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ABSTRACT
The school districts of Pittsburgh and Philadelphia,

the Department of Education of the Commonwealth of Pennsylvania, and
Pennsylvania State University formed the Computer-Assisted
InstructionPConsortium to develop and evaluate two high schobl
mathematics programs utilizing the medium of compnter-assisted
instruction. The first 18 months of the project (until fall of 1969)
was Spent in curriculum development activities. A full-year trial of
the materials provided feedback for course revision and blocking of
exercises into units. During the sschool year 1970-71 the Consortium
worked on a major evaluation effort, dissemination activities, and
poliShing the curriculum materials in general mathematics and
algebra. The predominant theme-for the c'urriculum was
teacher-monitored indepeAdent study for each student. Two main types
of material composed the individual Study curriculum: an non-linen or
computer-mediated component involving student/content interaction at
the computer terird.nal and an Hoff-linen component consisting of .

self-study in a variety of modes, such as workbooks, filmstrips,
puzzles, games, and textbooks. Bothwthe general mathematics and the
algebra material was designed to appeal to urban youth. The course
development, summative evaluation, and a cost analysis of the system
arespresented along with sununaries of the cod'rses and the materials
prepared for them. (JY)
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CHAPTER (I'

. . THE DEVELOPMENT AND EVALUATION OFmo COMPUTER-BASED PROGRAMS IN
HIGH som MATHEMATICS-...

:
Harold E. Mitzel

It is clear from a study of the provisions of the Elementary and Second-'?.

aex"Education Act of 1965 that the authors of the legislation were concernedN

'With the early implementation. of -innovative practices in the schools. Thete
new practices tigere to be designed, tested; aWimplemented to make a long-term

.coritHbution to the improvement of educational quality. The legislation
pointed to the fact that the sChOOls could not be greatly improved by a polity.
off "more-of-the-same" or. "business-..as-usual ." .

°To be maximally effective, change;of the type sought in the legislation,
s,

must be undergirded with new:th6oretical constructs which prOvide both a ,

foundation -and a launching platform -for lOngiterm improvements.
This bel ief waS the spirit' which guided,' file formation Of the' Comrnonweal th

Computerssisted Instruction Contortium by the School !Districts of pittsburgh
and'Philadelphia,. the DepaiIment of Education of the Commonwealth and The .

Pennsyl vani a .State. Uni verSi ty. By merging the tal ents /.,of thei r. respeCtive
staffs and using..the pragmatic oPportunities Offered for 'eduCatin.g.urban
children', .the Consortium was 'fOrmed to ,develop and. evilitite .two high school
Mathematics programs Utilizing the medium of .computer-assisted_instrUction-..1:

°The reader is referred to the confei..ince.report.edited by Levien for *an- assess....
-merit of the 'unique role' of the, non-profit Consortia' asea . sdurce of technOlogy-

'' 2 ..based curriculum materials.
, .

.1

E, and Bost, W. A, "New Models for Implementing Technologyin Education." 'In Morphét, E. L. and Jesser, D. L. (Eds.), Designing Educationfor the' Future.* Project 'Office , Denver, 'Colorado (1968) .
2t1itzel

, H. E. "Preparation of Instruction Materials by. NwT-ProfitConsortia.' In R. E. Levien (Ed.), Computers in Instruct an. Rand',CorpOratiiin,Santa Monica , Cal i forni a (July -1971) .
- . it, (

". +

I.
'
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It is Nell known among educators that most attempts to individualize
instruction have either had such limited'objectives as to .be trivial 'or have
,failed for lack of an adequate supPorting technology. The affinity of
American schools for the self-contained classroom of 30 pupils and a teacher
has been a response born' out of 'both economic necessity and a lack of knowl-
edge of a better way to meet mass education objectiveve. The modern dig,ital
computer, less than 25 years old, has provided educators with the first 'glimmer
of opportunity for changing the process and the procedures inherent irrmass

10
Space does 'not permit a repetition of the ratitmale for choosing the

comp'uter as a means Of achieving the goal of adaptive-education, but the
,reader is referred to articles by Mitze1.3* 4

The COmmonwealth CAI Consortium was initially funded by the U. S. Office
of Education on March 16, 1968, under"the provisions of Title III of the gle-
mentary and Secondary Education Act:- The purpose of the organization was to

education for the last two'centuries.

develop and evaluate two individually-adaptive mathematics courses for urban
higtrschool 'youth.i-'Because Pennsylvania ninth-graders typically take either

. general mathematics or a first course in algebra, 'it was decided to constrUct
both, cOurses so that they would be the beginning of the building of a complete
four.:.year secondary 'mathematics program.. 'Some students, of course, take gen-

,

eraf4athematics followed by:algebra in order to avoid being stereotyped into
, a non-college general high school curriculUm.

7.4 "game-plan" for the project was to spend the first-18 months (Or
until Fau 1969) in curriculum development activities0 0 The school year 1969-
76 Was planned.ai a full-year field trial of the .materials developed to that

. point with a limited number of students'. Feedback'from the pupils to the cur-
.

riculuM-development team, prOvided the basis for-course revision and blocking

,r

Mitzel , H E. "Computers and Adaptive Education." American Education,
,60(7):749-754, (December 1970).

4Mi tzel , H. E. "The Ibpending Instruction Revolution." Phi Delta Kappan,
51(8J:434-439, (April 1970).

,

2-
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of exercises into.nits, The ju3t6ompleted school year 1970-71 was designed

as the time for a ma,;--O---e.f_alL.taton effort, for diSsemination activities, and

for: pol ishing the curri cUl um materials t n general mathematics and algebra .

Building a new curriculum 6y employing a .radically different technology,

Such as computer-aisisted instructIon, requires careful.definition of a plan
.

for implementing the new combination of curriculum and-te-c-4-ncilogy with stu-

dents. The utilization pattern for the Consortium was concei4d as ahiñdl-

vidually-adaptive set of mathematics experiences. The predominant theine was

teacher-monitored independent study for each student. Drastically Curtailed

was. the traditional aPproach to mathematics instruction with its emphasis on

tAcher exposition and student recitation around textbook themes.

Two main types of material composed the indqidual study curriculum:, an

"on-line" or computer-mediated component tnvolving student/Content inter7

action at a computer terminal and an "off-line". component consisting`of .self-

study in .a variety of modes, such as workbooks; films'trips, ,puzzles-,-games,'

and textbooks. The on-line program provided the principal source of con-

tinuity within the total curricOum, and the .twO.-tYpes of materials were cor-

related by means of inserting definite, carefully-selected off-line assign-

ments at strategic points In the computer-mediated_prOgram. In general t e

on-line material was prograMmed to be the basics or fundaMentals of each ub-

ject and the off-line .sequences. served as enrichment and remedial functio s

with emphasis on'enrichment:

The utilization plan for:the project called for use of the existing ight-

period school day ,(45 minutes per period), with about twice as many pupil as \\\

terminals assigned to each period. Put another way, the pupil making average

progress was expected to spend about one-half-time in on-line and one-hal

time in off-line study. With close teacher-monitoring'provided for'in thel

utilization pattern, bright, quick students were suppoSed to spend somewhat

less than the average one-half period per day with the.on-line fundpentals

and the slower students s9mewhat more than one-half=time at the computer

terminals. These plans Were modified' in practice in the schools during th

-

last year of the project in order to adapi to local needs. Details of this

. modification are provided in later sections of this report.



A special effort was made to design both general mathematics and algebra

content which would appeal .to urban youth. Examples of mathematics applica-

tions as close as.possible to the real-life'experiences of:youngsters

cities were sought by the developers.

Schen ley High School in Pittsburgh and Lincoln High School, in Philadelphia

were chosen in advance as sites for field trial and elaluation efforts for

Consortfum activities. The Computer Assisted Instruction Laboratory at Penn

State was the major site for curriculum development activities and for tech-

nical development in computer education srrategies.

The 'work of the Consortium v'rs,carried out under, a grant to the School

District of Pittsburgh as the sponsoring local educational agency, or LEA, with

sub-contracts to the Philadelphia School District \and to The Pennsylvania

State University. An operating committee which monitored the Consortium

ectivities-was composed of Dr. Charles Hayes, Chairman, for Pittsburgh Schools;,.

Dr. Sylvia Charp,-for Philadelphia Schools; Mr. Carl Heilman, for Department

af Education, and Professor Harold E. Mitzel, for Penn State. Policy matters

'were the province of an Advisory Group composed.iof one executive from each of

the sponsoring organizations. The members.were Dr. Mary Molyneaux, Assistant

Superintendent;' Pittsburgh Schools; Dr. Robert Rossheim, ExecUtive Director

..0
of Information Processing, Philadelphia Schools; Dr. Donald Carroll, Assist-

ant Commissioner, Department of. Education; and Dean' A. 'W. VanderMeer, College

of Education, The Pennsylvania State University.
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CHAPTER II

COURSE DEVELOPMENT

Robert V. Igo and Lars C. Jansson

Organization'

A computer-assi.sted instruction (CAI) .course has two components: 1) an

instructional program and 2) a computer prograM. An instructional program

contains the content of instruction and a 'set of decision rules for sequenCing

events (i.e.,' strategies) executed during instruction. 'The responsibility for

developing an instructional program belongs to a course author. Computer

programs, written by programers9 mediate the instructional .program at a com-J

puter terminal . For the Consortium courses, authors and 'programers were organ-
:
ized into teams to develop the ALGEB and GENMA courses)

Each team consisted of two course authors and two- programers, assisted by

a graduate assistant. Two teachers from each of the two participatirfg school

districts assumed the role of cburse author, with one teacher #rom each dis-

trict -assigned to a course development team. Team assignments were made on

the basis of the teachers' experience with the subject.

The course programers were members ,of the Penn State CAI Laboratory staff,

three having had training and expeHence as mathematics teachers. This

teaching experiende proved valuable in assisting the course authors wi th

debugging and.reVising the instructional program:

A mathematics educator from the College of Education at Penn State

provided guidance for the course -authors in developing the scope and sequence

of the Course miteriali and in selecting appropriate strategies. The mathe-

matics educator also,monitored the program as it developed'.
,

.Course deVelopment was coordinated by a member of the Penn State CAI

Laboratory'staff kho had eXperience as a classroom teacher and the Various

aspects .of CAI . Technical support was provided :by members of the computer

siystem staff of the CAI Laboratory.

1
The algebra--andgenera iliath-eratics courses developed for CAI were

----'-referred to as ALGEB and GENMA respectively.
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The cm tp_rter System

The IBM 1500 computer system used in this projett is designed specifi-

caly as an instructional. system. A computer terminal (or student station)
consists of three display/response devices which may be Used individually' or

in combination. The central display device is a cathode-ray tube saTen (CRT).
with sixteen horizontal rows and forty vertical columns for a.total of 640
display positions. Information sufficient to.fill the screen is. aviilable in
micro-seconds from an internal random-access disk. One response deVice is a

typewriter-like keyboard,whichmakes possible constructed responses by typing

the necessary characters; A second response device, the light penpermits
response to "displayed .text, figures, and graphics, by touching-the appropriate

plaCe on the screen. An image projector, 'utilizing:16mm film, is capable of'
holding 1024 colored and/or black and white images on a single reel. This

device, under prd'gram control, can access 40 imayes per second. An electric
typewri ter is a' separate output unit used to deliver messages regarding stu-

dent performance in the program. It may also be used for input by a proctor
to relocate students within the program.

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

each complete with the CRT and' image projector devices. A pictOrial-didgram

of. the 1500 system.may be found in Appendix A.

Deve Topment Procedures

Prior to beginning course, development, the teachers were oriented to the
techniques .and the underlying philosophy and theories for preparing instruct:1/4

tional programs. They were introduced to Coursewrithr II, the computer lan-
guage used in writing programs for the IBM 1500 system (see Appendix B). 'A

knowledge of the comOuter language was not necessary for writing the instruc:-

tional programs, although it was, helpful in the field trial and evaluation
phases of the project when minor changes to the computer program were made dt
the school s

The initial phase- of course develpro nent included-1-)determini-nrt scope

sequence, 2 writing entry requirements and behaiioral objectives, and
) identifying, instructional strategies for the program. Thd courses of study
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. . .

for algebra and general Inathematics`ifrom the Philadelphia and Pittsburgh
schools'provided guidelines forldeveloping the scope and sequence of the two

CAI courses. Before 'proceeding with CAI course development, the proposed
/.content was submitted tO the mathemAtics coordinatort of the participating

schools foe their apprpmal,
. . .

The utilization Alan for the Consortiunf project called for students to
receive initial instruction'and -some practice with the course content on-line.
PraCtice exercises And supplemental Materials were to be Assigned as off-line
activities. Since the off-line activities were to be articulated with the
on-line instructidn, the.course aUthcirs were responsible for identifying the
off-I ine acti vi ties 'concUrrent with wri ting the Instructi qnal progeams .

_The mai phase of 'course develoPment included writing the instructional
programs.. Each cosurse author'aiiumed respontibility for the materials in .
specific chapters of the course, -Their primary taskassociated with the on-

.

line program.was authoring text material , questions:, 'and 'student feedback.
The material was written by, the authors on a pap'er forni thAt permitted the text
to be put in the format thit would appear on the CRT screen. Instructions,
regarding the sequence in Which text Was to appear on the screen, the respOnses

to be accepted,:and tne criterion for branching from tilt main course-flow were
written in- the margins, of the' forms.

. Forms prepared by a course author were .given to a programer who deter-

mi ned thelogic-- necessary-to-implement the instructional .program. The opera-

tional codes (instructions to the computer) were then added td complete a
course program. The information on the coded forms 'was transferred to data
cards. These cards were then submitted to a system operator who loaded the
deck (of-cards) into the computer Where the information from the cards was
Assembled and stored in a disk file

Each newly-assembled program was chedked for errdrs, i.e., aebugged. The

prograMer responsible for input would execute, the program, looking for errors
in program executiformatin or_in_grammatieal-and-mathematital
can-WI . Tite-cciiirse,au(.thor, who wrote the material,' would check complied

sections of the prograM for mathematical (content and textual) errors. The

t

.,_

to.
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mathematics educator and curriculum coordinator checked completed chapters for

mathematkal accuracy and consistency of terminoteiVy and instruclional strate-:

gies. Detected errors were corrected on-line by the programer.
To provide consistency within the instructional programs, certain conven-

.

tions were established by common agreement among the course authors. For
4

example, conventions were adopted regarding the use of 1) response modes

(multiple7choice or constructed), 2) i'esponse devices (lfght pen or keyboard),

3) medium (CRT screen or image projector)',.and 4) CRT screen formating.

Multiple-choice items were utilized when the response required was the disCribi-

nation between positive and negative Instances of a .concept-., Constructed

responses were uséd-with*the application sir identification of a concePt.

Responses to multiple-choice items were made by light pen; constructed eesponses

by ..keyboard. Rules., sutmary, information,- and pictorial representationi'were

displayed via the image projector. Centering and spacing text, prOving

response areas and use of animation were considered, when displaying i'nforma-,

tion on. the CRT screen.
The programers were able to develop their own conventions .and programi-ng

techniques, as the cdurse -authors adopted conventions and developed patterns

of writing instrtictional frames-. Macro2 were used extensively. The pro:,

gramers also developed special routines -that were-used repeatedly throughout

both courses (see Appendix C).

The Instructional Prosram.
.4

The original version of each course was organized to accommodate the

utilfzation plan referred to earlier. The on-Tine materials Were developed

in 'sections, (or blocks) which included both introductory and practice mate-

rials'. It was-assumed that-a student would remain on-line during a class

period until a section was completed. An asiignment of an off-line activity.,

---desi-gnt-dto supplement the on-line instruction, was' made at the end of"each

2A macro is a programing device \that perniits repeated use of one programing
logit. Macros are available on call by the computer,when a program is loaded
into the computer.

I

,
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section, as a-student signed off.- An off-line assignment was to be completed

in the classroom. Wheh.the student next signed on, presumably the following

school day, an option to review the material covered during the p4vious ter-

minal session was 'given. If the option was taken, *a brief summary of the

material in the previous section was providedpribr to proceeding to the next

section. If the option was not taken, the program started with the next

section. t
. Testing. No systematic evaluation of student progress through the on-

line material was made within the chapters of the Courses in' the original-

versions. However, a-review of the instructional material within a chapter

and a chapter test were administered on-fine at the end of eaCh chapter.- (A ,

chapter review test and a chapter test are described in Appendix C.)

Drill materials. Adjunct, on-line drill materials were develoOed fdr

the general mathematics course. These short prodrams provided drill in basic

arithmetical operations. An attempt to make drill more "palatible" resulted
. .

in several programs having a game format. (See Appendix D).

Revised on-line programs. Early in the field trial phase of- the project,

the CAI cl'assroom teachers reported that the structure of both theALGEB and

GENMA courses needed to be revised. 'The quantity of material in sections of

the on-line program was judged excessive and conversely the quantity of off-

line materials was deemed inadequate. Members Of theConsortium staff at Penn

Statb, consulting with the teachers in the CAI classrooms in Pittsburgh and

Philadelphia, reorganized the structure of both courses. Materials in each

chapter were organized into instructional blocksi The fonnatof afi instruc-4

\tional block was designed to provide a flexible learning situation,

entry requirements were checked with -a preskillsttest, an opportunity to skip

specific ,quanti ties of instruction were provided by i pretest,. and, a summary

emphasi-zed-thrif-ila nts of the instruction within a block. Student progress-\
waS evaluated by a criterion-referended test ("out quiz"). ,\

Off-1
.

ne Assignments . Assignments were pl aced i n ,three categori

and C) according to their utility. Category 'A' assignments were des

subplement the \on-line instruction. All students'who completed-the i

es. (A,' B,

ignedo.

nstruction,
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practice and/or summary within a block received an 'A' as

ments in the 'B' category contained remedial materials.

made when a student failed to me,k criterion on a second it

quiz." Category 'C' assignments were intended as enrichmen.

students who moved rapidly through the on-line program.

In the Alg8-course, 'A' assignments were made from the

the teachers, primarily for the purpose of providing practice

signment. Assign-

'assignments were

eration ofan "out

exercises for

ext
3
adopted by

exercises.

Sin-ce the GENMA team was unable to find a suitable text, the 'A' assignments

were written by.the GENMA authors as they wrote the program.

The materials for the 'B' assignments included filMstrips, printed pro-

gramed material, and other commercially available materials,

The 'C' assignments also'consisted of commerCial materials, most often

consisting\Of mathematical games and puzzles.- Although materials on such

topics as topology, probability, and number theory Were available, the teachers

reported that the students were unable to use them withoutsonsiderable

assistance. ,

A description of the algebra Off-line program is 6fven in Appendix E. A

list of commercial materials suggested for use'as off-lines materials may be

found in Appendix F.

Student performance information. As indicated earlier, the.total CAI

classroom program consisterof both. on-line and off-line materials. Although

the primary'source of information for students in the ALGO.and.GENMA courses

was a computer-mediated program, the effectiveness of the tOtal CAI instruc-.

tional environment to provide optimum learning was.viewed as the responsibility

of the teacher in eharge of that, classroom. The level of ielf-direction in a

learnfng situation for the ninth grade students assigned to the CAI classroom

was not deemed adequate to attain the desired learning tasks without some

assistance from a teacher. The responsibilities of a teachir man-agingthe

over-all program included: ' monitoring student progress ugh theon-line

3Max, P. and Schaff,41. L. ALGEBRA,.A Modern Approach,. Book 1. '2nd Ed.
D. On Nostrand,_Princeton, New Jersey, 1968.

-

! .1



program, supplementing the on-line instructon when necessary, and organizing
and adminiStering the-off-line materials to accommodate the needs Of the% indi-
vidual students.

To facilitate the management of the total CAI classroom program,' informa-Jtion on individual, perforMance of the students was made .available to the'
teachers by a computer program. As each.student interacted with the computer-.
mediated instruction, information regarding the interaction was stored in the.
computer. A special computer program' .(the .Student Performance Summary, or

SPS) was.developed' to extract he stored information. The informatiOn', pro-

vided .daily by the .SPS.program,' included for each' student:
the location.of the course,

2) the time on line, .

?) the. number' f quizzes taken.,
4,) the off-lih assigmnt reference,
5) the chapte test scOres , 'and

. 6) 'the number. of days .on line., . '

An example Of the c nterit of an SPS printout is provided in ,Appendfx-..C.
Information, p vide& by sFs was supplemented .b31 proctor messages repetved,

at a typewriter te inal, as.(the. ine pr.ogram.was executed.. Prictor messages

were produced by t e Coursewitter .program if a stud4t: 1)'failaon the .

second or thit'd7,,iteration of an out.qUi-A,,2) failed a preskills test, 3) passed
a pretest and subiequently sjcipped initruCtion; or 4) eiPerienced- difficulty .

. : OP

with a. pariicularoncept during the Course of instruction. ), .

..
0°. .

. . ,

Fotmative EviluatIon
t

I ni ti al student reaction ti:s the. Consorti Um mathemati cs programs, wat
Obtained during' thetummer.of1969. -SiXteeneigbth grade students from the
-State 'Col sjparticipated in an ablrevi ated . fi el a: trial

g
at the Penn State CAI Labliratory.'% Eight studenti were assi6fied-to:-.the--ALGEB-

course and 'eight to the ,dENMA cOurse. The purpose of the trial igunswas 'to' . .
,)

1) observe student reactiron to the mt.-Vine .program, 2) *develop.procedures for

.program revisiOn',*and:3) prdvide-the teacher-authors with experience in
. .

managing a CAI classroom..........

co ;

t
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The .field-trial.-,phase of the project was Conducted dUring the 1969=70

s oOlear. An IBM 1500-computer system witP; eight instructiohal stations
. .

. was 'installed An Schenley High School at Pittsburgh. A Similar system was-. :

installed-in :Lincoln .High*SChoo1 at Philadelphia'. The .teachers,..who seryed ai

course authors at penn State returned to- their resPective distrtcts to Manage.

the CAI classrooms. Sikteen students were'assigned to a'cist period. POO.

classes of ALGEB' and four classes ofGENMA.were'scheduled in each school . The

Lid lizAtion plin 'described in. Chapter I was.itpiemented...

. Due to personnel and tiMeconstraints, no,attempt_4v made to*evaluate

the over=a11:effectiveness of .instructibn as a base for extensiVe-revision of .

the inttructional program.. rlevisions were cOnfined.tO 1.) computer programing

errors, 2) presentatiomi,".(e.g.,. Screen JOrmat) gramillati cal and' mathemattcal
. . ." .

errors,' 3)-.minor course changes; and 4Kcourse'brganiZation.'.
/

Revisi.ons Were based on'feedback from the teachers in the CAI.classrOoms,

and data accumulated and stored by the computer program on student g6rfOrmance
during execUtion of .the:prograM. When programing,and °presentation errors vere

detected, the teachers .informed the .Penn. State gonsortium.staff so that cor:

rections could 'be made :immediately in the: program. Information from ,tlie
a

teachers and the:student performance 'data was used to make *minor Course changes

such '4as the addition of synonymous .correct;re$OonseS,. Vie rewordingTof ques-

tions and feedback, or:the additioh,of feedback- to wr'Opg. retpOnies.-

A meeting of .the CAI clasSi4OOm,teachers.froM.Ltncoln and Schenley High

.School s. was hel d with l ilie Penn S tate. Consorti uM s"taff in Februa6 ;1970: Three

recommendations were made by' the teachers:. reduce' the si-ie of instructic)na1. :

bloCkS or sectidns,. 2) make the structure withib.eaCh co.u.ise .rilore ConSistent,

and 3).-increase the quantity of off-line assignmentti, The.original versions.
. ,

.
. .

'Of the ALGEBahd GENMA coursei were revised .hy the Penn S.tate ConsortiUmhstaff

on the basis of these 'recomMendationi'i. The'current organtzation.

line- programs is described in the sectton_of this reportentftled.'qlevcsed On?

line Programs"..11- T.
:

A second-Mteting-of,the teachers and the Penn State project staff was

held in June .1970. The need. to inEFeise-theAuantity,oi. off-line materials
-

was again emphasized. The teachers aTso recommended that-the chapter testt
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Should.be revised to Make items in the test'parall el with items in.the instruc,-.
tion . ProViding .additional assignments an& revising items in chapter tests
were taski,assigned to the teachersduring the summer .of 1970.

Description of Content

As noted earlier, the content for both courses was selected-with special
regard for the inner-city target population; thus th/e reading difficulty for
example, was kept to a certain minimal level , e.g.,. terseness was emphasized.

_Likewise, examples were drawn from content and froM situa.tions hopefully expe-
rienced by the studenti.

Determination of topics (see Appendix G for' complete listing) to be,
included-was accomplished by teachers from Philidelphia and Pitisburghwho

I
pent approximately eighteen months on'the Penn State campus. Working together

with mathematiCs.,educatOrs, the teachers ideritified objectives and planned

units. As timeipressure.s incr&ased, howevei, specific behavioral objectives

were omitted. This situation, in conjunctiOn with a frequently-changing
mathematics education staff, resulted in l'ess consistency and articulation, of

/
topics as well as° less emphasis on conscious decisions to employ identifiable
teaching strategies than was anticipated: Thus the ultimate curricUlar out-

:come, reflected the. impri nt! of various autho'rs 'arid vi 6/poi nts
The flowcharts (Appendix H) outlinei the sequence of moves within an

instructional block. The term !'instructlion" as it is used.here refers to,'
thtt portioh of the block in which-new niterial is introduced. The pedagog-

ical approach, whether .expository., or indiictive, requires .co.nttant interaction
of the pupil mitt) the material in the coinputer. In .fact, an expository*
passage (necessarily read 'on the CRT), mu t be extremely- Short to keeP the'

attention of a pdpulatiob with reading d Thu's', the teaching

strategies Used require continuous pupil nteraction.. Whether an author
3 .

employs, for instan,...,a, a rule-eXam.ple .seq ence or some other technique is up

to him,-,bUt the deciiion should be made or the basis .of an Understanding crf

the i nterrelationships of strategy and obj ctive

\*
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,ALGEB

-The core content of a standard algebra 1 course is well defined by cur-
.

rent textbooks and curriculum guides. The scope and sequence of the materials

developed under this project differ little from such a standard course.
Figure 1 shows an abbreviated outline of the,topics covered.

I. Numbers and Set Notation

II. Properties of Equality and Operations
III. Integers:' Properties and Operations
IV. Operations with Rational and Real Numbers

V. Equations, Inequalities, arid Problem Solving
VI. Linear Systems

VII . Polynomial s

VIII. Factoring Polynomials

r

-Fig. 1. An abbreviated outline of the ALGEB course.

In practice, the content selection was based on the curriculum guides of
the Philadelphia and Pittsbujgh school systems. These guides provided the
minimum content listirign addition, there was a Inutual agreement among
the authorLteachers, school districts, and project staff, to sequence the
material in such a way that it-cOuld be used with a standard textbook which
all students would have. The text decided upon was: ALGEBRA, A -Modern

Approach, Book 1 , by Peters and Schaaf.4

Modification Of and exclusion of various'algebraic topics within these con-
straints were determined by the participattng teachers and mathematics educa-
tion personnel on the project. Such alterations were baied upon professional
judgments by the -staff that the material in question was, 1) peripheral to the
bas.ic algebraic skills reqUired,, .and/or 2) tOo sophisticated for the target
populfitiorr at this point in' the curriculum:

Max, Pi and Schaff, W. L. ALGEBRA, A Modern Approach, Book 1. (2nd Ed.)
D. Van Nostriand, Princeton,. New Jersey, 198..
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Although the course, as it now exists, may not go as deeply into the
material or as :far as many college preparatory courses, it does provide the

basic skills..c It has the added advantage of being individualized with respect

tq'the feedback which pupils receive. ALGEB off-line assignments came from

the accepted textbook, but were done during class time as explained previously.

GENMA

The content of the GENMA 'eourse (see 'Figure 2) was determined sOlely by\
the participating_teachers from Philadelphia and Pittsburgh and the Penn State

Consortium staff at the initiation of the project.. It was decided to include

some topics traditionally considered to 'be part of. algebra 1, such as equa7

tions, ineipalities, 'negative integers, and graphing with coordinates, as well

as ari tbmetic review.

I. Equations

'II. Negative Integers

III. Division of Whole Numbers (Remedial only)

IV. Decimals

V. Fractions
VI. Ratio and Proportion

VII. Percent
-

VIII . Formul as

IX. Geometrg

X. Measurement

XI. Graphing

Fig. 2. An abbreviated outline of the GENMA course.',

, Standard general-. mathematics topics, thought to,be iniportant for useful

purposes, became part of the course: decimal s_and fractions, ratio and pro-

portion, and measurement. The latter unit was approached th.rough the content

of geometry which was introdufed first. The ,geometry was presented. from a
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descriptive point of view with empilasis on fundamental topological notions in

the early sections. Basic geometric figures-were introduced and later employed

to study notions of linear, square, and cubic measurement.

Graphi*was approached first through the use of bar and picture graphs

as practical aidsin communication. This was expahded into coordinate

graphi ng , ul timatelY of. 1 i near func.tions. As a motivational device, a com-

puteri zed battleship game was employed in the learning of plotting points in

a Cartesian plane.

Off-line work includect;.--especially in the geometry and, graphing units,

activities other than rote drill. Manipulitive and drawing tasks were inclu-

ded in regul ar assignments .

Uti 1 ization Patterns

Among other factors, optimal staff uti 1 i zatton is a function o\f room

arrangement and the placement of terminalt. The physical setup for the final

year of the Consortium differed in the two schools and consequently the effec-

tiveness of the planned staff utilization varied.

In Schenley High School (Pittsburgh) two separate rooms (see Figure 3)

contained 15 terminals each. In addition, work tables with chairs were

provided for students involved in off-line work assignments. Class size in

each room was restricted to 30 pupils, only half of whom were on-line at a

given time. Pupils were thus expected to be participating in on-line instruc-

tion during half of the scheduled class time. In general, a pupil devoted half

of a class period to instruction and half tO an off-line assignment, although

this pattern was varied to suit individual differences resulting from such

factors as learniny rates and absenteeism. Pupils-who moved very rapidly

through the regular Curriculum were assigned off-line enrichment work.

The physical arrangement in Lincoln High School presented a different.

picture (see Figure'4). Here all terminils were placed in a large, U-shaped

open area. Off-line assignments'were done at large tables in an area adjaCent

to the computer termi.nals. The teachers at Lincoln expeilmented with an alter-

nate-day-on-line approach to terminal usage as opposed to half-period-on'-half-
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period-olf a5 done at Schen ley. The material was not particularly' designed

for this tiTie division and no conclusive evidence exists as to the better of

the .tw6 time-use strategies.

After some initial experimentation during the early stages of the project,

'similar staff utilization plans were developed for the two schools. Because

,df Computer disk'Istorage constraints, only one of the. two courses was available

on-line at a given time. Thus the two daises scheduled tonether were neces-

sarily in the same course. Two regular teachers,'one for each class, and one

course manager were present during a class period. The professional staff in

each CAI setting was Supplethented during mint of the school year by two stu-

dent teachers. The course managers were those teachers who originally came to

Penn State to assist in the-preparation of the course material. They were

available to assist either of the gther teachers or to help students directly.

There was one course manager for ALGEB and one for.GENMA in each school. They

carried no direct-responsibilities. for .partitular'classes but did have respon-

sibility for 1) reporting program bugs .and student and teacher reactions back

to Penn State, 2) for inservice orientation of other teachers, and 3) for:the

overall .operation of the classrooms.

Thus the presence of a tutorial computer system alters the role of ti)e

teacher from that of a principal source of cognitive information to that 6f

the manager of an instructional environment. "In.addition to being competent

in the subject matter area, the teacher must be able to identify the interest;

and abilities of each student, know the Content of a'variety of instructional

materials, and be able to prescribe \appropriate Materials for each student.
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SUMMATIVE EVALUATION

Marilyn Suydam, Edward Beardslee, and'John Howell
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DescriPtion of EValuatlon.Procedures

One of the di fficul t problems in ev.al uatingla comprehensive educational

program is, the lack.of control over a great many element's in the total program.

Conducting summative evaluatiOn, in which one curriculum and associated

instructional techniques are compared in some forMal way with .a different'cur-

riculum/instruction model, involves both a comprehensive plan and a set of

guidelines for use in making decisions when aCtual events make it necessary

to deviate from a preliminary.plan. In a real-life situation, many adaptations

to emerging circumstances must be made; for instance, a teachers' strike in

one district-may necessitate a change in the testing schedule;'a student

disturbance and a high abientee rate may demand adjustments. These events

represent limitations. on the evaluation, in one sense; 'in another, since they

are typical of the urban school environment today, the-data should plausibly

be expected to be confounded as a result of such.incidents.

In the two curriculum/instruction models studies in-this evaluative

effort, the intent was to astertain the relativ&effectiveness of each'. The

authors of this report have tried to avoid the use of the words "experimental"

and "control" in, describing the groups \used in the evaluative study of achieve-

ment and attitude change. The "CAI.' gro4" was the one in which the computer

yin used to assist the instructional process, while the "cohort group" was
I

the one in which the computer was not a component of the instruCtional.. process.

The Cohort classes in Pittsburgh were in a different school (Peabody) from the

CAI classes (which were. in Schenley). Thi\s strategy was necessary si.nce all
.1

available general mathematics and algebra 1 classes in Schenley were included

in the CAI group. The socio-economic level\ -and the achievement level of stu-

dents,in Peabody is slightly higher, than in \Schenley, and this fact must be

taken into consfderation in interpreting the, data. In Philadelphia, both CAI

and cohort classes were drawn from Lincoln Figh School. The number_of stu-,

dents in each group varies; Table 1 indicates the total number of students

1



I

20

-Table 1

Total Number of Students in
Each Curriculum Group

General Mathematics Algebra

CAI Cohort CAI .Cohort

Pittsburgh: Schenley. 140 x 254 x

Peabody x 88 x 97'

. Philadelphia: Lincoln 220 77 221 104

involved in each group in each school . Since many studpnts 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 was selected to study the effect of the

varying modes of instruction on the achievement and attitudes of stUdents in .

algebra 1 and general mathematics. courses. Essentially; thoie were pre- and .

post-measures, usuallY administered by the teachers with the assistance Of a

member of the evaluation team.

: The detailed.outline in Figure 5 describes the specific measures used in

the summative evaluation and indicates the dates of administration. In addi-

tion, formative evaluation of dourse .content and of student achievement in

Various sections of the. courses wai.. continuing during the school year. Thus,

regulai., on-line chapter. tests and inid-seMester tests were administered to the

CAI group, and the teacher's usual tesOng-program.was conducted'in the cohort

groups. Information .derived from these teits.was used in revision of the

courses and for assigning marks to Students%
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Admi istration. Dates 1970-71
Course Group Pittsbur h4 - Philadelphia

Non-normed Achtevement General CAI ,

Test (Based on CAI Mathematics and
curriculum objectives Cohort
developed in Chapter II)

Non-nonned Achievement
Test (Based on CAI Algebra

. curriculum objectives
developed tin Chapter II)

CAI
and

Cohort

Sept. 11
June 9

Sept. 14,30
June 9

Sept. 17,23
June 18

'ept. 1.8,23 -4?

JOe 18

\
Wined Achievement Test:

Achievement CAI.Stanford
resT-(FFrm is Pretest: General and . Sept. 14,29 Sept. 18 22
Form 1/1: Posttest) Mathematics Cohort June 8 June 17 \

Normed Achievement Test:
Cooper-Ai ye Mathdmatics CAI
Test (Form A, Pretest and Sept. 11,29 Sept. 17,2
TOTm B, Posttest) Algebra Cohort June 8 June 17

Attitude Toward General CAI Sept. 9,10,28 Sept. 16,21
Mathemati cs Scal e Mathematics and Feb. 2, Mar.1 Jan..28,Feb.4

and Algebra Cohort June 4,7 June 16-

\\
Attitude Toward General Oct. 23 Nov. 16, 17

Computer Assisted Mathemotics March 1 Jan. 28
Instruction Scale and Algebra CAI June 4 June 15

Attitude Toward General ,CAI
InstrUctional Setting Mathematics and
Scale and Algebra Cohort June 7 June 16

Fig. Outline of testing schedule.

...... J 4, /et

,
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Description af Instruments

Student Achievement

Both non-normed 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 descrtptive statis-

tics.concerning the sets of items used. These two tests, one for algebra and
-

the other for general' mathematics, were designed to reflect the fundamental

objectives of the Consortium curricula as closely-asOssible. It was neces-

sary in the operational 'settings of schools to restrict the amount of student

time devoted to evaluation to an absolute minimum.

Non-normed achievement test for general mathematics. .This off-line test,-

developed by.Jangton and containing 33 items, was designed to measure mastery

of 1) computation with the four operations with Aole'numbers and-with posi-

ttve rational numbers in fractional and drimal form, 2) ratio and percent,

3) linear equattons, and 4) geometric conkepts. Parallel forMs were developed.

to serve as pre- and post-measures, containing identical .items arranged in i

different sequence. (See Appendix I for Form II of the test.)

Non7normed achievement test for algebra. This off-line test, deyeloped

by Beardslee ind Jansson, contains 32 items. It includes both knowledge-level

and understanding-level items of both computational and abstract-manipulation

types, drawn from test-item pools from all chapters in the course. The post--

test wis an equivalent form, containing the items from the pretest ordered in

a different sequence. (See Appendix J for Form II of the test.)

Normed achievement test.for general mathematics. The Stinford Achieve-

ment Test, High School Basic%Bittery,,Test 2:' Numerical COinpetence,-Was

selected to serve as a norm-referenced measure for general ;mathematics stu-

dents. Form X was used as the pretest and ForM W as the pcisttest. The test

contained 45 items.

Normed achievement:test for algebra. The Cooperative Vathematics Test, .

Algebra I, was selected to serve as a norm-referenced'measure for.algebra'

\ .students. Forms A and B,'each conining 40 items, were used as pre a.nd post- .

\,.\tests, respectively.
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'Attitudes toward the subject,: the instructional *medium, and the setting,,

were measured wi th specific instruments 9: .and sUbjecti ve, nOn-Structured reac-

*Mons were also reqUeSted.

...Attitude Toward Mathematits scale (Form B). This scale .is one developed

by Suydam 'and Trueblood. It .fis' been, used extensively with.varioUs iroups of
students.; data from approximately 3,000 subjects indicate that the internal
consistency reliabilitY of the scale is .approximately .95. The 26-item scale

was administered at .three. intervals to both' thei CAI and .the co!iort groups..

(See Appendix. K for a copy,of thi:scal e. )
Atti tude'. Toward *Computer-Assi sed Instruction Scal e: This scale i s' a

. Version,,.revise4by Suydam, Of one de4eloped in the CAI Labbratory.at.Penn

State: The original scale contained 50 items and had a reliability'of approxi;.
mately :82; -the revi set' form consi sted of 24 revised items , wi th reltabi
averaging .86... it was administered at;three.wi-dely7spaced times only to the
CAl groUp, since its intent ..;( to ascertain reactions toward CAI) necessarily
demanded eXPerience on the computer.terminals: (See ApPendix L for a copy of .

:-
the Scale.) ,

Aititude :TOwa.rd the Insilguctional :Setting Scale- (Forth B): This .scale,

like the. 'above two of a modified Likert type,, was develoPed.by Suydani and
Beardslee to gauge. student tesponse to,, elements of the setting such .as Organs ..;;

zationAndividual help, the role of the teacher., and the relationship...AO-
fellow students. A POol of 20 items .was written; from,.these 56-were Selected

onlhe basis .of ratings by a set of ten judge's. These, 56 items *were adminis-!

tered to three groups bf students to. secure.item data, which were usecrin
. .

selecting the 30 items contained on the, final version of -the scale.: The
reliability'*of.the. instrument -was found to be .approximately ':93. (See

'Apmdik M'for a copy of the scale:Y.
'lleactions of students . Students 'in, the CAI .group were giVen the oppor-

tunity at-varioUs 'poititS in. the Course to Submit, while on-line, their reat-j:
i

tiOns to the course. While inforniation 'derived'from these comillenti:wat:of
- ,

.t. use in. the "formative evaluation, many are also aPprOpriate to the. semmatiyel.

evaluation. :A' sileCtion of' these ,cominents, drawn, from compUter prfnt-Outs

As therefore 'included. (See Appendi' P.)
,
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Teacher fttitudes and Behaviors

\Reactions of, teacheri.': ;The
te' aching with CAI in the pr

.

tiOn, forppon them depende
1 i Ves of Students . From th

I

th'em future users of: the' .CAI

school were interviewed irlear
ApPendix (1)., / ./

In lieu of a written st,atement'Of reactiOns from eaChleacher involved in
the CAI Commonwealth Consortium ProjeCf,' an inforthat meeting .was

those teachers (inserviCe and preter;ice) 'who were usin6 qtti in ea-ch school

aCtions Of -thelqeachers (involved in
ect) .forni..anfimportant tomponent',of

the ddi- to-day, effectOf:tne.:.'program upon, the .

other.:teaaers .1eirned.4of the project,: arid by
oursei: will .be guided.;;The teachers in each

june in an .inforMal discuisIOn setting' (see ,

.district. They were asked to comment specifiCally on' ft,ie four'questions'whtch
follow, and to make any other observations the-y wished:

1) What have you 'learned as you worked with a CAI class? s'
2) 'What areAhe major problems or weaknesses?

3) What are the major achievements or strengths? ).
4) What would yow..do differently If the'project.were just

beginning? .

Their coments were noted as'explicitly as possible: the statements are
not always direct quotations of what any One person said; but 'reflect the
individual, or group intent.'

Comments'. While the teactions',of. the teachers are, in soMe cases spe-
cifia to their irjdividtal sitpattok, a feW generalikations can be'stated:

1 ) The :GE1p1 Course. appears to have been developed more sati sfactorily,

for CAI presentat on than was : he ALGEB course. . '. 4' r4 r

-2),,.. Systems '( omputer) prob ems heed some attention. The use of the image
projeptor 'is' quest dried...

3) More provision eeds to be made for on-line Practice.
4) More''Considerati Ofeds to be-given to the 'develoPment .and use of

appropriate., ibiegrate coordinated off-li-ne.materiali. (This was an area'
:of major responsibi 1 i ty for teaChers participating in the deveTopment- of th.e
courses.)

.

5) 1 The faci 1 i ty wi th. whi ch CAI al lows for 1ndi1dua1 rates of 'progreis
is viewed 'as both -a bonus (when it allows %for absenteetsm, for instance) and
a detriment (when stddenti do:not "coVer!' enough materi al
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6) New strategies must be developed for involving students in using the

on-line program as, an aid to learning (rather than merely leating" the

system).

7) .The teacher's role is .changed; indi idualizing instruction is more,

not' less, demanding than conventional mass education processes.

8) More care must be given to physic0 arrangements and planning for ease

of management in the-CAI classrooth_.

Classroom Observations,

, In.a..series of observations, the/pattern of lessOns in both CAI and cohort

0. *classes was:analyzed using a Classroom Observation.Form developed for this
r

purpose. Information froth these was used to develop .a description of observ-

able, differenCes in the "strategies being used in each type of classroom -(seeJ
Appendix R). 1 .

It should be noted that the- comments below .are a composite o(items

observed on.spedific days, and are -not intended as a generalized picture. of

what always ocCurs..in each type of class. The Classroom Observation:Form 'was

used at a guide. .

21. classes. In all -classes the pattern was .similar: apprOximately half

of the students were seated before the CAI terminals, while half were at tables

in another part of the room. Those .on CAI Concentrated their'attention, for

the most part, on the material being presented to them via the Computer. Occa-

sionally they discussed a problem with the teacher or interacted 'with:another

stUdent, The terminal response tipe was occasionalli slow, so when there were°

delays on knowledge of results or proceeding 'Ur the next question,of up to

thirty seconds; pupils seemed annoyed; but most were. patient. igey\ were at

various segments of the matertal (within.a.teacher-restricted range), and

Woo

'proceeded at their own pace.

The other students were working on worksheet-type paper-and-pencil

mbterials, designed and assigned for practice, remediation*,-br enrichment.

Concentration-on the work was not total, but the general working climate was

good. Teachers helped individuals with problems, and occasionally. one .stu7

dent helped another.
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CAort classes. In all classes the ) Ire group was involved in the \same
I 1 ,

s -7,--
I ia tivity.Th every case, this was teacher-directed, with pupils answering\

I / s\
I

\qu stions. Either a quiz or a' homework assignment from th / textbook served \
as

/
/the setting for the questions initially, but when\new paterial was intro- \

Iduced, the textbook was referred to as a source of both\puidance and questions.\\
IThe example under discussion was written on the.board and then solved; in one

il ,(0class, number lines were drawn to help students visualjize th mathematics
,

volved.

Questions generally called for brief responses, which were quitkly
aiccepted\or rejected by the teachers. The.last ttin to fifteen minute\of. the

1pleriod was used as an indivi,dual 1worki period by/several of the .eachers; they
oved about the rOom, answered indiviidual quesrons, and gave individual help

luring
this time. Other than th,isthere was evidence in only one class of

tndividualizing instruction (in/that Class the teacher actively sought to
aisk particular questions of particular students, as an aid to helping them
understand the material). /

In only one instance did a teacher ovectly praise a student. The working

climate covered a broad range: in one clss, students vocalized dissastisfac-.

tion with the t (teacher o each other, but not the teacher); .in several classes,
there was an undercurrent of student-to /student, irrelevant conversation; in
tiio classes, the teachers had the full attention of almost the entire group.

\
,Description of Analytical Procedures'

. /A set of guililig questions for which answers were to be sought in the .
. :

evaluation of the data was derived! As appropriate, the. data Were analyzed
independently fdr the four distinct groups: general mathematics groups in
j /

I / 1Pittsburgh, algebra groups in Pittsburgh, general mathematics groups in
I

philadelphia, nd algebra grodps n Philadelphia. The set of questions i :

! 1. Is the e -6 -difference in achievement.following instruction in

1

CAI or non-CAI classes?
2. Is the e a difference.i9 attitudes following instruction in

CAI or non-CAI classes?



...

Is CAI more, effective for those of low or high ability
( intel 1 igende)?

4. Is ,CAI more effeqive for those with low or high initial achievement?
5. Are achievement ancattitude related to previous achievement?

6. Are achievement and attitqe related to attendance?
7. Are achievement and attitude related to number of years

in school?

27

8. Are achievement and attitude related to "time-on-line" for the
CAI grouPs?

The following types of data were collected:
1) achievementscores on normed and non-normed teits

2) attitude scores (toward mathematics, CAI, and setting)
3) intel 1 igence test scores
4) previous achievement scores in mathematics and in reading

(1969, 1970) on normed tests
5) attendance (abstnces in 1969, 1970 1971)

6) number of years in school
7) time on-line

To analyze these data the following statistical _procedures and tests
were used:

1) correlation: matrix and significance tests
2) factor analysis'and rotation
3) analysis of variance with repeated measures

10

No attempt yes made to compare data from the two districts, nor from the
two ....ourses. Thus, the,data were treated as if 'derived from four separate .
sources: for general mathematics and for algebra, in Pittsburgh and in
Phi 1 adel phi a .
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Raw Score Data

Results of Analyses of Data

Table 2 presents the high and low observed scores for both achievement

tests, and Table 3 includes the extremes for number of absences and for

amount of time on-line, It is evident that wide variability existed athong

the various groups. (The reliability coefficients for all tests and scales

may be found in Tables N-1 and 11-2 in Appendix N.

. Tables 4 and 6 present the means of the raw scores for the two general

mathematics groups (CAI and cohort) in Pittsburgh on the two achievement and

the three attitude measures. The number of students in each instance (on

Tables 4 through 11) is the number whO took the test (not all students took

all tests due to absences and school transfers.) The observations which may

be made from these. unabridged data are:

1 j On both achievement measures, the CAI group made greater gains than

did_the cohort group.

2) The attitudes toward mathematics of the CAI group is slightly higher

than that,of the cohort group; scores of the CAI group increased more on the

second administration, and decreased slightly on the third administration,

while those 'of the cohort group showed A small but consistent increase.

3) Attitudes towards CAI became steadily less positive from fall to

spring.

4) Attitudes toward the instructional setting were comparable for the

two groups. ,

Tables 5 and 7 present the means of the raw scores fbr the two general

mathematics groups in Philidelphi a. It may be observed that:

1) On both achievement measures, the CAI,group made greater gains than

did the cohort group.

2) The attitudes toward mathematics of the CAI group increased on the

second administration and then decreased, while those of the cohort group

increased during the year, especially between the second and third administra-
..

tions.

3) Attitudes toward CAI became steadily Tess positive..from fall to spring.

4) Attitudes toward the instructional setting were much 'higher for the CAI

group.
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Table .2.

Extremes of Achievement Scores for All Groups

Pre.Instruction Post-InStruction
non-normed . normed non-normed normed

Pi ttsburgh

General Mathematics CAI Group 7-27a 3-40b 7-31a 1-38b

General Mathematics Cohort Group 8-33a 3-30 4-29a 2-38b

Phi 1 adel phi a

General Mathematics CAI Group 7-25a 1-30b 7-30a 5-29b

General Mathematics Cohort Group 7-30a 6-31b 7728a 6-32b

Pi ttsburgh

Algebra CAI Group. 4-18c 2-20d 5-26c 3-28d

Algebra Cohort Group 6-24c 5-24d 3-29c 5-29d

Philadel phi a

Algebra CAI Group 2-19c 5-28c 7-28d

Algebra Cohort Group" 4-24c 4-28d 6-27d

aThe
33 items.

bThe

cThe

The

non-normed achievement test for general mathematics contained

normed achievement test for general mathematics contaitied 45 items.

non-normed achievement test for algebra contained 32 items.

normed (achievement test for algebra contained 40'items.
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Table 3.

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

Absences (In Days) Time On-Line
(Hours)

1969a
,1970 1971

Pittsburgh

Generil.Mathematics
CAI Group (N=1-40 0-91 0-127 0-140 -

General Mathematics .

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

Philadelphia I.

General Mathematics
. CAI Group (N=220) 0-30 0-41 0-42 24.82 --57.81

General Mathematics
Cohort Group (N=77) 0-37 0-60 045 None

Pittsburgh

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

Algebra Cohort.Group (N=97) 1-35 0-34 0-53 None

Philadelphia

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

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

aAcademic Year

b
A meaningful minimum figure was not available for this group.
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Tables 8 and 10 present the means of the raw scores of the fwo algebra

groupt in Pittsburgh. It may be observed that:

1) On the riormed achievement measure, the cohort grotip made. grater
gains than.the CAI group, wgile the CAI group made a 'greater gain on the non-
nonned measure. These are the anticipated results since et.ch group did the
best on 'the test, whose objectives were closest to its own curdCulum.
-, 2) .The attitudes toward mathematics of the CAI grciup indeased.and then

decreased, while those of .the cohort group steadily decreased; scbres.of the'
CAI group wercs more positive than those of the cohort group on both second_ and

thi rd administrati ons .

,3) Attitudes toWards CAI beriame steadily less p7sitive from fall to
spri . 0

4) Attitudes toward the instructional .settir.q(were higher for the CAI.
'group.

Tables 9 and 11 present the means of th-e raw scores for the two algebra

groups in Philadelphia.. It may be observed that:

1) On both achievement megures, the CAI group' made greater gains than

did the cohort group:,
2) The attitudes toward mathermatics of the CAI group remained cb arable

between first and second administrations, and decreased quite sharply\ w th the
third:administration, While for the cohort group there was a similarly.sharp
decrease between the fi rst two admi nistrati ons followed by a sl ight

I ,ncrease..
3) Attitudes toward CAI became steadily less positive from fall to spring,

with a large decrease evident .betweeh,second and third administ/rationS

4 ) Attitudes toWard the instruction'al setting were higher for the cohort
group.

Statistical Data

To ascertain whether the observed differences between means ',exceed chance

s findings and to secure answers to the set of.questions presented previously,
several hypotheses were tested. First, to determine Which Variables were
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signifkantly correlated; 'all, twenty-one va,riables.were examined in a co-rrela-.
otional matrix, for eath of the lOcatfons, tourtes, and.grouPs. Figure 2 con'-.
tains a. Hit Of these variables. 5aCh correlation coefficient was then. tested

.

for significance from zero.and subjkted to "factor analysis (including, rota-
tion), to aid in the,idendfication of the most plausible as well as those

,.

variables significantly different from- zero.. As was expedted; the factor
analysis ascertained.that in several instances three or more of these vari-
ables 'were . highly correlated, and-Clusteyed. as a singl e. factor Therefore; .

. one variable cOuld be. seleCted fac-' use in furtfier data analysi s , 'w.i th the
expectation tha the findings could be generalized to others in:that cluster....
Despite the cl siering of ac'hievemen't and. attitude Variables thseie were. all -

'retained, bec se they Were essential in order to aprily the repeated measures
. -

design. For those variables related to previous achievement and to nuMber of
absences, oneof each set was selected.' Thus, in..subseguent data analyses, 15..
varfabl es (Instead of 21) were uti 1 i zed . (These repained vari ables are "indi
cated in Figure 6 by asterisks.) The data for varilables 12 through 26 were
drawn from sChotrl records, whilethe amount of time-on-line Wis secured from
records mainitained by the instructIonal computer syStem.

, For' the statistical analyses ta lest the -various hypotheses 'with suffi:-
cient precision, it was necessary to use data only for those students from
whom all pertinent scares were available. Thus, for the first two questions;
data from all students who had taken,%oth pretest and posttest versions of 6

both achievement tests were used; 657 students.were involved. , For the two
questions related to attitude, data.-from 'all students who had been admini
tered the twoscales three times wen-used; this was. true for only 470 stu-
dents., The number varies, despite attempts to have all students. Complete ill
measures; the maxVIum numbeYavailable was used for each of the anal,res, how-
ever. In every instance, the plausible assumption remains that the rrioval of
papers for those for whom data were incomplete doei\'not bias the remainitig,

.

sample for whom data are complete.

hypothesei were tested for significance) at the .01 leVel.

a.

s.
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Non-nonned Achievement Test Score, Fall 1970' (pretest)

2. Non7nonned Achievement Test Score, Spring 1971 (posttest)

3. Nonned Achievement Test Score, Fall 1970 (pretest)
.4. Normed Achievement Test Score, Spring 1971 (posttest).

5. Attitude Toward Mathemaiics Scale Score, Fall 1970
6, Attitude Toward -Mathematiics Scale Score, Winter 1971

* (

37

7. *Attitude Toward Mathematics Scale Score, Spring 1971
8. Attitude Toward Computer Assisted Instruction Scale Score, Fall 1970 ,

9. Attitude Toward Computer Assisted Instruction Scale Spbre, Win ter 1970

10. Attitude Toward Computer Assisted Instruction Scale Score, Spring 1970
11: Attitude Toward Instructional Setting ,Scale Score, Spring 1971
12. Number of Years in School

lg. Intelligence Score
14. Mathematics Achievement Test Score, 190
15. Mathematics Achievement Test Score, 1970 *
16. Reading Achievement Test Score, 1969

17.. Reading Achievement Test Score, 1970

18. Number of Absences, 1968-69

19. Number of Absences 1969-70

20. Number of.Absences, 1970-71 *
21. Amount of Time On-line

Fig. 6. Variables considered in correlational matiix, with clusters
identified.

1111.



Non-normed Achievement Test\s

The data from administr\ation of the non-normed achievement tests were
\

analyzed using Analysis of Va \%lance (A0V)2 as the analytical tool. The

hypothesis being tested was th same in each of the four situations, for
I 1

Pittsburgh general mathematics,\ Pittsburgh algebra, Philadelphia general
mathematics, and Philadelphia algebra-groups:

i

,, \
There, is no difference \in achievement on the non-normed test .

(general niathemati cs and algebra considered separately) between groups
following CAI or non-CAI instruction, as defined.

In the case of the nori-normed \Ichievement test, it seemed 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. When

you allow students to pace themselves ,through content material , and when_abser-

tee rates vary.from 0 to 75 percent of, a 180-day school year there are inevi-
table fluctuations in the amount of course material actually attempted.
Tables 12 and 13 show cumulatively the proportions' of students in the four
groupi vfho completed each chapter of either the algebra or general mathematics

coUrse. If a youngster terminated.more than half-way through a particular

chapter, then he was, counted as completfng it.. Posttest 'scores of every stu-

dent we're then adgusted to a base of either 33 items (general math) or a base

of 32 itemS (algebra)z Thus, as shown in Table 1?; a student who finished

Chapter 6 of general mathematics should have been kable to answer' 22 test ques-

tions .correctly. Suppose he actually answered 20 correctly His adjusted
score became 20/22cor 91% of 33 or 30. ,

.

Table 15 shows a comparison of the unadjusted and adjusted.posttest means.
The adjustment created estimated increaseS in mastery level (percentages of

test items correct) from 2 percent to 11- Percent. The adjusted scores were

, used in the comparisons with the cohort group in Table 14.

2The computer program used to analyze, the data was ANOVR, Analysis of
Variance with Repeated Measures., a general 'purpose analysis of variance routine
which will handle completely crossed designs involving up to eight treatment
factors
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Table 12

. Number and Percentage of Students who Compl eted
Each Chapter in the Consorti um
Course i n General Mathemati cs

Number of
Students

Termi nating
Through i n Chapter.
Chapter Pi ttsburgh

Cumul ati ve
Total

Number of
Students

Terminati ng
i n' Chapter..

Phi 1 adel phi a
Cumul a ti ve

Total

Cumulative
No . of Test
Items Rel a-
ted to Each

Chapter

1 233 100% INS 222 100% 3 9%

, 2 8 233 100% INS 222 100% 15%

3 3 225 97% 222 100% 6 18%

4 80 222. 95% 1.6 222 100% 13 39% 1.1

5 28 142 61% 46 206 93% 19 58%

6 27 114 49% 30 160 72% 22 67%

7 25 92 39% 56 129 58% 26 79%

8 13 67 29% .28 73 33% 28 85%

9 52 54 23% 42 r 45 20% 29

10 2 2 1% 3 3 1% 31

11 33 100%

Termination
Date 6/4/71 6/16/71

ya
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Table 13

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

Course in Algebra

Through
Chapter

Number of
Students

Termi nati ng
in Cimpter.
Pittsburgh

Cumulative
Total

1 MID 243 100%

2 22 243 .100%

3 71 221 91%

110 150 62%

5 26 40 16%

6 11 14 6%

7 3 3 . 1%

8

9

Termi nation
Date 6/4/71

Number of
Students

Terminating
in Chapter.

Philadelphia

-
-
-

32

123

. 40

.25

6516/71

<IP

Cumulative
Total

Cumulative
No. of Test
Items Rela-
ted to Each

Chapter

220 100% 5 16%

220 100% 7 22%

220 100% 14 43%

220 .100% 17 53%

188 85% 21 66%

65 30% 23 72%

25 11% 29 91Z

30 94:Y:

32 100%
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Table 15

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
Alg6bra -

-, (32 Items) 183 17-.43 54% 20.65 65%

lb A
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Table N-3 (Appendix N) presents the AOV summary table for Pittsburgh

general mathematics groups. The increase in achievement scores between pre-

test and posttest (unadjusted) was significantly greater for the CAI group

than for the cohortrgroup. This interaction effect for adjuited posttest means

is illustrated on the graph in Figure 7.

Table N-4 (Appendix N) presents the AOV summary table for Philadelphia

generiAl mathematics groups. The significantly greater increase in achieve-,
1

ment scores of the CAI group is illustrated.in Figure 8.

( Table N-5 (Appendix N) presents the*A0V summary table for PittsbUigh

algebra groups (unadjusted data). Again, the inciter& in achievement scores

was significantly greater, for.the CAI group than for cohort groups, as illus-

trated in Figure 9.

On Table N-6 (Appendix N) is the AOV summary table for Philadelphia

algebra groups (unadjusted data). _Once again, the increase in_achievement

scores is significantly greater for the-CAI group than for the cohort group,

as illustrated in FigOre 10.

SummarY

On the non-normed achievement test, the CAI groups in both school dis-

tricts and in both mathematics courses made,significantly greater increases,in

achievement scores between pretest and posttest than did the cohort groups.

The replication Of this result is indicative of the efficacy of the non-normed

test for each course in ascertaining whether or not the CAI programs were

effective.

Nonned AchizTvement Tests

The data from administration of the normed achievement testswas also

analped using Analysis of Variance (AOV) is the analytical tool. The hypothe-

sis being.tested was the*same in each of the four situations:

There is no difference in achievement on the normed test (general
'mathematics and algebra cosidered-separately) between groupi following
-CAI or non-CAI instruction
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Fig. 7. Mean scores on non-normed achievement test for Pittsburgh general
mathematics groups. (Abridged Data)
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Fig. a. Mean sc.ores on non-nonned,achievement testfor Philadelphia
general mathematics groups.
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The.meani for all groups are presented in Table 16. Tables N-7, N-8, ,

N 9, and N-10 (Appenaixlq present the AOV summary tiblet for each of the lour

groups.

In each situation, there was,no significant interaction effect between

type of instruction and pre-post gain. The null hypothesis stated above was

not rejected. There was a significant testing.main effect in all cases,-
:

indicating an indrease in achievement scores for all groups; the four groups

' all showed improvement.from pretesti,to posttest.

Sumaary

;'

The fact tha 'students in both the CAI and cohortgroups.achieved a .

mastery level of,, 0-40 percent on the normed achievement tests casts consid-

-erable-doubt_onlhe adequacy of these tests for.measuring student changes
1

over two semesters. The obtained.efferences were-not_stgraficant for CAI and

cohort groups.

a

Attitude Toward Mathematics

The data from three administrations of the Attitude.Toward Mathematics

scale were also subjected-to the Analysis of Variance (AOV) procedure. The

hypothesis being tested, for each of the four §ituations, was:

There is no difference in attitude toward mathematickbetween

-groups following CAI:or non-CAI instructiom

On Table 17fare the means for all four grou0s.-.

The AOV summarYtitiles are presented on Tables N-11 through 11-14 (Appen-
1

dix N). The results for.the
1

Pittsburgh general mathethatics group indicates a,

significantly greater increase in attitude toward mathematics for the cohort

group. Figure 11 illustrates this finding. !

-For the Philadelphia general,mathematict group, there was a significantly

greater increase in attitude toward mathematics for the CAI group, as illus-

.trated in figure'f2.
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Table 17

Raw Score Means for All Groups for Three Administrations of

Attitude Toward Mathematics Scale

CAI Cohort

Fall Winter Spring n Fall Winter Spring

Pittsburgh
General Math. 61 82.57 87.41, 97.59 42 81.40 79.76 . 101.26

Philadelphia
General Math. 111 74.77 78.55 99.97 40 '78.65 78.33 80.73

Pittsburgh
Algebra 143 85.73 88.54 98.28 52 86.42 85.50 92.75

Philadelphia
Algebra 155 89.66 88.52 89.52 51 86.96 81.24 95.10

4-4
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) For the Pittsburgh algebra groups, there was a significant difference

only for the pre-post gain; that is, both CAI and cohort groups had a signifi-

cantly more positive attitude toward mathematics in spring than they had in the

fall or mid-year. However, the observed difference between groups, while not

significant, favored the CAI group.

The results for the Philadelphia algebra group indicate a significantly

greater increase in attitude toward mathematics for the cohort group (see

Figure 13).

Summary

No consistent pattern in attitude toward mathematics was found across the

four situations.

Attitude Toward
Computer giiited Instruction

The data from three,.administrations of the Attitude Toward Computer

Assisted Instruction scale to the CAI groups was also tested with the Analysis

of Variance (AOV) procedure. The hypothesis being tested in each of the four

situations was:

There is no difference in students' attitude toward computer
assisted instruction wilen measured in fall, winter, and spring

periods of the school year,

Table 18 presents the means for the four CAI groups.

The AOV tables for each situation are.yresented on Tables N-16 through

N-18 (Appendix N). A significant decrease in attitude toward CAI was found

for all four groups.

Mode/Ability. Effects

The question, "Is CAI more effective for those of low or high ability?"

has frequently been asked, as well as the related queition about its efficacy

for those.of low or high achievement. Since ability and previous. achievement

Ikere found ia)be highly correlated, it seemed prudent.to test the data-for

only one variable. Ability, defined by an intelligence test score, was
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55

Table 18

Means for CAI Groups for Three Administrations of
Attitude Toward Computer Assisted Instruction Scale

Fal 1 Winter Spring

Pittsburgh
General Math.

Philaddlphia
General Math.

Pittsburgh
Al geb ra.

Philadelphia
Algebra

61 89.49 86.20 75.84

111 89.46 87.32 82.87

,

143 90.20 86.18 81.50

155 92.45 89.62 58.88

selected. The achievement variable was defined .by the non-normed test score,

because this.score and the intelligence test score were not highly correlated

and it was necessary to lispe independent measures.

High and low ability were defined, in relation to each situation, as the

highest and lowest 27 percent of the scores attained on the intelligence test.

Therefore, then extremes and number of scores is different for each group, as

can be noted on Table 19. (The mean IQ score for each group was also variable.)

The means for the achievement of thesegroups are given on Table 20.

The AOV summary tables are presented for each of the four situations on

Tables N-19 through N-22 (Appendix N). It should be noted by the reader that

the analysis of variance is not strictly applicable to the problem where the

'independent variable or dimension is continuous and when the researcher defines

his groupsr(in 'this case high and low) in terms of a chaiacteristic of the'

sample. He is making a split of convenience which fluctuatOs with sample

values. Such analyses cannot be replicated on independent,samples hence there

is.a considerable cloud over the interpretation of the data.

For the Pittsburgh general mathematics group and for the'Philadelphia

algebra group, scores incresed for all students; there was no significant

interaction between ability level and 'achievement.
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fable 19

Extremes and Number of Students: in High and

Low Abilfty Groups

Limits
High n

-Limits
Low

,
n

ttsburgh
. General Matt.. 101 - 120 12 62 - 86 12

Philadelphia
General Math. 110 - 125 %18 85 L. 95 - 14

Pittsburgh
Algebra 101 - 118 34 63 - 86 19

Philadelphia
Algebra 125 - 130 28 80 -108 21

5C Score.

For. Total Group. Test Uscd

92.36 *- Otis

103 69 - Phila,

Mental-

Abilities

95.22 Otis

113.15 Phila.

, Mental

-Abilities

Table 20

Means for Achievement of High and Low
Ability Groups in CAI Instruction

Pi ttsbUrgh

General Mathematics

Philadelphia
General Mtthematics

Pittsburgh
Algebra

Philadelphia
Algebra

High Low

Pre Post Pre Post

16.75 23.00 12.92 17c13

21.61 12.36 15.21

9.62 15.82 . 9.05 11.52

10.29 16.14 12.05 18.71

r

:

F.

03
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For, the Ptttsburgh algebra group, a signiffCant interaction was found':

scores, of those students in the high ability.group improved significantly more

than those of 'students in the low ability group.

Reiuits fOr the Philadelphia general:mathematics group indicated no

:significant differencts between the groups.-

Summary

In only one situation (algebra classes in Pittsburgh) did CAI appear to

be more effective for 'students'ofrhigh a6ility than for those of low ability.

Correlational Results

The answers to four of the questtons listed below can be,obtained by

referring directly to the cqrrelation data on Tables' N-23 throagh N-26 in

Appendix N.

. 1.- Aee current achievement and attitude related to previous achievement?

For all four'CAI glt:mps and.for.the Pitesburgh cohort algebra

group, significant correlations were found between current achieve-
1

ment and previous achievement (as Measured-by 1970 mathematics.normed.

-.test scores). Three'of the four correlations for CAI groups or(the

mathematics attitude scale were significant (only that for the 4

Philadelphia general mathematics group was not). Thus, achievement

and mathematics attitude appear to be correlated more for CAI groups

than for cohort groups.

2. Are achievement and attitude related'to attendan-ae?

.Only with one group--Philadelphia CAI algebi.a group--were any

significant correlationsmwith attendance.(as defined by the number of

absences in the preserit 1970-71.school year) found. These were on .

the,non"-norMed achievement test and the.mathematics attitude'sOle,

ind in both cases, tht fewer days absent,Ithe,higher the-scores-: All
r

of theremaining data, however, indicated an inability t refute the

null hypothesis.

413 3

--,
" ... ,
ft-"--.

,
0-., .1 ,

r, r
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3. Are achievement and attitude related to number of years in .schoul?
No significant correlations were found for any group; thus, the

hypothesis that achievement and attitude appear Unrelated to nUmber
'of years in school 'could not be refuted.

Are achievement and attitude related to amount of tiMe-on-line for
-.the CAI group?

Examination of the data on the range of on-line time. (see
Table 3) indicates that there was an error in the records' kept by the
computer in Pittsburgh The, correlation 'oefficients are- (by inspec-
tion) slightly higher for Pittsburgh Students than for Philadelphia
students, where' the Computer was (apparently) maintaining a more
accurate record of time. However, they are low and nori-significant,
and the following 'conclusion appears justified: No significant 'cor-
relations were found for any group; thus, the hypothesis that achieve-
ment and, attitude arc unrefated to the,amount of time the S'tudent
spends on-line could not be refuted.

Comments R-elated to Data Analysis

The summarized results of the statistical analyses indicate:
1). On the non-normed achievement test, the CAItioups made significantly

greater increases in 'achievement than did Vie cohort groups. . The reader is
reminded that the non-.normed achieveinent test was based on the Consortium
curriculum.:

2') 'Three of the four CAI groups attained a mean projected mastery level
of 60 percent on the 'nonrnormed achirev.ement test'.

3) - On the normed achievement test, no significant differences hetween
CAI and cohort groups were foufid..

4) No consistent pattern in attitude toward mathematics was found.
?'.5) A significant decrease in attitude' toward CAI from fall to sprinT was

found for CAI groups.
6) Generally, CAI did not appear more effectivrfor.students of high

ability than for thos.e of low ability..
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7) Achievement and mathematics attitude appear to be correlated more for

CAI groups than for cohort groups.

8) Achievement and attitude were not significantly related to.attendance

or to number of years in school.

9) Achievement and attitude were not significantly, related to the amount

of time students in the CAI groups spend on-line.

The two types of achievement tests were highly correlated, yet the non-

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

those 'students having computer-assisted instruction than did the normed test.

This finding could be anticipated, since the hon-normed test was written to

test the objectives of the CAI course.

The significant decrease in attitude toward CAI was .not anticipated, how-

ever. Perhaps it is a function of increasing student dissatisfaction with the

slow response time of the computer, or tolthe restrictions or the pressure

which is imposed by the computer. It is interesting to note that their sub-.

(jective comments(do not, in general, agree with the results of this more objec-

tive measure.
-

That no achievement/ability interaction was found may be taken as an indi-

cation that CAI programs can.be written so that they are effective for students

at varying levels. Thus, individual differences have been provided for to some

extent'.

It was somewhat surprising that no correlation.between amount of time on

line and achievement was found. This may be another sign of the individualized

pattern of instruction; it could be interpreted a\ an indication that all stu-

dents can achieve if they are given an appropriate length of time.

The results indicate that students can achieve at least as well with the

use of CAI as from,conventional instruction alone. Attitude toward mathe-

matics need not suffer, though attitude toward CAI did become increasingly

negati ve.



CHAPTER IV

CAI COST ANALYSIS

Keith A. Hall .

The magnitude and complexity of this project requires that a sunimary

analysis be made to assist other educati,onal instituttons n LohNidering the

adoption and use of the programs and products produced by, the ConSortium staff

A simple reporting of the resources required to operate this project will not

suffice because many of those resources were directed toward the development,

trial, and revision of curriculum, the development and revision of utilization

patterns and technipues, and the cbst of a large-scale evaluation of the cur-

riculum. This report attempts to generalize from the experience derived from

an in-school CAI program. It further includes the experience dpiyed from

an inservice teacher educatthn project so that pondering institki"ons may set

forth...a plan of implementation for a CAI program with maximum educational

benefits through high-volume use of the instructional computer system for on-

line tutorial instruction and for educational data processing.

In order to make adequate judgments about the costs of providing educa-

tion through computer-assisted instruction, certain assumptions must be made

regarding the characteristics of the computer system, the available curricula',

the useful life of the system, the use Schedule and staff requirements, and ti

financial plans for supporting the program. These factors may all vary

depending upon the specific needs and requirements of a school dIstrict, but

certain assumptions have been made, based upon experience with in-school CAI

and inservice teacher education, from which realistic cost estimates can be

mr. de.

Instructional Computer System

The IBM 1506 instructional system, on which these cost projections were

made consists of thirty instructional stations with cathode-ray tube display,

light pien, typewriter keyboard, audio device, and image projector. The compute?.

room equipment is comprised of an 1131 central processing unit, 1132 printer,
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1442 card reader and punch, 1133 multiplexor control unit, two 2310 disk stor-

age drives, 1502 station control, two 1518 typewriters, and two 2415 tape

dri ves.
The central processor is an IBM 11 30 computer with 32,768 16-bit words of

core storage. In addition to the usual peripheral equipment, the central

processor depends upon five IBM 2310 disk drives (2,560,000 words) for the

storage of usable course information and operating instructions. Twin magneth:

tape drives record the interaction between the program and the student for
et

later analysis and course revision. Core storage cycle time is 3.6 micro-

seconds and read/write time for disk storage 1' 27.8 microseconds per word.

Each IBM 1500 student station consists of three optional display/response

devices which may be used individually or in combination. The central instru-
ment connected to the computer consi sts of a cathode-ray tube screen wi th 1 6

horizontal rows and 40 vertical columns for a total of 640 display positions.
Information sufficient to fill the screen is available from a dedicated disk

in the station control . A light pen device enables a learner to respond to
displayed letters, figures, and graphics by touching the appropriate place on

the screen. A part of the CRT device is a typewriter-like keyboard which

makes it possible for the learner to construct responses and have them dis-

played at any author-desired point on the CRT screen. Also, by way of the

CRT screen, the student receives rapid feedback in the form of an evaluative

message. Four dictionaries of 128 characters each, of the author's own desigo,
t)

are capable of being used simultaneously. An image projector loaded with a

16mm microfilm is capable of holding 1024 images r n a single roll and of

accessing 40 images per second under' program control. An audio play/record

device based on a four channel 1/4-inch tape is an integral part of the system.

The two electric typewriters on the system are separate devices which enable

the proctors to receive a paper copy of information about students' progress

in the course. The configuration of the CAI system is shown in Appendix A.
4

Table 21 presents the costs for purchasing and maintaining the computer

system described above. These costs have been divided into three major

headings:
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1) common components for dedicated and time shared modes;

2) components for dedicated mode only; and

3) components for time shared mode only.

These cost figures are used throughout the remainder of this report for deter-

mining amortization costs and hourly rates for the instructional system.

Curriculum' Material s

The major focus of this project was the development, revision, and evalUa-

tion of two high school level mathematics courses--general mathematics and,

algebra. For a school system with at least 500 pupils in the ninth grade where

these courses are normally taken, these courses and pupils would fully utilize

the system during the regular school hours. Schools with less than 500 stu-

dents at that grade level might want to investigate other curriculum materials

available for the IBM 1500 system and which are indexed and annotated in the

Index to Computer Assisted Instruction written by Lekan, Helen)

The general mathematics course has been found to be of use in the adul t

education program at the Schenley High School in Pittsburgh. Presumably after

adult basic education students had finished the general mathematics program,

the algebra program could become a second course in a mathematics sequence.

Adult education in the form of inservice teacher education has been shown to

be successful and, in fact, two courses are now available. One Mathematics fr

Elementary Teachers, is composed of approximately 80% content of mathematics

and 20% methods of teaching mathematics. This course has been administered

successfully to over 500 preservice and inservice teachers. The range in stu-

dent time required is 44 hours (12 hours to 56 hours), with the mean completion

time being about 20 student station hours. A second course for teacher educa-

tion, Early Identification of Handicapped Children, is designed to give pre-

school and primary teachers of seemingly typical children the knowledges and

skills necessary to identify children with handicapping conditions who other-

wise might be educationally retarded by the age of nine or ten. This course

1Lekan,
H. Index to Computer Assisted Instruction. Sterling Institute,

1969.
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has been offered to approximately 700 teachers in rural Pennsylvania and is

continuing to be offered at the rate of about 1,000 teachers per year by means

of a mobile CAI facility. The range in student time required is 46 hours (14

hours to 60 hours) with the mean completion time being about 25 student-station

hours. Proposals to develop CAI courses in science, reading, and further

course development in special education have been submitted to funding agencieb

and are presently under consideration. These courses would all be compatible

with the computer system described in this report.

Useful Life of the System

The useful life of the system is assumed to be 15 years. This estimate

is based upon the following factors.
4

1 The manufacturer of the system does not provide an estimated life

expectancy of the system or the components but has stated that the corporation

will maintain the system as new indefinitely as long as the owner has a main-

tenance agreement with the corporation.

2. Once the system is installed and the curriculum is available it can

be used indefinitely much as a school district continues to use school buildings

even though they may build newer and more modern faci 1 i ties .

Instructional Computer. System Use
Schedule and Staff Requirements

Because the system is specifically designed for instructional uses and a

large proportion of the components are designed and used only for instructional

purposes, computer-assisted instruction applications are given preference over

a dedicated use of the system. The combined use of a CAI system for secondary

school education and adult education could resul t in very economical tutorial

instruction. Table 22 presents a proposed system schedule for secondary school

and adult education use. For secondary school education, the system would be

in use from 8:30 a.m. through 3:30 p.m. during the school year (180 days) and

from 8:00.a.m. until 12:00 noon during a thirty-day summer session. When an

adequate number of students are available who need to use the student stations,

experience has shown that a utilization 'level of 90% can be expected. This

schedule of public school use and a utililation level of 90% Would provide
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37,260 clock hours of tutorial instruction per year for school age children.
Table 2 also indicates the amount of staff which would be required to operate

and manage a system of this kind.
Adult education could be provided on.the same system after school hours,

during summer vacations, and on Saturdays. Experience has shown that the

expected utilization level will vary between 40% and 90% for these kinds of

instructional programs. The var.iance in utilization level is incorporated in
Table 22 which shows a schedule for adult education use providing 57,696
tutorial hours of instruction per year and the staff which would be required
to operate and manage this program. The combined use far public school educa-

tion and adul t education (Table 22) would resul t in 94,956 tutorial hours of
instruction each year. This estimated number of tutorial hours is used
throughout the remainder of this report for determining estimated costs per
student station hour.

In addition to the instructional use of the system, the same computer can

be used for the normal kinds of educational data processing jobs such as stu-
dent scheduling, report cards, record keeping, attendance accounting, test
scoring and analysis. Table 23shows there would be 3,336 hours per year

available for educational data procesting.
Table 24 summarizes the computer system use and the staff requirements for

operating the system for a calendar year.

Financing an Instructional
Computer System

It is assumed that a school distrif...t would find it necessary to borrow
the necessary funds to purchase a system of this kind and would therefore incur

debt retirement costs. The most economical procedure would, of course, be a

cash purchase. However, the problem of cash' flow, May not make, the most eco-

nomical plan the most feasible. Several plans, are preiented for comparison.

Resources would be required to meet the following needs:

1) ,purchase price;

2) maintenance; and

3) i nterest.
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Table 24

Summary of Computer System Use
and Staff Requirements'

69

Mode of Use

,Student

Clock Station
Staff Hours

Hours Hours Manager Proctor Operatoi

Time Shared Mode

Dedicated Mode

TOTAL

3;828 94,956 1,900

3,336

7,164 94,956 1.9900

7,096

7,096

1,928

3,336

5,264

There are an infinite number of ways of financing the purchase and maintenance

of a computer system but four financial plans which might be typical for.school

districts in Pennsylvania, are presented in Table 25. School laW in Pennsylvania

provides that school boards may borrow funds for up to five years without a

special bond'issue. Beyond that time, a bond issue must be secured. Interest

rates depend upon the credit rating of the school distritt, the national

economy at the time, and the number of years required to retire the debt. Thp'.--

interest rates and time periods reported in Table 25 appear to be reasonable

estimates at the time of this report. Again the equipment components are clip,-

sified according.to their use in the. system so that appropriate hourly rates

can be established. Table 25shows the prorated annual cost for fifteen years

with interest bearing loans for equipment purchase for five years at 3.9%, and

ten, twelve, and fifteen years at 5.5%. The total annual cost was derived by

adding the purchase price, the maintenance cost for fifteen yea,^s, and the

interest costs for the period of the loan together and dividing by the flfteen

years established as. the useful life of'the system. This does not indicate the

actual annual costs but rather the prorated annual costs over fifteen years.

Obviously, a.five-year loan at 3:9% is less costly than a fifteen-year loan at

5.5%,
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Hourly rates. Table.24 showi that the computer sfstem would be used a

-total of 7,164 clock hours. per year=-53% of the time in a time shared mode and

47% of the time in a dedicated mOade. Figure 14 shoisfs the fOrmulas ,wh:Ich were

ilsed inAhe computation of hourly rates for dedicatefil system use and time

shared system use.(

Dedicated:System Rate*.

47 x' Common Com onent Cost gated Com onent Cost

nnua oc ours o cate se

Time Shared System Rate*

(.53,x`Common Component Cost) + Lime Shared Component Cost
Annual Student Station Hours

\

Fig. 14. Formulas usedlin the computation of hourly rates fordediCated
and,time shared system use.

All gos cited include purchase price, interest on indebtedness and
maintenance prorated for 15' years.'

Table 26 illustrates the application of these formulas to the four plans

.of debt retirement which were presented in -Table 25. Ai ,can be seen in Table

the rate for student station use ranges from $.78.to $.92 per hour and the

rate for dedicated use ranges from $4.40 to $5.43 per'hour,depending upon the

terms of financing.

Cash flow. Perhaps of as much or more importance than the .cost per stu-

dent.station hour and the cosi per dedicated hour :is the .annual gash flow '

required for 'each 011* the proposed financing plans. The anual casti flow with-

out .audio and With audio for each of thepi.ojeOted terms of financing is pre-^

sented in Table 27.. It is interesting, to note that after ihe equipment has been

purchased and the indebtedness retired, it''costs only $.22 with ,audio and. $.11

without audio for eagh student hour of instruction.
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CHAPTER V

OUTCOMES OF THE CONSORTIUM
11

7 5

For any project which includes multi-faceted activities during a span of

over three years , it is di ffi cul t to precisely define a 1 ist of strengths and

weaknesses which represent a final appraisal of that project. The myriad

details which could be cited are partially reflected in earlier chapters; such

details, however, do not provide a clear summary of.what the impact of the

project has been during its life-span and of what the impact might be on future

projects. The purpose of this chapter is to discuss concisely the six major

outcomes of the Consortium.

The project was a learning experience--a feasibility study to determine

whether a Consortium is a viable strategy for developing curriculum materials

tailored for specific locations; and a development project in which students in

those locations would test those materials. The priniary focus should be on the.

curriculum construction process. The success of the project will be measured

in part by the impetus which can be derived for future CAI curriculum deve.ldp-

ment projects.

1. This project has constructed more CAI curriculum materials for second-

ary education than any other project known to the authors. The average time t.-,

complete the on-line portions of GENMA and ALGEB is 150 hours.

The curriculum material must be considered to be a rough draft--like the

mimeographed field-trial" editton of a textbook. It includes many good sgments,

but it also includes'some unpolished segments; some portions are of high

calibre, other portiors are deficient from a mathematical and/or a pedagogical

point of view. In our judgment, however, the courses in their present state

are usable with caution for operational instruction in high schools.

Content objectives--the perogative of the participating schools--were not

always carefully thought-out and specified, nor were teaching strategies always

clearly delineated and consciously selected with regard to specified objective.

.Undoubtedly such strategy selection requires a research base which was una vail-

able beforehand, and, .due to production deadlines, impossible to construct

within the projedt. Potential users must ascertai.n whether or not the content
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objectives of the course (not totally identified), are in agreement with their

objectives. Clearly defined instructional objectives are necessary for a)

determination of content, and b) selection of teaching strategies. The courses

do have a major advantage with respect to content, however, and that is their

potential to be completely and thoroughly reviewed by a qualified specialist.

2. The courses need to be revised and articulated with a set of evalua-

tion' instruments fiku'sed on student mastery. The present instruments (the

non-normed and formed achievement tests) were developed following a norm-refer-

enced pattern, and the relatively lbw scores reflect this- orientation. Con-

sider the average percentage of increase from pretest to posttest, from roughly

40 percent to 60 percent. This finding indicates one of two things: 1) that

the evaluation instruments were not built to the specifications for cri terion-

referenced tests, or 2) that the courses ..e not teaching for mastery. The

first possibility, which involves the simpler revision, must be tested first,

by building sets of criterion-referenced instruments designed to measure pre-

ciselythe content-objectives for each course. The course material then should

undergo another field trial to measure achievement with these instruments,

within a carefully-constructed evaluation plan.

3. To try to insert an individualized program of the type developed by

the Consortium into schools with widely divergent philosophies of mass educa-
.

tion is not recommended. Other subjects are being taught following a tradi-

tional pattern, with traditional expectations. Students carry-over behavior

patterns and -attitudes from those other courses. For instance, the students

had tome difficulty adjusting to the relativ-e freedom of the CAI classroom,

where each learner was working individually to master content. Use of a variety

of materials, and continuous interaction with. those materials, is at the core of

the individualized philosophy inherent in CAI--the focus is on the learner and

on self-directed learning. This is far different from the traditional class-

room where all students are expected to sit and listen to the teacher present a

specified body of content which all will then practice: the focus in the

traditional classroom is on the content, not on the learner.
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Teachers also had many of the same expectations of CAI as they had for the

traditional approach- Their comments (presented in Appendix Q) reflect this

fact: 'they were concerned, for instance, because not all students covered the

material in the given amount of time. In future programs more stress must be

placed on teacher orientation to individuali..:ed instruction and role change in

the classroom. .

Computer-generated student progress reports were developed (see Chapter

III), but were not fully used by teachers. This is an important aid to the

teaCher in planning .for -ndividualized instruction With off-line materials'as

well as with on-line programs. Teachers need more guidance in how to use

these reports--how, in fact, to individualize instruction.

The school is a social system, and produces better results when the way in

which all courses are. taught is in agreement with its general overall philoso-

phy. A fundamental organization of schools is needed in order to adapt them to

new individualized methodologies.

4. The course materials must be revised for a program of continuous pro-

gress instead of the current restrictions of the semester or bi-semester plan-

of scheduling,. Students should not be taught as a class, but as individuals.

An open curriculum plan of organizing students for learning--or organizing

learning-content for students--must be articulated.

The continuous progress plan has a ready-made grading system: students

don't get academic credit for materials not mastered, just because they sat in

cl ass

5. Because of curriculum storage limitations of the computer system.,

improved management or blocking of the course material is needed. The amount

of material available on any one day must be better-matched to the needs of

students. One alternative is to group students according to total progress and

to make time available to them on that basis. It is too ambitious to schedule

two students per terminal during each period. There would be better utiliza-

tion of the system if the number of students assigned to the program at any one

time equalled-the number of terminals. In this way as some students finished

the course, others who were ready for intensive self-directed learning could

begin.
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6. Off-1 i ne material s , wi th .the exception of some worksheets , were not

used eff ively. Generally, neither.enrichment nor remedial materials were

used indivi ually; instead, all students were expected to complete virtually

the same off-line materials. Again, expectations of teachers, accustomed

to havirig all students cover the same textbook content, precluded differen-

tiating instruction to a significant degree. Further investigation into the

appropriate interrelationship between on-line and off-line materials appears

warrantect. Consideration should be given to incorporating topics, now in off-

line format, into on-line exercises and into inquiry oriented problems. This

modification is consistent with Recommendatioh #4 concerning a shift in the

utilization patterns from class progress to individual progress.

7. This project demonstrated that it is possible and advantageous to

create consortia of public schools, universities, and state education depart-

ments for the purpose of developing and evaluating curricular material. These

involved non-profit agencies can, by working cooperatively, exercise the

leadership focused on change so desperately needed today in American education,
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SPECIAL ROUTINES

The following routines have been developed for special purposes in the

Coursewriter program. They are unique to the Consortium CAI program.

ON routi ne

This routine initializes and updates the counters, switches, return

registers and buffers used to acquire data for the Student Performance

Summary for each day's on-line,activity (one or more sign-on's). Each time

the student signs on the program, the on routine is executed first.

The skip routine is accessed from the on routine as described in the

GENERAL OPERATING PROCEDURES (see page 100).

Note: If a student is signed-off with message code 41 (label not found

in return register) just after he signs on, 'it is likely that the error is

generated from the branch to return register 1 executed at the end of the on

routine. The 111 TS.: to accesethe skip routine is executed before the branch

instruction. It can be used to "skip" the student around the branch. The

label displayed by the skip routine is the invalid label causing the error.

The correct version of the label should be typed in the skip routine.

SKIP routine

This routine permits immediate access to any label within the'course

segment being executed. (By accessing the label "trans," the prograin 'is

transferred to the next logical course segment. By accessing the label

"begin," the program is transferred to the course index,.) The skip routine

identifies the current course segment* ,and the last ex.ecuted inajor label*.

It allows for entry of a coment* and then the desired label*. When this

label is entered, the program resumes executiOn at that label. A. proctor

.message containing the starred items is sent.

Procedures fois accessing and using the skip routine are destribed in

the GENERAL OPERATING PROCEDURES. This int:the shOtad not be av.ai'1ab4e or

student u5e.



92

OFF routine

This routine processes data accumulated during time on-1 i ne for the

Student Performance Summary and is accessed by initiating the si gn-off

procedure for student -mode as described in the GENERAL OPERATING PROCEDURES.

For this routine to be executed, it is absol utely essential that the student

use correct. sign-off procedures. If the Off routine is not executed, in-

correct i nformation wi 1 1 be given in the SPS report for the "gui 1 ty" student.

The most important errors that may be incurred by incorrect si gn-off pro-

cedures are: incorrect inform4ion given for bl ock number and assi gnments ,

and in appropriate label used for restart point.

The Skip routine. may be accessed from the Off routine as described in

the GENERAL OPERATING PROCEDURES.

OPTION routine

If a student fails to meet criterion on an out-quii, he is presented the

DECISION TABLE 'Which gives him the option to review any part of the instruc-

tional materials (in'-structi on , practice, .summary ) covered by the out-quiz or

t o sign-off. . If the student takes the option to sign-off, he wi 1 1 begin at

the DECISION TABLE when .he si gns on again.

Whi 1 e executing his option, the student can return to the DECISION TABLE

at any tiMe by initiating sign-off4procedures . IfAthe student 'reviews el I

the materi al in his option , he is automati cal ly branched back to the DECISION

TABLE. In either case , the DECISION TABLE wi 1 1 then contain the out-quiz as

an addi tional option. (See Fl owchart, Appendi x. H.)
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STUDENT PERFORMANCE SUMMARY

The Student Performance Summary. (SPS) is a computer program that ex-

tracts data that has been stored for each student in the disk files. The

information provided by SPS is designed to assist teachers in monitoring

student progress and managing the CAI classroom.

The SPS program cah only be executed when students are not on-line. It

should be run as soon as possible after all students in a course are finished

for the day so that the information can be made available to teachers for

planning the next day's activities.

Note: If the Offroutine described earlier is not prbperly executed,

data for SPS will be lost.

.1

mis
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Heading

STUDENT NAME

NUM

SEG

SCT.BK*

LABEL

DAILY TIME**

LAST TIME**

CUML TIME

PRESKL TEST**

PRE TEST**

OUT QUIZ**

ASSIGNMENT**

CHAPT TEST

ATTEND ON-LINE

95

Interpretation of Headings in the
Student Performance Summary

Interpretation

Student name

Student number

Course segment number

Section and block number
These numbers will be the same in genma. In algeb,

section refers to the section number in.the original

. version of the course.

Last Major label encountered during execution of the

program

The total time, in minutes, of the daily terminal
session or sessions.

If a student has signed on more than once per period
this column indicates the length of time, in minutes,

of the last sessioq.

The cummulative time, in minutes, on the Cburse.

Preskiits test for one or more instructional blocks.

Pretest for one or'more instructional blocks.

Criterion quiz for an inslructional block.

Specifies off line activity associated with an
instructional block.

,Percent correct on a chapter test.

Number of days a student has been signed on the course.

*Chapter Review Test or Chapter Test identified in this column.

**These items are set to zero each time SPS is run.

See documentation of SPS for explanation of sorting.
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p -line Chapter Test

Tests have been developed f e administrtion at the end of each

chapter for each course. (The one ex eption is Chapter 3 in general mathe-

mastics.) The test items parallel the format and content of questions pre-
,

sented in the instructional portion of the program, and the on-line quizzes.

The chapter tests should be viewed as criterion tests for the chapters. If

a student's preformance is unsatisfactory, the areas of difficulty may be

identified by the teacher and remedial activities prescribed.

Each chapter test consists of a series of pools of test items. Test

items are epresentative questions from the various blocks in a chapter.

Items from one or more blocks are stored in a pool. Not all items in a pool

are to be presented to the student taking the test. For example, there may

be five test items from the first block of a chapter in an item pool, but

-tile student would receive only three of the items: The Coursewriter program

Ai. randomly selects items from the pool and presents them in a random order.

The probability of the same test items being presented in the same sequence

by the-program is greatly retfuced by using this technique.

The student is provided with three options as each item is Presented.

The student may respond to the item, skip to the next...item, or return to a

previously presented item. If the student elects to redo an item, after a

response is made to that item, the program will return to the last item

presented. The student is given no knowledge of results during the execution

of the test. At the end of the test, the student may return to a previously

presented item, having the skipped items presented again, or have his score

displayed.

Each item in the pool is identified byan alphanumeric code. The alpha-

betic character identifies the section pool, the number character is the
,

number of the item within a section pool.\ For example, c2 identifies the

item as the second question in section poO1 c. A printed copy of each

chapter test is available to the teacher. The items in the test are iden-

tified by the alphanumeric code.

At the end of the test a proctor message is printed'out at a typewriter

terminal giving a summary of-the student's Performance, a list of the alpha-

numeric code of the studerts test questions and an indication below each

guestion.of his performance on thatsitem. (See Figure 15.)
\
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/

station 04 slrt genma proctor meSsagel\

test cor pbm % \
,

min
,

ct04 6 10 60 \ 6
,

**b4c1a5a1c4b3a3c2b5 /
,

***. b a

test - identifies the test

cor - the number of questions respondedAo correctly,

pbm - the total number of problems presented

- (cor/pbm) x 100

min - the time on test, in minutes

The flagged items are interpreted as follows:

* - indicates an incorrect keyboard response to item b4

b - indicates the incorrect selection from a Multiple choice item,
a5, by light pen

a - indicates the incorrect selection from a multiple choice item,

al, by light pen

- - indicates item a3 was skipped

Figure15. Proctor message of a student's performance for one
termir)al session. 0

In this example, the teacher can determine that the student has missed

the items from section a. Further instruction on the material for section a

could be provided and the student retested.

Review Questions in Chapter Tests

Each chapter test after chapter 1 has approximately.five review questions*

which cover the material learned in previous Chapters. 'As the name indicates,

the purpose of these questions is review.

*These review questions are not to be confused with the review test
which is a randomly generated test of items which parallel the chapter test.
The review test is given the day before the chapter test.
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After the student has completed thd chapter te t, and has been given

his score, he is told that he is to answer several r view questions. He is.

'given the option of doing them immediately or the next day when he signs on

again. Depending on his choice, the student is either given the review

questions and then signed off or given the message that he will do the ques-

'-ti'ons the next day and signed off.

Each student gets the same review questions in the same order. UnlOe

the chapter-test questions, the student is .given the correct answers if he

answers incorrectly. At the end of the review the student is told how many

questions he has answered correctly. This score is not stored or combined

in any way with the regular chapter-test score.

For programing convenience, the codimg of the review questions hass been

placed in the segment containing the chapter-test (after the test questions)

and in the first segment of the following chapter (after the on routine). ',A

switch is used to control course flow so the student receives the questions

only once.

Review Chapter, Test

A review of the instructional material, in the form of a, preview of the

forthcoming chapter test, is provided at the end of each chapter. (The one

.,excepti,on is Chapter 3 in the general mathematics course.) The items in the s_

Review Chapter Test parallel selected samples from the item pools in the

corresponding Chapter Test,'

At thkcompletion of the Review Chapter Test, students are signed off,

The program does not permit students to sign on the Chapter Test the same

day that the Review 'Chapter Test was taken, 'The reason for the delay is to

provide students with an opportunity to review prior 'co taking the Chapter.

Test, It is also unlikely that both tests could be completed in one class

period.

When a student is signed off, a proctor message similar to the one for

a Chapter Test is delivered to the typewriter terminal. A printed copy of

the Review Chaliter Test enables areas of difficulty to be identified and

review materials to be assigned. It is recommended that students do the

assigned work prior to taking the Chapter Test,
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Course Index

Course segments ALGEB - 0 and GENMA - 0 contain indices of the respec-
v

tive courses. A Course Index may be accessed from any segment in the course

by usingithe SKIP routine (see page 101).

Each Course Index provides thr e options: 1),acces's to an index of the

chapters, 2) access to an index of urse segmpts ordered by chapter, 3)-

direct access to a course segment.

Chapter index. The user may see a complete list of chapter topics and/

or access the segment index of the chapter of his choice. Access of the seg-

ment index.fs byalight pen response.
q

Segment index. The user may see a complete list of the .course segments

within each chapter and/or access a course segMent. The-segment ilsdex in-

cludes the segment numbers and the topics of course content included in the

segments. A course.segment is accessed by a light pen response.

Direct access. If the user knows the numbersof a desired course 'segment

without referring to an index, the segment may be accessed by entering the

appropriate number. /



ATTENTION*

CHARACTER-ERASE

ENTER

INDEX

REVERSE INDEX

INSTRUCTIONAL:STATION

GENERAL TERMFNAL PROCEDURES

Operation: 1

2

Purpose: 1

Operation:

Purpose:

Operation: 1.

2.

press and hold ALTN CODING key
,press INDEX key

:to gain control of the keyboard
to type a command
to cause the course to pause

1. press and'hold ALM' CODING key,
2. press BACKSPACE KEY until cursor (0)

is in the desired position

to erase one or more typed characters

Purpose:

Operation:

Purpose:

'Operation:

Purpose:

Operation:

Purpose:

Operation:

Purpose:

2.

1 .

press and hold ALTN CODING key
press SPACE BAR

to indicate the end of a response or
a command

2. to cause the course to continue after
an ATTENTION pause

press INDEX kay

to move the cursor (0) down one half-
line foe each press of the INDEX key

press the SPACE BAR

permits the course to continue

press REV INDEX key

to move the eursor (El up-one half-
line for each press of the REV INDEX
key

,

1. ATTEOON(ALTN CODING and INDEX
simultaneously)

2. type:on (space) course name/aut6or
(or student) number

3. ENTER (ALTN CODING and SPACE BAR
simultaneously)

to sign Ion a CAi course

*Do not make this rocedure available to the student.



SIGN-OFF

Author Mode'

Student Mode/

)01

Operation: 1. ATTENTION (ALTN CODING and INDEX

, simultaneously)
2. Type: off**
3. ENTER (ALTN CODING and SPACE BAR

simultaneously)

. Operation: 1. One-of the following: .

a. In DECISION TABLE: chooYe "off"

option'

b. Any other light pen response:
point to P in lower right corner

of screen
c. Keyboard response: type. ALTN

/ CODING q

Press SPACE BAR when 405RP arpears on

screen.

Purpose: To sign-off or terminate on

instructional session

SKIP ROUTINE***

1. Accessib1,2 from

a. Off routine

1. Initiate sign-off procedure (Type ALTN CODING q, point light

pen 'to P in the lower right corner of screen, or choose "off"

option in DECISION TABLE)
. .

2. WN09. appears in lower right corner of screen:

3. Although no cursor appears'on the screen, type ALTN CODING p.

4. If'SPACE BAR is pressed (instead of typing ALTN CODING p),

the program will continue through the off routine

b. On routihe (Student executes on routine each time he,signs on.)

1. Screen is cleared and,404$ appears in lower right corner of-

screen.

10though!lo cursor appears on the screen, type ALTN CODING'p.

If SPACE BAR. is pressed,. the program will Continue to the

, gtudent's restart point. .

*This procedure should not be made available.to the,student. Student use

of thi ,oprocedure' will reliTt in_incorreCt data on SFS. .
.

*flijs 'may be changed periodically by. the system's operator to prevent

student use of this procedure.

**tThe skip routine should not be made' aVailable.to'the student.
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1===.

2. Text displayed on screen
a. Present course segment

"b.: Last eXecuted major label

3. Type coment
a. Approximate1ye50 characters are avail,able comments
b. If no comment, just ENTER.

Type label to access material in/
a. Cdrrent course'segment-- type label and enter
b. Next logical course segment - type "trans" and enter
c. Any other segment by- means/ of the course index - type "begin"

and enter ,

NOTE: If an inv,alid label is entered, an error message
41 (label not found in return register) will be
generated and the ternrinal will be signed-off.
When the Student is signed back on, execution

' will begin in the skip routine.

^
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REMAT AND DRILL

\N
Two programs were developed to,supplement the algebra and general .mathe-

,

matics courses. These supplemental programs were designed to provide drill

and practice through mathematical games and drill exercises. Entry is gov-

erned by students' registering for"rematv An index .at the beginning of the

remat program provides actess to the various exercises in the remat and drill

course segment. The use of the ALTN CODING q or selection of p with the light

pen will return the program to the index. To sign off, the "off" option in \

the index should be selected in order to obtain available proctor messages.
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Remat

The remat course segment contains Tic-Tac-Toe, Algebra Drill, Estimation

Game and Multiplication Drill.

; Tic-Tac-Toe. The original game has been modified to incorporate drill

with arithmetic operations. Two players take turns in marking a cell by

pointing with the light pen to the desired cell.. When a cell has been select-

ed by a. player, a problem is displayed on the screen. If the correct answer

is given, the selected cell is marked by 'a X or 0, whichever is appropriate.

If an incorrect answer is given, the cell is not marked and the second player

takes his turn. The sequence is repeated until all cells are marked. The

winner or a draw is declared on the screen by the program.

The numbers for the problems are randomly generated. There is no limit

to the number of games that may be; played. No record is maintained of the

number of games won by a player%

Estimation Game. This game was designed to provide practice in estima-

ting the product of two whole numbers, each in the range 0 < n<100. The

game aspect of the program is provided by a target with four concentric

square rings. When a problem is posed, the target appears on the screen of

the CRT. The closeness of response to the correct answer determines which

ring is "lit up." An answer within 1/16 of the correct answer scores a bull 's

eye; 1/8 is indicated by the second ring; 1/4 is indicated by the third ring;

1/2 is indicated by the .9ourth ring. A response that deviates by more than

1/2 of the correct answer misses the target.



As an added mo ivational device, a score is generated that is dependent

on the accuracy of Ithe response and how quickly the response is made. Four

points are scored for a bull's eye, three points for the second ring, two

points for the third ring and one point for the fourth ring. In addition,

20 points are scored if the response is within one second. A time-point is

lost for every second required to respond. For example, a perfect score of

a bull's eye within one second is 4 + 20 = 24 points. A "hit" in the outer

ring with a response time of 5.4 seconds would be 1 + (20 - 5) = 16 points.

The score is multiplied by 100 'to provide a large number and is display2d to

the student.

A total score is kept for each student. After twenty problems his score

is compared with his previous high score for,twenty problems, then a new set

of problems is started. Essentially, the student is playing the game against

himself since scores between sets of problems are compared.

The scoring on a combination of time and accuracy forces the student to

answer 'quickly in order to get.a high score. The purpose of the game is to

motivate students to'estimate an answer, therefore, "educated guesses" are

encouraged.

Algebra Drill. This program provides problems of the type j + 3 = 10

or 7k + 10 = 80. The variables and constants are randomly generated. The

program may be considered an enriched drill since the algorithm for solving

a problem is demonstrated if two incorrect answers are given. The feedback

for incorrect answers is described below.

Problem: , Solve the following:

Tk + 10 = 80

1st incorrect answer feedback:

Check your answer. Try again.

2nd incorrect answer feedback:

Add -10 to both sides of the equation.

The resulting equation is

7k + 10 + (-10) = 80 + (-10)

which then becomes

7k = 70

Divide both sides by 7 to get

k = 10
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Multiplication Drill, This program is a timed drill on the multiplica-

tion of integers which'are randomly generated. Different levels of problems

provide a challenge to the student to increase his proficiency by moving to

more difficult levels containing problems with.larger numbers and shorter

time limits. The integers range from -99 to 99. Time limits range from

1.5 seconds to 7.0 seconds.

Drill

The drill course segment contains programs On: a) whole numbers oper-

ations, b) integers operations, c) a version of the Estimation game (Acu-Rate)

utilizing the four arithmetic operations, d) inequalities between whole numbers,

e) decimals and fractions, and f) reducing fractions.

An index at the beginning of the course segment permits access to the

various programs in the segment.

Whole Number Operations. Drill-1 is an untimed mathematics drill in the

addition, subtraction, multiplication, and division of.positive-integers.

Addition contains 7 levels; subtraction, 6; multiplication, 7; and divlsion, 6,

The problems, which are randomly generated, become more difficult as the levels

increase.

When the student signs on-he will select an operation. The student will

begin at the lowest level within that operation and will continue until he

completes all, levels or until he signs off. He will go to the next higher

level when he correctly answers 5 randomly-generated problems in succession.

If he misses one problem his score willJgo back to zero but he will remain

on the same level. After receiving two new problems he will have another

attempt at the problem he answered incorrectly. If he answers two problems

in succession incorrectly he will return to the next lower level.

The proctor message will tell if the student completes all levels withir

an operation or if he signs,off. The proctor message will also give the

operation he was in, the last level he completed, the amount of time spent on

the operation and the student's number.

Integers Operations. Drill-2 is an untimed mathematics drill in the

addition, subtraction, multiplication and division of positive and negative

integers. The levels and value limits .are identical to Drill-1. The only
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difference between Drills l'and 2 is that in Drill-2, levels 5 and up in each

operation will contain both positive and negative integers. Drill-1 contains

only positive integers.

Proctor messages are the same as in Drill-1.

Acu-Rate. s a version of the Estimation game. While estimation

contains problems requiring the estimation of the product,,of two numbers whose

ranges are -99 > n < 99, Acu-Rate is a set of problems which use one of the

four arithmetic operations that is selected.

Inequalities. Drill-4 is a drill on relationships using whofe numbers

decimals and fractions.

The student uses the light pen to point to-the sign in the answer set

that will indicate the relationship between the, rAdomly generated numbers.

The following indicates the levels, the minimum and maximum values of

the numbers to be randomly generated and the signs from which the student

will choose. The box Indicates where the missing sign is to be inserted.

Level Problem Aniwer Set

1

2

3

(0 - 10)*

(0 - 50)

(0 - 1000)

11

0

0

(0 - 10)

(0 - 50)

(0 - 1000)

<

<

<

=

=

=

>

>

4 (0 - 5) + (0 - 5) (0 - 10) = >

5 (0 - 10) 0 (0 - 5) + (0 - 5) < = >

6 (0 - 5) -1* (0 - 5). 0 (0 - 5) + (0 - 5) < = >

7. (1 - 10) 0 (1 - 10)

(1 - 10) 0 (1 - 10) < >

9 (.000 - .999) 0 (.000 - .999) < = >

10 1 0 1
< = >

(1 - 10) (1 - 10)

11 (1 - 10) 0 (1 - 10) < = >

(1 - 10) (1 - 10)

12 (1 , 10) 0' (1 4 10) < = >

(1 - 10). (1 - 10)

*The numbers in parentheses indicate the minimum and maximum numbers that

will be generated.
,



Inequalities Drill-4) continued

Level
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Problem Answer get

13

14

15

- 5) 0

(1 - 10) o (1 - 10) <

<

<

=

=

=

>

>

>

(1

(1

- 10)

- 10) or

(1 - 10) .

(1 - 10) 0 (1 -

(1 - 10)

a = (1

b = (1

(1 - 10)

- 10)

- 10) a 0 b

The scoring of Drill-4 will be by the same method used in Drill 1 and

DH11-2, i.e., the student must answer 5 problems in succession correctly to

moVe to a more difficult level. The score will drop to zero when one problem

4.s missed. When two problems in succession are answered incorrectly the

student will go back one level.

Proctor messages indicate whether the student has signed off or com-

pleted Drill-4. If he signs off the proctor message indicates this, gives

the drill number (Drill-4) ahd his present level.

Fractions. DriI1-5 contains exercises in reducing fractions to their

lowest terms: adding, subtracting, multiplying and dividing fractions; chanc-

ing mixed numbers to improper fractions: and multiplying whole numbers by

fractions. The student must express all answers in least common terms.

The program cOntains fifteen. levels. The student signs on at the low-

est level and continues until he completes all levels or until he signs off.

As before, the student must answer correctly 5 problems in succession to go

to the next higher level.: If he answers 2 problems in a row incorrectly he

will go back to the next lower level.

Proctor messages will tell if the student signs off or if he completes

all levels in Drill-5. If the student signs off before completing Drill-5

the proctor message will indicate the naMe ofthe"drill (fractions), the number

of the drill (Drill-5), and his present level.
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Algebra Off-Line Program

Purpose

The purpose of the off-line program is to'better meet the learning needs

of each student in the Consortium CAI Algeb and Genma courses. The off-line

program should:

1. Provide some remedial help for students who are having difficulty

with the on-line program. This will be a more critical problem as the

pupil/teacher ratio in the classroom increases.

2. Allow the better students to progress through the course more rapidly.

This might be accomplished by the study off-line of some topics which

occur on-line later in the course. The possibility/of studying later

topics earlier is evidenced by the different order'in which textbook

authors present various topics.

3. Provide the opportunity for some students to look at some topics in

greater depth. For example, the study of many of the properties of

equality, multiplication, addition, etc., seems trivial to students when

applied to sets of whole numbers, integers and real numbers. Sometimes

they develop a better understanding of these properties by examining

systems which do not have these properties. !

4. Promote the students' enjoyment of and appreciation for the stu'dy

of mathematics. In recent years some excellent material has been

developed to introduce such topics as probability, matrices, topology,

number theory and others to high school students on a level which they

can readily comprehend. Many of these presentations are intriguing and

novel. For the student Who has been working hard week after week with

the on-line program, a short look at these could be a refreshing change,

5. Provide a readily available, useful activity for any time the student

could not go ahead on his regular work. This might occur if he has

difficulty at a time when the teacher is busy or if he is ready to go on

line and a terminal is not available.
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Types of-off-line material (Alceb)

The off-line material can be separated into two basic categories:

remedial work for those haing difficulty, and extra work for those progress-

ing without difficulty. \ ,

There are three sourceS\o"f help in the remedial area: the SRA Algebra

Skills Kit, the Hayes ditto Material, and the series of programed texts,

A Program in Contemporary Algebr'a. The two former sources are mainly for
1

additional practice. These resources will be correlated with the on-line

material by chapter and block. \

The extra work'can be Class\fied as additional topics (AT), in depth (ID)

acceleration (LA), and games and puzzles (GP). Most of thi6aterial is in

the form of,pamphlets or work boos. Some of the suggested aCtivities are

small "experiments" or games. The\programed text will be used fOr acceler-

ation.activities as well as remedial. By studying some topics' off-line, the'

\

student may be able to pass the pretest on the topic and thus moVe ahead on-

line to new materials'. 1

\

Fillng off-line activity assignments

The remedial activities which.are Correlated directly with the on-line

material will be listed on assignment sheets to be kept in a notebook. The

1

assignments will be made by.the on-line program if a student misses an out

quiz two times.

The extra activities are written on 5 x 8 cards which will be filed.

Each card contains the source of_the activi y (booklet name, etc.), a sen=

tence or two describing the activity;-and cl7ter or page references (where

appropriate). In additton, in the upper right hand corner of the card is a

code to indicate the nature of the activity (F, ID, LA, or GP), the chapter

which should be completed before the activity\is attempted (if there is a

prerequisite), and a,reading level coded *, ** ***, (***being the most

'difficult level of reading).

Implementing the off-line program (General)

In order for the off-line program to work eTciently, the student must

be instructed in its usage early in the school year. If he knows what is

available and where it is located he should be able to proceed on his own
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when the teacher ts working with.other students. These activities are not

meant to.replace individual student/teacher interaction but to conserve o.

teacher resources.

When a student fajls an out quiz,.he is presented with four opti ns:

instruction, practice, summary, or off. For some it will be suffi'cient io

simply repeat one, or part of one, of the first three Choices. Other s udents

may'opt to'repeat the entihe instructional block.

If.this review work is not adequate, the studentVmaS(choose to s'ign off

'and see the teacher with questions Or.look in his notebook for remediai work.

More practice with the Skills Kit, or'additional explanations in.the

gramed text may be sufficient to solve his problem. This provides the student

with a useful instructional activity lat times When several other students may

be waiting to see the teachdi.-

At other times,.students,may 'be signed Off to do an assignment 'and may

not be able to sign on again when the assignment is completed because all the

terminals are in .use. In order not to lovste time, he couldchoose 'an'activity

from the card file-which would allow him to move ahead faster, to look at a

topic in depth, etc. .

There maxalso be times when the fastest students are.ahead/Of schedule

and would like, for a change,,to look at some of the additional topics off-

line: he could work on this fOr one or more periods and then return to his

on-line work. (These additionai topic activities will be used only in the

latter part of the year when the student is sufficiently far along that we

can be assured that he will cover the necessary material.)

In order for this program to be effective, there are several prerequisites.

Since this type of activity may be new to the students, they will need to

have it explained to them carefully and be closely supervised at the start of

the school year.' They must ahderstand that this is an important, integral part.

of the program, not just an added frill.

The package of off-line material which has been developed thus far is

only a start. Many other')excellent sources are available and can be added

because.of the flexibility Of the card file. Filmstrtps are'one of the pos-
,

sible additions. It is hoped that the teachers will make suggesticns for

additional materials as useful activities are discovered in the.classroom.
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RECOMMENDED OFF-LINE CURRICULUM MATERIALS

Printed Materials

I tern

A Collection of Cross Number Puzzles
Al gebra ( di ttos )

Algebra A Modern Approach, 2nd. Ed.

Algebra Can Be Fun
Algebra Skills Kit
Amusements in Mathematics
Common Fractions
Conveesion of Measures
Decimal Fractions
Discovery and Structure Series
Enlarging Math Ideas
Essentials of Math, Skills and

Concepts
Eureka Booklet
Experiences in Mathematics Discovery

Booklets 1, 2, 3, 5

Experiments in Mathematics
Stage 1, 2, 3

Exploring Math Ideas
'Extending' 'Math Ideas
Exploring Mathematics on your Own

(series) Topology, Finite Mathe-
matical Systems, Adventures in
Graphing, Number Patterns, Basic
Concepts of Vectors, The World of
Measurement, The World of Statis-
tics, Probability and Chance, Logic
and Reasoning in Mathematics

Fantasia Mathematics
From Zero to Infinity
Fun with Mathematics
Garnes for Learning Math
Geoboard Geometry
Geometry Can Be .Fun
Getting a Line on Math
Graphing Math'Sentences
How Children Fail
How Children Learn
How to Teach Math in Secondary Schools
Informal Geometry
Introduction to Algebra
Introduction to Math Sentences
Introduction to Optical Illusions

Source

J. Weston Walch
Hayes School Publishing Co., Inc.
D. VanNostrand Corp.
J. Weston Walch
Science Research Associates, Inc.
LaPine Scientific
Lafayette Pari§h Schools
Laf6yette Parish Schools
Lafayette Parish Schools
Addison-Wesley Publishing Co.
Ginn and Company

Ginn and Company
Creative Publications

National Council of Teache'rs of

Mathematics

Houghton Mifflin Co.
Ginn and Company
Ginn and Company

Webster Publishing Co.
LaPine Scientific
LaPine Sci entifi c

LaPine Scientific
J. Weston Walch
Cuisenaire Company
J. Weston Walch
Cuisenaire Company
Giro, and Company
Cuisenaire Company
Cuisenaire Company
Saunders Teachino Series
Lafayette Parish Schools
Lafayette Parish Schools
Ginn and Company
J. Weston Walch
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I tem

Laboratory Manual for Elementary Mathe-
matics

.LAMP (Low Achiever Motivational °roject)
Let's Go Out to Eat
.Math Photo Quiz
Math Puzzles and Pastimes
Math-with Numbers in Color " " & "B"

MathematiCal Bingo
Mathematical PuzZles
Mathematics ClassrOom Library
Mathematics Illustrated Dictiohary
Mathematics, Its Content, Method, kleaning
Mathematics: Man's Key to Progress
Book A, B

Matrices 1
Measures of Central Tendency
Measures of Dispersion
Men of Mathematics
Mits, Wits, and Logic
Modern Mathematics (dittos)
Grade 7, Book 1, 2
Grade 8, Ror* 1, 2
Grade 9, Book 1, 2

Notes on Geoboards
Number Principles and Patterns
Number Sentences
100 Mathematical Curiosities
Operations'with Whole Numbers
Opportunities.in Mathematics
Optical Illusions
Other Bases in Arithmetic
Patterns and Discovery Series
Patterns and Puzzles in Mathematics
Per Cent
Presentation of Data
Probability and Statistics
Program for Mathematically
Underdeveloped Pupils

A Program in Contemporary Algebra,
Revised Edition, Books 1-5

Ratio and Proportion
Riddles in Mathematics
Self Teaching Arithmetic
Sets in Geometry
Skills and Patterns Series
Survey Test of Algebraic Aptitude
30 Projects for Math Clubs
The Education of T. C. Mits
The Great Mathematicians

=k,

Source

Prindle, Weber and Schmidt, Inc.
Des Moines Public Schools
Lafayette Parish Schools
J. Weston Welch
LaPine Scientific
Cuisenaire Company
J. Weston Welch
LaPine Scientific
Charles E. Merrill Co.
Cuisenaire Company
American Math Society

Franklin Publishers, Inc.
,Houghton Mifflin Company
Educational System Development
Educational System Development
LaPine Scientific
LaPine Scientific

Hayes School Publishing Co., Inc.
Cuisenaire Company
Ginn and Company
Lafayette Parish Schools
I. Weston Welch
Lafayette Parish Schools
J. Weston Walch
J. WestonfWalch
Ginn and Company
Addison-Weslcy Publishing Co
Franklin Publishers, Inc.
Lafayette Parish Schools
Educational System Development
Charles E. Merrill Company

Palm Beach County, Florida

Holt, Rinehart, and Winston
Lafayette Parish Schools
LaPine Scientific
Scholastic Books
Gtnn and Company
Addison-Wesley Publishing Co.
California Test Bureau
J. Weston Walch
LaPine Scientific
LaPine Scientific



Item

The Math Wizard
What is Modern Math?
Whole Numbers--Factors
Worksheet Pads--40 exercises
Yes, Mathematics Can Be Fun!

Source

J. Weston Walch
J. Weston Walch
Lafayette Parish Schools
Cuisenaire Company
J. Weston Walch
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item

OFF-LINE CURRICULUM MATERIALS

Manipulative Materials

Celluloid pocket rules
'Centimeter Decimal Set and Strip
Checkline
Counting Frame
Cuisenaire rods
Cyclo Teacher
Decimal Fraction Dominoes
Equations
Fraction Dominoes
Geoboard
Heads Up
Kalah
Kount-N-Kube
Lego (gears 001)
Nice Cubes
Numble
ON.SETS
Plastic Mathematical Balance
Psychepaths
REAL numbers game
Sage Kit
Space Spiders
Tac-Tickle
Tri Nim
Tuf
WFF
Wff'n Proof

Source

LaPine Scinetific
H & M Associates
Creative Publications
Kurtz Brothers

Cutsenaire Company
Field Educational Publications
Responsive Environments Corp.
Wff'n Proof

Responsive Environments Corp.
Cuisenaire Company
E. S. Iowe

Creative Publications
Creative Publications
Learning Mateials Division
Cuisenaire Company
Selchow & Righter Company
Wff'n Proof
H & M Associates

Cuisenaiiv Company
Wff'n Proof
LaPine Scientific
LaPine Scientific
Wff'n Proof
F. S. Iowe

Cuisenaire Company
Wff'n Proof

Cuisenaire Company



OFF-LINE CURRICULUM MATERIALS

Filmstrips

Item

Addition and Subtraction of Decimals
Bar Graphs Comparison
Building Concepts in Math
Circle Graphs Relationships
Comparing Fractions
Discovering Solids w/records
Division of Decimals
Expressing Common Fractions
Formulas and Functions
Inequalities
Introducing Decimal Notations
Introducing Percent
Introduction to Graphs
Line Graphs-Trends.
Measurement of Angles and Arcs
More Problems in Percent
Multiplication of Decimals
Operations: Polynomials & Fractions
Parallel Lines and Parallelograms
Picture Graphs Counting
Postulates in Algebra
Problem Solving I

Problem Solving II
Series
Signed Numbers
Solving Equations
Solving Problems in Percent
Studying Triangles
Two Linear Equations

Miscellaneous

An Introduction to Coordinate Geometry
An Introduction to Probability
How a Computer Solves a Probleni
Indirect Measurement Tangent Ratio.
Introduction to Irrational Numbers
Mean Proportion and Right Triangles
Nature of Roots of Quadratic Equations
Points, Lines and Planes
Rearrangement Theorem of Addition
Sum of the Measures of Angles

of a Triangle
The Slope of a Line
Truth Tables
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Source

Educational Projection Corporation
Educational Projection Corporation
Imperial Film Company
Educational Projection Corporation
Educational Projection Corporation
Imperial Film Company
Educational Projection Corporation
Educational Projection Corporation
Popular Science
Popular Science
Educational PrOjettion Corporation
Educational Projection Corporation
Educational Projection Corporation
Educational 'rojection Corporation
Popular Science
Educational Projection Corporation
Educational Projection Corporation
Popular Science
Popular Science
Educational Projection Corporation
Popular Science
Popular Science
Popular Science
Popular Science
Popular Science
Popular Science
Educational Projection Corporation
Popular Science
Popular Science

Popular Science
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Chapter 1 Number and Set Notations

A. Sets

1. Intuitive definition of set
2. Examples of sets
3. Definition of elements of a set
4. Braces used to designate a set
5. Constructing a roster from a rule
6. Recognizing a rule for a roster
7. Definition and recognition of a null set
8. Symbols for the null set, that is { } and 0
9. Symbols for "is an element of" (that is, c)

and "is not an element of" (that is, if)
10. Recognizing a well-defined set (optional)

B. Subsets

1. Definition and examples
2. Definition and examples of proper subset
3. Use of symbol for "is a subset of" (that is, c)
4. Definition and examples of equal sets
5. Classification of sets as finite and infinite

C. Intersection and Union of Sets

1. Definition and examples of the intersection of two sets
2. Symbol for intersection
3. Definition and examples of the union of two sets
4. Symbol for union
5. Disjoint Sets (optional)

D. Order of Operation

1. Presentation of the following as the accepted order:
a. Work in parentheses
b. Multiply or divide from left to right
c. Add or subtract from left to right

2. Problems involving two or more operations

E. Inequalities

1. Reading of symbols listed below
2. Using symbols listed in number sentences

Symbols: =, >, <, <, >
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Chapter 1 Numbers and Set Notation

F. Exponents

1. Use of the word "factor"
2. Writing expressions with repeated factors using exponents
3. Writing expressions with exponents using repeated factors
4. Writing exponential expressions for verbal phrases
5. Use of raised dot to indicate multiplication
6. Simplifying a numerical expression containing exponents
7. Evaluating exponential expressions for given values of the

variables

G. Open Sentences

1. Definition and recognition of variables in expressions
2. Definition and recognition of an open sentence
3. Definition of domain and solution set
4. Finding a solution given domain aAd opdn sentences.

5. Changing easy word sentences into algebraic symbols

H. Graphing on the Number Line

1. Marking off units on the non-negative number line
2. Giving names for the units
3. Use of the word, "coordinate"
4. Graphs as a 'way to specify sets

a. Given a set, show the graph
b'.--IGIven a graph, indicate the set

5. Set builder notation
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Properties of
Chapter II

Equality and Operations

A. Equality Relations

1. Reflexive property: a = a
2. Symmetric property: If a = b, then b = a
3. Transitive property: If a = b, and b = c, then a = c

B. Closure Property

1. Non-verbal introduction
2. Example of closed sets
3. Example of sets that are not closed

C. Commutative Property

1. Commutative properties of addition and of multiplication
2. Does commutative property hold for division and for sub-

traction
3. Choose the operations that are commutative

D. Associative Property

1. Idea of a binary operation
2. Regrouping numbers
3. Associative properties of addition and of multiplication
4. Drill on associative property

E. Distributive Property

1. Example using ticket sales
2. Substitute variables for numbers
3. Definition of distributive property of multiplication with

respect to addition
4. Distributive property for more than three numbers
5. Distributive property of multiplication with respect

to subtraction
6. Drill on distributive property

F. Properties of Zero and One

1. The addition property of zero: a + 0 = a
2. The multiplication property of zero: a 0 =
3. The multiplication property of one: a 1 = a

G. Recognizing Properties

1. Given property, identify example
2. Given example, identify property
3. True-false: statement of properties
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Integers:

Chapter III Properties and Operations

A. Integers on the Number Line

1. Integers to the left of 0
2. Integers which are opposite
3. Positive and negative integers
4. 0, neither positive nor negative
5. ,Designative the set of integers
6. ,Indicating subsets of integers
7. Indicating graphs of subsets of integers
8. Indicating the set of integers shown on'a graph

B. Order in the Integers

1. Ordering of integers on the number line

2. Ordering of given sets of listed integers

3. Transitive property of inequality
4. Comparison property

C. Absolute Value of Integers

1. Removing absolute value symbols
2. Definition of absolute value
3. Simplifying numerical expressions containing abOTufr.ë value

symbols
4. Solving equations containing absolute value symbols
5. Graphing solution sets for open sentences containing absolute

value symbols

D. Adding Integers

1. Addition op a thermometer
2. Addition on the number line
3. Rules for adding integers
4. Practice adding 2 integers horizontally

5. Practice adding 3 or more integers horizontally

6. Practice adding 3 or more integers vertically

Addition Properties of Integers

1. Closure
2. Commutative property
3. Associative property
4. Addition of 0
5. Addition proPerty of opposites
6. Opposite of sum
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Chapter II
Integers:
Properties and Operations

F. Multiplying Integers

1. Multiplication of,a positive integer by an integer as a repeated
addition . .

2. Guided discovery Of rule of signslor multiplication pf a neg-
ative integer by an integer

3. .Practice on multiplying 2 or more integers
4. Rule of signs for multiplying more than 2 integers
5. Evaluating variable expressions for given values of' the variable

(optional)

G. Multiplication Properties of Integers

1. Closure
2. Commutative property
3. Associative property
4. Multiplication property OA
5. Multiplication property of 11
6. Finding the product of several terms

H.

I.

Distributive Property',

1. Expressing the indicated product as.an indicated sum
2. Expressing the indicated sum .as an indicated product

Subtracting Integers
(,

\

1. Intuitive approach to subtraction as addition of the opposite
2. Subtraction of ntegers horizontally
3. Subtraction of integirs vertically
4. Solution of Sentences of thd form

x + a = b, when a and b Are integers

J. Combining Like Terms

1. Definition of: term, like terms, unlike terms
2. Simplifying expressions con/aining like ternm

K. Dividing Integers

1. Intuitive approach to rule (If signs for division
2. Division of integers givinglan integral result
3. Definition of rational number
4. Solution of sentences of the form ax = b when a and b are

integers
5. Substituting values and simplifying indicated quotients.
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Operations with Rational

Chapter IV Numbers and Real Numbers

A. Rational Numbers

1. Introduction: Integers closed under +, -, and but not

closed under 4.

2. Definition of a rational number
3. Integers expressed as rational numbers

B. The Density Property

1. How to type fractions on the CRT
2. Extension of the number linelto include rational numbers

3. Showing by successive bisections that between any two points
on the number line, there is;another rational number

4. Definition of density property

C. Equivalent Frantiions, formed

1. By multipliing numerator and denominator by the same number
2. By'dividin4 numerator and denominator by the same number

D. Comparing Rational Numbers

1. Rule for comparing rational numbers with like denominatórs
2. Using equivalent fractions to order two fractiont

-3. Ordering fractions using <, =, >

E. Properties of Rational Numbers

1. Commutative property of addition
2. Associative property of multiplication
3. Associative property of addition
4. Commutative property of multiplication
5. Distributive property

F. Reciprocals

1. Additive inverse
2. Definition pf reciprocal
3. Finding reciprocal of rational numbers and rational expressions

4. Zero has no reciprocal

G. Reel Numbers

1. Review of changing fractions to a decimal
2. Terminating, non-terminating, and repeating decimals
3. Definition of set of

a. Irrational numbers
b. Real numbers

4. Property of completeness
5. Graphing on the real lumber line.
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Operations with Rational

Chapter IV Numbers and Real Numbers

H. Prime Factorization and Least Common Multiple (LCM)

1. Finding the set of factors of a number

2. Prime numbers
3. Review of how to type multiplication dot
4. Process of finding the prime factorization
5. Prime factorization of algebraic expressions
6. Finding the LCM
7. Relation between LCM and LCD

I. Reducing Fractions

1. Review of reducing fractions
2. Reducing rational expressions
3. Review of equivalent negative fractions

J. Multiplication of Fractions

1. Multiplication of fractions
2. Multiplication qf rational expressions

K. Division of Frac

1. Review of
a. Multipl cation of fractions

b. Di vision

c . Reciprocal s

2. Division using concepts of multiplication and reciprocals

ons

L. Addition and Subtraction of Fractions with Like venominators

1. Adding fractions using the distributive property
2. Rule for adding fractions
3. Subtracting fractions using the distributive property

4. Rule for subtracting fractions

M. Addi ng Fractions with Unl i ke Denominators

1. Review of adding fractions
2. Adding rational expressions

a. Finding LCD

b. Forming equivalent fractions
c. Using distributive property to add numerators

d. Placing sum of numerators over.LCD

(
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Equations, Inequalities and

Chapter V Problem Solving

A. Open Phrases

1. Definition of an open phrase
2. Recognizing the English equivalent of an open phrase
3. Writing open phrases for English phrases in the following types

of problems:
a. Value

b. Consecuti ve i ntegers

c. Distance

B. Open Sentences

1. Open and closed mathematical sentences
2. Examples of practical (real world) problems

C. Solution Sets

1. Definition of solution set, root, simple equation
2. Solving equations with a restricted replacement set
3. Definition of. identity
4. Solving inequa 1 i ties wi th restri cted replacement sets

5. Solving open sentences (domain = real, numbers)

a. Addi tion property of equal i ty

b. Finding an additive inverse
c. Mul tipl i cati on property of equal i ty

d. Equival ent equations

e. Solving equations using additive inverses
f. Solving equations with variables on both sides of the

equation
g. Solving equations using multiplicative inverses
h. Solving equations using both inverses

D. Verbal Problems

1. Recognizing an operation from its English equivalent
2. Simple word problems
3. Appollo r-ocket problem
4. More word problems (number, value, consecutive integer, age,

distance)

E. Formulas

1. Writing a formula to express a rule
2. Using formulas to solve problems
3. Changing the subject of a formula

a. Comparison of steps used to those used for solving equa-
tions in one variable

4. Review of inverse operations
5. Solving equations in several variables for one of the variables

(in terms of the others)
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Equations, Inequalities and
Chapter V Problem Solving

F. Inequalities

1. Properties of "is greater than"
a. Transitive
b. Addition
c. Multiplication

2. Solving inequalities
a. Graph of solutions sets of inequalities
b. Simplifying inequalities

rt)
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Chapter VI Linear Systems

A. The Real Number Plane

1. Ordered pairs of real numbers associated with points

2. Reading ordered pairs and naming points using ordered pairs

3. Terms: X-axis, Y-axis, origin, abacissa, ordinate

4. Properties of quadrants

5. Points on an axis and the origin
6. Plotting points, given ordered pairs

B. Graphs of Linear Systems

1. Linear equations in two variables

(Ax + By + C = 0, where A and B are not both 0)

2. Solution set for an equation in two variables

3. Graph of solution set
a. Lines parallel to an axis

b. Lines in general

4. Equivalent equations

C. The Slope-Intdrcept Form

1. y-form: y = mx + b

change in.vertical distance
2. slope change in horizontal distance

3. Finding slope
a. Given tao points
b. Given equation

4. Graphing linear equations
5. Parallel lines

D. Writing Equations for Lines, when given

1. Slope and y-intercept
2. Two points
3. One point and parallel line
4. One point and y-intercept
5. Slope and x-intercept
6. x-intercept and y-intercept

E. Systems of Linear Equations

1. Compound sentences using connective "or"

a. Conditions for the sentence being true

b. Solution set
c. Graph

2. Compound sentences using connective "and"

a. Conditions for the sentence being true

b. Solution set

3. System of equations
a. Solution set
b. Consistent and inconsistent systems
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Chapter VI Linear Systems

F. Solving Systems of Equations

1. Equivalent systems
2. Elimination method

a. Adding or subtracting
b. Multiplication required

3. Substitution method

G. Solving Verbal Problems

1. "number" problems
2. "age" problems
3. "rate" problems

4.0+
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Chapter VII Polynomials

A. Powers

1. Definition and examples
2. Exponential and expanded form
3. Multiplication of powers
4. Division of powers
5. Raising a power to a power
6. Zero as an exponent
7. Negative exponents (optional)

B. Polynomials in tne variable

1. Inductive development of definition of a term
2. Formal definition of a term
3. Using terms as building blocks to construct polynomials
4. Definition of polynomials
5. Types of polynomials
6. Ordering polynomials (ascending, descending)
7. Degreesof a polynomial in one variable

e

Operations with Poqnomials

1. Addition of polynomials
2. Subtraction of polynomials

a. Finding the opposite of a polynomial

3. Multiplication of polynomials
a. Multiplication product cmpared to the area of a rectangle

4. Division of polynomials
a. Division by a monomill
b. Division by a polynomial
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Chapter VIII Factoring Polynomials

A. Common Monomial Factors

1. Finding the greatest common factor
2. Factoring out common factors
3. Polynomial products compared to the area of a rectangle

B. Special Products and Factoring

1. Squaring binomials
a. Perfect square trinomial pattern
b. Short cut for squaring a binomial

2. Multiplying the sum and difference of two quantities
a*. Product pattern

Factoring perfect square trinomials
a. Recognizing a perfect square trinomial

4. Factoring the difference of two squares
a. Recognizing a difference of two squares

5. Multiplying binomials by sight

C. Factoring Quadratic Trinomials

1. Trinomials of the form ax
2
+ bx + c (a = 1)

a. Factoring clues: signs and coefficients
bi Terms of a quadratic trinomial
c. Random drill on factoring

2. Trinomials of the form ax + bx + c (a # 1)
a. Trial and error approach
b. Factoring by rewriting the trinomial as a polynomial of

four terms

D. Factoring Completely

1. Reducible and prime polynomials, definition and recognition

E. Solving Quadratic Equatiohs

1. Factors whose product is zero
2. Steps for solving quadratic equations
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CAI COURSE CONTENT

GENMA

Chapter Topic

Equations

II Negative Integers

III Division of Whole
Numbers

IV Decimals

V Fractions

VI Ratio and Proportion

VII PercPnt

VIII Formulas

IX Geometry

X Measurements

XI Graphing

a.

cf.

S

=. _
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Chapter I Equations

A. Number Sentences,

1. True
2. False

3.' Open
a. Given the selector set choose the solution
b. Construct an open sentence given the "parts"
c. Find the solution for open sentences

B. Equations

1. True equations
2. Solution from a selector set
3. Find the solution of
4. To solve

Equivalent Equations of the Form n + a = b, b > a
n = b - a

1. Generalization (subtract same number from both sides)
2. Variable in either member .

3. Equations with 3 terms in one member
i.e. a +,b + n = c, such that a, b > o c > a +

Equivalent Equations of the Form n - a = b a >.o, b > a

1. Generalization (add the same number to both sides)
2. Variable in either member
3.. Equations with as many as.4 terms in one member with the

coefficient of the variable understood as 1. The operations
. between the constants are either + or -'and the-sums,*,
differences and solutions are always positive-integers.

E. Equivalent Equations of the Form ax = 0 where a, b e N, implies a
divides b.

1. Generalization (diVide both sides.by the same natural number)
2. Solve more using the generalizaiion

, F. Solving Equations of the' Form 1 n = b "a, b N
a

1. Given the selector-set
' 2. Use equivalent equations to. solve (generalization)
3. Solve more of same using equivalent equation

G. Solving Equations of the Form tn = c, a, b, c e implies a
divides bc

.1. Use above generalization to solve
2. Drill on multiplicative inverses

0
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Chapter II

A. Number Line .

1. "Up and back" language using arrows
2. Negative and positive numbers on the number line

3. Multiples of 10 between [-40, 40]
4. . Removal of number line as "crutch"

143

Negative Integers

B. Shortened Notation - Mathematical Symbols

1. Start in positive region
2. Start in negative region
3. Calculating sums and differences of signed numbers whose

absolute value < 100

C. Solving Equations with Negative Integers

1. Refresher of previous generalization (subtract from both sides)

2. Solving equations whose'solution is > -50, and < 50

3. Solving equations with negative and positive solutions using

numbers of larger absolute value

Solving Equations by Addition

1. Adding the same variable to both sides
i.e., a - n = b vs n - c = d

Football GamePositive and Negative Numbers

1. Drill in adding signed numbers
a. Given addends alike so that better students might

'intuitfvely "See" multiplication .

Multiplying Positive, and Negative Integers

1. Vsing.Vectors to show like addends-with ultimate discovery
being short-cut of adding

2. Findipg products of's.igned numbers using parentheses to

indicate multiplication

`tI
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Chapter III,

A. Methods

1. Repeated subtraction
2. Common division algorithm

.\

4

Division of Mple Numbers
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Chapter IV
Decimals

A. Introduction of Place Value

1. Use of abacus to show place value

2. Reading and writing place value; reference to abacus,.

B. Comparison of Decimals

1. Equivalent decimals

2. Finding the,largest decimal of a group

3. Remedial work using abacus

C. Rounding of Decimals

D. Placing Decimals in Value Order

E. Adding' Decimals

F. Subtracting Decimals

1. Using abacus

2. Inventory

G. Multiplying and Dividing Decimals

1. Remedial work
2. Achievement tests

H. Verbal Problems with Decimals

1. Emphasizing equations

2. 1st stage (addition and subtraction)

3. 2nd stage (multiplication and division)

3. 3rd stage (combination of 1st and 2nd stages)
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Chapter V Fractions

A. Equi valent Fractions

1. Geometric representation
2. As parts of a given set
3. Given five elements in a set of equivalent fractions, type the

next three elements
4. Using the property of 1 to relate equivalent fractions
5. Use of the lowest terms fraction to name the set
6. Give the lowest terms equivalent fractionforagiven fraction
7. Location of points on the number line that name an infinite

set of equivalent fractions

B. Number Line

1. Given the whole number scale on top the student labels the
number line by halves, thirds, fourths, eights, etc.

2. Type the fraction for various points given on the scale
3. Whole numbers written as rational fractions with different

denomi nators

C. Adding and Subtracting Fractions

Adding like fractions on number line (equation context)
2. Subtracting like fractions on number line (equation content)
3. Finding sums and differences of unlike fractions using

equivalent fractions

D. Mixed Numbers

1. Solving equations by multiplication
2. Solving equations by division
3. Improper fractions

E. Common Fractions and Decimals

1. Fractions to decimals
2. Decimals to fractions
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Chapter VI
Ratio and Proportion

A. Establishing Comparisons Between Two Quantities

1. Definition of ratio as a comparison

2. Comparing numkers of objects, using displays

3. Comparing lenTths of line segments

B. Expressing Ratios as Fractions

C. Using Rttios to Express Rates

D. Definition of Equivalent Ratios

1. Associate correct display with given ratio

2. Demonstration ofj"property of one" to write equivalent ratios

E. Definition of Propo tion

1. Testing for propçrtions, using cross products

2. Solving proportl ns for the unknown term

3. Verbal problems involving proportions

11.000.1171.
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Chapter VII Percent

A. Percent, Fractions, and Decimals

1. Writing percent as a fraction (hundredths)
2. Writing percent as a decimal (hundredths)
3. Writing fractions as decimals, percents, ratios

B. Verbal Percent Problems

1. Percent and fractional equivalents
2. Using equations to solve percent problems

a. Interest
b. Discount
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Chapter VIII Formulas

A. Evaluation Expressions

1. Using of displays for counting
2. Substituting fixed values in variable expressions

a. Simple single variable expressions
b. Variable expressions with coefficients and order of

operations

B. Oeveloping Formulas by Induction

1. Inductively arrive at a formula given data on the variables
2. Given data for two variables, solve a formula for remaining

variables
3. Evaluating formulas, arranging data in tabular form
4. Writing formulas from data given in tabular form
5. Evaluating formulas with second degree terms and factors
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Chapter IX

A. Space Figures

1. Introduction
2. Defining and identifying faces, vertices, edges
3. Constructing three space figures

a. Tetrahedron
b. Pentagonal Prism
c. Square Pyramid

4. Compiling data from models
a. Counting faces, edges, vertices

5. Development of Euler's Formula

Geometry

B. Plane Figures

1. Defining and identifying regions (closed areas),
meets (ver'tices) and paths (side segments)

2. Developing and applying a form of Euler's Formula for plane
figures

3. Properties of plane figures
a. Inside - outside
b. Open - closed
c. Convex - not convex

C. Linear Figures

1. Defining line, line segment, ray
2. Property of being infinite

D. Recognizing Figures as Linear, Plane or Space

-z

E. Angles

1. Naming
2. Measuring
3. Drawing
4. Comparing
5. Grouping

a. Acute
b. Right

c. Obtuse

Perpendicular and Parallel Lines

G. Triangles

1. Grouping
a. Right, obtuse, acute
b. Equilateral, isosceles, scalene

2. Sum of the angles
3. Altitudes
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Chapter IX

H. Polygons

1. Quadrilaterals
a., Square
b. Rectangle
c. Parallelogram
d. Trapezoid

2. Pentagon
3. Hexagon

151

Geometry

Constructions with Compass and Straight Edge

1. Review ofIcircle and arcs for work with compass
2. Copy a given angle
3. Construct a triangle given 3 sides
4. Construct the bisector of a given angle
5. Construct a triangle given 2 sides and the included angle
6. Designs
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Chapter X
0

Measurement

A. Introduction to Measurement

1. Types of measurement
2. Everyday use of measurement
3. Measuring devices and uses

B. Linear Measure

1 . Uni t conversi on

a. Table of linear measures
b. Equivalent linear measures

Line segments
a. Measuring
b. Congruency

3. Ari thmeti c operations

a. Adding the measures of line segments for total length
b. Converting measurements to

mixed units'
decimal equivalents
fractional equivalents

c. Verbal problems

C. Introduction to the Pythagorean Theorem

0. Area Measure

1. Unit conversion
a. Table of area measures
b. Equivalent area measures

2. Fi nding area

a. Square regi ons
b. Rectangul ar regi ons

3. Total area
a. Rectangul ar sol ids

E. Cubic Measures

1. Table of cubic measures
2. Equivalent cubic measures
3. Finding volume of rectangular sol ids

F. Circles

1 . Ci rcumference

2. Area

G. Weights and IThy Measures

1.
0 Table of weights and dry measures

2. Finding equivalent weight and dry measurements
3. Verbal problems
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Chapter X Measurement

153

H. Time Measure

1. Table of time measures
2. Finding equivalent time measurements

3. Arithmetic operations with time measurements

4. Finding time differences

5. Verbal problems



154

.1 GENMA

Chapter XI

A. Introduction to Graphs

1. Definition and use of a graph (to represent data)

2. Identirying types of graphs
a. Picture graph
b. Bar graph
c. Line graph
d. Circle graph

B. Picture Graphs

1. Use of picture graph to introduce parts of a braph

a. Title
b. Legend A

c. Scale as a ratio

2. Reading a picture graph having a 1:1 scale
a. ComparisOn of data by noting length ofrow
b. Reading data by counting symbols

3. Reading a picture graph not having1:1 scale
a. Using ratios to condense data s'

b. Given a ratio,determine number of symbols needed to
represent data and vice...versa

c. Comparison of data
d. Using the scale to interpret data

Graphing

C. Bar Graphs

1. Introduction to urts
a. Horizontal scale and units

b. Vertical scale and units

2. Reading a bar graph having a unit vertical scale

a. Comparison of data
b. Interpretation of data

3. Reading a bar graph having a vertical scale of multiple.units

a. Reading subdivisions of the vertical scale

b. Comparison of data
c. Interpretation of data

Line Graphs

1. Transition from bar to line graph
2. Discussion of vertical and horizontal scale and units

3. Reading line graphs
a. Interpreting data
b. Comparing data
c. Noting trend,
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Chapter XI

E. Circle Graph

1. Review of center and degrees. (as percentage) f total circle

2. Use of parts of the circle to represent data ,

a. Comparison of data by/Comparison of areas of circle

b. Setting up proportions between fraction of data and frac-

- tion of circle
c. Settlng up proportions between percent of data and percent,

of,ciftle

3. Reading a-,Circle graph

GENMA

A
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Graphing

Symbd1S of Value Order

1. >, =
2, Comparing values

ComparingenuMerical expressions

4. Value order with reference to position on number line

Addition Property of inequality
8olving ineqUalitie4s. of the form

el. -/n - al< -a >

2. n.-'a <.b,: ,a < 0-
e

H. Multiplication,Property'.of Inequality

1. Finding the solutions to open.inequalities.

2. SolVing inequalities of the form

a. a n > b, a > 0

b. a n > b,. d.< 0

I. Solving.Inequalities
y

.1, Using both tbe-addition and multiplication properties `Of'

inequality . .

2. Defining <, >

3. Given a s-eleTtor 'Set or a number line, choosing,a solution set

J. Graphing Inequalities on a NuMber Line

K. Developing Two-Variable Equations

1. Recognizing patterns
2. .Completing tables
3.- Developing "rule" from table of two variables

JMIN-SAfte mega.
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Chapter XI

I.

GENMA

Graphing

L. Graphing Ordered Pairs

1. Definition of ordered pairs
2. Writing ordered pairs in the form (x,y) from tables of two

vari abl es

3. Introduction of horizontal and vertical axes

4. Plotting points
5. Naming the coordinates, given a point on the coordinate plane
6. Naming the point, given the coordinates on a coordinate plane

M. The Battleship Game

N. Multiplying Signed Numbers

1. Positive x positive = positive
2. Negative x positive = negative
3. Negative x negative = positive
.4. Tabling values and plotting points. for,Aiiitions of the form

a.. x = ay where a.= -1

b. x = ay where a < 0

Graphing Linear Equations

1. Developing tables of ordered pairs from, a linear equation
2. Recognizing the.graphiof a given equation
3. Recognizing the equation of a gjiven.graph

a.
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Key to Flowchart - Organization of a Chapter

--1. Fro inteoduction to terminal procedures or f revious chapter.,

2. Block

3. Block n.

4, Chapter Review Test.

5. Student performance reported.

6. Signed off..

7. Signed on .

8. Chapter Review Test and Chapter Test the same day? If yes, go to 6.
If no, go to 9.

9. Chapter Test .

10. Student performance reported.

11. Want review question same day as Chapter Test? If yes, go to 12.
If no, go to 13.

12. Review questions of previous chapters.

13. Signed off..

14. Signed on .

15. Chapter Test and next chapter the same day? If yes, go to 13. If

no, go to 16.

16. Review questions answered? If yes, go to 18. If no, go to 17.

17. Review questions on previous chapter.

18. Teacher option: Should studeni review portions of chapter? If yes,

go to 19. If no, go to 20.
,

19. Skip routine to access blocks wittrin*chapter.

20. Next chapter.
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ORGANIZATION OF A CHAPTER

3
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Key to Flowchart - Organization of an Instructional
Bl ock

1. Preskills test on block(s).*

2. Criterion met? If yes, go to 4. If no, go to 3.

3. Remedial and/or review.

4. Option to take pretest. If yes, go to 5. If no, go to 8.

5. Pretest on block(s).*

6. Criterion met? If yes, go to 7. If no, go to 8.

7. Next block not covered by pretest.

8. Instructional material (See Appendix E.3).

9. Off-line assignment mode.

10. Out-quiz on block(s).*

11. Criterion met? If yes, go to 12. If no, go to 13.

12. Next instructional block or chapter review test..

13. Number of iterations of out-quiz. If 1st iteration (A), go to 17.
If 2nd iteration (8), go to 15. If 3rd iteration (C), go to 14.

14. Teacher informed of third failure of out-quiz. Go to 12.

15. Teacher informed. May assign additional off-line activity. If yes,
go to 16. If no, go to 17.

16. Teacher assigns off-line material.

17. **Option routine. Go to 8. or 10. (Stuaent's options)

*Any one or more of these may not exist for a given block.
**Only executed after first iteration of block.
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Key to Flowchart - Instruttional Matérial

1. Instruction frames. (Topic 1)

2. Assignment loaded.

3. Practice frames. .(Topic 1)

4. Instruction and practice frames. (Topic 2)

5. Summary frames.

6. Sign off.

7. Failure to meet out-quiz criterion.

8. Options routine to access components of instructional material.
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,

NON-NORMED ACHIEVEMENT. TEST
FOR GENERAL MATHEMATICS
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TEST ON GENMA - FORM II

Lars C. Jansson

The Pennsylvania State University

Please do not write anything in/this test booklet.

items and you have 40 minutes in which to complete it.

marked on the separate answersheets. Scratch paper is

putation you need to do.

Do not begin until, your teacher tells you to do so.

167

This test contains 33

All answers are to be

provided for any coen-
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MARK YOUR ANSWERS ON THE, SEPARATE ANSWER WET

Add the following: 17.43

23.72
7

a) .4115

b) .3115

c) 40.15

'd) 41.15

2. Choose the greatest number
among those given below.

a) /36:009

b) 36.128

c) 36.093

d) 36.1128

3. Subtract: 10 -

,a) 50

b): 5

c) 2

d) -5

Divide; 32) 2016

a) 125

b) 66

c) 63

d) 62

z

6 - 8 + 2 3 =

a) 3

b) 1

c) 0

d) -3

6. A posi ti ve number mul ti plied

by a negative number gives

a) a positive number

b) a negative number

c) a positive or negative
number

d) cannot tell

7. Fill' in the box:

al 3

?) 2

c) 1

d) none of these

8...Fill in the box;

a) 16

b) 10

cl 6

d) 4

5 x 0 = 15

0 - 2 = 8

GO ON TO THE NEXT PAGE



MARK YOUR ANSWERS.ON THE SEPARATE,ANSOER SHEET'

Subtract.*the following: 11.18
-2.03

a) 9..15

b) 8.15

c) 8.95

d) 10.05

10. Last Saturday Joe was paid
$4.20 for working 3.5 hours.
How much was he paid per hour?

'a) $1.10

*b) $0.11

c) $12.00

d) $1.20

11. Round off the following decimal
to the nearest tenth: 33.578

ID.
a) 33.57

, 12
b) 33.58 a) ---2-

c) 33.6 4

d) 33.5 -
b), f

7c) T
12. Add the following: 3.05 + .017 ,

:1

[4,

14. Multiply the following:
3.15 x .01

a)-
b) .0315

c) .315

d) 31 5
;

d) 3
a) .322 '

_b) 3.22

c) 3 067

d) 3.220

GO ON TO THE NEXT PAGE
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4t-

MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

116. Give the mixed number for 13-

2b) 3

1c) 4

5d), 2 -5

17. 5 . 2

a)

b)

c)

6

1 0

21-

3 5

d) none of these

18. Change .37ii a common fraction

'a)

b)

c

d)

3
..r

2

5

1

1,.

/

4

,/

Millwo d has-a population of
3651 anchDeepda1 e has a popu-
1 ati on ql 2602. Whdt is the
ratio of Deepdale's population
to Mill,wood.`r?

a) 2651 to 2602/
b) 2602 to 3651

c) /2602 to 6253
d) 1049 to 2602

20.
/
/Find n:

7 a) 2 -

b) 3.

c)': 4
, d) 5 ,

321. Change 'the fraction 7- to a
.decimal. Round your answer
to 3-ettcimal places.

a) .285

b) .286

c ) :428

d) .4.29

4

22. 5herry.walks 3 miles in 45
mi nutes . How long woul d it
take her to walk 8 miles?

a) -135 minutes

b).. 24 minutes

c) 360 minutes
, .

d) 120 minutes

GO ON TO THE NEXT PAGE
-

....ma..., movi
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NON-NORMED ACHIEI1E4NT-.TEST
FOR ALGEBRA
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TEST ON ALCEB - fORM II

Edward C. Beards lee and Lars C. Jansson

Directions: Do not mark anything in your test booklet. Answers are to be
recorded on the -separate answer sheet. You will be provided with scratch
paper for computation. This is a 40 minute test containing 32 items.

Do not begin until the teacher tells you to do so.
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MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

1. Find the value of the following: (-3) x (-11) + 7 = ?

(a) 40
(b) -26
(c) 12
(d) -12
(d) 26

2. John got 15 correct answers out of 20 questions on a spelling teit.

What percent did he get correct on the test?

(a) 75%
(b) 15%
(c) 50%
(d) 60%
(e) 80%

3. Find the following sum: (-5) + 6 + (-9) =

(a) 11

(b) -23
(c) -13
(d) 13
(e) -11

3 n
If 4- and y and equivalent fractions then n is?

(c 9

(d) 27

(e) 30

GO ON TO NEXT PAGE



MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

5. Evaluate the following the rules for the order of operations:
26 - 3 x 6 2

(a) 17
(b) 69
(c) 35
(d) 22
(e) 4

6. 7 xxyy
(a) 7xy
(b) 72y
(c) 7xy2
(d) 7)(23/3

(e) 7xy3

7. Which of the following properties is illustrated by the statement:
2(x + y) = (x + y)2

(a) commutative (addition)
(b) associative (addition)
(c) distributive
(d) commutative (multiplication)
(e) associative (multiplication)

8. For all values of the variables: 0(a) = 1(x) = ?

(a) a
(b) x
N a + x

0

(ei 1

Complete the following sentence to make it true:
-7 ? -5

1:$1 b<oth >. and <
>
=

(e) all of the above GO ON TO THE NEXT PAGE

177
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MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

10. A = {1,2,3,4}
B = {3,4,5)

A u B = ?

(a) (Counting numbers less than 7)
(b) {4,5,6}

(c) {1,2,3,4,5}

(d) {3,4,5,6,7}

(e) none of the above

11. Find the reciprocal (multiplicative inverse) of

11
(a) 14 (d)

(b) (e)

(c) 11

12. Alice found that b books were missing from the library shelf.
Usually there are 127 books. How many are there now?

(a) (127b) books
(b) (127-b) books
(c) (127 + b) books
(d) (b - 127) books
(e) b books

13. B = {xlx < 7, xcD}
D = {odd 'Counting numbers}

(a)
(b)

(c)
(d)

(e)

{1,3,5}
{1,2,3,4,5,6,7}

{1,3,5,7}
{1,2,3,4,5,6}

(1,3,5,7,9)

. GO ON TO NEXT PAGE
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MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

14. If A = 2(ab + ac + bc), find A when a=3, b=6, and c=4.

(a) 26

(b) 66
(c) 108
(d) 13
(e) 54

i

15. While one of the following sets is closed under addition?

(a) {0,1,2}
N

1

(b {counting numbers between 5 and 100}

( {counting numbers less than 100}
(d {odd counting numbers}
( {even counting numbers}

16. Find the value of x which satisfies the equation:
5x - 4 = 3x + 10

17. Simplify the following: (a2b3)5

(a) aeb7 (d) a5b5

(b) a7be (e) a"b15

(c) a2b3

GO ON TO THE NEXT PAGE



MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

18. Find the slope of the straight line with the equation:
y = -2x + 3.

(a) 1

(b) -3

(c) 2

(d) 3

(e) -2

19. Which of the given properties is a property of the rational numbers
but not a property of the integers?

(a) Additive Identity
(b) Comutative (multiplication)
(t) Mul tiplicati ve inverse

(d) Associative (Addition)
(e) Mul tiplicati ve Identi ty

20.

Assuming that x represents a counting number, which of the following
describes the indicated set?

(a) {xlx > 5 and x < 10}

(b) {xlx < 5}

(c) {xlx <10}

(d) {xlx < 5 and x > 10}

(e) {xlx > 5}

21. For any real number K, the graph of y = K is which kind of line.

(a) vertical

(b) horizontal

(c) oblique
(d) the graph is a point not a line
(e) none of the above

GO ON TO THE NEXT PAGE
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MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

2.22. Express the following as one fraction: + +
y z

3y
3yz + 2xz + 3xy +\2xy

(e 8
xyz

(c) x+z
y

)
z xyz

to 18

xyz
( d )

. 8 \
x + y + z

23. Find the solution set for the inequality: 3 x > 8

(a) {xlx > 111

(b) {xl -x > 11}

(c) {xlx > 5}

(d) {xlx < -5}

(e) {xlx > -5}

24. Add the following polynomials: (4x + 5x2 - 3) + (8x - 3x2

(a) 14x - 3

(b) 2x2 + 12x - 3

(c) 8x2 + 12x - 3

(d) 14x2 -3

(e) llx

25. Reduce to lowest terms: 11.Y2 - 8y
. y 0

12y '

(a) (d) 4y2 - 2

3 3

(b) Y2 _=_J1K (d)
3y 3

(c)
3y

26. An equation of the form Ax + By + C = 0 where A and B are not
both zero is a

,/

(a) teilm

(b) quadratic equatton
(c) polynomial equation
(d) linear equation
.(e) none of the above

GO ONTO THE NEXT PAGE

= ?
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MARK YOUR ANSWERS .ON THE SEPARATE ANSWER SHEET

,)

27. Choose the rational number, R, which makes the following statement true.

3 4

< 411F

5
(d> R =

(e) none of the above

28. Multiple the following: Assume that no denominator takes on the '

value zero.

3x3 - 3y3

x - 3y

(x + y)2

3x3 - 3y3

3x - y

3x + 3y

x - y

2 2

(d)
x - y

(e)
x - y

at

29. Multiply the following: (30) (6 + 2x - 3x2

(a) 180 + 6x4 - 9x5

1

b) 18 + 6x - 9x2
c) 150
d) 180 - 9x5 + 6x4
e) None of the above

30. Divide (12x2.- 5x 3) by (3x + 1)

(a) 4x + 1

ilx + 1e4x

- 3
x - 1

4x + 3

= ?

GO ON TO THE NEXT PAGE



MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

31. Find.,the value of RP where k is a non-negative real number.

a

2

bi' 4kie

32.

e) k /i
Multiple: 3' (512. + 7

(a) 105/76

(b) .36/7

(c) + 7AT

(d) 15IT + 2111-8-

(e) 15v9 + 211-6-

THE END

YOU MAY GO BACK TO ANY PART OF T E TEST AND CHECK:YOUR WORK
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Attitude Toward Matffematiss
(Form B)

Marilyn NiSuydam and Cecil R. Trueblood

The Pennsylvania State University

This is to find out hisw you feel about mathematics. You are to read each
statement carefully and decide how you feel about it. Then indicate your
feeling on the answer sheet by marki#:

A if you/strongly agree
B - if you agree
C - if your feeling is neutral
D. - if you disagree
E - if you.strongly disagree

1. Mathematics often makes me feel angry.

2. I usually feel happy when doin/ mathematics Problems.

.3. I think .my mind works well when.doing mathematics protilems.

4. When I can't figure out a problem, I feel as though I am lost in a mass
of words and numbers and can't find my way out.,

5. I -avoid mathematics,. because I am not very good with numbers.

6. Mathematics is an interesting subject'.

7. mind goes blank and I am unable to think clearly wheriworking
mathematics problems.

8. I feel sure of myself when doing mathematics.

9. I sometimes feel like running away from my mathematics problems.

10. When I hear the word mathematics, have a feeling of dislike..

11. I am afraid of mathematics.

12. Mathematics is fun.

(M. I like anything with numbers in it.

14. Mathematics problems often scare me.

15. I lly feel calm when doing mathematics problems.

18. I eel good toward mathematics.

17. Ma hematics tests always seem difficult.

18. I think about mathematics problems outside of class and like to work theM
out.

19. Trying to work mathematics problems makes me nervous.

20. I have always liked mathematics.



21. \ I would rather do anything else than do mathematics.
22. \iMatheinatics is easy for me.. \
23. \I dread mathematics.

24. I feel especially capable when doing mathematics problems.
25. Mathematics class makes me look for, ways of using mathematics to solve

problems. /
26. 'Time drags in a inathematics lesson.
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ATTITUDE TOWARD COMPUTER-ASSISTED INSTRUCTION SCALE
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Attitude Toward Computer Assisted Instruction

Revised by Marilyn N. Suydam

The Pennsylvania State University

This is to find out how you feel about CAI. You are to read each state-
ment carefully and decide how you feel about it. Then indicate your feeling

on the answer sheet by marking:

A - if you strongly agree
B - if you agree
C - if your feeling is neutral
D - if you disagree
E - if you strongly disagree

1. CAI helps me to learn quickly.

2. I prefer CAI to regular instruction.

3. I find myself just trying to get through the material in CAI, rather than
trying to learn.

4. CAI makes me feel like doing my best work.

5. I feel the teacher helps me more in the CAI class than in other classes.

6. I feel there is too much material presented in the CAI course.

7. I feel that no one really cares whether I learn or not on CAI.

8. My feeling about the material was better before I was on CAI than it is
now.

9. I feel as if I have a teacher just for me when I am on CAL

10. I enjoy doing the assignments for my CAI class.

11. The CAI material seems to be planned just for me.

12. I would be happier if a teacher checked my progress more often as I work

at the terminal.

13. I feel as if someone is talking with me when I am on CAI.

14. I would like to take all my courses using CAI.

15. I pay more attention to using the terminal than to learning the material .

16. I am worried that'i might not be understanding the material in CAI.

17. I would rather learn without CAI.

18. I enjoy working at the terminal.

19. I feel that CAI is a waste of time.

20. I feel I can work at my own speed on CAI.

21. Working at the terminal becomes-boring.
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22. The CAI material moves too slowly for me.

23. I feel satisfied with what I learn on CAI.
24. I feel tense when working at the terminal.



APPENDIX M

ATTITUDE TOWARD THE INSTRUCTIONAL SETTING SCALE

FORM B

*
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Attitude Toward the Instructional Setting
(Form B)

Marilyn N. Suydim and Edward C. Beardslee

The.PennsyIvania State University

This is to find out how you feel about this Class. You are to read each-

statement carefully and decide how j feel about itl Then indicate your

feeling on the answer sheet by markt*

A - if you strongly agree
B - if you agree
C - if your feeling is neutral
D - if you disagree
E - if you strongly disagree

1. Anyone who does not take this class is missini something.

2. Too much work is required for this class.

3. The teacher really listens to me in this class.

4. This class is fun.

5. foty work is watched too closely in this class.

6. It is easy to.get help in this class.

7. This class makes me feel that I am important.

8. The slow worker doesn't have a chance .in this class.

9. No one pays any attention to me in this class.

10. I could learn more working at a job than in this class.

11. I find it very hard to work in this class.

12. I wish I could take more classes like this.

13. There are many interesting things to do in this class.

14. If a student does not learn in this class, it is his own fault.

15. I dislike this class more than any other class I have taken.

16. I always know how well I am doing in this class.

17. This class is boring.

18. Nothing is done in this class to keep me interested.

19. This class is great.

20. I like the way the teacher teaches this class.

21. I enjoy doing the work in this class.

22. I cannot learn what I want to'learn in this class.

23. It is hard to pay attention in this 'class.
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24, This class is like a prison.

25. I look forward to coming to this class.

26, I work more with other students in this class than I do in other classes.

27. This class is not worth the time it takes.

28. I feel the teacher does not help me in this class.

29. Time seems to fly in this class.

30. I have no freedom in this class.
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Table,N-1

*Coefficients of Reliability for
Achievement Tests

199

. Reliability Coefficient
School Course Group Pretest Posttest

Non-normed
Achievement , General

. .

Tests 'Pittsburgh ', Mathematics CAI .73

Cohort 7 .69

Philadelphia CAI .59

- Cohort .75

Pitt-tburgh Algebra .CAI .30

Cohort .62-

Philadelphia
,

CAI .45

Cohort .48
gs5b

Normed
Achievement General
Tests Mathematics CAI .87

Cohort .76

Philadelphia CAI

Cohort .70

:.

Pittsburgh Algebra CAI .35

Cohort .58,

Philadelphia CAI .57

Cohort .55

.83

.84

.76

.81

.68

.79

.74
,

.69

.85

'-;82

.64

..69

.70

.78

.71

.68
0
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Table N-2

Coefficients of Reliability for
Attitude Scales

Scale School Course Group

Reliagility Coefficient
Ffrit7 Second ffiliq

, Administration'

Attitude
Toward neral

()CAIMathematics Pittsburgh M themattcs .88 .88 .89

Cohort .92 .94 .93

Philidelphia CAI .89 .92 .93

Cohort .90 .93 .93

Pittsburgh Algebra CAI :92 .91

Cohort .94 .95 .96

Philadelphia CAI ,..93 .94 .95

Cohort .91 .93 .95

Attitu'de

Toward . General .,/

CAI Pittsburgh Mathematics CAI .79 .84 -.87

Philadelphia CAL .86 .86 .87

Pittsburgh Algebra CAI .85 .86 .87

Philadelphia CAI .89 .90

.Attitude
(spring)

Toward,
Instructional General-

Setting Ptttsburgh Mathematics CAI .92

Cohort .92

Philadelphia CAI .93

.
Cohort .94

Pittsburgh Algebra CAI .89

Cohort .95

Philadelphia CAI .94

Cohok .94
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'T

Table N-3

Analysis of-Variance Summary Table for bata from
Non-normed Achievement Test 'for Pittsburgh General Mathematics Groups

,

Source
p.

SS MS d F-ratio Less Than

Between Subjects

Instructional Mode 452.21 452.21 1

Error 6410.64. 42.18 152

Within Subjects
,

Testing 1184.47 1184.47 1

Mode x Testing 189.80 189.80 1

Error 2113.73 13.91 152

Total , 10350.85 307

Table N-4 ,

85.18 .001'

, 13.65 . .001

,,

Analysis' of Variance Summary Table for Data from,
Non-nonned Achievement Test for Philadelphia. General Mathematics Groups

.

Source SS MS df ,F-rätià
P

Less Than

Between Subjects

Instructional Mode 193.24 193.24 1 4:12 .n.i.

Error 11111.80, 46 84 237

Within Subjects .
, 4.,

,

.. Testing 448.47. 448.47 1 14..5.0 .001

Mode x Testing 130.52 130.52 1 4.22

Error 7328.51 30..92 237

Total 19212.54 . 477. .
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Table N-5

Analysis of Variance Summary Table for Data from
Non-normed Achievement Test for Pittsburgh Algebra Groups

Source SS MS df F-ratio Less Than

stween Subjects

Inttructional Mode
,

294 95 294.95 1 14.20 .001

Error 5027.93 .20.78 242

Within Subjects

Testing 1674.62 1674.62 1 190.32 .001

Mode x Testing 182.06 182.06 1 20.69 .001

Error 2129.32 8.80 242

Total 9308.88 487

Table N-6

Analysis of Variance Summary Table for Data from
Non-normed Achievement Test for Philadelphia Algebra Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 1034.65 1034.66 1 39.23 .001

Error 7042.47 26.38 267

Within Subjects

Testing 4351.12 4351.12 1 247.49 .001

Mode x Testing 390.68 390.68 1 22.22 .001

Error 4694.21 17.58 267

Total 17513.13 537
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Table N-7

Analysis of Variance Summary Table for Data from
Norfned Achievement Test for Pittsburgh General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 650.36 650.36 1 8.61 .004

Error 11487.20 75.57 152

Wi thin Subjects

Testing 559,17 559.1 7 1 26.31 .001

Mode x Testing 20.57 20.57 1 < 1.0 n.s.

Error 3230.76 21.26 152

Total 1 5948.06 307

Table N-8

Analysis of Variance Summary Table for Data from
Normed Achiekfement Test for Philadelphia General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 232.24 232.24 1 5.28 n.s.

Error 1 0422.30 43.98 237

Within Subjects
Testi ng 254.81 254.81 1 1 0.28 .002

Mode x Testing 14.76 1 4.76 1 < 1.0
Error 5876.93 24.80 237

Total 1 6801.04 477
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Table N-9

Analysis of Variance Summary. Table for Data from
Normed Achievement Test for Pittsburgh Algebra Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 1063.77 1063.77 1 41.22 .001

Error 6245.27 25.81 242
,

Within Subjects
Testing 1249.92 1249.92 1 105.02 .001

Mode x Testing 7.24 7.24 1 < 1.0 n.s.

Error 2880.34 11.90 242

Total 11446.54 487

Table N-10

Analysis of Variance Sumary Table for Data from
Normed Achievement Test for Philadelphia Algebra Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 334.23 334.23 1 10.15 .002

Error 8794.23 32.94 267

Within Subjects
Testing 1956.65 1956.65 1 102.22 .001

Mode x Testing 33.34 33.34 1 1.74 n.s.

Error 5111.01 19.14 267

Total 16229.46 537
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Table N-11

Analysis of Variance Summary Table for Data from
Attitude Toward Mathematics Scale for Pittsburgh General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 219.50 219.50 1 < 1.0 n.s.

Error 51136.40 506.30 101

Within Subjects

Testing 17592.70 8796.36 2 55.21 .001

Mode x Testing 1604.73 802.36 2 5.04 .007

Error 32181.90 159.32 202

Total 102735.23 308

Table N-12

Analysis of Variance Suumary Table for Data from
Attitude Toward Mathematics Scale for Philadelphia General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Instructional Mode 2384.42 2384.42 1 5.24 n.s.

Error 67801.90 455.05 149

Within Subjects

Testing /71- 32185.20 16092.60 2 83.04 .001

Mode x Testing 8952.34 4476.17 2 23.10 .001

Error 57749.80 193.79 298

Total 169073.66 425



Table N-13
A

Analysis of Variance Sunmary Table for Data from
Attitude Toward Mathematics Scale for Pittsburgh Algebra Groups

MS df F-ratio Less Than

Between Subjects

Instructional Mode 787.76 787.75 1 1 .48 n.s.

Error 102888.00 533.10 193

Within Subjects
Testing 13281 .40 6640.68 2 45.26 .001

Mode x Testing 748.79 374.40 2 2.55 nes.

Error 56635.90 146.73 386

Total 174341.85 584

a9rable N-14

Analysis of Variance Summary Table for Data from
Attitude Toward Mathematics Scale for Philadelphia Algebra Groups

MS df F-ratio Less Than

Between Subjects

Instructional Mode 247.94 247.94 1 < 1.0 n.s.

Error 123451 .00 605.15 204

Within Subjects
Testi ng 1808.43 904.21 2 5.05 .007

Mode x Testing 3262.44 1631,.22 2 9.11 .001

Error 7302650 178.99 408

Total 201796.31 617
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Table N-15

Analysis of Variance Summary Table for Data from
Attitude Toward Computer Assisted Instruction
Scale for Pittsburgh General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Error

Within Subjects

Testing

Error

Total

30101.70

6195.16

33317.50

69614.36

501.70

3097.58

277.65

60

2

120

182

11.16 .001

Table N-16

Analysis of Variance Summary Table for Data from
Attitude Toward Computer Assisted Instruction

Scale for Philadelphia General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Error 38245.70 347.69 110

Within Subjects

Testing 2506.20 1253.10 2 14.95 .001

Error 18440.50 83.82 .220

Total 59192.40 332
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Table N-17

Analysis of Variance Stmmary Table for Data from
Attitude Toward Computer Assisted Instruction

Scale for Pittsburgh Algebra Groups

s

Source SS MS df F-ratio
P

Less Than

Between Subjects

Error 44468.60 313.16 142

Within Subjects

Testing 5421.71 2710.85 2 40.10 .001

Error 19197.00 67.59 284

Total 69087.31 328

Table N-18

Analysis of Variance Smary Table for Data from
Attitude Toward Computer Assisted Instruction

Scale for Philadelphia Algebra Groups

Source SS MS df F-ratio
P

Less Than

Between Subjects

Error

Within Subjects

Testing

Error

Total

95593.60

107440.00

131621.00

334654.60

620.74

53720.00

427.34

154

2

308

464

125.71 0301

t
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Table N-19

Analysis of Variance Summary Table for Data from
Ability/Achievement Tests for Pittsburgh

General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Ability 280.33 280.33 1 7.08 n.s.

Error 871.58 39.62 22

Within Subjects

Achievement 330.75 330.75 1 32.89 .001

Ability x Achieve-
ment 12.00 12.00 1 1.19 n.s.

Error 221.25 10.06 22

Total 1715.91 47

Table N-20

Analysis of Variance Summary Table for Data from
Ability/Achievement Tests for Philadelphia

General Mathematics Groups

Source SS MS df F-ratio Less Than

Between Subjects

Ability 519.30 519.30 1 20.91 .001

Error 745.19 24.84 30

Within Subjects

Achievement ' 206.64 206.64 1 7.04 n.s.

Ability x Achieve-
ment 6.75 6.75 1 <1.0 n.s.

Error 881.11 29.37 30

Total 2358.99 63
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Table N-21

Analysis of Variance Sumary Table for Data from
Ability/Achievement Tests for Pittsburgh

Algebra Groups

Source SS MS df F-ratio Less Than

Between Subjects

Ability 144.08 144.08 1 6.85 n.s.
Error 1073.51 21.05 51

Within Subjects
Achievement 627.96 627.96 1 75.33 .001

Ability x Achieve-
ment 84.89 84.89 1 10.18 .002

Error 425.15 8.34 51

Total 2355.59 105

Table N-22

Analysis of Variance Staninary Table for Data from
Ability/Achievement Tests for Philadelphia

Algebra Groups

Source SS MS df F-ratio Less Than

Between Subjects

Ability 112.67 112.67 1 4.77 n.s.
Error 1110.33 23.62 47

Within Subjects 7

Achievement 943.02 943.02 1 61.73 .001

Abil11y x Achieve-
ment 3.93 3.93 1 <1.0 n.s.

Error 718.05 15.28 47

Total 2888.00 97
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Table N-23

Correlation Coefficients for Previous Achievementa with
(Current) Achievement and with Attitudes

CAI Cohort

Achievement/
Previous Achievement

Non-normed Normed

CAI Cohort CAI Cohort

Achievement/
Previous Achievement

Math Att. CAI Att.

CAI Cohort CAI Cohort

Pittsburgh
General
Mathematics 47 26 .71* -.02 .58* .06 .45* -.07 .25

Philadelphia
General

..03Mathematics 61 19 37* .49 .39* .28 .16 -.30

Pittsburgh
Algebra 107 46 44* .42* .57* .47* .26* .37 .02

Philadelphia
Algebra 116 34 .53* .22 .30* .28 .42* .24 .11

a
Previous achievenent is defined by Mathematics Achievement Test Scores

for 1969-70.

*
Significant at p < .01.

1
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Table N-24
--

Correlation Coefficients for Attendance
b
with

(Current) Achievement and with Attitudes

Achielment/Attendance Attitude/Attendance

N, Non-norMed Normed Non-normed Normed

CAI Cohort CAI Cohort CAI Cohort CAI Cohort CAI Cohort

Pittsburgh
General
Mathematics 47

Philadelphia
General
Mathematics 61

Pittsburgh
Algebra '107

Philadelphia
Algebra 116

26 -.21 -.03 -.13 .16 -.30 -.08 -.11

19 .21 -.22 .19 -.29 .19 .26 .19

46 -:05 -.34 -.06 -.26 .13 -.11 .22

34 -.35* 04 -.19 .16 -.25 -.05 -.11 -

fir

.11.

Mb

b
Attendance is defined by number of absences for 1970-71.

Significant at p < .01.



Table N-25

Correlation Coefficients for Number of
Years in School with (Current) Achievement

213

N

Achievement/Years in Sch. Attitude/Years fh Sch.

Non-normed Normed Non-normed Normed

CAI Cohort CAI Cohort CAI Cohort CAI Cohort CAI Cohort

Pittsburgh
General
Mathematics 47 26 -.28 -.17 -.19 .08 -.06 .17 -.03

Philadelphia
General
Mathematics En 19 -.13 -.20 -.31 .09 -.10 .38 -.28

H
Pittsburgh
Algebra 107 46 -.23 -.31. -.16 -.44 -.12 -.25 -.01

Philadelphia
Algebra 116 34 -.07 .08 -.04 .06 .02 -.02 -.16
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Tabl e N-26 .

Correlation Coefficients for Amount of
Time On-1 ine wi th ( Current) Achievement

N

Achievement/Time On-1 ine Atti tude/Time On-1 i ne
Non-normed Normed Math Atti tude CAI Atti tude

Pi ttsburgh

General

Mathematics 47 .17 - .04 .19 .19

Philadelphia
General

Mathematics 61 .04 - .02 - .07 .04

Pi ttsburgh

Al gebra 107 .19 .13 .14 .12

Ph i ladel phi a

Al gebra 116 .11 .02 - .16 .21

-/
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Descriptive Data

The information in this section is obviously subjective, representing the
reactions of those involved in the project: first., the students, and second,
the teachers. Lastly, a brief description of each type of classroom--CAI and
non-CAI is included.

Reactions of Studentsl

I enjoy beag on Line, and it a tot betta than a It.eguta dam.
I tike ma.th bec.au4e ids taught in a vvuj ate/costing way.
A 4tudent 4hout.d be abte .to Atay on tine tonge.A.
I Liked math in a way becawse Lt is nat as bolGing a4 otha 4ubject4
I have.

In a gew pubtems that I don't undaistand, I sleet I need mote hap.
I Like math but 6o m Winos Lt its bolting.

I did not tike math when I am taught by a tea.ckvz. The compu2a4
helped me widaatand and wortk at my own 4peed.

I Like math; it it, On and neat.
I think the c.ouizae 1.4 vvuj good. It atao is un .too. I hope .to
thits couiuse next yea. .

I think it A. good becau4e you. can woith ôt yowt own pace. I t atso
te.ache4 you much betta than a .teacheA..

Woding with .the compu.ta Lo pneitty coot.
Teacheit4 who axe in a hwat.0 Jdten neglect exptain dully to 4.tu-
dents and make .the 4ubject unintauting.
Mathematios has atway4 been a clisificatt 4subject don me. I unda-
4.tand Lt bet-to.:
I do not undvatand math, the kind oti math we get. I eet we
4houtd get to pick what we want.
Teachao do no.t 4pend enough .time with the 4tude.nt individually and
that make4 matitematic.4 hadvt..

I like 12 becawse I do wett. with it...
The computa i6 atmo4t human. It olt.ewaltdo me when I am /Light.

I think I would toize it id I didn't have to.

1
Th

'ese comments have been edited for readability factors such as gramar
and spelling.
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I don't like mathematic4 veity much. When 1 pat teaAn 4ometh1.ng
we go on. I like wsing the Wuninal but I don't. The compwtads
uoice vow intaeating but math 14 not 1.ntme4ting.
I iind I need morce undastanding oisc tine. Much mote. I do not
know whae I am 4uppo4ed to be titt the end. I would like to know
beioxe the end.
Math depend4 on the way you ate tau.gla. It'4 a veity 4.Ateicat2ng
4ubject becawse 1.2 he2p4. you 1.n.mo4t1 th4.ng4 you do.

That ate too many luau you have to\Aprxize.
I Like ma.th 4i.nce L.t .4 intueosting and 4.4 6un and challenging

answa publemis and puzztea.
I 61.nd math a haxd 4ubject, ba I .think that 12 1.4 atso i.nteAuting.
I had an excellent .teacha who made evayth:ing ea4ia to unda4tand.
The only thing wxong all yeax 1.4 at the explaining on Line. Some-
time6 I have 4een iota 4exeen4 Ott oi exptanation4. atha than
that, I Led thio algebra coux4e (on line) 'has been w Sec.t.
I Like it. It doe4 hetp you in eveAy thing you do.

xeatty liked woxking ox 4tudyi.ng ma.thematico. I. wioh all .

the 4ubject4 weite LIke th1.4 one.

I Uke math becau4e ..hex.e. 1.4 alway4 4ometh.ing no; to teem.

The xeason I don't Like it Ls that I can't get the covtect
undezstanding oi the pubtems, even with the teacha.'4 help
4ometi.me6, and when I do think that I undeibstand it I have the
wxong undaotand.ing.*

In xeexence to the quostion that asked about good mathematic4
'4.tudents being wook-woxms; the only /mason that 1t'4 tthuatty time
ia becawse mo.st teaching methods emptoyed today ate xeally axchaic.
tiocoeveit, I do Leel that the. CAI 4y4stem 4.4 vay eiie.ctive. tt has
con.tinued to pxovide motivation and 4timutat1.on th4oughowt the
coux.se and ha4 xeatty boo4ted my /.nte.A.e4t in math.

I did not like math on the computeA too welt becau4e It doe6 not
explain a4 welt ao a teacha. It WA sfun and you could go a4
Last ox a4 410w as you wanted. The tea.cha 4houtd ta you wale
at your!, own xate and not txy to keep you up with othvt.s.
I Like 4ome pax.ts oi math but not too many poxt4. I tooittd xatheA
not team advanced thinge but wait until I get to that 4.tep.
I enjoy doing pxobteng that I do not have txoubte doing. I thinkIt was a good idea to have math on the compatem.

I can not undemtand 42 half oi the time and won't ask Loa help,
becau4e i6 I can .not do it ktith a compaele4 help then the teacheA
4urte won't be ail& to help. And I sfeet that th1.4 computeA has
helped me a &ate moxe than the teacha anduli4h that I had
computem 1.n4tead oi 4ome teacheA4 , I may have done betta.

4
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Mathematica hetp me aee how good 1 am in my bluzin. It 4.4 att ao
much Sun.

Math 4.6 atitight untie you get too many picobtema with tan.ge numbvus
.then Lt get4 bolting and on youA nava.
I Like the computeA math .teaching,--ifun, ea.sivt and it exptaims the
pubtem at youlf. own Ape 1. I have the beat oxides in the computa
math than in any otho :101144 e6 . And 4.45 ifax mite betta than a
teachvi., and I am looking SoltwoAd to next yea/E. Sok algebra on the
compute/L.

1 Weed .thia comae i.n mathematicA moke than othe.t mathematic",
coulusea, becau,se 1 6e12 theite was atwaya aomething I coutd undm-
atand. 16 I did not Am flaw-fly was aomeone who did who could
hetp me.-- Atao them tom oheetAs to hap you. You did not have

atay behind with the otheit. kid s, you weiLe Slue to move on aa
aoon as you undvatood the comae. I thi.nk thi.6 ia what 4ehoot.6
need to help atudenta atong.
1 do not 12ke math at ell bu.t the computa hem made me Vie it a
attte bL.t. It'a head to keep UP with a whole claaa, but .the
computvi. haa made it. ezsieic.

AU and aU'it o the niceo.t and the moat 6un way o6 teaming
and in computvt. math thids yeart. 1 teaaned the moat I have eveit
teoAned.
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Reactions of Teachers in Pittsbutgh
Course Structure

Fox these atudents, pairtd o6 chaptem 1 and 2 in atgebha may not be
essential, but the entae couxae would need to be-xestiumtuxed i6
these weice. deleted,.

Repetitioua dAill and paaai.c.e id needed 604 these student s, tatheA
.than teading a togicol developme.nt aa xequ2AeTirCA1 ALGES. (Some
.tvuninotogy was above the xeading tevet o6 the atudents.) They axe
xece-iving individual inatAuction, but 6tom the teacheA, no.t .the
computeA. It was aasumed that att algebxa atudents could do art.ith-
mai.c.: not att o6 these atudents can. Teatim 1.4 needed .to deteA-
mine axithmetic pxotficiency be6ohe they. take algebta. CAI ALGEB
woutd be mote apphopx.i.a.te 6ox achoota (ahem atuden.ta' heading
abUily is. commenbultate Witit theAx ghade tevet. The 4tudent6 axe
oxivited towaxd one .task at a .ti..me: wad dc,66.4eihu ioit. then to
attoto the atAuctuting and "bh.eakdown by dtepd.

Mote decisions A a CAI pxogxam should be based on student
tea pond ed , wi-th teaa emphasis on 'decision-making' by atudents. They
don'.t Vtize to be totd .that they'xe having tAoubte ox doing pootty:
they'll decide ta-ptoceed no matteA what theiA acme c.va
Them may need to be bath a "baaic." and a "atandatd" algebxa
pxogham. About one-6ouhth could comptete the cow4eA one. yeaA.;
about one-hate, A two yeaxs; the temaining one-Souxth tnigh.t neveA.

16 onty one CAI coutae wexe. to be wed, ahould be GEWMA. Becauae
Al i4 xevLew, Al tetried Oat to be mote 4e,e6-4usWeient. Atge.bna
xequiAes mote .teache4 help.

Student Behavior

Can a dtuden-t o the type i.n thi.6 4cJtoot -be allowed to pxoceed a-t
his own xate? Oh. does the pace need to be 4e,t by the teacheid The
couxse was planned Lox a 160-day yeah., but mos.t atudentd need mox:e
than this (edpeciatty when duck £actoAd ad the abdentee /Ate, and
the tate dtan..t, [the dostem wad not opeAating until the middte o6
Oc-tobeA due to a atAiize] axe consideAed).
In GENMA dome 4tudent4 had .to wait Sox comae matvciat that had
not been detiveAed.
The students did not move 6x.om one type oti ntateAiat to anotheA
(i.e., 6x,om on-line to o66-tine) as "acidity as had been expected.
They woutfi pae6eA to dpend theAx entiice tAnte eitheA on- ox o66-

T hey axe. not oxien.ted towaxd con.tinuat iwohh: they view.
each act-Zvi-Cy ad "a day°4 wonk."
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4

Onientation 44 a key to develop the individual pitogne64 concept.
The 4.tudent6 teamed how the pn.agitant iseolting, and .theiceione
what,to do "beat" the 4y4tem (e.g., isigning 066 40 elth.044 wene
not necottded). They did not "ge2 the idea" 06 the ptogitam helping
them .to team: they wanted to. put in only the coltitea amwen.-
Thaeione they Waited ion the .teacheit to contSam- AWL amweita.
It t444 ptiriailMent 604 them to have to kedo Mate Itiat 04 go thnough
a loop.

The 4tudenets did not pxogne.64 60x enough in the pugnani. They
need mote- "Atituctuiting. .The teacheit4 became Pubsticated. But
they necognize that once a Itate oti pitogn.e44 1.4 duignated, the
pnogum may 4t.Op being individuattzed.

With CAI, the 4tudent4 have- a chance to "covee mote maze/tic:I,
but the pitogItam may give a. 60.4e.4en.se 06 4ecu y, i.e., that
4.tudent4 au teaming when br iaet they may not be.

Some 4iudent6 like CAl to the eitent that they would want all eta64e4
to be on-line; 4ome hate it. Many would elect to.take one cou,t4c on
tine next yea.n. (ii it cone po444.ble).
With CAI, the teachen become4 a "Iteac.ton.," nedsponang to individual
44-tuati0n4 at each point in time. Sometime4 he may be Pitoviding.
too much help 604 the istudents.

Utilization Pattern

Usigning two atudents to a tvuninal 044 not eliective, e4pecially
becauoe 06 machire biteakdown4. Howeven, the 4tudents tended to
get "attached" to one tenntinal.
A bettvt agiAsticett baise is needed, .and a ',atm oltientation oi
both tudents and teachva to tht uie 06 CAI. ThiAty'atudenta pelt
teachen 44 too many, e4peeially at the beginning; aiteit, att axe
oniented, thinty ntight be plau4i.b.t.e. The atudents need attention
and demand a.tte.ntion.

Fot genenat mathematia, it might be puienable to' hava'44.tudent.4
on-tine ion the entiAt time (41.11Ce the content £4 a, n.eview 06 pite-
viou.sty-taught mate/LW). Fo n. algelota, it might be bettvi to wse
on-line matvtial4 io/i pn.actice, only (41.nee alga/tn. .4:4 lamely
new content).

The, giceateat atitexgth 06 CAI '44 that it 4touu atudent abaencea.
How 4tudent4 who wee ab4ent a6 stequently a6 theose 4tudent4 au can
tem anything in a heptalt. C2464 4evm6 incitedible. New 4tudent4
(tate entitanta, U=4010 can take teate and be placed at any point
in the yeax. Student4 can move (and have moved) &tom genenat mathe7
matiea to algebn.a. They can come in aftex aehoot to make up mi,sised
et.4t44 time. Replan 04144 become4 a. "ha44te". becatue .they'n.e
ab4int 40 (igen and it become4 impoisaible to make up woltit isinee. it



tit/U4 40 much time.. Mote prtoui44.0:,.howeveit., needs to be made in
CAI 4checlailig-6ot 4tudents .to make up time mi44ed tto 'have extita
time on tvunina).

nece.siwuj to devetop a betosic philosophy ad gkading: 1.4 4a.me
unidokmity acito66 type!) oi c444e4 acit.o46-1CAI elasesta neces.sany
ok pasAibtel .

Computer System

The mechanicat cu.6 ificattLeds combined gi.th the (Lw u.4ttatLon '
Levet. o the 4tuden.t4 cataced pkobte m : they. (gem "ó2mO4t Aeady
to lack the machines apakt." The Aostem ia 42ow; and 'hlunking"
on the Apace baA4J.4 amo4t 'amanita. The Loading and unloading
od image pujectok4 ids a pkobtem. In addition, theka io need dolt
..moke technica he20,.. and pkeda)tably an availabte tiat-time
4y4tem6 opeitatok. The teachms have had to Leakn to opvtate And
Itepaiit. the 4y4tem6. CAI ids expeitimentat, bu.t the.6e pkobtema mu.s.t
go; a AyAtem that wilt opvtate beam ids ntaed.

Physi cal Fad 1 ti es

The,Iwom. akkangement with tvuninals in the centvt. was pook:
wa6 aA.ddicutt .keach alt 4tudent4 who demanded a.ttent-Lon., The
koom with Wuninatis 'mound the watt6, and wokk- tabtes in the
canto., was bateit.

Reactions Of 'Teachers in Riladelphia.
**Course St ucture

The "ALGEO coume 4.6 good but aou.Z.d.be impkaved. Not. enough mdtvciat
Cams covOted to paepetke 4.tudents do*: algebkd II. Thome coa4 too-.. much
eirlita446 on "teaming at youk ownh.ate:" a tninimwn amount od matutial
which muz.t be -coveited ihoutd'be designated.
In ALOES, theite axe tame ma44e.6 oti mateliiat ut{th too dew "Es/teaks ."
Objectives 4h0ut4 be- Apeciiied ticoi units o 'mateitig:
The on-tine mateit1.a6 4hoad be de..signed as a. compLete package.
Thite was tome disagkeement bellueen tecichek.s.and adminiatkaave
peit.sonnet (at.CAI Lab, PSU) ovex what-ikoad be on-tine and what
4hoad be. odd.tine. Peithap6 the ta4k tiCo tange; at any kate
Vim tuas too much emphasto on the compute/L. The- compute/L. matvciat6
4koad be as 414.thlet, a4 p0441.bte: it, can't do the wake job.
The cow:4e does need additional &till matekia6. Students 'have
been ".schooted" to exPeat a "papiA co12ecti.on,".40 the 44itch
to the moke almtkaet on-tine mode od CAI mua.t be backed .by,
phy41.da2 mateitiats--"handouts" ok wokkaheet s.
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The vaniety invotved in teachiho both on- and odsc7tine eta64e6 44
good 4m both teachens and thebc student s.
Students should have mone choi.e.e: they come witit dib5eAent.back-
gnounds and undenstanding, and. shouldn't be sfonced thnough .the.
pnogitam. Noweven, when choices went ob5eiced in the pnDgnam, they
1) weite not always wane oi what they went choosing and 2) nanety
chose to go back and nedo pnevious sections. V.

Fon, the 4tudent who 6a.i.ts "a test with 65 pacent, theite 44 no 0

oppontunity to Attest: they need added questions and matvaat, an
opportunity LOA 4UCCe44.

hem should be tests admiltistened .to deteAmine the student's
mode 'os5 telything (iconic, etc..); then he should% be given ,computen
matenials whi.chane best suited to him. Diagnosis 44 essen.tiol.
Theice is a gneo..t deal o6 matvziol that was eithen 1) too hand,
(especially Lon GENMA) 04 2) thene was insuaicient time to use
(ea/Jed-ally ISoit ALGEB).

'The& appeau to have been an assumption that pninted ma.teniats
s'ubcicien.t; howeven, othvy aucliovisuat aids' me atASO ne.eded,

004 one os5 40 aids. and games was used extensively:. theice wasn't
enodgh oppoittanity 6olt explono.tion with the nemaining mateAtols.-
Some games weAetoo abstnact; borne-had to be "taught" and weAt not
4e26-motiva.ting. Mone mateniats. suck ct.4 .604 e Lnom the Madison
Pnoject,should be used:
The geneitat itAuctme o6 the on-line otateniats "isn't bad" -
.thene's no need to change them stnuctunally. But-the access- to
o tine Mato iats should be stneamtined.

Siudent Behavior

Students V did not.behuve much di.66eAently 6nom the way they behave
in eh.egutan 'class. It was a tittle mone disficicutt ,to maintain
'contnot when 4ome 4tadeivt4 Weitz -divtup.tive. They shoUld have a

lchO24 o!, taktnge a CAI, 04 a negutan class. 'Most, howeveA., Ziked
wonkirng at the mackine,..though a Lew took advantage os5 the 4.LtAgt-
tanby. becoming noisy, not wonking consistent). y, etc..
Can 14 ;and 15 gem-otds wonk etcLee-avety with computvaox do
they need the irtteAaction with othens?.."
S.tudenti wene mont intenested in getiing a positive neapinse
(Leedback) than i.n . They have Lound ways to "beat the
system" to assMe. .cheAn ge2tjng the connect answen inpat; e.g.,
wniting down connect an4weiL4 to quizze6, on, pnoceeding without
answaing until the. answeic 1.4 given to them. Theite 44 an a.s4wnp-
t1.on that the on-Z2ne mate/Liao did teach, becawse 4tadent4 got
thnough, but them 44 4001i &oh os5 undemtanding os5 concepts-
evident:



One decided advantage oti CAI .44 the. oppoictunity abioxda tudenta
to "make up" woxk..
Most GENMA atudext4 .aitefin Chaptvt 9 (at the end oti May); they
coutd have "toveited" moxe, but they did pitogimaa quite well..
The. majox pubtem was with the 666-line activities tccot xemediation
and enxichme.nt'inGENMA. The tudenta expect to be xewoAded by
.not doing anything; moat cum 'tot motivated to do extAa wog.. They
liked the gameA, but!not. the -"application" wodsheets. The otit.
Line matexiats weite hetput; howevex, the students caltd tog
6asteA obi-tine and thus could get too tiax ahead o the on-tine
pxogxam, then, they needed to wait to get on-tine inst/utcUon, as
well\as waiting the teachvt. to check theix o66-tine wog.
The GENMA couxse Wa4 the mote tieee.aaiut, based on adS4umpt2on4 oti
what the s.tu.dents would pxobabty have teaxned.in a xegulax class.
Di6e4..ptixe pxobtem6 weiLe. "pxacti.cally Olt:" the students eemed

motivated and didn'.t nand eitZtZeahl. The matvGials axe genmatty
welt-pxesented, and most (16 the atudenta axe sueeessut.

Uti 1 za ti on Pattern

Thme Li moxe to do in the o-line atea than theite is to do in a
aegutax etassxoom. Moxe teacheii-ted obi-tine t.ime is needed:
individualizing insticuction takes a gxeat deal oti time. Thiitty
Atudenta peit. class LS too many; twenty should be the maximum
numbeit. assigned. The teacheit can '.t qiectivety "immediate" thaty
atudenta. The students need mohe titaining in woging togechest
and helping each otheA.

Computer System

The tight pens tome also "vane/table to pxobtems. Geneitatty,
e.omptavt haxciaaxe pubtems weite not extensive, though the 4 peed
o6 the system test much to be desifted.
The image pito jeao/t wal, the eaulse oif 80 pment olf the buakdowns.
It ids atxongty sugge.sted that the .image pxojectox be eliminated,
and xeptaced with a tooseleati notebook oi diagtams and ittustxa.tions.

Physical. Facilities

The to4-ou2 oic th-e-.)toi:-M (an inveitted U, with the computeA in the
eenteit poxtion) was good, although paittitiona belmen those on- .

and obi-tine woutd be hetp6ut.

0
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A "lixee-wod axe.a," cliificeicent tixom the woAk tabte 6, 'should be
oovided 40 Am 14 moxe 4eetti61.on tiot ptayi..ng games and othevt
manipulative ae2ivitie.4 without bothezing tho.se woding.
LaxgeA. pa2ition4 aae needed between te/Un(..nat.40

The oicif-line goup4 Ahould be 4ub-div1.ded icuAtiteA, with too Ox
thAee Atudents at a tabte, not 442 ott. aeve.n.

Staffing

16 anotheA coma weAe to be wnitten, moxe help pom pxogAameA4
4hould be pxovided; the gaaduate wiatanta could be etimindted.
Tho4e who axe helping 4hould 1) have "good CAI poicticiency,"- and
2) be abte to iollow diAect1.on4. Thum tome culigeatie4 beetuthe
o the 4416 not being education-oxiented. The devetopment
the coume mateA2at4 mat be "oveA4een" by an expeAienced c2444-
11.00f11 teacheA iAom the alma wheite the comae will be. wed, not by
4omeone at Ae college-Level who ha.4 been cumay pcom the C2O.4411.00111
too tong. Help i4 needed with innovative 1.dea4--but the hetp
4houtd be Aom aomeone who know6 what'4 going on.

FuLt-tbne, contInuoua help tixom the mathematios educatiotNliteulty
wa4 needed. The team doe.sn't have to be &Age; two ox. Voile

_pug/came/a and one ox two teachem (no mom than thAee).

Theice wa4 4ome queoti.on oveA vitae the authoLity to make dea41.on4
xe4ided (at CM Lab, PSU). Too many people weAe making deci4ion4;
when mateitiat wa4 xejected, the teachena had no knowtedge o who
xejecte.d It. Suggeationa mite ttauatty nega.tive ("no," "delete,"
etc.): conAtAuctive eni2i.c,i.4m woad have helped.

The tegehue4 pempeatve change4\with expeiti.ence: tho4e
expenienced 4houtd limn the nuelews oi. any team to develop a new
couA4e.
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APPENDIX R

CLASSROOM OBSERVATION FORM
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