .963, under the provisions of Title III of the Elementary

and Secondary Education Act The purpose of the organization was to develop and

evaluate two individu4;ly-adaptive mathematics courses for urban high school youth.

Because Pennsylvania ninth-graders typically take either general mathematics or a

first course in algerra, it was decided to construct both courses in order to begin

the construct.on of a :.omolete four-year secondary mathematics program.

Individuail Adaptive Curriculum

Building a hew curriculum by employing a radically different technology,

such as comoute-assisted instruction, requires careful definition of a plan for

implementino tne new comb :nation of curriculum and technology with students.

The utilizat;on pat!2-n for the Consortium was conceived as an individually-

adaptive set of mathematics experiences with a predominant theme of teacher-

monitored independent study for each student. The traditional approacn to

mathematics instructIon with its emphasis on teacher exposition and student

recitation around textbook themes was drastically reduced.

The individual study cu-riculum was composed of an "on-line" or computer-

mediated component Involving student/content interaction at a computer terminal

and an "off-line'component consisting of self-study in a variety of modes,

such as worksheets, filmstrips, puzzles, games, and textbooks. The "on-line"

program provided the principle source of continuity within the total curriculum

with specific carefully-selected "off-line" assignments Inserted at strategic

points in the commter-mediated program. In general the "on-line" material was

designed as the "basics" or fundamentals of each course while the "off-line"

*This summary is abstracted from Mitzel, H.E., Hall, K.A., Suydam, M.N.,
Jansson, L.C. and Igo, R.V. A Commonwealth Consortium to Develop, Implement
and Evaluate a Pilot Program of Computer-AssisgdThstruction for Urban High
ETioo1s: Final 1P5Fiiiort. Computer Assisted-In:truction Lbboratory.The

7iiiii7vania State University, University Park, Pa. Report R-47. July 1971.



sequences server; enr1,11,eit an:: ---- (=.-::z-' fincti-.os with ?,.7,7,1.a-i's on enrich-

ment.

'he utilizaion plan for tne or)iect was adapted to tne exist,ng eight-

period schc:oi !av ;15 olini.ces per per-ad) t.ltn abort tt,ice as 'rani pupils as

computer terminais essigned to tr.e fa:i1;ti daring ani one class period. Stated

another way, the ptpil yaKing averaae progress was expected to spend about

one-half time in "en-line" and one-baj time in -off-line" study. With close

teacher- monitor;nq pro..,,e,?. fir in toe t,tilization pattern, Fright, quick s'u!en_7

were supposed to speill sor.;ewhat 1,:iss than the average one-half period per day

with the von-line' fJndallentak and the slower students somewhat more than one-

half time with the "on-line" fundameitals at the computer terminals. These

plans were mod;f,ed in practice in the schools du-in:4 the last year of the project

in order to adapt to loca! neez1s

The Computer System

The IBM 1500 c3nputer system used in this project is designed specifically

as an instructional system. '' computer terminal (or student station) consists of

three display / response devices which may be uses individually or in combination.

The central display device is a cathode-ray tube screen (CRT) with sixteen hori-

zontal rows and forty vertical columns for a total of £40 display positions.

Information sufficient to fill the screen is 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 light pen, permits response to displayed text,

fiaures, an'1 eraphics, by touching the appropriate pace on the CRT screen. An

image proiector. utilizino +Erin film, is capable of holding 1,024 colored an'/

or black and white photonraphic iM3GPS on a simile reel. This device, under

Pronram control. can access en imaees per second. An electronic typewriter

(proctor station) i d separate output unit used to deliver messages to the

teacher reaardina stlient performance in the program.

The 1500 system is capable of accommodating up to a total of 32 terminas,

each complete with the CRT and imane proiector devices. ,,l pictoral dianram of

the 1500 system is presented in Figure 1.

Curriculum nevelopment

The content for both courses was selected with special regard for tLe

inner city taraet population, thus the readino level, for example, was kept to

a certain level, e.q., terseness was er'phasized. Likewise, examples were

drawn from content and from situatio-s hopefully experienced by :-.he students.
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7'etermine.10.. of :r i-:1 lqas 'y teachers from

Philadelphia an,. riftst,urah Y.o spent approximately eiohteen months on the Penn

State campus. "orkiro toneth2r ,:ith mathematics educators, the teachers identified

obiecti,es an' pla,Ale' wits. s Jroe pressures increase', however, specific

heha.fieral ,e-e wIlicn resulted in less consistency and artict.i,,

tion of topicc as well as less -2?nhzsis on conscious decisons to employ identifiabte

teachina strateeies than was anticipated. Thus the ultimate curricular outcrme

reflected th imprint of various au*,'ors and viewpoints, and continc'ency decisi :=

Tv2 flowcharts in Figures 3. and A illustrate the sequence of events

within the rnrni-nium. The term instruction" as it is used here refers to tha:

portion of the lock in which new material is irtliduced. The oedaaooical

awroach, het!-er 2xDosi::irt, or inductive, requires constant interaction of the

pupil with the material ii tho computer and an understandino of the inter-

relationshins of strateny and objective. These Generalized flowcharts are

applicable to kc,th alrebra tne noneral mathematics curricula.

Aloebra. The core content of a srandard algebra 1 course is well &alined

by current textbooks arm' curriculum guides. The scope sequence of the materiil.F.

developed under this project include numbers dnr! set notation, properties of

equality and operations, integers (properties and operations), operations with

rational and real numbers, eauations, inequalities and problem solving, linear

systems, polynomials. and factorine polynomials.

Tho curriculn-1 ovi'es of the Philadelphia and Pittshurah school system

provider' the minimum cortent listing. In addition, there was mutual anreement

amona the author tea^.hers, math coordinators of the narticipatina schools, and

project staff, tr) secuenc2 the material in such a way that it could he used

with a stan/W tettool' (Paters, t. and Schaaf, W., Plgebra, A Modern Ppproach.

P. Van Postrarr'. Ord. 1:;) whic! all students would have. The professional

staff modified an? excluded various algebraic tonics because the material in

question was 1) peripheral to the basic algebraic skills required, and/or

2) too sophisticated for the taraet nopulation at that point in the curriculum.

flthouah the course as it ao" exists may not go as deeply into the material

or as far as many college preparatory courses, it does provide the basic skills.

It has the added advantage of heino individualized with respect to the feedback

which pupils receive. Ilgetra off-line assignments came from the textbook.



A. From nrevious instruction

B. Bloc!: 1. (see Fia. 3)

C. Block n. (see Fig. :",)

P. Chapter Review Test

F. Student nerformance reported
at proctor station

F. Sinned off

G. Signed on

H. Chapter Review Test and
Chapter Test thP same day?

I. Chapter Test

I. SWent performance
reported

V. Hant review question same
day as Chapter Test?

L. Review questions of
previous chapters

C

I
D

)
S S. Skip routine to

access blocks within

chapter.

T. Next chapter

5

Teacher option:
Should student
review portions
of chapter?

Review questions
on previous
chanter

. -:eview questions

answered?

Chapter Test
and next chapter
the same day?

N. Sinned on

M. Signed off

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



A. Presi'illc tes o! Flock(s)

P. Criterion root?

C. option to '-.ake fl-eles;:

D. Pretest on tlock(s)

E. Criterion r.et?

F. Instructional
material (see
Fiq. 4)

n. Off-line assionnent
node

. Nt-quiz on HocF(s)

I. Criterion met?

J. text instruction:,1
Hock or chapter
review test

A

.es

I)

Yes

No

F

n

H

Q

P

0

N

M

2nd

)

Yes

Y

Q. Peredial an-Vor
revievf

P. next block not
covered by pre-

test

I. Student option only
after 1st iteration
of block

N. Teacher assigns ot;-

line material

M. Teacher informed.
May assio- addi-
tion' off-line
activity

L. mhich iterations
of out-quiz?

K. Teacher informed
of 3rd failure of

out-quiz

Pig. 3 Structure of an 'on-linen instructional block.



A. Instruction frames
(Topic 1)

B. Assignment loaded

C. Practice frames
(Topic 1)

D. Instruction and
practice frames
(Topic 2)

E. Summary frames

F. Sian off

A

C

F

7

H. Options routine to
access components of
instructional
material

V Failure to meet out-
quiz criterion

Fig. 4 Structure of "on-line" instructional
material.



qeneral rathematirs. The neneral mathematics course includes instruction

in equatinns, rena'ive inteners. .:ivisior, of whole numbers (reredial only)

decimals, frac'inns, re*, and .roportion, percent, formulas, neometry, measure-

ment, in.' iranFirn. 'cwirs r= ditionaily considered to he part of algebra 1,

such Ps enualThs. :nn- tive inteners, and graphing with coordinates,

as well as arittrieJ: rcvicr; wcrn also inclu.ed.

nff-lire i-10-d -s:n4311: in the 7onmetry an' graphing units,

activi4-ies other -,a0 drill. ..anirAlative and ''rawinn tasks were include,

in renular assinnmon's.

Evaluation

Thc. 'S' rL 4" 'n .-v nr4 ,-4-71'. and "control" in describing the groups

used in the evalu?.iv- sto, as bee-' evnieed. The 'CAT nro "n" was the one in

which the comol:ter was :Ise' assist the instructional nrocess, while the "cohcc

grout). was ttn nne in the computer was not a component of the instructional

process Since all available neneral mathematics and

alnebra 1 cllsF-s "ir7" Sc6001 in Pil-tshurnh were included in the CAI

grow), it was nt-:.c-sary Lc sier.- :-(11 ort c'rou's from a similar but not identical

school (Peaboey i ice S-hool). In Philadelphia; toth CPI and cohort classes

were drawn from Lirv.o7:- Sc'-rol. Table 1 ineicates the total numher of

students irwo',,ee in ,-rh am :y i- each school.

Tatle 1

-n'al ".!mher of ''turients in

Far,h r.irriculum croup

7!)the-atics Algebra

Cohort CAI Cohort

Pittsburgh: Scher ley X 25 X

Peaho'y X 511', X 97

1.ircoln
,-;/1 77 221 V4
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Since many students were absent on testing days, the number taking various tests

and those who took all tests is an additional source of variation in standard

laboratory research procedures.

A set of criterion measures oas selected and developed to study the effect

of the varying modes of instruction on the achievement of students in algebra 1

and general mathematics courc.,- ' 'se pre- and post-measures were usually

administered by the teacher Lue 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, regular, on-line chapter tests and mid-semester tests were administered

to the CAI group, and the teacher's usual testing program was conducted in the

cohort groups. Information derived from these tests was used in revision of

the courses and for assigning marks to students.

Evaluation Instruments. Both nonnormed and normed tests were used to

obtain measures of student achievement in each course. The term "non - normed''

achievement test was coined to reflect the fact that there is no independent

set of descriptive statistics concerning the sets of items used. These two

tests, one for algebra and 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 by Jansson, was designed to measure mastery of 1) computa-

tion with the 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-line non-normed achievement test for algebra (32 items),

developed by Beardslee and Jansson, includes both knowledge-level and under-

standina-level items of both 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 sequence.



10

The Ftarfnrd r.chieverent Test, High School Pasic Pattery, Test 2:

"umerical Compe+encr- (^F, iters), was used as a norri-referenced 5,easure for

general rat' e,atics ctu,'Pnts. Forms and " were use' as the pre- and post-

+estc respective . Th, Cooperative :iather-atics Test, Naobra I (4n items) ,

was LiFe. AS a norm reference': 1-easure for algebra students. Forms 1, and

were use"' as pre and posttests respectively.

Findings

Fnr the sta+istical alalyses to test the various hypotheses with sufficier

precision, i+ was necessary to use data only for those students from whom all

pertinent scores were availalle. Thus, data from only those students who had

taken both pretest and posttest versions of both achievement tests were used- -

657 students. In each ins+ance, the assumption remains that the exclusion of

data for those students for wmm data were incomplete does not bias the remain-

ina samrl- for whom data are complete. The "abridned' data were used in all

statistical analyses.

All null hypotheses were tested for significance at the .n1 level.

No attempt was mare to compare data from the two districts, nor from the

two courses. Thus, the data was treated as if derived from four separate

sources: neneral mathematics and algebra, in Pittsburgh and in Philadelphia.

Tahle 2 shows the high and low observed achievement scores for all groups

on both the named and non-normed achievement tests.

t!on-nerme' /Achieverent Test 8ata. The data from administration of the

non-normed ackievement tests was analyzed using Analysis of Variance. The

hypothesis being tested was the same in each of the four situations, for

Pittsburgh general mathematics Pittsburgh algera, Philadelphia general

mathematics, arl Pr ila'clphia algebra groups:

There is no difference in achievement on the non-normed
test (general mathematics and algebra consider& separately)

between groups following CPI or non-CAI instruction, as defined.

In the case of the non normO achievement test, it sealer: wise to

attempt to adjust the posttest scores of the students in order to compensate

for the fact that many of them did not complete the total program of

instruction. Ithen students are allowed to pace themselves through content

material , and when absentee rates vary from 0 to 75 percent of a 180-day

school year, there are inevitable fluctuations in the amount of course material
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WO and Low Observed Achievenent Scores for All Groups

Pre-Instruction Post-Instruction

non-normed normed non-normed normed

Pittsburgh

Genera' Mathematics CAI Group

General M athemetcs Cohort Group

Philadelphia

General Mathenta cs CAI Group

General Mathematics Cohort Group

Pittsburgh

Algebra CAI Group

Algebra Cohort Group

Philadelphia

Algebra CAI Group

Algebra Cohort Group

7-27a

8-33a

7-25a
7_3(1a

4-18c

6-24c

2-19c

4-24c

3-40b

3-36
b

1-30
b

6-31
b

d
2-20

d
5-24

1-21d

d
4-28

7-31a

4-29a

7-30a

7_28a

5-26c

3-29c

5-23c

4-24c

1-38
b

2-38
b

5-29
b

6-32
b

3-28
d

5-29
d

7-28
d

6-27
d

a
The non-normed achievement test for general mathematics contained

33 items,

b
The normed achievement test for general mathematics contained 45 items.

c
The non-normed acnievement test for algebra contained 32 items.

d
The normed achievement test for algebra contained 40 items.



actuall/ Tahles an cumul:.tiv?ly t'T proportions of students

it tie or nr-.u,s 41, each chapter of either the algehra or general

matherotcc 'ours-. 7.1;1P r shcws tf.O_ extremes of dhsences an amount of time-

an-line -or a -r - s. T; a -n n-s'Pr t' al thrpunh

a particular ."''a, -ter, t"e- h2 was :',rte. as cr,:-dletirq it. ''osttest scores of

every stu t' e_1 a 'ase of -ither 33 it,,ms (general math)

or a ''ase -2 i"'S (7*-e..'ru). T:us. as shotT in Tahln ', a stuert who finished

chanter r of gc---7,1 mallemztics shflul La',e Leen Kle to answer 22 test quesLiow)

correctly. LP ,c4 i1\ anst.:3r, ?n. "is a4iusted score became

20/22 o- (11' -f .r 2 .

Table 6 shos a comparison of the .Ina,Juste-j, an' adjuster' posttest means.

The a:ius-men- -.re a4e" .sti in-u-r,as,?s 1, mastry level (2ercentanes of

test ite-s 11 r:rcert. The ar'jister' scores were

use2 in the cpr-earisous -ith the cnkor'r. Prow in Tele 7.

-nal isis -f variance sho'le,' that ircrease in achievement score between

pretest ant' DCOS+ fir' thP riLtc'curn'i n,:neral matheratics nroup was sionificantly

nreatev for the '1 group thar, frn" coriort aroup (illt:strate iu Fiaure 5).

The fzs true -ftr nenf,ral maematics aroup and is illustrated

in Finure C. Thalfsis variance alsr, sho,'Ei that the increase in achievement

scores he-:wee:' pretest an,: ,--,sttest for ne rittsburah aloehra croup was signifi-

cantly creater 'or tke grouT t',1r for the cohort nrnu2 (illustrated in

Figure 7). The ':roe for alahra nroup an(' is

illoct,a+e4 i Fic,,rn n.

the ror-1-,rrmo'' tests, crJ oroups in t_oth school districtc

in hn-h co"-^ses significant1y grez:ter increases in achievement

srerec ar!' 3os':test the cohort nrnups. The replication

of t',is resu1J- ic irr'icative cf effirac%, of the non-normed test for each aroup'

in e.scerca- .,Lo 'her ^r not c2T ire effective.

Nnrme,' rchievement Test rata. The ':ate fro- administration of the norm.(?j

achievement tests was also analyze' using rnalvsis of Variance. The hypothesis

heinn testes ,,as the sme i., each of +iP four situations:

There is rn difference in achievement on tile normed test
;General mathematics ar alnehra conWered separately) between

oroups .7711oYirc or non-CAI instruction.
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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
Through in Chapter. Cumulative
Chapter Pittsburgh Total

Number of
Students

Terminating
in Chapter. Cumulative

Philadelphia Total

Cumulative
No. of Test
Items Rela-
ted to Each

Chapter

1

2

3

4

5

6

7

8

9

10

11

Termination

Date 6/4/71

233 100%

8 233 100%

3 225 97%

80 222 95%

28 142 61%

27 114 49%

25 92 39%

13 67 29%

52 54 23%

2 2 1%

16

46

30

56

28

42

3

6/16/71

222 100%

222 100%

222 100%

222 100%

206 93%

160 72%

129 58%

73 33%

45 20%

3 1%

3 9%

5 15%

6 18%

13 39%

19 58%

22 57%

26 79%

28 85°,

29 8861

31 94%

33 100%
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Table 4

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

Course in Algebra

Number of,
Students

Terminating
Through in Chapter.
Chapter Pittsburgh

Cumulative
Total

Number of
Students

Terminating
in Chapter. Cumulative

Philadelphia Total

Cumulative
No. of Test
Items Rela-
ted to Each

Chapter

1

2

3

4

5

6

7

8

9

Termination

Date 6/4/71

22

71

110

26

11

3

243 100%

243 100%

221 91%

150 62%

40 16%

14 6%

3 1%

32

123

40

25

6/16/71

220 100% 5

220 100% 7

220 100% 14

220 100% 17

188 35% 21

65 30% 23

25 11% 29

30

32

16%

22%

43%

53%

66%

72%

91;

94%

100%
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Table 5

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

Absences (In Days)
Time On-Line

(Hours)1969a 1970 1971

Pittsburgh

General Mathematics
CAI Group (N=140) 0-91 0-127 0-140 - 66.78

b

General Mathematics
Cohort Group (N=88) 0-55 1-63 0-62 None

Philadelphia

General Mathematics
CAI Group (N=220) 0-30 0-41 0-42 24.82 - 57.83

General Mathematics
Cohort Group (N=77) 0-37 0-60 0-65 None

Pittsburgh

Algebra CAI Group (N=254) 0-62 0-78 0-87 - 81.97
b

Algebra Cohort Group (11,97) 1-35 0-34 0-53 None

Philadelphia

Algebra CAI Group (N=221) 0-43 0-43 0-61 16.30 - 68.27

Algebra Cohort Group (N=104) 0-36 0-67 0-47 None

dAcademic Year

b
A meaningful minimum 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

n

Unadjusted
Posttest

Mean
Mastery
Level

Adjusted
Posttest
Mean

Mastery
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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The means for all groups are presented in Table R. In each situation,

there was no significant interaction effect between type of instruction and pre-

Post (lain. 1The rill hypothesis stated hove was not rejected. There was a

significant tc'Sti 1-9 ef-cent in all cas7.s, in.iicatino an increase in achieve-

ment scores for :11 n,-oups the four groups all showed improvement from pre-

test to posttest.

The 'act that students in hoth CAI and cohort groups achieved a mastery

level of 30-4n percent or tie n-rmed achievement tests casts considerable doubt

on the Pr!eqoacy .c these tests for measuring studen%. achievement over two

semesters. The chtaine'l difforences were not significant for rPI ane cohort

croups.

Summary

The results the statistical analyses indicate:

1) On ttle nor-no-me. achievement test, the CAI groups made significantly

oreater increases in achievement than did the cohort aroup6. The reader is

reminded that the non-normed achievement test was based on the Consortium

curricCum.

2) Three of the Four C."I arouns attained a mean adjusted mastery

level of 6n percent nn the non-nonmed achievement test.

3) On the nornef: achievenent test, no significant differences between

CAI and cohort orouns were four'i.

The two type:, of achievement tests were hig!;ly correlated, yet the non-

normed tests apparently provided a more precise measure of the achievement of

those students havinc computer-assisted instruction than did the normed

test. This findinc cruld he anticipate, since Oe non-normed test was

written to test the objectives of tne C:I course. The results indicate that

students can achieve at least as well with the use of CAI as from conventional

instruction alone.
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