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ABSTRACT

Systems of computer-assisted instruction (CAI) can be
classified according to whether the author, student, or teacher
controls the interaction between the student and the computer. Both
author-controlled and student-controlled CAI have the advantages of
individualized instruction, privacy for mistakes, and flexibility,
but are tremendously expensive. Student-controlled CAI further allows
a student to be much more active, but also makes supervision
difficult. A teacher-controlled system used as another teaching tool
before a whole class of students is much cheaper than the other types
of CAI, and adds to the computer program an intelligent subsysten,
the teacher, to filter input and modify the stream of presentation..
Teacher-controlled CAI gives up the advantages of individual
attention, privacy and flexibility, but the criterion of
cost-effectiveness makes it an attractive possibility in the hands of
a skillful teacher. (RH)
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* connotes automated prodrammed instruction (PI). This éiempli—

fies the author-controlled mode of CAI, in which PI, suitably
qeneraliied, is mediated by the computer. This mode is used

effectiiely for tutorial instruction.

In another mode of CAI, the interaction between student and
computer is under control of the student, perhabé vithin bounds
set by an author. This student-controlled or discovery mode is
most often seen in problem solving and in sinuiation, such as

the ersatz laborator?.

A third mode, teacher-controlled cAl, is assuming increasing
importance. Here the teacher intervemes in the student;computer
interaction, generally with an entire class watching one termin-
al. In the hands of a skillful teacher, this mode offers most
of the pedagogical advantages of the other two modes and costs

fir less.

Eab)
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I. INTRODUCTION

Many ways of using the computer in instruction have been
explored. Ipdeed,'fié expression computer-assisted instruction
(CAY) has acquired aliést as wany heaninds 'és. users. Rather
than atfelpt a precise'definition, I shall'nérely indicate that
I.'place a fairly broad constructioﬁ 'upon the exptession,
encoapassing by it most situations in which a computer sfsfen is
1nteractinq vith ohe or more students vho are attempting to
derive knowledge or understanding from the systém. I have found
it enlightening to ciassify the many reshlting forms of CAI by
the agent controlling the imteraction between student and

cdiputer.

At one extreme, that agent may be the author of instructional

materials being mediated by the Conputer.. At the bpposite

‘exfrene is the student himself, deciding vhich brograls (1nc1ud-

ing his own) are to be invoked, in what sequence, and with what
parameters. 1 middle ground is represented by‘ the student's
teacher as the agent of control. The boundaries separating
these three modes of CAI are, of course, not élﬁays sharp. The
essential differences which nevertheless diétinquish thea will

be illustrated by several exanmples.
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l II. AUTHOR CONTROL

Genesis

Author-controlled CAI is a direct descendant of programmed
instruction (PI). The branching form of PI, due to Crowder [1],
pérnité the individualization of subject matter. It is often
encountered in the form of a scrambled PI text. In fhis‘form, a
multiple-choice question is asked of the student, and his choice
of ansver dictates the next selection of paterial to be
presented to him. The linear form of PI traces its mechaniza-
tion to Pressey [2,3] and its defense to Skinner [4], who
emphasizes the importance to educational effectiveness of having
the student gggg;ggggh rather than gggggg” the response to a
question. To use a constructed response for branching requires
automatic ansver anaiysis. Not having this, Skinner prefers to
keép constructed responses and gives up branchihd and therefore
1ndividua11zation. The difficulty of anaiyéinq constructed

responses by computer is responsible for the lesser ilbact vhich

linear PI has had on CAI than has tranching PI.

The obvious branching capability of the computer has made it
a natural vehicle for the administration of'branching PI. This
(CAPI). In a computer, the branching can depend (in'theoty if

rarely in practice) not'only upon the choice of response, but
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upon the student's last several responses [S], the time he takes

to enter a
Moreover, the
and prepare
petfornance.
perlité one

reprinting an

improvement is therefore quite feasible.

Examples

The wost

which the coaputer system presents new materidlmto the student
in a sequence and at a pace tailored to his individuval needs.
The rultiple learning tracks available are selected hy student

résponses to interspersed diagnostic questions.

It may be arqued that the interaction in tutorial instruction

is under control of the student, because the'actions of the

response, his age, or a pseudorandom nunmber.
computer can record the interactions which occur
analyses of student performance and of queétion
The erasability of the coaputer's storage wmedia
to modify a set of instructional materials without

entire book or filastrip. Fréquent evolut ionary

glamorous fcrm of CRPI is tutorial instruction in

cbnputer are dictated solely by the student's 'responses. The

student does

the computer.

'each possible

not Kknow, however, what his responses signify to
It is the course author who has detersined for

student response what the corresponding computer

action will be. The interaction is truly under author control.

The guestions used to guide tutorial instruction may be

effective in the absence of <¢the tutorial -iterialo " If no
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instruction is contemplated, this is computer-administered test-

ing [6). With the tutorial material retainéd, this is often
called "drill and practice", a phrase which, as Dean points out,
does not adequately diétinguish the component parts [7]). If the
questions test the student's coamand of “facts, such as ¢the
sultiplication table, the computer is adninistering drill [8].
If the questions test the student's application of facts and
teéhniques, as in multiplying two-digit 'nulbers, then the

coiputer is administering practice [9]). If the gquestions are

' those on which a student has worked in advance, perhapé from a

textbook, the computer is administering ;ggiﬁgsggg, or probles

geview [10].

Byaluation

Aathor-controlled CAI has the following advantages.

1. It works; CAPI can be as effective as conventional classroom

instruction [11].

| 2. It permits individualized instruction (a concept which Baker

states itself needs further definition and étudy r12j).

f3. It affords privacy for making mistakes. This is particular-

ly isportant for adults.

4. It allows flexibility of scheduling, but does not demand

flexibility unless the number of students in a cliss e xceeds

(o) 6
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the nuaber of terminals available.

Many disadvantages, however, must be considered.

Form

It is expensive to deliver instruction this wvay. For
estiiates ranging from very optinistic to very pesslniétié,

 see [13-16].

It is very expensive to develop CAPI naterials [13-16).
Estimates of the order of 100 hours of proféssional vork per
hour of lesson are still commcn. Effective the instruction

may be, but it ié'rarelv cost-effective.

If constructed responses are permitted, response analysis is
difficult and determination of what action to take in return

is equally difficult.

If constructed responses are not permitted, the instruction
is severely constrained and teaching strategies are limited.

’Hany'CAPI materials are consequehtly nondtoﬁous.
STUDENT CONTROL

Student-controlled CAI gives the student a more active role

in'deternininq hov the conputer is to assist 1n'instruc£1ng'hin.

7 7
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Many forms of this mode of CAI can be envisaged.

A particularly exciting form is the automated library, which
thé‘student uses from his teraminal. The prdBlen of brouéing has
been nifiqated, although not solved, by" the develobnent of
hierarchical structures of information, such as Nelson's hyper-
texts [17). However, the many prcbleams of storing and retrier-
inb information, vhether in the form of documents or of facts,
n&ke this type of student-controlled CAI still more a wish than

a reality.

Mention of the use of a ccmputer to carry out a student's
conput&tion is perhaps obvious. It belongs in the catalog,
neiettheless,.because it is common and effective. An especially
‘attractive form of this use is as an augmented desk calculator.
The greatly enriched set of primitive ‘functions available
creates not merely a guantitative, but rather a gqualitative
difference betveen computer and conventional calculator.
Moreover, the availability of program packages, suéh as for
statistical analysis, further enhances the appiicability of the
computer.

Despite the foregoing, the notion of student-controlled CAI
most often suggests experinentation vith models. If the model
is built by an author, the experimentation is called gsimulation,
and the student is supposed to learn not by instruction but by'

discoverj. Models have been vritten for such subjects as
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mathemaiics, chermistry, and economics [18]). Often called ersatz

;ggggggggigg (a term apparently due to Adams [19,20)), these

nodeis can be used when the trué laboratory would be too'

expensive, too dangerous, or too tile-cdnsuiinq. Hbreover,'

silplifying assumptions (e.g., absence of friction) and random
variations (e.g., measurenent errors) can be 1nserted or with-

held to the degree desired.

If the model is built by the student, the experimentation is

. called problem solving. Teachers recognize that while teaching

tﬁey also' learn. A student, too, can 1éarn vhile teaching,

given a suitable pupil. Such a pupil 4is provided by the

comnputer. The need for an algorithl' forces the student to

develop a logically consistent nethod of probleh solution.

If models of the same phenomencn are prepared by both author

and student, the computer can éonpare.the models. By invoking'

the student's model with suitably chosen pa:aneters, the conput-'

ef system can perform diagnostic checking bvllobking for certain
classes of errors in the student's model [ 21]. Alternatively,
the student himself can compare the behavior of his model with
that of the computer [22). It is possible, of course, to 1lisit
the checking to simple comparison of outputs without diagnosis.
A varieti of the latter, common in arithmetic drill, is for the
student and computer each to pose problems tb the other, with

the student deciding for each successive problem which "partnet

9
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is to set the problem and vhich to solve it.

A highly developed form of student-controlled CAXI would be a
system to perﬁit a student to rediscover the relations within
our current conceptual system. Thompson has claimed that it is
nov vithin the state of the art to build suck a CAI systens
vithin a single highiv structured discipline, using techniques

developed for question-ansvering systeas [23].
EBvaluation

Student-controlled CAI shares the advantages previously cited
for author-controlled CAI. It vorks [2“,25];' instruction is
ihdividualized: interaction is private; scheduling is flexible.
Further advantages peculiar to the student-controlled mode are

the following.

1« The student can receive a meaningful and pertinent answver to

a response vhich vas not specifically aiticipatod by the

authdr.

2. The student's involvement in the interaction is active, not
passive. This is likely to increase his motivation to learn

[26].

3. Many types of materials, such as the ersatz laboratory,

cannot reasbnably be presented in author?coﬁttolled sode.

W "’
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The usual cost disadvantages are present for student-
controlled as for author-controlled CARI. There does exist
evidence, hovever, that the ¢rsatz laboratory can be less costly
than the real laboratory [27]). A major disadvantage of student-
controlled CAI is that supervision of the student becomes auch
more difficult. The author cannot keep the studeht fronm
sfraying. If a teacher is present, part of ¢the potential
privacy is lost, and it is not clear'to what extent the teacher
should attempt to gquide the student, nor even how best to guide
hii; #e have had good experience, hovevet, vith a written

laboratory instruction which the student could follow at his

opfion if no better ideas struck him.

A further characteristic of this wmode may be either an
advantage or a disadvantage. It is very often the student who

decides vhether his understanding was right or vrongd.

IVv. TPACHER CONTROL

Philosophy

weacher-controlled CAI represents an attespt to capture sose
of the advantagas of the other two modes, without their
disadvantages. The attempt rests on two cbnpienentary'strate-
gies. The first is to sake use of the teachér, vho, unlike the

author, is present and, unlike the student, has the relevant'

1




%

3 April 1972

knovledge, experience, and Judgment to manage the student's
interaction wvith the computer. The second is to treat the
computer systen as a tool, much the vay the teacher custosarily

tfeats chalkboard, textbook, and projector.

- e i =

One tactic for achieving teacher control is to insert the.
teacher into an author-student systes with reans for monitoring ‘

and overriding the interactions (24). This sechanism, comsonly |

used in lanquage laboratories, is not unlike the nwmodes already

' discussed, vwith added coaplications. it is potentia'ny pore

péﬁetful, but surely $t111 very costly.

A less expensive tactic is to place one coaputer termsinal in
the classroom, where it 1is operated by fhe teacher. The one
interaction is made visible to the several students by means of
oéaque 4projector, closed-circuit: televisiohh, or directly-
connected video monitors. This second tactic is wsuch simpler

than the foraer, and deserves further scrutiny.

Examples

Tvo topics vhich T have taught in this mode are the iterative

solution of systems of linear equations and the deshiqn of a

sérial binary adder. Although my personal interests have led me |

to select topics with considerable ssthematical content, such is

1R 12
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no more a prerequisite for teacher—controlled than for author-

or st udent-controlled CAl.

I introduce the first topic by displaying, using chalkboarad
or overhead projector, an arbitrary n by n system of equations
vritten first in the custosary manner, and then ina fora in
vhich the ith equation has been solwved for the ith unknown. I
then turn to a typewriter—based computer tersinal vhose output
is visible to the class over closed-circuit television. Pro-
qfals haie been stor ed for checking a convergence criterion, and
for solving a linear system by the Seidel wmethod (of successive
displacenents) and by the Jacobi method (of simultaneous dis-
placements). The latter two programs accept the initial approx-
imation as a parameter and print out every jth iterate, where j
can be reset at any ¥ime. By using thase programs, written in a
languaqge vhich need not be Ffasiliar ¢to t he students, it is
pdssible to explore the effect on convergence (which is truly
seen as a process) of the choices of method, of starting wvalue,
and of order of <¢he displacements. Although X start with a
preplanned sequence of such choices, I usually nodify them as I
gauge ay students' understanding and, indeed, in response to
their questions and suggestions. The interaction which I
super vise bet ween the computer and the students can thus contain
pedagogical elesents found in the tutorial, desk calculitor,
sisulation, and problea-solving foras of CAI. The 1lesson

continues vith a non—cbnputer explanation of lineaxr acceleration

43 "
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follo.ved by the use of a computer prograr based on the Seidel

nethod, wvith acceleration used to calculate every kth iterate.

The binary adder presentation builds up computer program
nodels of a half adder, a €full adder, and a serial adder. Block
ddagrams of these devices are also shovwn. ' Por this unit of
ihstruction it is necessary that the students be able to program
in the language used, because they are called upon to help

rewri te ah erroneous podel of the serial adder.

My colleaques and I have used a graphic di splay terainal
programred to illustrate numerical methods of solving nomlinear
equations and ordinary AQifferential equations. This has been
shoun to be clearly more effective than spending an equal aaount

of time in conventional classroon instruction [28].

Bvaluation

Teacher-controlled ClI, as here envisaged, foregoes three of
the advdntages of the other tvo modes. Most of the indi vidual
a.ttentioxi is lost, as wvell as privacy and flexibility of
schedulinq.‘ Conputer systes failure nov discommodes a whole
class at 'once rather than an individuvally scheduled st udent.
The teacher sust therefore have a backup plan. This may be
either an alternative presentation of the same material or a

ptésentafion of other material which is not enhanced by the

14 4
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computer. Of course a backup plan is an asset for <the other

modes of CAI also.

Teacher-controlled CAY vorks, however, and I feel that the

foregoing disadvantages, all minor save the loss of individuali-

zation, are outveighed by the folloving advantages.

7. PRelying on his perception of the understanding and needs of

his 'particular Students, the teacher can ef foctively filter

student inputs. In reply to a question, he can (ai transmit

it unchanged to the computer, (b) rephrase and then transait

it, (c) request the student to rephrase it, (d) reject it as
frivolous, (e) encour age the student to deterwmine the ansver

vithout the coaputer, etc.

2. The teacher can interleave, vwith vwhatever frequency he
judges best at the monent, prepared demonstrations and ad

hoc responses to student questions.

3. The analysis of constructed responses and questions posed by

the students is performed by a highly intelligent subsystem,

the human teacher,

4. The teacher can use materials prepared by an author for the
student-controlled mode and, wvith add itional effort, .
sateri als for the aut hor-controlled mode. He is 'ftee, of

courée, to modify such nmaterials or to prepare his own.

45 15
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5¢ Teacher-controlled CAI is puch cheapefr than the other tvo
modes. A large reduction in developieht costs ensues
because <the teacher can be expected to handle exceptional
situitions vhich must othervise be provided for in the
éonputer programe. Moreaver, all terninal costs and many
mconputer system costs are decreased, with 'respect to the
terninal-per-student sitaation, by a factor of n in teaching

" a class of p students.

V. CONCLUSION

Chronologically, at least, CAI is no longer an infant, and it
is time 'to pay nmore attention to cost-effectiveness and less to
effectiveness alone. Neither the use of a coiputer system nor
the developnent of computer programs and instructional materials

is freé o'f cost.

It may be argqued that only a particularly skillful teacher
can make effective use of such a complex and vétsatile tool =s
the ¢0lputer. The ineffective manner in wvhich some teachers use
the chalkboarad or textbook 1lend credence to this argument.
Neicrtheiess. Jjust as we attempt to teach prospective teachers
not to erase vhat they have just vritten, nor to read long
péésages verbatin from the textbook, .s0 can we attempt to teach
the' proper use of the coaputer as a tool. Anyfor- of teaching

is best in the hands of a skillful teacher.

16 | 16

N\l n N - . ma e



3 »pril 1972

Costs vill have to be reduced yet further for CAI %o be as
attractive in primary and secondary as in post—secondary educa-
tioh. ‘The extra tine required can be well utilized in exposing
fut'ure prisary and secondary teachers to the uses o0f the

conputer in education.

It should be stressed that each teacher who vishes to enhance
his teaching by use of a computer need not be conpelled to
dévelop his own materials. It is quite possible for authors to
prepare CAI naterials with teacher control in nmind. There exist
problems of standardization and distribution, to be sure, but

these are no more severe than for the other modes of CAI.

The author—-controlled, student—-controlled, and teacher-
controlled nodes each use the capabilities of the computer

systex in a different manner. Teacher-controlled CAl offers

e A A A A el A ol T e

most of the pedagogical advantages of the other two nmodes and
costs far less. It therefore merits not only further investiga-

tion but also more widespread implementation.

17 17 |
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