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_ABSTRACT . - : .
oo The various methods of adaptive instruction can |

- provide college faculty with options for tailoring educational

experiences according to the learning situation. In conveptional, L
lecture-type instruction, the pace and difficulty levei-i1s the sawe

"for all students, allowing for no individgajization: By encouraging

the students to take responsibility for certain falets of )
instrpction, flexibllity can be built into gourses, adapting to A
individuel pace, interests, and learning style. Three types of fully
adaptive systeas have become well-known, each with advantages.®In * °

each of the instructional systeams, the instructer arranges the

conditions for learning but, to some degree, leaves the major

decisions about vhen, where, and pacing, up to the student.
‘Pregrammed .Instruction (PI) was developed by B. f. Skinner in the

1950s. It is characterized by learning frames, teacher-developed

units of instruction that use positive reinforcement and immediate

feedback. P. S. Kellet, a follower of Skinner, developed the \ »
Personalized System of Instrfiction- (PSI),. vhich has the following .
components: (1), self pacing: (2) unit perfection; (3) former students’

as proctors; (4) eaphasis on written materials; (5) ) “\ .
criterion-referenced testing and grading; and (6) retesting for. | '
alhiéeving mastery. Although student procrastination is a problea in

PSI, studies comparing this method vith conventionai classes

overvhelaingly favored PSI. The third adaptive instruction pmodel is

computer assisted instruction, a system that desands kmowledge of .
equipsent (hardware) and*programs and methods (software). Defending

on the prbgtgl,‘coqpnters are interactive.and flexible, have infinite .
‘patience, and'can be prescriptive--an excellent method for arilling

and practice. 1ll three methods can be _successfuily ‘inccrporated into

an existing mode of instruction. (FG) ] : - .
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, cho1ce of how and to what extent to pursue individualization is yours ‘ o

" others will probably not work near]y as well. It is-hoped that this B |

g . - PREFACE .

' ' . § . ‘ . ' *
The purpose of this manual is to acquaint college teachers with
some of the methods and cu;;ent trends in individualized instruction.

The authors acknowledge that there is no one correct way to individual-

ize instruction. What is-possib1e and desirable to achieve in oneW

situation can be tota11x ineffective and undesirable in another. ..
Recognfzing this, the present goal will be to h2lp you to choose what ‘

is most desirab)e for your course, rather than to present any particular

methods as "best." ~Presentat§on.will,dhowever, include commentary on

.
what the authors .have perceived to be strengths and weaknesses of the

> A B
. . L L]

different methods. Otherwise, we wéuld fail to capitalize on the ¥,
4

L)

, . , . . . R i
insighés that actua] experiences have provided. But, in the end, the
alone. Research indicates that methods selected‘by and imposed by

manua] will provide a uséful yesource for makfng an'inforned and ulti-'" " o
mately satisfying decisfon in that regard. - ;“ ' —
The authors wish to thank DF. Yvonne Ra}ston Cafroll of Memphis .
State Un1vers1ty and Dean B.J. Nay]br of Freed- Hardeman Co]lege who, as
project supervisors, provided encouragement for th1s proJect Hopefu]]y,

Sfaculty and students from both institutions w111 benef1t from the per-

spect1ves on adaoxive 1earn1ng it prov1des g ey g N R y

. * o
. . . V- \ . »
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CHAPTER I
J What is Adaptive Instruction
o -Q ) . R > o
l , ' and How Much of it do‘l Want? . ’ ‘
There is no need to toss about fancy,.technical terms in discussing - ‘ <::

the concept of adaptive instruction. It is what it appears to be--a way -

“of individualizing learning. Specifica]]y, adaptive meaps tailoring or

) se]ecting or rg?%r1b1ng educational experiences in accord with the unique

characten;tacs of the 1ear$1elrf It means asking and answering sucr:)ques-‘
tions as:‘ what motivates or interests the learners? What are their
aptitudes? What 1earning“procedure§ or method§ will they'react most
positively to? What mode Or/sty1e‘6f 1éarning do they use the best?
Perhaps you ate shaking your\heéd as you read these quéstioﬁs;,
muttering that sych is mich more e;sily said than done. If so, no need to
apo]bgize because you are absolutely .right! Many a dissertation and re-
search project has been devoted to‘"qiscovéring"'the 1gg31 ways to teaqh

students who have been classified as possessing ‘certain trayts or needs.
- . )

Most have found those ideal methods to be elusive, and #f 'deﬁtifiedf so

impractical that an} teacher Qou]d quickly look foy”other employment rather
than attempt to use them. .
NevertHeless, to many insgructors (the authors included), the idea.of

adaptive fnstruction--whethér or not it can be fully achieved:lcomprises a
N g % -

‘most attractive and healthy phil&sophy of educationg It reminds us of the

uniqueness of, individuafs, and keeps us searching in the midst of existing x//
fai]ure‘and/?iustration for methods that can work with each student. Interest
in adapt1ve instruction has also led.to the development of a]tarnat1Ve teach-
ing mode]s that are being used evenyday, with success, in virtual?y all-,

- -/
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. jnsgruciiona] éontg}ts. In- thaspages to follow, we will present. thede
approaqées-fo#'yéd to ggnsider; - First, however, lét us s::iﬁhe stage by
describing some common (and not so common) classroom orientations on a
continuum from most to 1east.adapt1ve. Three general categories‘will be
noted: (1) convehtional, (2) the mixed model, and (é) the full'adaptive
mode] Which one do you pkesently use7 F{nd out py considering the

/

f0110w1ng descriptions.

Model 1: The Conventional .
7 Nonadaptive instruction is clearly the most commonly used orientation at
‘colleges and universitieﬁ IEE pervasiveness says 1ess about the individual

/p 1nstructors and how they feel about students than it does about tradition and
the difficulty of fostering change It is exemﬁﬁ?fied by the h1gh1y familiar
lecture-type format, in which instructors present 1essons to audiences o‘

n studentr. The 1ecturq approach has a great many advantages icizing it

is not our purpose here. But, despite the: positive qualities it might¢ave;
it comprises a nohadégtive model. Why? Here are some considerations

reference to a protojypic lecture course. /‘

1. The pace of the lecture is the'game ?oF all students. Those with
good understamrding of the material might become bored; those with
poor understand1ng might find the presentation too fast.

2. The difficu]ty,]eve] (e.g., the vocabulary used, sophistication of

, exampTes, etc.) also is the same for all students.
> P .

3. Courée completion-rate is the same for all students, Fast learners,
for example, must throttle back and praceed at a pace-below their
optimal-learning rate, while for slower students "the harder they
wo¥k the more behind they get."

4. Unless the class is very small; personal contact with the instructor _
is infrequent. Further, in-class and out-of-class projects and assign-
ments are generated for the class as a whole, not out of concern for
the individual learners. . . . '




5. When norm-references testing (grading on a curve) is used, the
standard for grading becomes the clags performance rather than
some set criterion attainable by all. A student may study hard
and get most of the questions right, but end up at the Tow end
of the curve with a low grade just because everyone else

} happened to do a little bit better.

In summary, the most popular method of college tgaching} the conventional

lecjure class, is essentially nonadaptive. Instruétion, testing, remédiﬁtion,
. R o ) (34
and grading are selected for the class as a whole rather than for individuals.

-/
.

Model 2: Mixed Model RN

Many courses which follow traditienal lecture formats nevertheless inE]udé
adaptive features. The features provide individuals with options that are not

available in Model 1. "However, important matters such as presentation and

sequencing of content, test and course completion times; 3}c. remain the same

~

for.all students.

Picture a course that uses a lecture model and holds regular class ses-

sions .at stipulated times during-the week. Some adaptive features that miéht

be 47fered include:’

.

1. the availability of special learning packages--programs that
students who m1ss a lecture or need remediation can study on «
their own time.  (Such packages may also include media re-
sources, such as films, slides, tapes, etc.). .

2. the avai]abi1ity of audio (or audio-visual) tapes of 1ectures for
use by students who miss a class, need extra pract1ce etc.

3. scheduling of help-sessions at which students canh receive

assistance.with the1r lessons-.
7

4. use of contracting in which students can select what
activities they are willing to perform (e.q.,*whether or
not to do a term paper) and thus What grade they can ‘earn
in “the' course. 2

5. outside projetts,or papers~which allow students to select
topics according- to their own interests. '

6. use of d1fferent testing options (e.g., exempting an A studerft
from the firal, permitting retests) which allow some flexibility
according to individual needs. ' I -’

. - I
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7. assignment of a self-instructional module to be completed out-
ide of class with evaluation to take place whenever individuals
ndicate readiness. Computer-assisted instruction (CAI) seems an

ideal resource for this type of learning experience.

“In summary, Just because you may ?E/;estricted to or prefer a,conv3n-

tional lecture situatioh does not mean that all students need to be treated

the identical way. Through inco}peration of some or all the above prgceddres,
sufstantial adaptation--even for large classes in formal settings--is pogsible.
A1l that we are"dojng. is bu{ldiﬁg flexibility into our courses to offer sen-
*sitivity to individual differences (e.g:, in pacing, interests, learning

style, etc.). A potential pnoducF is incﬁghsed student satisfact{on and maybe
better learning. Let's turn now to t;e case in which,the instructor puts the
lecture podium'in storage, for a while and p]aceé the'%tudenﬁ almost completely
in charge of his/her own progress and activities. ‘ - \
" Model 3: The Full Adaptive" ‘ ) ‘ 4

Use of the term full adaptive can be fully mis]éaQing if taken to mean

tﬁat every student.has every (or most every) personal need attended to.
Rather, ‘it is intended to describe models in whichiinstruétors arrange* the
conditioﬁs necessary for iegrning, but leave the major decisions about
activities (e.gf, whén, where, and how fast learning occurs) up to the student,
Since the most‘c0mmon1y used. program of this type, Personalized System of
Instruction, will ge discussed in detail in é sybsequent chapter, the descrip- '
tion here will be brief.

Picture a course in, say, co]]ege‘a]gebra that is being taught to a class
of 40 students. Under the nonadaptive mode (1ecture—discussionj, studehts'
1 obtain information in class and ;ake tests, everybody at the same time. Undér ,
the full adaptive model, presentations equi;jlﬁnt to class lectures might in>™

stead bé'made available in written manuals, dudio-tapes, or computerized

- ¢
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lgéﬁons:; Instead df attending class, saudents are held responsible fdr
1earniﬁg ihe material on their own, and then taking a competency test‘when
tﬁey're finished. The faster the student works, the faster the course is T
completed. Gradin& can be handled in different ways, bdt a common prpcedhre

is to base final course grades on the number of units on wh1ch compq;ency“

is attained. But what does the instructor do to earn his keep7 Actua]ly,

a whole Tot! Materials need to be arranged and continua}ly updated. Test:ng
becomes more frequent.and much more demanding in the way.of scordng and pre-
paration. B8ut, also, teaching abilities can come directly into play in the

form of tutoring, conducting help sessions, and giving occasional lectures.
! , ,

More will be said about specific procedures. later. Listed below are brief

summaries of the most popular contemporary systems that meet our criteria of

full adaptive: !

.

1. Personalized System of Instruction (PSI): Students learn material
on their own, typically from written manuals. Record-keeping and.- &
supervision, are gontrolled by the instructor and course assistants.
PSI is-currently very popular at colleges and universities as an
alternative to lecture-discussion.

*

2. Comouter-Managed Instruction (CMI): could take esseritially the same
form as PSI, but record-keeping functions and some decision-making
are relegated te the cohputer. We can p1c%ﬂre a situation in which
a student completes a test and submits it to an optical scanner £or
computer scoring. ' The score is immediately obtained and kept on
record as part of the student's file. But, the computer is also

*programmed to-analyze the score and generate an appropriate prescrip- ~
tion. For examp]e the student may be ‘told, "Your score i 80%, ’
but you are weak in fractions. It is recommended that yod review
Manual #3 before progressing to the next unit." CMI is us4f mgstly
in the military and very little in Hﬂgher educat1ou It may be
something te look for in’ the future.

3. Computer-Assisted Instructjon (CAI): Use of the comghter is’ extended
from management and prescription 6nly to actual teaching (delivery of
materd® ). That is, instead of reading a manual; the student receives
instruction at the computer terminal. Sope large secale CAI systems; .
namely, PLATO. and TICCIT, are being used at some colleges and univer-
sities. Presently, the vast majority of instructors have had little

.contact with CAT. But, new developments invofvitg availability of
> .

O
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" microcomputers and better learning packages are bringing about
rapid changés (some,§ay a revolution). CAI may not be something .
. you choose for your course, but as far as education in general is
concerned, it is definitely here to stay. More abowt this later...

[}
*

“In summary, the full adaptive models make it possible to cpmp]éte a

‘-,-course without dependency on the .instructor as the main source of informa-

v+ tion. Students can learn on Ehejr own, when and (sometimes) where they

f > like,‘and?qjéa sp?ed that is comfortable. .This contrésts with what we've
. 'describea as a mixed model which involves instructor-centered teaching with
* some adaptive omponents'(é.g.,,contracting, projects, etc.); and with the

-]

are essentially treated the same.
\

.~ nonadaptive--the conventional college teaching methods, ;;\dgich all students .

Which model is for you? Is it the one that you're using now? Remember,

the theme of this manual is‘adagtatiOn--which, when applied here, reminds us
that no single teaching model is best for all instructdrs,undér all circum-
- ances. The authors, for example, ‘use different mixed model orientations in

several coursés,‘and a full adaptive approach in another. It is hoped that

" this section has prompted you to think about the methods that you're using,
and to consii;r possible options. In the followigg chapters,nwe wi11uexamine//’\\\

more specifié adaptive methods and their strengths and weaknesses. At worsi,

you will become more informed about the "state of the art" in this area; at

best, you'll not only be informed, but will discover useful information that. - ;

can be implemented in your .courses.

. .

We’1l start first with a "pioneering” method -that is still quite popular--

"

i programmed instruction. The method thgt is currently the'mostfpopular'in' . B |

higher education will then be considered next--Personalized System of Instruc-
+

£t9n. Last to be considered is the s]esping giant, whose potgntfhl far;é;;eeds

2 . , * |
that of any other system--Computer Assisted Instruction (CAI). - T

s

. .
- ! -
- ., .
. . '
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o : CHAPTER 11

>

Programmed Instruction: A Pioneéring Method

' Programmed Instruction (PI) was devgloped by B. F. Skimner in the mid

‘ ;11950'5.' It was a'higﬁly creative and promising idea, which comprised a

direct derivative of SKkinner's scientific wbrk on learning. So that you caﬁ'
. gpﬁreciaté,thé thinking invo]ved; we'll quickly. run through the inf]uéqtia]
learning principles and.their Pl Forre]ates. .
1. People learn at different rates. Given this idea, it is only
natural to propose a system where "slower" learners can work

at (what else?) a slower pace, and faster learners at a faster
. pace. )

2. Reinforcement is g powerful determinent of Tearning. We all know
that people are more likely to do those things that are rewarded.

" This principle suggests the importance of creating conditions
where reinforcement will be frequent. How might this be done? '
Ask relatively easy questions at first, then build up slowly to
harder, more advanced concepts. Each correct response is rein-
forcing.  With each reinforcement, new learning occurs,. and the
cycle continues. :

"~ 3. Llearning is promoted by activity. The suggestion here is to get

the student involved as actively. as possible in the learning pro- *
cess. Reading a response is less effective than constructing

(i.e., actually giving) one. Therefore, create conditions in

which students will continually be giving overt response. Ben
Franklin best summed it up by saying: "I see and I forget; I

hear and I remember; I do and I understand!"

4. Immediate feedback is helpful for learning. What good does it do
_i1f students gié¢ a response but must wait a week to find out whether
‘they're’ gight 6r wrong? People prefer to kno® the results of their .
.actions as immediately as possible. Immediate feedback &erves two
purposes:{a).if your response is correct, you are reinforced and

* -are more’ 1ikely to remember the answer, and (b) even if your guess

" ~is incorrett, you_ ve knowing the correct response. This seems to
be a major reasenibelind the success of TViquiz shows and electronic
" games-=the feedback is immediate and serves to reinforce additional’
behaviors. So by“giving knowledge of results or "feedback" imme-
diately after a response is given, we're intervening at a time when
“ the responsefis fresh in the student's mind, there's interest in .-
the task, and bag habits have ‘not yet been formed.
%

« ° . , -
- -
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5. Develop new skills gradually through small steps. Skinner's term
for such modiftcation is “shaping.” The essential idea is tHat you
can't take a person from State X (confusion) to State Y (expertise)

L Co all at once. Many of us fail at projects because we attempt too .
much at first (“Tomorrow I will save' the world") then, when we fail
at our unrealistic goals we become* frustrated and give up. Instead,
we should take smaller stéps and thus “allow for mere successfal-
experiences. When teaching students, we should begin with material

.+ that offers afiigh probability of success, reinforce it, repgat it,

- and then introduce something a bit more advanced. The shaping-we
do should maximize the thrill.of victory and minimize the agony of
defeat Y . B

Components of Pl -

.,

The above’ ideas culminated in the development of the learning frame--the

'bactbone of PI. Learning frames present small units of information at a'time.
« *Blank spaCeS/are interpersed in the frames; with the expectancy that students
CYwill ~r1te in the answers ( acttvehrespondinghf as they proceed.. As answers
are given, the student repositions a-cover sheet to expose the correct ans-
wers (J%mnediate feedback"). Tﬁe questions areé geared to elicit co}rectzans-
wers ("positive reinforcement") by taking int‘o account what the student should g
knpw at'that time: Subséquent learning frames will repeat some of the orﬁginaf
.' iaformation @nd use it as the basis for indroducing new concepts. Progre;;ion
to neQ skills is systematic and slow ("shaping"). Students progress through
‘the frames at whatever_pate,ihey consider comfortab]e (“se]ffpacingﬁ). An
excerpt from a programmed lesson that the first author wrote {to teach metpods of
PI of all things!) can'be seen in Figure 1. Notice how it'inéorporates the
above-features;/,Try'to,form an opinion as to how tﬁis orientation would work
for your studenta. ‘ - - ' ‘
The program shown in Figure 17is a linear one because all-students encouncer
the framés in an identical sequence., A more cohp]icated type of programming
involves branching programs. The procedure, in brief, is to direct students

to different frames depending’upon the'nature of thejr responses. For example,

after answering a mu1t1p]e eho1ce quest1on f0110w1ng Frame 1, the student is

’
v ’/ .
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_ | 'Overview arfd Directions: - . T : %& -

- ., The purpose of this exercise is io have ydu learn about programmed.1nstruc-
' sdon by actially experiencing it. The procedure will:simply involve reading

* | thréugh the program that*follows and making response§¥£to yourself or on paper)
v/ whenevqr 2 blank appears. S1nce it is strongly requested that you not write on
this form, you should £ake out a piece of notebook paper so that it “will be
ava11ab1e for recording responses.or tak1ng notes (no lecture on programmed v
fhstruction will be given). o . ’

ote,that the program is divided ihto two sect1on ext\on the 1eft and. i oo
apSwers on the right. It is suggested that as you -rea e-taxt,-you cover the !

nswers with.your notebobk paper. When a question is. asked, see if you can answer
it yourself. Then move the answer ‘sheet down to determine whether your answer
matches the one given. ] - » . . s
<. Here wé go:  this promises to be unbelievable fun and educational too!!!.
1. Remember operant conditioning theory? It was developed- ] R
) by B.F. Skinner. Skinner is well known for his develop- Vo :
N | ,ment-of *_ . ggeory i .~ operant conditioning

[

-

2. Operant conditioning theory supported a number of as- : ‘ ;;,/~> .
- sumptions about’ mak1ng learning effective. Ohe was . Y '

© that pun1shment is less effective than positive rein-
- forcement. Therefore, a good instructional strategy . \

- ' ,would be one which creates many - opporﬂhn1taes for ’ ,
) . positive reinforcement

3. ‘Another operant tonditioning idea was that learning
should be active or overt. A good strategy, then, is
. one that solicits act1ve or . riﬁP°”d‘”9 fwom ‘ overt
' studehts. . ' :

4

4. Aside from increasing opportunities for rg1nforcement .-
and ‘making learning active, a good.-strategy should .
_present information in a 1og1ca1 order. Instruction
should be ‘carefully . _ . , sequenced - .
5. Given theSe assumptions, the idea of "programmed o .
Anstruction" was suggested to B.F.. -+ . - Skinner - Eﬂr .
~\2; and developed by him in 1954. Contrary to.popular ‘ "

belief, Skinnér did not Mevelop the first teachmg . . .
Jmachine. That was done by Sidney Pressey .

- ~ * >

o

Programmed instruction 1ncor53rated the idea of .
creating many opportunities for : positive reinforcement-:
That is done by making quest1ons easy'and repet1tive " . :

‘as we.are doing here. ~

. * -

I
-

Figure 1: Sampfe‘PrOgram
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told to advance tq Frame 2 if he answered A, but to bmanch to Frame 241
(remedial) if he a swered B, and so on for other alternat1ves Enough :
about d14'§rent programs. Take another Toof at the f1gure and skim through

e program. What is your op1n1on about the desirability of this approach

for your‘teaching?- See if your feelings are cons€stent’with the following

Strengths ’ T
ﬁere‘s a listing'of percoived strengths based onl the authors' interpre-

tat1on of the 11terature and personal experiences-as PI users.

‘1. Plis a good way to acconmodate individual d1fferences in
learning rate.

« 2. It seems excellent for teaching difficult, technical material -
(e.g., as tn physics, math, etc.) due to the slow and systematic

presentation of material.

3. It seems excellent as a ev1ce for remed1at1on For example,
a teacher might prescribe ‘programmed 1éssons to students having
* difficulty with particular units. This contrasts with the~com-
mon situation in which no remediation is ava11ab1e other than
rereading one's notes or.the texibook.

 §

Weaknesses ° T
. k -
1. Programmed 1essons dre difficult-and time-consuming to write.

2. Some students, espec1a11y high- ach1evers find the lessons.

boring due to the considerdble redundancy and slow prograss1on. ’
-

3{’1”"& PI format seems t jze learning ofd::eﬁhs, names, and
- facts rather than meam It may promotey’short-term, rote
learning rather t2an 1ong;term conceptua] earning.” Students
may get the idea that if they-can fill in, the correct answers,
they "know" the material. (Ipformation® not tested in the pro-
gram may be considered unimpo t and ignored.) PI,
generaly seems best suited for xaching. specific know]edge rather
than developing higher order skills 1nvo1v1ng comprehension and’

analysis.

4. PI is an instructional resource (much like a textbook) not a man-
agement plan for individualizing your course. If you use it, what
you've gssentially accomplished is to allow students,to complete
- certain lessons at their own pace (under the special 'P1 fornat)

" .Questions regarding how to introduce those 1essons and 1ntegrate
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L them effectively w1th other colirse procedures {e.g., testing,
grading, 1eftures) are left to the instructor to resolve.
Status ) .
R o ! _— . $ e
’ * Following Skinner's introduction of PI, considerable ifiterest was generated
S among educatofs. But its actual 1mpact turned out-to be substant1a11y greater
< , <
in the military than in higher education. A tang1b1e outcome during PI's ° L

" heydaycﬁn the 1960;s was‘the availabiljty of. many col]ege textbooks written in S

@

progranned form Most 1nstructors, however, were content to continue using
conventional boohs. Today, programmed textbooks still ex1st but their inci-.
) denc(\'iﬂs much less. * P¥ is a great idea theory-vv_‘lse,/but it s1mp1y did not \
- catct on to nearly the extent exbectéd In the military, however, it's a
different story. Students typically enter w1th Tower apt1tudes than their
college counterparts.- Thus, the slow, systemat1c format of Pl seems we]]
suited to their needs, part1cu1ar1y for learning techn1ca1 1nformat1on.
Research on,Pf does not.leave us_with any firm 3mpressions of its effec-
tiveness. Where companjsons have been made between 1earning from PI lessons
and’1ectures, some favor one, some the other and many neither ".hb same R .
goes for student att1tudes--noth1ng conclusive. It seems likely that a good .
" Pt lesson can be very helpful but much depends on‘theigbjectives to be met,
" student eharacteristics, and so on.. The deeision of whether and nﬁen\to,
‘use PI must.remain a subjective one. If you like it, and.are willing to
spend sufficient time developing materials arid/or procedures, it wjll—propa- .
] bly serve you well. - Y ) ‘ ~

Recommendations - w - ‘ .
. "t »

" In closing, some recommendétions'wi]] be offered-based on the authors'

) ‘gpinions. - o ‘ “ -
1. If you do not feel comfortable with PI1, do not feel an obligation

- to use it.

LAY
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+ that as* the focus.

Use PI primarily

imari ﬁ:zzfgzzg::;ent to other resources, not as the
primary mode of i uction. . ,

If you enJoy such activ1t1es;)develo younxown PT lessons,

rather than using.existingZones. Pick an area of your course
that is presenting the most difficuity for students, and use
Try-it out, evaluate student reactfons, and
then revise and try again, %

If you have no ‘inclination to write your own PI's, see if you can
find existing lessons’ 6F'textbooks covering topics ‘that you teach.
Try them out with students &nd note reactions .

Are you,‘ever searchlhg desperate]y for special (extra credit)
projects for students™ If you like PI, students might have fun
writing programs as projects. They not only learn from the

- experience,.but ypu-emd up with 2 potentially useful product.

EaY
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PSI:f A Managément System in Individualized Inst uctio# ,/,..(
In th1s chapter, we Will consider an approach deve1ope a few yegrs ’ -

-

aftér programmed 1nstruct1on. The deyeloper was F. S. Ke]ler, a follower of

4

Sk1nner who had Some 1nterest1ng ideas for 1nd1v1dualiz1ng 1earn1ng Ke]ler s

interest was wtth higher educat1on, and so his orientation was des1gned with ' .
! R ‘ PR ' ' ™

the college student in mind. »Uike Skinner, he was influenced by operant con-
ditioning (reinforcemeht) theory‘ But where Skinner tried to translate theory \\\\

\\\\1nto very, detailed 1nstruct1ona1 procedures (i.e., the different components

S~

- of "learntng. frames"), Ke]]er was concerned with a more genera] type of

app}icatisﬁ?—' " ' B -

What was Keller's rationale? Experimencs in operant learning theory

.

plain]y/show that animals (and humans too!) will make responses to obtain

"ewards. In fact, many of them will work very fast if they perceive rewards

’ 3 to be directly contingent on those responses. App1y1ng this to teach1ng, we

mist concede that lecture-type clasgeg_offerwj)ly 1imi ted opportun1ties for

individual initiative to.operate. Students wofk pretty much according to

the schedule that the instructor sets. Also, so much might seem to depend og~l //

- . -

"chance" factors -as far as one's'grade is concerned (whether the test was -

hard, the distribution generous, the instruction adequate, etc.), that ‘1ittle

1

~ .
incentive exists-for dqQing anything different from one's classmates. Simce
. ( s , »

" colleqe students have reached a mature‘]eve] (re]at1ve to most other type Qf
students) why not put‘thed‘in‘charge of their own act1ons7 Estab11sh the
contingencies for success, make the necessary resou?ces ava11ab1e,'and set
‘them loose to determine their own fate. Such is the thinking which influenced

Keller's model. If it is not clear at this point, it should become so as you'
v . .

- * . ’




a‘consider the dif?érent components of the method known as the Keller Plan,

v R 14
.
N K 4 .
. - L

‘Personalized Systehfof iﬁstiuétion, or most sfhpiy PSI. .

~

.ComgonentS'qf PSI . ’ J T ;;

’

1. -

2.

3.

4 P iy

Bo-At-Your-Own-Pace: This is the centra} core of PSI. Bt is what
1t says: the opportunity. to complete a-tourse as fast or as slow
as you like (w1th1n realistic 11m1ts of course) Ly
Unit Perfection Rule: What determipes how fast students pregress
through a course? The answer is how fast they complete, (master or
perfect) the component instructional units. "berfection® is not
<hg taken- 11tera11y, but rather will depend upon what individual
instructors decide to be a satisfactory performance. That subjec-
tive feeling should be translated into hn objective criterion,.
though, 'to systematize evaluatjon. Commonly, levels such-as 80% or
90% correct on a unit test are selected as cut¥ffs. There is no
hard and fast rule.. How difficult is your subject? What afé your
" personal standards? What levgi of proficiency seems; prerequisite

! for progression to subsequent uni®s? These are the type of ques- . .

tions that should influence the decision as to whether 80,™30, 09
seven 100%" (real” perfect1on) is the best choice. : *

Use bf Proctdrs: For some 1nstructors, it m1ght seem like some .

" kind of pedagogical n1ghtmare to have 20 or 30 students- proceedmng

through their course at all different rates. The first two PSI
components, necessitate that frequent test1ng and immediate scoring
must be provided. Why? Because any delay in these functions
essentially-places ‘students on "hold." They can't move forward
'until they have been cregdted for the present unit. Delays destroy
the spirit of PSI and g€t students into the it of not doing
their work. The compdnent being presently considared "use of
proctors,"” is a practical solution to the prquém”\ Iteinvolves
“employing" former students as assistants “to help with testing
and instruction. Former students benefit by continuing their
contact with the subject matter, and by gaining some applied
teach1ng experience in the.process. ' The¢benefit for the instruc-
tor is obvious--much needed assistange in running the course.
Even préggnt enroiTees benefit by having the chance to work with
someone ih the peer group, who may be able to do a bdtter job at
explaining things than the instructory(who.is more knowledgeable
but farther removed from the learner's experiences). How does
one entice these former students into their apprenticeship? The
authors have found that just being asked is tremendous reinforce-
ment for some, and they are willing to help out just for the
experience.. A fairer, more business-like way is to offer the
.assistant “special projects" course credits that are usually
available in'most departments. That way, students get formally
recognized for, assisting in the course through cred1t on their
transcripts s

»

Stress~on the Written Word: This fourth componentoconcerns the
.mode ot instruction. While i§ might he‘comfortable to adopt
PSI while- continuing with .a usua] lecture/discussion format, such

15 /
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is not possible. Lecture is povrly suited 'to a "go-at-your-own-p ce"

" system. No matter what you Jecture on (unless it!s the very firs

unit), you're going to have.people who have already. completed that

material, and others who aren‘t ready for it 'yet. Could there be

an occasion where ‘everybody can benefit from a lecture? Of course...

there might be a Special topic that can best be presented to an

entire group. But lecture-is'not the main vehicle that drives PSI.

Written matdials, such as a combimation,of textbook readings, in-

structor-developed outlines and manua]s,‘and commercially produced

programmed erials might be ideal. The obvious advantage is-that

written matérial can be carried around and studied at-one's conven-

jence”. Itecan be reread over*and over if more repetition is needed.

Such-qualities are clearly. consistent with the PSI procedures and

objectives. g - -
\ v

d can other resources besides written material be used? VYes!

The more the merrier, as tong as they are helpful to students.

For example, resourcés for a particular unit might include a text-

book assignment, a filmstrip, an audio-tape, and/or computer

assisted instruetional tasks (discussed in the next chapter).

Bet, the written presentation will probabty be the main choice in 4

the majority of instances. : )

-~

Criterion Referenced Testing and 6rading: Criterion-referez;EE

o

* testing usea in PSI, places the student's evaluation on the_ b 1s

of wnether certain prespecified standards (e.g., 80%}) are reached.
In cdntrast, norm-referenced testiﬁg bases the evaluation on a com-
parison to others. The latter takes control away from the student
since students can “master" all competencies, but still fall short
of some of their classmates. The result might be a grade of C for
what is actually a pretty geod performdnce. Grading, as well as
testing, is criterion-referenced under PSI. One procedure is to
base grades solely on the number of anits puccessfully completed
{e.g., 8 units=A). A second procedure makes the determination ac-
cording to total test points earned (e.g., 640 points=A)., A third
requires students to complete all units, and bases final grades on
the ‘average unit scores (e.g., X of 90=A). The,choice is yours,
but note again how these procedures place the responsibility for .
grades more firmly “under student control. .

LY

Retesting: The mastery learniog approach stresses the importance

of makind retesting available for students who have failed to reach
criterion.* Thus, several parallel forms of each unit test need to

be constructed. When cburse grades depend on number of units com-
plgted, retesting is generally permitted without penalty. When course
grades depend on number of points or average grade, some penalty

is usually invoked to discourage retesting as simply a means of
increasing one's score. For example, where test grades are assigned,
a grade of B may be established as the maximum for the first retest,
and a grade of C as the maximum for any subsequent retests.

! ' y
-
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Perceived Strengths of PSI

As was done for programmed instruction, we wi1l now-examine the strengths
and weaknesses of PSI from the authons' points of view. The first author's

- experience dates back to.1974 when he was confronted with-what seemed to be

an impossible teaching mission. That was to dévelop an undergraduate statis--

tics course for education majors‘td be taken as an elective!! What student -
— ; .

' " in their right mind would opt for that sort of "treatment" when attractive,
DN 4
easier efectives like Driver's Education were available? The answer was"very,

very few."  Two semesters qf adve}tising and conducting a lecture-type class 4

>

produced limited student response and 1itt1etpnomise that results would change-
»  sufficiently to save the course. With the shtp destineéd-to s;nk anyway, there

was nothing to lose by experimenting with this new method called PSI. Conéi- ’
derations were that (1) even an unpopular subject like stat1st1cs m:ght appear - L

attract1ve with take -home, self-study lessons, and (2) much of the threat normaily “
N\

assoc1ated with statistics cowrses might be removed; students could progress '

»

at their own pace; receive one-to-one tutoring; retest to their heart's content;
and so on} Advertisements were distributed using attempts at Madison Avenue

///// style allurements {e.g., "NOTICE: THE FIRST DAY OF CLASS WILL BE TﬂE LAQI-DAY .
OF CLASS: READ ON!").. o=

. ' ’
The strategy worked. Over the past six years, enrol}ment has increased
P ‘ ‘ ‘ M -~
to the present Tevel of a]most 100 "students a year. About half of the enroll- _ -

t

ment stems from Qnelgourse hav1ng beén made a requ1rement for certain programs. \
- . but the other.half of the enro]lees, mostly from educat1on, take the course

as an-elective. Stay1ng,w1th a conventional forng;wnu]d not have produced
N . . ! M — -2

- the same results. o ) . . .

.An instructor's experience with PSI will involve a tradé-off between pre- “

'j}ferred tépects of its methods-and of those formerly used. In,the‘authof?s

/

- i
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_casé, overall. preference for PST (for that course) has resulted for the
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* , f61lowing reasors: . .-

1. PSI is ideally suited for students whose situations make it dif- e
, ficult to attend regular classes {e.g.., those employed fulltime 4
t - or living far from campus). ‘ o
» r . N . ] N
2, It removes a great deal of the threat associated with courses like
statistics through its components of se]f-pac1ng, retesting, tutor-
fng, étc. - ;
73, The self-pacing component a]]ows high- a&h1eyers to complete the
» course early, an attractive option for them, while freeing the ]
. instructor t& devote more time-to lTow-achievérs. _—
.4. It 6rovides‘opportuhities for strictors to work ‘with students on
an individual basis and thus gxperience closer contact with the .
. “matertal and learning proce
’ oo )
5. It often provides a wel relief fromJthe convention of 1ecturing.
6. The use of course proctors is an excellent vehicle for furthering
learning experiences of former,students . e . 3
7. As will e réported in more detail a 1ittle later, research on PSI : .
. has produced very supportive results regarding its effects on . -
+ Tlearning and attitudes. . . . s
With all these advantagesg, why wou]dh' t everyone rush to convert the1r
courses to PSI? Well, there' always the other side of the cq1n--negat1ve
features, which-we'll consider next. ) > - ' )
. ; . . , N
Disadvantages ’ ] . - . o
) Y .
1.~ Student procrastination is a problem. It appears that some students
stmply lack the skills for self-management, and would Qe better off |
i in a situation where the 1nstructor makes most of the decisions for -
them. . . . .
2. Preparing written instructional material require§ considerable - /
{ ‘ fnitial work 4<:e1s an ongo1ng (and ongo1ng .} Purden. ,
3. Papervork invol¥ed in testlng/orad1ng is much more extensive than °*
; in a 1ecture class. ' . ~
4.% One loses the control .and ego- fu1f111ment that being "center stage -
in a 1ecture class can bring. N ’ .
5. The emphasis on mastery scores (the old 80% cr1terion) may result in
G Students working just to reach that level and not putting forth their ’
best effort. If such does appear to happen, incentives can be . )
. built-in for exceeding the mastery level (see grading alfernatives :
: discussed previously, p.15). ‘ o .
N . . .
Q ' ' ’

“ “
4 .

¢ ) .
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+'6. PSI appears.best suited for highly objective content such as in
math, chemistry, engineering, etc., The author, for example, is
quite satisfied with using it for/teaching statistics, but would
be reluctant to do the same imhis educational psychology course
in which a great deal of emphasis is on experiential learning
and class discyssion. - -

e .
g ] N
Reactions to PSI will differ from instructor to instructor. The above

experiences, nongFﬁeles;, re]a}e‘whqt should be f;ir1y c&nnnn percqf%ibns.
PST is not-"betéer" than 1gcture-di§cussio}, it simply supports different
types .of actiyitieS'and outcomesr With regard to outcomes, how has PSI fared
when compared fﬁ ot?er methods? Has it actually been compared? The answers;

fn'brief, are "well and yes." 1ire details follow below.

4

Status .
. PSI has been tﬁgjsubject.of numerous investigations. Fortunately, two
recent reviewddof the literature, one by Robin in 1976 &nd the other by Kulik,

Kulik, and Cohen in 1979, make the task of copso]idating findings consider-

Ay

ably easier. Here are the major results: .

1. When PS] and conventjonal classes have been compared on course
achievement, findings have overwhelmiggly favored PSI. Specifi- . a
cally, the PSI class mean achievement %as higher than the control
class mean in 30°out of 49 cases reviewed by Robin and 57 out of
6l-reviewed by Kulik et al.-

2. Both reviews report egually imﬁressivé advantages for PSI on
student ratings of instruction.

. ' /
3. The reviews reveal increases in the number of A and B grades
- awarded under PSI, an expected product of criterion-referenced
grading. ] .

> 4. On two outcome variables, however, there is disagreement. Those in
question are study time and course withdrawal. Robin's review in-
“dicated that PS{ students spend more study time and have @ higher
- course withdrawal rate than do students in lecture classes.” Kulik
et al.'s review indicates no difference between methods on either
variable. For whatever it's worth, the first author's experiences
.. with withdrawal rates are more suggestive of the "no difference" >
’ conclusion. Withdrawal from his PSI course #s about 10%, close to
: the rate for his lecture gourse.. .

-
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Such results look very favorable indeed. But some of our'hOre cautious
readers might qugstion who did these studie§ and is it rea]ly possible for
one 1nstruct1ona1 metﬂod to be crowned s uger1o to. another? \We“shire such\
reservat1ons, feeling once again that the relative benefits of PSI versus
1ecture depend on your goals for the course--and numerous other var1ab1es

But what about the research findings? Tear]z they are encourag1ng for PSI.

But, we must avo1d forming def1n1te conc]us1ons for t e following reasons

F1rst. it is traditional for journals to favor the pub 'cat1on of studies that

show d1fferences between treatménts over ones that do not. It is possible,

{

then,  that lecture, and PSI outcomes are much more similar than different. -
' e .
(That is, studies showiné %imi]iarﬁt{es just don't appear in journdls as

often!) Second, we need to cons1der the refearchers themselves and'the fact
that many were persona]‘y 1nv01ved either as instructors or designers, wi th \

the very PSI courses evaluated in their studies. Were the lecture courses,

) L

used for comparison, conducted.with'the same enthusiasm and. involvement?
Maybe not. Third, it is possible that PSI owes its success to several iso-
lated properties fike frequeﬁt testing and specifying objectives, rather than
to any intrinsic supefiority over lecture. The literature thus présents a

.

posi tive but perhaps somewhat exaggerated view of PSI's effect1veness But,
’

even with the.most cautious interpretation of f1nd1ngs, PSI still emerges as

o

an attfactive teaching option worthyFOf your coqsiderationf

Recommendations

i. Introduce PSI gradua]]y rather than all at once. Fo¢ example, select
a content area in which student self- pa61ng seems espec1a]1y useful.
Develop/select mater1a]s and assign that area as a PSI lesson that
can be completed at one s own rate and eva]uated according to mastery
criteria. -

’ 2 If you like the resu]ts of the above ‘restricted try-out, gradually’
turn-more lessons into PSI ones. ' Eventually, the entire course can
be run as PSI, if desired. - a .
L 4 ..
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3. To get 'started with your first PSI lesson, do the following:

a. Break the lesson down Anto speciific instructional objecthes.
Example: "Student will be ab1e_to compd¢e the mean of data”

b. For each instructional objective, construct or obtain instruc-
tional material that'wiT\_teach the apqropriate content.

c. Construct posttestswhose content covers all objectives.
Parallel tests (maybe three or four) will be needed for each unit

to permit retesting. i .

< )
d. Replace lectute classes for the unit with "laboratory* sessions
that students can attend to take tests or receive help. Remember,

PSI doesn't involve abandoning students. The availability of help ses-
ns is angessential tomponent. In the beginning, you will have to
handlé all wdrk on your own. Over time, you can exploré possibilities
for employing course tutors. Regardless of .the set-up in your school,
there should be some way of fc"a]]y involving former studen:§‘in those

functions. ; : ‘

1

. 'e, Develop a detaijled outline that specifies the way the system
works, the recommended resources and pacing rates, and all the rules.
. The author's course oytline is 6 single-spaced pages: the outline that
- Keller presents as a gample in one of his articles is evén longer. In
lecture classes, you Have the benefit of being able to continually
o remind students of procedures; in PSI, you don't. Clear, detailed
directives are essentjal® K

f, Try the unit out, revise, and try again, Successful PSI materials .
are not created overnight--they take time. - :

s 3

»

4. As a final note, we should deal briefly with the most frequently
. » voiced PSI problem--student procrastination. *If it is not a pro-
Y blem for your students, no need to change a thingi(but congider
yourself fortynate). If it is a problem f.' a significant number
of students“you may want to reconsider the "total freedom” idea
as a desirable pacing rule. Perhaps some restrictions are “needed
n ' to get the procrastinators on track. Some suggestions are:

«

a. Impose deaqfines for the first few unit®. .This gets everybody
in the habit of working on the material from the beginntng. It reminds .-
' them that they are ;aging your course! It also -prevants anyone from
: * . getting so far behind that a good course grégp/fs not possible.

b. Allow only so many units to be.completed during the last few
weeks of the term. Some students try to complete an entire course
Just before the term.ends. They may pas® your tests, but it's hard
to believe they have learned the information nearly as well as some-

.one who has ,taken more time to assimilate each unit.

c. Offer theWption of (or require) having a pacing scheQule con-
structed in advance of. each test through copsultation betweef the
student and the instructor. Some students are perceptive enough to
admit that they do better when they're committed to a deadline, and
request such schedules on their own. Why not make them available

at the front end? .

ERIC ' 24
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d. Offer lnce}ve’s'(extra oredit, exemptio'om final exam)
for. faster completion rates. e
5. Ke]]er suggests that there should'be no deadline for course completion.
Opportunity to receive credit and any grade exists as long as students
are w1111ng to take "incomplete gradegy" and pay enrollment fees acros
semesters.” The idea is' that a competency is a competency regard]ess
of when it's’ completed--so don't feel the necess1ty of restr1ct1ng
course completion to one semester only. That is Keller's opinion, ,
and there is certainly merit to his rationale. The present authors,
' however, prefer to restrs‘ t course completion to one semester. The
. rat1ona1e is that: ‘

a. Certain concepts are prerequ1s1te to others and will be forgotten
if course completion time is extended across semesters. The student -
will cont1nua11y have to relearn ‘already completed units--and thus gets,
caught in the treadmill of’gett1ng farther behind each- time he attempts
something new.

\ .
b. At some universities, the bookkeeping involving incomp]ete,gr%des
is awkward and” time-consuming. Having large numbers of students contin-
’ uing courses across semesters can be an administrative niggtmhre; re-
qu1r1ng written Just1f1cat1ons mid-year grade runners, an

c. The people who get incomplete gradei tend to h# the procrast1na- ,
tors we talked about earlier. Allowing them the optidn.of “completing a
course whenever they desire provides optimal conditions for procrastina-
* ,tion, and thus may only accentuate their prob]em Care,

In summary, PSI has a solid rationale and excellent marks fron eva]uations..

¢ It may or.may not fit your plans, but should, nonetheless, be semething. to

keep in mind as a possible method for your course.

SO on. -




. CHAPTER IV’

.o CAl: Promise.for the ‘Future Ce .
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_The last method to be considered is hardTy least in terms of its peten- .

\

~

tial. It's ca]]ed computer~ass1sted 1nstruct1on or most s1mp1y, CAI." The
‘3 idea of using the computer for’ teach1mg is not new The major problem has
* _ been the absence of hardware (computer equ1pment) and software (1nstructiona1
programs) to make CAI access1b1e and funct10na1 But the s1tuation is rdpidly ..
chang1ng Now, for $1000 or 1ess, fam11ies can purChase their own computers }
‘(these un1ts are called m1crocomputers) for use at home. For conS1derab1y
Tess money (around $25Aor s0) they can purchase "programs" rang1ng from com-"
puter“Games to educational packages. What this means is tha® cost-wise, CAI
has now Uecome a reasenable option.in h1gher educat1on Reécognizing that at”
th1s poxnt few 1nstructors have uséd CAI for teach1ng, this chapter W111 try .

‘ Al
- to acqualnt you with the basic compon”and possibitities,

~or L

’

.Components_of CAI. " . . : ' »

oo

The basic set-up of a CAI system first 1nvo]ves hav1ng a computer (no

- ' surpr1ses here') One a]ternat1ve is a 1arge time- shar1ng system.as is found
: i {

at universities.and many col]eges--1n other words, what facu]ty refer to as‘“\—w

.-

./

.the "main computer.” If your school has one, you're off to a good start. If
ﬁt doesn t, the expedse 1nvo]ved is sufficient to prevent them from acqu1r1ng
one Just for your CAI 1nterests. _Another option is m1crocomputers. These.are.

*small, se]f-suff1c1ent units that can be purchased~for very reasonable cost.

A th1rd Opt1on is to use someone else's. ma1n computer through a sharing systém—

.

.such as EDUNET. What happens is that your 1nst1tut1on pays a fee which entit]es

them te access computers at supp11er" schools Presently:\members can ‘use

computer serv1ces at supp11ers such as Stanford Uu1Vé?s1ty of M1nnesota,

. 8 - .
. -.’ ” »
. . N RN
- . R
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Camegie Tech. and many others, just by d'iah'ng9 the phone and "connecting" \ j
ghos‘omputers with term1 nals, 1n their classroms. ’ ' -

o Given that a _computer is avaﬂAB]e, what else is needed?* Think of a

( v £
- computer as on]y a brain. It can ana]yze information and ‘make it avaﬂable,

’ but by itself, lacks a comnumcat1on system. In other words, you need some
way of commumcat?ng what is in the computer (brain) to those interacting '
with it (people). The mechanism typically used is a moni tor\yhich looks like
or may l‘actuaHy be an ordinary TV set. .I—f you're E‘si/ng a main compu\ter,'the
monitor will be "hooked-in" by phone (usingja modem unit). The same is true
). under a computer sharinp. system like EDUNET. For a microcomputer, the monitor .
may be.wired to the computer ‘or actually be part of the same unit. In any
case, if you're urfamildar with computer usage, pictore,someone sitting in ' .

-

£
front of a TV screen reading information from it. If-thke screen sends infor- P
. . Y

mation from the computer, how 30 you send information ta it, i.e., tell it
) «l

- ‘ what to do‘5 Another 1mportarit piece of hardware which may be separate from

or attached to ‘the momtor ﬁthe keyboard--just picture a convent1ona1

typeWn ter. g N ~._ .
So, regardless of what type of computegﬁ're using, the basic set-up is’
- ° 7 . .
. as foltows: We're sitting at a terminal typing informatiom as input to the

computer, and receiving information as output on the monitor. How ‘do we know
v ‘ - 7z i
what to type in, and how does the computer knoﬂww to respond_? .That leads
“to issue of software. ) ) .
g R - - I}
Software constitutes -the programs or rout1nes that are stored m the
compyter. - The programs tell the computer How, and with what 1nformat1on, 9
) , to resporid. -The computer yames advert1sed o‘n TV for p]aymg chess and k ,

? shoqting down space 1nvaders are examples gfhey are: sets of 1ns/tructlons that

\\
tell the computer what to do. Users of CAI do- not have to be able to write®




' , g 2%
pfograms. «All ihey need to know is how to run them--which is analogous to.
o . ! .
-working one's stereo system, tapé recorder, and similar everyday type¢ of

! v

‘eguipnent;

» " * A

* So now we have our image of peoplé fnteracting with the computer via the .

keyboard, monjtor, and program {the software). What other types of equipment

€

‘might be. found? Here's a brief summary. o ‘ -
4

1. Line printer: This device, which Tooks Tike an overgrown typewri ter,
© Pprovides a printed copy of inforsggtion that would otherwise appear
* "on-the monitor. It can be used independently or together with the
monitor. . The advantage of a printed copy is obvious--since what i
disappears from the monitor ‘®ach time a new display is presented ., ‘-
] may not be retrievable immediately’ The disadvantage is that print- -
- . ing is much slower and paper is being consumed for displays that
lv you may have no interest in viewing.

N ~2. ‘Touch sensitiyity. Some units are touch-sensitive so that just
T S touching the monitor sends information to the computer. This is ,
extremely valuable in CAI since a child can point to (touch) a ° ‘
response on the monitor rather than typing words.

3. Audio capabilities. There are devices that permit computers to make
) sounds, play music, annunciate words. Think about the advantages
for teaching subjec}s like music, foreign language, and reading.
‘There are many. .

4. Word processing. Ward processing units are expressly designed to ~
facilitate writing, editing, and the production of copy. Text can
be composed, edited, proofread, and produced at the computer te\c;>

minal in a fraction of the time it takes using typewritérs and
- conventional methods. This is not CAI, but nonetheless an attraciive
B Jabor saying device for instructors involved in writing and pg?]ication.
5. Grgphics. Computers can display and facilitate creation of very
- . compiex graphics: im* an arvay of colors. Such is extremely valuable
o ] for simulations. For example, in auto mechanics, an operational |
- " zengine with pistons pumping and gasoline flowing can be depicted
_ ----on the monitor. Students can interact with the engine, and learn
~~ . - - about.it, githout the muss and fuss. and expense of making real
. : engines available. ‘ . :
. R . - . 7
¢ Now that we've given yoeu an idea, and a very general one at that, of computer .
o » . = y ' _

- input/output cagabilities, let's examine the.components of a CAI learning

1 s

system-thaf‘differentiafes it from, say, PSI.:
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jdentica1 set of material available to all students.

S -

'[§£ CAI is intera!tive-in the-sense that. the computer can ask a
P
quest1on and then follow up- wnth informat1on geared to the student's
response. PSI, when us1ng pr1nted materwal, is stat1c Evéryone gets

N

the same information in the same order T

§gcgng_ CAI 75 generat1ve in the sense that 1t can produce 11mft1ess
numbers of exercises in certain subJects True, in a subject like h1story,
the computer can output only what_is put in. But-for math, it can generate"
random numbers and 1nsert them in a standard problem format QX/Y = W), so
that each solution is different. The student can -ask for as many probiems
as he/she wants.- The computer has 1nf1n1te patience and stamina. For other
subjects, the teacher (or programmer) mustJenter in the specific questions,
but the number stored can be increased over time. The result may be 100
different questPons..on the Civil War. Students can "dril]-and-practice“ on
as many of those 100 as they‘like--an efficient and neat way of adapting the
quantity of instruct?on to learner needs. P§}, of course, makes the

Third, CAI is flexible in that it can offer instruction in several dif-

flrent modes, according to student preference.- Say, students are 1earning

»a‘b vvelom ty in physics The computer may allow them to switch bet::een_
d1agrams text formu]as and samp]e quest1ons 111u5£:he principles.

In a convent1ona1 situation, teachers can a]ternate these modes, but never in

I

a manner that suits every0ne s 1earn1ng style at the right time. ,
"Fourth, CAI can be prescriptive. Programs can be wr1tten that keep track

of student progress, and make recommendations--based on past and recent

o
1

A

performances—-or how and what to study.

F1fth CAI 'offers aumerous pos§1b111t1es for adaptat n. Noted abo~e‘ard '

those concerning mode Ktype) of 1earn1ng, gac1ng, and quantity of 1nstruction.
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Other"possihle forms of adaptation include amount of control.over learning

(having student choose what is presented as opposed to, having the tgycher or

‘A;;E;SOEPUter make the decision), testing (cﬁdllenging.items for%advanced

4 ¢ ' . 3 ] 3 3 [ . *
tudents; easier items for beginners), variations of incentives (h{gher in-

centives for more difficult materials to focus attention on their learning),

-

and selection of theme (e.qg., baéeba11 vs. marketing as a context fok 1®arning
34 \ Y N , -

'Y

, As can be readily gathered from the above,‘CAi,presents many~exc$€ing*»

math concepts). °

»
s

pessibilities for individualizing instruction. Excitement, yes, but what
. \ . ~
about vesults? Is CAI a good way -to”teach? Again, the answer must depénd .

on what you want to accomplish. Here's a summary of our perceptipns of - .
CAl's strong and weak aspects. o , “

PO

Strengths . ; .

1. It is difficult to think of a better vehicle for dni]i-and-practice. .

' Students can sit at the terminal and receive all the practice they
‘need without having to depend on the physical présence of their
teacher. ‘

N

2. CAI is very effective for simulations, e.g., the gasoline engine
. discussed earlier. What can't be demonstrated in cla$s can ‘
probaply be simulated via CAI. Examples the authors have seen are v
the workings of a nuclear reactor, conditioning a rat in a Skinner
Box, breeding of, fruit flies to illustrate genetic principles, _
illustration of trajectories in physics, refraction of light by a. b
prism, and many others. ) '

. 3. CAl is an exce11enf management! and record-keeping device for courses..

4. CAI offers an attractive alternative mode as a chahgé from accus-
tomed learning procedures (lecture or something else).

5. CAI fits very well into a framawork like PSI, Once a PSI system
.is developed, CAI can be readily incorporated as an instructional
resource supporting selected learning objectives.

6. CAI optimally supports student differences.in learning rate. If
Sppropriate CAl programs are available, it is easy to have students
orking on different lessons according to their present needs.
For example, the especially bright student in a statistics class
can be studying an advanced unit on analysis of variance, while
other students are working on more basic units.

30
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7. Students enjoy interacting with the computer.

. Disadvantacea

is still expensive relative ta conventional teach1ng
One computer te ninal can hold only one student at'a time. Thus,
CAI--if made an ral part of-a3. course--1nvo]ves_a,re]at1ve1y oo
large initial expenditu

Presently, C

. 1.

2. Equipment. faiTures ("computer downtime") are irritating and, if
frequent, can create real problems with your schedule. When the N
university computer is "down" (at whatever time it goes), so is
instruction in your course. -With microcomputers,”each unit is

- independent, so if one breaks, the.show still.goes on. (Although
teacners ‘have been known to break down, they do so. with dess ;
frequency and more advance warning than computers. ) ) ’ o

.3. While computer§ can do wonderful things with graphical d1sb1ays
and sounds, some students find them inefficient qumwkward to use
for reading text. A textbook contains a completé set of material -
in a relatively small, manageable package. Each page can contain
a substantial amount of print--agd you can hold the book at any
B distance to make the page easiest to.read. In contrast, the com-
puter terminal presents a relatively small display. "Paging through™

-« different sections and making out what is written is less cenvenient

- than in a book. If a line printer is the only output device, the
situation is even worse. One must sit there and read at the pace’
that a typewriter actually prints the material. It's s]ow and * -
fru§trating--and not an optimal use of CAI. In summary, when there

. is a lot of reading, CAI'seems less suitable than programmed
manuals and convent10na1 textbooks

X

4. CAI refeﬁs only to.a system. The quality of what is taught through
CAl depends upon the quality of the lesson {"software") presented to
studepnts. Unfor;unate]y, the hardware - aspects of CAI have advanced-
much more rapidly than the softward aspects. An instructor who wants

¢ < - a lesson on’, say, isotopes in chem1stry may not find one available
that meets his needs. On the bright side, interest in instructional .
programming-is rapidly growing. More of the book companies and micro- .

.computer companies are developing programs, and making them avajlable
commercially. Different communication networks'are now being formed
(newsletters) through which new programs are publicized. HNonétheless,
it still remains far more difficult to Obtain CAI erial than is ~
the case for othef types of learning resources.

-

What are the options for CAI material? Here is a brief run-down:
.~ (a) Purchase alrveady existing materials. Disadvantages are the ex-
' pense and.what you need may not be availabTe. (b) Have programs X\\ge”
written for you by skilled programmers at your school. A disadvanta :

" is that such individuals, assuming they exist, may not have the time ‘
needed to develop quality programs., Also, if you are égexperienced‘in .4

_ programming and/or the programmer inexperienced in tea ing,.zhere may: =~ . .
- ] ) . AN 2
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be wide communication gaps resulting in poor quality work. (c) Write
. your own programs. This is a,most enjoyable endeavor if you are so
oriented. Many people are ndf; as the time investment in learning
programming and in the actual writing is great. (d) Write your own
lessons with the help of an "authoring" program. Most microcomputer
computer companies make authoring programs available for relatively
limited expense ($100-150). These are programs that walk you through
the'writing of a lesson--without -your needing te know anything about . .
programming. The main disadvantage, however, is that such programs
are pretty much restricted to "drill-and-practice" routines; they do
not provide much actual teaching. But, they do previde a start.

~In light of the above- and in summary; the absence of available
software that does what you want it to do is a present weakness of
CAI. The situation, though, is clearly getting better and better.
5. Different CAI systems (such as microcomputers) made by different
companies are not compatible. Thus, you can have a whole set of
programs, made for one system, that become untsable with a change
. in computers. ' > '
Status
CAI is currently the subject of much investigation. Results from new
evaluations are continually being reported. But, as is the case for so many
pther instructional innovations, getting a perspective on the findings is a

pféb]em. One study, for example, may report significant achievement gains
" - Al

- from CAI, but poor student attitudes . ‘qust when you've restructured your

thinking to accommodate that finding, you réad the opposite conclusions from

1

another study.(poor achievement, but positive attituqes!). So much depends on

who did the study, with which students, for what subject, in what context, and

so on and on. Perhaps the most fmportant thing is that the evidence to date

4

o~
is generally supportive of CAI ag a zZaching option (ske Kulik, Kulik, and

Cohen'§ review in the Review of Educational Research, 19851 Vol. 50). This

is not to say that it's better than lecture; such a statement i€ too simplistic.

and an over-generalization of the findings. . But, when carefully planned and .

. implemented in coqrsés, it has produced goqd achievement results and positive

-

reactions by"students.and teachers alike. With better software, and more

experience by educators, the outlook for further improvements must be viewed
1

with optimism. | . . ]

. :;22 P
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Suggestions

A common mistake by instructors is regard CAI as an Q]] Oor none pro-
‘ > .
- position. Once you decide to adopt it, it becomes the only way to present

ot

material for your course. Not true! While, some cou1§es are run exclusively .
by CAI (e.g., courég;?ai the University of I11inois using the PLATO system),

it makes far more sense to regard'CAI as a resource-rather than an wall-
. : ’ ’ - . “
encompassing, "take-over" instructional mode. No one, for example, wou]d

. expect you to teach your who]e c0urse by f11m just because you showed a film
for teaching one unit. In our opinien, CAI should be thought about in the
same way. Is there a place in your course where CAI (given its strengths

-and weaknesses)‘might be advantageous? If s0, the next question to ask is how
CA} might be,used, e.g.; by itself or as a supplement to existing resources
for that lesson. If you're already using a PSI-type structure, CAL can be o

readily incorporated as either main or supplementary instruction. If you're

-
using a conventional orientation, CAI can become valuable as a means of
teaching/reviewing gé]gcted matérig]s outside of class. If app(opridte

hardware and software are available (a big if, we agree,’for some readers),

adoption of CAl should be a very logical and stfaightfonwénd.précedyre. Here'

are some suggestions for getting started:

1. InvestJQate‘ihe CAI facilities available at your inst1tut1on ’

2. Examine {ask for a demonstration of) any avajlagqe programs in )
your teach1ng area. If no satisfactory ones exist, the quest1on - N
becomes, "tan new ones be purchased or written?” If your - r‘\\‘\
institution answers no to these questions, then it is 1ike1y that N x
your career as a CAI user will,not blossom at this time (hopefully, /

«this will be temporafy). You can, of coprse, investigate pur-
chasing programs yourseTf,you may find the benefit worth the
personal expense. ) .

3. [If satisfactory programs are available, then introduce them in your
* course. Some work will be required, ‘invo1v1ng arrangements for:
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a. suff1c1ent c0mputer time and classroomespace to be available, -

b. fam111ari21ng students w1th operat1ng the computer,

c. bui]ding-in the necessary f]exibi]ity'for equipment failure,, and

<

d,_1ntegrating the CAI 1essons and outcomes’ w1th xeur reqgular
class proéédures

“If mtcrocomputers are avai]ab1é at your institutiop, it would be worth

your while to spend a few days (maybe as a professional development
activity) learning about their operation. Most brands come with self-
1nstruct1ona1 manuals that walk you through the procedures in a clear
and straightforward manner. The resylt will be a familiarity with
their capab111t1es, and (for some) a shedding of any anxieties ex-
perienced in viewing computers as conp11cated.and mysterious. entities.
Perhaps, as what occurred for the authors, the“result will even be a
fascination-with them and the discovery that, programming languages
capable of producing redl teaching lessons gre actually quite simple
to master. When you reach that stage, thg/fun can really being.

But at the very least, becoming familiar with what the computer can
do is'all you need to become a CAI user. Now is the best time to -
initiate that experitnce. Those who don't are going to find them-
selves more and more isolated from the growing number of people
involved. The néxt generation of students witl be ones whogrew up
exposed to comgiter games ahd.CAI in their homes. Teachers unfamijiar
with CAI and unwi]]ing to take advantage ofs{t in their courses are
goinq to find it more difficult to catch up to and ga1n crédibility

with their students ) . «
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\ \ . We hopé that this manual has provided a helpful. introduction to

. Closing Thoughts .

'
.

adaét}ve %nstructibn in h%gher edﬁtatjoh. If readers.previously Gnfamiliar
with différéqt adaptative methods are riow at least thinkfng about.what they °
N Offer,‘and may;e gf‘u1;jmately using them, we have définife]y acéomplished <z -
our,ﬁuﬁpose.-’For those not'reLdy to go the full PSI route or make thé
comm%tméni io CAI, perhaps the benefit will be recogn1t1on that 1solated f
. adaptive. qagponents, suchlﬁs contracts, cr1ter1on-referenced test1ng, or a .
prognammed lessonm or two, can be read11y incorpgrated within a c0nvent1ona1
format and add a potent1a11y he1pfu1 new dimension to your teaching methods.
—Tﬁose already using adaptive models are encouﬁaged to compare the1r percept1ons
of strengths and weaknesses (of PSI for example) against ours. No two

7

courses-~and thus no two sets of exper1ences--w111 be a11ke even if ;pe_
overall orientations used arq the same. But, everyone benef1t§ when we'
consider the possible opiions (alternative methods) and try to identify those
that work best for us and our students. That, as we have tried to convey in'.‘

this manual, is what the concept of instructional adaptatibn is all about.

~




