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A FEASPﬁILITY STUDY: REMEDIATION BY COMPUTER
WITHIN A COMPUTER-MANAGED INSTRUCTION COURSE
IN JUNIOR HIGH SCHOOL MATHEMATIQS
Edwin P. Durall

" ABSTRACT

Within a terminal-oriented CMI system, this study investi-
gated the feasibility of presenting remedial instruction to students

by computer as compared to remedial instruction presented by a

Approximately 70 seventh grade mathematics ﬁtudents worked
individually in self-instructional booklets for a period of 15 weeks.
Upon completion of each booklet, the student was evaluated by direct
contact wifh'a computer through teletype terminals. Half of the
students, if the criterion of &0% was not attained, received remedia-
tion from an instrnatipnél sequence programmed into the computer.

The other half of the students received remediation from their teacher.

" The remediation for both groups consisted of the student working

through a sample test .question while recieving feedback at each
step in the solution. The student was then required to work a second
sample problem without assistance. When the student had. successfully

solved the second sample problem, the test was veadministered. If

"the test was failed a second time, the teacher worked with the student

until criterion couid be attained.

ii



The computer-remediated (CR) students demonstrated equivalent
academic performance, rate of movement, and attitudina]‘measurements
as compared to the teacher-remediated (TR} students. These results
are particularly encouraging for high ability students. Analysis
of the performance data according to ability level, however,

discovered significant differences among the Tower ability students

o TR

favoring the TR group. The computer‘remediation was not detrimental,
but apparently the teacher remédiation was moce supportive for lower
ability studentsL Within ability ‘levels, theré was ho signfficant
difference betweeh CR and TR groups as to the rate of movement throuzh
the instructional materials.

Highly positive attitudes toward mathematics in general, CMI,

e o

and individualized instruction were exhibited by students in both

it f

remedfation groups at the end of the study. Due to very high initial

attitude measurements, no significant pre-post dgains were demonstrated.
During‘the study, the attitudes of the CR students toward CMI tended :
to become more positive while the comparable attitude of the TR group

tended to become less positive.

The teacher in the prog?am, freed from clerical burdens,

was able to concentrate on the higher level professional tasks involved

A

in interacting individually with students as they worked in the book-

lets and as they required remediation following a test. A closer,

rorprams

more personal relationship was developed -between: the students and

H 5
T, g

teacher in the individualized setting compared to the traditional

lecture and demonstration classes which existed prior to the study. : -

Q S iid




Analysis of economic factors in relation to performance
measures indicate computer_remediation of student performing below
grade level is not feasible at present.. Rising persbnne] costs and
1owéring computing hardware costs, in concert with the eqUHVa1ent
perforimance between hfgh'ability groups, indicate computer remediation
for high ability students could be feasible within a decade.

It is interesting that no significant difference existed
between remediation modes in the amount of time spent in contact with
the computer. However, the lower ability students spént a signifi;
cantly greater (p<.01) amount of time on line than did the high
ability students. These findings would indicate that when considering
the economics of'implementating a terminal-oriented CMI system, ability
level of the students apbears to be a more important factor than mode

of remediation.

iv
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I. BASIS FC UL

Introduction
For centuries, teachers have been attempting to devise better

methods 6f helping students learn in accordance with their abilities.

But, apparently due to the complexities involved, the full potential

of individualized instruction has not been realized.
.Two recent developments, the formulation of a systematic

approach to the generation of instructional materiaTs and the

. proliferation of computers, have given educators the means not

only to devise models for individualized instruction but also
to realize progress in the quest for a better instructional system.
The systems approach provides a more efficient means of generating
instructional materials and of organizing learning environments .
However, it was not until the computer gained widespread educational
usage in the processes known as .computer-assisted instruction
(CAI) and computer-managed -instruction (CMI), that the individualization
of. instruction began to. make substantial progress. -

~ CAI is a process whereby the student receives instruction
directly from a computer through some type of terminal which
serves as the student/computek ihterface. Typical terminal devices
are typewriters, teletypes, or cathode-ray tubes (CRT). A'CRT is. a

television-Tike screen upon which instructional materials may be
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displayed and which contains a typewriter keyboard and/c~ light-
sensitive pen which'the student may use as responze devices. Since
the student spends large blocks of time in-direct contact with the
computer, CAI is considered to be somewhat expensive.

CMI, a more cost-effective use of the computer, relies
upon a variety of muiti-media or te*tua] materials_toAproVide the
bulk of the instruction, while the computer is involved with functions
which may be considered brimarily as managerial in nature. These func-
tions include the recording ot student responses, presceiption of
learning activities, maintenance of a student date fiile, and other
tasks of essentially clerical nature which the classroam teacher
is normally expected to perform. A typical- CMI mode ofyinstruction
contains the following steps: (a) the student studies material
relevant to a particular unit or objective; (b} the student is tested
over the material studied; {(c) if he fails to attain the acceptable
performance criterion, the student studies the materist again
or is inen remedial assistance; (d) if the student attains the accept-
able level of performance, he is a]]owed to progress to the next seg-
ment of .instruction. . CMI is usually found in conjunction¥with a pro-
gram of individualized instrucfion'in»which'the student fs atlowed
to progress through the learning materials at his own rate. .

Within the paradigm known as CMI there are two models presently
in operation:: batch-process and ;érminal-oriented“ ‘Batch-process |
CMI is a procedure wherein the student does not come in direct

contact with the computer. Tests are answered on mark-sense answer

-t ewmmd
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~ sheets or computer cards which are collected at the end of the school

" day, taken to a computer center to be analyzed, and returnad to the

school the following day. This is an economical use of the computer
in that the data from large mbers of students can be processed at
one time and the compﬁtur sys 4 does not need to be dedicated to
that pahticu]af program, as is the case in some CAI operations,
Disadvantages include the need for a middle man to handle the data
and the 1ikelihood of an overnight delay in recé{ving feedback
regarding performance;

In the termina1;oriehted CMI procedure the student interacts
directly with the computer in the testing phase of the instruction.
Rather than marking answers on paper sheets or cards, the student is
presented questions via a computer terminal and the response is recorded

immediately by the computers. It is assumed that the direct student-

computer interaction will allow the merging of the instructional capa-

bilities of CAI with the managerial capabilities of CMI into a highly
efficient system for the individualization of instruction. Hansen (1970a)

has set forth three factors considered to be advantages of a combined

CAI/CMI instructional system: (a) the capability to utilize CAI tech-

nigues i providing remedial assistanc: when desired;f(b) elimination of
a source of error in that the student i;'directiy responsible fof the
information f1ow‘to and from the system; and, (c) stUdéanreceipt of
immediate féedback regarding his performance. '

The Tliterature contains numerous accounts of the application of

CAI as an dinstructional system. There are also numerous reports of the



application of CMI techniques as being distinct and- different from CAL.
There is, however, a scarcity of empirical evidence tb support the
assumption that CAI and CMI can be merged into a single instructional
system or that the factors enumerated above are indeed advantages of
such a combined system. In particular, when considering the uée of
CAI techniques to provide ~dial assistance, an important question
arises: Can a ¢. , «.2r provide remediation as well as a feacher?

This study is directed toward that specific question.

Statement of the Problem

The feasibitity of comgutér:remédiation as compared to teacher
remédiation was invest{gated through the following questions:

1. Do students who re;eivé computer remediation perform as well

as students who receive remediation from their teacher?
2. Does the mode of remediation received affect the rate at which

students progress through the instructional materials?

3. Does the presence of computer-managed individualized instruction
have an effect on the student'é attitude toward mathematics?

4. What effect does the presence of computeeranaged instruction
have upon. the functions and daily actions of the teacher?.

5. What are ‘the costs of a-terminal—oriented CMI system?

Description of the Study

In order to {nvestigate the feasibi]ity of CAI remediation within
- a CMI format, two groups of seventh'grédé students received 15 weeks of
mathematics instruction (February 8, 1971 through May 21, 1971) via.
individualized booklets. Each booklet comprised a single unit and
was concerned with one topic in mathematics (see 1ist of topfcs in

Appendix A). Upon completion of a unit of work, each student received a




5 .
test fnom a computer via a teletype terminal. Half of the students,
upon failure ¢f a test, received remediation from an instructional
sequence programmed into the computer. The other half of the students
were referred to the teacher for assistance if'they failed a test.
Thus each aspect of the instructional process was held constant except

the mode of remediation, allowing the feasibility of compute~ remedia-

.tion as compared to teacher remediation to be investigated.

For the purposes of the study, remediation is defined as the
presentation of examples similar to~questions'the student had received
on a test which had been failed. In the first example the student wés
required to respond at intermediate steps in the solution in ordér to
determine the source of misunderstanding. Tne student was then presented
a -second example to work without assistance. A correct resbonse to
the second example was considered an indication that the student under-
stcod what he had done wrong and was prepared to proceed with the next
step in the instructional process. The rationale for this remediation
pattern is based un two aépects: (a) consultation-with the mathematics
teacher in the experimental classes; and (b) experience-gained by fhe
author in ten years of teéching in the public schools at both elementary
and'secondéry levels. In those ten years, throngh observation of the
techniques of a large number of mathematics teachers, it has been
observed that almost a11 of them use essentially the same nemediation‘
system as was used in this study: working through a problem with the

student and then requiring him to work one without assistance. Both
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the teacher remediation and computer remediation in this study followed
this same pattern.

| Through the investigation of the five questions listed in this
chapter, the researcher is attempting to coﬁtribute to the literature
of educational research throuéhrthe'imp]ementatipn and investigation
of a combination CAI/CMI instructional system. It is hoped that this
prototype system can make a positive contribution towqrd the individuali-
zation of instruction within the schools.

To provide a background of previous research and fqrmuiate the

basis for thié“?%&&&j the next chapter presents a review of selected

literature concerning CAI and CMI as they are particularly related to

the individualization of elementary and junior high school instruction.



IT. REVIEW OF LITERATURE .

In the late 1950's it became apparent to innbvative educators
that the computationai capabilities and managerial functions of the
compufer, which were making»suchfanimpact on the business aﬁd 3
tific community, could be applied to education. The computer

was seen as a means of presenting instruction, but additional

advantages would be in the stgrage and analysis of data generated by

student responses and the use of these data fn the prescription of the
instructional program for the‘student* In this manner a truly individ--
ualized course of study cbu]d be designed for each student according to
his unique capabilities, and through}the use of the datargenerated by
the student himsélf, the course of study could be updated and revised
guickly and:efficient1y. | |

Computer-Assisted Instruction

The initial attempts to apply the cbmputer-to the individuali-
zation of instruction were made in the area of prqviding instruction
directiy by the computer. This instructiona] paradigm became known as
computer-assisted instruction (CA;) andjquick]yvdéve]oped»severa] levels
of instructiona1-sophistication% drill and practice, tutorial, pf0b1em
solving, simulation, and evaluation (Hansen, 1970b). Emphasis herein
will be placed On_thekbasiC"instructibna] Tevels of CAI as they per-

tain to this study; i.e., drill and»praétice, tutorial, and evaluation.
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The reader is referred to Bushnell (1967) for discussions of simulation
and problem solving applications.

Drill and practice. The pioneer in drill and practice applications

of CAI is Suppes (1967) of Stanford. This type nf stuyde e ar
interaction can be thought of as a supplement to the regular curriculum
Afaught by the teacher. Building upoh‘evidence that students need a
great deal of practice in order to obsin mastery of basic arithmetical
skills, programs were designed which allowed students to work individ-
ually at various levels of dif¥iculty. The student may be moved up
or down in difficulty level depending on his level of performance. A
typical procedure is for the teacher to introduce the mathematical con-
czpf in class; the drill and practice by the student is accomplished
at the cemputer terminal. The teacher is ‘thus freed to pursue other
more, important functiong. The adwantages of this mode. of application
are that the stqdent receives immediatz feedback as to his performance,
and the teacher receives a compleie report of student performance
(Suppes & Jerman, 1969).

| A significant application of Suppes' drill and practice material
via CAI was im the McComb;‘Mississippﬁﬁ school district. Students in
the first six grades Qé;é”divided into =xperimental ‘and control groups
vand their.grade placement in mathematics was determined. At the end of
the school year their grade placement was again measured. The differ-
'ence between pre-and post-grade Tevel placement favored the CAI group
and.was,significamt'at the .01 ievel 4§n all six grades (Suppes & Jerman,

1969).
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Tﬁtoria]. At the\second instructional level of'app1ication of
CAI are the tutorial programs wnich have the capability of real-time
branching contingent on a single responsu or series bf responses (Atkinsoﬁ,
1969). In other wo%ds; the tutorial level of’CAI'is one in which func-
tions of the teacher may be assumed for certain periods of a school day.
During this time the student may receive instruction in areas which-
redundantly consume teacher-time.,‘For example, a student could be shown
a sentence in which there are three different words he.may choose
from to use as the Vérb in the sentence. He chooses the verb which causes
the sentence to make sense, This-fype of work, with its accompanying
error messages, can easi]y.be provided by a computer; but wou]d'consume
great amounts of teacher time. | ‘

One of the first programs to utilize CAI in a tutorial mode Was
the reading program developed at Stanford for use in the Brentwood Sch001
in East Palo ATto, California. This program consisted of a cofe.of prob-
1&ms - which the student was. required to master. The probiems could be
branched éround by paséing pretests, solving correctly, or sojving in-
correctly, in which case they were branched to'remedia] materia].l'At.
the end of the yearAthere was between fastest and- siowest students a
difference in problems completed of -over 4000 prob]emé; on achievement -
measures,vfhe CAI_group outperformed the contro]-gkoupvat either fhe

.05 or ..01 levels of significance in nine of the ten measures (Atkinson,

1969)..
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A major public school program involving CAI at the tutoral -leve!
in bbth‘reading and mathematics was the rural county CAi project in

Wakulla County, Florida.: Developed in conjunction with the CCmputeri

Assisted Instruction Center at Florida State University, this three
Iﬂ : year proqqct‘svdata.show significant positive improvement in re%ding
| and mathematics skills from year to year. Due to contamination cf 3
control groups brought about. by large scale shifting ¢f students when
the district underwent total desegregation, comparative resuit: were

somewhat mixed. However, the data show steady progression of black studsiis

upward tqw§rd more normative achievement test means as adjusted by

Ketinedy (1969) for southern rural black students (Hansen, johnson, Durall,
%; | Lavin, & McCune, 1971). | ‘

qu]hation. . Research has indicated'fhat CA! can be utilized in
performing testing and evaluation functions. Using elementsry students
as squgcts and teletypes as  computer terminals, Ferguson (1970) reports
that computer-based criterion-referenced testing can'be as reliable and
valida§ conventional testing and that-computer-based testing consumes
5 less time. ‘ 
L At Florida State University CAI has:playad an-important role in

the formative evaluation of the Intermediate Science Curriculum Study, a

program designed for grades 7-9. After three years of instructiona?
material presentation via CAI, three factors appear to be*particular}y‘

intqfesting: (a) CAI provides a much more detailed evaiuation than is
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possible through: field friais;'(b)'evaluation information can bé fed
back to curriculum revisors with“a-gréat]y reduced lag time; and,
(c) after approximately four hours a-week of exposure to CAI through-
out three yéars; thus logging moré'CAI time-than any other known group,
the students still indicated a strong positive reaction to CAI and a
' willingness to continue in a CAI'program-(Hansen, O'Neil, Brown. King,
& Rivers, 1970). | |

To summarize, it may be noted-that the use of CAI has grown
considerab]ylsince~it5'incepf*oh as-witnessed by the- fact that in 1963
one public schoo] was utilizing CAI whereas this had iricreased to 77 by
19693 in 1959 one»un1ver51ty had CAlncapabal.t1esvand-thls-had grown to
50 by 1969 (Tuttle, 1970). In a broad sampling of journals and insti-

tutional reports Bundy (1968)'reports-the‘following'conc]usionS“ (a).

students learn as well-with CAI; (b) CAI can provide equivalent 1earn1ng

in the same amount of -time; (¢) CAI adjusts quite:well to individual.

differences; and, (d)- students generaily have-a-positive attitude toward

CAI. Keeping in mind;theare1at1ve;infancy=of~CA13:these conclusions must

be considered tehtative ‘butvit"may'Be noted that:CAI is apparently. a

v1ab1e 1nstruct1ona1 and: eva]uat1on system and, as- such, is expected to

'pTay a major role-in the individualization of 1nstruct1on in the future.

Computer- Managed Insfruct1on

Many eduuatcrs recognized the contr1but1on CAI could make

toward 2 program of 1nd1v1dual1zed'1nstruct1on3 but:most~were-wary bf

’

)
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the costs of‘imﬁ]ementing CAI and the concomitantrlarée developmental
efforts that were required.- Out of.this quandry grew a second appli-
cation of -the computer to the 1nstructiona1'process, It was proposed
that the computer be utilized in the management-and- record keeping aspects
of instruction, but‘that-sfudents work: from a variety of off-the-shelf
or textﬁa] materials.- Thus, existing‘instructiohal materials could be
utilized without anvéxpensivefdeve1opmenta1 effort; Further savings

- would be realized by removing the computer: from the  teaching phase of
the instructional protess,-but at the same time the advantages of the
high speed data handling, storage,‘and‘retkieva1:functions-of the comput=
could be used to full advantage. This mode1-5ecamevknownras computer-
managed instruction (CMI) and-quickly assumed- importance- in elementary
and junior high school indiVidua1ized instruction efforts. Three of
thé majok:CMI-projeCts afe wprthy of detailed considerétion. |

Project PLAN. Préject PLAN (Program for Learning in Accordance

with Needs) was originated in 1966 through a joint venture involving
the American Institutes- for Research, the~westinghouse»Learning Corpor-
ation, .and twelve school districts throughout the-country'(F]anagan,,1970).
It has now spread-to 24:-cities involving 20,000 students (Rdgers, 1971).
The proposed function of the new educational- program is to
provide a flexible system in-which the student: can be assisted
to -take ‘as--much  responsibility as possible in' the planning and

~ carrying outof-his own educational development (Flanagan,
1970, p. 2).
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The five major components of the PLAN system aré: (a) a set
of educational objectives; (b) Tearning methods:and materials; (c)
evaluation; (d) guidance and- individual planning; and, (e) teacher
development (Flanagan, 1970);

The role of the computer in-PLAN-involves a-great variety of
functions. The computer processes the daily tests-taken<by’the students
and provides-printouts of: these results- for the teachers. These data
are used to consfant1y update and revise the student's program of studies.
A weekly status report is also provided. In addition-to the daily and
weekly processing functions, the computer~assistsf1n-registration of
the student and inrtpe'actua] plahning-ofwhis:cdurse:of-study, including
the p]acémenf of -the student in the:program of studies, establishing
~ a quota in terms of numbers of md&u1es to. be completed ‘and a selection
of the actual moduies of 1nstruction'to be: rece1ved»by the student
(Flanagan, 1970). The- constant updat1ng and revision of student data
and the p]ann1ng and prescriptive usage are critical features in making
this type of- computer app]ication practica1;; In an- effort to facilitate
the flow of information to and from the computer, each: of the:Project
PLAN schoolsﬁhas recehtiy’received~aetermina]~throughlwhich*the‘teachers
can 1nteract d1rect1y wWith the: computer (Rogers, 1971).

System Develqpment Corperat1on/$outhwest Reg1ona1 Labora,ery

Nork1ng outs1de the-realm: of 1nd1v1dua]1zed 1nstruc+1on but designed to
assist teachers jnza trad1t1ona1;elemeqparyuschoo1~sett1ng_ach1eve a
measure -of individualization, & CMI effort was originated under the joint

sponsorship of thé System Development Corporation and the Southwest



[R——

Tt

14 |
Regional Laboratory for Educational Research and Develcpment (Siiberman,
1969). This CMI system was designed to help the tescher monitor the
progress of the students and make decisicns on theipace ot wnstruction,
the grouping of children, the sequence of 'essons, and the ind'vidualiza-

tion of instruction. The four primary components of the information

‘management system are objectives, tests, repovts, and prescr:iptions; it

helys teachers by providing information about each chi‘d}s achrevement,
suggesting activities to help a pupil understand a lesson, &nd providing
a framework for making decisions on classrocw management.(Geddes &

Kooi, 1969).

- Individually Prescribed Instruction. Perhaps the most fdr—

ranging effort in the CMI field was the Individuaily Prescribed Instruction
(IPI) project instituted in the Oakleaf School System 1n Pittsburgh by

the Learning Research and Development Center of the University of
Pittsburgh. The IPI program is based on an instructional mbdel consist-
ing of the fo]lawing sequence of operations: |

1. The geals of learning are specified in- terms of observable
student behavior and the conditions under which this. behav-
jor is to be exercised.

2. -Diagnosis is made of the initial capab111t1es with which
the learner begins-a-particular- course of instruction. The:
capab111t1es that-are assessed are those relevant to the forth-

: coming -instruction.

3. Educational alternatives adapt1ve to the: An7t1a] profile of
the ‘student are: presented 'to: him. The:student selects or is
assigned- one of these: alternatives.

4. Student performance:is monitored and: continuously assessed as
the student proceeds to learn.

5. Instruction proceeds-as a function of: the relat1onsh1p between

: measures--of student performance, available instructional alter-
natives, and criteria of competence.

6. As instruction proceeds, data are generated for monitoring
‘and improving the:instructional system (Cooley & Glaser,

1969, p. 96).
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Automation is not a prerequisite for the implementation of the
IPI model and the project initially operated in the nonautomated foym,
much as it is being used in school systems across the cbuntry at presern-.
After three years of: operation in the nonautomated form, Batch-pr0cess
computer capabilities were added to the program in the form of a Manage-
ment Information System (MIS). -

There are four major functions which the-MIS can provide in an
individualized school: (1) collect data; (2) monitor student
progress; (3) provide prescriptions; (4) diagnose student diffi-
culty. These functions have two primary objectives: to inCrease
the effectiveness of the model- for individualizing instryction..
and to maximize the productivity of the teacher operating the
IPI system (Cooley & Glaser, 1969, p. 106).

Through supporting the- IPI instructional system with the functions
of the MIS, IPI/MIS haS'beén shown-to be one of the leading projects 1in
the research and implementation of individualized computer-based instruc-
tion. Cooley and Glaser (1969) admit that a shortcoming of the IPI/MIS
system is that each school has only one terminal and it is not in the
classroom. They speculate that the next step in the development of 1P1/
MIS is to add classroom terminal capability so that both students
and teachers will -have access to computer terminals. The papeér on
computer-based -testing by -Ferguson (1970), an associate of Cooley and
Glaser, indicates that IPI/MIS is.moving in that direction at the
present time. .

Thus we tan- see:that IPi/MIS is unique-in that it is the only
project which has:existed in a nonautomated form, moved to- batch~process '

CMI; and is now moving into the other CMI mode;, which was eartier

- described as -terminal-oriented CMI.




[T )
b i

16

Terminal -oriented CMI. The model toward which IPI/MIS appears

to be moving is in full scale implementation at Florida State University,
wnere the majority of the CMI activities are directed toward university
undergraduate and graduate instruction. Since this study was conducted
on the junior high school level, these university level instructionaT
activities, with the exception of one research study, will not be'dis-’

cussed in this paper. However, the readar is referred to the FSU CAI

Center annual reports authored by Hansen, et al. (1970); and Hansen,

Brown, 0'Neil, Merrill, & Johnson (1971).

The study which relates most directly to the reseavch described
in this paper is the terminal-oriented CMI -investigation conducted by
Lawler (1971). With university undergrédhéte health education students
as subjects, Lawler examined the efficacy of providing remedial prescrip-
tions for students who failed to attain: cr1ter1on on unit tests, thereby
forcing the students to attain mastery on each test. The prescriptions
were usually hints as to which portions of the instructional materials
should be studied again or were suggestions as to which references
should be pursued closely. This can be considered a somewhat 1imited
use of the termina]-Qriented~capab11ities to provide remedial activities
nor does: this use capita]ize on the full power of CAl techniques that are
available to provide remedial instruction. . Nevertheless, significant
differences were observed in favor of the prescription-forced'mastery
CMI group over a.CMI group which did not receivegprescriptions and was
not forced to attain mastery. In addition, significant‘differences 1n
performance and att1tudes, in-favor of the CMI groups as opposed to a

control group taught by convent1ona1 classroom techn1ques, were observed
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CMI Model

The edel for computer-managed ind.vidualized instruction
developed for- this study 'is one which incorporates theAtutdria1~capa-
bilities of CAI within the managerial capabilities of CMI, as discussed
in the previous chapter. A flow chart of the steps in the instructional

system is depicted :in Figure 1.

Learning Materials

The learning materials consisted of self-instructional booklets
generated through a. curriculum proeject in Palm Beach County, FIO?ida
(Palm Beach County Board of -Public Instruction, 1969). The project was
funded by State of F10r1da Educational Improvement Expense and ESEA
Title IIl funds. On its staff were a total of 34 mathematics teachers
and other personnel experienced in- curriculum planning and development
The materials were provided for th1s research: in return for decumentation
of their use in a computer-based program.

The systematic technique utilized in developing the instructional
units involved -several steps*beginninngitn»the-statement~of performance

objectives for each unit of jnstruction. Instnuétione]‘strategies-and

‘activities designed to lead the student toward the performance criterion

were designed in conjunction with existing textual materials.. QOther-

18




19

cuieby 1s9)
9jej 0
pay

saj

o\

440 ubis

Frn——

't

J48Yoea] 2[Nhsuo)

W

suor3sanh qussaud

éFssl

puzg

RaLted aui

2 9lduex3

T 9(dwex3

S\

T+N=N 337

"Wa3SAS {euot3onu3sul ut mampm-Lqﬂ aunb L4

330 UBLS

T+N=N 297

N 2Eun
01 yduesg

EETN

ON

olqel -
OURUUIOIAB] FUDSBUY

gowey J4noj Slyl St
—-- === ‘O] [H

<

jeutimal
0] uQ ubts

440 ubis

Jaquny uspras

asdoag 94 WOBY)

"a9yoesL 3{nsuo)

[ 330 WBis

A

auLT 440
1591 ssed

|

N 2lufp ©381%4009

pazilenplALpU] 919(dwo

Vi :

_J4E38

O

Aruitoxt provided by Eic:

E




Ceed menel eHEN 0 mmOG 0 BOBD 0 GEER o

20
state-adopted textbmoks wmeve usesd as supplementary reference: sources.

Evaluation of stude:xt per ormam=: was conducted within each unit and

at the end of segmer—s @+ units '=rtaining to a general topic (e.g.,

multiplication of fractsrns). Tam:results of the evaluations con-

ducted during the imriial year zF implementation provided- data for the

revised version of the meferialz., portions of which were-utilized in this

study.

The particula~ materials used in this:- study were selected to
haintain continuity with the topics which had been discussed during the -
first semester of the schoo! year and to generally follow the content
outline presented in the state-adopted textbook in use in the school.

See Appendix B for a sample unit booklet and its accompanying unit evalua-
tion. :

Each booklet, which comprised one unit concerned with a single
topic, contained behavﬁdra1 objectives pertaining to the skill to be
acquired in-the study of that tepic. The students were provided instruc-
tion regarding the topic and worked at their own pace through problems
which led them toward the skill réquired'to fulfill the objective for
the unit. Upon completion of the work required in the booklet, and when

they felt they were prepared to be evaluated,.the students proceeded

~to a teletype terminal and received the -test questions: from the computer.

The examination consisted of five criterion-referenced multiple choice
questions,designéd to test the skill required in the behavioral -objec-
tive for that unit. Upon completion of the examingtion the students

were provided immediate feedback through presentation of a table
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‘summarizing performance on the test. A sample table is shown in Appendix
C and represents a:basic form of a data management system integral to
any CMI system.

If the student achieved criterion (80%) in thg test, he ﬁas told

to proceed to the next unit.

Remediation

1f the student failed the test, the perfarmance table was prescnted

and thé remediation proceeded according to the following steps: [see
‘also Appendix D):
A.‘ Teacher-remediated group.
1. The student was directed to consult the teacher for help_and‘
was signed off. |
2. Afteribeing assisted by the teacher, the-student'returned to
the terminal and- the test was: presented .again.
a. If the student passed the test he proceeded to the next
unit. |
b, If he-failed again, he-was-once-more directed to see the
teacher, who worked with the -student until-he could pass
‘a test off 1ine (away: from the computer). The second
_ fa11ure'branched~the computer3to=the next unit.
B.. Computereremediated group. . | |
1. The student was presented a sample: problem-similar to the
vwwproblems“on5tﬁé”té§f.h 1nwthis»f{rsf-prob1em; the student was
'required*tO'reSpond*atﬁintermédiate=steps=1n=the solution in
order ‘to determinevarea'of‘diffiéultyi'=Error‘messages intended

to.a]]eVTate-the_difficuity{werefthen presented.
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2. A second example waS'présented-which the student was required
to work without assistance as in a test situation.
a. If the student answered this second‘examb]e correct1y,
- he was presented the test againf
'4<(1)' If he passed the=test he proceeded to: the next unit.
(2) " If he fai]ed=the=test~the~second'time;“he-Was signed
off ahd sent to the teacher for assistance. No
- further computer remediation'was-attempted. The
teacher worked with the student until-he could pass
~a test off 1ine before proceeding to- the next unit.
b, If he answered the second example incorrectly, he was
told the'correct-answér=and why it was correct.
(1) If the student'wa§ aware of what he' did wrong, he
couldelect to- take the test again at this point.
(a): Step 2.a.l. above.
(b) Step 2.a.2. above.
(2) If the student still did not:understand the problem
following the second examp]é;-he could elect to
sign off and consult the: teacher. He was required to
- sign on-again:-to retake thé test.
(a) Sfep'z.a.1; above. »

(b) Step-2.a.2. above.

Instruments

The- evaluation instrumentSrfor'this study-were:

‘Individual unit tests. -These'were five question criterion-refer-

enced_mu1tip1e'choﬁcthests takenﬁdirect1y»frdm‘thetPéim'Beach>County
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materials. The testS‘were'generated=concurrently-with the: instructional
materials through the major'Stafe and Federally funded curriculum effort
in Palm Beach County. The tests had been-in use-and had  undergone one
revision. See Appendix B.

Review tests. -At:the-end-of-major topical sections ‘of the
materials were ten question review teésts-which were presented to the
student at the computer-terminal.-:The questions on these tests were
equivalent. forms of the' individual- unit test questions. These tests
occurred at units 10, 19, 26, and 31, and no remediation was presented
on these units.

‘Posttest. The posttest was a 25 question multiple choice test
administered individually away from the computer tefmina1fupon completion
of the first 31 units of’the'instructiona] materials.

Upon complietion of the unit 31"test the student was allowed the
next class period tO“studY'for'the-postteéta’which“waS'then'administered |
the fellowing dayo.'Inﬁa'very'sma]1'number of ‘cases, a weekend was
involved in this procedure.: However; nohe-of the=instruct10na] matéria]s
was taken .home by the students  and-all: studying was-done in class. The
hrdcedure for ai]owing'oné"c1as;-period=of“study'time"for'the posttest
was adhered to for all studénts, |

'. Since the!students-moved“at"different=rates through- the instruc-
tional materials and“compieted?unft<31*at'different=timesy it was felt
thattsome:methodfof*providihg eduiva1ent;'butfnot'identical;'tests had to-

be devised: -This was accomplished-byforming a-pool: fromall questions .

’received in units 1 through 31° {excluding review units 10, 19, 26, and 31).

i
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T hises pool was then stratified according to the four major topic areas
whizth-were represented: by the'first'31-units."A routine was devised so
that the computer randomly generated- 25 questions- in- such a manner that
tiie posttest questions=ref1éctedﬁthe«same'concentration‘of"topjcs as was
refilected in=the~31=un1ts themselves. By signing-on to-teletype terminals
jocated 4n the CAl Center with each student's individual-identification
nursr, a separate test'for'egch studentrwaS‘generated-by-randqm selec-
tiagm from this pool-of questions.

Because each student received a different set of questions during
the posttesting, it was not possible to calculate a reliability coeffi-
cient for the instruments. ' However:,- when the posttest scores were corre-
lated with the retention test=scorgs'(coefficient=a]pha-re1iab1jity = .79), h
a correlation coefficient-of‘;76*wa5‘rea1ized;"This correlation was
significant well beyend the .01 level-of probability; where & coefficient
of .325 was sufficient for significance  {N=64, 62  d.f.)." Thus, concerns

about the reliability of this instrument were somewhat alleviated.

Retention test.  The same-routine as described-above for the
posttestfwas used tO'generate'the‘retention“test'(see“Appendix E). By
signing on-to a teletypé terminal at the CAI Center with an unused
gtudent-identﬁfication'number,*anothet‘25’questionumu1tip1e choice
test was gen¢rdted.f'This‘test'waS'then'dup1jcated'and'administered'

to all students: i the study on-the same day. : ~



~ 25

In the case of the retention test, a true measure of retention
that was not affected'by'study-time-waS'desired;~~Therefore,‘at the end
of the 15 weeks  of the-study, all work: in- the materials ended on Friday,
May 21. - No materials' were' taken' home' over-theweekend: - Monday's class
period was fully consumed by  administration-of- the: CMI/Individualized
Instruction-gttitude~scaie;-and'the'retention'test"waS'administered on .
Tuesday, May 25.

The reliability of- the retention test became a:matter of concern
When it- was learned that the students' had - been involved in a softball
game during the period priof-to the testing and were' to return to the
gamelfo]]owing~comp]etion'of~the-test;':Administering-an‘important
achieVement'measurement-betweEnrinnings~of~a-softba]l-game-is apparently
one of ‘the unknown féctovs-a'researcher'must bebprepared'to face When.
field testing a program-in'the~pr]iC'$chooTsﬂ--When~the-retention“test
scores were analyzed, however,' the coefficient-alpha-reiiabi]ity was

" calculated to be .79.

Mathematics(attitude-questionhaire;~;Studies~reviewed by Aiken
(]970)vhave indicated that attitude plays-a significant role in achiéve-
ment in mathematics.: To assess' the effect: of the' experimental program
on the?student-attitudes; mathematics: attitude: measurements were taken
prior to the beginning of the  investigation- and-again‘ upon completion
of unit 31. The attitude~questiohna1re'presented wés'derived‘from .
that>deve10pedlby~Dutton'and:B1um‘(1968)3“and“used-most often in.

mathematics attitude studies-at: the junior high' school-level (Aiken,
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1970)- .Dutton has' reported: a- Spearman-Brown Test-Retest Re]iabi]ify
coefficient of .84 for the 1nétrumenth

The questionnaire contained 25 items calling for responses
ranging from 1 to 5, where 3 was a' neutral response. ' The students'
scores were obtained: by summing- all  responses after reversing negatively
worded items. A score of 75, therefores'would‘be'considered a neutral
score. A copy of‘fhe'questionnaire is included in Appendix F.

CM1/individualized instruction attitudes. - A questionnaire

concerning attitudes toward CMI- developed by Brown (1966) was révised

to be compatible with a junior high school situation; a subscale re-
garding nonautomated: individualized instrﬁction~wa3‘1nc]uded. -This
questionnaire wasladministered-at-the-end of the second week of the

study ‘to measure initial reaction and again at the end of the 15 week
period. The total instrument, containing both the-CMI‘ and' individualized
instruction subscales:, was made up 36-items cailing for responses rang--

ing from 1 to 5, where 3 was a neutral- response. ' These scores were also

“obtained by summing all responses:after reversing negatively worded

items. A score of 108, therefore, would be considered-a-neutral score.
Brown reports. an-alpha reliability coefficient of .86 for this ques-

tionnaire. A copy of the 1instrument is included 1in Appendix G.

Subjects

Two classes of seventh' grade mathematics students taught

by Mr. Randy Anderson-at;wakulla’Couhty High-Schoolg'Medart,fF1ofida,

served as subjects for the study.: Seventy-one' students participated at ‘
the begirning of the program, but-attrition reduced this number to.

65‘by”the conclusion - of the study;~'Mrﬁ-Anderson:taught>two other
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classes, but it was' found through: interviews: with the students
in the other two classes that the reading-]evei-of the mathe~
matics materials, eQen though it - was about fourth- grade level, was
too difficu]t;for'themu-‘The-studentS‘participating'1n this study,
therefore, were;those-who-were-genera11y“ab1e't0"f0%1ow the direc-
tions in the booklets. There existed withinrthis'group*a wide range
of mathematical and reading abilities aS'evidenbed'by-the'scores on the
Comprehensive Tests of Basic Skills (California Test Bureau, 1968)
administered in September, 1970. In'readiné;'the'grade equivalents for
this group ranged from 2.0. grades- to 12.6- grades, with a-median of 6.6
grades. The mathématics gradé'equivaients also ranged frem 2.0 to 12.6 -
grades, with a median of 6.3 grades.

'The students at Wakulla High School are' grouped: according to
ability. - The tWo-c1asses participating in- this- study comprised the
hiéh and medium ability groups:in the  seventh grade. -The-median'grade
equiva1ents-in reading and mathematits’showed-a'defﬁciency‘of .4 and .7
grades, respectively, for these: groups, while school: testing records
indicate the average seventh' grader-was 13 years below grade level.
See Appendix H for-a description of the'waku11a'County‘community.~

The §tudents were randomly assigned: to: treatment- groups within
each class so that half: of- each class'receivedfcomputer remediation and
half received teacher remediation. -The  intent of this' procedure was two-
fold: first, to avoid thé chance assignment’ of' a majdrity"oflone class
to the teacher remediation group;, thUs;working=a hardsﬁip-on-the_teacher
and causing undue aelays for~the'students;'ahd'secondly;'to distribute

the possible effecf of the' teacher across- student groups.
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A1l of the subjects had- prior- experience: with- the use of the
teletype términa1s-which'comprised'the-studentucomputer-interface‘ They
had participated in the CAI mathematics and reading project devé]oped
through the CAI,Center*at~F]orida‘State University. - Therefore;, any novelty
effect which might'have-beeﬁ a- factor in the students' -achievement should

have been considerably reduced.

Apparatus

The computer-and-termina]s'that'weré utilized in the study are
components of the Cqmputer—Assisted-Instruction‘Center‘at'Florida State
University. The computérrié an' IBM- 1500 CAI instructional system
composéd of an. 1800 central-processing unit, two: 1810  disk drives, and
a 1502 station control unit.

The IBM-1500- CAI-system is' equipped with-a' dual-magnetic tape
drive upon which all student'responséSﬂare'unique1y=identified'and recorded.
The staff of the FSU-CAI Center has deve]oped'a-daﬁa"management system'
which compresses, sorts;~merges;~and-summarizes~this-datajf0r theoretic
analyses. This system was utilized- to collect and-analyze-data for this
study. |

Late in 1968,'a~te1ecommunications~cababi1ity*was-added to the FSU

1500 CAI system. - This: was accomplished: by- the addition: of a Digital

Equipment Corporation 680- Switching System.: This: devicer collects and

sends -data to-local or remotely- located- teietype: terminals under control
of a PDb—8 combutér; 'This-systemaisiinterfaCediwith'the-IBM-]SOZ Station
Control Unit in stch a way that the 1500 system: will service remecte tele-

types in the same manner it would a-local 1518 typewriter. At the time
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of this study, fourteen teletype terminals were supported via the 680
system. Six of these teletypes were*1ocafed'at-the‘CA['Center and four
in Shadeville Elemeitary School-in Wakulla County.

The remaining four teletypes, located at the Wakulla County
High School, comprised the: student-computer interface for this study.
The teletypes were housed in a room reserved for this purpose which
was very near the classroom. Two capable adult proctors were present
in the terminal room during school hours and were vesponsible for siqning
the students on to the program and assisting them in ihe use of the

terminals.

Experimental Design

The research design-for-thié study is essehtia11y a Post Test
Oniy-Control Group Design (Campbell & Stanley, 1963), with the computer
remediated group receiving the “treatment" and the: teacher. remediated
group acting as-a control. A deviation from: the design presented by
Campbell and Stanley exists in'that:the=post—testing occurred as the
students completed a fixad amount' of 1nstru¢tiona1‘materia1, and thus
varied in time. Time, therefore, was an uncontrolled variable, but
this is inherent in an individualized instruction setting where students

are free to work at their own pace.

Procedural Schedule

A graphicaivrepfesentation-of'the'aétivitiés'of the study is -
ksthn in Figure 2. 1In summany-form,'the protédurdﬁ'schedule was as

follows:
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throughout Apr11 and-May- as' the students f1n1shed Un1t 3.
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Wednesday, February: .3, 1971'a—-admjnjstration'of the: general mathe-~
matics attitude questionnaire.
Monday, February 8. through Friday;, May*21 -~ students- received in-
struction from the individualized booklets and were tested on
the computer terminal.
Frﬁday, Eebruary~19'(end~of‘second'week)-h—'administration of . CMI
attitude questionnaire-td'bbtain'initié1'student reaction.
Thursday, Apri1'1-(eﬁghth-week) ~~;studentSWbegan'movipg'through
Unit 31 and the post-testing begar-.-. Thqueneral'mathematits atti-
tude questionnaire was readministered~upon*complétion of the.
posttest. As the students. worked- through units' above numberu3i,

the unit-by-unit remediation- ended-. - Instead of a computer-

administered test over each'unit;'the'students-took-a'written test

which'they checked themselves:, and received a computer test only.
at the end of five-unit segments. This-change~sérvéd"three nrimary
purposes: |
Reduced the-use-of~the'termina15~by~the~fasterumoving*students and’
provided more time;for;the's1oweramoving students to use the

terminals.

Provided an oppoftunity'to'compare'week]y'testing with daily

. testing in'order-to.determﬁne>an~optimum;routine.

.. Reduced the time the  students- were on'ﬂine>and~thus facilitated -

movement to and from the terminals.

The post-test1ng and- attitude measurement occurred continuously .
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Friday, May 21 -- compietion'of'the”instructiona1~pdrtion'of tﬁe study .

Monday, May 24 -- administfation'of~the’CMI'attitude'questionnaire.k

Tuesday,AMay.25~-? adminiétratjon;of'the'retention<test over the
materiai‘infthe'firsf 31:units. . '

Wednesday, May 26 -- last day of school.



IV, ANALYSIS OF RESULTS

In this chapter eaéh.research question will have its statistical

'-findingsupfésented in the deerfref]ectingAthe activity of the experi-

ment. Because this is a feasibi]ity“study as opposed to theoretical
research, many of the statistical analyses are posed in descriptive
form. Where inferential statistics are used,ithe null hypothesis

of no difference between'remediétion'modes“is implied, all statistical
tests‘are two-tailed, and n0'spécific rejection 1evei‘of probability
is adhered to; ‘The calculated probabilities are'reportedfaﬂd

the reader is allowed to determine feasibiiity relative to hiéi‘_

own situation. o '

ThroughOUt the remainder of this document the four groups .

_involvad in the study will be identified by the following codes:

CR = Computer-remediated
TR = Teacher-rémediatéd[

HCR = High’abi1fty ¢omputer—rémediated.
..LCR = Low abi]ity ¢omputek-remediatéd‘
HTR = High abil ity téa_chér‘—remediated
LTR = Low abi]ity,teacher-rémediated

~Question 1:- Student Performance

Do students who receive computer remediation perform as well, as

students who receijve remediation from their teacher?

33
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Unit tesis.. The forced mriterion level of 80% for eachof the

individual uniit t==zs precluded “the use of traditional norm-
referenced statistical analyses on these scores. The:most valua-
ble information, therefore, wauld: seem fo involve the number of
students in each remediation mode who attained cfiterion on the
individual unit tests. Since there were unequal numbers of students
in the remediation modes and all students did not complete the
same number of units, percentages of units successfu11y“comp1eted
by each group compared to fhe totaf nUmber of unifs completed were
calculated for eacﬁ group. These figures are presented in Table 1 énd
concern only those units among the first 31 units in-which‘remediation
was received (this excludes reviewbtesf units 10, 19, 26, and 31).f
Within each group-shown in Table 1, the top row of numbers
in columns B through G are numberS'bf units., and the second'fow of
numbers 1ndicafe the units in térms of percentages.  For example, in
the HCR group a total of 513 units was comp1eted. CoTums B and C -
shdw that of those 513 units, 457 {89.1%) of thenunitgxwene passed. and
56 (10.9%) were fafEsfon the first trial. Columns D-amd E show-&hat
of the 56.units'ﬁaﬁﬁaﬂmfn Column: C, 42 (75%) were passed-on the second
trial while 14 (25%) were failed. Columns F énd‘G‘inerthe totalzs-for.

both'l’andlz trialss.
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TABLE 1
Number and percentage of students who passed and
i : failed unit tests. Criterion = 80%.
‘ A Tst Trial ~2nd Trial  Total T or 2 Trials
e Total Units Passed Failed Passed Failed Passed Failed
1 A B C D E F 6
: HCR (n=19) 513 457 56 42 14 499 14
] 9 89.1- 10.9 75.0  25.0 - 97.3 2.7
S LCR (n=17) 456  340. 116 72 a4 412 44
L o % 74.6  25.4 62.1° 37.9  90.4 9.6
- HTR (n=18) 486 411 75 60 15 471 15
S ' 9 84.6 15.4 80.0  20.0 96.9 3.7
LTR (n=16) 432 338 94 - 65 29 403 29
. % 78.2 21.8  69.1  30.9 93.3 6.7
AT CR 969 797 172 114 58 911 58
- % 82,2 17.8 66.3  33.7 94.0 6.0
- A1l TR 918 749 169 135 44 874 44
- | © % 81.6 18.4 74.0  26.0 95,2 4.8
J A1l Hi 999 88 131 102 29 970 = 29
B %  86.9  13.1°° 77.9  22.1  97.1 2.9
L AMllo 88 678 2100 137 73 815  -73
S %  76.4  23.6 65.2 34.8 91.8 8.2.
Al 1887 . 1546 341 . 239 102 1785 102
3 81.9  18.1 70.1° 29.9  94.6 5.4 -

To determfne if a significéht differencz:exisk=d between the -
unit test performance of the CR'and TR students, a Chi=square test was
applied to‘thé datﬁ in columns F and G. The following comparisons were.
made: HCR versus HTR; LCR versus LTR, and Al1 CR versus Al1 TR. The

’ pkobabi]ity‘o% é signfficant*dffferehcé was greater'thgn’.ZO for .the

_HCR-HTR and A1l CR-A11 TR comparisons,.and greater than .10 for the
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'LCR-LTR comparison. These results indicate that the performance of
the CR and TR students did not differ significantly on thewnit tests.

Column D provides a direct measuré of the efficiency of the'femen
diation provided to the students. Among the high ability students,
the teacher remediation was 80% effective compared to 75% effectiveness
for the computer‘remediation‘ The differentié] between 10WEY ability
students was 69% to 62% in favor-of teacher remed1at1on and. the total
for each remed1at1onwmode-was‘74% to 66%, also favoring teanher remed1a-
tion. A Chi-squarevtest:indicated‘the probability,of*a signﬁficant d1f—

ference -in the A11 CR-A11 TR distributions was greater tham the .05

level, and that the‘probabi1ity‘of a significant difference: in the HCR-HTR

&nd LCR-LTR d1str1but1ons was mreater than the .20 level. These results
are encourag1ng in that even though the teacher remediation was more -
efficient, the performance of #he students within-each ability group

on the computer remed1at1on was within: acceptab]e 1eve1s

Review tests. A second measurement of the performance. of the: CR

'groups'as compared'to‘the“TR"gmoups'is the score-achievedﬁby,each
group on the: rev1ew tests ‘which occurred at units 10, 19, &6, and 31.

The ana1y51s of the rev1ew test scores is presented in Taile 2.

U———
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 TABLE 2

"Scores on Review Tests

Ability Level

High Low
Remediation Mode'
“Computer... 92.1 (n=19) 75.2 (n=17) 84.1
Teacher 90.7 (n=18) 82.5 (n=16) 86.8
91.4 78.8 85.4
Analysis of Varimance Table .
Source d.f. MS F Ratio ..
“Remédiation: Mode 17 503.311 11252: p>.25
Abi]}i‘ty Level 1 10691 .43 26.597 . p<.01
Remediation Made: X
‘Ab*iiﬂ‘ity lrevel ' 1 1291.92 3.214 .10>p>.05
Error | 64 401.97

The analysis fndicétésvno”sfatistica11y significant .difference

 ‘between=hng7abiﬂﬁiy”studentskacross,remediation»modes,vbut:a difference

févoring“the TRTstudents'betWeehfthe4ioWer‘abi]ity'studenté; - The .probabi-

lity of a significant interaction was' greater than the..05 Tevel, pri-

marily due to -the seven point difference between the means of the LTR

and LCR Students,

Table 3 repokts the performance~of1the students. on the review

tests relative to the criterion of 80%.
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TABLE 3

Percentages of students who attained
criterion of 80% on review tests

Review Test Uniits

10 19 26 30 Total
HER(n=19) 94.7  89.4 89.4 8.2 89.5
LR(n=17) 88.2  41.2  76.5 563 7.3
ATT R 91.7-  66.7 83.3 7.4 80.1
HTR(n=18) 94.4 ~ 77.8  -94.4  88.9 88.9
ITR(n=16) 87.5  68.8 87.5 683 78]
AT TR 9.2  73.5 9.2 7L 83.8

In general, higher percentages of TR.students attained criterfon
omithe review tests thén,did CR students. “There are somewhat small |
ﬁﬁﬁﬁerencéé’betweén“the“higher.abi1ity groups, with the tpt&Wﬂheﬁmqy
sTightly in favor of the HCR group. However: with the exceptiom of
+the unit 10 test, thefeLWeke"1arge diffenenees_in‘favdr'qf'the
1HRﬁgfoup 6vef‘the;LCR‘group,findicating that  the teacher remediation
Tzt a more positive“effeéf'forrfhe‘]OWer,abﬁﬂﬁty_students.'

Posttest.: AS'thé'stddehts‘comp1eted'unit 31,.the 25 question
:pmsttest'Was‘admin{stered:‘-fhe‘résu]ts‘offthe ana]ysﬁS'of thegscores_

are presented in Table 4.

-ﬁam»_;;
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| 1“ | TABLE 4

I

Group mean scores on posttest

#Ability Level

High , Low
Remediation Mode
Computer 86.5(m=19) 60.3(n=16) 73.4
Teacher , 83.3(n=17) 69.9(n=14) 76.6

84.9 | 65.1 | 75.7

Analysis of Variance Table

- Source d.f. MS F Ratio
L RemedTation Wode T T80-669 7083 p=.50
- Ability Level 1 6876.622  26.8086 p<.00]
;. Remediation Mode X ,
7 Ability Level 1. 716.695  2.7941 p=.096
- Error j; 66 256.508

"

As in the review test results, a nonsignificant difference is

“observed between?thexhiqh ability grOUPs%a1ong-With a,1ar9er_differen¢e,
in favor of .the LTR .group, be;ween'the'1owériabi]ity'sfudents, In
relation tbithe'SO%‘]eve1, 84%'of;the{HCR gfbup:attained that level .
compared to 61% of the HTR gkbup.'-Among the lower abf]ity students,
384 of the HTR‘group.scored Sb% or higher compared,to 13% of the LCR ; —
group. The total for each remediation mode shows that' 54% of the CR

-students attained £he céiteribn»cdmpared"to_50% of the TR students.

| Reténtion‘féﬁt; S1ightiy Qiffereht results were obtaiﬁedin the

retehtion‘testingfthan‘wene‘optajned;inifhé reView test and posttést

situations. These results: are presented in Table 5.
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TABLE 5

Group mean scores on retention test

Ability Level.

High Low
Remediation Mode 79.8(n=19) 58.1(n=16)  69.0
Computer ‘ ,
Teacher 81.4(n=17) 68.3(n=14)  74.8
80.6 v 63.2 72.7

Analysis of Variance Table

Source d.f.. MSs . F Ratio
Remediation Mode® 1 555,571 2.8185  p=.09
Ability Level 1 4847.923  24.5947  p<.001
Remediation Mode X
Ability Level - 1 291.574  1.4792  p=.23
Error . 61 C197.113 |

" The analysis again;faiis to-reveal'q significaht.dffferehce
" between the;high abi]ityfgroups; but, the observed. difference was in
favor‘of‘thé\HTR‘grbup;1 Ohce.again,'h0wever,‘the,LTR‘group>outperformed;«.
the LCR group, and thé‘prbbabi]ity'ofva,significaht"differéhce between -
remediation modes was .09. e |
In relation.to;the'BO% griterion,‘sg%fof the HTR group
attained criterion comparéd;to?58%‘of'the'HCRrgroup; while 36% of

the LTR group reached cr1ter1on compared to 13% of the LCR group..

The tota] between remed1at1on ‘modes was 48% to 38% favor1ng the:TR students.

vre—— ]
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Comprehensive Tests of Basic Skills. The Wakulla County School

system, 55 part of their evaluation program, administered the CTBS

in the fall of 1970 and again in the spring of 1971, This provided

an opportunity to examine the performance of the experimental groups
on a test which'wés of other-than-local origin. It must be emphasized
that the pretest and posttest were administered approximately eight
months apart and the ‘period of this study accounted for.only three of
those eight months. ~Nevertheless, if the assumption is made that all
students received'cbmparable instruction in the traditional classroom

during the five months prior-to this study, the results of the CTBS

.achievement testing deserve consideration. Tables 6 through 8

present the results of the pre--and posttests on the CTBS mathematics

subtest. .

TABLE 6

CTBS mean mathematics grade equiva]ents’for each group

.Pretest Mean Posttest Mean ~ Adjusted Mean

HCR (n=T5) 7.9 9.2 8.4
LR (n=12) 5.0 6.1 7.2
AITCR . 6.7 | 7.9 “7.8
HTR (n$17) 7.4 83 7.7
LTR (n=16) 5.4 - 6.0 6.9
A1 TR 6.4 S22 7.3

Becéuse'of“the differences which existed between the groups -

~on .the pretest,. an ana1ysis of'covariance’withithé phetéstvas covakiate .

was performed on the posttest scores. The adjusted-means-are shown in

e
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the last column of Table 6 and the ANCOVA summaries are presented in

Tables 7 and 8.

TABLE 7

ANCOVA summary table of CR and TR groups:
variate = posttest score and covariate = pretest score (CTBS)

Source df - MS F P
% Total ' 58
Error 57 - 1.8321
Treatments ] - 3.6244 1.978 >.10
TABLE 8

ANCOVA summary table for all 4 groups:
variate = posttest score and covariate = pretest score (CTBS)

~

N

Source df " MS F o P
} Total 58
: Error 55 11,7019
: Treatments 3 4.8162 2.83 .05

Tab]e 6 shows that the CR groups exh1b1ted greater gains than -

the TR group of s1m11ar ab111ty, prov1d1ng resu]ts which are s0mewhat

‘different from-the outcomes of the. prev1ous1y described test1ng situa- -

[
i
3
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tions. Where the prev1ous tests showed mixed results,:the CTBS tests
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indicate the CR students performed better than the TR students at
both ability levels. This is particularly evident among the Tower
ability studentS‘where the LCR students began the year .4 grades
behind the LTR students but were .1 grades ahead on the unadjusted
posttest mean and .3 grades ahead on the adjusted mean.  The probabi]ity

of a significant“difference between the HCR and HTR groups, in favor

of the HCR group, was slightly greater than the .10 Tevel on both the

~ unadjusted and the adjusted means.

Question 2: Movement Through the
‘Instructional Materials =~ -

Does the mode of remediation received affect the rate at which
students progress througii the instructional materfals?

Number‘of,units-compfétéd,- The rate at which the four groups

‘moved throughwthe'instnuctiona1'mater1a1s was closely monitored. Table 9
- 'shows the mean number'of‘unitS'completed by each group‘at:three week
intervals. throughout the 15 week study

The f1gures in Tab]e 9 can be cons1dered -accurate- on1y through

* the ninth week At that t1me, the- h1gher ab1]1ty students were mov1ng

into the portion-of the mater1a1s where no remed1at1on was. prov1ded

This freed the-terminals-for more’ extens1ve use by the 1ower ab111ty

students dur1ng cnass t1me wh1ch part]y accounts for the anoma]ous

s1tuat10n at-the end of 12 weeks’ in- wh1ch the HTR ard ITR groups had
: comp]eted the same mean- number of un1ts '

The data-at: the end of n1ne weeks, when ana1yzed by the Mann-

Nh1tney U Test, show no s1gn1f1cant d1fferences in mean number of un1ts

-comp]eted between a]] CR and TR students or between LCR and LTR students
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TABLE 9

Mean number of units completed Ly each group

. Ability Level .
Time Remed. High Low . Total
(Weeks)  Mode

3 (R 10,2(n=19) 8.1(n=17) 9.2

TR 9,6(n=18) 8.3(n=16) 9.0

6 CR 17.6 13.2 15.5
TR 15,3 13.6 | 14.5

9 R 25.4 184 2.1

TR 21,2 19.9 20.5

12 CR 3.4 24.4 ©28.0
R 27.8 27.8 s

15 (R 40.9 34.5 37.3
TR 7.1 ¥.6 3.9

However, the probabi]ity-of-a»significant difference in favor of the
'HCR group over the HTR‘groupﬂwas between the .05 and .10 levels.

Rate of Movement. A closer examination of -the rate of movement

through the‘meterﬁaTS‘is\graphicelly presented in'Figure 3. Ca]cu1ai
tion of averaoe movement rates 1nd1cated that very: h1gh rates at the

,beg1nn1ng and end of the study tended to' obscure rate measurements | |
" in other time segments Therefore, the rate of movement was ca1cu1ated'

.for'eachdseparate"three-week t1me~per1od7 ;
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Figure 3.--Mean number of units completed per week. during
each three. week,period.
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When it became apparent'at‘ahout the twelfth week that most of
the students were going to reach the 31 unit plateau, the two lower
ability groups reacted in startfing]y.different manners. The LTR groug,
upon completion of the'minimum amount of work required of them, adid
Very Tittle meres The LCR grqup, on the average approximate]y 3.5 units
behind the LTR Qroup'at the end of 12 weeks, continued working at a high‘
rate, reached the 31 unit plateau, and pushed beyond it. In the
‘high ability class, it had become’a contest and a matter of prestige to
see who could complete the grea~est number of units.’ These factors are
reflected-in the varying rates of movement observed in Figure 3.

The figures in the ]ast‘coiumn'of'Tab1e=9‘1ndicatetthat the CR-
'gr0ups’compieted'a'greater"number'of‘units'throughout'the-study‘than
did-the TR'groups;"Hdwever:’sinqe'this‘diffehence‘was'not'statistica11y
significant, it would appear that-mode-of remediattonrhed no effect

on the rate of movement through-the~instructional materials.

Question 3::§tudent Attitudes

- Does "the presente'of'computerémanaged'1nd1v1dua1ized instruction |
heve an effect on the-student's attitude toward mathematics?
;n'investigating'the feasibility of a new instructional program, .
it would seem to be~wise'n6t'to’ignore"the'effert'of*the new program~
on the att1tudes of the- students toward the program’ and -toward the sabJect
' matter 1nvo1ved Th1s wou]d seem” to be esoec1a11y true- 1n mathemat1cs |
where: research has shown an’ extreme1y close’ re.at1unsh.o between att1tude

and-ach1evement (Aiken, ]970).
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To investigate-the attitudes of the'Wakulla students toward

]

the computer-managed-individualized instruction program, attitudes
T " were assessed in three areas:  mathematics in generai, computer-
managed instruction, and individualized instruction.

General ‘mathematics attitudes;  -The'median score on the Dutton

quegtiOnnajre 6N'both the pretest-and-posttest was 84,  On-the pretest,

35 students scored-above the median-and-36 below. 'On the posttast,

‘ T 31 students scored above the median'and‘33:below;,'The Median Test

1 ' of ‘these data'indicated"(p>:90)'that"the,two‘setSfof scores: came ffqm

the same population, Teading to-the conclusion-that'the étudents'

5““ . attitudes toward mathematics ~in-general were not affected by the computer-
managed individua]ized‘1nstructiona1‘piogram;"In'addition, no signi-
ficant differenceS”1n"att1tude5"were'observed'when'the"students with-~

in each remediation mode were divided according to ability.

CMI/individual1zed“instkuction attitudes. On the-Brown question-

naire{incﬁ?parating“bdth‘subsca]és, the initial testing proyided a median

score off138,5 and ‘the median score on the posttest -was 141. On the
initial testing; 34 studentSiscored‘above‘the medfan‘and"34 were bezlow.
| On the posttest, 35 students exceeded 1385 and 30 fei1'below. .Even
though the.median‘1ncreased"between'measurements,'the Median Test indi-
cated.(p>.50)'that‘the'change'in“distribution WaS'not"statiStfca]]y_

significant.
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On the CMI subscale, fhe'initial‘testing demonstrated a median
scofe of 79.5, with 34 students' scores-falling on each side of that
figure. The posttest'median'Was'80:5; with 33 scoires above the
initial median and 32 below; resulting in a minimal change. When the
posttest data for this-subscale were divided and“ana}yzed“according to
'remediation'mpde; jt-was found that-19 CR students scored above the
initial median and 12 were below.  In contrast, 14;of'tﬁe TR scores
‘were above the same.figure-and Zd‘scpred below. The probabiiity of a.
significant difference between these-score distributions Was between
the .05 and .10 levels, indicating that'the”CR"students' attitudes
toward CMI became'more“poéitive while-the TR students' attitudee
toward CMI became more negative.
Somewhat "different resa1ts'for'the“entire‘group'were obtained
on the individualized iﬁstruction'subsca1e} "The ‘median score on the
ihitia1 testing-was 59 and the bosttesf'median was‘61;"0n'the 5nitia1
test;‘30 students'scored'above'SQ and a 1arge'number'of'ties resulted
in 38 scores below 59. On-the posttest, however, 38 students scored
above 59 while 27 Were befow. The probab111ty of a s1gn1f1cant d1f—
ference between these score distributions was s1ightly greater than
the .10 level, indicatihg'that even:though1the"att1tudes*toward mathe-
matics in general-and CMI did not change;'the studehts"attitudes toward
individda]iZed instruction"per’seftended'to‘become'more'poSitive during
" the study. : ) | | |
A furtﬁéﬁ-indfcation*df"this"poe{tive’shift"ih'attitedes'is seen |
in the responses to'a- quest1on wh1ch was asked at. the end” of the study

when asked "Compared to: how you fe]t about mathemat1cs before we started




49
the CMI program, how do"you fcel now?", 49 of the students (71%) responded

to the choice "much betteh“,‘]S"(21.7%)'replied "better", four (5.7%)

—

replied they felt the same; and one-student (1:4%) indicated she felt
(A worse about mathematics. ~This evidence indicates the merit of a
—-program of individualized instraction, - whether it be-automated or

nonautomated.

Question 4; Impact on the Teacher

™ What effect'doeS'the'presence'of‘computer;managed"instruction
have upon the functions-and-daily-actions of the teacher?

1 éé The introduction-of the CMI-program created-a significant change
. -in the day to-day- act1v1t1es performed by - the teacher;, both in and out
of the cldssroom.

| = - In-class activities: ‘Prior to’the study, the teacher's in-Class

act1v1t1es cons1sted prtmar11y of “the- act1v1t1es normally associated
-with.a traditional mathematics classroom “The, majority of the class
period'waS'spent in-the-mass dissemination-of information through 1ecture.
and demonstration, and-a short period of time was allowed for the stu-

}-,M dents to work'on:the assignment:' During that time the teacher osually

- worked w1th some" students 1nd1v1dua11y, but th1s 1nd1v1dua1 contact was -
extremely 11m1ted due to- class enro]]ments in-excess of" 30 students
Per1od1ca11y, an- ent1re class ‘peri od was devoted to test1ng, dur1ng

' ‘wh1ch the teacher usua]iy graded papers or‘began preparat1ons for the .

f‘next set of 1essons

wh11e the CMI program was 1n progress, the teachen spent a11 h1s
1t1me in 1nd1V1dua1 contact with- the students : Some students were ca111ng

~on- h1m for he]p w1th the mater1a1 in- the book]ets wh11e others were re-..
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quiring remediation after failure qf'a'test. Thus, he was constantly
in demand. If-he moved'about;the*room helping students, there were
always several hands “up ‘where-students "were waiting'for'him to come
to their desk next:. "If he remained seated at his desk, a minimum of
six or eight students quickly-gathered around him.

‘The'teacher‘found'this‘opportunity'to engage in activities of
a more interactive,'tdtoriaT'nature to'be'a‘stimu1at1ng experience,
both personally-and professionally. In the personal context, it allowed
him to become‘better‘acquaintéd'with‘his students and their unique
characteristics as individua]s‘1n'a‘1earn1ng situation. -Professionally.
rather than'being'mefwly a dispenser-of information, he was provided
an opportunity to perform at-a higher-level of professional competence.

Qut-of-class activities. With the exception-of -assigning grades

andlf1111ng out grade cards -every six weeks, the teacher'had‘no duties
t0'perform outéide'the classroom. It was not necessary to do any
planning for fhe'two»CMI'classeS'since'the'bookTets had-already been
developed-and sequenced: The"most significant factor in- the reduced
work1oad,‘ﬁowever; camé'from bging“freed'from'the'cTerica1”duties,which
conSumé so much:of a'téacher‘S"time'outéide"of‘the ctassroom., He:had
- no papers td grade:andirecord“and n0'tests'to=generafe,‘score;,and record.
'Since;two of'hiS“four,c]asseS"héd'been‘converted to CMI, hf§
outside'work1oaq;Was effeCtivé]yicqt'in ha]f:'jThfS"extra«time gaihéd«
wasut%iized{n'éddjtiona1fp15nnihgfor'the'twol]owérvabf1ity'é1a$seé"

on‘his schedule.
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Question 5; Economic Factors

‘What are the costs-of a terminal-oriented CMI system?

Program costs. ~The costs of the development and operation of

the CMI course for 70jstUdent5'tor"15'weeks-are"presented"in Table 10.

TABLE 10
Cost Data

 Developmental

1. One graduate student spent- approx1mdte1y 180 hours on 57 units,

20 hours/week ©@ $138 80 biweekly $625.00
2. Materials and duplication ' 100.00
3. Computer Coding Time 50 hours @ $3.33/hr. 167.00
4, 57 dinstructional units'@ $110.00/unit 6,270.00
$7,162.00 .
$7,162.00

1 hour per day X 75 days X 70 Studénts (5, 250 hrs Y = $1.36 per Stu-

dent hour

Operational
1. Teacher. $6,500/36 weeks X 15 weeks X 1/2 Time  1,354.00

2. Two terminal room proctors .. .1,500.00 .
3. Computer time 375 hqurs/$3.33/hr. ' 1,248.00
| ' - $4,102.00
$4,102.00

5,250 hours .= $.78 per’ student hour )

| Tota] Hour]y Cost $2 14 per: student hour.

S1nce on1y 70 students were 1nvo1ved 1n these ca]cu]at1ons

the deve]opmenma] costs compr1sed an- 1nord1nate proport1on of the tota]

: 1nstruct1ona1 costs.
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Computer time. It would seem that the presentation of remedia-

tion to one group of students would cause that group to spend more time
in direct (on-line) computer contact. This in turn would make computer
remediation more expensive than teacher remediation within a CMI format.
Analysis of the on-line time by remediation mode and ability level,

as presented in Table 11, indicates that im this particular study the

above assumption was not valid.

TABLE 11

AVerage amount of “time (in-minutes) spent
on line during the 15 weeks.

AbiTity Level

Remediation Mode High | Low Total
Computer 298.8 346.8 322.8.
Teacher I 300.5 345.7 - 323.1

Total ‘ 299.7 346.2

It is obvious that the only significantvdifference appearing
in Table 11 is the difference between ability levels. .The median
on-line time was 312.5 minutes. Twe]ve'high“abi1ity'students.were

on line lorger than that-and 25 less. Of the Tower ability students,.

23 were on Tine longer than'the‘median figure and-11 less than that. -

The Median Test. indicated this'difference'was significant at less than
the .01:1eye1joffprdbabi1ity; ‘Since communications-costs represent a -

substantial portion of the costof terminal-oriented  CMI, these data

- indicate that ability level cqquJbe‘é'more crucial “economic factor than

remediation mode.



V. DISCUSSION AND CONCLUSIOWS

The primary purmose for cemducting ghve study was to investigate
the feasibility of a terminal-oriented CMI program in a public school
setting. Ohe of the  capabilities of terminal-oriented CMI is the provi-
sion 6f'remedia1 assistance'to'the student in the event & &est is

failed. The effectiveness 4f comimater-presanted remedial assisfance

and its viability as an alternative to teacher-presented remedial
assistance was the specific factor under‘inveétigation.

The five'questions'which'this'studx)atiethed'tovanswef'cam s
Qrouped into threg major awéss thait shou¥d be considered in determining
the feasibility'of'an'instructiona1fsystém;-’They are the program's:
(a) effect on'the‘studenté;'(b)'éffect‘on:thejteacher;'and'(c) economic
“factors. The‘purpose'of’this'chapterTiSjto Summérize’thé findings of

this study in-each-of these areas.

Effect on the Students

'Méasureménts of'the;effect“of'the'experimenta1'instkuctiona1
system on‘thé studentS'wereitaken in~both-the cognitive and affective
doﬁains. 'In_the'cbgnitive’domain; pefformancefdata*were gathered
through‘both ériteriOnéreferenced“asséssment instkuments'and~norm-re-
ferencéd'échieveméhf'tésts;"“Frdm thé*afféc£ive'domain°studentattitudes

" toward mathematics and the?CAI/CMi-System”Wéke sampled.

53 .
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~ Student performance. The data from the primary focus of this

1nvestigatidn, teacher remediation compared to computer remediation,
indicate no statistically significant differences in student perfor-
mance between remediation imodes. Differences which existed between
Tower ability groups tended to favor teacher remediation, and could
have beem due to the poss1b1]1ty that the teacher remediation was

more supportive in nature or that the teacher might have provided more
than two examples to-some students, -However, a concerted effort was
made to maintain uniformity between remediation modes:  The more efficient
teacher remedjatiOn'fdn<1dmer ability students also could be due to
characteristics of the computer remediation provided in this particular
program, and should not be a cbndemnatibn‘of all efforts to provide
remediation via computer.

It should also be noted that the remediation was considerably
more efficient in the‘higher'abiTify‘groups than in the lower ability
groups, a factor wh1ch could be re1ated to the ab111ty of the LCR group
to read the remed1at1on and to the poss1b111ty that more than two examples
may be required for proper: remed1at10n

In genera] the criterjon- referenced performance 1nd1cators
show nonsignificant deferences between CR and TR ‘students. Nhen the
CR and TR studentS'Were subdivided;according to abi]ity;‘nonsignificant‘
: d1fferences aga1n appeared between the h1gh ab111ty groups, but 1arger "
differences became apparent between the Tower ab111ty gtoups These
"d1fferences favored the"LTR students and the majority of the d1fferences

were statistically s1gn1f1cant;



[T,

55

With the exceptron of the CiBS achievement test, the LTR stu-

‘dents demonstrated performance superior to that of the LCR students.

This difference was most noticeable 1n the testing s1tuat1ens. Both
Tower ability groups demonstreied relatively high success rates on

the individual units, with the LCR performance leve! within 3% o the
level of the LTR students. Uniortunately, this success rate did not
carry over to the review, post-, and retenticn rest*ng‘51tuation§.

Both groups performed tess we'l on these testz, énd the LIR group weai .
fell seven to ten points be' w ther of the LTR gr¢op, it appears that

allowing a student to progress &t his own rate thrcugh the nstructionea.

materials had-a positive eftect on pertormance 'n the day-to-day situa-

tion, but did not carry over 10 the testing situation. The higher

test performance of the LTR group would indcate that interaction with
a teacher durvng remedwaf1on had & more posvt1ve effect on lower ability
students than computer remed1dtwon plazing great 1mportance on the
nature of‘studeht;teachev relationships fos lower ability ;tudents.

The indication that teacher interaction is more important fer
Tower ability students is turther reinforced by the nonsignificant
differences in performance between HCR and HTR students, The high
ability students in this study apparently were able to work independent!ly
Withon heavy veliance upon the. teacher and to maintain’a‘higﬁ perfor -
mance level. This would ndicate that the"provision of remedia] assis-
tance v1a computer would not have an-adverse effect on the course |

performance or overall achwevement of h1gher db111ty students,
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The norm-referenced CTBS achievement testing yielded data
which only partially agreed with the‘data‘from‘the‘criterion-referenced
tests developed in conjunction with the program. On the CTBS the CR
students performed better than the TR students at both ability levels.
A possible exp]anation'might'be'thatjthrough personal characteristics,
inadvertent actions, or subtle voice infleetions which could pervede
the student-teacheh interaction, the teacher might unintentionally
focus upon the immediate-objectives of ‘the program. In other words,
the "teach to the test" phenomenon could enter into the teacher-pre-
sented remedial activity. In contrast, the computer treated all stu-
dents equally and provided eXaetTy the‘same'remediation'to all students
regardless of ability. These faetprs may have reduced the tendency |
to focus on -immediate objectives, e110w betteregeneranzat1on to occur,
~and resulted in better performance‘by‘the CR studentS‘on the horm-
referenced broader-<based achwevement test.

Rate of movement ““The data regardirg the rate-at which the .

different groups progressed through- the 1nstruet1ona1 ‘materials 1nd1cate
that ability level was the'primary'determinant; not the'modeeof remedia-
tijon. The CR students completed-a greater mean*number‘of;units than the
TR students, but_this“dffference"wasfnot'statistica11y'signfficant.

Thus hemediatidn mode had 1itt1e’effect,on*the'students"rate of move-

ment through- the 1earn1ng materia]s

~Student att1tudes Perhaps the most’ 1mportant aspect of the atti-

‘tude measurements is not the sma]T magn1tude of the pre= post ga1n but the\



57
high Tevel of the posttest'scores. Regardless of the scores obtained
on the pretest, which were obviously positivelyvskewed, it is apparent
that at the end of the 15 week period the students exhibited highly
positive attitudes toward both mathemziics in general and CM1/individ-
uaTized instructicn in particular. ‘These high pbsftive attitudes
toward the CMI program are especially noteworthy in 1ight of the fact
they were measured‘on'the next-to-last day of the academic year.

Closer examination of the CMI and‘fndividualized instruction
subscales of the Brown questionnaire indicates that all median scores
increased from the initial testing to the final testing except for
the TR students on'the CMI subsca]e 'Their median score decreased Al1
the students indicated'that the'use'of the computer terminals was the
most exciting part‘of the program. @ Evidently, then,'the less extensive
use of the terminals by the TR students led to a reduction in their |
attitude toward the CMI program. Another factor which may have contri-
buted td‘thissituatfon {5 that when'the TR-students failed a test,‘
they were required to tear the paper off of the teletype and take it
back to the classroom to'get_he]p'from the teacher° ‘Therefore, when
a student wa]ked into*the room with a'1ong'piece df‘teletype paper-
in his hand, everyone in- the class knew he had fa11ed test The CR

students were ab]e to fail in pr1vacy

Effect on. the Teacher

In th1s study, the HCR and HTR students demonstrated equ1valent“

B performance 1ev11s wh1ch were S1gn1f1cant|y h1gher than the performanc;‘s -
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levels of the LCR and LTR students. Within the lower abi]ity groups ,
teacher remediation appears to have’had a more positive effect on
student achievement, indicating that the presence of a teacher is an
important factor in the'provfsion of Tearning expehjénees fdr Tower
abi]ity‘studentsu |
These observations'offerfimp11Cations foh_the recent movement
é - : within the schoc]sTtOWard;aymohe'f]éxib]ekusebof the,time and taTents
| of ciassroom teacherS' ‘SinCeﬂhidh'abilityfstudents'apparently:can
WO K 1ndependent1y, rece1ve remediation from a computer if necessary,
and ma1nta1n an acceptab]e Tevel- of performance,’ 1t nou]d seem that an
aide or 1ntern could ‘supervise the" 1earn1ng act1v1t1es of ‘those students
~in the kind of program‘offered in th15'study 'Th15'wou1d'free the more
highly-skilled teacher to work 1nd1v1dua11y with the Tower ab111ty
students who seem’ to need the1r attent1on more The- teacher cou]d
tocus more closely on 1dent1fy1ng the part1cu1ar 1earn1ng d1ff1cu1t1es
of the 1nd1v1dua1 students and the prescr1pt1on of learning exper1ences
1"§ S wh1ch cou]d a]]ev1ate those d1ff1cu1t1es
The teacher who part1c1pated in th1s study was not operat1ng under
‘"‘Q“ | . typ1ca1 cond1t1ons wh1ch wou]d ba present in the usua] CMI c1assroom
t;y%“ . app11cat1on. The exper1menta] teacher was on1y m1n1ma]1y 1nvo]ved
in the preparat1on of the 1nstruct10na1 mater1a1s and remed1a1 exerc1ses
for the study “In the- usua] s1tuat1on the teacher wou]d be 1nvo1ved
in the deve]opmenta] act1v1t1es, the 1mp1ementat1on procedures, and the
| eva]uat1on and rev1s1on methods. Thus, the usua1 teacher wou1u not f1nd

h1s work Joad cut,1n~ha}f as djd‘the‘experjmenta1 teacher. However, the-
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usual teacher, relieved of the mind-numbing clerical duties which
consume so much evening and weekend time, wou1dlbe involved in the
profess1ona11y h1gher level deve1opmenta] prescriptive, and diagnosé
tic tasks for which he was trained: The teacher would be equally as
busy in a CMIjsituat1on as in-a traditional orogram, but his energies
wou]dubevdirected“toward those more professionally satisfying tasks

he is most competent to perform.

:n ‘ Economic Factors.

| ' Tab]e‘]O1indicates’that“the'C0$t‘perfstudent instructional
hour ofkthis study was $2'14' “The " imme d1ate impressionis that this

is an exorb1tant cost and that such- a ‘terminal-oriented program is

~far from feasTble in a typ1ca1 schoo] system ‘It must be remembered,
™ however, that this Was an "add-on" to the normal school program, and
A © since it'invo]ved’on1y 70‘students; the cost is7indeed exorbitant

However, because thls nesearch was - des1gned to 1nvest1gate an instruc-

[ -~ tional system wh1ch mlght ex1st in the future, it w111 be necessary

‘tQHdTSCUSS the‘econom1c«factorsasurround1nglthe study in terms‘of the .
‘,kfuture To prOV1de a more reasonab]e level of ana]ys1s, the calcula-
'[rt1ons will be based on: 700 students rather than 70.
Two maJor assumpt1ons under11c th1s cost: ana]ys1s The:finst
is: that schoo]s will” cont1nue present trends and 1mp1ement pro-.
grams of 1nd1v1dua11zed 1nstruct1on based on’ dlffer1ng student needs
and . 1earn1ng capab111t1es The second assumpt1on is that the two ‘

| remed1at1on modes are equa]]y effect1ve 1n br1ng1ng about student learning.

©

~I -l



Timy i

60
In regard to-the first assumption, the provision of a program
of individua]ized instruction should tend to increase the cost of
traditiona]]y'administered instruction (TAI).: The'teachers and all
the school facilities would need-to be provided'to'the'students‘for

the same number of hours-as at-present; but to these fixed costs

must be added‘the‘cost'of*deveToping'the‘1nstructiona1 materials needed

e Jupport a’ program of- 1nd1v1dua11zed 1nstruct1on The'costs incurred

by - Pa]m Beach" County in deve]op1ng the" macer1a1s used in- th1s study -

~ amounted to $110 per unit:" “When mu1t1p11ed by the 57 units used in

the study, this"cost“amount* to near1y $6300.
© In a normal” s1vlat1on, as” opposed to'a short - program like this

one, these costs-would be- amortTZed over a- per1od of " time.. Us1ng the.

- standard five year'11fe'span'of”aftextbook'as:the-amorization period“

and adding‘additiona1*printing‘chargesg"an annua]'cost*of'approximately

‘$]300 is rea11zed D1v1d1ng by 52, 500" 1nstruct1ona1 hours provided the

700 students dur1ng the study, it is’ found that an add1t1ona1 $.03 per

hours must be added to’ the base cost of TAI in order to prov1de a’

nonautomated 1nd1v1dua11zed 1nstrurt1on program.

Recent U S. 0ff1ce of Educat1on est1mates p]ace the cost of

‘e]ementary and secondary educat1on dur1ng the 1970 71 schoo] year at

$.38 per student hour (Kopste1n & Se1de1 ‘1969). Thus, “the- cost

of bas1c serv1ces p1us the software necessary for a’ nonautomated

‘ 1ndlv1dua11zed 1nstruct10n program for 700 students wou]d be $. 41

- per student hour.

mamerzmend
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Using the §$.41 per hour aSjthe;basic cost of the teacher,
facilities, and“software;'it is'now possible to calculate the cost of
providing an‘indjviduaiized instruction program supported by a terminal—
oriented CMI system."It"shouid”be'noted'that the figure of $3.33 per
hour charged by thejFSU'CAI'Center for the use of the IBM 1500 CAI
system is somewhat“inflated‘due'to"a"nonutilization charge. Stolurow
(1967) est1mates that with student use of" the term1na1s for two
normal schoo]-day sh1fts per day, the cost" of the  IBM: 1500 cou1d be. re-

duced to $T.95'per hour. At that‘rate;'the 3,750'hours required for

"the program wou1d~resu1t in'computer'charges of $7,312. Adding this

f1gure to the" costs for- e1ght part ~time proctors" resu1ts in an opera-
tional expend1ture of- $13 312 y1e1d1ng an hour1y cost of $. 25, The
rema1n1ng developmental costs; when amortized over f1ve years and

d1v1ded by 52500 hours, amount to- 1ess than one-hatf- cent per hour,

and may be d1sregarded Thus, the cost of prOV1d1ng term1na1 -oriented

CMI in add1t1on to the 1nd1v1dua11zed‘program wou]d tota1 $ 66 per hour;

Th1s 1ncrease 1n cost can on]y be Just1.1ed by an 1ncrease in

student performance. S1nce the CR students 1n th1s study demon—a
-‘strated equ1va1ent but not super1or, performance th1s cost overage of‘

‘60% cannot be cons1dered feas1b1e at: the present t1me However, pro- ,

Ject1ons of present econom1c trends 1nto the future 1nd1cate that a

L chang1ng p1cture may : be. emerg1ng

It 15 general]y acknow]edged that comput1ng hardware costs. are

decreas1ng due to mass production methods and- techno]og1ca1 advances

At the same t1me moreover, personnel costs are r1s1ng For the :
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purpose of these projections, it will be assumed that hardware cost
decreases will.be balanced by personnel cost increases and the cost
of an indﬁvidualized'program'with‘termina];oriented‘CMI'capabi1it1es
will remain constant at-$:66 per hour.
USOE estimates indicate the $.38 per hour cost of 1970-71 will
increase to $.42 by'1974-75; aifour-year increase of 10:5%. Assuming
this rate of lncrease to be constant and beginning with & 1970- 71 cost
- of $ 41 per hour, proaected costs” of teachew adm1n1stered 1nd1v1dua1*zed
instruction should- reach $. 66 at‘about 1988 This is a conservat1ve
date hOWeVer due pr1mar11y to two- factors First, the figure of $.4?
per hour for a nonautomated 1nd1v1dua11zed 1nstruct1on ‘program -assumes -
that the teacher is the entire 1nformat1on management system, an 1mposs1b1e
ass1gnment No 1nd1v1dua1 ‘teacher could p0551b1y cope ‘with the moun-
ta1n of prescr*ptlve d1agnost1c and- evaluatlve data generated by an.
. 1nd1v1dua11zed program C]er]cal or- mechan‘ca1 ass1stance will be needed
’ to prov1de a management system thereby 1ncreas1ng the costs of TAl at -
'H S y‘ 'a rate greater than 10. 5% Second]y, 1f a term1na]-or1ented CMI program |
| was present ina- schoo], an a1de or 1ntern (two or three- of whom can
be obta1ned for the money a11ocated for one . teacher un1t) cou]d super-'
‘k'v1se the 1earn1ng act1v1t1es of many of the students, 1eav1ng the master o
o _teacher free to work w1th 1nd1v1dua1 1earn1ng d1ff1cu1t1es j An examp]e
a typ1ca1 c]assroom adu]t/pup11 rat1o of ] to 30 wou]d requ1re e1ght
_teachers (not count1no teachers for spec1a] areas such as” art and mus1c)dt
| 1~‘jto accommodate 240 students If four teacher un1ts were traded for e1ght" a

f,tra1ned paraprofess1ona]s, an adu]t/pup11 ratlo of ] to 20 cou]d be
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: ach1eVed‘wfth'no increase in expenditure. A net reduction in the cost
of 1nstruct1on shoqu resu]t due” to more efficient use:of the h1gher—
paid teacher's ‘time;- 1ncreased frequency of pup1: contact with adult
1. ’ass1stance, and prov1s1on of remediation by computer

T | - If the~assumpt1ons wh1ch-have.been.made are,true,-andrifrthe

projections ‘made-herein; -based-on*1970-71 dollars and ‘not considering

infTation, arefaccurate;ftheicost"ofta“teacher~adminjstered-individ—
vua]iaedrprOgram‘and'the:cost?of"an‘indiViduaTized”program'SUpported by ‘v
a“termfnaT-oriented’CMI-systemfshou]d?become'eduaT'nearjthe year
oo , | . , ,
'Theeprojections"just*presented'areﬁbased'on“thefveryrimportant
second assumptionfofkequal'effectfveness;of'teacher'and'computer reme- -
‘diation;fand if"therdatarfrom:this”study are:appTied in’terms of‘thev
(Hperformance of the TR students compared to the CR students, the assump-
t1on appears va11d However when the students in the two remed1at1on
‘, modes are;’ subd1v1ded accord1ng o’ ab111ty, the data do not meet the
“assumpt1on.w Therefore, 1t W111 be necessary to mod1fy the above prOJec-
f'tfons W1th the phrase "for h1gh ab111ty students.fJ The performance |
}~'d1fferent1a1 betWeen the LTR and LCR students would: 1nd1cate the provws1on

”jof computerFremed1at1on to students perform1ng below grade 1eve1 wou]d

}‘ﬁ'not be feas1b1eleﬁ""i" | ‘ |
‘_ The Tower ab111ty students 1n th1s study averaged 7 grades be]ow .
ﬂ;grade Tevel ‘on. the CTBS ach1evement test. - It is, ObVTOUS that further

v»research 1s needed to determine at what ab111ty TeveT the computer remed1a-

‘p‘_t1on woqu‘become fea 1b1e Rep11cat1on of th1s research in other ,f”
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academic areas with other students is needed to determine if these

results are related only to these students and to mathematics.

Conciusfons
| Considering both quantitative data and information of an observa--
tional nature;;the following conclusions arise from this study: |
1. Computer remediation'alTowed'htgher ability students to maintain
cceptab]e performance standards, but - teacher remediation had a
more- pos1t1ve effect on-the" Tower ability students..
2. The. students exh1b1ted greater pleasire with- the1r mathematics
1ass due to the- absence of da11y lectures and homework - -
3.‘.The students deve]oped cWQser re]at1onsh1ps W1th the ‘teacher.
4.'tMode of remedqatlon had no effect on the rate at which the students
moved through the instructional materials. The determ1n1ng factor
here was ab111ty 1eve]
5. Due to extreme]y h1gh pretest levels, the students did not exh1b1t ‘ o — l
, s1gn1f1cant att1tude ga1ns - However h1gh1y poswt1ve att1tudes toward l | i

~mathemat1cs 1n genera] CMI, and 1nd1v1dua11zed 1nstruct1on were exhi.-

b1ted at the end of the study The CR students demonstrated more pos1—

t1ve att1tudes toward the CMI program in- part1cu1ar than did the TR =
students ‘ ,‘f “ AR "";.‘;‘ O ‘,'4',“~ ‘~y., L
_6.:,The teacher deve1opca a’ better rapport W1th h1s students and Was able “ i
. to work more eas1ly w1th them in’ “the d1sso1ut1on of the1r 1earn1ng
d1ff1cu1t1es W1th the 1nstruct1ona1 ma+er1a1s ‘
’ ’7;“ The teacher found more persona] sat1sfact1on w1th the 1ndiv5duaTiied

-sntuat1on than 1n the trad1t1ona1 1ecture and demonstrat1on sett1ng
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Freed from-clerical tasks and with the needed-assistance in managing
the 1ndividualized program, +.a teacher was-able to perform at a

higher“ievel'professicﬂally.

‘A‘termina1aoriented“CMIﬁsystem"1s:not’econqmica11y‘feasible at

pfesent’in*a“typicalfpub11Cfschool'system.*'Barring*a significant
breakthrough in tennina] and commun1cat1on costs; the earliest

date of feas1b1.1tv for- high ab111ty students appears to be about

1980,

‘Until educat1ona1 research discovers better nsthods of a]]eviat1ng

the 1earn1ng dwfficulties of students perform1ng be]ow grade 1eve1, ,

‘the ecqnom1c utility. of prov1d1ng computer remed1at1on for such

o dnosda ..
btuu;i‘its is ques ab'le
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