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One procedure that can be used to individualize

instruction is to teach different pupils by different meothods with
the intent of reaching a common goal. A cybernetic (self correctia,)
procedure is proposed for panipulating instructional displays 30 that

after a period of

time the instructional procedure used is optimal

for a given individual. This is accomplished by changing the
parameter values of those parametexrs that define a given
psychological condition oxr by changing the values and/or the
parameters which define the content-specific conditions of a
particular display. The imstructional paradigm for each kxind of
behavior may have many parameters associated with it. A sample of
these parameters may be modified, and if the learner response is
correct, those modified values are returned to the systom, and
another set of parameters is selected for modification. If the
learner response is imncorrect, the same parameters are remodified in
accordance with the rules. In this vay, ?ie model provides a method
to maximize correct responses by the learner. It also monitors
performance, and its dynamic property sakas it always try to do

better. (JY)
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A CYBERNETIC MODIFICATION SCHEME
FOR AN INSTRUCTIONAL SYSTEM

Michal C. Clark - M. David Merrill
University of Texas Brigham Young Univ,
Austin, Texas Provo, Utah

In nis paper, "How Can Instruction Be Adapted to Individual
leferences?", Cronbach (1967) suggested at least five procedures that
are or can be used to individualize instruction. First, is to eliminate
from fuvrther schooling those stud:nts which seem not to profit from the
experiencc, Second, is to assume that certain learnings were necessary
for every student and to have him continue to study a given topic until
mastery.- Third, is to modify the guals of instruction to match the
needs of the individual so that different individuals learn different things.
Fourth, to a fixed inetructional prcgram append remedial loops so that
" a student unable to grasp a particular skill from the main track is

branched into a remedi)al sequence and then back into the main track.
Fifth, is to_ teach different pupils by Jdifferent methods with the intent
of reaching a common .goal. In some form all of theee procedures are
used in our present school system in an atiempt to meet the needs of
: individual learners |

| Cronbach indicated that psycrologicany the most interesting
tecanQue is the fifth teaching different students by dif{erent methods.

3 .




This procedure poses some difficult questions. How does one decide
which student should receive which method? How does one alter
methods to meet the needs of individuai students? What dimer.sions
can be manipulated to alter instructional method? Which of these
dimensions make a difference and which have little or no effect on
instructional efficiency or effectiveness? This paper proposes a
cybernetic (seif correcting or self changing) procedure for manipula -
ting instructionsl ciisplays s0 that after a perioci of time.the instructional
orocedure used is optimuxn for a given individual. The procedure
described fits Cronbach's fifth category in that a fixed goal is assumed
and instructional method is adjusted so that each student can attain

the goal as efficiently and effectively as possible. .

In the paper "Con:ponents of a Cybernetic Instructional System, "
Merrill (1968) identified three processing components. The selector
consists of those ruies for a particular kind of behavior (see Merriii
1970) which state 1) the type of stimulus display needed, 2) the psycho-
logxcai conditi0ns necessary to establish the behavior and 3) the mos t
appropriate media to uSe to Lresent the display to the student, The
vComparator consists of those rules for a particular kind of behavior
which state 1) the type of stiumuis display needed, 2) the psychological

: conditions necessary to adequateiy observe the behanor and 3) the criterion

[

'ot acceptabie perfOrmance. The Program Modifier consists of those

i

rules for a partiCular kind of behavior which indicate ways that the
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stimulus display can be modified under a stivation where the student
is unable to acquire the desired behavior ffom the initially selected
displays. This paper suggests a procedure for implementing this
third component.

This instructional model makes a number of assﬁmptions.
- First, the psychological conditions necessary to establish 6r observe
a particular kind of behavior do not vary with indlvidué‘ls. That is, =
condition necessary for one individual is necessary for all individuais.
A c.orallary of this assumptlon is that if a condition appropriate for a
given‘kind of behavior is nc_>t present during the display the behavior
acquired or observed will be different from that which was intended.
Second, a given condition may be implemented with a number of
different specific stimulus displays and these displays may differ on
a4 number of dimensions. Individual students will respond differentially
to different values on these stimulus dimensions.

Based on the above assumptions the following postulates
seem wafranted: If a modification procedure consists of changing
the psychological cqr{diti_ons under which a particular kind of behavior
is promoted or observed then the individualization which is taking
place consists of a variation of the third type identified by Cronbach,;
that is, the goals are being modified rathea than the instructional method.
P.rbgram.n';.odiﬂcation in which the instrqctional method is changed

(Cr_onbach tynz 5 individualization) consists of maihtaining the

197




-4 -
appropriate psychological conditions but modifying the dimensions of
the stimulus display which‘do not change these basic conditions.

1 whose

A given condition can be defined by a set of parameters
values2 can vary thus specifying specific instances of the condition.
A given stimulus display can be defined by two sets of paxmneters one
set are those which define the necessary psychological conditions for
the type of behavior being taught and the other set are those which are
content-specific, which define aspects ol the stimulus display that are
unique to the Subject matier or particular display but which ‘are not part
of the necessary psychologlcal conditions. Setiting values for each of the
pal Jmeters in these two sets defines a purticular stimulus display
Individualization by modification of instructional procedure

‘~ronbach type five) is accomplished by changing the parameter values
of those para_meters that define a given psychoiogical condition or by
changing the values and/or the parameters which define the content-
specific conditions of a particular display. This paper discusses a scheme
for systematically modifying parameter value to provide individualization
by wmodification of instructional procedure. |
Parameters for Classification Behavior: An Example

’ The application of the notion of parameter value modification
toa particular kind of behavior for a eoncrete example may heip
clarify the above. . | | .

Merri]l (1970) defined classification behavior as follows:

6\




. . when a student is able to correctly identify the class

membership of a previously unencountered object or

event or a previously unencountered representation of

some object or event,
The behavior specified is the student's ability to indicate class member-
ship. This cén be accomplished in a number of ways e. g. diétinguishing
a member from a nonmember, checking yes or no for a list of instances,
sorting Ainstances into piles representing different categeries, matching
category name with the instance. etc. Recognizing or reciting the
definition or 1is-t of attributes for the class is not the = nropriate
behavior, |

This definition suggests that a necessary condition to obsarve
an iﬁstance of classification behavior is that unencountered instances
and non instances of one or more concept classes must be presented
to the student for identification. This condition is defined by the

following parameters,

Parameter 1. Ratio of instances to non instances.

Some students may perform better when asked to pick out the
single instance fro.m- a set containing se\./eral‘ non instances while
another student might perform better if asked to pick out the non
insta.nce.from a set containing several instancés.

Farameter 2: Number of simultaneous classes.

Classiﬁcatign be_haviop can deal with a s_ihgle class having the

studei_lt indicate members and 211 ¢lse as non mernbers or it can deal
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with several classes at the same time having the student label
each instance as a member of A, B, C or none. Studeﬁts differ in
the number of Simulténeous clusses they can handle at one time.

Paraméter 3: Representation of referent.

Classification behavior is involved whether the student is asked
to categorize actual events/objects or representations of events/
objects. A scale from the referent (actual event/object) to simula-
ticn/model to picture (inotion/still) to verbal description can be used
to represent a'given referent. Some students may do bet_ter with more
literal x.'.epresentation while‘others respond best to abstract represéntation.

Parameter 4: Type of quesfion asked.

Identification can be accomplished by using several types of
questions (as indicated above). Some students probably respond better
to one type while others prefer another.

Parameter 5: Discrimination required.

Instances of a given' class can be very clear in that identification
of relevant attributes is relatively easy whiie other instances may be
rﬁuch mox;e difficult in that their attributes closely rusiemble members
of other cl_asses. Students differ in their obhility to make fine diserimins -
tions of this type.
~ The abové parameters do not necessarily represent a comprehensive
list but they do enable us to specify the characteristics of a given display

"' designed to assess classification behavior. Note that the conditions and

8.
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parameters specified do not deal with promoting acquisition of
classification‘ behavior But rather with cbservation of the behavior.
A similar set of conditions and parameters could be identified for
behavior acquisition.
For illustrative purposes assume the concept to be taught
is "Airfoil." The behavioral objective might be stated as follows:
2?resentea objects which are airfoils and those often confused

with airfoils the student will be able to correctly indicate examples

_ of airfoils. The statement of the objective has arbitrarily set the

value of parameter 2 '"the number of simultaneous classes' to a single
class, Possible values for the remaining parameters are illustrated
in Figure 1. In sample one a value is indicated for each parameter
and the resulting display for the student is shown. Sample two
illustrates the change in the question when two parameter valucs are
changed' |

Technical Modiﬂcatxon Model

. The proposed modificatiou scheme allows the parameter

values to be set differently for each individual in accordance with

his own aptitudes. It also allows the parameter values to change as

the individual's aptitudes (interests, acquired knowledge, etc.) change.

- Hence, the modlticitio_n scheme provides a dyna‘mic process for

1{lizing aptitude information.
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FIGURE 1
CONCEPT AIRFOIL POTENTIAL PARAMETER VALUES
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The system requires that parameter values all be scaled from
.0 to 1.0. Discrete variables fall into the same range with limens‘ between
\}alues determined by mapping the corresponding aptitude scale into
this restricted parameter scale. In other words, paiameter values
can be initialized in any way (e.g. randomly or at group means, etc.).

A parameter consisting of four categories might be mapped into
a scale where category A was 0 - .25; B was .26 - .50, etc.

Once the system begins to operate, parameter values for a given
individual are always changing. After every learner response, parameter
values are reset. The operators used to chang.e'parameter values are
given in Table 1. Operator A' will result in thé parameter value to be
increased. Operator B will decrease the parameter value. After
every response, one of the operators will be apélied.

The selection of the operator to be applied is made independently
for each parameter. The éelection is according to a "win-stay; los -
shift" strategy. Either operator may be applied after ihe first learner
i‘esponse. 'From then on, the selection of the operator is determined by

-the operator used - ~~viously and by the correctné_ss of the previous

~ response. After a correct response, the same operator is to be used
_ylgq‘wa;.‘s used on ﬂje previous ‘rial (win-stay). After an incorrect response,
. _the operator that was not used on the previous trial is to be used

" (lose-shift). ~

1%
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This model provides a method to maximize correct respond -
ing by the learner. It monitors performance, and its dynamic p.roperty
makes it always try to do better. A change in -para'meter values resulis |
in changes in the content. organization and sequencing of instructional
displays. This model changes parameter values so that the values tend to
oscillate around an "ideal valve'" for the individual where correct
responding is maximized. The band of oscillation is made narrower
by decreasing the value of O‘in the operau-irs_ as a function of number
of trials (as n gets larger, 0 gets smaller).

If‘ all of the parameter va_lues were to be modified simultaneously,
the changes‘ could all be_confounded and a few verv salient para neters
could mask inhibitory changes in other parameters. Thus, parameters
must be 'modified at least somewhat independently o[. one another.
| Modifying one at a time provides independence,‘ but optimization of instruc -
t‘ional presentation .'would be incredibly slow. Thus, a sarnpiing scheme
rnust be used -to allo\‘via subset of parameters to be manipulated
.simultanoously but to constantly change the members in the subset
h 80 lhat confounding of changes is eifectively eliminated,
|  The instructional paradigm for each kind of behavior (Merrill 1970)
has many parameters aSSociated w1th it, 'I'he sampling scheme then
calls for a few (say 3) ot these parameters to be sampled whenever
an objective requiring that paradigm is being taught 'Ihe values of

those three parameters are then modified in accordance with the

124
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above rules. If the learner response is correct, those modified
three values are returned to the system, and another thre‘e
parameters are selected for modification, If the learner response
is incorrect, the same three parameters are remodified »'m -accordance
‘ with the al)ore rules, Atall times.sampling is done with replacement
. and with a consideration of .the saliency (or relative lmportance) of
each parameter. An' estimate of the saliency value for each parameter
can be derived either logically or empirically
- The mstructional system reqmres that
1) All parameters must always have a value
2.) Agiven parameter can have dlf[erent values. as
it is associated with paradigms for different kinds
of behavior. |
é.) Some parameter specifications necessitate |
nesting (it is meaningless to set ‘voice volume
. it there is no oral component to the display) and
hence some parameters are ellmlnated from
consideratlon at certaln times.
The steps that the modiflcation scheme goes through are presented
tn ’I‘able 2 It is hoped that these steps llsted in the order of operation

| will help the reader to conceptuallze the somewhat complex, but

i l
. 8 L

lntuitive model presented here

. - = ¢z . 1 k) B
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Quantxtavely, this modxfxcatlon scheme is de51gned to:

1) Handle the potentially large number of parameters that it must.

2) Make ooservable changes:as opposed to mxmscule changes by

changing one parameter at a time. 3) Optimize instruction. The
operators function so as to maximize improvements while minimiz-

ing setbacks. 4) Attentuate the abruptness of changes'as the system and

the learner accommodate to each other. 5) Adapt to changes (learn-

ing or maturation) in the learner over time. This last property can

: beaugmented by systematlcally letting & become larger then reduce

again by resetting saliency‘values‘ over time.

'Needed Research

Before th.is modxflcation scheme can be incorporated into an
lnstructxonal system and unplemented for use, certam basic

questions must be pursued First, the relevant parameters must

s

be identmed and scaled ’I‘hls problem is not msurmountable because

only manageable parameters neet‘ to be used, Addltlonal parameters

can be added to the system as we dlscover them and learn how to

,u',r’I ) Il -y

work with them _
4 Experiment must be run to valldate the modihcathn scheme.

Computer generated dam could help demonstrate that this scheme
leads to optimlzation ot‘ performance However subjects must also
1 - ‘aii- ahins NIRRT I

be hught in such a system thferent students should end up with

dlfterent n values lt J ohn is glven Sally 8 p values he should
' {

1471
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perform less well than with his own. If John is given Sally’'s p values, the
the valuéﬂ should change to resemble John's original set after some
time on the system, ‘Thése infei‘ences suggest several experiments
which are to be carried out. |

Evaluatiﬁn of the entire cybernetic instructional system is
being considered. This evaluation will probably result in changes
being made in the system rgther then resulting in an over-all approval
or dlﬂ'mproval Qf the systefn. Such data collection is currently only
. in the planning stages. Some of it must be gathzred before any
comiments about the effectiveness of this modification scheme and
of this approach to designing instructional situations can properiy

be made.
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: : TABLE 1 _
OPERATORS FOR CHANGING PARAMETER VALUES

‘P = Value of a parameter of an instrictional paradigm-;'
Pi,n = Vai_ue of parameter "i" before learner response -

number ‘n". -
Operator:

A Pi,n+l= (1 -0) Pi,n+8
B - Pin+l=(1-8)Pin

e
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1)

2.)

3.)

"

5.)

- 6.)

7.)
8.)
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TABLE 2

OUTLINE OF OPERATION OF MODIFICATION SCHEME

The system provides a set of parameters whOSe values differ
among individuals, -

The instructional paradigm for each kind‘ of instructional
outcome has a subset of parameters assoeiated with it.

Take the subset for the paradigm associated with the
objective to be taught.

Estabiish which parameters are irrelevant to determining the
dispiay because of being nested below a parameter which

has a present value that makes them superfluous. |
Exclude the currently irrelevant parameters from the subset
and draw a set of n {(where "n" is small, say 3 - 5) parameters.
éelection eonsiders the relative saliency of each parameter
within the large subset.

Operate * on ea-ch parameter in the set of five.

Present the learning trial.

Look at response correctness.

| a.l ) i correct, return ti_ie five parametervalues and

_ select a new set‘of five.

*Since the set of "'n" is only returned after a correct response, the
operator will be selected so as to move the value in the same direction
as on the trial when that value was last manipulated
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TABLE 2 (continued)
b.) if incorrect, reoperate on each parameter
_(change direction) value in the sat of n and go
o next trial, ' ’
s L g1 ;.:[:,H.;-T o ety g . :

] f- val } : 3 K
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FOOTNOTES
| 1Pax'ameter is defined as a characteristic élement or constant factor
which helps define a particular psychological condition, While the

factor is constant, that is must be present, the value this factor asgsumes

may vary.

2Values do not refer, in this context, to phuqsbphy but to quantities,
'arho'unts, categories, or some other position on some type of metaic
scéie. 'Aparameter thus, may-assume sevéral values, meaning

it specifies some characterlshc which must be present but can

dif[er in kind or amount
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