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ABSTRACT

The school districts of P1ttsburgh and Phlladelptua,

the Department of Education of the Commonwealth of Pennsyivania, and -
Pennsylvania State University formed the Computer-Assisted : o
InstructionConsortium to develop and evaluate two high school
mathematics programs utilizing the medium of computer-ass1sted
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 school. 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 curriculum was
teacher-monitored 1ndependent study for each student. Two main types
of material composed the individual study curriculum: an "on-line" or
computer-mediated component involving student/content interaction at
. the computer terminal and an "off-line" component consisting of

- self-study in a variety of modes, such as workbooks, filmstrips,
puzzles, games, and textbooks. Both the general mathematics and the
algebra material was designed to appeal to urban youth. The course
development, summative evaluatlon, and a cost analysis of tke system
are presented along with summarles of the courses and the materials .
prepared for them. (JY) ' .
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CHAPTER :I

. _THE DEVELOPMENT AND EVALUATION OF
' “TWO COMPUTER-BASED PROGRAMS IN
" * " HIGH SCHOOL MATHEMATICS

S hmw'g., Mitzel

p' It.is clear from a study of the provisions of the Elementary and Second-
ary Education Act of 1965 that the authors of the legislation were concerned
with the ear'ly impiementation of innovative practices in the schools. These

. new practices were to be de51gned tested and” imp'lemented to make a 1ong term .

contribution to the 1mprovement of educational quaii ty. The 1egisiation

' pointed to the fact that the schools couid not be greatly improved by a po'licy( o

of "more-of-the-same" or "business -as- usuai !
“To be maxima'l'ly effective, change. of the type sought in the 1egis1ation, :

: must be undergirded with new - theoretical conTtructs which provi de both a ,

foundation and a 'launching platform for 'long-term improvements.

" This belief was the spirit which guided the formation of the I:onlnonwea'!th
Computer-lﬁssisted Instruction Consortium by Lhe School Districts of Pittsburgh
" and Phi 1ade'lphia, the Department of - Education of ‘the Commonwea'lth and The - :
Pennsyivania State University. By merging the ta'lents of their respective '
staffs and using the pragmatic opportunities offered for educating urban -

' children), .the Conscrtium was formed to deVeiop and eva'luate two high school:
- mathematics programs utiiizing the medium of computer-assisted instruction.],.

* The reader 1 s referred to the conference report edited by Levien for ‘an assess- '
_-ment of the unique role of the. non- profit consortia as a source of techno'logy\-

N .

o

. ‘. -
“ in Education."

. s . - . R
- ~ . . . %

H. E., aid Bost W. A" "New Modeis for Imp]ementing Techno'logy N
In Morphet, E. L. and Jesser, D, L. (Eds.), Designing Education '
PrOJect Office, _Denver Co'lorado (1968) _ .

Mi tzel

for the Future.

l)
"Preparation of Instruction Materia'ls by Nom Profi t

Mitzel .
COnsortia." In R E Levien (Ed.), Computers in Instruction. . Rand Corporation,,

" Santa. Monica, Ca'lifornia (Juiy 1971) . RN
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It is (well known among educators that most attempts to individualize |
instruction have either had such limited objectives as to be trivial ‘or have
fatled for lack of an adequate supporting technology. The affini ty 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- .
e'dge' of a better way to meet mass education objectives.. The modern digi tal
/ computer, less than 25 years old, has provided educators with the fi rst glimmer
of opportuni ty for changing the process- and the procedures inherent in mass = -
education for the last two centuries. - ‘ : .
. Space does not permit a repetition of the ratiOnale for choosing the
| computer as a means of achiev1 ng the goal of adaptive education, but the
S reader is referred to articles by Mitzel. 3,

L. The Commonwealth CAI Consortium was ini tially funded by the U. S. 0ffice
oi ‘Education on March 16, 1968, under the provisions of Title III of the Ele-
mentary and Secondary Education ‘Act’™~ The purpose of the organization was to
develop and evaluate two indi vi dually -adaptive mathemati cs courses for urban
high school youth - Because Pénnsylvania ninth- -graders typically take either

O general mathematics or a first course in algebra, it was decided to construct
_..' ‘,. “both courses so that they would be the begi nning of the building of a complete .
. four-_year secondary mathemati cs program. ‘Some students, of course, take gen-
~ -eral omathematics followed by -algebra in order to avoid being stereotyped into
. a nop-'college general high school curriculum° ’ '
' The "game -plan" for the project was to spend the first 18 months (or
o until Fall .1969) in curriculum development activities., The school year 1969-
70 ‘was planned as 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 -

hd A Y

S

S — . . " ®

3Mi tzel, H. E ' "Computers and Adaptive Education." American Education,
60(7) 749- 754 (December: l970) L _ . - . -

4Mitzel H. E. "The Impending Instruction Revolution." Phi Delta Kappan,
51(87 :434-439, (Apri1 1970). PR 3 = SRR
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of exercis\es\"into.\uni ts. The JustQ-éomp?eted schooi year 1970-71 was designed
as the time for a maior—evaluaticn effort, for dissemination activities, and
for polishing the curriculum materials in general mathematics and algebra.
Building a new curyiculum Dy employing a. radically di fferent technology,
such as computer- -assisted instruction, requires careful. def'i nition of a plan

for implementing the new combination of curriculum and—technoiogy with stu-

viduaHy adaptive set of mathematics experi ences. The predominant theme was
teacher-monitored independent study for each student Drasticany curtailed
. was. the traditiona. approach to ma hemati cs instruction with its emphasis on
| tegcher exposition and student recitation around textbook themes. |
Two main types of materia‘l composed the indwidua'i study curriculum:: an
"on-line" or computer-mediated component {nvolving student/content inter-
action at a computer terminal and an "off-1ine" component consisting\of sel f-
study in a variety of modes such as workbooks, i’iimstrips, .puzzles; games,
‘and textbooks. The on- ‘iine program provided the principai source of con--
- tinuity within the total curricylum, and the two types of materials were cor-
related by means of inserting definite, carefuiiy selected off-1ine assign-
_ments at strateglc points ¥n the w:nputer-mediated program. In general t e
~ on-line material was programmed to be the basics or fundamentals of each ub-
Jject and the off-1ine sequences. served as ernrichment and remedial functio s |
with emphasis on enrichment. J ' \

" The utilization pian for the proaect ca“i'ied for use of the existing ight—

progress was expected to spend about one-haif- time in on-19ne and one-hal
time in off-line study. With ciose teacher-monitoring provided for in the
utilization pattern, bri ght, Guick students were supposed to spend somewhaL
1ess ‘than the average one-half period per day with the on-1ine fundamentals
and the slower students somewhat more than one- haif-time at the computer
‘terminals. These p‘ians were modified in practice in the schools during the

‘ last year of the prodect in order to adapt to Tocal needs. Details of this|.
modific;ation are provided $n later sections of this ‘report.

terminals assig'ned to each period. Put another way, the pupil making aver;;ge \

=
dents. The utilization pattern for the Consortium was conceivéd as an indi-

period school day '(45 minutes per périod), _with about tuice as many pupil \ '

\'
!
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A s’pecial effort was made to design both general mathematics and algebra
content which would appeal to urban youth. Examples of mathematics app’lica-'_ ,
tions as close as possible to the real life: experiences of- youngsters Jdn
cities were sought by the developers. |

Schenley High School in Pittsburgh ‘and Lincoln High School. in Phﬂadelphia
were chosen in advance as sites for field trial and evaluation efforts for

' Consortium activities. The Computer Assisted Instruction Laboratory at Penn

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

nical development in computer education srrategies, ‘

The work of the Consortium was carried out under a grant to the Schooi

District of Pittsburgh as the sponsoring 1oca1 educational agency, or LEA, w1th"

sub~-contracts -to the: Philadelphia School District and to Thé Pennsylvania
State Un.versity. . An -_operating committee which monitored the Consortium

_-activities-was_composed of Dr. Charles Hayes, Chairman, for Pittsburgh Schools;; Q
_Dr..Sylvia Charp;- for Philadelphia Schools; Mr. Carl Heilman, for Department

of Education, and Professor Haroid E. Mitzel, for Penn State. Policy matters
‘were the province of an Advi sory Group composed..of one executive from each of
the sponsoring organizations. The members were Dr, Mary Molyneaux, Assistant
Superintendent, Pittsburgh Schools; Dr. Robert Rossheim, Executive Director

P . 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 11
. | . COURSE DEVELOPMENT

Robert V. Igo and Lars C. Jansson

Organization

A computer-assisted 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 rulés for sequencing

. events (i.e., strategies)‘ executed during 1nstruct'lon. ‘The responsibility for

developing an 1nstructional program. be]ongs to a course -author, Computer
programs, written by prog: ramers, med'iate the 1nstruct1ona1 program at a com-

‘puter terminal. For the Consortium couvses, authors and programers were o_rgan-
" jzed 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 participatin‘g schoo]

- districts assumed the role of course author, with one teacher from each dis-
“ trict assigned to a course deve'lopment team. Team ass1gnments were made on
. the basis of the teachers experienee with the subject.

The course programers were members of the Penn State CAI Laborator_y staff '

three ‘having had training and expekience as mathemat'lcs teachers. This
'teaching experience proved valuable in assisting the course authors with

: ,_debugging and - revising the *n.;tructiona'l program.

A mathematics educator from the College of Education at Penn State

. provided gu'ldance for the course -authors in deve]op1 ng the scope and sequence '

of the course se materials and in seiec*c'ing 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 who had exper'cence as ‘a classroom teacher and the various

aspects of CAI. Technical support was provided by members of the computer
system staff of the CAI Laboratoryo ' :

]The algebra. and—genera—?-ma‘tme‘m‘t‘i cs courmloped for CAI were
—¥eferred t to as ALGEB and GENMA respectively. o
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The Computer System

< 5 The IBM 1500 computer system used in this proje'ct is designed specifi-

~ cally as an 1nstructional 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 screen (CRT)
with sixteen. horizontal rows and forty: vertical columns for a. total of 640
display positions. Information sufficient to.fill the screen is. available in
‘mi cro -seconds from an internal random-access disk. 0ne response device is a
typewriter-1ike keyboard which makes possible cons tructed responses by typing
the necessary characters.' A second response device, the 1ight pen,.permits
response to displayed - text, figures, and 'graphic's by touching-the appropriate
place on the screen. An image proaector, utilizing l6mm film, is capable of'
holding 1024 colored and/or black and white images on a' single reel This

. device, undér prdgram control, can access 40 imayes per second. An electric
typewriter is a separate output unit used to deliver messages regarding stu-.
dent performance in the program. It may also be used for 1nput 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 diagram
.of‘ the 1500 system.may be found in Appendix A. '

Development Procedures

< : RSN

—-Prior to beginni ng course- development the teachers were ori ented to the'
techniques .and the underlymg philosophy and theories for prepari ng instruc*
tional programs. They were 1ntroduced to Coursewritér II, the computer lan-
guage used in wri ting programs for the IBM 1500 system (see Appendix B).
knowledge of the computer language was not necessary for wri ting the instruc-
tional programs, although it was. helpful in the field trial _and evaluation’
phases of the pro,]ect when minor changes to the computer program were made at
the schools. _ : ' - 3

The initial w@l_gpment mcluded—l) determinmg*tW f
~:—-—————"—and‘s—€duéh_ce,/) writing entry requirements and behavioral obJectives " and
3) identifying instructional strategies for the program. The courses of study

e .
. . - %o . ) ] -~ . o,
! ' . ’ : ' .. . L . .
. R )
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for algebra and general. mathematics “from the bhiladelphia and Pittsburgh - o . a ( -
schools*provided guidelines for: developi ng the scope and sequence of the two ‘
: CAI courses. - Before. proceeding with CAI course development the proposed - o z

content was submi tted to the mathemati cs coordinators of the participating .
schools for their. apprpval o | ' ;
The utilization glan for the Consortiuni’ project called for students to o
receive ipitial instruction ‘and -some practice with the course content ‘on-line. . ;
Practice exer.cises and supplemental materials were to be assigned as off-line | f
activities. Since the off-line activities were to be articulated with the t
on-line instruction, the . course authors were respon51ble for identifying the - " !
off-line activities’ concurrent with writing the 1nstructiqnal programs. g
.The main phase of course development included writing the instructional
programs.  Each course author assumed respon51b1l1ty for the materials in. N |
'specific chapters of .the course, Their primary task associated with the on- : _ g
~line program .was authoring text material questions, “and ‘student feedback. | , ,
The material was written by the authors on a paper form that permitted the text A
to be put in. the format that 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. the criterion for branching from the main course- flow were '
written in- the margins of the’ forms, . |
. Forms -prepared. by a course” author were given to a progr_am_e_r_ who deter-" - e
'_ _mined the. lOglC~ necessaryto- implement the 1nstructional .program. . The opera- ~ ‘
" tional codes (instructions -to the computer) were then added td complete a
course program. ~The information on the coded forms was transterred to data:
cards. These cards were then submitted to a system operator who loaded the
deck (of cards) into the computer where the 1nformation from the cards was
. assembled and stored in a disk fite. o .
Each newly-assembled program was checked for errbrs, i.e., debugged _'T»he"
programer responsible for input would execute: the program, looking for errors S
in program execution, in screen format in ,_or_in_granlnatieal—and—mathemat“ica‘l’/’%——‘:f
conférT . The course author, who wrote the material, would check compl,e*ted
sections of the program for mathematical (content and textual) errors._,_ ‘The

. . oy
. - 1 |

'

) -
W A
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" mathematics educator and curriculum coordinator checked completed chapters for
- mathematical accuracy and con51stency of termi nology and ihstructional strate-
_ : gies’ Detected errors were corrected on-line by the programer. o
- To provide cansistency within the i nstructional programs, certain conven-~
ti ons were established by. common agreement among the course authors. For
example, conventions were adopted regardi ng the use of 1) response modes
(multiple-choice or constructed) 2) response dev1ces (light pen or keyboard),
3) medium (CRT screen or image . pro,]ector)“, .and 4) CRT screen formating.
Multiple-choi ce items were uti 1ized when the response required was the discrilni -
nation between positive and negative instances of a concept. Constructed '
responses ‘were. used ‘With the application or identification of a ‘concept. |
‘Responses to multiple -choice items were made by light pen; constructed responses
’by keyboard. Rules, summary. 1nformation and p1ctorial representations were
displayed v1a the image ‘pro,]ector. Centering and spacing text,.prow ng
response areas and use of animation were consi dered when d1 splayi ng 1nforma-
ti on. on the- CRT screen. ' '

The programers were able to develop their own conVentions and programing
techmques as the course authors adopted conventions and developed patterns
of wri ti ng instructi onal frames. Macros2 were used extensively. The pro-~
gramers also developed spec1al routines that-were- used repeatedly’ throughout
both courses (see: Appendix C) S - s

MY

The Instructional Program.

The orig.nal version of each course was orgam zed to acconmodate the
" utilization plan referred to earlier. The on-Tine materials viere developed
in 'sections. (or blocks) which included both 1ntroductory and practice mate-
rials. It was assumed that a student would remain on -1ine during a class

.-
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| . period until a section was completed ~An a551gnment of an off-1ine activlty.
:,—'~,¥j—~———--designed‘to supplement the on- line instruction was’ made at the end of each

A

\

,, A macro is a programing device that perm1 ts repeated use of one programing
" logic. Macros are available on call by the computer when. a program is loaded
1nto the computer. ,




.-—;;- ~

T
¢ vai

. /"/"

TR . meo FROM BEST AVAILABLE COPY o 7 '

section, as a student signed off. . An off-line assignment was to be completed
in the classroom When_the student next signed on, presumably the follomng
school day, an option to review the material covered during the pr/ evious ter-
minal session was given If the option was taken, a brief summary of the
material in the previous section was provided pribr to proceeding to .the next
section If the opti on was not taken, the program started with the next

‘'section. | L - .

Testi ng. 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 wero administered on- line at the end of each chapter. - (A -

chapter review test and a chapter test are descri bed in Appendix c.)
Drill materials AdJunct, on-line drill materials were developed for

. the general mathemati cs course . These short programs. provided drill in basi c
'arithmetical operation.,. 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 classroom teachers reported that the structure of both the: ALGEB and

GENMA courses néeded to be revised. The quanti ty of material in sections of

" the on-line program was Judged excessive and conversely the quanti ty of off-
line mdteri als was deemed inadequate Members of ‘the” Consortium staff at. Penn

State, consulti ng with the teachers in the CAI classrooms in Pittsburgh and
Ph-iladelphia, reorganized the structure of both courses. Materials in each
chapter were organized into 1nstructional blocks. . The format, of ah instruc-
tional block was' designed to prov1de a flexible learning 51tuation, i.e. >
entry. requirements were checked wi th a preskills test, an opportunity to skip
spec1fic quanti ties of instruction were provided by a pretest, and; a summary

N

.9
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ﬂmphasi\zed the main points of the instruction within a block

was evaluated by a criterion- referenced test ("out: qui z2").
Off-line Assignments. Assignments weré placed in three categories (A B

and C) according to their utility. Category fA' ass1gnments were designed to
supplenent the ‘on- line 1nstruction. A11 students'who completed-the instruction,

Student progress:
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.practice and/or summary within a block receiued,an 'A'-assignment. Assign- -
_ments in the 'B' category contained remedial materials; g assignments were
' .made when a studentvfailed to»meet criterion on a second iteration of an "out
'auiz." Category 'C' assignments Were'intended as enrichment exercises for
' students who moved rap1d1y through the ‘on-1ine program. ' .

In the AL(EB.course, ‘A assignments were made from the text adopted by |
the teachers, pr1mar11y for the purpose of prov1d1ng pract1ce exerc1ses. _

_ Since 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 f11mstr1ps, pr1nted pro-
gramed material, and other commerc1a11y ava11ab1e materials.

The 'C' ass1gnments also consisted of commerc1a1 materials, most often

consisting of mathemat1ca1 ‘games and puzz1es;— Although materwals on such
“topics as topology, probab111ty, and number theory were ava11ab1e, the teachers
‘reported that the students were unab]e to use them w1thout considerable
assistance. . B ., : '
' A description of the algebra off-line program is given in Append1x E. A
Tist of commercial materials’ suggested for use as off- 11ne‘mater1als may be
“found in Appendix F. ‘

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

' c1assroom program consisted of both- on-1ine and off-1ine mater1a1s. A1though
' the pr1mary ‘source of 1nformat1on for students in the ALGEB ‘and GENMA courses7

‘ was a computer-mediated program, ‘the e£fect1veness of the tota1 CAI 1nstruc- o
tional environment to prov1de opt1mum learning was. viewed as the responsib111ty
of the teacher in charge of that classroom.‘ The level of §e1f-d1rect1on in a
learning situat1on for the ninth grade students ‘assigned to the CAI classroom
~ was. not deemed adequate to atta1n the desired 1earn1ng tasks without some.

3

ass1stance “from a teacher, The responsib111t1es of a teacher managing*the
over-all program 1nc1uded A monitor1ng student progress t‘?o/gh the on 11ne -

- ’\‘.

3yax, P. and Schaff,. L. ALGEBRA, A Modern Approach Book 1. (2nd.Ed.);,~

D. Van Nostrand, Pr1nceton, New Jersey, 1968 o SN
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program, suppiementing the on-line instruction when"neCessary, and organizing

and administering the off-iine materials to accommodate the needs of the indi- :.

.

To facilitate the management of the total CAI ciassroom program, 1nforma-
tion on individuai performance of the students was made available to’the

* vidual students. ~\\-

teachers: by a computer program. As each student interacted with the computer-;_

mediated instruction information regarding the interaction was stored in the
computer.' A speciai computer program (the Student Performance Summary, or

© SPS) was developed to extract the stored information._ The information _pro-

’ vided daiiy by the SPS program, inciuded for each student ' :

' -1) the location‘of the course, | e

2) .the time on line, .~ . ( = R o, o
3)  the. number 9f quizzes taken, - .
4) the off-1he assignmént reference, .
5) - the chapte ‘test scores, and

7. 6) the number|of days on iine. u/v"“ - / o
< "An exampie of ‘the ¢ ntent of an SPS printo t is provided in Appendix C.. = .

Information,p vided by SPS was suppiemented by proctor messages: refeived

' at a typewriter te inai as/?he on-line program was “executed. ﬁﬁpctor messages '

-were produced by the. Coursewriter program if a studént 1) ‘failed on the

second or third.iteration of an out quig, 2) failed a preskiiis test, 3) passed '

_ a pretest and subsequentTy skipped instruction, or 4) experienced difficulty
with a part/cuiar\concept during the course of instruction. oo b T

1

Formative Evaiuation

: “Initial student reaction\to the Consortium mathematics programs. was ’
obtained during’ the‘summer of” 1969 Sixteeneeighth grade students from the

- “5“.“state ‘College~(Pa: ) Area~Schoois participated in an abbreviated field trial”

at’ the Penn State CAI Lahoratory., Eight,students were assigned‘to the ALGEB
| course and eight to. the GENMA course. ‘Thé purpose: of the trial run was to"

1) observe. student reaction to- the on=}ine program, 2) deveiop procedures for '
- program revision, and. 3) prov1dé;the teacher-authors with experience in
:managing a CAI classroom... .. o
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"Lgi The f1e1d trial- phase of the proaect was conducted dur1ng the 1969 70
oo] year An IBM 1500 computer system with eight 1nstructiona1 stations

) f; was insta]]ed in Schenley High School at Pittsburgh A 51m11ar system was" -

insta]]ed in Lincoln High’ Schoob at PhiTade]phia The teachers. who served as
course authors at Penn State returned to their respective districts to manage
" the CAI c]assrooms ~ Sixteen students were’ a551gned to a class period Fodr

classes of ALGEB and four c]asses of: GENMA were schedu]ed in each schoo] The ;_‘

, uti]ization p]an ‘described in Chapter T was; 1mplemented v
-, Due to personne] and time constraints no attempt was made to’ eva]uate
_ the over:all effectiveness of instruction as a ‘base for extensive rev1sion of .
the 1nstructiona1 progranm. Rev1sions were confined to 1) computer programing
errors, 2) presentation, (e Qusy screen format) grammatical and mathematica]
errors,’ 3) m1nor course. changes and 4) course: organization ~;_' Lo 7
Rev1sions were based on: feedback from the teachers 1n the CAI c]assrooms
) .and data accumu]ated and stored by the computer program on student performance
during execution of the'program When programing and presentation errors were
detected the teachers informed the Penn State Consortium staff so that cor-
rections coqu be made immediate]y in the, program Information from the
teachers and the- student performance data was ‘used to make minor course changes
such as the addition of synonymous . correct.responses, the rewording of ques- ’
tions and feedback or the addition -of feedback to wrong responses. i . N
| A meeting ‘of ‘the CAI cTassroom teachers from L1nco]n and Schen]ey High' .
Schoo]s was, he]d with the Penn State Consortium staff.in February 1970 Three
. recommendations were made by the teachers T) reduce the srze of instructionaT

i.

S b]ocks or sections 2) make the structure within-each course .more con51stent

and 3) 1ncrease the quantity of off Tine assignments. The original versions

of the ALGEB and GENMA courses were revised by the Penn State Consortium staff B
’: . on the basis of these recommendations.» The: current organization of the on- "5_”“’

e

'f_',,_x]ine Programs," » % .‘ : ‘ e Dt __e,_"'

. A second meeting of thg\teachers and the Penn State proaect staff was -
. he]d in June 1970 -The- need to 1ncrease~the quantity of off- Tine materia]s

was again empha51zed The teachers a]so recommended that\the\ghapter tests

~ . . : T - : e fe . =
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- Description of Content - e .

. F s

- attention of a popu’Iat10n with reading d

o . : P

B shou’ld be revised to make items in the test para]]e] with items in. the instruCo '

tion.‘ Providing. additional assignments and“ revising items in chapter tests

~ were tasks,.assigned to _the teachers .during the summer of 1970.

e .o

]

/
As . noted earher. the content for both courses was selected with special
regard for the inner-city target population; thus tiyé reading difricu]ty for

example, was kept to a certain minimal level » .., terseness’ was emphasized.
_Likewise, examp]es were drawn i-‘rom content and frofn situations hopefu]]v expe-
.rienged by the students. - v |

/

Determination of topics (see Appendix G fon/compiete hst'lng) to be.

'1nc1uded was accomp’lished by teachers. from' Phil/adeiphia and Pi ttsburgh who

_ spent approximateiy eighteen months on: the Penn State ‘campus. Working - together
‘with mathematics educators the teachers 1dentified obJectives and planned

. units. As time pressures increased however. ‘'specific behavioral obJectives ‘
- were omitted This situation. in conJunction with a frequent’ly-changing /-
_mathematics educati on staff resul ted in 1ess consistency and articu]ation oi"
topics as we11 as ’Iess emphasis .on conscious decisions to emp’loy identifiab’le

teaching strategies than was: anticipated* Thus the ultimate curricu]ar out-

_-come reflected the imprint:of various authors ‘and viewpoints. .

The flowcharts (Appendix H) outhnei the sequence of moves within an
instructional block. The term "instructiion" as it is used here refers to

~that portion of the block in which new material is introduced. - The pedagpg-

ical approach whether -expository. or. 1nchtive, requires constant interaction
of the pupil with the material in the coinputer In fact, an expository
passage (necessari’ly read on the CRT) . mu%t be extremely- short to keep the

i"i"icuities° Thus’. the teaching
strategies used require continuous pupii nteraction. Whether an author

' emp1oys for instan-e. a . rule- examp]e sequence or some other technique is up

to him. but the decision shou]d ‘be made on the basis of an understanding ofl :

_the iMerre]ationships of strategy and obJective Lo

.

_’/I.
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xALGEB

The core. content of a standard aigebra 1 course 1s we]] defined by cur-

_ rent textbooks and curr1cu1 um gui des. The sco_pe and sequence of the materials
developed under this project differ little from. such a standard course. |
Figure 1: shows an abbreviated out]ine of the,topics covered.

I. MNumbers and Set Notation
II. 'Prop‘erties of Equality and 'Operations
"III. Integers:’ Properties and Operations
IV. -Operations with Rational and Real Numbers
V.  Equations, Inequahties, and Problem So]ving
VI. Linear Systems
VII. Po]ynomiais . o
- VIII. Factoring Poiynomiais\' - o ; . e

l

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

In practice, the content selection was based on the curriculum guides of
'the Philadelphia and Pittsbupgh school systems. These guides provided the
- minimum content hstmg—/{addi tion, there was a ‘mu tual agreement among o
the author-teachers, schoo] distri cts, and proJect staff, to sequence the
- material in such a way that it cou1d 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 - L
| Modifi cation of and. exc1u51 on of various a]gebraic topics within these con-
straints were determi ned by the participati\ng teachers and mathematics educa- - _
tion personne] on the proJect., Such al terations were based upon professional oL '
Judgments by the ‘staff .that the material in question was, 1) peripheral to the
.[basic algebraic skills. required -and/or- 2) too sophisticated for the target

popuiation at this point in the curriculum: - = - \ T

v ’- .“_ ,' _ _ .. . . .
/ e

4Max, / and Schaff W. L. ALGEBRA AModern Approach Book] (2nd?Ed.)'- \

D. Van Nostrand Princeton, ‘New Jersey, 1968,




* A1 though the cou'rSe, as it now exists, may not go va_s deeply into the - -

- material or as far as many.coliege preparatory courses, it does provide the
basic skills.. It has the added advantage of. being individualized with respect
‘ta the feedback which pup1'|s receive. ALGEB off-1ine assignments came ‘from
the accepted textbook but were done durJ.ng class time as exp'lained previous'ly.

. .. . < . K}
et ! . . / I

GENMA . R

The content of the GENMAXourse (see Figure 2) was de termined solely by

Consortiun staff at the 1n1t1ation of the project. It was dec'ided to include
| some topics tradi tiona'l'ly considered to be part of algebra 1, such as equa-
t'ions, 1nequa'|1t1es, ‘negative 1ntegers, and graphing with coordinates as we'l'l
as ari thmetic review, o

I Equations
1. Negative Integers

v, Decimals -
V. -Fractions. _
VI. Ratio and Propoyrtion'
P VII. Percent

VIII. \’i’ormu_'las ‘ ' \’
IX. Geometry - |
. X. "Measurement , e
. XI.  Graphing: - Prae
Fig..z.. An ab_breri.ated outline of the GENMA course.

. Standard .genera'l mathematics topics, t_hought to be important for useful
purposes, became part of the course: decimals and fractions, ratio and pro-
port‘ion, and measurement. The latter unit was approached through the content
of geometry which was 1ntrodeed first. The geometry was presented from a |

the participating teachers from Phﬂade'lph'ia and P1 ttsburgh and the Penn State |

III. Division of Whole Numbers (Remedial only) - o
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descriptive. point of view with emphasis on fundamental topological notions in
the early sections. Basic geometric figures were. 1ntroduced and later emp]oyed
~to study notions of linear, square, and cubic measurement. ¢
_ Graphing was approached first through the use of bar and picture graphs
as’ practi cal aids in communication This was expanded into coordinate
; 'graphing, ultimately of.linear functions. As'a mot1vat10na1 device, a com-
\\puteri zed battleship game was employed in the learmng of piotting pmnts in
a Carte51an plane.- ‘
Off-1ine work 1nc1uded“espec1a11y in the geometry and graphing units,
activities _other than rote drill. Mampu]at}we and drawing tasks were inclu-
ded in regular assignments. ~ | | IR |

Uti]ization' Pa/tterns

_“Among other factors, optimal staff utilization is a function o\f.»room
arrangement and the p1acement of terminals. The physical setup for the final
-year of the Consortium differed 1n the two schools and consequently the effec-
tiveness of the planned staff utihzation 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 haif of the scheduled class time . In general, a pupil devoted half

of a class period to instrdction and half to an off-line assignment, although
this pattern was varied to suit individual differences resulting from such
factors "as 'iearning rates and absenteeism. Pupils.who moved very rapidly
through the - regu]ar curriculum were a551gned off-1ine enrichment work.

The physical arrangement in Lincoin High School presented a different
~ picture (see Figure'd). Here a]] terminals were placed in a large, u- shaped
~open area. Off-line assignments were done at Jarge tables in an area adaacent
to the computer terminals. The teachers at Lincoln experimented with an alter-
nate-day-on-line approach to terminal usage as opposed to hal f-period-on-half-

v pony
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| Fig‘., 4. Lincoln room and terminal arrangement.
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‘ per1od off as done at Schenley The mater1a1 was not part1cular1y des1gned |
. for this time division and no conclusive ev1dence ex1sts as to the better of \
| ~ the two tine-use strategies. | | | ‘
- C After 'some initial experimentation during the early stages of the project, }
| o | similar staff utilization plans were developed for the two schools. Because ) !
- OF computer disk'’ 'storage constraints, only one of the two courses was available - |
on-line at a given time. Thus the two classes scheduled tonether were neces- |
sarily in the same course. Two regular teachers, one for each class, and one
course manage:r were present dur1ng a class period. The profess1ona1 staff in
each CAI sett1no was supplemented durj ng most 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" ' , J
avaﬂable to assist e1ther of the other teachers or to help students directly.
--There was one course manager for ALGEB and one for GENMA in each school. They
, carried no direct- respons1b111,t1es for particular classes- but. did hav_e respon-
sibility for 1) reporting program bugs .and student and teacher reactions back
to Penn State, 2) for 1nserv1ce or1entat1on of other teachers, and 3) for the
overall operation of the classrooms. , :
. | Thus the presence of a tutorial computer system alters the role of the
- teacher from that of a principal source of cognitive 1nformat1on to that of
the manager of an instructional environment In. add1 t1on to being competent
in the subject matter area, the teacher must be able to identi fy the 1nterests
and ab111t1es of each student, know the content of a variety of. 1nstructiona1
mater1a1s and be able to prescr1be appropr1ate mater1als for each student. ’

.
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. CHAPTER 1904
SUMMATIVE EVALUATION

Marilyn Suydam, Edward Beardsiee, and*John Howell

Descrip'tion of Eval uation Procedures

, One of the di fficu1t problems in’. eva] uating/a comprehensive educationa1
program is. the lack .of control over a great many elements- in the total program.
Conducting summative evaluation, in which one curricu1um and associated -
instructional techniques are compared in some formal way with a different cur-
ricu1um/instructior model, invo1ves both a comprehensive plan and a set of
guidelines for use in making decistions when actual. events make it necessary
. to deviate from a preliminary. p1an. “Ina real-1ife 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 absentee rate may demand adJustments These events
represent 1imitations on the eva1uation, in one sense; in another, since they
are typical of the urban schoo1 environment today, the.data shou1d p1ausib1y
be expected to be confounded as a. resu1t of such. 1ncidents. '

In the two curricu1um/instruction ‘models’ studies in.this eva1uative
‘effort, the intent was to ascertain the relative’ effectiveness of eachf, The
authors of this report have tried to avoid the use of the words l'experimenta1"
and "contro1 " in describing the groups used in the evaluative study of achieve-
ment and attitude ‘change. The "CAI' gro p" was the one in which the computer:

o was used to assist the instructiona'l process while the "cohort group" was

- the one in which the computer was not a component of the instructiona1 process.
The cohort classes in Pittsburgh were in L different schoo1 (Peabody) from ‘the
CAI classes (which were in Schenley). Thi\s strategy was necessary si nce aH
available general mathematics and algebra 1 classes in Schen1ey were included
“in the CAI group. The socio- economic 1eve1\ and the achievement level of stu-
dents in Peabody is s1ight1y higher than in\Schen1ey, and this fact must be

_ ,aken.into consideration in interpreti,ng the\ data. In Phi1ade1phia, both CAl .
-and cohort c1asses were drawn from: Lincoin H\gh _Sc'hoo1_ The number.of stu-
dents in each group varies; Table 1 indicates the.total number of students

T e e AT e a4 S et e e A
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-Table 1

Total _Number"of Students in
-Each Curriculum Group =

Generai Mathematics . Algebra

CAIL Cohort ~  CAI -~ .Cohort
Pittsburgh: Schenley ~ 140 -~ ©  x 254 . x |
_Peabody =~ x 88 X 97 o
. Philadelphia: Lincoln 20 - 77 221 104 |

)

.invoived in each group in each schooi Since many students were absent on
<. testing days, the number taking varfous tests and those who took all tests is
©an additional source of variation in standard iaboratory research procedures.
| A set of cri terion measures was selected to study the effect of the
varying modes of instruction on the achievement and atti tudes of students in .
algebra 1 and generai mathematics courses. Essentiaiiy, th05e ‘were pre- and . ‘
.‘ pos t-measures, usuaHy administered by the teachers wi th the assistance of a 4
member of the evaiuation team. , .
~+ The detailed outline in Figure 5 describes the specific measures used n ‘
‘the summative evaiuation and indicates the dates of admi nistration. In addi- e
tion, formative evaiuation of course content and of student achievement in ;
various sections of the. courses was_continuing during the school year. Thus,‘
regular, on-line chapter tests and mi d-semester tests were admini stered to the
CAI group, and the teacher's usual testing program was conducted in the cohort
' groups Information derived from these tests: was used in revision of the |
courses and for assigning marks to students'




- Non-normed Achievement
- Test (Based on CAl

 Attitude Toward

: Instruction Sca]e

) Scale

Test or Scale
curriculum objectives ..
“developed in Chapter II)

Non-nﬁnnediAchievemeht
Test (Based on CAl

. curriculum objectives

‘developed %in Chapter II)

Normed Ach1evement~Test:
Stanford Achievement .
Test (Form X, Pretest:
Form W. Posttest) '

" Normed Achievement Test:

Course

General

 Mathematics

A]gebra

Generai
Mathematics

Cooperative Mathématics

‘Test (Form A, Pretest
Form B, Posttest)

‘Mathematics Scale

\

Attitude ToWa;d _
Computer Assisted

' Attifdde Toward

Instrictional Setting

Fig. 5.

A]gebfa

General

| Mathematics'
" and Algebra

General

Mathematics
- and Algebra

_General
 Mathematics
- and Algebra
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. Administration Dates 1970-71

Cohort-

Outline ofatesﬁﬁQ.SQhedUIe.

: Jdne'7

3 .

_“?’

Group  Pittsburgh -  Philadelphia
L. Sept. 11\39. Sept. 17,23
~and June 9 \ June 18.
Cohort \\ o
\
L | AN
- CAl Sept. 14,30 Sept. 18,23
and . June 9 the 18 |
Cohort T
CAI N N\
~and . Sept. 14,29  Sept. 18,22
Cohort June 8 June 17
- | -
CAl . R
and ‘Sept. 11,29 - Sept. 17,22
- Cohort June 8 June 17
CAI " Sept. 9,10,28 Sept. 16,21
and Feb. 2, Mar.l Jan.28,Feb.4
Cohort  June 4,7 . June 16
Oct. 23 Nov. 16, 17
. March 1 ~Jdan. 28
CAl . June 4 : Jpne 15 .
. CAI
and
June 16
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: Description'Qf;instruments - - | SR B

| 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 1ndependent set of descriptive statis- Uy
tics concerning the sets of items used. These two tests. one for algebra and ‘ ‘

,/*””‘fthe other for general mathematics were designed to refTect ‘the fundamental
objectives of the Consortium curricula as closelyas possibTe. It was neces- 1 s
.sary in the operational settings of schools to restrict the amount of student . _‘i' 1
|

time devoted to evaluation to an absolute minimum. ) I " xi&-i
~ Nori-normed -achievement test for general mathematics’. This off line test. |
deveToped by Jansson -and containing 33 items, was designed to measure mastery o 32*”
of 1) computation with the four operations with whoTe numbers and with posi- i
" tive rational numbers in fractionaT and decimal form, 2) ratio and percent._ - *}:
3) linear equations, and 4) geometric conﬁepts ParaTTeT forms were developed .
to serve as pre- and post-measures containing identical: 1tems arranged in a
'different sequence. (See Appendix I for Form II of the test ) ‘
Non-normed achievement test for algebra. This off- 1ine test, developed j
by Beardslee and Jansson, coritains 32 items. It 1nc1udes both knowledge-level
and understanding level items of both computationaT and abstract-manipulation
‘types, drawn from test-item pooTs from all chapters in the course. The post--
~ test was an equivalent form, containing the items from the pretest ordered in
a di fferent sequence. (See Appendix J for Form II of the test ) o
~ Normed achievement test .for general mathematics. The Stﬁnford Achieve- S S
\ - ~ ment Test, High SchooT Basic*Battery, Test 2: NumericaT Competence. was }/ .'
\\ - seTected to serve as a norm-referenced measure for. generaT mathematics stu- . - .|
\ - dents. Form X was used as the pretest and Form W as the posttest The test /‘
\\""' contained 45 ftems. a \ : . J & S
)ﬂv Normed achievement .test for aTgebra. -The Cooperative athematics Test, . - | ;[/j
\ ‘Rlgebra I, was selected to serve a§ a norm-refererced: measure for. algebra o '
\ .Students. Forms A and B, each conthining 40 itens, were used as pre and post~ f;
\tests respectively -

- [a’ . 'n\ . "
et >, N - : 'l
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\31\_ _ evaiuation.‘ A sJTection of these comments, drawn_from computer print-outsJ

-
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L.

'Student Attitudes

-

Attitudes toward the subaect, the instructionai medium, and the setting,

- were measured with specific instruments and subJective, non-structured reac-,-u

“tions were also requested : :
" Attitude Toward Mathematics Scale’ (Form B). This scale is one deveioped

) students, data from approximateiy 3,000 subJects indicate that the internal

was administered at three. intervais to both the|CAI and the cohort groups.
’ =‘(See Appendix K for a copy  of the scaie ) ’ K -

) Attitude Toward Computer-Assisted Instruction ScaTe. This scaTe is‘a
» .'version, revised by Suydam, of one developed in the CAI Laboratory at- Penn

. State. The originai scale contained 50 items: and had. a reTiabiTity of approxi-

mateiy 82 the revised‘form consisted of 24 revised items, with reltability
averaging 86 "It was administered at three. wideiy spaced times oniy to the
.CAI' group, since its intent. (to ascertain reactions toward CAI) necessarily
demanded experience on the computer terminais (See Appendix L for a copy of
the scale.) - S Sl

Attitude Toward the Instructionai Setting Scaie (Form B) This scaie,
1ike the ‘above two of amodified Likert type, was deveioped by Suydam and '

'by Suydam and Trueblood. It ﬁ/s been used extensiveiy with various groups of ”ff

consistency reiiabiiity of the scale is approximateiy .95, The 26-item scale

?
' .

Beardsiee to gauge student response to elements of the setting such as organi- i __'

. zation, individuai heip, the ‘role of the teacher, and the reTationship to
fellow students. A pooT of ZSO items was written, from these 56 were seiected
- on the basis of ratings by a set. of ten judges. These 56 items were adminis-
* tered to three groups of students to secure item data, which were used’in
-ﬂseiecting the 30. 1 tems contained on the. finai version of the scale.  The :
reiiabiiity of the instrument was: found to be approximateiy .93. (See '

f_’Appendix M'for a copy of the scale.) , e R "fv N

l\k v Reactions of sternts., Students in the CAI group were given the oppor- y,{

tunity at various points in- the course to submit, while on-Tine, their reac- _'
) ..tions to the course. While information derived’ from these comments was. of |
i use in the formative evaluation, many are also appropriate to the sdmmative

is therefore included. (See Appendix P. ) I .._' R /-
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,'Teacher Attitudes and Behaviors "

~r

Reactions of teachers.. The _
teaching with CAI in the pr ect) form ‘an lmportant component of the evaiua-.
tion, for rpon them depende the day to day effect of the program upon the
11Ves of students ~From thexq other teachers Tearned of the proaect, and by

‘them future users of the CAI ourses wi11 be guided The téachers in each
June in an. informai discussion setting (see"

schooi were interviewed in’ ear

Appendix Q) B "‘”‘. ,/ - . L |
In- iieu of a written statement of reactibns from each’ teacher invoived in

~ the CAI Commonweaith Consortium Project, an informai meeting was heid w1th
those teachers (1nservice and preservice) who were using CAI in each schooi
'-district._ They were asked to comment specificai]y on- the four questions which
? foiiow, and to make any other observations they wished: ~ :

1) What have 'you. iearned as you worked with a CAI ciass?
‘_2) \what are ‘the maJor probiems or. weaknesses? ' . .
3) What are the maJor achievements or strengths? EESNEC A

" 4) What wouid you do. differentiy if the proJect were Just _‘;

beginning? .
.- Their comments were noted as expiicitiy as p0531b1e the statements are'
not aiways direct quotations of what any Gne person said, but refiect the T

v

"1ndividua1 or group intent. ";

Comments’. While the reactions of the teachers are, in some cases spe- f

. cific to the1r i dividuai situatiohs a few generaii:ations can be"stated:

: 1) The GENMJ course .appears - to ‘have been deveioped more satisfactoriiy

. for CAI presentat on than was - he ALGEB course. T L .
2) Systems ( omputer) prob ems heed some attention. The use - of the image ‘

&

proJector is quest‘oned , o
3) More provision ’eeds to be made for on iine practice.
. 4) More considerati.n ﬁﬁeds to be given to the developnent and use of
appropriate, iotegrate‘, coordinated off-iine materiais. (This was an area

‘:;of major responsibiiity for teachers participating in the deveTomnent»of the

- courses. y o . co o

l,,a detriment (when students do. not "cover" enough materiai) e

5) The faciiity with which CAI aiiows for individuai rates of progress
is viewed as both -a ‘bohus (when it aiiows\for absenteeism, for instance) and
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Classroon Observations.

\ . H ‘ . . 3
i

‘ -
!
J ;

6) New strategies must be deve1oped for 1nvo]v1ng students in. using the :

on-1ine program as. an a'ld to 'learning (rather\ than mere1y "beat'lng" the

-

-'7) The teacher 3 ro'le is- changed 1nd1 idua'l'lz'lng 1nstruct'lon is more, '

not less, demanding than conventional mass /education processes. _
" 8) More care must be given to physica] arrangements and p1ann1ng for ease .
of management in the CAL classroom.. .. S |

?

\

_ In-a ser1es of observations. the pattern of 'lessons 1n both CAI and cohort |
. *c1asses was ana'lyzed using a C1assroom Observati on. Form developed for this L
| "purpose Information From these was used to ‘develop . a description of obsery-
- able. differences in the strategiest be1ng used in each type of c1assroom (see

Appendix R). e T

It should be noted that the comnents below are a composite of 1tems
observed on speciﬁc days, and are not intended as a generaHzed picture of

- what always occurs:in each type of class. The C'lassroom Observation Form was
_used as a guide. B ' -

CAI cl asses. 'In all c1asses the patterri was ‘similar: apprbx‘imate1y haIf

- of the students were seated before ‘the CAI term1 na'ls. while half were at “tables:
in another part of the room. Those .on CAI concentrated their’ attent1 on, for
the most " part, on the mater1a1 being presented to them via the computer. Occa--

sionally they discussed a prob1em with the teacher or 1nteracted w1 th -another

-student.. The terminal response time was occasionaﬂy slow, so when there were°
" delays on know) edge of resu]ts or proceed1 ng to the -next question of up to

thirty seconds, pupils seemed annoyed but. most were pat'lent Tﬁey were at
various segments of the material (within a teacher-restricted range), and

‘proceeded at their own pace.

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

'mater1a1s. des*lgned and assigned for practice, remediation, or enrichment.
‘Concentrat'lon on the work was not totaI. but the general working chate was

good. Teachers he1ped 1nd1v1dua1s with prob1ems, and occasionaﬂy one stu-
dent helped another. : . - ; SRR - - <
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Céhort classes. In all classes the e\ntire group was 1nvolved in the 'same
ti v/ity Th every case, this was. teacher- directed with pupi]s answering\
l,L /tions Either a quiz or a homework assignment\from th textbook served\
s jthe setting for the questions initia'l'ly, but when\new aterial was intro- \
lT’l/ced the textbook was referred to as a source of both guidance and questions.\ :
) The example under discussion was written on the . board and then solved in one

| class number lines were drawn to. heip s tudents v1sua1 ze the mathematics a
dpvolved. ! :

[+1]

Q~.D
\

Q.

Questions genera‘l]y called for brief responses which were quickly
accepted\or reJected by the teachers° The-last ten to fifteen minuteS\of the
p’eriod was used as-an individual }work period by Several of the il:eachers, they
moved about the room, answered individua'l questions and gave individua] help
uring this time. Other than this there was /evidence in only one class of

- 1'ndividua1izing instructfon (in/ that class, the teacher acti vely sought to -

ask particular questions of particu'lar stud nts, as an aid to he]ping them : )
" understand the material). j '

In only one instance did a teacher overtly praise a student The working \ |
/climate covered a broad range: 1in one class, students vocalized dissatisfac- 1

“tion’ with the teacher (to each other, but not the teacher), .in several classes,
' .there was an undercurrent of student-to-s tudent, irrelevant conversation, in
two classes, th_e teachers had the full /attention of almost the e entire group.

i , ’ . -..“.‘__\\'1 ' . ‘ ’ o AT
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Description of Analytical Procedures

A set of guiding questions for which answers were - to be sought in the -
' eva]uation of the. data was derived/ As appropriate,: the data were analyzed
1lndependent1y for the four distinct groups: general mathematics groups in
I?ittsburgh algebra groups in Pittsburgh, general mathematics groups in
Philadelphia, and algebra groups n Philadelphia. The set of questions is:

J 1. Is there a difference in achievement following 1nstruction in
, CAl or|non-CAI classes? :

2. Is the! ‘e a difference.in attitudes following instruction in
CAI or \non-CAl c]asses?/ , .

|
!
|
i
|
i

\ .
. \ .
. ‘ . o y
. . . _
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\

3. Is CAI more effective for those of 1ow or high ab111ty
: (1ntel1igence)?

4. Is _CAI more effe tive for. those with low or high initial achievement?
5. Are achievement and atti tude related to previous achievement?:
6. Are achievement and atti tuge related to attendance?
7

. Are achieveient and attitude re]ated to number of years
in school? - .

.8, Are achievement and att'ltude related to "t'lme -on- -1ine" for the

' CAl groups? . .
_ The following types of data were co]]ected - \

1) achievement scores on normed.and non- -normed tests _ '\

2) atti tude:scores - (toward mathematics, CAI, and sett1ng)

3) 1ntelligence test scores

~ 4) previous achievement scores in mathemati cs and in reading
: :(1969 1970) on normed ‘tests . .

5) attendance (absences- in 1969, 1970, 1971)
6) number of years in school
"7) time on-1ine

¢ To analyze these data, the following statistical procedures and tests

- were used: - L = )
1)- correlation: matrix and significance tests | '
2) factor analysis and rotation .
3) analys1s of variance with repeated measures

|

No attempt w2s made to compare data from the two d1str1cts, nor from the
--two oourses. Thus, the data were treated as if derived from four separate .
sources: for general mathematics and for a]gebra, in P1ttsburgh and in
 Philadelphia. |

B
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Results of Analyses of Data ‘ | S

Raw Score 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 among
" the various groups. (The rehabi]ity coefficients for all tests and scales
may be found in Tables N-1 and N-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 o
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) On both achievement measures, the CAl group made- greater gains than
T —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 shght]y on the third administration, T
while those of the cohort group showed a small but consistent increase. , ’
3) . Attitudes towards CAI became steadily less positive from fall to 1.
~spring. - . | '
4) Attitudes toward the instructi ohal” setting were comparable for the

two groups. A | _
P Tables 5 and 7 present the means of the raw scores for the two general
mathematics groups in Phﬂadelphia 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 administrati on 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 pos§ tive from fall to spring .
4) Atti tudes toward the instructi ona] setting were much higher for the CAI

‘group.

~
L]
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Tab]e_z.

Extremes of Achievement Scores for A1l Groups

.29

{

Pre—Irrlstruci:ion | Post~Instruction

hon-normed . ‘normed . non-normed  normed

Pittsburgh |
General Mathematics CAI Group

General Mathematics Cohort Group .

Philadelphia - N
‘General Mathematics CAI-Group
General Mathematics Cohort Group

Pi'ttsburgh :
_Algebra CAI Group
Algebra Cohort Group -

Philadelphia
Algebra CAI Group -
Algebra Cohort Group'

S 7e27®
8-332 .

7253
7-302

4-18¢

- 6-24%

. 2-19¢
© 4-24C

. 3-40P
3-36

1-30P

6-31°

. 2-20¢
~ 5-249

1-21¢
d

4-28

b .

7-312

4-29

7-302

7-282

5-26°

3-29¢

- 5-28°
- 4-24°

B
>
v

|

-1-38

- 5-29P

6-32°

. 3-2¢4
. 5-299

7-284

N
2.3

6219

33 items.

\

4The non-normed achievement test for general mathematics contained .

'bThe normed a_ch'lévement test for general mathematics conf.a‘l n'gd 45 items.

_ “The ndn-nanned.achievément test for algebra con'tai'neq 3'2 ftems.

dThe normed achievement test for algebra confai ned 40" items.

—

.4

Ly
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Table 3. o | - |
Extremes of Number of Absences and |
~ Time-on-Line for A1l Groups
“ . ) T
. | o ._ Ab:ences (InDays) . <time on-Line
Coe L 19692 1970 - 1911 (Hours)
Pittsburgh L T N -
General -Mathematics AR o - : %b ‘
General Mathematics . - B . L
Cohort Group (N=88) ' ' 0-55  1-63 0-62 : None .
Philadelphia T . -
General. Mathematics. - ‘ o O
-CAI Group Y(N=220) : ‘ © 0-30  0-41" 0-42 24 .82 - 57.83 E {
. General Mathematics ' o : C L
Cohort Group (N=77) - . o - 0-37 0-60  0~65 ' None P
(Pittsburgh = o . o L
| Algebra CAI Group (N=254) 0:62 0-78  0-87 -81.97°. &
©|" Rlgebra Cohort Group (N=97) ~ 1-35  0-34 0-53 Nome - |
Philadelphia | ,, S |
-Algebra “CAI Group (N=221) - 0-43 0-43 0-61 -°16.30 - 68.27 - *
‘Algebra Cohort Group (N=104) 0-3 . 0-67  0-47 -~ Nome . .G
Academic Year T | | . | o
bA meaningfu_] minimum figufe was not? available for'this'group. ;
‘ . ) 4 | \
..
|
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- did the cohort group.” . . , - \

' .decrease between the first two admini strations, followed by a s'light increase

33
Tab'les 8 and 10 present the means of the raw scores of the two a'lgebra
groups in Pittsburgh. It may be observed that: . _
1) On the normed achi evement measure, the cohort group made grédter
gains than. the CAI ‘group, while the CAI group. made a greater gain on the non-
normed measure, These are the antici pated results since ench group did the
best on ‘the test whose objectives were closest to its owh curriculum, .
L 2) ‘The attitudes toward mathematics of the CAI group incPeased and then
decreased, while those of .the cohort group steadily decreased; scores of the'
CAI group werg more positive than ’chose of the cohort group on both second and | ‘;

thi rd administrati ons. - v
3) Attitudes towards CAl berame steadi'ly less p itive from fall to

spring : - Vo ! -
j) Attitudes toward the instructiona'l setting/were higher for the CAl .

-

ol

'group
Tables 9 and 'l'l present the means of the raw scores for the two algebra :

groups in: Philade'lphia.‘ It may be observed that:
1) On both achievemerit measures, the CAI group made greater gains than

2) The atti tudes toward mathematics of the CAI group remained cohgarable : )
between first and second administrations, and decreased quite sharply with the -

third administration, while for the cohort group there was a simi'larly sharp

3) Attitudes toward CAI became steadi'ly less positive from fall to spring,

with a 'large decrease evident between second and third admini strations s
= 4) Attitudes toward the instructiona'l setting were higher’ for the cohort

group. . o E L -

G :

Statistical Data "

To ascertain whether the observed differences between means -exceed chance -
. findings and to secure answers to the set of ‘questions presented previously,
severa'l hypotheses were tested First, to determine which variab‘l es were
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'sampie for whom data are complete.

yT e

-51gn1ficant1y corre]ated a]] twenty one variab]es were examined in a correia- :

tionai matrix. for each of the Iocatfons -courSes. and. groups. Figure 2 con-.

_ ‘j°tains a list of these variabies. Each corre]ation coefficient was then tested
"_for significance from zero- and subJected to - factor ana]ysis (inc]uding rota-
tion) to aid in the identification of the most p]ausib]e as we]] as those

variables significantly different from zero.. - As was expected ‘the factor
ana1y51s ascertained that in severa] instances three or more of these vari- .
ables were high]y corre]ated and c]ustered as a single factor Therefore,

i-one .variable ‘could be. se]ected -for ‘use in further data ana]ysis ‘with the -

expectation that the findings could be genera]ized to others 1n “that ciuster.“hr

_Despite the cl stening -of. achievement and.attitude variabies these were- all
“‘retained, bec se they were essentia] in order to app1y the repeated measures j'.
?design. For those variabies re]ated to prev1ous achievement ‘and to number of

absences. one of each set was selected.’ Thus, in- subsequent data ana]yses, ]o
variables (1nstead of 21) were- uti]ized (These re ained variab]es are indi- °
cated in Figure 6 by asterisks ) The data for varia b]es 12 through 26 were .

-drawn from schobd records while-the amount of time-on line was secured from

records main;ained by the instructional computer system. :
For’ the statistical ana]yses to .test the various hypotheses with suffi-

fcient precision. it was necessary. to use data oniy for those students from.

whom all pertinent scores were avaiiabie. Thus, for the first two questions,\;

"data from all students who had taken. Soth pretest and posttest versions of .

both- achieyement tests were used; 657 students‘were.inyo}ved., For the two-

questions related to attitude.'datazfrom'ailvstudents who- had been adminis- o "i:
tered the two'scales three times were-used; this was.true for only 470'stu- .

dents. The number varies, - despite attempts to have a]] students comp]ete a]]
measures; the maximum numbér available was used for each of the analyé:s. how-
ever. " In every i istance, the plausible assumption remains that the removal of

papers. for those for whom data were incomp]ete does not bias the remaining\ o
v . .

'y

A]] nu]] hypotheses were tested for significance at the .01 IeVei
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2
3
.4

5.
6
7
8
9

hd [ ]

10.
1~
12.
13.
14,
15.
16.

~
7.

18.
]9.
20.

. 2].

* Non-normed Achievement Test Score, Spring 1971 (posttest).

Non-normed Achievement Test Score.‘Faﬁ 1970° (pretest)

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

* * % %

‘Attitude Toward Mathematj cs Scale Score, Fall 1970

Attitude Toward Mathemat‘i cs Scale Score, Winter 1971

. “Attitude Toward Mathematics Scale Score, Spring 1971

Attitude Toward Computer Assisted Instruction Scale Score, Fall 1970 .
Attitude Toward Computer Assisted Instruction Scale Score, Winter 1970
Attitude Toward Computer Assisted Instruction Scale Score, Spring 1970

Attitude Toward Instructionai Setting :Scale Score. Spring 1971 B

Number of Years in School *

Intelligence Score T
Mathematics Achievement Test Score, 19@
Mathematics Achievement Test Score, 1970 |*
Reading Achievement Test Score, 1969
Reading Achievement Test Score, 1970
Number of Absences, 1968-69
Number of Absences, 1969-70
Number of Absences, 1970-71
Amount of Time On-line  _|*

Fig. 6.. Varfables considered in correlational matrix, with clusters

identified. B
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" hypothesis being tested was the

\
1

Non-normed Achievement Test\s .

The data from administr tion of the non- normed achievement tests were
analyzed using Analysis of . Va\aance (AOV)2 as the anmalytical tool. The
same in each of the four situations, for
Pittsburgh general mathemat‘ms,\ Pittsburgh algebra, Philadelphia general
mathematics, and Philade'lph"ia alg\;ebra‘groups

There. is no difference in achievement on the non-normed test ; B

(genera} mathematics and algebra considered separately) between groups

following CAl or non-CAI instruction, as defined.

In the case of the non normed ch1evement test, it seemed w1se to attempt
to adjust the posttest scores of the students in order to compensate for the
fact that many of them did not compléte 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 1 nev1-
table fluctuations in the amount of course material actually attempted.

Tables 12 and 13 show cumulatively the proportions of students in the four
groups who completed each chapter of ei ther the algebra or general mathematics
course. \ If a youngster terminated.more than half-way through a particular
chapter, then he was counted as completing it. Posttest scores of every stu-
dent were then adgusted to a base of either 33 ftems (general math) or a base
of 32 items (algebra). Thus, as shown in Table 12, a student who finished
Chapter 6 of general mathematics should have been able to answer 22 test ques-
tions .correctly. - Suppose he actually ans:,wered 20 correctly.. His adjusted
score became 20/22:or 91% of 33 or 30. ; | .

Table 15 shows a comparison of the unadjusted and adjusted. posttest means.
The adjustment created estimated 1ncreases in mastery leve'l (percentages of
test 1tems 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 1nvolv1ng up to eight treatment
factors | _
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- Table 12

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

Number of | . Number of - ‘ Cumulative
Students Students No. of Test
S Terminating | Terminating Items Rela-
Through in Chapter. Cumulative in Chapter. -Cumulative |ted to Each
Chapter Pittsburgh - Total | Philadelphia Total Chapter
1 - 233 100% - 222 100% | 3 9%
2. 8 233 100% - 22 1005 |5 15%
3 3 . 225 97% | - 222 100% 6 18%
4 - 80 222. 95% . 16 222 1006 (13 - 39%
5 28 -4z 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 45 208 129 . 88%y
10 - 2 2 1% -3 53 1% |31 ‘94
n _ ‘ 33 1002
Termination | " '
Date 6/4/M 6/16/71

T I U Ty AN quhmr T s B v heptes e et = B T
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. -Tab'le 13
Number and Percentage of Students who Completed .
Each Chapter in the Consortium
Course in Algebra
Number of ' Number of - Cumulative
~ Students Students No. of Test
- Terminating Terminating Items Rela-
. Through 1in Ciiapter. Cumulative in Chapter. Cumulative | ted to Each
. Chapter Pittsburgh Total Philadelphia = Total Chapter
1 - 243 100% - 220 100% | S 16%
2 22 - 243 .100% - 220 100% | 7 22%
3 n 221 9% - 220 100% | 14 - 43%
4 110 150 62% 32 220 1003|117 - 53%
5 26 40 16% 123 188 85% | 21 66%
6 1 14 6% . 40 65 309 | 23 72%
7 3 3.. 1% 25\\ - 25 1%, 29 917
8 ' 30 | 94
. 9 : . 32 1007
- . Termination : L ‘
. Date 6/8/TV , . 6he/n

e
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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

Unadjus ted Adjusted
Posttest Mastery =~ = Posttest Mastery
n Mean Level Mean Level
P{ttsburgh
General Math. ( .
(33 Items) 101 19.57 - 59% 20.18 61%
Phiiadelphia ) _
General Math. -
(33 Items) 156 17.45 53% - 20.17 61%
~ Pittsburgh |
Algebra . ‘ ' : 4
(32 Itenms) 135 . 13.86 43% 15.82 49%
Philadelphia |
Algébra | s
- (32 Items) 183 17.43 54% , 20.65 65%

N

B P

o L

e et -
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Table N-3 (Appendix N) presents the AOV summary table for Pittsburgh

. general mathematics groups. The fincrease in achievement scores between pre-
.test and postiest (unadjusted) was significantly greater for the CAI group
than for the cohort'group. This interaction effect for adjusted posttest means
is 11lustrated on the graph in Figure 7. :

"~ Table N-4 (Appendix N) presents the AOV summary tab'le for Philadelphia
general mathematics groups. The significantly greater increase in achieve- ,\.
ment scores of the CAI group is illustrated in Figure 8. ) 3
‘ / Table N-5 (Appendix N) presents the AOV summary table for Pittsburgh
algebra groups (unadjusted data). Again, the 1ncpea£e in achievement scores
was significantly greater for the CAI group than for cohort groups, as {1lus-

_ trated in ngure 9, .
On Table N-6 (Appendix N) is the AOV summary table for Phi'lade'lphia
algebira groups (unadjusted data). Once again, the increase in_achievement
" scores s significantly greater for the CAI group than for the cohort group,

as {1lustrated in Figure 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 i
achievement scores between pretest and posttest than did the cohort groups.
The replication of this result is 1nd1cat1ve of the efficacy of the non-normed
test for each course in ascertaining whether or not the CAl programs were
effective.

Normed Achizvement Tests

The data from admini stration of the normed achievement tests was also
. analyzed using Analysis of Variance (AOV) as the analytical.tool. The hypothe-
sis being tested was the same in each of the four situatfons:

|here is no difference in achievement on the normed test (general
d “mathematics and algebra cotidered separate‘ly) between groups following

CAI or non-CAl instruction




44

ki i f Wonnd. Tt s, R~ < e meme e L La .
:

21
20 '
19°
18
17
16

15 CAI
{ 14 cohorta——"
a3

CAI

Mean . 12
Scores ‘

>
ond
ond

a—
e bk s st < 1+ et st ot

O = N W H o w0 O
o

-

, ' ¢ -
- Pre ’ Post (Adjusted)
g , , Testing

- Fig. 7. Mean scores on hon-normed achievement test for P{ ttsburgh éeneral
mathematics groups. (Abridged Data) .
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The. means for all groups are presented in Table 16. Tables N- 7 N-8, . .
’~‘_N 9, and N-10 (Appendix‘N) present the AQV summary ‘tables for each of the four
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 increase in achievement scores for all groups; the four groups

all showed improvement -from pretest to posttest. , |

1

Summary | ’i‘- | T
, The fact that students in both the CAI and cohort groups achieved a
+  mastery level o 5
777 “erable-doubt-on. the adequacy of these tests for measuring student changes
over two semesters. The obtained. differences were- not significant for CAI and

‘/
/

cohort groups.

.- AEtitude Toward Mathematics . /
, ~ The data from three administrations of the Attitude Toward Mathematics
A scale were a1so subjected -t0 the Analysis of Variance (AOV) procedure. The

! There is no difference in attitude toward mathematics between
~emi——me — —-groups following CAl-or non-CAI instruetion. . ... -

On Table 17’are the means for all four groups. '

The AOV summary v tables al are presented on Tables N-11 through N-14 (Appen-
dix N). The resuits for- the Pittsburgh general mathematics group indicates a

_ significantly greater increase in attitude toward mathematics for the cohort

group. -Figure 11 {1lustrates this finding. ,’ - - .
‘ For the Phiiadeiphia generai .mathematics group, there was a sionificantly
greater increase in attitude toward mathematics for the CAI group, as i11us-

.trated in Figure 2. ' 0

-

0-40 percent on the normed achievement tests casts consid- . .
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Table 17

Raw Score Means for A11 Groups for Three Administrations of
Attitude Toward Mathematics Scale

<

CAl

Cohort

Fall

Winter  Spring

n Fall

Winter

Pittsburgh
General Math.

Philadelphia
General Math.

Pittsburgh
Algebra

Philadelphia
Algebra

82.57

74.77

85.73

89.€6

87.41

78.55

88.54

88.52

97.59

99.97

98.28

89,52

42  81.40

40 /78.65
///

52  86.42

51  86.96

79.76

78.33

85.50

81.24
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CAl

Mean \
Scores 60
R . 55
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- Testing

Fig. 11. Mean scores from Attitude Toward Mathematics scale for
Pittsburgh general mathematics groups.
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Fig.12, Mean scores from Attitude Toward Mathematics.scale for .
Philadelphia general mathematics groups. '
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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 51gn1f1-
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 51gnificant1y

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

Figure 13).

Summar

No consistent pattern in attitude toward mathematics was found across the

four 51tuations

Attitude‘Toward
Computer Assisted Instruction

The data from three, administrations of the Attitude Toward Computer -
Assisted Instruction sca]e 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 wuen measured in fall, winter, and spring
periods of the school year, e
Table 18 presents the means for.the four CAI groups.
- The AOV tables for each situation areupresented 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 Tow or high ability?"
has frequently been asked, as well as the re1ated question about its efficacy
for those of low or high achievement Since abi]ity and previous ‘achievement
were found to\be highly correlated, it seemed prudent to test the data for
oniy'one\variabie. Ability, defined by an intelligence test score, was
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Table 18

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

n Fall  Winter: Spring

Pittsburgh , . o
" General Math. 61 89.49 86.20 75.84
Philadélphia . L

General Math. 1] 89.46 87.32 ‘ 82.87
Pittsburgh -“ - : o ’ 4
Algebra, ' 143 90.20 86.18 - ©° 81.50
Philadelphia

Algebra 155 92.45 89.62 58.88

‘selected. The achievement variable was defined by the non-normed test score,
\) " because this. score and the 1ntelligence test score were not highly correlated
| and it was necessary to hqve 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.
Therefoke, the 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 these groups are given on Table 20.

The AOV summary tables are presented for each of the four situations on é
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 defwnes
his groups -(in ‘this case high and low) in terms of a ch@racteristic of the”
sample. He is making a split of convenience which fluctuatéds with sample
values. Such analyses cannot be replicated on.independent/éamples 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 increased for all students; there was no significant
interaction between abilityzlevel and achievement. o

t
'
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Table 19. B
‘ Extremes and Number of Students: in High and
v ' Low Ability Groups :
Limits : -*;Limits X Score- | . :
High n Low _ n For-Total Group. Test Uscd!
Pittsburgh : )
. General Matk. 101 - 120 12 62 - 86 12 ., 92.36 "~ Otis
Philadelphia , L o - ,-
General Math. 110 - 125 .18 85 =95 .14 103.69 - - Phila.. -
A , . : ) . Mental
2 * _ Abilities
Pittsburgh : i
Algebra 101 - 118 34 63 -8 19 95.22 ~Otis -
Philadelphia : S
Algebra 125 - 130 28 80 -108 21 113.15 Phila.
¢ - Mental -
S * -Abilities
 Table 20°
: Means for Achievement of High and Low
S Ability Groups in CAI Instruction
High Low
Pre Post Pre’ Post
Pittsburgh . ST
General Mathematics 16.75 23.00 12.92 1700
Philadelphia ' - f ‘
General Mithematics ~ 17.44 21.61 12.36 152
Pittsburgh | S
A1gebra _ 9.62 15.82 . 9.05 11.52
Philadelphia " 7 o
Algebra 10.29 16.14 12.05 18.71
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For the Pittsburgh algebra group, a significant interaction was found:
scores of those students in the high abi1ity .group improved significantly more

than those of ‘students in the Tow ability ‘group. r
_ Resul ts for the Philadelpiia general mathematics group indicated no

' significant differences between the groups.:

]

Summary

In only one situation (_1gebra classes in Pittsburgh) did CAI appear to
be more effect1ve for ‘students of ‘high ab11ity than for those of low abi]ity

Corre]ational Results

" The answers to four of the questfons listed below can be obtained by
referring direct]y to the correlation data on Tables M-23 through N-26 in
Appendix N. _ L _ » (-
- 1. Are current.achievementland attitude related to previous achievement?

For all four *CAI ngups and . for the Pittsburgh cohort algebra
group, sign1f1cant correiations were found between current achieve-
“ment and previous achievement (as measured by 1970 mathematics- normed-

" test scores) Three of the four correlations for CAI groups onjthe

mathematics attitude scale were significant (oniy that for the °
Phiiadelphia general mathematics group was not). Thus, achievement
and mathematics attitude appear to be correlated more for CAl groups.
than for cohort groups .

2. Are achievement and attitude re]ated to attendanCe7 .
.Only with one group--Philade]phia CAI aigebra group--were any
significant correlations "with attendance (as defined by the number of
/ * absences in the present 1970-71 school year) found. These ‘were on
| . the'non=normed achievement test and the mathematics attitude 'stale, - - .

ST B and in both cases,. the fewer days absent, the _higher the«scores A]i' |
' 'of the  remaining data, however, indicated an inabiiity 6 refute the ‘
nu11 hypothesis - - , S ~4“,_ - S
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3. Are achievement and attitude related to number of years in school?
Mo significant correlations were found for any group; thus, the
hypothesis'that_achieVement and att1tude'appear'unre1ated_to number -
'of years in school ‘could not be refuted '

4. Are achievement and attitude re1ated to amount of t1me -on-iine for
-the CAI group?/

Examination of the data on the- range of on- |1ne t1me-(see “
Table 3) indicates that there was an error in the records: kept by the '
‘computer in Pittsburgh. The corre1at1on toeff1c1ents are (by inspec-
tion) slightly higher for P1ttsburgh students than for Philadelphia
students, where the computer vas (apparent1y) ma1nta1n1ng a more ‘
accurate record of time. However, they are low and non-significant,
and the fo11ow1ng conclus1on _appears Just1f1ed No significant cor-
relations were found for any group; thus, the hypothesis trat achieve-
ment and. attitude are unrelated to the ,2amount of time the student .
spends on-line could not be refuted.

l R | |

« Comménts Re]ated to Data Analysis : “?’fw

The summar1zed results of the stat1st1ca1 analyses indicate: '
1) On the non-normed achievement test, the CAI\yroups made significantiy ‘
greater increases in achievement than did the cohort groups. - The reader is
reminded that the non-=normed ach1evement test was based on the Consortium

~

curriculum, . e o

2 2). Three of the four CAI groups atta1ned a mean proJected mastery level
of 60 percent on the ‘non-normed achuevement test.

. 3) © On the normed achievement test, no sign1f1cant d1fferences hefween

CAI and cohort groups were found. '

4) No consistent pattern in att1tude toward mathemat1cs was found.

p-5) A sign1f1cant decrease in att1tude toward CAI from fall to spr1ng was

found for CAI groups. - '

6) Genera]]y. CAI did not appear more effective for. students of high

L3

aab111ty than for those of 1ow ab111ty

<
s VO
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i 7) Achievement and mathematics attitude appear to be correlated more for
CAI groups than for cohort groups. . .

- 8) Achievement and attitude were not signiﬂcant]y related to attendance
or to number of years in school.

; 9) Achievement and attitude were not significantly re]ated to the amount
of time students in the CAI.groups spend on-line. : B \

The two types of achievement tésts 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 d1ssatisfact1on with the
slow response time of the computer, or to*lﬁge 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 resu]_ts of this more objec-
tive measure. o °
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 ]eve]s. Thus, individual differences have been provided for to some
extent.

It was <omewhat 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 as an indication that all stu-
dents can achieve if they are given an appropriate 1ength of time

| The results indicate that students can achieve at least as weH with the
use of CAl as from.conventional instruction alone. Attitude toward mathe-
matics need not suffer, though attitude toward CAl did become increasingly:
negative,. ' “




CHAPTER 1V
CAl COST AMALYSIS
Keith A. Hall

The magnitude and complexity of this project requires that a summary
analysis be made to assist other educational institutions in considering 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 technigues, and the cost 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 1m.lude.~, the experience deyived f%
an inservice teacher education project so that pondering 1nst1tﬁ"ﬁ’1ons may set
forth.la plan of implementation for a CAl program with maximum educational
benefits thiﬂough 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 avali']ab]e curriculin:.
the useful life of the system, the use schedule and staff requlirements, and t*
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

mc.de.

Instructional Computer System

The IBM 1500 instructional system on which these cost projectiuns were
made consists of thirty instructional stations with cathode-ray tube display,
- 1ight p’én, typewriter keyboard, audio device, and image projector. The computer
- room equipment is comprised of an 1131 central processing unit, 1132 printer,
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14:12 card reader and punch, 1133 multiplexor control unit, two 2310 disk stor-
age drives, 1502 station control, two 1518 typewriters, and two 2415 tape
drives. : -
The central processor-is an IBM 1130 computer with 32,768 16-bit words of
core storage. In addition to tne 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 magnetic
tape drives record the interaction between thg program and the student for
later analysis and course revision. Core storage cycle time is 3.6 micro-
seconds and read/write time for disk storage is”27.8 microseconds per word.
Fach 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 consists of a cathode-ray tube screen with 16 -
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
dispiayed letters, figures, and graphics by touching the appropriate place on
the screen. A part of the CRT device is a typewriter-1ike keyboard which
makes it po'ssib]e 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 recei ves rapid feedback in the form of an evaluative
message. Four dictionaries qf 128 characters each, of the author's own desiyn,
are capable of being used simu]taneous'ly An image projector loaded with a
16mm microfilm is capable of holding 1024 images rn 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 sys'tem is shown in Appendix A.
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 remamder of this report for deter-
mining amortization costs and hourly rates for the 1nstruct1’0na1 system.
\\\
Curriculum Matema'ls

The major focus of this project was the development, revision, and eva1ua~
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 1560 system and which are indexed and annotated in the
Index to Computer Assisted Instruction written by Lekan, Helen.'

The general mathemafics course has been found to be of use in the adult
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 fro-
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 a4 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 seeming'iy typical children the knowledges and
skills necessary to identify children with handiquping conditions who other-
wise might be educationally retar,agd by the age of nine or ten. This course

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

1969.

Rl
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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 agencies

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 1ife of the system is assumed to be 15 years. Ti\js estimate
is based upon the following factors. o

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 facilities.

Instructional Computer System Use
Schedule and Staff Requirements

Because the system is specifically designed for instructional uses and a
large proportion of the componeni:s are designed and used only for dinstructional
purposes, computer-assisted instruction appiications are given preference over
a dedicated use of the system. The combined use of a CAI system for sccondary
school education and adult education could result in very economical futorial
instruction. Table 22 presents a proposed system schedule for secondary -§chool
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 Jevel of 90% can be expected. This
schedule of public school use and a utilization level of 90% would provide

e Py g v 2 L
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\
’

~

37,260 clock hours of- tutorial instruction per year for school age chi]dr;en. .
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. Experiencé has_/shown that the
expected utilization Tevel will vary between 40% and 90% for these kinds of
instructional programs. The var'i_ance in utilization level is incorporated in
Table 22which 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 for public school educa-
tion and adult education (Table 22) would result 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 schedu]ing, report cards, record keep‘lng, attendance accounti ng, test

scoring and analysis. Table 23shows there would be 3,336 hours per year

~available for educationa] data processing.

Table 24 summarizes the ccniputer system use and the staff requirements for
operating the system for a calendar year.

7

Computer System

It is assumed that a school district would find it néE:eSsary 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 f]ow may not make the most eco-
nomical plan the most feasible. Several plans. are presented for comparison.
Resources would be required to meet the following needs: —
1) purchase price; , e
2) mwaintenance; and

3) interest.
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~ Table 24
Suwmary of Computer System Use
and Staff Requirements’
Student . .
Clock Station _ Staff Hours . .
Mode of Use Hours Hours Manager Proctar . Operator
. N
Time Shared Mode 3,828 94,956 1,900 7,096 1,928
Dedicated Mode 3,36 3,33
TOTAL , 7,164 - 94,956 J1,900 . 7,096 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 district, the national

~ economy at the time, and the number of years required to retire the debt. The”

interest rates and time periods reported in Table 25 appear to be reasomable
estimates at the time of this report. Again the equipment components are cla:-
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 1oans 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 years, and the
interest costs for the period of the loan together and dividing by the fifteern

~years established as the useful 1ife 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%. L

-
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Hourly rates Tab]e 24 shows that the computer system would be used a

\total of 7,164 clock hours. per year--53% of the time in-a time shared mode and 4‘

o _~47% of the time in a dedicated mode. Figure14-shows the formulas Which were

shared system use. |- - /

used in the computation of hourly rates for ded1cated system use and time

)

lad
L

ADed1cated'System Rate¥

( .47 x Common Component Cost) + Dedtcated Component Cost
Annual CTock Hours of De d1cated Use

" Time Shared System Rate*

(.53 x° Common Component Cost) + T#me Shared Component Cost
Annua14§tudent §tat10n Hburs :

~

| Fig. 14. Formulas used in the computation of hourly rates for ded1cated

. -and, t1me shared system use.

All costs cited 1nc1ude purchase price, 1nterest on 1ndebtedness and
ma1ntenance prorated for 15 years.‘ .

Table 26 {1lustrates the'application'of these formulas to the four plans

" 'of debt retirement which were presented in -Tahle 25. - As 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 f1nanc1ng o v
Cash flow. Perhaps of as much or more 1mportance than the cost per stu-

Adent station hour and the cost per dedicated hour is the annual cash flow - ‘
required for ‘each of the proposed f1nanc1ng plans. -The annuaI cash flow with- - -

out audio and with audio for each of the. projected terms of f1nanc1ng is pre-

sented in Table 27. It is 1nterest1ng to note that after the equipment has been
purchased and the 1ndebtedness retired, it costs only $.22 with -audio and $ 1

without audio for each student hour of 1nstruct10n

-t e+ e amoniam
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'CHAPTER V
. OUTCOMES OF THE CONSORTIUM

~_ TR

~

—

—

For any project which includes multi-faceted acti vit‘ies duri”ng a span of
over three years, it is diffi_cu’lt to \precise'ly define a list 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 impac':rt’ of the
project has been dur'ing"lts 1ife-span and of wh‘at the impact might be on future
projects. The purpose of this chapter is to d'lscuss concise'ly the six major '
outcomes of the Consortium.
| The project was a learning experience--a feasibility stud_y to determme
whether a Consortium is a viable strategy for developing curriculum materials
tailored for specific locati ons; and a development proaect in which students in
those locations would test those materials. The primary focus should be on thea
curriculum construction process. The success of the project will be measured
in part by the impetus which can be derived for future CAI curriculum develop-
ment projects. |

1. This proaect has constructed more CAI curncu’lum materials for second-
ary education than any other proaect known to the authors. The average [time *:
complete the on-line portions of GENMA and .ALGEB s 150 hours.

The curriculum material must be considered to be a rough draft--like the
| mimeographed field-trial edi tion of a textbook. It includes many good segmenis.
‘but it also includes’ seme unpolished segments; some portions are of high
calibre, other portions are deficient from a mathematical and/or a pedagogical
point of view. In our judgment, however, the courses in their present state .
- dre usable with caution for operationa’l instruction in high schools.

‘Content objectives--the perogative of the participating schools--were not
always carefully thought-out and specified, nor were teaching strateg‘les always
clearly de'lineated and consc1ous’ly selected with regard to specified obJecths
Undoubtedly such strategy se'lect'ion requires a research base which was une‘waﬂ
able beforehand, and, due to production dead'lines 1mpossib'le to construct ‘\
~within the project. Potential users must ascertain whether or not the content \
A
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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 revieved by a qualified specialist.

2. The courses need to be revised and articulated with a set of evalua-
tio'n’iinstru“ments fdi:'u‘gé:d on student mas‘tery. The present instruments (the
non-normed and normed achievement tests) were developed following a norm-refer-
- enced pattern, and the relatively Tow scores réflect this orientation. Con-
sider the average percentage of increase from pretest to posttest, from roughly
,t}O' pércent to 60 percent. This finding indicates one of two things: 1) that
the evaluation instruments were not built to the specifications for criterion-
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- ‘
cise1y"the conte‘nt-objectives.for each course. The course material then should
-undergo another field triai 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 wide]y divefgent philosophies of mass educa- -
tion is not recommended. Other subjects are being taught following a tradi- -

. tional pattern, wi th traditional expectatiohs. Students carry-over behavior.
patterns and ‘attitudes from those other courses. For instance, the students
had Some difficulty adjusting to the relative fréedom of the CAI classroom,
where each learner was working individually to master content. Use of a variety
of materials, and conti_n.uous‘ 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 qhdJisten to the teacher present a
specified body of content which a1l will then practice: the focus in the
traditional classroom is on the content, not on the Tearner.
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Teachers also had many of the same expectations of CAI as they had for tne
__traditional approach. Their ccmments {presented in Appendix Q) reflect this
fact: "they were concerned, for,mstance, 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 repov*s were deve]oped (see Chapter
IIT1), but were not quy used by teacners. This is an important aid to the
teacher in planning .for individualized 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, fo 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 philosc-
-phy. A fundamental organization of schools is needed in order to adapt them to
new 1ndiv1duahzed 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 pYan of organizing students for learning--or orgamzmg
learning-content for students~--must be articulated.

The continuous progress plan has a reauy-made grading system: students-
don't get academic credit for materials not mastered, just because they sat in
class. | | ' )

5. Because of curriculum storage Timitations of the computer S_ystem;
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 tdtal progress and
to make time available to them on that basis. It is too ambitious to schedule
| two students per terminal during each pemod There would be better utiliza-
tion of the system if the number of students ass1gned to the program at any onsg
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-line materials, with the exception of some worksheets, were not
~used effeetively. Generally, neither _en‘éichmeht nor remedial materials were "
used ind@dua‘l‘ly; instead, all students were ex'pe'cted to complete virtually

the same off-line materials. Again, expectations of teachers, accustomed

to having all students cover the same textbook content, precluded differen-
tiating instruction to a significant degree. -Further investigation into the
appropriate interrelationship between on-1ine and off-1ine materials appears
wérranted. 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 Recommendat:'lo‘n #4 concerning a‘ shift in the
utilization patterns from class progress to individual progress. -

7. This project demonstrated that it is posS‘lb]e and advantageous to
create consortia of public schools, univer§ities, and state education départ-
ments for the purpose of ,deve‘l'op'lrig and evaluating curricular material. These
involved non-profit agencies can, by working cooperatively, ‘exercis'e‘the
leadership focused on change so desperately needed today 1n American education.

. ’ .
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APPENDIX A

 PICTORIAL DIAGRAM OF
IBM 1500 INSTRUCTIONAL SYSTEM
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ON routine

‘the student signs on the program, the on routine is executed first.

SPECIAL ROUTINES

The following routines have been developed for special purpbses in the
Coursewriter program. They are unique to the Consortium CAI program.

\

This routine 1n1t1a11zes and updates the counters, switches, return
registers and buffers used to acquire data for the Student Performance
Sunmary for each day s on-line. act1v1ty (one or more sign-on s) Each t1me

The skip routine is accessed from the on rout1ne 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 11ke1y that the error is
generated fr0m the branch to return register 1 executed at the end of the on

routine. The to accesd the skip routine is exécuted 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 Tabel should be typed in the skip routine.

SKIP rout1ne g . . .

Th1s routine perm1ts immediate access to any 1abe1 w1th1n the course
segment being executed (By accessing the label "trans," the program is .
transferred to the next 1og1ca1 course “segment. By access1ng the label

"begin," the programis transferred to the course index. ) -The s k1p rout1ne 2

identifies .the current course segment* and the last executed major 1abe1* ‘
It aHows for entry of a conment* and then the desired 1abe1* -‘ when th1s

label is entered, the program resumes execut1on at that 1abe1 A proctor

.message conta1n1ng the starred items is sent
Procedures for access1ng and using the s k1g routine are described in

'studentUSe S Lo

\
Vo

the GENERAL OPERATING PRDCEDURES. This routthe should not:be avaﬂab‘te for
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OFF routine |
This routine processes data accumulated during time on-line for the

Stu‘dent Performance Summary and is accessed by im"tiating the sign-off
procedure for student-mode as described in the GENERAL OPERATING PROCEDURES.
For this routine to be executed, it is absolutely essential that the student
use correct. sign-off procedures. If the Off routine is not executed, in-
correct information will be ‘given in the SPS report for the "guilty" student.
The most 1mportant errors that may be incurred by incorrect sign-off pro-

. cedures are: incorrect 1nf0rmat1on given for block number and assignments,
-and in appropmate Tabel used for restart pomt

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-quiz, he is presented the

DECISION TABLE which gives him the option to review any part of the instruc-
tional matema].s (instruction, practice, summary) covered by the.out- -quiz or
to sign-off. If the-student ‘takes the option to sign-off, he will begin at

the DECISION TABLE. when he s1gns on again.
~ While-éxecuting h1s ‘option, the student can return to the DECISION TABLE

at any time by initiating sign- -off procedures Ifthe student reviews all

- the material in his opt1on, he is automat1ca11y branched back to the DECISION__

TABLE. In either case, the DECISION TABLE will then contain the out- -quiz as
‘an additional option. (See Flowchart, Appendix_ 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 progre'ss and managing the. CAI classroom. - ' '

Tine. It

The SPS program can only be executed when students are not on-

should be run as soon as possible after all students in a course are finished

-for the day so that the 1'nformation' can be made available to teachers for

planning the next day's activities. _
Note: If the Off-routine described earlier is not properly executed,

data for SPS will be lost.
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Interpretation of Headﬁ'ngs in the
Student Performance Summary

Heading _I_nterpre'tation
STUDENT NAME ~ Student name |
NUM _ Student number

SEG Course segment number

‘SCT.BK* ‘ Section and block number :
. These numbers will be the same in genma. In algeb,
section refers to the section number in.the oriqina]
. version of the course. .

LABEL - Last major label encountered during execution of the
program _
~DAILY TIME** - The total time, in m1nutes, of the daﬂy termma]
- session or sessions.
LAST TIME** If a student has signed on more than once per period

this colump indicates the length of time, in minutes,
of the. last session.

CUML TIME | The cummulative. t1me, 1n minutes, on the cburse.

" PRESKL TEST** Preskiits test for one or more instructional blocks.
PRE TEST** | Pretest for one or'more mstructwna] blocks.
OUT QUIZ** Criterion quiz for an 1nstruct1ona1 block.
ASSIGNMENT ** 'Spec1f1es off line activity associated with an
- . instructional block.
CHAPT TEST . Percent correct on a chapter test. : « |
ATTEND ON-LINE 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 docqmentat'lon of SPS for exp]an_ation of sorting.

o e e o . R o 2 gn o e b heaniige Siiie el @8 SRR e e



On-line Chapter Test | | — .
Tests have been developed for on-}s#ne administration at the end of each
chapter for each course. (The one ex eption is Chapter 3 in gen’eral_ mathe-
matics.) 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. 1If
a student's preformance 1s unsat1sfactory, 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 . : S
'items. are representative questions from the various blocks in a chapter. S i
Items from one or more blocks are stored in a p'oo1 Not :aH items in a pool- o
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
the student would receive only three of the items. The Coursewriter program
i " 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 reduced b)'/ using this technique. |
The student is provided with three options as-each item is bresen'ted '
The student may respond to the item, sk1p 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 1tem, the program will _return to the last item
presented. The student is given no k.r;)ow1edge of resu‘1ts during the execution:
of the test. At the end of the test, ‘the student may return to a previously I
pres\en‘;ed item_, having the skipped items presented again, or have h1°s score ' ‘
displayed.. ; .
Each item in the pool is 1dent1f1ed by an a1phanumer1c code. The alpha- ,
betic character identifies the sect1on poo1 the number character is the |
number of the item within a sect1on poo1 For examp]e, c2 1dent1f1es the
item as the second question in section poo] c. A pr1nted copy of each
chapter test is available to the teacher. The items in the test are iden-

tified by the alphanumeric code. , - N

At the end of the test a proctor message is pr1nted out at a typewr'l ter , |
term1na1 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
questien.of his performance on that item.. (See Figure 15.)
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. TN
| K |
station 04 slrt genma proctor meSsage\\
test cor ‘pbm. % N, min
ct04 6 10 60 1\ 6
**b4clabalchb3a3c2bs | N

*%k b 3 - \
test - identifies the test . ]
the number of questions responded,,/'to correctly -

cor -
pbm - the total number of problems presfented )
% - (cor/pbm) x 100 ~ \

min - the time on test, in minutes \

The f1 agged items are interpreted as follows:
* - indicates an incorrect keyboard response “to item b4 "

b - indicates the incorrect selection from a mu1t1p1e choice item,
ad, by light pen

- “a - indicates the incorrect selection from a multiple choice item,
al, by light pen
S 1nd1cates item a3 was skipped

o}

Figure 15. Proctor message of a student's performance for one
terminal session. . °

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

"2

could be provi’ded' and the student retested.

Review Questions in Chapter Tests

Each chapter test after chapter 1 has approx1mate1y five review quest1ons*
which cover the material learned in previous chapters ‘As the name indicates,

the ~purpose of these quest1ons is review.

*These review quest1ons are not to be confused with the review test
which is a random]y generated test of items which parallel the chapter test,

-The review test 1s given the day before the chapter test.
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After the student-has comp]eted the chapter test, and has been given
his score, he is told that he is to answer several review questions. He is

"given the option of doing them immediately or the nextiday when he signs on
again. Depending on His choice, the student is either given the review
questions and then si gned off or g1ven the messaqe that h\wﬂ] do the ques-
“tions the next day and signed off
Fach student gets the same rev1ew quest1ons in the same order Un']le
the chapter -test questions, the ‘student is.given the correct answers if he
" answers incorrectly. At the end of the review the student is to]d how many
questions he has answered correctly. This score is not stored or combmed
in any way with the regular chapter test score. ° '\
For programmg “convenience, the coding of the review quest1ons has been
placed in the segment containing the chapter-test (after the test quest1ons)
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 quest1ons
: )

only once,

Review Chapter Test : . | I
A rev1ew of the instructional material, in the form of a preview of the
,forthcommg chapter test, is provided at the end of each chapter. (The one

.exception is Chapter 3 in the g_enera1 mathemat1cs course.) The items 1“n'_the_‘w

Review Chapter Test parallel selected samples from the item pools in the
corresponding Chapter Test. | § ' \
s At the, comp]et1on of the Review Chapter Test, students are s1qned off,
The program does not perm1t students to sign on the Chapter Test the same
day that the. Rev1ew Chapter Test was taken. The reason for the de1ay is to
prov1de students with an opportunity to review prlor 0 tak1hg the Chapter.
Test. It is also unlikely that both tests could be completed in o’;le class
per1od .
When a student is signed off, a proctor message similar to the one for
a Chapter Test 1is delivered to the typewr1 ter terminal. A printed copy of
the Review Chapter Test enables areas of difficulty to be 1dent1f1ed and
review materials to be assigned. It is recommended that s tudents do the
assigned work prior to taking the Chapter Test, |




Course Index . .
Course segments ALGEB - @ and GENMA - Q contain indices of the respec-

A Course Index -may be accessed from any segment in the course

tive courses.
by using *the SKIP routine (see page 101). ‘

Each Course Index provides three pt1ons:, 1) .access to an index of the
) chapters, 2) access to an index of Zéurse segmgnts ordered by chapter, 3)”

direct access to a course segment.
Chapter index. The user may see a comp]ete 11st of chapter top1cs and/

or access the segment index of the. chapter of his choice. Access of the .seg-
ment indexA’s byalight pen response. « |

Segment index. ' The user may see a comp]ete list of the course segments
w1th1n each chapter and/or access a course °egment The-segment Lpdex in-
cludes the segment numbers and the topics of course content ingluded in the
A course -segment is accessed by a 1ight pen response. L
If the user knows the number of a desired course ‘'segment
y be accessed by enter1nq the |

segments.
Direct access.
w1thout referr1ng to an index, the segment ma

appropr1ate number. ' S _ o , .

<
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INSTRUCTIONAL - STATION
GENERAL TERMINAL PROCEDURES
" ATTENTION* . Operation: 1. press and hold ALTN CODING key
S : ' . . 2. .press INDEX key | i;
Purposef - 1. .to gain control of the,keyboard i
: - to type a command :
P o 2. to cause the course to pause
CHARACTER-ERASE . Operation: 1. press and hold ALTN CODING key
. o 2. press BACKSPACE. KEY until cursor ([]) . :
- is 1in the des1red pos1t1on ; |
N _ ' : ,Purpose:\; to erase one or more typed characters E
ENTER ‘- .~ Operation: 1. press and hold ALTN CODING key*
' ‘ C 2. press SPACE BAR .
, B Purposef 1. to -indicate the end of a response or o i
. "+ a command a
2. to cause the course to continue after
_ = an ATTENTION pause |
-~ INDEX. D Operation: " press INDEX kay
' ' ' Purpose: to move the cursor ([J) down one half- ;
’ A o . ~ .line for ‘each press of the INDEX key o
('-' - [PRESEl ' “Operation: ~ . press the SPACE BAR o N
" ) LN Purpose: - permits the course to continue
* REVERSE INDEX - Operation: - ‘press REV INDEX key
. ' - Purpose: to ‘move ‘the cursor ([]) up one half-
, oo ’ . C line for each press of the REV INDEX
D o o . key
. SIGN-ON ' Operation: 1. ATTENTION(ALTN CODING and INDEX
g . . ~ simuitaneously) e
2. type:on (space) course name/autﬁbr
1 “(or student) number ;
3.. ENTER (ALTN CODING and SPACE BAR ER
: simultaneously) - :

Purpose: . to sign on a CAI course

*Do not make this procedure available to the student.
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SI1GN-OFF . ” :
Author Mode* Operation: - 1. ATTENTION (ALTN CODING and INDEX
. : . simultaneously)
2. Type: off**
o 3. ENTER (ALTN CODING and SPACE BAR -
E | . 's1mu1taneou51y)
Student Mode; : Operationf 1. One-of the following: - ,
: - b a. In DECISION TABLE: choose "off"
~ option' |
| b. Any other 11qht pen response
! ~ point to P in Tower r1ght corner -
| | of screen
. y c. Keyboard résponse: type,ALTN
' v " CODING q .
/. 2. Press SPACE BAR whenanpedrs on..
. screen. 2
Purpose: To sign- off or terminate on
' o instructional session
SKIP ROUTINEX+* R C R

1. Accessibln from
ca. Off routine

1. Initiate s1gn-off procedure (Type ALTN CODING q, point light
pen “to P in the Tower right corner of screen, or choose "off"
pt1on in DECISION TABLE) : < _

2. A appears in lower right corner of screen
AIthough no cursor appears ‘on the screen, type ALTN CODING .

If 'SPACE BAR is pressed (instead of typing ALTN CODING, P)s
the program W111 cont1nue through the off rout1ne

¢

b. On rout1ne (Student executes on routine. each t1me he-signs on. )

1. Screen is c1eared andmappears in lower right corner of -

screen.
‘AIthough no cursor appears on the screén, type ALTN CODING P

. If SPACE BAR is pressed, the program will cont1nue to the
. Student's restart point.

°

g *This procedure shouId not be made ava11ab1e to the. student Student use
‘ of this.procedure will result .in incorrect data on SPS.
' is ‘may be -changed per1od1ca11y by- the system S operator to prevent

student use of this procedure.
***The skip routine should not be made ava11ab1e to tne student

Sl L Ry




2.

}Text d'i'l's‘p1ay‘e'd on screen o . : .
a. Present course segment '
ﬂb.- Last execu.ted major label " -

}Type comment

. a. Approx1mate1y 50 characters are’ avaﬂab]e for comments -

b. If no comment, JUSt ENTER.

T)'pe 1abe1 to access. matema] in/ o B
a. CUrrent course - segment - type 1abe1 and enter

'b. Next logical course segment - type "trans" and enter -
of the course index - type “begin"

c. Any other segment by mean
..and enter .

9: NOTE:’ If an. 1nva11d'1abe1 ;1s enfer'ed, an error mesﬁsa'ge '

41 (label not found in.return register) will be

generated and the termma] will be signed-off.
.When the student is signed back on, execution .
+ will begin in the's k19 routine. -

I
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N
AN

.. REMAT AND DRILL

N

Two programs were developed \'to\jsupp]ement the algebra and genera] ‘mathe-
matics courses. These supp]émenia1 programs were designed . to provide drill
and practice through mathematical games and drill exercises. Entry is gov-

. erned by students' registering for‘remat¥ An index at the beginning of the

remat program provides actcess to the various exercises in the remat and drill

course segment. The use of the ALTN CODING q or selection of p with the h'ght.

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. .

! \

Remat - o , | ‘ \
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 problenm is displayed on the screen. If the correct answer
is given, the selected cell is marked by a X or 0, whichever’ is appropriate.
1f 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. o

Estimation Game. This game was designed to provide practicé 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 "1it-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 fourth ring. A response that deviates by more than

1/2 of the correct answer misses the target.

e T Akt e
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. As an added motivational device, a score is generated that is dependent
on the accuracy of the response and how quickly thé response is made. Four
points are scored for a bull's eye, 'thre'e‘ points for the second }ring,l,two
points for the third ring and one point for the fourth ring. In addition, |
- 20 points are scored i‘f ‘the response is within one se'cond.' A time-point is
lost for every second required to respond.. For ekamp_]e, a p'erfect 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 displayxd to
the student. o 4

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‘be'tweeh sets of problems are compared.

\The scoring on a combination of time and accuracy forces the student to
answer ‘quickly in order to getvé high score. The purpose of the game is to
motivate students to estimate an answer, therefore, "educated guesses' are
encouraged. i L

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.
7k + 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 + (-1_0)
which then becomes
7k = 70
Divide both sides by 7 to get
k=10

- ——— e bt e T h e e ol s e
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Multiplication Drill. This program is a timed drill on the mu]tiph‘éaa
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 integérs range from -99 to 99. Time Timits kange from

1.5 seconds_to 7.0 seconds.

Drill
The dri‘l1 course segment contains programs on: a) whole numbers oper-

'ations, b) integers operatwns, c) a version of the Estimation game (Acu-Rate) °
u'tﬂizing the four ar1thmet1c 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

additibn, subtraction, multiplication, and division of .positive integers.

Addition contains 7 levels; subtraction, 6; multiplication, 7; and division, f.

The problems, which are randomly generaited, 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. Tevels or until he signs off. He will go to the next higher.
level wh.en he correctly answers 5 randomly-generated problems in succession.
If he misses one problem his score will~go 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 with:ir
an operation or if he signs off. The proctor message will also give the
operatwn he was 1n, the 1ast level he comp]eted 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 1imits -are identical to Drill-1. The only

R NP P NP 3 PR
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difference between Drills 1'and 2 is that 1n 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. Drill-3‘is a version of the Estimation qame. While espimation |
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 us1ng whole numbers,
decimals and fractions. .
The student uses the 1light pen to point to'the sian in the answer set
that will indicate the relationship between the. ra?idom]y generated numbers.
" The following indicates the levels, the minimum and maximum values o1:
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 " Answer Set
) (0 -10)* 0 (0 - 10) <=>
2 (0 - 50) -0 (0 - 50) <=>
3 (0 - 1000) O (0 - 1000) <=
4 (0-5)+(0-5 ©C(0-10) ¢=>
5 | (0-10) O (0-5)+(0-5) =5
6 (0-5)®(0-5) C(0-5)+(0-5) <=>
7 (1-10) O0( -10) - #
8 (1-10) 0O (1 -10) <>
9 (.000 - .999) O (.000 - .999) <=>
10 1 O 1 <=>

(1 -10) (1 - 10)
1 | (1-100 0O_(1-19) <=>
’ (1 - 10) (1 - 10) '
12 (1-100 O0_(1=10) <=>
| (1 - 10) (1 - 10) J .

*The numbers in parentheses indicate the minimum and maximum numbers that
will be generated. . o

ek
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Inequalities (Dril1-4) continued

Level , Problem 2 Answer Set
13 (1-10 0 (1-10) - Cc= >
- (1-10) (1 - 10) . \ | |
14 (1 - 5) 0(-10) or (1 -10)0 (1 -5) ° <=>
(1-10)  (1- 10) '
15 . a=(1-10) |
b=(1-10)alz% : < = >

be by thz same method used in Drill 1 and
nswer 5 problems in succession correctly to

The score will drop to zero ‘when one problem
y the

, The scoring of Drill-4 wi]1
“Dril1-2, i.e., the student must a

move. to a more difficult 1eve1

is m1ssed " When two problems-in succession are answered incorrectl

student will go back one level. )
Proctor messages indicate whether the student has signed off or com-

pleted Drill- .4, If he sians off the proctor message indicates this, gives

the drill number (Drill-4) and his present Tevel.

Fractions.: Drill-=5 contains exerc1ses in reduc1nq fractions to their

lowest terms: adding, subtract1ng, multiplying and dividing fractions; chanu
ina mixed numbers to “improper fractions: and multiplying whole numbers by

The student must express all answers in least common terms.

fractions.
The student s1gns on at the low-

The program contains fifteen levels.
tinues until he completes all levels or until he signs off.

est level and con
to -go

. As before, the ‘student must answer correctly 5 problems in succession

to the next higher level. If he answers 2 problems in a row incorrectly he

will go back to the next Tower level.
Proctor messages will tell if the student signs off or if he completes

all levels in Drill- 5. If the student sians off before completing Drill-5

the proctor message will indicate the name of
of the drill (Drill1-5), and his present level.

the "drill (fractions), the number

e An X L bt
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,Algebra 0ff-Line Program

Purpose -
The purpose of the off-line program is to’ better meet the learning needs

of each student in the Consort1um CAI Algeb and Genma courses. The off 11ne

program should:
"1.. Provide some remedial help for students who are hav1no difficulty

with. the on-line proagram. This will be a more critical prcblem 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 poss1b1]1ty/bf studying later
top1cs ear11er is evidenced by the different ordey in which textbook

authors present various top1cs

3. Provide the opportun1ty for some students to look at some topics in
greater depth. For example, the study of many of the'propefties 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 exam1n1ng
systems which do not have these properties. ‘!

4. Promote the students' enjoyment of and appreciation for the study
- of mathematics. In recent years some excellent material has been 3
developed to 1ntroduce such topics as probability, matrices, topo]ogy,
: number theory and others to h1gh school students on a level which they
) : ~ can readily comprehehd. 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 regu]ar work. This might occur if he has
d1ff1cu]ty at a time when the teacher is busy or if he is ready to go on

R N eae |

line and a terminal is not available.
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. \ .
- Types of off-line material (Algeh)
The off-line mater1§1 can be separated into two basic categor1es

remedial work for those haying difficulty and extra work for those progrees-"

. ing without difficulty. .
There are three sources\of help in the remed1a1 area: the SRA Algebra
" Skills Kit, the Hayes ditto mater1a1, and the series of programed'texts,
A Program in Contempo}ary Algepﬁh._ The two former sources are mainly for
additional practice. These.regburces will be‘correlated with the on-line

material by chapter and block. / -

- The extra work ‘can be tlassi f1ed as add1t1ona1 top1cs (AT), in depth (1
acce]erat1on (LA), and games and puzz]es (GP). Most of th1s/mater1a1 is in
a the form of pamph]ets or work books. Some of the suggested activities are
small "exper1ments" or games. The programed text will be used for acce]er-
| at1on activities as well as remedvah By studying some top1cs off—11ne the
student may be ab]e-to pass the pretest on the topic and thus move ahead on-

.11ne to new mater1a1§ \ _

\ ) - -

| \)
" Filing off-line - act1v1ty assignments t\

The remedial activities which.are’ corre]ated d1rect1y with the on-line

material will be listed on assignment sheets to be kept 1n a notebook. The~
ass1qnments will be made by the on- 11ne program 1f a student misses an out -

quiz two times.
~ The extra activities are wr1tten on 5\x 8 cards wh1ch will be filed.
Each card contains the source of the activity (booklet name, etc.), a sen-
tence or two describing the activity, and chapter or page references (where
appropriate). In addition, in the upper right hand corner of the card is a

' code to 1nd1cate the nature of the activity (AT, ’ID LA, or GP), the chapter:

which shou]d be completed before the act1v1ty\ns attempted (if there is a
prerequisite), and a reading level coded *, **“***, (***being the most
difficult 1eve1'of reading). \
: T \

Implementing the off line program (General) ﬁ'

In order for the off-line program to work eff1c1ent1y, the student must
be instructed in its usage ear]y in the school year If he knows what is
q@aiJable and where it is located he shou]d.be.ab\e to proceed on his own -

P T e e e+ e — e e oo PR

D),

-




1

TR : o B o 115

when the teacher is work1ng with other students. These activities are not
meant to- rep]ace 1nd1v1dua1 student/teacher interaction but to conserve 77

* teacher resources. R \\x
. When a student fa1ls an out quiz,, “he is presented with four optidnsy

simply repeat one, or part of one, of the f1rst three choices. Other students
‘may opt to repeat the entire 1nstruct1ona1 b]ock ' ‘

- If, th1s review work is not adequate the student(mayfchoose to §1gn off
"and see the- teacher with quest1ons or. look in his notebook for remed1a1 work.
More pract1ce with the Skills K1t or add1t1ona1 exp]anat1ons in-the pro-
gramed text may be sufficient to solve his problem. " This provides the studert

1nstruct1on, practice, summary, or off. For some it will be suff1c1ent##o

- with a useful 1nstruct1ona1 act1v1ty at .times when severa1 other students may

be waiting to see the teacher. - ) N R .
At other t1m°s, sfudents may be s1qned off to do an ass1gnment and may

" not be able to sign on aga1n when the assignment is comp]eted because all the

terminals are in use. In order not to waste time, he could choose . an activity
* from the card file -which wou1d allow him to move ahead faster, to 1ook at a
topic in depth etc. ' ,

There may_also be t1mes when the fastest students are ahead/of schedu]e
and would like, for a change, to look at some of the add1t1ona1 top1cs off-
1ine: he coulld work on this for one or more .periods and then return to his
on-line work. (These add1t1ona1 topic activities will be used only in the:
latter part of the year when the student is suff1c1ent1y far along that we
can be assured that he will cover the necessary material. )

~ In order for this program to be effect1ve, there are severa] prerequ1s1tes.
Since this type of activity may be new to the students they will need to

have it exp1a1ned to them carefully and be closely supervised at the start of

the school year.' They must Jhderstand that this is an important, 1ntegra1 part .
" of the program, not just an addéd frill.

The package of off- 11ne material which has been deve]oped thus far is .
only a start. Many other exce]]ent sources are available and can be added
because.of the flexibility of the card file. Filmstrips are one of the pos-
sible additions. It is hoped that the teachers will make suggest1Lns for '

additional materials as usefu] activities are discovered in the.classroom.

3
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RECOMMENDED OFF-LINE CURRICULUM MATERIALS
Printed Materials

Item

A Collection of Cross Number Puzz]es

Algebra (dittos)

Algebra A Modern Approach, 2nd. Ed.

Algebra Can Be Fun

Algebra Skills Kit

Amusements in Mathematics

Common Fractions ‘

Conversion 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, Probabih’ty and Chance, Logic
and Reasoning in Mathematics

Fantasia Mathematics

From Zero to Infinity

Fun with Mathematics

Games 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 ITlusions

Source

J. Weston Walch

Hayes School Publishing Co., Inc.
D. VanNostrand Corp.

J. Weston Walch

Science Research Assoc1ates, Inc.

‘LaPine Scientific

Lafayette Parish Schools
Lafayette Parish Schools
Lafayette Parish Schools -
Addison-Wesley Publishing Co.
Ginn and Company

Ginn and Company
Creative Publications

National Council of Teache’i's of
Mathematics

Houghton Mifflin Co.
Ginn and Company
Ginn and Company

Webster Publishing Co.
LaPine Scientific
LaPine Scientific
LaPine Scientific

J. Weston Walch
Cuisenaire Company

J. Weston Walch
Cuisenaire Company

Ginmi, and Company
Cuisenaire Company
Cuisenaire Company
Saunders Teachina Series
Lafayette Parish Schools
Lafayette Parish Schools
Ginn and Company

J. Weston Walch
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Ttem

Laboratory Manual for E]empnfarj Mathe-
matics '

LAMP (Low Achiever Motivational °r‘0]ect)

Let's Go Out to Eat \

Math Photo Quiz N .

- Math Puzzles and Pastimes

Math-with Numbers in Color "A" & "B”

Mathematical Bingo

. Mathematical Puzzles .

Mathematics Classrcom Library :

Yathematics Illustrated Dictionary

“Mathematics, Its Content, Method, “eaning

Mathematics: Man's Key to Proaress '
Book A, B

Matrices 1

leasures of Central Tendency

Measures of Dispersion '

Men of Mathematics

Mits, Wits, and Logic

Modern Mathematics (dittos)
Grade 7, Book 1, 2
Grade 8, BRonk 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 Matherﬂat1 cs

Optical Illusions

Other Bases 1in 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 Educaticn of T. €. Mits

The Great Mathematicians

Source

Prindle, Weber and Schmidt, Inc.
Des Moines Public Schools
Lafayette Parish Schools
J. Weston Walch

LaPine Scientific
Cuisenaire Company

J. Weston Walch

raPine Scientific
Charles E. Merrill Co.
Cuisenaire Company
American Math Society

Franklin Publishers, Inc.

‘Houghton Mifflin Company

Educational Svstem Development
Educational System Deveioprient
LaPine Scientific
lLaPine Scientific

Hayes School Publishing Co., Inc.
Cuisenaire Company

Ginn and Company

Lafayette Parish Schools

1. Weston Walch

Lafayette Parish Schools

J. Weston Walch

J. Weston'Walch

Ginn and Company
Addison-¥eslcy 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

Ginn and Company
Addison-Wesley Publishing Co.
California Test Bureau

J. Weston Walch

LaPine Scientific

LaPine Scientific
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Item ' : Source
The Math Wizard , J. Weston Walch
What is Modern Math? J. Weston Walch
Whole Numbers--Factors Lafayette Parish Schools
Worksheet Pads--40 exercises Cuisenaire Company
Yes, Mathematics Can Be Fun!. J. Weston Walch

. . .
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OFF-LINE CURRICULUM MATERIALS
Manipulative Materials

Item

,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 Matet~ials Division
Cuisenaire Company

Selchow & Righter Company
Wff'n Proof

H & M Associates

Cuisenaire Company

Wff'n Proof

- LaPine Scientific

LaPine Scientific
Wff'n Proof

E. S. Iowe
Cuisenaire Company
Wff'n Proof -

. Cuisenaire Company




OFF-LINE CURRICULUM MATERIALS

Films trips

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 1n 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 Problenr
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

Source

Educational Projection Corporation
Educational Progjection Corporation
Imperial Film Company

Educational Projection Corporation
Educational Projection Corporation
Imperial Film Company

Educational Projection Corporation
Educational Projection Corporation
Popular Science

Popular Science

Educational Projection Corporation
Educational Projection Corporation
Educational Projection Corporation
Educational “rogjection 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

A
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Chapter 1
A.

.( .
ALGEB
Number and Set Notations

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, €)

and "is not an element of" (that is, ¢)

10. Recognizing a well-defined set (optional)
Subsets

1. Definition and examples

2. Definition and examples of proper subset

3. Use of symbol for "is a subset of" (that is, <€)
4. Definition and examples of equal sets

5. Classification of sets as finite and infinite
Intersection and Union of Sets

. Definition and examples of the intersection of two sets
Symbol for intersection '

Definition and examples of the union of two sets

Symbol for union

Disjoint Sets (optional)

—

2.
3.
4,
5.

Order of Operation

1. Precentation 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

Inequalities

1. Reading of symbols listed below
2. Using symbols listed in number sentences
Symbols: =, >, <, <, > '

e AN o b Rt ek




Chapter 1

Numbers and Set Notation

F. Exponents

G. Open
1.

2.
3.
4.
5

Use of the word "factor"

Writing expressions with repeated factors using exponents
Writing expressions with exponents using repeated factors
Writing exponential expressions for verbal phrases

Use of raised dot to indicate multiplication

Simplifying a numerical express1on conta1n1ng exponents
Evaluating exponential express1ons for given values of the
variables .

Sentences

Definition and recognition of variables in expressions
Definition and recognition of an open sentence
Definition of domain and solution set

Finding a solution given domain and opén sentences.

Changing easy word sentences into algebraic symbols

H. Graphing on the Number Line

Marking off units on the non-negative number line
Giving names for the units

Use of the word "coordinate"

Graphs as a way to specify sets

a._Given a set, show the graph

b. Given a graph, indicate the set

Set builder notation
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ALGEB
. ' - Properties of
Chapter I1 Equality and Operations
A. Equality Relations

1. Reflexive property: a = a
2. Symmetric property: If a =b, then b
3. Transitive property: If a=0b, and b

a
c, thena = ¢

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

Example using ticket sales

Substitute variables for numbers :
Definition of distributive property of multiplication with
respect to addition - '
Distributive property for more than three numbers
Distributive property of multiplication with respect

to subtraction

Deill on distributive property

(o)} (S0 -3 wnN —~

F. Properties of Zero and One
1. The addition property of zero: a + 0 = a. :
2. The multiplication property of zero: a - 0 = q A
3. The multiplication property of one: a « 1 = a : _ J

G. Recoghizing Pr;operties

1. Given property, identify example
2. Given example. identify property -
3. True-false: statement of properties (
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ALGEB

\ Integers:
Chapter III .Properties and Operations

A. Integers on the Number Line

Integers to the left of 0

Integers which are opposite

Positive and negative integers

0, neither positive nor negative

. Designative the set of integers

. /Indicating subsets of integers

Indicating graphs of subsets of integers
Indicating the set of integers shown on'a graph

ONOOOTONEWN —

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 Va]ué of Integers

1. Removing absolute value symbols :;,,/u——-\\__ﬂ,//
. Definition of absolute value g

L~ 7
Simp1ifying numerical expressions containing ab ute value "

symbols

Solving equations containing absolute value symbols

Graphing solution sets for open sentences containing absolute
value symbols ' : -

s wnN

D. Adding Integers

Addition on a thermometer

Addition on the number 1ine

Rules for adding integers

Practice adding 2 integers horizontally .
Practice adding 3 or more integers horizontally
Practice adding 3 or more integers vertically

DN HBWN—

E. Addition Properties of Integers

Closure

Commutative property
Associative property -
Addition of O '
Addition property of opposites
Opposite of sum

SO EBWN—

-
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ALGEB .
~ ~ Integers:
Chapter IIT - Properties and Operations
F. Multiplying Integers '
1. Multiplication -of-a pos1t1ve 1nteger by an 1nteger as a repeated
addi tion
Guided discovery of rule of s1gns ‘for mu]t1p]1cat1on of 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
(optiona]? : ‘ :
G. Multiplication Properties of Integers
1. Closure _
2. Commutative property : _ 2
3. Associative property S
4. Multiplication property of 0
5. Multiplication property of 1;
6. Finding the product of several terms
H. Distributive Property’, ' . I ~
1. Expressing the indicated product as an indicated sum
2. Expressing the indicated sum as an indicated. product
I. Subtracting Integers h ; L \ ‘ 4
1. Intuitive approach to subtraction as addition of the opposite
2.. Subtraction of -integers horizontally
3. Subtraction of integers vertically
4. Solution of sentences of the form
X +a-= b when a and b are 1ntegers
. ' L 3
J. Combining Like Terms ;
1. Definition of: term, Tike terms, unlike terms . "
2. Simplifying expressions conﬁaining like terms |
o ] . . | ;
K. Dividing Integers | - ‘ #

1.
2. Division of integers giving an integral resu]t i
-~ 3. Definition of rational number o9
4. Solution of sentences of the form ax = b when a and b are S
integers
5.

[

Intuitive approach to rule Jf signs for division

Subst1tut1ng va]ues and s1mp11fy1ng 1nd1cated quotients
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| Operations with Rational
Chapter IV ‘ o Numbers and Real Numbers

A. Rational Numbers

1. Introduction: Integers closed under +, -, and ¢, but not

closed under *
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 line' to include rational numbers

3. ShOW1ng by successive b1sect1ons that between any two po1nts
on the number line, there isianother rational number

4

Definition of dens1ty property

C. Equivalent Frand1ons, formed

1. By mu1t1p]J1ng numerator and denominator by the same number
2. By d1v1d1n§ numerator and denominator by the same number

D. Comparing Rational Numbers .

1. . Rule for comparing rational numbers with 1ike denominators
2. .-Using equivalent fractions to order two fractions
- —3. Ordering fractions using <, =, > i , ‘

E. Properties of Rational Numbers ..

1. Commutative property of addition

2. MAssociative property of multiplication

3. Associative property of addition - -
4, Commutative property of multiplication !
5. Distributive property ‘ :

F. Reciproca]s

Additive inverse -
Definition of reciprocal
Finding rec1proca1 of rational numbers and rational expressions

Zero has no reciprocal

£SwWwnN -

—_— -t /

G. Red1 Numbers : ; .

.  Review of changing fractions to a decimal
Terminating, non-terminating, and repeating dec1mals
Definition of set of ,

a. -Irrational numbers

b. Real numbers

Property of completeness
Graphing on the real gumber line.

wnN) —

(3400~
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Operations with Rationai
Chapter IV Numbers and Real Numbers
2 4, 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 Fractibns
1. Multiplication of fractions
2. Mu]tiph’catiyf rational expressions
K. Division of Fractions
1. Review of | .. :
. a. Multiplication of fractions
b. Division -
c. Reciprocals
2. Division using concepts of multiplication and reciprocals
L. Addition and Subtraction of Fractions with Like Lenominators
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. Adding Fracticns with Unlike 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




: 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 Engiish phracses in the following types
of problems:
a. Value
b. Consecutive integers
c. Distance

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 inequalities with restricted replacement sets
5 Solving open sentences (domain = real’ numbers)
Addition property of equality
Finding an additive inverse
Multiplication property of equality
Equivalent equations
Solving equations using additive inverses
Solving equat1ons with variables on both sides of the
equation
Solving equations using multiplicative inverses
Solving equations using both inverses
. . Q
D. Verbal Problems *

Recognizing an operation from 1ts English equivalent
Simple word problems

Appollo rocket problem
More word problems (number, value, consecutive integer, age,

distance)

Formulas

1. Writing a formula to express a2 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

Review of inverse operat1ons
Solving equations in several variables for one of the var1ab1es

(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

[




Chapter VI Linear Systems

A. The Real Number Plane

Ordered pairs of real numbers associated with points
Reading ordered pairs and naming points using ordered pairs
Terms: X-axis, Y-axis, origin, abacissa, ordinate
Properties of quadrants

Points on an axis and the origin

Plotting points, given ordered pairs «

YO W~

B. Graphs of Linear Systems
1. Linear equations in two variables
(Ax + By + C = 0, where A and B are not both 0)

Solution set for an equation in two variables

Graph of solution set
a. Lines parallel to an axis
b. Lines in general .

4. Equivalent equations

w N

/ C. The Slope-Intéercept Form
1. y-form: y =mx+b

change in vertical distance
change in horizontal distance

2. slope =

3. Finding slope
a. Given two points
b. Given equation

4. Graphing linear equations
5. Parallel lines

D. Writing Equations for Lines, when given

Slope and y-intercept
Two points
One point and parallel line
One point and y-intercept

- Stope and x-intercept
x-intercept and y-intercept

YD 2w~
L - L L L] L

E. Systems of Linear thations

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

X 3. System of equations
[]<B:~ a. Solution set
e b. Consistent and inconsistent systems
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Chapter VI

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

Linear Systems
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ALGEB
~ Polynomials

A. Powers

NOYOY P W) -

Definition and examples
Exponential and expanded form
Multiplication of powers
Division of powers

Raising a power to a power
Zero as an exponent

Negative exponents (optional)

B. Polynomials in ®ne variable

NOYO E W N -

Inductive development of definition of a term

Formal definition of a term

Using terms as building blocks to construct polynomials
Definition of polynomials

Types of polynomials

Ordering polynomials (ascending, descending)

Degreesof a polynomial in orne variable

. Operations with Polynomials

1.
2.

Addition of polynomials
Subtraction of polynomials
a. Finding the opposite of a polynomal

Multiplication of polynomials

-a. Multiplication product coppared to the area of a rectangle

Division of polynomials
a. Division by a monomial
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

4

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 quant1t1es
a. Product pattern

3. 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® + bx + ¢ (a = 1)
a. Factoring clues: signs and coefficients
ba Terms of a quadratic trinomial
c. Random drill on factoring

2. Trinomials of the form ax® + bx + ¢ (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 Equations

1. Factors whose product is zero
2. Steps for solving quadratic equations )

“"-4

Sk e semm meel :
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Chapter I : 2 . : ‘ Equat{ons
A. Number Sentences. ’ _ " v
1. True
2. False
3.  Open

a. G{Vén thé selector set choose the so]ution‘
b. Construct an open sentence given the "parts"
c. Find the solution for open sentences

*
~

<

B. Equations
1. True equat1ons
2. Solution from a.selector set -
3. Find the solution of ,
4 To solve . : g '
- C. Equ1va1ent Equatlons of the Form n tas b b > a
: =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 thata,b>0"  c>a+b
'D. Equivalent Equations of the Formn - a b a>o,b>a
1. Generalization (add the same number to both 51des) B
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 p051t1ve 1ntegers.
E. Equivalent Equatlons of the Form ax b where a, be N, 1mp11es a.

divides b.

1. Generalization (d1v1de both sides by the same natura] number)

2. Solve more using the generallzat10n e '
+ F. _Solving Equatlons of the Form %-n = b,'a, beN

1. Given the selector -set

-+ 2. Use equivalent equatlons to solve (genera11zat10n)
3. Solve more of same using equ1va1ent ‘equation
G. Solving Equatlons of the Form B'" = ¢, a, b, c e N, implies a
divides bc

/
.

- ..~ . 1. Use above generallzat$on to solve
‘ 2. Drill on multiplicative inverses T

\

<

/7. -

.
T r=-ui NN
.

T -
R o, rg
.
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- A,

GENMA
Negative Integers

Number Line

1. "Up and back"" 1anguage using arrows

2. Negative and positive numbers on_the number 11ne [
3. Multiples of 10 between [-40, 40]

4. - Removal of number line as “crutch"

Shortened Notation - Mathemat1cal Symbo]s - . ; : - ';
1. Start in positive region ‘ . | ,
2. Start in negative region w8 : : - S
3. Calculating sums and differences of signed numbers whose o 0

absolute value < 100 | -

Solving Equations with Negative Integers -

1.

2.

3.

1.

Football Game--Positive and Negative Numbers
1.

Mu1t1p1y1ng Positive and Negat1ve Integers .

1.

"2.'

Refresher of previous genera11zat1on (subtract from both sides)
Solving equations whose solution is > -30, and < 50

Solving equations with negative and positive so]ut1ons us1ng
numbers of larger absolute value

'Solving Equat1ons by Addition

Add1ng the same variable to both sides
i.e.,a-n=b vs n-c=d

Drill in adding signed numbers
a. Given addends alike so that better students m1ght
1ntu1tTvely "see" multiplication

Us1ng yectors . to show 1ike addends with u1t1mate d1scovery

|
;
l
|
l

being- short-cut of adding . _

F1nd1pg products of ‘signed numbers us1ng parentheses to

1nd1¢ate mu1t1p11cat1on : :

N
-

L pe e e\ e e e e
>
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Chapter III

A.

Methods

1. Repeated subtraction
2. Common division algorithm

Division of'wﬁgTe Numbers

o

< et

e e ——
S e R e T e
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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
0. Placing Decimals in Value Order
E. Addincj Decimals
F. Subtracting Decimals .
: E‘i“;; “
1. Using abacus ,
s 2. Inventory
G. Multiplying and Dividing Decimals
1. Remedial work
2. Achievement tests
H. Verbal Problems with Decimals

Emphasizing equations

1st stage ?addition and subtraction)

2nd stage (multiplication and division) .
3rd stage (combiration of 1st and 2nd stages)

WwN ~
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Chapter V Fractions

Equivalent Fractions

Geometric representation

As parts of a given set

Given five elements in a set of equivalent fractions, type the
next three elements

Using the property of 1 to relate equivalent fractions

Use of the lowest terms fraction to name the set

Give the lowest terms equivalent fractionforagiven fraction
Location of points on the number 1ine that name an infinite
set of equivalent fractions

~NOYOYV B W N —

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
denominators :

Adding and Subtracting Fractions
1. Adding 1ike fractions on number line (equation context)

2. Subtracting 1ike fractions on number line (equation content)
3. Finding sums and differences of unlike fractions using

equivalent fractions.

Mixed Numbers

1. Solving equations by mh]tip]ication
2. Solving equations by division
3. Improper fractions

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 numBers of objects. using displays
3. Comparing lenJths of line segments

B. Expressing Ratios as Fractions
C. Using thios to Express Rates

D. Definition of Equivalent Ratios

1. Associate correct display with given ratio
2. Demonstration of "property of one" to write equivalent ratios

E. Definition of Propontion

1. Testing for proportions, using cross products
2. Solving proportions for the unknown term
3. Verbal problems involving proportions




GENMA

Chapter VII

A.

B.

Percent, Fractions, and Decimals

1. Writing percent as a fraction (huridredths)
2. MWriting percent as a decimal (hundredths)
3. MWriting fractions as decimals, percents, ratios

Verbal Percent Problems

1. Percent and fractional equivalents

2. Using equations to solve percent problems
a. Interest
b. Discount

Percent
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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. Developing Formulas by Induction

Inductively arrive at a formula given data on the variables
Given data for two variables, solve a formula for remaining
variables

Evaluating formulas, arranging data in tabular form

Writing formulas from data given in tabular form

Evaluating formulas with second degree terms and factors

e w Ny -~
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Chapter IX Geometry

" 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

B. Plane Figures

1. Defining and identifying regions (closed areas),
meets (vertices) 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

E. Angles ' _ -
1. Naming i
2. Measuring
3. Drawing
4, Comparing
5. Grouping
a. Acute
b. Right
c. Obtuse

.F. Perpendicular and Parallel Lines

G. Triangles

1. Grouping
a. Right, obtuse, acute ,
b. Equilateral, isosceles, scalene

2. Sum of the angles ‘ ~
3. Altitudes




Chapter iX'

Polygons

DN WM —

Quadrilaterals
a.. Square

b. Rectangle

c. Parallelojram
d. Trapezoid

Pentagon
Hexagon

Constructions with Compass and Straight Edge

Geometry

Review of:circle and arcs for

Copy a given angle

work with Compass

Construct a triangle given 3 sides
Construct the bisector of a given angle

Construct a trian
Designs -

gle given 2 sides and the included angle
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Chapter X S ' Measurement

A. Introduction to Measurement

1. Types of measurement
2. Everyday use of measurement
- 3. Measuring devices and uses

B. Linear Measure

1. Unit conversion
a. Table of linear measures .
b. Equivalent linear measures

2. Line segments
a. Measuring
b. Congruency

3. Arithmetic operations
a. Adding the measures of line segments for total length
b. Converting measurements to
— mixed units’
— dacimal equivalents
-~ fractional equivalents
c. Verbal problems

C. Introduction to the Pythagorean Theorem

D. Area Measure

1. Unit conversion
a. Table of area measures
. b. Equivalent area measures

2. Finding area
a. Square regions
b. Rectangular regions

3. Total area
a. Rectangular solids
E. Cubic Measures

1. Table of cubic measures
¢. Equivalent cubic measures
3. Finding volume of rectangular solids

Nt g e * o 9n o5

F. Circles ;
1. Circumference . !
2. Area ;

G. Weights and D:'y Measures

1. - Table of weights and dry measures
2. Finding equivalent weight and dry measurements
3. Verbal problems

9
i




" GENMA
Chapter X - : : . Measurement

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
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Chapter XI | o Graphing

A. Introduction to Graphs e

1. Definition and use of a graph (to represent data)
2. Identi‘ying types of graphs ‘

a. Picture graph

b. Bar graph

c. Line graph

d. Circle graph

B. P1cture Graphs ' , ) s

. 1. Use of picture graph to introduce parts of a graph
a. Title
b. Legend : . ' A

- Scale as a ratio

2. Read1ng a p1cture ‘graph having a 1 1 scale
a. Comparison of data by noting length of row -
b. Reading data by counting symbols

3. Reading a picture graph not having ':1 scale
a. Using ratios to condense data :
b. Given a ratio,determine number of symbols needed to
represent data and vice=versa
c. Comparison of data ' 3
_d. Using the scale to interpret data .
C. Bar Graphs '

1. Introduct1on to pgrts
Horizontal scale and units
b. Vertical scale -and units

2. Reading a bar ‘graph having a unit vert1ca1 scale
a. Comparison of data '
b. Interpretation of data-

3. Reading a bar graph having a vertical ‘scale of muTtiple un1ts
a. Reading subdivisions of the vertical sca]e , :
b. Comparison.of data : '
c. Interpretat1on of data

'D. " 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 . Co
c. Noting trend.. ‘

~~
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Chapter XI - “Graphing
'} . . ) .
= E. .Circle Graph ' ,
1. Review of center and degrees. (as percentage). of 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 -

: ; - .. Setring up proportions between percent of data énd percent;
- o '\ef-cift]e '
" 3. Reading a circle graph
F. Symbdls of Value Order
1. <y >, = ' ’
2.. Comparing values | oo

3.". Cemparing. numerical expressions \ _
. 4. Value order with reference to position on number line

G.  Addition Property of Inequality
. Solving inequalities. of the form
1./n - a,<b, -a>0 "
2.-/n‘--*a'3'< b, .a<0-

i

.

H;i Mu]tjplicafibﬁ"Propqnty“§¥‘Ihéqua]ity
1. Finding the solutions to open .inequalities:
2. Solving.inequalities of the form

a. a+*n>b, a>0

b. a+n>b, a<0’

I. Solving.Inequalities S ,
.1.. Using both the.addition and multiplication properties of
. inequality ~ .. T L T - |
2. Defining <, > . - SR .
3. Given a selector Set or a number line, choosing.a solution set
J. 1Graphiﬁg Inequalities on a NuMber‘the S
K.. Developing Two-Variable'quations
. 1. Recognizing patterns - '

2. .Completing tables -
3.- Developing "rule" from table of two variables

né

At ot e am oo
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Chapter XI | ' Graphing

L. Graphing Ordered Pairs

1. Definition of ordered pa1rs , :
" 2. Writing ordered pairs in the form (x,y) from tables of two
variables -
Introduction of horizontal and vertical axes
Plotting points
Naming the coordinates, given a point on the coordinate plane
Naming the point, g1ven the coordinates on -a coordinate plane

ST W

M. lhe Batt]esmp Game

N Multiplying S1gned Numbers

1. Positive x positive = positive
. 2. Negative x positive = negative
3. Negative x negative = positive
4. Tabling values and plotting points, for//q*‘hons of the form .
a..:x-ay where a.-= =] . _ \
b. = ay where a < 0

4|

0.. Graphmg Linear [:quat1ons

1. Developing tables of ordered pairs from a linear equation
2. Recognizing the graph/of a given equation
3. Recognizing the equation of a gltven‘graph
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Key to Flowchart - Organization of a Chapter FEN

12.
13.
14.
15.

16.
17.
18.

19.
20.

FroKntroductwn to termmal procedures
Block T -

Block n.

Chapter Review Test.

Student performance reported. -
Signed off . .

Signed on .

revious chapter..

Chapter Review Test and Chapter Test the same day? If yes, go to 6.

If no, go to 9.
Chapter Test.
Student performance reported.

‘Want review question same day as Chapter Test? If yes, go to

If no, go to 13.

Review questions of previous chapters.
Signed off .

Signed on.

Chapter Test and next chapter the same day? If yes, go to 13.

no, go to 16.

12.

If

Review questions answered? If yes, go to 18. If no, go to 17.

Review questions on previous chapter.

Teacher option: Should student -review portions of chapter?
go to 19. If no, go to 20. 5

Skip routine to access blocks mthm chapter.
Next chapter.

§
If yes,

|
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ORGANIZATIOMN OF A CHAPTER

N

¢ — —

w

4 —C20D)

. . No ;

17

Yes
g : No 5
i - No
- Yes
10

9

®

®
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Key to Flowchart - Organization of an Instructional

Block
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? 1If yes, go to 7. If no, go to 8.
7. Next block not covered by pretest.
8. Instructional material (See Appendix E.3).
9. O0ff-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 (B), 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-1ine activity.
go to 16. If no, go to 17.

16. Teacher assigns off-l1ine material.
17. **Option routine. Go to 8.or 10. (Student's options)

*Any one or more of these may not exist for a given block.
**Only executed after first iteration of block.




ORGANIZATION OF INSTRUCTIONAL BLOCK
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Key to Flpwc'nart - Instructional Material

1. Instruction frames. (Topic 1)
2. Assignment loaded.

3. Practice frames. (Topic ‘l)
4. Instruction and practice frames. (Topic 2)
5. Summary frames. '
6. Sion off.
7. Failure to meet out-quiz criterion.:
8.

Options routine to access components of instructional material.

st s —— t e e
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"INSTRUCTIONAL MATERIAL
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NON-NORMED ACHIEVEMéNT- TEST
FOR GENERAL MATHEMATICS
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~ TEST ON GENMA - FORM II
Lars'C. Jansson

The.Pennsylvania State University

0

Please do not write anything 1n/this test booklet. This test contains 33

items and you have 40 minutes in which to comp1ete it. All answers are to be .

marked on the separate answer -sheets. Scratch paper is provided for any com-
putation you need to do. .
Do not begin until. your teacher tells you to do so.

oy
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‘MARK YOUR ANSWERS ON THE, SEPARATE ANSWER SHEET
1. Add the following: 17.43 5. 6 -8+2-3=
" . 23.72 R
! a) 3
a) .4115 b) 1
b) .3115 &) 0 o
d) 41.15 S

_ , . 6. A positive number multiplied
2. Choose the greatest number by a negative number gives

among those given below. . ‘
' . a) a.positive number

a) ,36.009 b) a negative number

b) 36.128 ; ' c) a positive or negative
c) 36.093 . number . S
d) 36.1128 / o d) cannot tell
3. Subtract: 10 - 5 | 7. Fi11Vin the box: 5 x O =15
a) 50 __ I N R |
.b) 8§ - y . b2 oo™ "
e). 2 . N . c) 1? ‘
d) -5 T ©'-d)" none of these :
/ . . - ‘ 1 i
4. Divide; 32y 2006 . . 8..Fillin thebox: 0O -2=8.
a) 125 - . LS. a) 16
b) 66 . . . b) 10 !
c) 63 - T L ¢y 6
d) 62 - ',;, Cd) 4
b
60 ON TO THE NEXT PAGE
g '//; h — }
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MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

L S
.

9. Sdbtract‘the fq]]owiﬁg: 11.18. ) _'13; %-+"%.=
: ' -2.03 " .- c VY
. —_— - 2.
b 8.15 Cony
| b 7.
c) 8.95 g
d) 10.05 9)'T§
9 g

| 10. Last Saturday éoe was paid t
‘ . $4.20 for working .3.5 hours. : ~

- How much was he paid per hour? 3
) . 14, Mu]tip]y the fo]]owing
a) 1,10 ST 3asx 0

b) $0.11 - | . 'a) 3.15.
c) .$'|2.00 .. ; b) .0315
d) $1.20 | S ) 315

| | d) 315

11. Round off the following decimal

to .theé nearest tenth: 33.578 1.0 3
. o : 1_5.,1’)('2'3
a) "33.57 | 12
) b)  33.58 . a3
o c) 33.6 L b)  4 '
d) 33.5 A ] .
~
. _ . - c) %.
12, Add the following: 3.05 + .017 ‘ 3 :
a) .32 . ' 4 3
* J
;b) 3.22 )
_¢c). 3.067
d) 3.220

GO ON TO THE NEXT PAGE
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16.
;
.
18,
&
:

Give the mixed number for — -3 '

a)
b)

c)

5
3

a).

b)
c)

d)

- d).

°-
-
.

© |

(% ]

~n )
wjon Wl— wir

~3jro
(]

1

none of these

Change .375/t6 a common fractich

.a)

o
~

(g)
~

.o
~

S = mm Yo oojw

b

19,

* MARK YOUR' ANSWERS ON THE SEPARATE’ANSNER\S'HEET

e

Millwobd has -a population' of
3651 'and.,Deepdale has a popu-
lation of 2602. What is the

tatio of De da]e S population
to M'il]woo ,

a) 2651 to 26027

'b) 2602 to 3651

c) / 2602 to 6253
d) 1049 to 2602 . .

/' /
,' . ' . ) 4
o o7 -n
20. //Fmd norrc g

;! . ‘

'/ a) 2-
b) 3-’ ‘
cy 4 = .0
d) 5 '

. [4

" 21, Change ‘the fraction 7— to a

y

decimal Round your answer
- to 3-decimal places.
© o) 285
b) .286
c) 428
d) .429
Fa | -
22. Sherry.walks 3 miles in 45
minutes. How long would it

b), 24 minutes

take her to walk 8 miles?
a) - 135 minutes

c) 360 minutes
d) 120 minutes

. GO ON TO THE NEXT PAGE

T
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By

TEST ON ALCEB - FORM II

Edward C. Beardslee 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 =2

(a) 40
gb) -26
c) 12
(d) -12
(d) 26

2. John got 15 correct answers out of 20 quéstions on a spelling test.
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+ (-3) + (-9) =72 ' i

(a) M
(b) =23
(c) -13
(d) 13
(e) -N

i 24
18
9
(d) 27

(e) 30

GO ON TO NEXT PAGE




MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

. Evaluate the following the rules for the order of operations:
26 -3 x 6 * 2

(a) 17
(b) 69
(e) 35
- (d) 22
(e) 4

7 XeXoyeyey =
7

(o) 7ih

(c) 7x¥

(d) 7x*y?

(e) 7xy?

. Which of the following properties 1s»illustrated by the statement:

2(x +y) = (x + y)2

(a) commutative (addition)

(b) associative (addition)

_ (c) distributive

(d) commutative (multiplication)
(e) associative (multiplication)

For all values of the variables: 0(a) = 1(x) = ?
a) a

b) «x

gc a+x

d 0

(e) 1

Cgmp}ete the following sentence to make it true:
- -5

a; < : B
?b both > and <
c) >
§

(e) all of the above | GO ON TO THE NEXT PAGE
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MARK YOUR ANSWERS ON THE SEPARATE ‘ANSWER SHEET

{1,2,3,4}
{3 ’4’5} '
B

= ?

{Counting numbers less than 7}
{4,5,6}
{1,2,3,4,5}
{3,4,5,6,7}
none of the above

Find the reciprocal (multiplicative inverse) of f%
(a) 7% (4) 1
-1

(b) -T%' - (e) ]

(c) 1M

Alice found that b books were missing from thé_11brany shelf.
Usually there are 127 books. How many are there now?

(a) (127b) books
(127-b) books
(127 + b) books
(b - 127) books
b books

{x|x <7, xeD}
{odd counting numbers}

GO ON TO NEXT PAGE
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15,

16.

17.
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MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

If A= 2(ab + ac + l;)c), find A when a=3, b=6, and c=4.

(a) 26 |
(b) 66 \

. (c) 108 "

(d) 13
(e) 54

While one of the following sets is closed under addition?

(a) 10,1,2} )

éb {counting numbers between 5 and 100}
¢) {counting numbers less than 100}

Ed {odd counting numbers}

e) {even counting numbers}

Find the value of x which'Satisfies the equation:-
5x - 4 = 3x + 10

(a) 2
(b)
(c)
(d)

(e)

N BN W MW

Simplify the following: (a2b?)®

(a) a®b? - (d) abs
(b) a’b® . (e) alopis
(c) a?b?

GO ON TO THE NEXT PAGE
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18.

19.

20.

© 21,

I

MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

Find the slope of the straight line with the equation:
y = -2x + 3. - -

s

(a) 1
(b) -3
(c) 2 .
(d) 3
(e) -2

Which of the given properties is a property of the rational numbers
but not a property of the integers?

a) Additive Identity

b) Commutative (multiplication)
(¢) Multiplicative inverse

d) Associative (Addition)

e) Multiplicative Identity

Assuming that x represents a counting number, which of the following
describes the indicated set?

~(a) {x|x > 5 and x < 10}

(b) {x|x <5}
(c) {x]x <10}
(d) {x|x <5 and x > 10}
(e) {x|x > 5}

For any real number K, the graph of y = K is which kind of Hne._

(a) wvertical:

(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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22,

23l

24,

25,

260

(e) 'none of the above

L 6 | 181
MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET L

Express the following as one fraction:

x
3yz + 2xz + Iy | 3 Z + 2x) 8 .
(a) Xy2 ‘ (c)_x +y K\\ (e) Xyz
.18 S
(b) xXyz | | (a) - X + y X+y+ z \

Find the solution set for the inequality: 3 - x > 8

(a) {x|x > 11}
(b) {x] -x> 11}

(c¢) {x|x > 5}
(d) {x]x < -5}
(e) {x|x > -5}
Add the following polynom1a1;: (4x + 5x2 - 3) + (8x -3x2 ) =17
(a) 14x -3 - (d) 18x2 -3
(b) 2x2 + 12x-- 3 (e) 11x
(c) 8x2 +12x - 3 | ‘ | *

et torme . AV - 8Y
Reduce to lowest term;. —-Vj?-y—x y oY #0
(a) y* -8 (d) 4y* -2 ‘ .

3 ' 3 |

(b) y% - 8y | (d) y -2
\, 3y 3 |
() y-2 | | ., k
An equation of the form Ax + By + C = 0 where A and B are not
both zero is a .

/ .
a) tem - b

b) quadratic equation
(c) polynomial equation
d) linear equation

>
P T R IEAON e

GO ON TO THE NEXT PAGE
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27.

- 28.

29.

30.

L.
.

MARK YOUR'ANSNER§_0N THE SEPARATE ANSWER SHEET

Choose the rational number, R, which makes the following s

3 4
'V < R <-1—2-1
(a) R=zs (4} R =
'(b) R = 7%- (e) none of the above
() R=7h. -

tatement true.

Multiple the following: Assume that no denominator takes on the -

value zero.

3x + 3y ) x2 -y _
) X -y b ?
3 _ 3 ' ' 3 _ 92
() $—5% ) () 5
. ,

b) (k+y)? () XL

: 3 _ayd , S
- (c) g%;-:-%l— :

.

Multiply the following: (3x®) (6 + 2x - 3x*) - f

(a) 18x® + 6x* - 9x®
b) 18 + 6x - 9x?

c) 15x3 _

d) 18x¥ - 9x5 + 6x*
e) None of the.above

Divide (12x2.- 5x -3) by (3x +1)

(a) 4x + 1

b) 4x + 3

c) 4 -3

d) x-1 ' \

e) x+1 ~ \ ' *

3
\

.~ GO ON TO THE NEXT PAGE
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. MARK YOUR ANSWERS ON THE SEPARATE ANSWER SHEET

31, Find the value of /AK* where k is a non-negative real number.

;‘.ugag“'ékz- L
St (b) &k - -

w

. c; 2k ) . o )
(d) ak? . o
7 |
32, Multiple: 3«52 + 7 /5) |
(a) 105/T0 . (d) 15/ + 21/T5
(b) 36T | (&) 1/ Z+2/E
(c) 56+ 1/ - | -
\.,/‘—\ *
/
| o ~ THE END |
| YOU MAY GO BACK TO ANY PART OF THE TEST AND CHECK YOUR WORK
E o ' <
L A
Lo
; ‘.
|
! -~
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Atti tude Toward Mathematigs :
(Form B) . ] e

Marilyn N,/ Suydam and Cecii R. Trueblood
The Pennsyivania State Uni versity

This is to find out how you feel about mathematics You are to read eath ' | \

~ statement carefully and decide how ¥_g feel about it. Then indicate your
ng: |

feeling on the answer sheet by mark

n.

14,
15.
16.
17.
18.

9.
20.

A > if you/strongiy agree

if you agree

if your feeling is neutrai
if you disagree

if you.strongly disagree

moow
'

L

Mathematics often makes me feel angry.
I usuaiiy feel happy when doing mathematics problems. _
I think .my mind works well when.doing mathematics prob'ie_ms. N\

" When I can't figure out a problem, I feel as though I am Tost in a mass

of words and numbers and can't find my way out.
I .avoid mathematics because I am not very good with numbers. '

Mathematics is an interesting subject. g/
e working

My mind goes blank and I am unabie to think cieariy wh
mathematics problems.

I feel sure of myself when doing mathematics. ‘ ' N
I sometimes feel 1ike running away from my mathematics problems.

-When I hear the word mathematics, I have a feeling of dislike._

I am afraid of mathematics.
Mathematics is fun.
I 1ike anything with numbers in it.
Mathematics problems often ‘scare me. o
I {w‘lly feel calm when doing mathematics problems.
e

S

I ¥eel good toward mathematics.

Mathematics tests always seem difficult. '

I think about mathematics problems outside of class and 1ike to work them
Out.

Trying to work mathematics problems makes me nervous. .
I have always 1iked mathematics. i




|

188 '
\ | .. / v
21.\ I would rather do anyth1ng else than do mathematics.
22. \Mathematics is easy for me.. . \f) \
23. xI dread mathematics. i
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 mathematics lesson.
[ / . . ;
/ // \ '
\ f
‘. . . jy
5 / ’ \ |
j
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Attitude Toward Computer Assisted Instruction

Revised by Marilyn N. Suydam
The Pennsylvania State University

. This is to fin'd» out how you fee1'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: :

13.
14.
15.
16.
17.
18.
19.
20.

21.

if you strongly agree

if you agree

if your feeling is neutral
if you disagree

if you strongly disagree

mMooOo>
'

CAI helps me to learn quickly.
I prefer CAI to regular instruction.

I find myself just trying to get through the material in CAI, rather than
trying to learn.

CAl makes me feel 1ike doing my best work.

I feel the teacher helps me more in the CAI class than in other classes.
I feel there is too much material presented in the CAI course.

I feel that no one really cares whether I learn or not on CAI.

My feeling about the material was better before I was on CAI than it is
now.

1 feel as if I have a teacher just for me when I am on CAI.
I enjoy doing the assignments for my CAI class.
The CAI material seems to be planned just for me.

I would be happier if a teacher checked my progress more often as I work
at the terminal.

I feel as if someone is talking with me when I am on CAI.

would 1ike to take all my courses using CAI.

pay more attention to using the terminal than to learning the material.
am worried that'I might not be understanding the material in CAIL.

would rather learn without CAI.

enjoy working at the terminal.

feel that CAI is a waste of time.

feel I can work at my own speed on CAI.

Working at the terminal becomes-boring.

=t =t = = g =q

bt v e s
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22,
23,
24,

The CAI material moves too slowly for me.
I feel satisfied with what I learn on CAI..
] feel tense when working at the terminal.




APPENDIX M
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FORM B
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statement carefully and decide how

195

Attitude Toward the Instructional Setting
(Form B)

Marilyn N. Suydam and Edward C. Beardslee
The Pennsyivanfa State University

This is to find out how you féel about this class. You are to read each-
u feel about it, Then indicate your

feeling on the answer sheet by mark

N N od od od omd omd omd omd omd omd o=d
- O W 0O N O O & W N —~ O
L ] L] L ] L ] L] L] L ] L ] * [ ) *

22.

W 00 N O v & W N —
e e e & & e & e o

if you strong]y agree

if you agree

if your feeling is neutral
if you disagree

- 1f you strongly di sagree

] ]
-l

Mmoo
'

Anyone who does not take this class 1is missing something.
Too much work is required for this class.

The teacher really listens to me in this class.

This class s fun.

My work is watched too closely in this class.

It is easy to.get help in this class.

This class makes me feel that I am important.

The slow worker doesn't have a chance .in this class.

No one pays any attention to me in this class. |

I could learn more working at a job than in this class.

I find it very hard to work in this class.

I wish I could take more classes 1ike this.

There are many interesting things to do in this class.

If a student does not learn in this class, it is his own fault.
I dislike this class more than any other class I have taken.
I always know how well I am doing in this class.

This class is boring. _

Nothing is done in this class to keeb me interested.
This class 1s great.

I 1ike the way the teacher teaches th_i s class.

I enjoy doing the work in this class. .

I cannot learn what I want to learn in this class.

\—_"\23.' It is hard to pay attention in this class.

3
!
i
!
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24,
25,
26.
27.
28.
29.
30.

This class is like a prison..
I look forward to coming to this class.

I work more with other students in this class than I do in other classes. .

This class is not worth the time it takes.

I feel the teacher does not help me in this class.

Time seems to fly in this class.
I have no freedom in this class..

G~
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| Tabie N-1 i
7\‘Coeff1c1eﬁts of Reliability for i
\ Achievement Tests . 3
‘ B . Reliability Coefficient f
School - Course Group  Pretest Posttest
Non-normed . ; : _ ) . _ i
Achievement + General ' |
Tests °~ Pittsburgh ' Mathematics CAI 73 .83 }
| . Cohort /.69 - .84 h
Philadelphia CAI 59 - .76 b
B Cohort .75 .81 o
© Pittsburgh  Algebra CAI .30 .68 |
s g o Cohort . .62 .79 ’
"5 Philadelphia A ) Y {- R B
- Cohort .48 .69
Normed T : | ,
Achievement General '
Tests : Mathematics  CAI . .87 . .85
| ] -~ Cohort .76 .82
Philadelphia \ CAL 67 .64
Cohort 70 - % .69
Pittsburgh  Algebra ~  CAI .35 ° 70
| Cohort .58, .78
Philadelphia - CAL .57 VA "
Cohort .55 - .68 °
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M |
Table N-2 |
Coefficients of Reliability for |
Attitude Scales /
- ) Reliability Coefficient
, o ‘ - Firstl Second Third
Scale School Course  Group - Administration -
Attitude , o : /‘ ..
Toward ' neral ‘ \
Mathematics Pittsburgh Mathematics )CAI - .88 .88 .89
- ' Cohort .92 .94 .93
Philadelphia CAI .89 ©.92 .93
o , Cohort .90 .93 .93
Pittsburgh  Algebra CAI .91 92 .91
- : Cohort ,94 ‘ .95 .96
- Philadelphia CAL - ..93 .94 .95
Cohort . .91 93 .95
Atti tude - : . ‘
Toward = " - General ‘ S L
CAI. - Pittsburgh Mathematics CAI .79 .84 .87
' Philadelphia | CAL- .86 .86 .87
- Pittsburgh  Algebra CAI .85 .86 .87
Philadelphia CAI .89 .90 .89/’
Attitude - . N (spring)
Toward ) s -
Instructional ) .~ General , ,
Setting Pittsburgh  Mathematics CAI .92
' - i - Cohort “ .92
Philadelphia - CAI .93
~\\' . I Cohort ~ .94
y, * Pittsburgh  Algebra CAI .89
Cohort .95
Philadelphia - . CAI .94
. ' ~ Cohprt .94

Vg
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Table N-3 o j
Analysis of -Variance Summary Téble for Data from - §
. Non-normed Achievement Test for Pittsburgh General Mathematics Groups ;
R ) L ‘ P oL
Source - SS MS . df . F-ratio Less Than L P
- - Between Subjects } /: ' o . f
~Instrictional Mode  452.21  452.2 I (/o 001
Error ' 6410.64 42,18 152 . ‘ ¥ i
Within Subjects ;' o | ” ) | §i
- Testing / 1184.47  1184.47 1 85.18 - .001. |
Mode x Testing -.// 189.80  189.80 1 . 1365 - .00 ;
Error / 2113.73 13.91 © 152 e T
Total | | 10350.85 307 “ .
- . . o
’ ) . oL : / ' ' g ‘
~ -Table N-4 LT ' . . '
-, Analysis  of Variance Summary Table for Data from.
~ Non-normed Achievement Test for Philadelphia General Mathematﬂcs Groups -
_ T MRS ) L P .
Source S MS . df F-ratio Less Than
Between Subjects ‘ : ‘ . . ‘;;.”f , _
Instructional Mode ~  193.24. '193.24 1 42 T s,
Error 11111.80 46,89 237 . T '
Within Subjects ‘o u S s \ '\ ,
- Testing | 448.47°  448.47 1 14..50 001 -l
Mode x Testing 130.52  130.52 1 a2 Ef’s° T
Error - 7328.51 °  30.92 237 o
Total = - 19212.54 . 477 .
r .
L,' — -
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’Table N-5

Analysis of Varfance Summary Table for Data from
Non-normed Achievement Test for Pittsburgh Algebra Groups

: P
Source SS MS df F-ratio Less Than
¢““§n¢uan Subjects
Instructional 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
|
Tab]eAN-G
. Analysis of Variance Summary Table for Data from
Non-normed Achievement Test for Philadelphia Algebra Groups
. o p
Source SS MS df F-ratio Less Than
éetween Subjects
Instructional Mode 1034 .65 1034 .£> 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
Normed Achievement Test for Pittsburgh General Mathematics Groups
P
Source §S MS df F-ratio Less Than
Between Subjects
Instructional Mode 650.36 650.36 1 8.61 .004
Error 11487.20 75.57 152
Within Subjects
Testing '559.17 559.17 1 26.31 .001
Mode x Testing 20.57 20.57 1 <1.0 n.s.
Error 3230.76 21.26 152
Total 15948.06 307
Table N-8
Analysis of Variance Summary Table for Data from
Normed AchieVement Test for Philadelphia General Mathematics Groups
P
Source SS MS df F-ratio Less Than
Between Subjects
Instructional Mode 232.24 232.24 1 5.28 n.s.
Error 10422.30 43.98 237
Within Subjects
Testing 254.81 254 .81 1 10.28 .002
Mode x Testing 14.76 14.76 1 <1.0
Error 5876.93 24 .80 237
Total 16801.04 477

b
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Table N-9

Analysis of Variance Summary Table for Data from
Normed Achievement Test for Pittsburgh Algebra Groups

- ' p
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 Summary Table for Data from
Normed Achievement Test for Philadelphia Algebra Groups
P
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 vVariance Summary Table for Data from
Attitude Toward Mathematics Scale for Pittsburgh General Mathematics Groups

P
Source S 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 85.21 .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 Summary Table for Data from
Attitude Toward Mathematics Scale for Philadelphia General Mathematics Groups

- P
Source SS MS df F-ratio Less Than
Between Subjects )
Instructional Mode 12384.42  2384.42 1 5.24 n.s.
Error 67801.90 455.05 149
Within Subjects
Testing Ve 32185.20 16092.60 2 83.04 .001
Modg’_x Testing 8952.34 4476.17 2 23.10 .001
Error 57749 .80 193.79 298

Total 169073.66 425




Table N-13

Analysis of Variance Summary Table for Data from
Attitude Toward Mathematics Scale for P{ttsburgh Algebra Groups

P
Source SS 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 n.s.
Error 56635.90 146.73 386
Total 174341 .85 584
“Table N-14
Analysis of Varfance Summary Table for Data from
Att{tude To\_yard‘nathematics Scale for Philadglphia Algebra Groups
) _ o
Source SS MS df F-ratio Less Than
Between | Subjects . :
. Instructionai Mode 247 .94 247 .94 1 <1.0 n.s.
| ‘Error , ‘ 123451.00 605.15 204
Within Subjects | |
Testing - 1808.43  904.21 2 5.05 .007
" ‘Mode x Testing 3262.44 1531‘.22 2 9.1 .00
Error 73026.50  178.99 408 '
201796.31
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Table N-15

Analysis of Variance Summary Table for Data from
Att{tude Toward Computer Assisted Instruction
Scale for Pittsburgh Genera_l Mathematics Groups

P
Source SS MS df F-ratio Less Than
Between Subjects
Error 30101.70 501.70 60
Within Subjects '
Testing 6195.16 3097.58 2 11.16 001
Error 33317.50 277 .65 120
Total 69614.36 182
/
Table N-16
Analysis of Variahce Summary Table for Data from
Attitude Toward Computer Assisted Instruction
Scale for Philadelphia General Mathematics Groups
P
Source SS MS df F-ratiq Less Than
Between Subjects
Error 38245.70 347.69 110 -
Within Subjects N 3
Testing 2506.20 1253.10 2 14.95 .00 3

Error ©18440.50 83.82 -220 ‘ ;
Total 59192.40 ‘ 332 ?
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Table N-17

Analysis of Variance Summary Table for Data from
Attitude Toward Computer Assisted Instruction
Scale for Pittsburgh Algebra Groups

. T p
Source SS MS df F-ratio Less Than

Between Subjects

Error _ 44468.60 313.16 142
Within Subjects

Testing 5421. 7 2710.85 2 40.10 .001

Error 19197.00 67.59 284
Total 69087.31 328

Table N-18
Analysis of Variance Summary Table for Data from
Attitude Toward Computer Assisted Instruction
Scale for Phijadelphia Algebra Groups
- P
Source SS MS df F-ratio Less Than

Between Subjects

Error 95593.60  620.74 154
Within Subjects .

Testing 107440.00 53720.00 2 125.71 ,001

Error 131621.00 427.34 308
Total 334654.60 464




Table N-19

Analysis of Variance Summary Table for Data from
Abi11ty/Achievement Tests for P{ttsburgh
General Mathematics Groups

P
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 Achfieve- 4
ment 12.00 12.00 1 1.19 n.s.
Error 221.25 10.06 22
Total 1716.91 47
Table N-20 |
Analysis of Variance Summary Table for Data from |
Abi1ity/Achievement Tests for Philadelphia
General Mathematics Groups
P
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.
Abi1ity 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 Varfance Summary Table for Data from
Abi11ty/Achievement Tests for P{ttsburgh
Algebra Groups

p
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
Abi1ity 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 SGrmdry Table for Data from
Ab{14 ty/AcMevellnent Tests for Philadelphia :
' Algebra Groups . . g
p
Source SS MS df F-ratio Less Than
Between Subjects
Ability 112.67 112.67 1 4.77 LB E
Error - 1110.33 23.62 47
Within Subjects -
Achievement 943.02 943.02 1 61.73 001
Abf1iiy x Achieve- .
ment 3.93 3.93 1 <1.0 n.s.
Error - 718.05 15.28 47 '
Total 2888.00 97

\ i
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Table N-23
Correlation Coefficients for Previous Achievement® with
(Current) Achievement and with Attitudes
Achievement/ Achievement/
Previous Achievement _Previous Achievement
N Non-normed Normed Math Att. CAI Att.

CAI Cohort CAI Cohort <CAI Cohort CAI Cohort CAI Cohort

Pittsburgh
General
Mathematics

Philadelphia
General
Mathematics

Pittsburgh
Algebra

Philadelphia
Algebra

47 26 J1* -,02 .58* .06 .45 -.07 .25 -

61 19 7 .49 .39 | .28 .16 -.30 .03 -
107 46 A44* A2*%  57* A47*  26* 37 .02 -

116 34 53 .22 .30* .28  .42* 24 N -

3pevious achievement is defined by Mathematics Achievement Test Scores

for 1969-70.

*Significant at p < .01.

~—
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. _ .Table N-24
S e ~ oy
Correlation Coefficients for Attendance™ with
(Current) Achievement and with Attitudes
Achievement/Attendance Attitude/Attendance
N Non-normed Normed Non-normed Normed
CAI Cohort CAI Cohort CAI Cohort CAI Cohort CAI Cohort
P{ttsburgh ' . .
General ; ‘
Mathemattcs 47 26 -.21 -.03 -.13 d6 -.30 -.08 -.11 -
Philadelphia
General ' -
Mathematics 61 19 21 =22 19 -.29 19 .26 19 -
P{ttsburgh »*
Algebra 107 46 -.05_ -3 -.06 -.26 .13 -.11 .22 -
Philadelphia
Algebra 116 34 -.35* .08 -.19 6 -.25 -.05 -1 -

bAttendance fs defined by number of absences for 1970-71.

*Stgnificant at p < .01.

v
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Table N-25 -y,

Correlation Coefficients for Number of
Years in School with (Current) Achievement

Achievement/Years in Sch. Attitude/Years in Sch.-
N ° Non-normed Normed Non-normed Normed
CAI Cohort CAI Cohort CAI Cohort CAI Cohort CAI Cohort

Pittsburgh
General
Mathematics 47 26 28 ' -.17

Philadelphia i .

General ! ;q L
13 -.20 09 -.10 .38 -.28 -

19 .08 -.06 a7 03 -

]
3
w
—t

Mathematics 61 19

P{ ttsburgh Y
Algebra 107 46

Philadelphia
Algebra 116 34

23 =31

.07 08 -.086 .06 .02 -.02 =-.16 -
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- Table N-26

Correlation Coefficients for Amount of
Time On-1ine with (Current) Achievement

Achievement/Time On-line Attitude/Time On-11ine
N Non-normeq Normed Math Attitude CAI Attitude

Pittsburgh

General ' :

Mathematics 47 17 -.04 19 .19
‘Philadelphia

General '

Mathematics 61 .04 -.02 -.07 .04
P1ittsburgh

Algebra 107 .19 13 14 12
Philadelphia

Algebra 116 J1 02 -.16 21

-
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Descriptive Data

The informatfon 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 Students1

1 enjoy being on Line, and it is a Lot better than a regular class.
1 Like math because it is taught in a very intenesting way.
A student should be able to stay on Line Longenr.

; ﬁ,dzed math in a way because it 48 not as boring as other Aubjec,ta
aue.

In a few probLems that 1 don't understand, 1 §eel I need moae hup.
1 Like math but sometimes Lt L& boring.

1 did not Like math when 1 am taught by a teachenr.. The computvus
~  helped me undenstand and work at my own speed.

1 Like math; it is 5un and neat.

1 think the counse 48 very good. 1t also is "5un(v too. 1 hope to get
" this counse next yeanr. . .

1 think 4t i8 good because you can wonk at your own pace. 1t also
teaches you much better than a teachenr.

Working with the computer L8 pretty cool.

Teachens who are in a hwwy Jdten neglect to explain fully to stu-
dents and make the subject uninteresiing.

Mathematics has always been a difficult Aubjecx dor me. 1 undern-
stand Lt betten.

1 do not understand ha,th, the kind of ma,th we get., 1 5%2 we
should get to pick what we want.

Teachers do not spend enough time with the student individually and
that makes mathematics harder.

Iukedbecweldowwtuwthu‘...
The computer i8 almost human. 1t rewards me when I am night.
1 think T would take it if T didn't have %o,

1These comnents have been edited for readabili ty factors such as granmar
and spelling. .




1 don't Like mathematics vewy much. When 1 just Leann something
we go on. 1 Like using the terminal but I don't. The computenrs
oane vy interesting but math is not interesting.

1 gind I need mone understanding off Line. Much morne. 1 do not
know whene T am supposed to be till the end. T would Like to know
begore the end.

" Math depends on the way you are taught. 1t's a very interesting
dubjfect because Lt helps you in_moat(ﬂuéngA you do.

There ane too many rules you have 2o wa/u:ze.

1 Like math since it 48 interesting and 5 fun and challenging
L0 answer problems and puzzles.

1 gzindmax.h a hand subject, but 1 think that it is also interesting.
1 had an excellent teacher who made everything easier to understand.
The only thing wrong all year 48 all the explaining on Line. Some-
times 1 have seen four screens §ull of explanations. Other than
that, 1 feel this algebra counse (on Line) has been ::..fect.

1 Like it. 1t does help you in every thing you do.

Well T neally Liked working on studying mathematics. 1 wish all . °.
the subjects werne Like this one.

1 Like math because there is always something new to Leaan.

The neason I don't Like it is that 1 can't get the correct
understanding of the problems, even with the teacher's help
sometimes, and when I do think that 1 understand it I have the
wrong understanding. ' .

In neference to the question that asked about good mathematics
Students being wook-worms; the only neason that {t's wsually thwe
48 because most teaching methods employed today are neally archaic.
However, 1 do feel that the CAI system is verny effective. It has
continued to provide motivation and stimulation thaoughout the
counse and has really boosted my interest in math. .

1 did not Like math on the computer too well because 4t does noi
explain as well as a teacher. It was fun and you could go as
fast on as slow as you wanted. The teacher should Let you work
at yor own nate and not thy to keep you up with othens.

1 Like some parnts of math but not too many parts. 1 would rather
not Learn advanced. things but wait until 1 get Zo that step.

1 enjoy doing problems that 1 do mot have trouble doing. 1 think
it was a good idea to have math on the computers. :

1 can not understand it half of the time and won't ask for help
because i§ 1 can not do it with a computern's help then the teacher
surne won't be able to help. And I feel that this computer has
helped me a Little mone than the teacher and wish that 1 had
computers instead of some teachers, I may have done better.
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Mathematics help me see how good 1 am in my brain. 1t 48 all 80
much fun. \

Math {8 alright until you get too many probLems with Large numbens
then it gets boning and on yourn nerves.

1 Like the computer math teaching,--{un, easier and it explains the
problem at your own spe i. 1 have the best grades in the computer
math than in any oths -ounses. And it {8 far more better than a
teachen, and 1 am Looking fonward to next year for algebra on the

- computen. .
1 Liked this counse in mathematics mone than other mathematics
counses, because 1 felt there was always something 1 could unden-
stand. 14 .1 did not there usually was someone who did who could
help me.--- ALso there were sheets to help you. You did not have
2o stay behind with the othen kids, you were gree Lo move on as
soon a8 you understood the cownse. 1 think this is what schools
need to help students along. i
1 do not Like math at all but the computer has made me Like it a

- Little bit. 1t's hand to keep up with a whole class- but the
computen has made it:easiern. - '
ALL and all it 48 the nicest and the most fun way of Leawning
?d i.ndcompwtm math this year 1 Leanned the most 1 have ever
eaned.

S et - L
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Reactions of Teachers in P{ttsbuwrgh
Course Structure

Forn these Amdemu,' parts of chaptens 1 and 2 4in algebra may not be
essential, but the entine course would need to be-restwuectured Lif

these wene deleted. .

Repetitious dnill and practice 48 needed for these students, rather
than reading a Logical development as nequired An CA1 ALGEB. (Some
teaminology was above the neading Level of the students.) They are
receiving individual instruction, but from the teacher, not the
computen. 1t was assumed that all algebra students couwld do arith-
metic: - not all of these students can. Testing {8 needed to deter-
mine anithmetic proficiency befone they- fake algebra. CA1 ALGEB
would be mone appropriate fon schools whene students' reading

. ability 48 commemsurate with thein grade Level. The siudents are
oniented towand one task at a time: it was difficult for them Lo
"§oLlow the structuning and "breakdown" by sleps.

Mone decisions in a CAI program should be based on student -
nesponses, with Less emphasis on decision-making by students. They
don't Like to be told that they're having trouble or doing poorty:
they'lL decide to proceed no matier what their score was.

There may need to be both a "basic" and a "standard” algebra
progham. About one-g§ourth could complete the course in one yean;
about one-hatlf, in two yeans; the remaining one-fourth might never
1§ only one CAI course were to be used, it should be GENMA. Because
it 48 neview, it twwed out to be mone self-sufficient. Algebra
requines mone Zeacher help. ,

" Student Behavior

Can a student 03 the type 4in this school be allowed to proceed at

" his own nate? On does the pace need to be set by the teacher? The
counse was planned fon a 160-day year, but most students need mone
than this (especially when duch factons as the absentee rate, and
the Late stant, [the system was not operating until the middle of
October due to a strike] are considered). )

In GENMA some students had to wait for course material that had
nol been delivered. o

The students did not move grom one type of material to another

" (£.e., §nom on-Line Lo off-Line) as peadily as had been expected.
They would prefer to spend thein entire time either on- or off-
Line. . They are not oniented towand continual work: they view.
each activity as "a day's work." , ,
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Orientation 48 a key to develop the individual prognress concept.
The students leanned how the program is sconing, and therefore
what Lo do Lo "beat" the system (e.g., signing off 40 errons were . -
not recorded). They did not "get the idea" of the program helping
them Lo Leann: zthey wanted to put in only the correet answer,
Thenefone they waited fon the teacher to condirm: thein answers. ~
1z lo:u punishment gon them to have to nedo material on go through
& a Loop.

The students did not progress far enough in the program. They
need mone "structuning." The teachers became frustrated. But
they necognize that once a rate of progress is designated, the
program may stop being individualized. .

With CAI, the students have a chance to "coven” mone material, - 1
but the program may give a false -semse of security, L.e., that ~
students ane Leanning when i fact they may not be. |

" Some students Like CAT to the extent that they would want all classes
Lo be on-Line; some hate it. Many would elect to.ztake one course on
Line next yean (if it were possible). ' : .

With CAT, fhe'tedchm becomes a "nreactor," responding 2o LndLVLduaZ )
situations at each point in time. Sometimes ne may be providing .
2oo much help for the students. - -

" Utilization Pattern

. Assigning two students to a tenminal was not effective, especially
" because of machire breakdowns. However, the students temded to :
get "attached" to ome terminal. SR L

A better Lbgistical base is needed, and a detter orientation of

both students and teachers to the use of CAI. Thirty students per
Zeacher {4 too many, especially at the beginning; after all are

oriented, thirty might be plausiblfe. The students need attention

and demand attention. ,

For general mathematics, it might be preferable to'hava students
on-Line fon the entiré time (since the content is a neview of pre-
viously-taught material). Fon algebra, it might be better to use
on-Line, mt;}u.a& gor practice, only (since algebra i3 Largely
new content). . :

The greatest strength of CAI 'is that it allows for student absences.
How students who are absent as {requently as these students are can
Learn anything in a regulan class seems incredible. New students
(Late entrants, transfer) can take tests and be placed at any point
4in the year. Students can move (and have moved) grom gemeral mathe-
matics Lo algebra. They can come in after school to make up missed
cluss time. Regular class becomes a "hassle" because they'@e T
‘abjent 80 often and it becomes impossible to make up work since it

ERIC
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takes 80 much time. Monre 'plwvaa;a.’z,‘howewvt,, needs fo be made in
S CAT schediling” for studerits to make up time missed (to have extra
time on teaminal). A , . v o Lo
148 necessary to develop a basic philosophy of grading: is some -
uniformity acnoss types of classes on agross- CAT classes necessarny
on possible?. . B T .
- | ,
Computer System -

The mechanical difficulties combined with the (Low) i&uuj.wuon“'
Level of the students caused problems:  they.were "almost neady

to hick the machines apant." The system L8 sLow; and "REunking"

on the space baisis almoszt ‘continual. The Loading and unfoading

0§ image projectons is a probLem. In addition, there is need dor

more technical help,:and preferably an available full-time

systems operaton. The teachens have had to Learn to operate and -

nepain -the systems. CAI 4is experimental, but these probLems must

go; -a system that will operate better is needed. : o o

Physical Facilities

The -noom arrangement with terminals in the center was poor: 4Lt
~was acfficult to neach all students who demanded atiention.: The

noom with teaminals ‘around the walls, and wonk-tables in the '

centen, was better. ' } .

_ Reactions of Teachers in PLiladelphia. -
" Course Structure

The ALGEB cowwe 48 good but could be improved. Not. enough material
was covered Lo prepare students for abgebaa I1. There was £0o: much
erohasis on "Learning at your own axte:" a minimum amount of material
which must be -covered shoutld be designated. . L
In ALGEB, there are Lange masses of matenial with oo few "breaks."
Objectives should be specified fon smaller units of material. .

The on-Line materials should be designed as a complete package.

Thene wgs some disagreement between teachens.and administrative -
personnel (at CAI Lab, PSU) ovenr what-Should be on-fine and what . .
should be off-Line. Perhaps the tash was too Large; at ariy rate

there was too much emphasis on the computer. The computer materials
should be as succinet. as possible: 4t can't do the entire job.

The couwwse does need additional drill materials.- Siudents have

been "schooled" to expect a "paper collection,” s0 the swifch B
2o the mone abstract on-Line mode o CAT must be backed by, .
physical ma‘erials--"handoyts" on worksheets. '
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The variety involved in teachiny both on- and off-Line classes 4is
good fon both teachers and thelr. students. ‘ o
Students should have mone choire: they come with different back-

- grounds and understanding, and shouldn't be fonced through the

program, However, when choices were offered in the program, they
1) were not always ‘aware of what they wenre choosing and 2) ranely
chose o go back and redo previous sections. - .

Fon, the student who fails ‘a test with 65 percent, there is no

opporntunity to netes: they need added questions and material, an

opportunity for success. , , , _
There should be tests administened to detenmine the student's

mdode 0 Leanning liconic, ete.); then he should be given computer )

materials which-are best guited to him. Diagnosis <8 essential.

There is a gnreat deal of material that was either 1) too hand,
(especially fon GENMA) on 2) there was insufficient Lime to use

N (especially for ALGEB). | . , ,
)’hm appears to have’ been an assumption that printed matenials -

ane sufgicient; however, othen audiovisual aids' are also needed.
Only one of 40 aids and games was used extensively: there wasn'zt

- enough opportinity for explonation with the nemaining materials.
Some games wene too abstract; some-had to be "taught” and were not

: self-motivating. More materials. suck a4 those g§rom the Madison

- Project should be used. -

The general staucture of the on-Line materials "isn't bad" -
Zhene's no need to-change them stwcturally. But the access to
0f4§-Line ma,i;ezoéa._ﬂé'ahould be A{/Leamuned. T

-~

' S'i-:udent Behavi or

Students did not.behave much differently grom the way they behave
in ahegulan ‘class. It was a Little more difficult to maintain

Contnol when aome students were disruptive. They shoukd have a .
chodce of taking a CAL on a negulan class. Most, however, Liked -

- wonking at the machine, . though a few took advaniage of the situa-
Zion by becoming noisy, noi working consistently, ete.

Can 14 -and 15 year-olds wonk effectively with computers--ox do

" they need the anttraction with others?
Students wene mone interested in getding a positive response

- dystem” to assune their g

(feedback) than in £ ing. Thg have found ways to "beat the
7 e correct answen input; e.g.,
waiting down correct answens Lo quizzes, or proceeding without

answerning until the.answer is given to them. There is an assump-

tion that the on-Line materials did teach, because students goi
through, but there 48 some Lack of undenstanding of concepils
evident, T : _ - L ' .

—
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One decided advantage o4 CAI is the oppouumlty Lt affords students
to "make up" wonk. . :

Most GENMA students are:-in Chap«tvf 9 (dt the end of May); Ltheyl :
could have "covened" more, but they did progress quite well.

" The majon problem was with the off-Line activities fon nremediation

_and ennichment in GENMA, The students expect Lo be rewarded by
not doing anything; most ane not motivated to do extra work. They

- Liked the games, but:not the "applLication" worksheets. The off-
Line materials were helpful; howevenr, the students colld work
faster off-Line and thus could get oo far ahead of the on-Line
program, then, they needed to wait 2o get on-Line instruction, as
well \as waiting for the teacher to check their off-&ine wonk .

The GENMA course was the more successful, based on assumpiions of
what the students would probably have Leanned in a regular class.
Discipline problems wenre "practically nill:" the students seemed
motivated and didn't mind cniticism. The materials ane generally
well-presented, and most of the students are success ful.

Utilization Pattern |

There {8 mone Lo do in the off-Line area than there 48 2o do in a
negulan classnoom. Monre teacher-fed off-Line time 48 needed:

( individualizing instruction takes a great deal of time. Thirty
ttudents per class is too many;-twenty should be the maximum
number assigned. The teacher can't effectively "remediate” thirty
students. The students need more training in working together
and helping each othen. ' '

Computer System

The Light pens wene also "vulrierabfe" 2o problems. Generally,
computer hardware problems were not extensive, though the speed
0f the system Left much to be desired. \

The {mage projector was the cause of 80 pm&'n_t of the breakdowns.
1t is strongly suggested that the image projecton be etliminated,
and neplaced with a Looselead notebook 0§ diaghams and Llustrations.

Physical Facilities

The Lay-out of the hoom an inverted U, with the computer in the
centen pontion) was good, although partitions between those on-
and of§-Line would be helpful. S

e iy A e -
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A "free-work area," diffenent from the wonk tables, should be
provided s0 there {8 more seclusion for 4ing games and othen
manipulative activities without bothering those wonking.

Larger partitions ane needed between terminals.

_ The of§-Line groups should be sub-divided funther, with two on
three Students at a table, not six on seven. g .

Staffing

1§ another course were Lo be written, mone help from programerns
sdhould be provided; the graduate assistants could be eliminated.
Those who are helping should 1) -have "good CAI proficiency," and
2) be able to follow dinections. There were difficulties because
of the staff not being education-oriented. The development of
the counse materials must be "overseen" by an experienced class-
room teacher from the area where the cownse will be used, not by
someone at the college-Level who has been away from the classroom
too Long. Help {8 needed with inmovative ideas--but the help
dhould be from someone who hknows what's going on. "

2
Full-Lime, continuous help from the mathematics educauorﬁi&wuy
was needed. The team doesn't have to be Large: two or three
-jprogramers and one on two Leachers (no more than three).

- There was some question over where the authonity to make decisions
nesdided (at CAT Lab, PSU). Too many people wenre making decisions;
when material was refected, the teachers had no hnowledge of who
refected it. Suggestions were us negative ("no," "delete,"
efe.):  comstructive cniticism would have helped. '

The teacher's perspective changes with expesrience: those

experienced should gorm the nucleus of any team to develop a new
cownse. : . ;
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CLASSROOM OBSERVATION FORM
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