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The generalized Wisconsin System ,for Instructional Management
(WIS-SIM) is.being developed to Serve the management needs of IGE.
This paper identifies key dimensions. which,help/define individualized'
education and relates these to essential components of a system of
computer managed instruction. The processes of computer managed
instruction (CMI) are integrated into a generalized &del which

1.
o' accounts for,the major structural and proc'ess delineations of pro-

,

grams of' individualized education of which IGE is an example.
CMI as a management information system provides instructional

managerswith information required for decision, making in individ -.
ualized educational programs. In particular, decisions inVolved in
identifying' the instructional needs of studentsoand in selectin
the most appropriate instructional activities to cater to these
needs are emphasized.' The major processes specifi in the model
are testing (placement and posttegt), test scoring achieVement 1(

profiling, diagnosing, and prescribing: Of these p dcesses the
last three 'are considered to be the mostimi5ortant

CMI systems seem to have greatest potential i the manSgement
of.instructional resources in the prescriptive pro ess and the
diagnosis of student instructional needs. These a eas have only
barely been touched in system development to this date. ,Thereview
of other CMI systems provided idticates that many Were conceptualized
almost'concurrently, and that they share much in common while. differing
in the emphasis on and reporting formats for each of the fiveAprocesses.

In the WIS-SIM model it is possible to view these processes as
a means of providing to educatiobal decision makers, informatibn
the instructional program being implemented. Achievement profiles,
may be produced which reflect the current status of 'performante rela-
tive to unit, building or district goals which have, een formulated
for an instructional activity or a set of instructional activities. .

If theSe goals are not achieved, the instructional activities and the
program itself then become the.focus of the examination.

WIS-SIM, unlike other CMI systems, incorporates a "total system"
approach which is designed to have direct utility at the classroom;
building, and district levels. Its utilization can directly assist in'
the effective implementation of an individualized program of learning
for' each student 'through .sg/stin'g in the identification of the
instructional needs andSlection of apprOpriate instructional exper-
iences i'nd settings forleach student; WIS-SIM also hasepositive
impact through the continual monitoring. and refining, of the school's
instructional program. Thus,'in a real sens e, WIS-SIM is'a model for
making decisions about the instructional program as well as a model
of individualized instruction. With the use of a CMI system, some,
of the typical problems of individualized programs can be overcome,
making it poisible for these programs to become fully operational.

ix



INTRODUCTION

I.

Education has been hard-pressed to keep pace with the cultural social.,

and technological changes which have occurred during this century. In
response to frequent :criticisms that existing.eddbational systems, were
ill-conceived;; and ill-equipped to meet the realitiesof a changing viorld,
educators have'attempted to implement and eValuate a multitude of educar
tional plans all aimed, 'presumably, improving the. instructional or
learning processes. A pervading theme\among these many ,attempts atinnova

y
-

tion has been that of, individualized instruction.. Proponents of indiVidual-
ized instruction consider that a teaching-learning situation:which,focuses
upon the needs and abilities of thi individual, rather than.vii th&group,
,4is a better,way to conduct the edttional process. Earlier attempts at
individualizeCeducation met with Fay limited success because the re-
sources of educational systems were, frequently inadequate to meet the
program objectives or because the attempti.were too specialized or too
localized to be of any, significantrvalue except to a few.

However, edubators are continuing with attempts to implement strategies
of individualized education hoping to provide a more effective alternative
to traditional instructional praotices. Recent. programs designed toAndivid-
ualize education, such as Individually Guided EducatiOn (Klausmeier, 1971),
Project PLAN (Flanagan, 1971), and Individually Prescribed Instruction
(Cooley .& Glaser, 1968), have met/with promising succest. Essential to
the functioning of such programs of.individualized education is the teacher's
abi4ty to cope effectively with the Volume of infgEthation required to manage
these programs. Dueto'the fact that differing insekuctional approaches may
be used at different'times with a large number of students, monitoring the
progress of Otudents and deciding Upon optimal instructional objective%
and tasks becomes difficult. This condition is compounded as more areas
of the educational prograM are indiVidualizedu The complexity of ifistruc-
tionalemanagement in individualized programa has led to an increased aware-
ness that computer-based.management\information.systems may be of consider-
able value in assistinglin'the implementation and Operation of individualized
instructional programs

This piper is designed-to identify key parameters which help define
various approaches to individualizing education and to relate these paramr
etersto essential compoillents in &molter managed instruction. Building
upon the identified relationse a generalized model. of computer managed
instruction is formulated'and described. Accordingly, the.topics of
'individualized education and computer managed instruction are reviewed
in the next three sectidns.



-(STRUtTURAL:COMPONENT5 OF PROGRAMS'OF INDIVIDUALIZED EDUCAT/ON-
\

Dorault and KrieWall (1967) consider...that true individualizationi
involies recognition of the "potential for variability at evety-Major
input point of the. instructional system Lp. 4131." Thedevelopment.of
a model for this concept of individualization. was 'originally carried"
out by Romberg and DeVault (19.67) and represents a-systems aPproach.
The model has four input componentslearner, 'teacher, content; and ti

instructional methods--each of which includes three or foui'variable.
e
Ncharacteristice or parameters. Learner parameters inc,lude the intellec-
tual; emotional, social,'andphysical traits--of the individual child;
teacher parametersare the roles, kdbwledge and skills, and personality
factors; content of the instpiceional material. varies fOr eath.learnet
in ter* of.rate, scope, and sequence; and finally, instructional methods
vary acceding to communication styles, degree,of.autdmation, and.instruc=
tional materials. Although the, model is presented as one for differentiat-
ing 'instruction in a mathematics curricaum, Romberg 'and belt ult's dis-
cussion is directed toward the more global aspects, .of indivi8 alized
instruction which,they.believe to be the most viable instruct pnal
approach lor most `curricular areas.

Thq primary focus, of any SysteM-of individualized education is the
growth of the individaklearner. To achieve .this, aim, individualized
systems, unlike those which utilize more .Eraditional classroom and group
modes of instruction, strees,the importance of self- initiative and self=
direction.. The individual learner, rather than being the passive object
of instruction, becomes an active part of the teaching-learning situation.
Tehchers, while remaining in charge\Of instruction, provide opportunities
for individuals to set their own objectives, assess students'` abilities, -

and prescribe courtesof action which'will lead to goal attainment.
,

Further, in planning instructional,actiVities, teachers take the individ-
ual differences of pupils into account andgear their efforts toward having
each child progress through the objectives at his or her own pace. An in
tended outcome of such adaptive, individualized systems is to provide
meaningful learning ekperiences for each pupil while serving individual.
needs and interests. Systems of individualized educatticin areithus geared,
to individual abilitiee, interests, and needs. They are not group instruc-
tional programs which are inflexibly applied to all, pupiledn a class.

Because' they,recognize that individuals learn content at different
rates and have/different levels of motivation, systems of individualized
education provide for saf-fdevelopment and maximized educational benefit
for each student. Personal decision- making and problem-solving skills of
the pupil are enhanced-and favorable, attitudee toward learning are developed
(Wright, 1970). By remaining cognizant of different learning.styleslinr
structional levels, ratesof progress,,and beginning levels of performance,

3



individualized systems account for'real, as well aadeal, leVels of
,

attainment (Klausmeier,.1970'..-

.

_The instructionaYprocess focuses upon the individual, and s
'sequentassessment determines the degreeto'which prespecifiedrobjectiveshaVe

beenattainecE. .This'proceas,which includes both teacher and'pupil in-

volvement'at eachatage pointstothkey Comonentf:an-dpS pd.

edu,cationtaystem. c.,Thisecompoilentaare now discussed in more detail.

The:existence of a welldefinediset.of instructional objectiVes

prerequisite to any individualized education program,. Figure 1 presents.

a hierarchidal develbpment of_ instructional objectives This hierarchy

is a. six levelorganization from general'instructional miasionspf.,_the

district or school to specific instructional objectives,,

The Instructional.Missions c411 refers to those district or'sdhool

instructional policies which givelgeneral direction-bb_instructional

actiVities. These mission statemelits include'activities such as the

development "of communication skills'or skiI1 in mathematical processe.

Thei_ are statemonts of po. ''very long range, reflecting societal

desires, as 'rations, and the or4a ization's reason fpr

Arisi g out of these global concerns are,Instructional Programs.

These ogramsgre broad and represent functions pointing toward the

att nment of the instructional. misslons.'.,qoal statements within.instruc-.

tonal programs.are lon4 xange, but they 'focus on terminal points or .activ-

ities tO be accomplished.- Two R & D Center products which fall into the

insructional.programs cell are Developing.Mathematical Prodestea (DMP)

and.theVisconsin,.Design for; Reading Skill Development (Wimp). Each of

these is an instructional:program,withbroad gbala focused on terminal

points which, when combined with other programs, should lead-tothe accom-

plishment of an instructional mission.

.
Instrnction4.1.-progrdms are made up.ofasubdivisions,:here tailed Instruc-'

tional-Areas. Withinthis Category are included signifibant and.measnr-

able outcomes. to be achieved as major comporints of the instructional!

program. These broadobjectivea give specific directiontOthe:attainment

of program goals. They may .also suggest challenges to and problems in the

instructional program. The areas of Word Attack, Study Skills, andCom-

prehension are exampl of instructional areas` within theWDR5Dinstrub=7:

tiongl program. Instr tional areas are.not defined in DMP", so lh that

program the classific tion is non-functional..0

Each instructional area is made up of /nstructionai:units,. which
,

can_be'of tWo. tyPes'ljaheIed.content4process organizatiOn-and level fade,'

organization. Instructional units are amalier-programa of shorter duration'

and narrower scope than the instructional programs. Content/process organiza7

tion refers' -to? the segues 4! of content and defines paths thrugh the

instructional hin DMP, an examp e p

organiZation is the sequencing for concepts in geometry. While not well

de4nect, sequences or strands also exigi in WDRSD; the sequence of mater4als

on "consonants" is an 'example.

The level/grade organization component is compOsed..of instructional

units which are based upon adMinistrative,conaiderations suchas pupil

grouping. Such units often cover grade level or curricular work of

approxnhately a school year's duration. Within DMP, this administrative

organfzatiOn would include "Grade Level Kits" which coverhe work expected

6
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at a given grade level.' WDR8D has administrative organizations Called
"levels" which also afire ate work units into approximately cpe schodl

%year's work. Though thes grade/level units are not followed closely
in classroom instructions lanning; they are important to the information
hanagement of an instructional program.

As, id apparent in both DRD and DMP, both content/process and grader'
.-level types of instructional

W
snits exist. When both aye present they form

a two-dimensionalarr _as displayed in Figure 2 Individual cells are

defined by the i se Lion of content/process categories and grade/level
categories and within each cell are instructional topics and objectives.
It is not necessary that each dt these cells be used in the instructional
area; that is, some dells may be empty.

0

ieve 1 1

Grade/Level Organization

Level 2 Level 3 Level 4

(Instructional Topics and Objectives)

Content/
Process
Organization

Figwe 2 Instructiopal unit in terms of instructional topics.

Within each instructional unit are Instructional Topics. These are

relatively shortterm aggregations of instructional Objectives.with a

well-defined set, of specific products, processes, or achieVements. These

topics may be organized around content; process, activity, or media. The

DMP curriculum uses the term "topics" to describe such a collection of

objectives. The DMP topics reflect a content /process organization within

which instructional 'objectives with a combon goal ere collected. However,

there are also some topics whioh contain instructional objectives which

are preparatory to later topicS. These reflect the grade/level organiza-

tion which can co-exist with Content/process organization at the instruc-

tional topic level. WDRSD organizes some instructional objectives into

14
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instructional topics called skill clusters. These skill clusters have
only a grade/level OrgsnizatiOn; they do not necessarily-refleat Content
Or process Contained within the instructional objeCtives.

Instructional Qbjectives are the most specific outcome. oriented'state-
mepts for goal attainment. They, are criterion-referenced,.measurable, and
focu ed on a sin4ie.produCt,.prodess, or achievement. Instructional objec-
tives or each puPil state whatois to be accomplished, at what leyel of
expert se, and sometimes by when it will.be done. .,These are the most
specifi , targeted objectives in the hierarchy of instructional missions.

and r rams. In the DIP program these instructional objectives are
calle objectives, while in ODRSD they are called skills. In both cases,,
howeVer, they are.specific behavioral objectives appropriate to the in-

.' structibnal topics and Programs.
Klausineier (197 has identified .a three-dimensional model useful in

-.classifying programs:of individualized education. The three dimensions
included in this model, as illustrated in Figure 3,.are (1) sequenCing
or non - sequencing of objectives, (2)"common or variable objectives, and
(3) full mastery or variable atteinmeht. These three concepts'in combina-

.

tion define eight possible types of-individualized educational programs.

Full mastery

0

Va iable attainment
i

Common objectives

Variable objectives

Sequenced !Non-sequenced
objectives ,objectives

Figure 3. Dimensions defining' programs of individualized
education. ^.



. Instructional objectives or topics within an instructional program
may bp interrelated in.4)redctermined ways, establishing for the program
a network of prerequisites. If such prerequisites exist within ,a program,
the objectives are sgquential. For example, the achievement of objectives
in a nathematics curriculum is often'sequential in nature, with completion
of lower-order objectives being prerequisite for progress toward higher-
order objectives.-'Not all objectives need be related sequentially, how-
ever. Many na;kbe relatively independent, and can be attained at any
one of sbveragiioints in the program of-individualized learning. ..Some
instructional Oograms are characterized by the absence of prerequisites
and are therefore non-sequential in nature.

In an individualized instructional program, all objectives may not
be required of all students;, that is, those objectives which comprise
an instructional program may vary among students. Some objectives may
be common in that all students are required to attain them. while others
may not bf so required. This defihes a program with variable objectives.:

Programs of individualized education may also vary the mastery,leVel'
required of'individual students. The required level of attainnient.may
-vary from student to student or a program may require full mastery wherein
all students in the program are expected to achieVe the same level of
attainment ph a given objective.

Two other important concepts useful in)analyzing individualized )

instructional prog4ams are compatibility of instructional activities and
compatability.cif ihstructional objectives. Compatibility is concerned with
the efficiency of the instructing and-learning processes, 'Analysis of the
instructional program may identify two or more objectives Witi ich can be
effectively taug4 at the same time; these are therefore com atible instruc4
tional activities. Compatible instructional activities are an contrast to
sequenced.prerequisites which should not be undertaken at-the same time
Some instructional activities may be useful in teaching toward-more than
a Single objective, thus identifying.these instructional objectives as Com-
pati(ble. Some instructiona;ractivities may be compatible and point to asso-
ciated sets of compatible objectives. The concept of compatibility.is
useful in identifying clusters of objectives which might logically be
taug t together and may form a basis for establishing instructional
"topic within a program.

0 e form of incompatibility, that of prerequisites, has-already
. .

7 .been iscussed. Instructional,attivities and related objectives may
be inc mpatible for other reaspns. - Instructional activities may, for
exampl , be\designed for differing group sizes or instructional settings,
making \hem inapproptiate for teaching at the same time and thus incom-s
patible._ Further, objectives'and instructional abtivities may be neutral:

,

with reject to compatibility, indicting that they may be taught at the
same tim but without particular gain -in effibienCy.

An portant'step in the development of a system of individualized-
,

pducation'is the specification of performance standards. Each goal or
objective in the total system must be interpretable in terms of the
behaviors necessary' for its achievement. As mentioned earlier, these
performanc standards need not be common to all pupil's,* nor need,they
be rigidly applied without exception.. Rather, these criteria may` 1e

16
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1

sufficiently flexible to a-49w for the wide range
'

of individual abilities
. ..

which generally exists in any group of pupilsbut no, objective should be
without its associated achievement or performance criteria stated in
specific behavioral terms.

.

performa ce Standacds in systems of individualized education are
jloofrequently ° died in criterion-referenced tests. As the name implies,

such tests ontain a criterion, or a set of criteria, which a pupil 'must
satisfy in order to attain the objective. These criterion-referenced

, .
tests, however,' need not always he of the paper-and-pencil type; they
may-take other forms which involve ofal as well as written skills and
attainment of criterion may be determined through observation and per-
formance testing. The task of establishing criteria is clearly made ) .

less complex when system goals of objectives have been carefully planned.
and specificall stated.

For some objectives, the criteria for attainment may be open-ended.
Although specific behaviors to be attained are stated, a,single observa-

*
tion will not suffice to determine that criterion has beenareached; con

.

tinuing demonstration over time is desired: This type of objective is
likely to be included, for example, in a program in the affective domain.

In this section, the structural,components of individualized educa-
tional programs, and 'the many ways in whic these programs may-differ have
been identifiede-While al* are based on m stery level objectives, they
may differ relative to the 'sequencing or n n-Sequending of objectil.res,-on
whether they require full o4.variable masry; and on whether they include
common or variable objectives. Instrudtional objectives and activities

-have been defined and the nO'tion of performance siandardaas-they relate
to the mastery-level bbjectil)es has, been 'discussed. The .process of individ-
ualized instruction'will be bnilt upon these'conceptS,in the next section.



III.
'

THE PROCESS OF INDIVIDUALIZED INSTRUCTION

o

0 P

The first Step in *e Implemefitation of aniniividualized instructional
program is placing each student within the-OonteXt of.the instructional
ob'ectives. Usually this is accomplished through the use of a placement
test or pretest. With the results of thig test teachers can idSntify where
each pupil should begin: in the total network of objeCtives and canselect
a. set of objectives from the total/system which are realistic in terms of
the pugia's likelihood of attaining theme With :this information a teacher
may effectively.diagnose deficiencies in the pupil's progresS\toward the
objectives in'any given instructional area.

It is at this level ofthe system that significant advances\are made
t9kard individuglizing'inStiuction since the diagnosis.which takes place,
is made,in terms, of the'indiridual pupil's standing with regard, to the
specified instructional objectives and"not with regard to the standing
of tither pupils. The objectives which ha/e already been specified by
the instructional program -act as a framework within which each pupil
proceeds; a variety of instructional objectives. may be identified At
any given time.' Diagnosis, then, 'is not simply the identification through
pretesting of a pupiPs current deficiencie6 in a partiCular area; it.
oludes a broader judgment about his standing within the total network of

.

objectiVes. .

A'crucial'compOnentof,any system .of_individua iized education is the
process Of guiding or prescribing, for 'it is at this point that the inr
structional process is directly related to the individual needs of the
student. Here the decision is made about how best to meet the2instructional
needs determined.by the diagnosis' The guiding or prescribidg process must
take into account the structural-characteristics of the program (common or
variable objectives, full or variable attainment, and sequential or'nom7,
sequential instructional objectives) as well as such Student characteristics
as learning style, interest., and ability. .

Individualized instructional programs differ in the way in which selected
instructional activities are implemented, that iSi(,in the way instruction
takes place. Most individdalized programp prescribe that the student work
alone.onthe instructional,activityfrequently on 'a work sheet or file
folder. Individually Guided Education attempts to form large, medium,
and Small groups'around specific instructional'activities, the size of
the group dependin6 on the,instructional activity and the requirements
of the student group, "A single student may work alone when thiS is deemed
appropriate. The concepts of guiding and grouping students according to
similar needs, as opposed to prescribing that students work independently
all or most.of the time, .is an additional difference between types of
individualized educational programs. .

Following instruction, student performance is ev94dated. A posttest
As given to'determine the degree t6 which a pupil has attained the pre-
spbcified objective; whether the level of attayment is satisfactory is
dependent upon'the success criteria. which were also prespecified.

11
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In essence, the total system h6.come full cycle at thi4 poi t.

Student achievement of a given ohjective necessitates the ident'ficatidh

of a new objective, which may be dependent upon.or unrelated to the. ''

achieved objective. Non-achieveme4 may require that a differe t objec-

tive be set or the same objective m4y be re-tabled, but apdiffer nt set

of instructional activities may be prescribed.. The criteria fo achieve-

ment may be alteredjto suit an individual case. lthough objec ives and

the criteria for their attainment are prespecified, the system emains

flexible in that either may be redefined as required. The proc ss of .

goal-setting, preteeting, diagnoiisilprescription, instruction, and assess -1

ment is thus simply a means to an end, and not an end in itself Modifica-

tion can and does occur as required t any stage of the processp the 14timate

goal is to serve the4teedsof the individual put:A.14 not the need of the

system (Lindvall & Bolvin, 1970)
, Basic to ptograms of individualized edUcation, then; are the processes

*.of pretesting or placement testing, diagnosing, guiding or prescribing,)

instructing, and postteting. These processes are conducted relative to

the individyal needs, interests, and abilities of students. In addition

to the,strjrctural differentiators of individualized programs identified

in the preceeding section, this section has identified another basis for

distinguishing hetween types of individuali2edprograms. This difference._.

is the emphasis the programs place on guiding students into learning groups

as opposed to prescribing independent work for ihdividual,06tudents

19
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IV

v,/Y-COMPUTER-MANAGEMENT OF INDIVIDUALIZED INSTRUCTION'
/ /*

=

fi

Up to this point the discussion of indiviaualized education has ben
_abstract. While, the system seema Togically sound and intuitively pleast

Many logistic problems arise with the actual task of implementing-
4the system in a typical classroom. The problen0 relate,ffor the,most
part, to routine' matters Of4record-keeping and information retrieval;
but when these tasks are considered at each stage in the,program of
individualized instruction, they compound rapidly and soon become un-
manageable. While the task /of creating an initial list of goalsjor
oblectives for a particular curriculum' area may be'difficult, the job
of keepingttack of this list as objedtives are added, modified, or
replaced soon becomes Cverwhelming. As discussed earliezia system
of individualized education may include-common or variable, sequenced
or non-sequenced, and full or variable objectives. Several possible com-
binations of these objective types eist, and all may be used with each
pupil at different times throughout the opetatiOn of the system. Keeping
track of even a single.student beComes a considerable' clerical task, and
one that prevent4'the classroom teacher from using time effectively on the

6
more important:matters of instruction and counseling.

Assevsinglevel .of performance and diagnosing the deficiencies of
each'pup21 are'ono less time consuming. When the guiding or prescribing
of instructional activities for each pu it f011ows these steps, the task
confronting thl. teacher becomes. ery gr at. The instructional phase of

. the system followed by' the criterion -ref renced testing necessary to
ascertain level of goal attainment.fgrther compound the teacher's task
in managing the system effectively. '':Kven if a teacher is' capable of load-
ing a class of pupils through°one iteration ofe system, subsequent feed-
back and further iteration' would soon/redude the effectiveness and efficiency
of the Rystem.%

During 1974, the WisconsinResearch and DeVelopMentCenter sought'tb
identify strategic problems in implementing IGE/MUS-E in schosis.i. Con-
;equently 130 teachers from seven schools took part in organized discus-
sions utilizing the Delbecq Nominal Group Technique. Participants rated
in order of importance the five highest organizational problemsoandthe
five highest personal problems they had-encountered in implementing IGM
in their schools. AnalysiS of the responses indicated six anticipated
problem areas.of which management of individualized instruction, including
planning individualized programs;, grouPing students, diagnosis,. ralediation,
and record-keeping, wa? rated the second most crucial problem to be solved.

Generally the data analYsis revealed that considerable support in
providing facilities and resourcesis required initiallytpfurther re-
'vealed a cohtinuing need'for assistance'in managing of individ-
ualized instruction.

.

'This information was collected,as part of the "Materials and Sttategies
for IGE Staff Development,and Implementation" componentlif the Wisconsin
Research and Development Center for Cognitive Learning.

43-4.
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The management of a comprehensive system of individ alized education

in'a manual-mode does-pot appear to be particularly viab e. It seems
ormatiOn storage,
uccessfully

evident that,the support of computeesystems--automated i,

76
processing, and retrieval nechanisms7-will be n essary to
iMplement programs of individualized education.

Most of the problems associated with control ofikn individ alized

"system of .education relate to the 4Pture, storage, and retrie ok i--:-..,

information. Lists of objectives/for each instructional area to

be formulated, filed, and constantly updated and maintained. T is,set
,,, tr.. 4

of objectives must be continually reviewed in terms of both groupand
individual progress. Pupil perforiance on assigned objectives must also

be recorded and,reviewed. A considerable amount of testing of pupils at

both pre- and post-idstructional stages is necessary. Scoring these ,

tests, while not difficult, may be a time consuming task for the instruc-

tional staff. Possibilities for the machine scoring of tests exist ad.

are particularly feasible and desirable for comprehensive placemtnt tests.

Perhaps Most important of all, systems of computer managed-instruction'

have the ability to pTovide rapid and frequent feedback in the form of

reports to. pupils, teachers, school administrators, and parents.

\Fortunately, the current stage of computer technology-makes antoma
-,tion of thebe tasks possible. Systems can be created where objectives
and-ahsociated performance standards, once specified, can be permanently

stored in computer Memory and 0.6dent achievement data can be related,to

it Parts of the systems:maibe. modified with a minimum of complications,
k-,

. -

with
to other components in the system. ,

,

.

.
Tests for the,assessment of a pupil'sbeginninvievel of performance

may be constructed in machine7readable form. Scoring and recordingof'

the data moy.then.be done more-24ficiently. The classroom, teacher can

bee relieved of most,-if not all, of the burden of this activity. The

system'may be programmeWo provide diagnostic reports,/based upon match-

ing test results with ekpected.levelh of performance. The system may also ,,

facilitate guiding and prescribing activi ies by ,suggesting groupings of
,

,'.

students or by selecting particular inst Tonal settings. Posttests, 4
\

may also be in Machine-readable format, al ough many teachers prefer
, 0

tests injormats which are not readily amenable to machine scoring. The

resulti of testing, however, when recorded, stored, and matched against

expected criterion' levels, result in an achievement profile for each stu-

dent. Such profiles would indicate the student's standing relative to

the objectives included in the instructional program. Such profiles may

serve, as progress reports to administrators andparents, as well as to

pupils and teachers. g

Clearly, then, computer technology will greatly ease the'burden of

managing individualized educational programs." Without this technology,

such systems will likely remain in the developmental stage and fail to

,become fully operational. .

.
Some attempts to apply computer technology to individualized edudational

programs will now be reviewed. The extent to which each system iniorates
the parameters of an individualized educational program will be noted:



V

A. REVIEW OF COMPUTER. MANAGED INSTRUCTIONAL SYSTEMS
5

A system of computer managed instruction (CMI) has as its objectives

Collecting and processing information on students and supplying this

information at appropriate,times and places so. that it is directlyinformation
to instructional decision making. When the appropriate

4nformation.is supplieckto decision makers°in'a usable format, the
efficiencyof decision making and the quality of decisions-should

improve. Cooley)andGlaser state.: ,"The function of the computer in

a'CMI system focdsr upon allow'ng' better information flow to the com-
.

plicated decision rocess on a ontinual basis [1968, p. 1] 4?.*The teacher,

student, 'and administrator continuously need information for;jeValuating

alternatives and makingdecision8.
Bolton and Clark state that the "concept and the" function of CMI ex-

tend beyond traditional student accounting.,, This is a result of the grow--;

ing massof evidence which states that the'truepotential of management

systems lies,in allowing sohoolsystems to change their, instruction

ptocedures, while maintaining the, needed control [1973, p.

then, the4Unction of a CMI system.to utilize thecomputer to optimize'

the learning environment for each child and to maximize the efficient

use of school resources, both human and material. Constructed as a "man7

machine system fosrised well beyond the limited seope,of personneland

:administrative sAtems; CMI combines the data -manipulation, power of cur-

rent.hardware with the functional flexibility of.instkuCt'onal software,

to generate a 'demonstrably effective and efficient tool ithe ihdivid-

ualized school systet [Bolt.= &°Clark, 1973, p. 5]."

Many research groups across the country'conceptualized CMI systems

almost concurrently. Baker (1971) reviewed the charadteristiCs of

these-systems and noted a great deal of similarity among them. This

survey showed that generally each of the various CMI syitems'studied

Was built around units of instruction specified in terms Of educational

--___objectives, desired student behavior, leVels of competence, or concepts

to be learnectiAssociated with'each instructional unit are criterion

referenced tests which asseas-levl- of mastery for each objective i that

unit- Typically,.sfich tests ae administered as pretests to,determi e a,

,student's current level of achievement and as, posttests to determine if

specific objectives have been achieved.
Baker (1971) reports that in each of the systems four jor functions

are performed by computers: test scoring; diagnOsing, pre cribing, and

reporting. The major CMI projects differ priharily in the emphasis placed

upon the major functions performed-by the. system as relate to the instruc-

tionirogram(s) being supported.

15.
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A REVIEW OF MAJOR CQMPUTER MANAGED INSTRUCTIONAL (CMI) SYST(MS

Since 1968, when the first major CMI system, known as IMS or Instruc-
tional Management System (Silberman, 1968), became operational through
the effdrts of the Systems Development rorporation of Lop Angeles,
several, similar systems have beenteveloped. These include a Teaching
Information Processing System (TIPS) (Kelley,'1968) and a Computer _-
Managed System for Mathematics (CMS) (DeVault, Kriewall, Buthanan, &

, Quilling, 1969),_pboth developed at the University cif lilsconsin, the latter
system being-no longer operational; a Management Information System designed
)31, the Pittsburgh Learning Research and. Development Center to operate a
program of individually Prescribed Instruction (IPI/MIS) (Cooley & Glaser,
1968);,Project PLAN (Flanagan, 1971, developed initially by the American
Institutesfox Re'search and now. supported by,AestinghouSe Learziing Corpora-
tions; AIMS (Lekan,\1971), a CMI system developed at the- ew York Institute
of Technology; MICA '(Baker, 1971),a system operating at the Sherman
School in Madcson, Wisconsin; the Wisconsin System of instructional
Management (WIS -SIM) (Belt & Spuck, 19774),:developed by the Wisconsin.
Research and Develdpment Center for Cognitive Learning to'provide'in-
structiona/ support to programs of Individually Guided Education (IGE);_
and the COmprehensive,Achievement,Monitoring (cAt9.1) system, developed at
the Universiq of Massachusetts Under a grant from the Kettering Founda-
tion. While these systems vary in subject areas supported and approaches
to individualizing education, all have addressed the primary cheracteristtds
of computer managed instruction in a similar fashion.

AS noted, the basic prerequisite for any CMI system is the existence
of aset:of well-defined goals'and objectives, stated in terms of the
performance levels necessary f9r attainment. Kelley's TIPS program
(1968), for example, is based upon an economics syllabus, the goal,being
mastery of the primary concepts of the course. Specific objectives are
derived from syllabus componenti. Project PLAN (Flanagan, 1971) supports
curricula in'language-arti, matheMatics, social studies, and science, and
it-will also accommodate instructional objectives which are specified by
Athe local school or district. The IPI/MIS (Cooley & Glaser, 1968) system
is similarly based on.a predefined' elementary school curriculum designed
for individualized learning. In the CMS system (DeVault, Kriewall, Buchanan,
& Quilling, 1969), which deals with an individualized mathematics program,
one objective is to actually teach pupils how to.plan objectives; these
outputs then become inputs to the !system. The AIMS system (Fritz & Levy,
1972) was designed so that any set Of linearly Sequenced behavioral
objectives could be incorporated. It is presently supporting instruc-
tional programs at both the elementary and secondary level. The MICA
systeMpis based on an objectives mddule and allows for 250--Objectives in
the instructional program. Currently this system is supporting a linearly

-sequenced-elementary mathematics program. The WIS-SIM system (Belt &,
Spuck, 1974) supports the objective-based curriculum materials in the
Individually Glided Education programs of the Wisconsin Design for Read-

* ing Skill Development (WDRSD) and Developing Mathematical Vkocesses (DMP).
Basic to all the systems presented is the principle that a,prespecified

set of objectives exists. While curriculum content may vary and while
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formulation of 'ibjectives mayinvolve different persons, each system.
iequires the delineationof the objectives in the data base. Also.in--,

cluded in the data base iC,the Sequencing (linear network, or non-sequenced)

of the objectives. -

CMI systems,must also be concerned with i peCification of performance

standards requir-ed to obtain bbjectives._ In,fact, statements of,performande
standards are best incorporated within ;the; statementofobjectives.- The -
CM1 systems differ primarily with regard to how the personnel are involved-,

in the decision.:Making process, It is -Applied within the TIPS' system that

the course profepSor speciiies the required level of attainment. IPI/MIS,

however, has a comprehensive, predefined.; elementary curiiculum as the

sydtems base and iiiplies the 'involvemenf4of many persons, whiCh may include

school administratOrs, ,teacherS, pupilsand parents. performance,standards

in the IGE,program-of-WIS-SIM are usua4y.set by the developers of the in-.

structional programS,, but may'be alteredat the school or diStrict level

in accordance with the desires and needapf the local schools. Not all

objectives in IGE prOgrams .are assessedpantitatively throUgh paper-and'-

pencil tests. Some assessment is basedlupOn worksamples, performance

fests7 and teacher observation%
A basic element of'many proglams:of indiv ualized education is pre-,

testing to establish the current ,standing -of students relative to the

total network of objectives. Mb t CMizyst s operating at the'elementary,

School level process specific pretest results. Pretesting'of each pupil

for each instructional topic is a basic ,cbmponent of both IPIAIMS and MICA.
Placement testing in IGE (WIS-SIM) pro amp frequently covers an entire

o
instructional level and is Usually4co ducted at the beginning of the school

year and at other timeedesired,by t e individual schools CAM provides

,its; ers with statistical item analysis infprmation useful in test con-

struction and refinement. '' \ /

Test scoring and test'reporti g-have been variously automated in the

several sYstems. Currently0 P / &presents the highest level/of automa-

tion. Placement tests,' achievemen tests, and instructional objective

tests are optically scanned on-line, y a mark-sense reader and the response

pa tern is transmitted to the compute, where it-is stored in a file for sub-

se uent batch processing..
-In CMS, placement tests were machine, scored off-line and resulting scores

wer entered in a-batch mode from Magneec tape or punched cards. The-post-

test results for single instructional objectives in CMS were machine scored

and'the scores entered interactively by_ to etype.
IMS machine scores tests off-line with rii.psense readers and the scores

are entered into the computer in batch mode. -In WIS -SIM, placement tests

are machine scored and the results are.entere in batch mode either from,
cards or tapes. The criterion-refekepced, ins uctional objective tests

are manually scored and the scores are entered - nually on mark-sense sheets,

or cards. Depending-upon the computer configura,ion utilized, the mark-sense
forms tare entered on-line br in a batch mode. In MICA, tests are comments

manually scored and the results are entered interactively though a CNT,

terminal'.
On the basis of the test results, educational need may bediagnosed

to identify those instructional objectives which the Student has not

mastered, butfbr which the student has satisfied the prerequisites.
\

? 4
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CAbi employs a system wherein the identifidation of learning deficiencies
is based upon a coMputer analysis of wrong response patterns. Some in-,

structional program's, such as those supported'by MICA and Ifq systems, have
instructional objectives wbich are sequenced linearly, so that the objec-
tive which follOwsthe last objective mastered is the next to be undertaken;
diagnosis, then, iLthe identification of the next non-mastered objective.
In PLAN, the decision about whidh'track ,orb level, is most appropriate for
an individual child,iS based on the placement test. Objectives within
each level of the reading and.nethematics programs within PLAN are then
linearik sequenced and diagnosiS is carried out in a manner similar tb
kthe CMI,system. WIS.0SIM advandes the notion of domparisOn,between actual
and expected,performance over time to identify potential teaching/learning
prOblems. The.A1S system produces .a "pupil profile" which contains student
achievement data end demographic inforMation, as wellas dlinical case infor-

j'rom this, the teacher assesses student:instructional :needs,
It is, the prescriptive stagewhere.CMI systems possibly,differ:the

c most The TIPS system, for eXample, has a'vafiabie prescriptive forMat,
depending upon the. ,degree of discrepancy between test results and criterion
levels. Prescriptive activities may includehomewbrk exerCisds, attendance
at alternative le-ctUrdS or group work. Such activities may be .optional

,Fa. required, depending upon the level of mastery identified; by testIrg.
Unlike other CMI systems, TIPS Presents'prescriptions to students In,
paragraph format rather than referring the student-to a,numbered work
folder. The CMS project, on the other hand, does not generate spedikic
prescriptions; it simply lists,the taskswhich a given: pupil has lOmplete ;
The process,of presdription CMS involves teacher-pupil discuss'on concern-
ing-the next task to,be completed. CMS differs slightly frOm otherCMI '

systems in that pupil involvement atothis stage is gate pronounced.-
Prescription in Project PLAN is more broadly based in that all available
data supplied by the student,,and his parents and,teachers, is Utilized_
.-by ,the. computer in recommending a specific program of studies. This °+1

'Similar to,CMS, in that the'level of pupil involVement is high, mit dif-
fers from it in that extensive comptter assistance is requirnoto "solve"
a lon et if decision rules. Typically, prescription in Project PLAN
result in the selection from among several alternative teaching-learning
Aodules

IPI/M , AIMS, and MICA, being based_upOn predefined elementary curric-
ula, are ite specific with regard to prescriptions. In general, these
systems generate prescriptions which refer the,student to programmed
materials, workbooks, file, folders, or texts. In some cases students
,are referred to teacher-led seminars., These systems also provide for
student involveMent at this stage:. 'IPI lists prescriptions for an
individual pupil-along with summary 2chievement reports. MICA allows
for the generation of prescription's instantaneously.through the use Of
interactive terminals. WIS-SIM focuses on providing teachers and students
with information to assist' in grouping students on 'the basis*of common
instructionalmeeds. A varietyof instructional activities is available
and specific activities are selected -by the teachers and/or students on
the basis of the learning needs, represented in the group.

The Implementation of prescribed instruction is the next stage_in a
system of individualized educavtion. Typically; the computer plays little

25



or, 'ho role in instruction, a fact which sepgrates < CMI systems.from C,41 ' .-
h

(Computer Assisted Instruction) systems. T is is not however, that
a.CAI actiWity could pot be utilized Within a CMI framework. None Of the,

systems discussed in,!this paper appear to utilize the computer in the ample-

mentation of prescribed activities. P011oWingnnstructionl posttests are 4.

generally given. As described earlier, tests WA ST-be administered and scored'

either by machine or manually. Test results Are then,stored in the computer '

and compared with criterion performance standards. Such comParisons provide,

the data necessary to ascertain whether or not'a pupil has achieved the
particular objective. Mostls system allow for the prOdUctionof reports con-

.

tarning the updated achievement information. . In,WS-SIM, for example,,theee
records are 10.8eled performance profiles. ,

TIVS'andi&M bOthprovide summary infortation which l*useful in evalu:-4'
sting the teactling/leakning prpcess. TIPS presents information basedon
group performance which assists'in, identifying instructional units in'Which
stuaents have experienced diffiCulty. CAN allows the produCtion of st714'
performayice profiles based student characteristics 'such, p.s ethnic,'

type, sex, or socio-economic status.' This information alloWe for e evalu7 '

ation of the effectiveness of instructional programs for stu ents in various'

groups,.

SUMMARY OF C I SYSTEMS'

CMI is a anagement infOrmation system which provides instructional
managers with 'nformation required for detision. making in individualized

educational programs0 . The major processes specified.in CMI systems in
clude test scoring (placement or posttest), achievement profiling, diagnos7

.ing,.and prescribing major systems examined in this review share much

in common, they difker'in the emphasiSon and reporting formats for each of

the fou7r process areas. A varietY'of approaches to test scoring are taken,
from hand scored, batch oriented systems' to tachine'scored, on-line systems.
No system at present has integrated on-line test scoring with an interactive

reporting capability. There is no reason to conclude that any one approach
to test scoring is best for all instructional environments and programs-..
Each approach must be assessed in terms of meeting decision-making require-

--
ments within existing cost` constraints.

.

While 'all 'CMI systems~ provide diagnostic and Preacriptive informationv
the actual information provided varies greatly with the structure,okthe .

instructional program being supported. A difference in prescriptive,report
ing is evident,jietween CMI systems which encourage students to _work ,alone

IPX) as contrasted with those programs which support instriaptional

grouping (e.g., IGE/WIS-SIM and:PLAN). Diagnosis and prescription within
the ,systems examined'is not highly developed at the present time.: A notice7.,

able step forwrd is the diagnostic function of comparing actual performance

with expected performande2ittluded in WIS-SIM. None of the systems examined

appear to provide diagnostip and pFescriptive information in,any.systematic

way based upon learner characterietics other than past achievement. ,Varying
instructional activities according to student'preferences, interests, abili-
ties, or learning styles appears to be left to the teacher's ability-I:to
recall the. student characteristics and appropriately associate them with
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instructi nal activities. CMI systems seem to have greatest potential in
the area o managementof instructional resources in the prescriptive
process an diagnosis f student'instructional needs. These.areas have
only barely been touch d in.system development to this date.

Few res4 rchers ha e addressed the problem of cuiriculum management
and CMI at tie concept al level. Notable efforts in this direction are
those taken by Cooley d Glaser (1968), Baker (1971), DeVault and Kriewall
(1967)`, Belt iknd Spuck (1974) , and Spuck'and Owen (1974). ,None of theid
models has bee translted into a generalized CMI system which accounts
forithe,basic tructural differences between different programs of individ-

,uazed educati n.

27
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VI

THE WISCONSIN SYSTEM FOR INSTRUCTIONAL MANAGEMENT (WIS -SIM) MODEL
0

In'this section, the processes of computer managed instruction are
integrated into a generalized model which will account for the major
structural and process delineations of programs Of individualized edUca-
tion. The model is an extension of earlier considerations presented as
the Wisconsin System for Instructional Management (WIS -SIM) (Belt & Spuck,
1974). -

,. ..

. .

'Sygtems of computer managed instruction are designed to provide manage"-
,mentinfOrmationsto school personnel as required for instructional decision
making. The main function of an instructional management information syitem
is to improve decision making about the instructional program of the school,
leading to maximized educational benefits for each child while mal5ing effi-
cient uselof the available human, material, and financial resources. The

objectives of such a system are as follows: /-

.

1. To'identify.decisions. which are related to the instructional
process. % . .

.

2. TO1'determine what information wouid:be most useful to decision e

makers involved4with the decision.., . . , '

c/.

3. To arrange mechanisms to capture required data
..4. To summarize the data; in. a fOrin inost usable to the decision maker.' v.

5. To arrange for the timely delivery of appropriate information to
the decision maker., - .

6. To evaluate the utility of'the information to the decision process.

Teachers in classrooms or'instructional units are decision makers-who
have.frequent need for information; theirs is the ultimAe respongibility
for planning and implementing an instructional program suitable for each
student. The individual student may also be a significant decision maker
since the.student may be,involved with his teacher in establishing specific
instructional objectives for himself. thus, he should haVe:feedback as to
his progress toward attainment tiof initial and long-tergoals. It is impor-
tant that feedback aboutprbgress for,young children be fairly immediate
in order to yield maximum motivational value. parents have a key role in
influencing pupil motivation and learning and, therefore may also be in-
volved in establishing instructional objectives and monitoring their attain-
ment. It is-necessary to make appropriate and timely information availab e
to these decision makers in order to establish optimum learning environte is
and maximize use of school resources. ,

The basic structure of programs Of individualized education, as derived
in the earlier discussion of this topic,. leads 'to the following basic
assumptions concerning programsto be supported by a gen-
eralized system of computer managed instruction:

21
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1. Theresexist'instructional missic.s and goals which are reduces
. to sets of measurable instructio al objectives.

2. Testing instruments and /or proce ures are available to assess

, mastery of the instructional objectives-.
3. Level(s) of mastery or performs ce standards are specified for

each child'and for each instruc ional objective (full mastery-4
variable attainment),

'I

, 4. Objectives which are to forma art of each student's instruc-,
tional program arc delineated (c moron olAeCtiv,es--variable
objectives).

5. Dependencies existing between objectives are specified (sequenced
objectives--non-sequenced.object ves)..

6. Normative information exists, as equired, for specifying long-
range performance expectations.

7. Edficational activities and materia s,exisi which provide individ-.
ualized instructional experiences oward the accomplishment of
the'specified instructional objecti es.

8. It is possible quantitatively and/o 'qualitatively to assess those
individual characteristics of studen s which are essential to
individualizing instructional activi ,.es.,

9. It is possiblesivantitatively and/or ;qualitatively to assess the
resource implications of alternative educational experiences.

THE INSTRUCTIONAL CYCLE
. \

a

The instructional cycle in programs of individualized education may be
depicted as in Figure 4. Five processes (P 1-5) and two dedision, (D 1-2)
areas are included in this representation. Xnitially, testing 0-1) takes
place; this provides information as to the placement of students within
the instructional program. These placempnt or break-in tests are scored
during a process (P-2) called test scoring. Results from.the tests ara-
compared with mastery or performance levels which have been specified for
each student and for each instructional objective. It should be notedothat
the testing and subsequent test scoring need not refer solely'to paper-and-
pencil'tests, although this format.is common, particularly'ih break-in or
placement testing. 'other forms of testing which might be utilized are
performance tests, work samples, and teacher observation.

On the basis of information derived from test scoring,it is possible
to.datermine for each student his status.within the instructional program;
that is, a determination of those objectives which have been mastered and
those objectives which have -not been mastered. The process,of d' sing

4110(P-3) provides information leading toward identifying instructs eeds-

(D-1). For each student and for each student's program, those objectives
,which have not yet been mastered, but for which he has met all prerequisites,
may be determined. Thus, need is assessed by comparing the actual performance
of the student with the performSnce

,
expectations which have been established

for him. Since more than a single objective may be'identified in the diag&
nostic process, it may be necessary for the student and/or the teachek to
determine which objective represents the greatest need at that time.

The teacher may compare the instructional need of the individual
student with the instructional activities which are available to assist,

29,
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the student in learning the content of that object ve. Prescribing or
guiding (P74) is a process designed to provide info tion useful in
selecting those instructional activities (D-2) 'whit are most appropriate
for meeting the student'S instructional needs. "The elected activities -4
are carried out during the instructing-process (P-5), after which testing
again takes place-to assess whether the student has t the instructional
objectives. This test is scored and the cycle is rep -ted.

While not explicitly presented in Figure 4, feedba k within the in-
structionaltycle is possible. If, for example, during the instructing
process, it becomes evident that the selected instructional. activity is
not, in facteappropriate, a new instructional' activity y bae selected
without repeating the entire cycle.

DEFINING'THE INSTRUCTIONAL PROGRAM

.

A first step in implementing any computer managed syst
6

is to define
the data bases required by that system. Two data bases are undamental to
the concept of instructional management/ although these may divided further
for technical reasons on the operational.level. The first re ired' data .

base must define the individualized program :eo the automated s stem. Thj.s

data base will be denoted here as the Program Data Base (pm). The educa-
tional program of the school was described. earlier in terms of nstrticaonal
programs, instructional areas, instructional units (content/broc ss or level/ 0
'grade), instructional topics, and instructional objectives. The Ds ,should
contain the information which relates the given instructiOnal'obj ctive to
the instructional program in terms of the intervening descriptors f areas.
units, and topi s. Also contained"within the record for each obje tive
might be additio 1 descriptive information such as the name of the objective,
a.short desCriptio of,ite and any required.internal or external lab ling.

, Three structure continua have been disdussed earlier:°.sequence or
non-sequenced object ves, common orlatiable objectives, and full mastery .
'or variable attainmen It is assumedthat the sequencing of objectiv s
Is the same forall t ents., so that ah objective will have the same
prerequisites when inn ed in one studeriti.s instructional program,as
when included in any o be student's program. Since the sequenaing of
objectives.ler the. prog* does not vary, it may be defined within the

. Program. Data. Base',' rather than the Student Data Base (SDB), which will\
be discussed later.

, \ .

The type of sequencing to e defined'may form a line, or a network,
. or be non-sequenced, as depiCte \in Figure 5. When the objectives form

ea line, Figure 5a, the sequena'ng or'instruction is such that when a
student completes a given objec iv , he then moves on to the next objective

\.1
in the line.x In a network the s qu ncing is more complex. An objective
may have more than a single objet v as a prerequisite. For example,
objective six in Figure. 5b has as e equisites objectives two and foul.:
'objective six is in tall prerequisit o objective seven along with objective
five. The linear form is clearly..a spe ial case of the 'network tom.
Figure 5t,shows the non-sequenced case.' Here, no objective is dependent
upon; or prerequisite to any other objective. Whenand if sequences of
objectives exist, they must be coded and 'ncluded as a part of the.PDB.



a. linear.
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Figure 5. Sequencing of. objectives.

fin

0

b. network c. non-sequenced

It shoUld be noted that some instructional programs defines prerequisites

at the topic level rather than the instructional objective level.

Also of relevance:here is the concept of compatibility of objectives.

As discussed earlier, this concept.is an extension of the concept of pre-

regOisites and refers'. to objectives which may be efficiently tau4ht to

gether. Information related tathe compatibility of objectives needs to be

included in the PDB. This topic will be diScutsed later in the paper-.

.
When the instructional program is to be implemented as a full mastery

program,,that is,. when the same level of mastery is to apply to each student,

then thiS level of .performance needs to be specified as apirt of the PDB.
No. special codingis required as a part of the PDB to indicate whether com7

mon objectives define the instructional program. Figure 6 summarizes the

content of the Program Data Base and includes fields. containing labels

and descriptors,' prerequisites. mastery levels, and objeCtive compatibility,

As objectives.are added, deleted, or modified, the PDB will need to be

Updated to reflect these. changes. Masteryjevels, Compatibility codes,

and prerequisites May also change, necessitating further change in the

PDB. HiStOrical information contained within the CMI system may be udefUl

in examining the prerequisite structure of objectives within the program

area. A separate PDB or.tedtion of the PDB is requirecLfor each instruc-

tional program needed to fulfill the school's missions.

Identifiers,
Labels, ana
DescriPtors

.

Prerequisites

.

,

Mastery
Levels

Objective
Compatibility

I

Figure 6. Program Data Base.
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DEFINING INDIVIDUAL STUDENT RECORDS

The information contained in the Program Data Base (PDB) defines thb
instructional, program in a .generic way. It establishes'a,framework Within
which individualization can take place. If the program is to be defined
on an individual level, a Student. Data Base (SDB) must be established to-

\ specify the instructional program of each child. The information con
stained in the SDB may be discussedin terms of student identification, demo-
graphic information, individual profiles, instructional program, perfor-

nce expectations, and perfqrmance information. Student identification
re ers to a student number as well'as to the name-of the student. Demo-
gra hid information includes background and program factors as may be
required for program management and evaluation: teacher or unit name,
room umber, Ahstructional programs in which the student is enrolled, age,
sex, date of enrollment in school, home address, and so fo . Student
identification and demographic information must be revie r accuracy
at lease annually.

Individual profile information is included as required for making in-
structional decisions concerning.the individual child. Included within
the scopeof individual profile_information would be the results from
standardized 'achievement and aptitude tests, personality interest
inventories, and descriptions of learning styles. This informatign is
included in the student register as required for instructional decision
making for the individual student. The exact information included would°
be decided-in,accordance with district.policy,*federal and state laws,
and ihe needs of the student's teacher or unit.

As was indicated, the PDB establishes a general framework for the
instructional program. Any modifications required in the framework to
meet the needs of the individual student must also be included in the.
instructional program. If the instructional programs include the con-/
cepts of variable objectives and variable mastery,,then these parameters
need to bespecified. Those objectives for which the student is or is
not to be responsible need to be identified'to operationalize the concept
of variable objectives. Similarly, the mastery level expected of eachstu-
dent 'for each objective needs to be specified in the SDB along with any
specific performance goals which the student is expected to accomplish
over a period of time This last concept will be discussed more,coMpletely
in that part of the paper dealing with specifying performance expectations
and, the process of diagnosis.

The lait category of information included in the SDB is labeled per-
formance information. The student's actual achievement is recorded,in
this section of the data base. At the least, a record is,kept of those
objectives, which the student has mastered and those objectives which the.
student has still to master. The SDB may also include additional infor-

,

mation required for instructional reporting and decision making, such as
the actual percentage/raw scores achieved -on tests assessing mastery,
number of attempts on the, objective prior to mastery, the date of the
laet attempt, and even the instructional activity(ieS) used. The perfor-

.

mance information would need to be updated frequently during the course of
the student's instructional program; pfegumably at the conclusion of gach
unit of instruction.

473?
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The SDB, tlien, contains a comprehensive, historical record of student

learning. Because performance information and instructional program
information are specific to a particular student's instructional program,

a separate section of theEDB muStbe inCluded for each instructional

program for which the student is responsible., The content of the Student

Data Base ivUmmarized in Figure 7.

.
,

Student Demo" ,Tndividual ,Individual Instruc- %performance

Identi- graphic Profile Program tional lkftforntation

.fication
and De-
scription

Informs-
tion,

.

Informs-
tion ,

Informs-
tion

Expects-
tions

Figure 7. Student Data Base.

THE WIS-SIWMODEL: AN OVERVIEW

As'Bolton and Clark (1973) pointed out, systems.of computer managed

instruction should provide the means for constant'data flow and collection,
diagnosis, test.scoring,.histdrical analysis, and information availability.
That is, CMI systems should have a "total systems approach.",, Figure 8,

which presents the WIS-SIitiOdel in diagrammatic fornG.illustrates such

a total system. This figure' incorporates the process and ,decisions shown

in Figure 4, the instructional cycle in individualized education, but adds

theprocess of achievement profiling and the data baseS'described in the

preceding sections. Pro6esses are represented by the rounded-rectangle
syMbol, decisions by the diamond 'SymbOl, and the data bases by the com-

puter tape symbol. Rectangles are used to indicate information which

flows into or out of the system. InforMation resulting from system proc-

esses is usually.in the fOrm of reports whichare subsequently used as

input to instructional decisions. A new major decision area, specifying
performance expectations, which.was not present in the' nstructional cycle

model (Figure 4), has been added.. This decision results in a. set of

expectations for each studentts instructional program.- In the sections

,which follow, each of the major processes indicated in the WIS-SIM model

will be discussed along with the associated information flow.'

TESTING AND TEST SCORING
4

Testing begs and ends the instructional cycle. 4Testing as a pre-

assessment or placement process determines whether a:Student has met the

performance.standards.associated with a given objedtive or set of objectives

prior to,the beginning Of,the instructional cycle. Preassessment generally

-84
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refers to testing on a small-numberof objectives, while placement testing
covers a broader range of objectiyei and is used for identifying starting
points for the student in a program. OlaceMent testing maypCurOen a
student first enters an instructional program and at additionalappropriate
times such as at the beginning of each school year.

At the end of the instructional cycle, testing takes place to determine '

whether a student'has.magitiredthe content of a-particular set Of Objective's._ .
At the end of aninstructional unit, tests broader in scope than the post-
assessment instruments May be -used to ensure that students have mastered
the-larger aggregate of objectives.'

Tests must be scored. Test scoring is a process Wherein responses to
test items are compared with the mastery levels or perfOrmance standards
which have been set for that test and for that student. As noted previ-.
ousli, not all tests need 'be of a paperand-pencil variety. Other forms of
testing which could be utilized are performance tests, work saMPles, and
teacher observation/certification: In any-testing situation, however,
it is essential that.the mastery level or perforMance standards be explic-
itly defined. Since test results need to beentered into the data base
iv order to be utilized in an iutomated:instructionermanagement systel,
mdchine scoring can save considerable time in updating, student records
Machine scoring can either eliminate or automate the intermediate steps,
of scoring, transcribing, and keypunching.

As a result of the variety of types of testingwhich may take place,
it is reasonable to conclude that not all tests are machine storable. Per-4

formande tests, work samplea, and teacher observations are not usually
conducive' to machine scoring. Further, certain paper-and-pencil tests
are not as efficiently scored by machine as they are by hand. Band sCOr7
ing may be more efficient. when the number of items to to scored is small,
when the response sheet cannot be easily read by scanning equipment, or .

when suitable scoring equipMent is not readily acceseible.,
Figure.8 shows the objeCtives,, the seqdencing.of ob)ectives, andthe

mastery.levels as input to the Program Data Base. Platement of.the PDB
at this pOintin the'ilcidel is syMbolic in the sense that information 'Con-
tained in it is utilized in proceases other than test scoring. Once the

information, is entered into the system, it is available throughout the
-system.: Mditionally, feedback loops for the update or modificatiOn of
the data base are not indicated in'the model but are recognized; and implied.

Also illustrated in the figure is the Student Data Base (SDB). . Again

the placement'Of this data base in the model is symbolic; information con-
tained in this data base is also available throughout the system. Also

certain parts-of the SDB are.updated from'other points within the system
as will be discussed later. Since the SDB contains each student's per-
.formance information, results from theteet scoring process are catalogued
in the SDB foi:Aiee in the production ofmariagement'reports. If. Individual

mastery levels have been set, this information must be available at the
, time of teat scoring.

PERFORMANCE PROFILING .

Performance profiling is the next process in the WIS -SIM model: Pro-
files are reports of either individual or group achievement with regard
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. \

to a set or objectives included in the instructional program: Considerable
flexibility in the produCtion of these reports is generally provided by
the system, thus allowing for freedom to define the group or *ndividual
.to be prbfiled and the range of objectives to be included. P rformance
profiles may be used by'teachers to derive an overall assessm nt of the
placement of students within the instructional program, or as abhieve
meat reports which could be sent to parents' or: utilized in parent-teacher
or student-teacher conferences. Profiles could also be performance sum
varies of clagsroom, unit, or school over a period of time for review by
,decision makers at these levels.

SPECIFYING PERFORMANCE EXPECTATIONS

The first of the three decision processes included in the model is
specifying performance expectations. Through this process, goals are
set for each student's instructional program for short or long periods
of time, as is appropriate. Information input includes student and
normative baseline data. Algorithris may be built into the system which
are based on such'individual profile information as past achievement,
personal factors related to-the student's learning, and performance
profiles. Normative information, which alio may result from achievement
profiles aggregated at thennit; school or district levels, may be sup- .

plied. Performance expectations take the form of specific objectives and
the number of objectiVes within an instructional prOgram to be achieved
over a fixed period of time When the individual expectations for a
student have been set, they must be included as a part of the student
dat' base, so that they will be available as required. Specifying per-
formance expectations involves tailoring the instructional program,to the
needs. of the student as required in programs involving variable mastery and
variable objectives. The formulation of expectations leads to the specifi-
cation of an individual instructional program for each child.

Teachers are considered as the primary decision makers in decision
areas outlined in this model. Specifying performance expectations, how-
ever, provides an excellent opportunity for parents and the students them-
selves to be involved in the instructional decision-making process.

DIAGNOSING ANDIDENTIFYING INSTRUCTIONAL NEEDS

The purpose of any system of individualized education is to serve the
educationalneeds of individual pupils. In essence, the identification of
needs is synonymous with.the process of locating'current weaknesses or
problem areas in the total configuration of a pupil's knowledge within
an instructional program. The process of diagnosis,,as shown in the
WIS-SIM model, results in the identification of such needs.

As Figure 8 indicates, the diagnostic function of the $IS -SIM model
is based upbn two sets of inputs: prespecified expectations as they relate
to a given objective set, and the data provided by the performance profiles.
In gener 1, diagnosis occurs through the comparison of actual performance

a
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with performance expectations. Wliile,criteriOn-referenced testing remains
the basis of thediagnostic,process, subjective inputs of both teacher and
pupil can and'do become incorporated .c The output of the diagnostic Process

may be a diagnostic report which presents the degree of discrepancy be
tween expected and attained results.

Figure 9 shows the section of the total WI-SIM model Which is most
directly related to the identification of instructional need. Expecti7
tions'which were formulated as a result of specifIing.performance,expeCta-
tions are compared with actualstudent performance in an instructional

program. Discrepancies as they are identified are reported and the teacher
utilizes this information to make decisionsaconcerning instructional needs.

- Diagnostic reports of the type described are produced only when perfor-
mance deviates from expectations by a prespecified amount; they are there-

fore viewed as exception reports. These exception ieports may be'used to
identify, students needing extra consideration in the form of one-to-one
instruction, or help from supportive personnel such as speech therapists
or social workers. /Diagnostic reports could be used to identify students
who'are likely candidates for use as tutors or wh6 might benefit. from
tutoring. Alternatively, the teacher may deCide that the discrepancy ly

between expected Performance and achievement is the result of inappropriately
set expectations rather than ovr or under achievement. The expectations,
then, would be Modified, leading to a change in the Student Data Base. .

Diagnosing is a process designed'to identify and report information
which is helpful to teachers rin .determining instructional need. In addi-

tion.to the repOrts_suggested aboire, it is possible that through diagnosis
some types of instructional activities and/or learning styles will be

identified as more or less beneficial than ,others, or that particular
categories of objectives will proire to present learning problems to the

student. Such diagnostic information could lead to the early remediation

of learning problems.

0

GUIDING THE INSTRUCTIONAL:PROCESS AND SELECTING APPROPRIATE EDUCATIONAL

EXPERIENCES AND SETTINGS

WIS-SIM model,is conceptualized so as to take into account S vide :

range of both Subjective.ap&objective inforMation When determining appro- '

priate educational experienCeS-ind settings to meetinstructional,needs. ,
Factors which .influence the selection of instructional adtivitieS'are

such teacher varlableS as skill in teaching and preference for teaching
certain instructional activities; such student factors as aptitude, learn-
ing style and learning handicApS; and sUchi.nteractive factors as person
ality.conflictsbetween students or between a student and a teacher. As
the WISrSIM model shows, a very important consideration is the availability
of both hum.= and, Material resources. This is freqUently overlooked'in ;

the literature on CMI systems. The diagnosis, may suggest certain. types

Of "activities but'few or none may be possible within the bounds of exiSt

ing resources. It-is important then that CMI systems take account of all
factors so that-decision makers are aware of the ramificitions,of.eaCh
proceSs for every other prodesS. Components.ofthe system may be modified

until optimum operating levels are achieved.

o
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Figure 9. Diagnosing and identifying instructional needs.



In an earlier section, it was suggested that the. Student Data Base
could contain information on the,individual factors affecting the selec-
tion of instructional activities or settingsmsuch as individual, small,

medium, or large group instruction. AdditiOnal<data bases could be in-

cluded in the system: an instructional materials data base,, an instruc- ,.

tional and non - instructional equipment data base; anqnstructional facilities

data base, and a personnel data base' for teacher characteristics and avail-

ability. An integrated system which links these data bases not only
potentially provides.for better instructional decision making and'more
effective utilization of resources at the instructional classroom or
unit level, but additionally provides the basis for an. accurate. program-

natio accounting of instructional, costs per student per objective. This

latter information would assist in school or district-wide decision-making '

Pertainin4Nto the allocation of resources to district-wide programs.
The contents of each of_the_data_bases mentioned-above could be detailed;

however,'since the concept of an Instructional Activity Data, Base (IADB) is
central, to Selecting decisions, it will be discussed further here. The

primary. purpose of this data base is to index and allow .for the retrieval
of instructional activities which can be used to assist a student in learn-
ing the contentof a particular objective. Figure 10 outlines the content

of this data base.
As with the other data bases, the Instructional Activity Data Base (IADB)

contains 'information which identifies and describes the indexed resources.
both'internally to systeM software and externally to the actual resources
which were inclined. A primary linkage to, be defined is between the in-
structional'resolIrce and the objective or . objectives to which it relates.
If a particular objective is to be taught, this index may be used to determine
those instructional resources which might be used to teach the objective.

.
Instructional activities may be codedalong a variety of dimensions, .

such as appropriateness to learning.or physical handicaps, learning style,

smotivatiOnal levels, and degree of student independence required.. Codes

such as these facilitate the selectionof appropriate instructional resources.
They may be compared with similar codesiwhich exist in the Student Data Base.

,'Additional information contained in the IADB could identify tests or
procedures"which are appropriate for assessing performance levels or mastery

on a particular objective or instructional activity. Those instructional

materials required to suppor the activity and the equipment and'space.
requirements should be noted as well. This information may be presented

to the in ctional manager directly or it may also be linked to other

data bases hin the system, specifically, the equipment and facilities

data bases

Instructional wisociated Character- Asgociated Resource' Summary frailabilitY.

ACtivity /Objectives istic. Performance Require- of Information

Identification,
Labels,
Description

i Codes Tests ents
(Equip-
ment;

Usage ,

Settings,
and,

Materials)

.

Figure 10. instructional ActiVity Data Base. 40



The next informational element noted in Figure 10 is the "summary of
usage." An historical record maybe kept of the student experience with'
a given instructional activity, This record could be.summarized as a
part of the IADB,, taking into account such student characteristics as
may be appropriate to later evaluation of the activity, such as its
appropriateness for use with students with particular learning disabilities.

The Instructional Activities Data Base can Meet two different informational
needs. The first is to answer general inquir4es as to what instructional
activities (materials) are commercially or ndfibommercially availaide to
meet certain instructional constraints (objectives, learning styles, etc.),.
These materials may not all be available in the district at the time of
the request, but presumably could be obtained if desired. The second is
to answer inquiries about what instructional materials are currently avail-.
'able within the school district. The IADB shoUld act as an index to.the
availability of instructional: resources within the school or district.

Many of the human and material factors mentioned so far can be'quantified
and included in an integrated system, but other factors do riot lend them-
selves directly to such an approach. Also, even if quantifiable factors
are entered into a system, in many cases it would be difficult to develop
and to obtain agreement upon decision rules, to be utilized in programming
these constraints. Thereforethe selection of appropriate instructional
activities and settings will remain the teacher's decision--not the com-
puter's. To emphasize and legitimize the teacher's subjectiire input-in
the decision-making process and recognizing that it is ultimately the
tacher and/or student who makes the decisions, the'process in the WIS-SIM
model is denoted-"guiding the instructional program" rather than prescrib-
ing, as it is in many other systems.'.,' The model presented in Figure 8
specifies the objective-subjective continuum as, a source of information.
Even though the subjective element is acknowledged, many of the factors
can be quantified and decision rules can be fOrmulated.. The prescriptive
reports which result are used to help select appropriate instructional
experiences and settings. A variety of instructional activities may be
recommended and it is then up to the teacher to determine which is optimal
at a given time.

Some individualized instructional programs in the past have had
linearly sequenced objectives with only a single instructional activity
available to teach each objective. In such programs, the successful com-
pletion of a given objective leads naturally to the prescription of the
next objective. As is evident from the earlier sections of this paper,

. this linear sequencing is indicative of only a small number of, programs.
In many programs the successful completiori of a given objective leads to
a variety of potential decision alternativeP. Additionally, classical
models of individualized education also'stressed instructional settings
wherein students worked autonomously on instructional activities. Somer

programs now emphasize the utilization of small, medium, and large group
instruction, along with one-to-one and independent study. PrescriptiVex
recommendations must noW be reSponsive to.the need for information ahout
,optimal groupings of students, taking into account student and teacher
characteristics, as well as resourCe constraints.-



` It is easy to anticipate that if several-individualized instructional
programs are being implemented at once, the problems of testing, test
scoring, diagnopifig,, and.guiding or prescribing could easily consume as

.much time as the related instructional activities. Systems of computer
-managed instruction can greatly reduce this time through providing better
information, more efficiently than can manual syStemg.

An additional concern is the amount of, time spenton diagnosing and
regrouping. A queStion which arises is how often can the students in an
instructional unit regroup before many of the advantages of individualized
education are lost? This paper does not directly address the question, but
rather suggests that the duration.of a grouping may be extended if it is

. establishad on the basis of more than a.single objective. _At this point

the idea of the comPatibilitY.of'objectives, introduced early in this
paper, becomes. Mporiant., StUdent groups may be established on the basis
of theSe-compatible objectives. It was suggested wilier that an index
of.objective compatibility be included in the objective data bate. This
index may be best expressed in matrix form specifying the compatibility
or non -compatibility. of each objective with every'other objective.

INSTRUCTING AND TESTING

As Figure 8 indicates, selection of appropriate educational experiences
and settings precedes the instructional process. The selected instruc-
tional activities should be implemented in a manner which reflects the
individualized concern of'the WIS-SIM model. Teachers need to be sensitive
to the progress of students and be assured that the selected activities and
settings are facilitative of students' mastery of the objective. If problems
are identified' it, is clearly desirable that the instructional approach be,
modified, as possible, to'alleviate these problems. Once instruction on
an instructional objective is completed, the total cycle is repeated.
Results'of a posttest are compared with expected performance standardS.
Attainment of the objective leads to consideration of a new objective.
Failure to attain the objective may_result in a epeat of the cycle for
the same objective, or it may, as stated previously, result in the selection
Of a more realistic objective. In either case, the relevant data are stored,
to be available as necessary for the generation of reports within the system.

DECISIONS CONCERNING MODIFICATIONS TO THE INSTRUCTIONAL PROGRAM

The model of computer managed instruction -presented here is focused
upon the student and clusters of students in the processes of testing,
test scoring, achievement profiling, diagnosing, and guiding the instruc-
tional program. It is also possible to view these processes as a means of
providing,information regarding the instructional program being implemented
to educational decision makers. The instructional activities andthe program
itself then become the focus of the examination.

The most important steps in this WIS-SIM model are the processes of
achievement profiling, diagnosing, and guiding the. instructional program.
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Achievement'profiles may be produced which reflect the current status of
performance relative to unit, building, or district goals which have been
formulated for an instructional activity or a set of instructional activ-
si.ties. If these goals are not achieved, it is reasonable to question the
appropriateness of the instructional activities. Diagnosis then becomes
a process for identifying problems within the structure or content of the
instructional program. As was noted in the discussion of the Instruc-
tional Activities Data. Base, information concerning the utility of each
- instruction activity for different typep,of students may be summarized
from the student performance records.

The gmcess of guiding the instructional program is still viewed as
leading to, the decision of "selecting appropriate instructional experiences
and settings." As a result of this decision, instructional activities for
a particular instructional'objective may be added, modified,-or deleted,
or the sequencing of these objectives may be altered. The Program Data
Base will need to be updated to take into account such changes in the
instructional program. Other data bases, as they exist, may also need
to be revised to reflect these changes. In extreme cases the instruc-
tionalprogram may be replaced in its entirety.

The WIS-SIM model, then, unlike many of the CMI systems reviewed
earlier, is a "total system" approach designed to have direct utility
at the classroom, building, and district levels. In a real sense, it
is a`model for making decisions-about the instructional program as well
as a model of individualized instruction. The utilization of this model
would have the,very direct result of assisting in the effective implementa-
tion of an individualized program of learning for each student, through
assisting in the identification of the instructional needs and selection
of appropriate instructional experiences and settings for each-student.
The model also has a less direct, positive impact on the student's learn-
ing through the continual monitoring and refining of the school's instruc-
tional program.

o
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