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The present i ntL re st  in tca~ r~~~: nack ~~nes ana 1r ~ u~~L 0j  inst ru c t~ cx~

is specifically attricutat~.e tc the wr i t~~~j~ of i-~~cfess~ r I~. i .  3~ inner

in 1955 and 1958. 1 Other worh cn i ru~ t ional Tech 1:oi~~-v v~ s a iuu  bein:~
reported at that time , such as thc ~ .ti b~~ icns foo~i ~.~ Litary  ar~i c~~iier

sources2 
and Pressey 1 s “ tes t ir~~” a 1 L ~~ hn~i r1cv i :~~cI ~i a~~ cn~ ei. However,

it- is Skinner~s work WiiL~~h has cnp tur ~~. t1c~ C€ eral imag~na~ n, in~i his  —

transition froi : laboratory s t u n i cs  oc p rnc t~~cai cj p i ic nt i o n  ~nat has en-

couraged a systc~.~nt . :~~ L -u O i S  f~. r furtn-cr ececs:~rv research and ve lo rnenu .

The language and techn~ lo( y ~f  ~~ i iner ’ s lar~ ra Icry that  ~ r~ v 1ded t lio

work for the fi rs t  pi’ ran~ ed materials.
Initial devei~~cent.s rin~ into bo~ r~~ wita  the ~r iars  and inef ’c~~eri .ies

of f i rst inver.ti ..c , as, for exaaj~].e, th~ r~~hn Brothe~~s
T airI~ ua .

these f i r s t  Jo iopnei t~~, if i noy ar~ at- ai~ exciting, prc vide a uau s

continued develor nea t. and -~ -t r ~-c t -a. a:.n a t ar~~ t l a  r constroot ive  a :;  a .

~Ji to thi s in mind , tha tc..1 t nas Le~.ci ande in ta .s ~uid~ t~ :~ recen t ta~
r~ajor p o l a r  Lp les that cc’oto ta~ ce f lr s~ e~~s in pra-gra~ aed Ia-

st niction and which have ~e~l t prea~-at . ~~ (ar. caaj C tb? Ir ha-

provement. These early a cia j i t s  to ~;oat can be :aiiod v e r a u l ,

l inear, small—step p i c U.’ ;c. n~~, al tO ~ ?O ti~~ L ’ OOiOl .  p r in c ip les t O~r c iv e u  *

are not restricted ccii’ ta c . x a a i .  ~cha~ i~~o ~r t~ ~his typ e .1

P Subsidi a ry practices , tevr I ~ -j ~ away fo:-o ih e  na in sarean a o c c u : te d

in thi s guide , but  the att teal t has teen niace t roviii~ a sus at po :r. t

of vi ew, at leas t as far as post

~f~ inr ~:r , B. F. FYe Sci~~ ‘~~. Dl ~~t . i ai~~ t~~~t~ Cf In
C~rr~n t .  -en ~s in pcy gy and ace L(OO- I~~ j .~ r aF  .; ‘Ien- ;es. ~~
Cnivers~ t-y ‘if P~ ttsbur~ 1i ~rcss , l~~:5.

i K L L n e r , P. F. Teucl l lad  m ac runt - s .  , t - t , 
~~.., 969—977 .

a~ ns 1a In ~~ A. A. & Glaser R. Ion-r h .n, t .ucn ~ne s and pr~ ~ranraed loam ~~~
I ia sh l n g t ar , ji . d .  : i fa t i .  ami b iU~~~ On As3~~r i at  .~ a , 196.. 1 art II.

1
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At the present stage of development of programmed instruction, there

is little substitute f o r  research, deveicyment , and demonstration. These

effo rts) however, must take place on the ba sic of underl~~ nk principles
not ,  outward appearances. Programmed ins trurt ionai  mater ials  have

dist i nct ive formats , bu t are bas~-o on uri~ erijiog ideas. The improperly

thit iated prac titioner ocy learn only to imita t e  toe f : rxnat and ignore
tne principles. It is for this reason tha t this guide d i sc u ss e s  principles

as well as proceciros. Frocanurul jirescrin LIons  alone , at this stage Of

development , lead to extreme r ig id i ty  ana inefficicocy.

_—
~ 

Part I of tn ic guide- is an ir~trc i-rot~o.a to the  major  characteristics

and purposes of prograinmea instruction , Part 11 continues with a description
of pr inciples of learnin g, Part III goes on to troctical programming pro -

cedures, and Part IV dtsc’-oses imrlica t io . s fo r  re-sear-r n , development, and

operational activities, ~~~br special ou rp roec , these parts can be read as

units in themselves., Of c~~ rse , Lr.ore is no substitute for the practical
effort of constructing, test ing,  and revizinr  nrogramrned materials, and

this guide should serve only to prompt this behavior.

This guide was initiated with Pr. FelIx Kopsteia as proj ect monitor.

Du~ring the preparat ion of the present revised guide , Dr. Ross i~iorga r served
in thi s capacity. Ruth Ann Rishel orov’Ldeci the excellent secretarial skills
necessary for f inal prod-action .

- ‘p
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Chapter 1: Introductory Overview

A variet~’ of teaching machines, programmed textbooks, and other self-

tutoring devices have been developed iii the past few years, creating a

great deal. of interest on the part of educators, training specialists,
scientists and the public. Despite superficial differences, the best of

these devices are founded on certain basic assumptions about how learning

takes place, and. they attempt to make use of the same fundamental opera-

t~ons to accomplish learning. Most programmed learning methods present

the subject matter in a series of steps called frames which require an
active response from the student. Each step or frame is typically con-

structed. so that it is highly probable that the student will make the

correct response. Sequences of frames are desi~ med specifically to bring

about learning by gradually leading the student to make more and more
sophisticated responses on his own. Moreover, all programmed learning

devices provide some kind of feedback or correction so that the student

is informed of his perfo rm ance after each response

The most important characteristic of programmed learning is that it
applies what is known about learning to educational psycho1o~ r . This

point correctly implies that, for the most part, educational psycho1o~ r

and training methodology have not attempted to base their practices on
modern developments in the science of learning. In recent years , however ,
an increasing number of experimentally and learning-theory oriented psy-

chologists have been working on educational and training problems. The

app roaches to problem s employed by these individu als and their report s

of success and failure in applying the methods and knowledge of their

science have important implications for training and education in general.

A number of schools, colleges, and industrial and military training

organizations have also been stimulated by the apparent control of the

educational process that programmed learning and automated teaching

methods offer. Many of these organizations are in the midst of exper i-
meriting with radical curriculum changes--not so much in subject-matter

content , but wi th respect to the teaching of it. As a resul t , it appears



I ~~~~~~~~~~~~~~~~~~~ 
----

~~
.
~~~~

-----.---‘- - -.--- — ~
__

~
_ ‘___ ‘___ __ -___ _~

__ _____, _ _-.t’.__ __  -.- - -----—— -—-.-~- -.—----- ---‘—.----- --
___________  - - Y4w~~~ ~~~~~~~~~~~~

2

that programmed materials can teach many subject matters more effectively

than they are taught at the present time. Moreover, these new techniques

can be evaluated more carefully than other educational procedures. In

contrast to a textbook or lecture, -tne effectiveness of programmed material
can be determined by a detailed analysis of the learner ’ s behavior. This

permits numerous improvements to be made in the course of developing pro-

grammed materials, as well as making it possible to evaluate program

effectiveness in an instructional situation. - :
At the present time, it is generally recognized tb.t the success of

a teaching machine is largely a function of the material used in it. The

construction of this material is the most difficult and crucial task in
the development of programmed instructional procedures. This handbook is

concerned, therefore, with the principles and practices underlying the

construction of programmed learning sequences rather than with hardware

or machines. These programming principles represen t an application of

learning theory to programmed teaching. As a student goes through a

learning program, certain of his initially unskilled responses are
strengthened and shaped into subject matter competence. Programming 

*

rules are concerned with how to induce such behavioral changes.

Reinforcement

Present knowledge of the learning process nairts out that behavior is

acquired and modified through the operation of ‘reinforcement. ” Briefly,

reinforcement is -the occurrence of an event (for cxample , a reward ) fol-

lowing a response which serves to strengthen and maintain the response.

The salient feature in modifying behavior is making the reinforcement or

reward dependent upon the performance of the learner. By “rewarding ”
- 

relatively minute behavioral changes , it is possible to strengthen certain

of’ the learner ’s responses and lead him in small steps from his initial 
- 

-~

behavior to far more complex behaviors. This modification should take

place in small enough steps so that the student ’ s progress and motivation
are not jeopardized by frequent failures. In most current instructional

programs, the reinforcing agent is knowledge of results, that is, know-

ledge about whether the learner ’ s response is considered correct.

_______________________________ 
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A great number of responses must be learned in acquiring cc;npi ex

beh avior , such as a new language or knowledge of eiecur c~oi ~o. Thu ~umbor

o~ reinforcements and the arrangements for reinforcement required to

establish such complicated behavior overtox the time and skill of the

nost efficient instructor, especiall~’ within the limits of the usual

classroom or training situc L i o n .  For this reason , instructors often

eniploy educational materials such as textbooks, manuals, and outside work,
to assist in teaching complex behavior. When 50u21 aios are used, however ,
it is not possible for the teacher to carefully monitor and shape student

behavior. Instructional programming is an attempt to pi-ovide for the

careful guidance of learuing tha t is necessary. It is concerned with

the precise selection and. arrangement of educational material bas~d upon

what is known about human learning. The term programming refers to the

process of corLstruct~ng sequences of instructional material in a way that
maximizes the oertai~ tj of learning ant~ retention, and enhances student

motiv~tion. It is a process which an effective tutor may use intuitively.

The hope is that an effective programmer niay someday be able to program

certain subject matters acuordtog to definable rules.

Defining Instructional Objectives

A f irst step in programming is defining the objectives of instruction.

The programmer must know just what terminal behavior he wants the student

to engage in at the end of the program. He must be able to specify the

kinds of subject matter material the student will learn to respond to in

the course of this performance. The primary purpose of instructiou is to

provide the student with a behavioral repertoire comprising “knowledge of

the subject matter. ” If the repertoire is elementary electronics, a pro-

gram must lead to the acqoLoition of the ~j-ucifi c student performances

- 

-
. which define this kind of knowledge.

Defining arid specifying the terminal behavior or goal of instruction

is no trivial problem. With the control possible by means of programmed

learning sequences , specific statements must be made concerning the form

of the knowledge skills that are to be learned. Should instruction in

mathemat ics, for example, enable the student to solve problems, apply his —

~ 

T
-- -~~
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knowledge to new erob iems , prove theorems , or all three of  these? The

form of a learning 1,robr~~ can d i f f e r  radically as a f u n ct f on  of the

criterion behavior :hos~o. The behavioral end products of instruction

-r 
- 

must be sreoified in objective, concre te terms in order to permit the

cons-truction of effective l earn ing  sequences. This can often be accom-

plished by construciJn~ a detailed achievement or proficiency test of

the bemavior be ta~ cho .

~rogram -tha ract er l st i c s

Gradual bio~ r-~usion 
t-: Establish Complex Repertoires. In developing

complex pe~ forr : once , a program reinforces and strengthens any available

c f t L-eu a-- ior  which is a slight approxiriation -to toe terminal behavior.

r 1-ogrcc. t~ u~ i ulius upon this behavior in subsequent steps in order -4-
to r-c~ oF u r c c one ct r encthen  a small una000 which is in the direction of

the t-c: rrrir:aJ ~-:-r- ~rtoire . Thus a program moves in finely graded. steps or

:‘-ctco vurkir from simple to higher ano h igher  levels of subject matter

~ 
( :r~~~~~- :~~~~ y. ThI s  -rodoal trogression rermits the student to be correc t

cc c. as possible -out is an effIcient way to devel op new patterns of

ora:q oie of gradual c-regression can be seen in the following items

cv fc-eme -s from a ~~~ior high school general science program . These frames

t i Lj o t ra te  some tycical programmed mater ia ls  and might be presented either

in tuxuLcek  Porn ur  in a Lee chiog machine. bach frame exposes the student 
- -

to a small amoun t of material  whi ch is ueclgned to encourage him to res-
pond. Before he begins t~~u program, to e ccudei t would be told to either

fill in toe blanks or write his answers cr: a separate answer pad. The

frame below is the twenty~rd ~~th frame in a rc-gram on measurement and

the metric system.
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29. in the jctrIc System . v~ -use con eth iob callee a

mete r in i Lace of a :r” The p1 ISa dys L. 0 -

0505 a y r  ~~tL-c k where the - r~ -~- upo cu- OsOS a

- - 
- - k to .r’uisurc wLo.

j~~5 soon as he recp r~ ts, Lie et c  er:t turns the page oi- auvaucec the maohi~:e,

revealing the - re-cL  OOL-Ie , “meter or ‘meterstick,” against which he

rh~~r~~~~k5 his resl )nse .  Then , the student turns the page or advances the

- I machine and looks at the next  frci - e, curd or 30.

—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.

- 

- 3d. A metci- is s i l oh tly  longer than a yard . A ya rd
is ~ -~° gut ly _______________ thu:. -a

r ____________________________________

L

The student again responds, checks to see if his answer is 
trce correct

one, ‘shorter,” and moves on t~ the rort 
l itm e,

P 
--

~~~~~~~31. It is easy to learn about the i-htric tyst eat when
one thinks about our money system in rel~u - - to

p it . A dollar has cents (pennies). A ceter

has the same number c - i ocLcl sn-terS that a dc- L tar

- - 
has cents. A meter has centi meter s .L
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Learning that a yard is slightly shc rt cr  toac a meter and tune, a

meter contains 100 cerlrimt -cec’s is n~t very ust cc-i1sii :g in itself. In

a 250 frame program, bce-curer, these small bc-ps granua l ty  and sycoecio-
tluallp result in a cut-scontia~ amount of i -: ’acning . At the t -r egcro in~:k - c f  the learnai.r .  SOqLuiec rc , LiLs L ructionc.l stImuli are used tc~ Cvc~ u s-ehav ic -r

al ready in the renert ire which the stucen c brcnpa t-C- the teaching situa-

tion. Frames 29 ccce. 30, tor uxcecele, both call a -cr resuL~oc-c s toe

can already !cc ue . Dur iop the secc sc- of Lost  ‘creation th-~ st u dent  ic-ares

new stimulus—response uccrh inrc  :. Eas t roe rerjme res b- :hnnic- r  the —

s tudent is cap-ad o of Pea t  Lfl t~~ i r ~~~. ctu ’.- ’eve~ - , n e n  t :.os i ;eicni cc th - ~~ ~ - - -

t o  take each step w i L i l  a l t i ’ h  ~rudabi1ity  c c  c cc - - :c. lee ic-a I. 1mg :-~~~
‘
~ 

-

cess involves this p t a  - a l  cerucasl er of bt~ - cc- ccc l - e~~t - c l  t .~ r

Sr  I n P L I .  Tower- -cs J~o cc I - I the i r s t ru c ’ ’  i c c : - . c~ i : ’e - - . ‘
~~ On- I’.~- . 

-

frames call upon tho se ~ceac~~ally built up uh~ Is. • c~-c . — I T  - -

example of a frame ‘.-cice ch ;cpieears late in the cc -c rn ‘ocr’ ca-i. ,

system.

- 
~~ 101. 7 di L c n ~~ t : r  =

8 s J i c n - - 0rc; = c e r i t : m c t r~~cs.  -

9 in lon eters = niL Li  cc Les t;  -

I’
Figure 1 is a furthor illustration of j r aa c :uccc  prc -r r e s s i r I :  in a

learning program . This consecutive soquecce - of I c orner- we:; ta~ e cc rem

the middle of as. e : s h th  grade program on c- icr ; - : a id . C C I O ! ’ C . ib i s

par t.  cwiar section cu the program is designed to I t i - n - 

methods for f in Lc rag the t u-ehanical. advantage c ’ sImpLe c u-c-cu ecu

expands the student’ s prev ious learning abs cct uiIi:pic c c a a i t c - : - o .

V

c~

-

~
_ __t _ -r~~~

_ ._ j  
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Figure 1

Gradual Progression in a Prograrmried Learning Sequence
0 on Work and Machines

Frames Responses

The increase in force that a machine gives us is caused by
its mechanical advantage (MA). The mechanical advantage a eis the cause of the in force which  the machine ~.ncre S

gives us when we do c-cr aIr

Most machines help us do work. Therefore, most machines mechanicalhave a 
____________ 

advantage.

The increase in force that we get from a machine is its mechanical
____________ ____________ 

advantage

Most have a mechanical advantage. machines

If a machine helps us l i f t  twice as much weight, it has a
mechanical advantage of 2 (twice as much). A machine which 4enables us to lift 4 times as much as a mechanical advan-
tage o f  

_ _ _

A machine which enables us to l i f t  f ive  times as much has 5a mechanical advantdge Oi

~ I -
~ If a lever has a mechanical advantage of 6, it will increase

our force 6 tImes. If a lever has a mechanical advantage of 7
7, it will increase our force times.

-
. Mechanical advantage (MA) can be calculated for a machine

The MA of a lever is the length of one end divided by the 3length of the other end. For examp le, 6 feet ~- 2 feet.

MA = , the MA of th is  lever is 
_____

, 6 ’ _.~~ ~~~~~~~~~~~F I 
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(Figure 1 continue--i)

The lever picture-c has an i- -IA ol 6 ~- 1. It cciii i::crccrsc
our effort (iorcce) 

_____ 
t ines.

c, ’ —
~~~. l*-Z --9 -

-

This lever has an i-&c oi’ -~’ =  _ _ _
. 

_
~~= i

~~~~~ 61

A lever with an MA ci’ it sirouia , increase our i’crc’r iL 
-

_____ 
times the original c’cr -ce .  ii)

H

I

I
H

~ 
1/
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Prompting. A programmed sequence begins by calling only for rele-

vant student behavior which is available at the outset. The problem is

to get the student to make new responses with  a mininccss of errors. Before

4 
- behavior can be reinforced and st c engthe nod , howeve r, it must  be emitted,

and instructional material has ice be designed to elicit the correct and

appropriate behavior c- hicli then can be appropriately reinforced.

The occurrence of desired behavior in a program can be made more

probabl e by the use of i’ormal hinting and coaching techniques which are

based upon what is known or can be safely assumed about the student ’ s

verbal behavior. Such techniques are illustrated in the  following sample

frames designed to teach the Greek prefixes ior numbers .1 - I
The student is to acquire the correct use of mono,
di, tn , tetra , penta , etc., under the control of
numerical aspects of verbal and non-verbal s t imuli --
e.g., pictured polygons , or the subscripts in chemical
notations. Existing connections in the student ’ s
repertoire can be exploited, going first from Greek
to English, as in “ The Decalogue is another name for
the 

— 
Cc-ni :-undments ,’ or “A monocle is a lens for

use in only 
_____ 

eye.” The student can then complete
familiar and later unfamiliar expressions by substi- ‘ 

—

- 
- tuting the Greek prefixes . - . as in “The five-sided

bui] ding in Washington used by the Aimy is called the
______gon,” or “People who make a practice of having
only one wife or husband are called ______gamous,
or “A line of poetry having six feet is called

meter.” From such general material the
student- can then be transferred to a specific appli-
cation--as in being asked to compose the technical
names for cheicucal compounds indicatcu with symbols
(“ CF4 is carbon ________

fluoride ”) or to write the
• symbols for corspa ucl is named , ‘Osmium octafluoride

is  written 
___________

1Th1s example is Irom Skinner, B. F. The programming of verbal
knowledge- In E. Galanter, (Ed.), Automatic teaching: the state of
the art  - New York: Wiley, 1959. Pp. 67i68.

I
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Prompting and cuing techniques, then, play an important role in
the progression through a program. They help in controlling error, in
evoking behavior, and in bringing this behavior under the control of
new stimuli. It is obvious that such techniques may often be the stock
in trade of a master teacher. However, the objective in programming is

to make these techniques as explicit and sn-intuitive as possible.

Fading and Vans shing. Thus far is has been indicated that program-

ming techniques elicit behavior through prompting and strengthen beh.~vior

through reinforcement and gradual progression. Another principle in pro-
gramming is fading or vanishing. These tenm s refer to the gradual removal
of prompts so that a student responds only to the stimulus material which

will be available when h’~ performs the “real ” task; when he is on his own,
so to speak, and learning crutches have been eliminated. The systematic . -

progression of programmed learning is well set up to accomplish thi s

elimination of cues.

The following description indicates how a student can learn to

recite a poem in a programmed learning sequence and illustrates the
2

technique of fading.

The student must read the line “meaningfully ’ and
sc.~ ply the missing letters. The second, third,
and fourth frames present succeeding lines in the
same way. In the fifth france, the first line re-
appears with other letters also missing. Since
the student has recently read the line, he can
complete it correctly. He does the same for the
second, third, and fourth lines. Subsequent
frances are increasingly incomplete, and eventually--
say, after 20 or 24 frames--the student reproduces
all four lines without external help, and quite
possibly c-Tithout having ma ic a c-rrong response.
The technique is similar to that used in teaching 

- 
-

spelling: responses are first controlled by a
text, but this is slowly reduced (colloquially,
“vanished”) until the responses can be emitted
without a text, each member in a series 01’ res-
ponses being now under the “intraverbal” control
of other members.

2From Skinner, B. F. Teaching machines. Science, 1958, 128, 972.
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Figure 2 presents an exanrie ef fading ur vanishing from a junior

high school program on electricity. Over 500 frames have preceded this

sequence and the student has already ~eamt~ d that an atom cor~ ists of

electrons, protons and neutrons. He has also used the word “electron”
-
. It association with the word ‘negative. ’ The first frame in the figure

prompts the response streag ly by means of a ocoy ing prompt; that is , the

response is oe-çied from the stimulus mate:-i ’c i in the frame. D o l in g

hegfns in frame )~~~1. lie t-eseunse here is ~ r -onpt c-d cy being set in

opposition to positive mrotoos. ihis  is a much weaker cue than that

used in france 530. France 532 is even less prompted ant again nudes use

of the antithetical association of positive and negative . id-an :- 5~3
cues the student by moans of the first letters oi~ the recoc - :ne -c. rn .

The last two frames give the student miriic:ad prompting and rc~ ui re him

to respond, for the most ~~O i i c, on hi s  own .

S
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Figure 2

Fading and Vanishing in a L-rogra-wsed Learning Sequence in Electricity

530. Electrons have a negative charge of electricity.
The part of the atom with a negative (_) charge electron
is the 

_ _ _ _ _ _

531. Protons have a positive (÷) electrical charge.
All have a positive electrical charge, protons
all electrons have a electrical charge. negative

532. All have a positive electrical charge; protons
all have a negative charge. electrons

533. Neutrons are neutral--that is, they have no
electrical charge. protons
p have a positive charge, electrons
e have a negative charge, n neutrons
have no charge.

534. 
____________ 

have a positive charge . protons
____________ 

have a negative charge. electrons
____________ 

have no charge. neutrons

535. The part of the atom with no charge is the neutron 

~~~- -- - — - - - -~~~~~~- - —— —~~~~~~~~~ -~~~~~ --



~~-~~~--- -
~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _  
_ _ _

I
*
-I

Confirmation ann Scoring. As h~s already be-en ino~ cate-s . an

important characteriso~~c of programmed L€ -O: c:n is ti Lt toe ct -s c:- - a

receives information regerosug SilO correctness of uis rec;.onso . ~t is

generally assuned that con~ irma ics:n t an  c~-~~ke ~~r :a te  :‘~ 1::f .- n n r.
and that it will mot ivate the st-cocos to- --a L -~-: cO re - f - i - y in or-~e~ ~sc ~‘cne

up with the correct answer at each cce~- . ft acot :-~ sens pro-grams the

student makes a response ani then j udges - ;hee f - _ r  he is :“lgnt or or 
by compat’ . ng hi s c-eu: :- u:no- with the correc- c one sho e: IL sue :r~- - ::-Or..

It is also possible , however , fo-r  a ma :nin-: tc be nero i t i Jy  a c-:::a oei

s~ that it senses and scores the -correct-ness of a response.
The C~hserving Response. Innnediate cc: . ruati  em than , ‘ encoura~c.s

* a more careful reading Ci programmed materia l  abc::: is the esso in

a text , where the consequences of attenteon or snattectic-ic are so Ire:

deferred that they nave lit tle  cot on roo d - eg sbilis. ”3 Th in r e h o c ; o r

of observing or a tt e n dIn g  ~s procL~-ceJ b~ toe st ructu ra l  or~-anoenorn of rhe

program . - When ion iate reiro’-ec - omc c-nt is- fortboc- n~ ng, S t L:oEcc : w I lt  be

more likely to learn htw to concentrate or : s~ ccsfic features -of a pci-

sentation . The constant a t t e n t i on  to toe o::b .lent  matte i - -zh~ o1; a er egrnm

demands will not permit the deveI-rc e::t at co-n~ e~ in~ hab sts ci -clistracti-

- j bility. Less oorctrs-llc .~-n:-edn of scorning anon a ps - og c - o : . .  h-o-’ - e - .’rc r, ~ay 
—

allow dis t rac tib le  hehevior  to occur ic .cre frequently.

Practice and F- - ~.- .cC ’- - .  A p r og t -tu.: must cont aIn  a uei’tai:s acocuit cf

review and repeti Li -e n in order to maintain previous len t - t i _ no  and to

strengthen concepts -th Ief .  are weak or which will be called upon in

further learning. Figure 3 shows a - rrisecutive series of frames from

the early part of’ a program, (Jesse nec. to get a response highly practiced

so that it can be used in further learning. The re sponse “ ten ” is el I -

cited a number oi times in t h is  sequence so that it will be h ign i~,

practiced when f-crther cciscussion of the c aric system occurs.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “‘ac-h ’ ii Sc ‘n e e  1958, p 975
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j2. Figure 3

A Practice Sequence f rom a

Junior High Sahoci Program on Measurement

The reason fir  thi s is that the Metric System is
based or. o- i0 key number and t~nat is the number -

ten (10). In the betrsc System, evec-ytning
depends on the number .

The English System uepeaus on many different
numbers in-tiuding 1, ~~~, 12, 36, 32 , 16 and many
more. The nietric ~~yetern is easier to work with ten
than the Eng 1ish System because it does not use
all these nu~ ers, tat rather it uses only the
number as its base.

Our dollar system is something like the _______ 

~~tricSystem . One icilar is the equivalent of 
_____ ten 

‘ 
-

dimes.

One ten dollar bill is the equivalent of 
______

dollars . ten

Our money system anci tr :~ Metric System
are both based en the n -scd er . ten

k -I’

- 

-

-- -‘~~- -— --, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Sufficient practice and overlearning are necessary so that early

material is thoroughly mastered betere or vi.1le rio ;-i mat erIa l  is introctuced.

With fading and with the omission of lessens a: they are mastered, a sys-

tematic transition can be made fro:~: old to :e~ conceits by scans of review

and repetition . focce~:as not c--sberwi:u inv ; iVe-t 0 ticular sequenic

of items can be revieweci periodically. Programmers use the word. “ see-ding ’

to describe the scatterin0 of rev i ew materials at various points in a

program so as to insure the r-caintenar.ce of iearnl::g.

Since unvaried repetition can he exa~ erae~ y annoying ,  repetition in

a program should be continuously varied both ii: conteXt and pattern . When

the program contains sn-h variation, the student receives new information,
learns to make finer discriminaticrot, and learns to apply what he has

learned to a wide variety of situations.

Understanding and Discrimination. Subject matter materials have not

been fully mastered until the student can use them in varIed contexts.

- 
- 

For example, a stu-aent cannot be presumed to have thoroughly learned the

concept “ noun ” until he has worked with material that requires him to di s-

tinguish between nouns and verbs. This kin-i of discrimination is involved
in the formation of concej5-ts. A programmed learning sequence can provide -‘
a well-organized series of examples by which the student is led to develop

abstractions and complicated concepts.

The important goal in teaching is to enrich the student ’ s under-
standing by making him permute and recombine the elements of his behavior. 4

• The programmer or a good instructor is not concerned with the stucent ’ s
response to any one situation except as a sample of an abstraction. Rather
than learning a un iform and uxpli : : i t  verbal response repertoire aoout a

con cept , the st -u - d e n t  should acqui re a repertoire which is applicable in

a variety of situations. Thus he can use the concept te- solve problems,
. ; 

~~~~

.
.

describe the o-jn :i:t-t La u thex-:, modify it for specific purposes, build ‘

4From Skir~ree , B. F. The programming of verbal knowledge . In E.
Galanter (Ed.), Ju i t o -m :i t i - c  toothing : tne state of the art. New York :

- 

- 

- 

iley, 1959. Pp. - ii
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a model of it, and so forth. When he can iake such a variety of aer re--

priate responses, it can be said that he unierstands a concept. A icarring

program in contrast to rote drill, can lead to the acquisition of a con-
:- , ceptual repertoire because the behavioral elements which constitute th~

repertoire are called c-ut in a variety of m Ote-ct-s ace contexts.
Measuring and Improving Program Effectiveness. Programs must be

evaluated by means of carefully developed. achievement arc pr: :f i-ciency

tests. These test situations should measurc the defined terminal 1-ehaviet-

in terms of stimulos material generally agreed to b-c relevant to the tar: :.

However, the knowledge Ltcquired by the studen t is only one aspect of the

— effectiveness of a programmed learning sequence; efficiency of teaching is

also important . A stud-ant  in a lecture and a scilent wer:King on a teaching

machine may learn the san e thIngs, but the stucict:t using the machine ;::ay

take much less time. This woul d suggest that program effectiveness she-Id

be evaluated in relation to time required for learning as well as in terms

of obtained proficiency.

~ J The detailed feedback available to the programmer concerning program - -

effectiveness is a ve~~ important aspect of a program. If students do

not learn, the program needs to be modif ied.  The editing and revision of

instructional material thus becomes an empirical matter in which the

teacher learns from the behavior of the learner. Each successive revision

of a programmed learning sequence insures that student performance will be

brought closer and closer to the defined terminal behavior, i.e.. the

educational objectives of the program. Many educators who have trIed the-ir

hands at building next using programs for their own students have discovered

that the repeated revision is in itself an extremely valuable training aid 
. 

-
‘

for the instructor. The detailed analysis of the student ’s interactions

with the program provides considerable insight c : to the processes of

teaching and learning.
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Machines and Instrumentatcon

At the present time the development of a technology of programming

subject materials appears to be a more importan t task than toe development

- 
-
. 

of machines as s-ocn . This current emphasis is prevalent largely as the

result of the following factors: (a) initial programming efforts were

accomplished with verbal prInted materials; (b) for the most part, materials

have been tried out on age levels at which students can read and write;

‘ (c) the response feedback employed permits the individual to judge for

himself the correctness of his response; (ci ) program s have attempted to be

optimally useful for many individuals , i .e . ,  not written for one individual;

and (e )  beginning :sttempee have enni-cyci simplO machines whose funct ions  
—

could be accomplished by nan-machIne formats.

There are , however , numerous possibilities for  using machines. tne

example is in the t ~c-rhing of non-verbal and actor skills , such as the

I ~ ability to estimate distonoes or to w arn a l athe. Machines might also

permit the use of prag:-cucs at age levels where only pre-verbal skills

and relatIvely ii :p cecisc responses are available. In addition , automation

seems useful for programs in which it Is difficult for the student to judge • 
- -

the adequacy of his i-ce :-t :ce. It is possible that t-espcn se feedback should

consist of more tr~an an icd:cation of cut -r e  r t f les s , such as guiding the stu—

‘toot , depending upon his -
~~

- - - t ’  -
- - co  res~ -cnse . Amy such uctc rp-ta to indivi—

duo l ize  r i— gram s so that th ey  a c e -  more finely aci~ usted to individual

repertoires woul d seem te i’c-cjuire auseroeticin in order te-- implement the

requIred d i sn i t t y  and ‘-ar l t L  1 fun ct~ cns. Iii gene ral , the pres ent  emp hasi s

-cc. px -o Iu-aom i r& d as s~~~i should be intex ~~reted as ~ stage of development  in

insor ieti~ i si ~ rogra nc ing. The r~et ent iai  for machine instrumentation

ci be cc-x1c Jrr~ :itI : - ‘~~ 
r development.

~
f r : - ,at

~ 
ooa l ~ n y : h - ~ - rcy and Ir ,str ’sctier al  Practice

~~~. - - c  - 

fhe -1 ov eL rr oi r~ progrc-rnmed hccn t ru c t i on  has reflected one dominant

inca: t~~at teaching 
on-c learning, as behavioral phenomena, can be made

subject rnatt ;c cc 1 - c  o n t i f i c  ‘ rdy , -on the basis ot which a technology

of ~nstru~ t- on can L -~~~r o ~~ - - h . ~bre j on e a t a r t than the role of devices

and ç r e g r n m c ;  themselves is th: fact that r rogrnem ed instruction forces the

iuca~~r -r  and t ra in ing specialis t  t h e - -t om e explicit both about their I -
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instructional goal s, and the processes they employ as means of attaining

these goals. The research and deveiopment~ so i’ar are only the beginning
of the effort necessary to implement the consequences of  this point of

view and to develop a technology of instructional methods. While it is
impossible to predict the outcomes of future investigations , it seems
certain that identification of the instructional variables which permit
behavior modification will continue to be the heart of e f fec tive  attempts

r to improve education and training. Research on c-hose instructional va n-
ables is the basis on which the systematic development of teaching machines
and programmed instruction must proceed.

As research and development continue, the focus of attention may shif t
away from the specific considerations and instructional techniques which

are at present thought to be most important. Future research may alter

current ideas , and techni ques may be changed as well . The basic conception
will stand, however, that instruction and learning are amenable to systematic
description and improvement through experimental inquiry . The si~~ti-ficance

- - 

— of the approach represented by programmed instruction lies primarily in
this assumption, rather than in specific characteristics of programmed
materials as they currently exist or in any theoretical points that under-
lie current efforts.

The Plan of this Book

The chapters in thi s book are an attempt to present- both the under-
• 

I . lying principles of behavior that are related to instructional programming,
and the practical techniques which can be specified on the basis of present
1~iow1edge and experience. Chapters 2 and 3 introduce some major concepts

and operations in learning and instruction derived from the behavioral

scientist’ s laboratory. These concepts apply to learning situations in

general and provide a basis for understanding many of the techniques of

programming. Since programming is at such a relatively early and unsettled
stage of development, familiarity with basic learning operations provides • 

- 
-

a basis for the innovational and imaginative use of specif ic  programming

rules. Chapters ~#, 5, and 6 elaborate on the major procedures and charac-
teristics of programming : the specification of program objectives, frame
characteristir-s, frame sequence types and program characteristics. These — 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-— 

- ~~~~~~~~~~~~~~~~~~~~~~~~~
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charters describe some te-o~~it q-oes c -ur r ent~ y in use and ~r:v1de illooot-a-
ti ve naterial .  Chapter 7 cu:I acs cPu- ~ao1:o iuv-c-lve o in a team approach

- 
. to program construction aia~ pointo- air some of the oc t l m~o and consi-oc 0-

- 
tiofls in program deve o c-uneu t .  Cha tt er 8 scnc .ar~:es cne status of prc-gr~~ao-ed

- instruction and indicates needed research and developm ent . Some ocosidera-

- 
tions in implementing prograouueu materials in an ins t ruot i -o~ al setting are
al so discussed.

I
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PART II

PRINCIPLES OF LEARNING: DEFINITIONS AND OPERATIONS

~- 1
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Chapter 2: Defini t ions  and Operati- -~-.c in Learning and Instruction

From toe point of view of the p oy c h u J o g i s t , all learning involves the
modifi - a t e c n  of behavior.  The i n s t ru c t o r ’ s goal is to change the nature ci

the o~-~ cent ’ s behav ior  with resperc tu a given subject , event or object.
His t e a c o i n g  technicjous are all attempts to increase the probability that
the stu-c will make a particular kind of response to a certain subject •

n atte i - . Wren the s tu den t - has learned to -idci , for exam p le , hi s response to

“5 ~ 7’ has chcingoa from any occobci - of cnatp r o rr r i a t e  statements such as

“ 5 cross 7” or “5 ex 7,” and irappi- -:pnia to activities such as scribbl ing

or singing, to the appropriate responu~ . “12.” As a result of having

learned to add, “ 12 ’ is a response to  ‘ 5 + 7” that has become hiy hly nrc-

bable or exists at high strengTh . Put another way, the stimulus “5 + 7”
has come to control the studen t ’ s behavior.

The primary contribution of the science of Lehiavfor to t ra ining and

education is the premise t h a t  behavior is con t rol i co  b~ specifiable cir-

cumstanees. While many of the cnai-actcniutics of behavior and principles

of behavior modification were f i r s t  observed in the laboratory, they are
- - applicable to human behavior 0-utol -cu the laboratoc-y. This chapter anu

the next describe sc-me behavioral aninciples which are use:uJ t~~’th to the

psychologist studying the behavicln of his subjects are-i the educator at-

tempting to modify the behavior of hi students.

A major reason for includ ing, a discussion of basic pt- h scir-les in this

-
. 

manual is that the technoJc~5; of grc-g2 ar cL .ie-ri learning Is still relatively

undeveloped. It is h t g hiy probable, th c’- :-frc - e , tout ~he ~c-chr :~~~ea - ‘f

programming will change to a much r- i-ec tt ’-r extent than to-: an te -rI;

principles on which pm i ’d r r c ihg  is - c. Cince the f i e l  in new and

expanding rapidly, techniques rus t ne kcr l— t ;~ux~r’i : 0c c. r - ; t T- 
~t’ uc~ t-; oh-c- old

be presented for ingenui ry and rnre -~ o t t - i t - n .  Tb in s t ruc to r woe is fami~ kor

with the principles c-f behavi ir onc. moo 01’ ~rogrticuflcrt iu5t~~uo1 ~L-r . arid

other teaching croc  e - - n r~~ int~- ti1c ~rt,~ y e  e h t ’ - c t i v ’  i~~. h t C t d  0r rig~dly

using certain iristi- :~~h.~. r aol techn i~~’ .’rs. he ray .  €-o h-y ir s ~\ i i  w I ’ - n g ~ - - of

learning princip les to i n t t g rc  I t -  cc  C ~u ~ c ” c ~ a - 0

effective learning orivim - r o ne rc t .  l i t  ar m s or a ro :~ s ir i b i e  t cach

2’
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instructor how to arrange the learning environment than to leave uk~e

matter up to chance or to less than certuin devices. The exposition and
explanation of principles of behavior should make possible the optimal

H use of programmed learning and effective management of the learning
situation.

— The principles for  behavior m o d i f i c a t i o n  tc be described here are

quite general and n e d  not be restricted to programmed instruction. The

behavior of the student does f l i  suddenly ~ocnae subject to differo- t

princi ples of learning the- :ncr:nent he p its away his progi-arn or teach ~ng
machine. The more efficient learning - -f desirable I eha’.’ic-rs that occurs
with a program in contrast to the or dir ~ac-c- classroom si tuat ion is due to
the carefully r rearrunrcd i - , - c Ix - c i i r c - ’  s i t - s u t t on  a program ~-ootrIe s . Just as

programs ore et~fective because -cf ttc e c:- u t er~ and well-planned appli-

r - a t t c r .  oct learning p r i r i - i~ lrs , so the c - -ri-programmed situatien , such as

the tutor- -stcnlent relati ansiiio , can be far inur e  e f f ec t ive  than usual when
trhc- i~~ ct  ‘miutor um~ ernoa tdr the  ‘~cn tioris which control tfle behavior of

The u t ;  t C O t .

2,ohFiv 1Or ‘is Observable Even ts

In a science of behavior and in a technology for t i - a i r i l i e ,, the popular

meanings of such wi nds as I-er:3 nality,” or ‘ conduct” are too general tu be

of use. The psychologist uses the term “behavior,” to refer to the overt

and measurable activity of an ‘ rganism. The distinction between what cart

be seen of or: individual ’ s actions and what is inferred by an observer is

especially iI:port ar t in the r an a-genter t. of behavior. The overt , spec i f i c

and measut-at-ic ac t i o n s  of the indivi dual are the data of a science of

behavior and the building biocks of a c r a c t i ca l  technology . Through the

study of ob serv abI~ - L e h av i u r  i t  has been possible for psychologists t o

begin to unde c-st-ce - u sueh complex Io:tn u of behavior as probi era or - ly i n g

and thi ab -c r ing .  Similarly, in trainiog and education it is thr curh the

guidance of observable actions 4 h - t t the inst.1--ucctcr r can influence such

apparently covert pc -li a we - ru .
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A Sti; ,lUiOS ( t i  so i m u li )  is ar;j :-cu;-.iiu ioo , r - c-a - .u~:o ‘in t a r

envic-c uneict c-: arc undI Th a-c l vrci :h ~:-c-L .oeu a 1 , 0 0 :- . - . i - r u - c c
—
. c’r ,av t e  a ~~~~~~~~~ to- eat1 the c~ ccaoro i , ‘ casio her o , ’ so , :~ - c ”i- i t :  a

t o: - u -cu:: -; ~~, cc the - : ur -  iargei-eicc ,  ‘ i u r . -cod t c ~~ t~ - terr ::a,’ serve to

a b r c t :t iv  cc~a~ ,~o it 0 0 1 5  on ’ a r-x: oi rag conavic: - . ~ Oa~ Or t:tZO :1 h :ild:ng a

j~:u ut’w c:~~l. I e a rm~ :tg so- ~1 c-u: ’c o is ~:~-o c-ure~ ul urea ~cn u t  :~ the subject

to ;,‘mich one suuh&ra’ w i l d  005 

Inc tocT: “ S tie - T . a ” is seldi - c usea a L - u  c - t t i y ,  r e fers  : a s;- t-uiflc

event ccciish calls nut specific Le}:avi-:-:o. 1~ s ’.i- o i-cs - s t o u t  aspect c-f too

e n vi r : n n tr t  1 ~ h 15 CS c - o r . ~r , ~t is r~~L —

sa nily that wh u ch Oc.p ’oOl ’ :: 1’ . on ob serv e :- cc - . .- !‘c uO ’I O i i - .l — . For cxacc i--~ r- , a

~hr ld  m~ ‘ i -u -n :  too- cr - . c-i yr-lie -ti by gia~ ng the O ’ovor.er ~hc cor rec t  v o c a l

-~sur rase when th~ c -u is - --u . , t :~~ - , cl tj l  a - - - r~ :eafr r -J £00 - 
ore tO-

the letters ‘ a ‘ OW ’ t I i Cf l C .  f b c- chi i - t  ray ha~ -! i -coo -r od - r-c:c - cot —

ncc-t ly to -c ~ f fe rent wa c o  cia ‘ - Las~ s -of only u few :su.c- ;-ec of rit -ol: word .
The teach er  w~ ’ulu be incoere’ct ii: ass ocong CLo t  t .  eIiilci re~;p-:nd.s only tc

those aspects of the SI nra uc st a ~ttl-~n 1~ c- a teacher ti

The St Imu lus Ccn ’tc  -- - of Pr: - -

Who:: an :odivict tt l roc ;r -ri -d c in cc ccc c-to n ca:y t a given scro :rcu l cc . th i r

stimulus can L’e ca-ncc~ -uer’ch ~~ e c -r i t r o -~ h o n a~~ 
- cO.  The - s u e r  cf O t t i t i l i  I that

-control or determine ntcliavic- r inst-insect with rr:ct’ as-i ~g-:. ~ very i - -a l :- -uiJirt ’ s
behavior is uete :-m ir . r  by relatively few arid prinicu-ily in tex -nal  St dOui Sc

cc-n clitli-rs, e.0., 0-siger, p a in 1 c-n  t h i r s t .  A~ he matures~ the -cti i 1:1 c - e u —

ponds to more tu e - c  more external ut ict ili. The de-;eio~ ruen t c—f c o o p l e x ’ c n u s

of benacior is possible because of an individual ’s inoreasong reo~onsive—

ness with maturity to new sources of stiuct rit .ioru .

For the most ar t , new stimuli are added to those w oich  already centr e-li .
behavior by means of k cimn i r ig .  hl’hus an effective learning sequence is an

arrangement icr the acquisition of new controlling stimuli. Since a techno-

logy for education is c u r  roe: with the ca:~i pc : lmt - ioo  al s’it j  cot mat ter

stimuli in the environment of the learner, an instructional process first
a requires the ident i f ica t ion of t ic  u s t imuli which currently control the

behavior of the learner, anti t ,h ;i the plac ement of these st imuli  under the
l
~ 4i 

-

management of the teacher.

- - - ,
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A 1’OS~~OflS0 is a omi t of Lehoc a tar and the bullciin0 bi oci -c of complex
performances. The 1 Li- d of an eye and the twitch of a finger are axamp los

of simi le responses; eatIng, walking, speaking, ant rea-clc .g are all

instances of somewhat more complex r-ssi- cn sca .  A primary object ive ci’

educational technology is the gui ccauce- of an iodtvlduai ’s responses. To
accomplish thIs objective, -she instructor c rust first define and enumerate

the comparwc:’ts ci the perf o rmance that he wishes to- pr-c lace. It is then

possible to arrange the st imulus conditions which will result in the cct~-

rect response. it ads:- becomes possible to develop objective measures of
toe ~ us -m t Thu accuracy of the occurrence of the response.

The con~~quences of a student’ s response ore extremely Ici1or:arat in
lear-ring. The events wh~ c:r c ojiow thc- occurrence of a response hove an

effect upon f -too- -c to-ha olor. Examples of such response consequences are

reward, punistusrerat. arch k.r:ca-rlebue of r e sui ro .  The reward or other stico: -

lation provided to ‘the oc-grin c ori ino:o-uiatec1r after responding is a sign i-
fica nt fac tor cth L cch se-en s to de term ine  whether learning takes ~-Thce . The

occ urrence of cuos equecu ces of berca -.’ior that are c-ffectivo ifl~ pr:-.cuclng and
maintaining L-ehav ic-r is teeho : cally -sailed re inf’ c rcen~e:it. In an e’tuc-ational
s i tuat ion, the orwtruc to~ c -r i t r o i s  the conseQu ences of the stuac-nt’ s cchavcc-r .

SI-~co these consequciccu-s ieterii:ir:e tihi-thut - the student learns, oh: teacher

will want to maximize triuco - co::seq-uor:ces — :111 oh facil itate ~earn isg.

Approximating a Desired ~c~ ponso

The instrue-i 0’ O ue- :islon to reward cc n u t  rca-rc . rd a student’s rer ,p005e

is usually based upon l-iiic-tner t i e  cc-spans : ISectS a specified criterion. In

learning complex behavior , rA owi —; ,,r, the s~~.: tcn t ’  s init ial  responses will be

variable and qui te crude and will ea~-,~~: cot the- ir:str --ucuc r’ s criterion of

competence. The eI .1 r ~ctr: ve instrsctioc-~al procedure is to tolerate the stu-

dent’s initially crude responses O c O  g i - a h u c c I l y  take him towards mastery in

very small steps. This makes it - - r ; : : l L t e  to iaoxlcnall5 c-ward the student

during the course of instruction, i.  a ., ion him to- be maximally successful.

Training then becomes a matter of reducing permissible error tolerances for

the learner ’ s responses. lot- ex: 1drc , a pet-son c it y ::cake many attempts to

_ _ _ _ _  - --_ ~~~~~~~~~ --_-_ ~~~~~~
__ _. ~~_ _ - ~~~~~~ ,- _~~~~_ , --_ - -~~~~~~ 
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toss a penny into a cup. In approximating accuracy, the size of the cup

(i.e., the size of error tolerance) can be decreased gradually as accuracy

increases. From the learner ’ s point of ~iie w , any particular attempt is
either a success or a failure. From the trainer ’s point of view, however,

the permissible error tolerance at any stage of training is only one value
or set of values along a continuous scale of measurement which results in

specific consequences for the learner.

One way to establish a new response, then, is by gradually contracting
the permissible mar-gin of error. If the goal, for example. were to teach
precise tempo to a student of music , it would be unrealistic to reward the

student only on those rare occasions when he briefly maintained a precise 
- 

-

tempo . Since any beginning student will be quite variable in his perfor-

mance of a task, erro r tolerances should be initially large. Error

tolerances should be contracted at a rate which keeps the probability of
student error very low. Each range of permissible or acceptable behaviors

should-include a major portion of the range of variations in the student ’ s

performance so that there will be frequent opportunity to reward the stu-

dent for successful performance. With tinte, the range of observed perfor-

mances will align itself with the particular range of acceptable performance

in force. As the student ’ s behavior app roximates what is required, it

becomes possible to further restrict the criteria. A sudden and ux~x’ealistic

constriction of performance criteria, however, will immediately he-crease 
-‘~~~~~~~~~~~~

-

the student’s successes and if sufficiently great will result in the loss

of student interest.

Response Repertoires

In actuality, any given behavior of an individual is complex and made

up of many kinds of simple responses depending on the nature of the behavior

and the level of skill of the individual. Several responses which are

logically or functionally related may be grouped together and referred to

as a “repertoire.” Thus the responses involved, in performing a task such

as typing or solving equations or dealing with words constitute different

repertoires of behavior. 1’~n individual ’ s total behavior can be considered

to consist of a wide variety a-f such response repertoires. - 
‘f~ - 
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Consider, for cacc irle, two kinds of complex behavior, reading and

stu nning; for different purposes, these behaviors can be classified in
-.-anious ways. Ufluc an individual has learned to read ar.d swim , he has

learned to respond appropriately--that is , his responses are under appro-
priate stimulus control. Both st-rmnning and reading can ‘be considered

discriminative repertoires because e swijacier or a reader can discriminate

the correct stimuli for his resaor~ses from other, incorrect s t imuli .  From

another point of view, swioming and reaoirog can be described as serial

repertoires becaus e the n-cccec ’uus discriminative responses involved occur 7!
in an ordered series. To be able to swim , the individual must perf orm
his responses in a specific ccr~cce:oce . In ret~ding sentences, the reader

must follow a series of ‘cords. 
:

The stimuli for i-ending are in the f-tn.t of words and combinations of

i-iords in sentences. Thus, reading makes use of both verbal and interverbal

response repertoires. Swioming,  on the other hand, is non-verbal behavior

and can be considered a motor-skill  repertoire . The stimuli to which a —

reader responds are discrete or separate s~m’ibols and a reader ’ s responses

to words occur in discrete un i t s .  In this sense , reading can be functionally

classified as a discrete repertoire . In contrast , swimming involves smooth ,
continuous and sequential respons~ s end, therefore, can be considered a

continuous response repertoire. In swimming, moreover , each response or 
-

muscle movement serves as a stimulus for the next response--the swimmer - -

sustains his own discriminative behavior through such response—produced

stimulation. Thus swimming is also a self-sustained repertoire. Similarly,

reciting a poem from memory would be a self-sustained, repertoire.

With respect to an instructional situation, an individual can be con-

sidered to have an entrance and a terminal repertoire . The entrance

repertoire refers to. \Thatc- -~or pertirtece-t beha~ ior the individual brings to

the learning situation. The terminal repertoire is the behavior which the
student should acquire from the instructionni situation and is the reason

for undertaking in s t r . ctiocI . Usual]y, students bring at least some elements

of the terminal repertoire to’ the imstrnctional s i tuat ion  and t h i s  behavior

may be used in the Leach ing process to attain the instructional objectives.

~

- -~ ‘ ----  - -- - - - . . -~~~~~ - U—-
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locus a child learning to read already op-end’s one local-sage and kne ’~ ‘cue

alphabet. A ‘beginning s~ iu~cx-, liocui se , c~as yea rs c-i practice

fh0niTh his arms, and cooc-~L : , c ci ng his  bad , csuvc-ments .

The 00cc reperte-ire, then, it. - used to describe the r a t io- : ci the

res~ cnses which are involvec, in peril ccc :r~ partIcular ~‘ri uas of compLex

behavior. To summarize , a dtscrarinative repertoire is a collection of

related behaviors t- ni~ It co--c elicited o~’ srecifi-o eovirotjrcental ccn-dii ons--

in short, any iec rned tehavi c t .  ‘--/hen tOo stImul i to t-ihicn the indivici-sal

responds are in ~n orb c-ed sequence, the responses car 1 be considered to

also form a serial repertoire. If the sequence of stimuli are produced by

resfc~ccses the In c ik ldua l  ioaicc-s ick r cs-o~ f , his ‘behavior can be described as
a self-sustained repec-tol re. Res~o~ses to uiu-: -~-eto- s1.occhni can be saId - 

-

to comprise a discrete repertoire, whtic- ccs c-usec to continuo usly variable

st imuli  cam be said to oc-oprise a cent i co -ucac c-eccertcire . These specific

t~~ es of repe: :- i r ~ s are arbitrary and neither exhaustive nor mu t u a l l y

exclusive categories. They should serve, however, to illustrate some

ways in which behavior can be classified, and -ccscribed.

A d ist in c t i-ar c  should be made between the terms repertoire and kocec—-

ledge. Repertoire emp hasizes the behavior of an ind iv idual , while ~~cwledge , 
-
~~

focuses on the cubjec~ mat -for and i f s  charac te r i s t ics  and - c o nt o r t .  ~~ though

c ,c - sica~ knowlL~dge c-cone -e s a vast bc- dy of int oonation about ansi -, a musical

re-~oe rt c ,-ire would ‘be a -Ic- cccri i~t t c n  of the b ehav io r - s  dorcc’cistrated by a student

a-f ocisic.  The not_ on of a r -es ;-onse r: ’ccertoir : implies attention to specific

behaviors which have been or are to be learn’ ‘I. Just as a response may be

brought under the control of c-nvia-’c’nrncntcil situations, so entire repertcires

of responses may cc- ce under contro l of subject mat te r  st imuli .  The instruc—

tl:-nai process is concerned with  bringing specific repertoires under the

- 

- 
control of subject matter stimul i in specif ic  ar -ear- of knowledge.

Determining t;,-pes of ’ repertoires to be taught in a given instruc-

tional situation servcn to indicate the instructional approach required.

i-1creover, differences among some repertoires are indicative of differences - —

in level of t r a i t - i c. Discriminative, serial and. self-sustained repertoires,

for example, may describe different levels of proficiency from novice to

expert. Thus with a discriminative repertoire, an individual can identify

~~~~~~~ 
~~~~~~~~~~~~~~~ 
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and respond to a stimulus . A serial re~-~ c’teIeo ic ui cates toat the

individual can also perThi - t the ccis-criic ir:at~ drc s in an or-ocred se - due-moe.

Wi th a self-sustained re a - e t-t o r r e  the lr c t l v i e ua l  can perform se-cola! dis-

criminations on mis own wi t ho--~t s-upro -~ r - t  t rios the- st imulus eriv i ro r ts-o c t .

Reinforcement

The consequences of cc ol-ganism ’ s actions are critical in fcc

modification and maintec-cac.ce of behav. c . nehaveoc’ is acQuire-: (or

modified) under conditions in w~ ich a resi~onse pr-odors ccc a -canseguent

stimulus event (such as a c- -m arl) that strengthens or mainta ins  that

response. The stimulus even t which the resp onse y r e d ’ec:s is refer red

to as a “re infor cer ’ or ‘reinforcing stimulus . ‘ The o-0 0 0-a-ren ce of a

reinforcer - as a cocesequeccoc c-i be-ciav or is cacled re -in c or- -cam ent . i-~her~
a parent makes sure that a child’ s nesirable pc-ri o rrrancc e is i-:-wor-:ie-e or

reinforced with a cookie  ( the reinforcer),  that parent has pr c-v lbe -a

reini’orcewent

The arrangement cf nrc environment that will yield certain s t inul l

(reinforcing stimuli) only when specified ‘behaviors occur, Is the process

of providing rei 1fo i-cmcent .  For example, in t raining a dog to ob ey a

command , a dog t rainer  c - i  ii~ give tho. - dog a Small po rt ion of food whenever

he performs the desired 1-enavior , i . e . ,  the t r a ine r  r e in f or c e s  the dog

with  food. The giv icig of s -c-h a f - c ’car do is a c -e: roc - r -oe- mec , t , toe food it-

self is a r e- infer - ce- - c .  Huosoc: I coops O r-c s i c o r l a r c y  affected ‘by the c~cn se—

quences of the~ct’ beha ’;l c. PraIse, procrc-t-Lons, grades, ccr1d money may a ’.

serve to rein~’orce or st i’er gthen human behavior.  In the example above ,

the dog ’ s correct responses reinforce the trainer ari d su rengther . his

tendency to train the uc~~.

The reinforcing consequences of behavior con y arise fcc-cs the behavior

itself , as eating cake ie-~’:1~ to a pleasan t taste, or may arise from the .
.
~~

environment , as asking a question prompts someone else to give an an swer.

While most beba-riaral consequences occur natural!’,—, reinforoce ent in the —

educational setting is a seliberately arranged ec -t oequerce of co~nnv c -c ’.

A teaching machine, ikor example, is a deliberate arcd somewhat icc- 1 ificial 
- ‘

arrangement for the student to gain immediate feedback i
’ io’ his pc r fcr mu - cc c o e.
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triC Learner ’ s Response to the Reinforcing Stim ulus. The most ~np ortac o

penc e-rod icoirit abc - -ut reic:l’c-rcers is that the1’ are s t imu l i .  They are parts
of the envira-nise-r.io vic:ch are orceucco as a result of an individual ’s

be0000d - C .  lc adui t ion , they are stimuli to --chick the in iividual  makes a
st r ong and rathec- c~- crio ~st0c t r- :-sc-onse . k re inforcer  or r e in f o rcr n g

s~~cr -of s is eiIectivc- as s-cnn precisely h-~ couse- it e l i c i t s  a pred: ctat!e

and v cn ,~ r-o cc: reiocul se l I D S  an -~ c I O c L O : . .  It is the organism ’ s e x ist c n p

r~ u c o r i s e  t food , c a r  example , toot rn-odes food an effect ive reiccf ,-r :ec’ im

t~ a : :c0 r~g other behavior.  ‘hoe s t rength  of this  existing response f :  a re~ r.-

f r-:ing s t imu lus  is , in a sense , a measure of the p-owe: of the re inforor :-

to c r Ing  ac- out iocrt :’ie- r loner-: ln~~.

In th e  lab oratory, a stl-ong response to- a reinforcing s t imulus, sc-cd

as too l, ccc be ass:ri-e-~. icy dc-pc vim:’ ftc ~ orcn ’missc of the sthr-ulue for a 

rod of time prior to tic: ’ t ra in ing sescn to .  In a s imi lar  way, it ~S

pccss~ble to i ns ur e  that a kno art  will find. :r -o ’:ial approval rewarding by

c-i -i thhoircrng such nc r-ac-co- cc! prior to its use as a reinforcer. Atterltlcnl

and cr01 ic-va!, if lavishiy given, bec ome useless as rewards for good conduct.

It follows from the above that a reinforcing stimulus may have differing

levels -of potency -o mceci l.ru 0- upc-r~ the indivodual’ s immediately pric-r expe-

sure to i t , i .e. , whether he is satiated or has been -bepriveco. Over an

Isa -error! of time , the e l f o c o t  of ~or I o ~~s 1-elofor cr s on an ind iviccca may

be expected to P lu s  foote  as the i cc - t i v ij -uo i ’ o per± -ods of  satiation aol

depriva ti-o r b l o c - t o t e . 
- c o c o Oi ita--i n : r - - ( - I : ’ ~~1t, Inc e f f ect  of a re infc  c’ccr in s t rengthening

behavior  is on the i sccc ’oria:-el ,y preceding cehavior. Therefore a “t - :ulc-rc er j -

maco f IttJt1C’.i i 1 l - ~’ .L ,/ follow the response to be - : ourn eci. If the reic: :-cer- is

delay-e d , the desire r response- roa d- never be learned (‘ilt-heugn c-th or - responses

m i g h t  Le). A close temporal relationship between a i-eintc-rcer and the

behavior ol be r - I n f o r c e d  is ecr - cn t :.al for  the occul- 1- ence of l e ar n in g .

—- —
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gharacter i st lcs  of Rein forcur s  (ReIn fo rc ing  iit i rcrulli)

i-lost of the r ein forc ing  stimuli described so far nave been axtt-c-co!

or - env: rccnuc cor~tal stimuli, 5,00 cc as b c- -c. eich’hrcr flg cco -io~-uli c-cry also f~

terroa! to the orgcccclso, cco”-ceV er . ccarg/ ~c~0 -rtatl t re :-rnco’ os ar,u p c cic n -cec .t

seem to be’ inherent ir. be -harris C - f o e - n ,  o:c - c -mac t i l e , b~c p i o t o s s  of i-
~~~.:~~

pending seems to be re iom c-ro - o r  I cr  i t : : : ’ -— the  i~~u iv idaa l .  shcnc “ j oy of

dc - log. ” ‘lb-us , the t e o r c ccoc  r.e~-c c: - t - s _~~o~: c -~ a r r ’uog-.~- - s x r - 1 i C i T  cmvi J -: , flc oCL c O ~

reinforcers ; Imp lI rang og h e r  ‘i. - - c’cc rorcuc - cc a cocci I - rico k 0

frequently be s u f ft c n e , c -a- t o c .a ic : -tu : n  t r i s O  ‘cenr r v~~c-r f e c  rpnoe tin e tic-: r o a f t - ~ r.

i—lore will be sail later coccoerroi rg reccp:r :scn th:-nocrvcs as reinfc-rcL :-cc . ho

-i general, h owever , a :-uicJl: c- - ui’ is any stica-uln~t Lot arisir~g fcc -cr. on’: c - c rc  ‘ c O n —

me-nt or fcc-cr behavior i t self  vs i-sr i  is a -s: -r c s-:-c ~u cnree - cn toOc co  c~n-d may be

used. to modify, sha rco , or mai-nfaon oer~ c n - c .

~-1hile no single term r:.-d-:g;~’ or d o s e d :  ocat r o n  oysters is Re-nec-ally

agreed upon by psycholog ists , for present p cnT-i ’S(-S reinforcing ~t ~~~~~~~ ~~

can be discussed in terms of positove c-e~ rc crcc .r s , negative rein: o r - s -us ,

ahd punishers. Before cc-cc-paring thei r di f f o r en ce s~ cer t a in  o iccs : :~~c - o s t i . r s

of reinforcers in general shr oud be repe -ule -c. Fic.;r. all reorro r o0 00 are

stimuli which arise either from th~ env i r onm ent  or fran beho — - i c - r  ic e - 

Second, all reinforcers bear a close ten. cc-oral relatioi c t r i  p to the c-c .. c c-  - -

forced response. Thi rd, all reir.f ’orcer s eL ic I t  a sc r~ ng and o : -cco . s t e i t t-

response from the o rganism ircvu!v-:-e . Finally, r eu r i o rce r o  naVe an efl’c - ct

upon behavior and may be used to coLc ihy c-c m a i n t a in  an s ra- :anrSIfl’ s Li car - :.

J Positive Reinforcers . I~ positive reinforcer is any str rc- c.ru s c-chcnh - -

an indivi dual will  work to o b t a i n .  When rr-o c-ccrc- -u as cc ~O itO3O :~uec cc C-f a

response, a positive r e in f o rce r  serves to str -er gt ccec: ar~~ m a i c i t n d n  l :cc

x-esp-ense . Examples ci pos i t ive  reicc:orccers i n c - l o b  ccr - smc r1- - stlrsul -i

such as food and water, as well as cul icur- ocnl y derIved sflrnoi i such as

praise and c orre~’. locri ediate conf i rmat ion with the cc-r i-oct ar s’etc r c c - cl  — ,

f requently be usec r as a pun tire-- re infoc ce-c cc i r -cgrcsmr: e-d c- r u t Lng. icc

addit ion to immedIate knoo-rledge 01 r esu l t-~, j - ’ S ~ 
t,i e re m l  - c - c - rn such as

Oor t s t a r i l L - r l  accomplishments, t e ach er  p u o r i s o , arc! tic~ t an 0 c b l e  r b u c t c~ of

a newly acquired responsr , may also be use -P u Lii On euucat 10 ccc s i  ore - c  c-co . 

‘
~~- -~~ 

-
- ~~~~~~~~~~
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Negative Relnfoi - -soc ’o . Loosely spcai -:ic-c , . negative reinforcers are

those unpleasant situations such as socicc i, d i s ar p r ov a ! or condemnation
-

- which the learner will roab ily te::inacc e- if given the opportunity to do
- so . When negative reinforcement is used , the response t-o be learned serves

- to terminate or eliminate the aversive stlc -,ulat d c c - . If engaging in home-

:‘ork is the only nie-acos by --hcici: a student can terminate the aisp leasore of

a parent, the st udent may, over a period of tine, learn to terminate this
- cmon c-yir c-z stimulation aud o icly by engaging in the  required tasks. Negative

reinforcement, trleco , is a :creaio s of f- :roirmg behavio:-s tc o ccu r .  he~’ative

reinforce-rn are thc-ught by many c-c s he  i r cc l  i - c  ent mean s of producing

-

- 

learning because they may force the occurrence of  soth wanted  and uc-cranoed

- behaviors . Moreover, unwanted e-- - o ticnal  responses to an aversive sitocation

may be d i f f i c u lt to subsequently c -u d l ly .

- P un i s h e r : .  A pun isher  is an aversive stimulus which follows a ico S-

- ponse and f re quen t l y  serves to- suppress it. It is i rr: 1c - :o i - t c i r t  to 0 s t c  ca-u : Sc:

between negative re inforce-rn  and punishers. Negative reinfn -ocor cr  p-recede

the response and for-cc- its occurrence n 0O~cce- 1 to te i-n:nate  coo I

condit ion.  In corct :-ors roccoishers f o l l o w  tile resporoso arc : t ecc-ease  the’

- likelihood that the rc sno crs -c  will be made c - ~~’ .. lb  ccisap oc-ovai  or otcoec-

- annoying s t , i n :u Ja t  i o n  f o l io  ~is imme- l i ct e ly  a f t er -  a t aboo-ic r , r - cui lshsrent  has
t taken pln ’se . On tho- e tolec -- door -c . when disa :cpc-:vccl an-! sc-ui-ring are dire -:t€ - cc

- 
-at arc l rcd iv i-guoi  In cr:i e ffo r t -  0-c fo cc b e hav i o r  to- O c - o u l  -and h is  L unr : ’-000 r

-~~ c-an terminate  t Ots  ec rodL i l eco , negative r e in for c e m e n t  is being used. C - ~~~

- - - tive r e - in f o - r o e -r e  and ~- uid~ ocr :  core o i r ’ :n  ~r - rp e i  t : - , :e t b c t c c moot - c  the t e r m

‘ aversive st imul i,’ since a given stinculus c - n y  oft en  be crc-e ’J Lc- t.n ways ;

-
- the SC-i o rt i n~ h ip  to the reop-coac Is the critical u sc -or :t I’m ore-en u cen .

Disapproval and con lc-c- :n:t i -uo g iven lorg aCtor the c ’u - : - c r r en : - e  of an

incorrect  i-ehavior have l ittle effect  in weakening the beioo-n. cc - . hl i’; c all
- 
. re-icifor’c i rrg stimuli, pu r ci s Irt-oco t is ohI o- d i v e  oii!;-/ c-o i ler , i t  is relatively

c - r o o d  ate . However, c’~er. -rita c - 5 c - C L i .~~flt , C pucci sf t  tb-c b ehav ~-:- r cony nc ‘I

be permanently ocicypressoc a unless punie-hmcnt c-orcro o rr e s to be r c ’ai ccoaino , : .

The research on plcnisflflecrt does no t yet cie-cr!y indicate -,~hot-hcx - punis::-

me-nt can be t~ - - ooc to-b to ic-ave 1-c--c term L ’ch ’r ’: ir-ra f efl’ec os nxo ’cp: under - ‘

- - , sj ;t ~coc~J3l crc -r i d i th ons

-~~ -~~~

- 

~
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In summary, some responses viii be learned and others will not as a

result of the effects which the responses produce. By definition, a posi-

tive reinforcer is a stimulus which when made contingent upon the occurreAioe

of a response, serves to strengthen arid perpetuate the response. Aversive

0 
- stimuli may serve to suppress, but not always to eliminate, responses.

Punishers and negative reinforcers can seldom be used by themselves to

point the way to other, more desirable forms of behavi r- r and If they are

intense they may hinder the educational process by sup -ressing all but

avoidance behavior ~-iithin the educational setting.

Secondary Reinforcement

The properties of the various types of reinforcing stimuli tend to

spread to other aspects of the learning envi ronment in which they are used.

Neutral stimuli which are acciden-irly or leitiberately assocIated with a rein-

forcer may acquire the ability to reir-JLi--:c behavior by themselves. The

pleasant effects of candy, for example, may spread to the store in which —

candy is obtained or to the person who dispenses the candy. The psycho-

logist distinguishes between stimuli wnich seem to- be naturally reinforcing,

such as food, water, or pain, and those st imul i which acquire reinforcing
properties through learning, such as money, praise or criticism. Rein- 4
forcing stimuli which seem -to be naturally or innately reinforcing are

referred to as primary reinforcers. Derived or learned reinforcers are

technically called secondary reinforcers.

Just as the pleasant effects of a positive reinforcer may generalize

to the environment, the effects of aversive stimuli may also generalize - 

-

and suppress ongoing behaviors. When an individual is returned to an

environment in which he was previously punished, nearly all his responses

may be suppressed except those required in avoiding direct contact with - :

the aversive stimuli. After considerable exposure to aversive stimulation

such suppression of behavior may be brought about even by the suggestion ‘ 
-

that the learner return to the aversive environment. Thus, secondary

reinforcers like primary reinforcers can be either positive or aversive.

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - 
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typIcally, S I L L - . cc:1- udc:-c o~ 5 are tc~ - r  only ones available in an

educational ~i cocci O c O . ~cc-Ci’C c-ate a-cc- at praise ,:rados , cr1 tIc: soc,

c-roc:ct i coc ci . 0:00. f e u r  ci il~~-o Ia c r e v  to c - c c - c - i c y  st uucc -ct  behavior.

tuna-c-cu :: studIo : icc “0 c-nc ’ too’- cc  IL eLy ef f e c t i v e  r a ico lor cer  Is

r a c e iv ing  k i c  - - cc cC c- c-cd - - I .e. L -eln , told cococono r a ro sc - :--o crse is

cc-c-c: c-I ica- - ~j O c e - I c  • 0 L .o - Z  cos - -c’c oi - 
-
. hoc r-rc- .~~-rIge of c-Cc-c--cots or c:-rc f’i co ca—

tion, as it is s-:entd.cac  cat ~~~ i s o  a n -  i’cul n rlI- o vi t ab l e  for an in s tr c o: —

cc -000i. ci tcmcicTcc c - c  0 .0 C :tan 0cc - c - ’  c-c-I a-: be the :ou~ cr o-einforcer in ar asent

techniques of - c - . ~ o ~~-u’m ic-cc .

Reinforce-scent icc E~~~-oc-tIcn i_ cc I- 

Positive c-ui cc ~~~ .n~~i - , i’aci 11 once ic.o c c-motion in ana l lceicavlc’r s

fo r c-rhioh re -cargo are on~ c i , - c o - ± : ~-cjll c - .~-c-n,cc behavior s icc c-;hlch a ic-a rcoec-

prefer : to engage. 2-l ore- . aer , r cr i c i - -m r~ icd - c c ’  c - co c a - c oft’:, results Ic: a •- 2-

general heightor :Lcg icc octivici,’ - -it ch  rn~ y I’: oco- --~’ud ~
‘o-i~ aroc-ucti-ococ-ol - 

-

¶ 
purposes. Praise, en ’cc:cr: cLgumenc., and s° c:e:o Se-Co O to 1- ’:’ :Ote - continued

interest anl orttn -ciaca for the 100c c -a-icc -c tack c - c - cd ic- : r-~cc.r s the en t i c e

educational Sit~~-I t iOf l.  Ito - :o -ro t rco c, tao- -c -din g t io~cuc 1: avor s~ ve rt ircuinct io-c: ,

by means of a- L50O~ - j c -C - :-u~l or lear of Co h a-c e, c:cc ,y  lead Ice - ac-nec-ally negative

attitu-~es and the e-ar cc.Lc. a - c - i c - - o a t  - no i -nd Oc-OcO’ c- cac ao occcc c thiOa- to he

OVoioiod.

I-rog:-rcccrceci le arn in g  iO L a c e - i  c-n a L:IJ :;c’rkoy r-rb ich sc-ia-t ests  the ‘
~

consist  c-id use of p1 .: 1 tI’-’~c i c  r O O c c p S  c’ t. In addition to hnow1ed~ e of
results, the r e  are c-cony other -c le aron Ji r’ . c u i ’ -t reinforcers iIc- program-

:cing~ doper:d oor up o n too -c }i :-a c t o r i s t lc s  arc!  ga-n -ora l  baokbround of the

c-to-dents fo ~ rancoc tIc-c- p - c -c- m’coi s in ,nndaoc . For very young ho 1 c c - c  cc ,

being able t~- -u - c o- oge - lOt  cc- Loo n racy be - s t r  nocoly  r e in for c ing .  The

di rection to tn - -n I to r-: 010 ilOO. b eing conic to do so , constitutes a
reinforcing cvecct.  F i r-tc :g  a -d c c  rt cut - - - an ccc sier way to emit a

certain c- c-c-nun: - is a so- rc , .ncao- c  n -  n— i coot 1 c ’ - ’ ; .  In c rogc-nrc -nIr.g -~~~~

as ore-Il us i~ :tru c t i c  a in ,”u ’. ‘cm-c , -c-lev r use :° c”:l- . be no- of all such

r e - inCur -cur s .  the o~’~-c l ar ’r e rd- -c- o-. i .b:rt c o o i n g  r i g h t is c- Icc  sole r e cm c—

“er cr cr is too l initc-c-t : a a— :o; r :kw r : l ; u L . :  t r ee  Cc - To ny c - n - c O o , - - - c c ;  as the

ar 020 r~iflrner can thIr1 :  of.  T ic  LoC cc-rot x~ C., cOd :i~I icg  cOO d j i  Lao s , o di it ional

~einforccr-: cci -Lb ;3J c- - - c- a - - c -  i i i  c T - - i - c c  te c hni ques of au~ -‘cacti - c .- i ~;- .~ Jc T__ I-

--

~~~~~ - -~~~~—- ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~.. - ~~~~~~- - .. -~~~~~~~~~~~~~~~‘
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A c - i~ icc - ic c m- a  c-dc--t o-. be maccc Oa- 000’. - oo a r e lc to-c - - - :cr end wh at n ig ht i-c

-c-e~~ c-cc a bonus . It is co-c ’. e- ac-u~ 1: to pi ‘- ide a gc:. ially pleasan t: anoc

u;jc-r--vIng atc:osabe:-e i 0- c’ the I oc. lie .nst earn tOo rnic:L c rcer. If

rc\-Jar0cs are dispec~~e! - c c - n  ov- :E-r000e to the  s tuden t ’  s 00:0 00cc  p . LoIn - - cot ,

oLe-re is no kim-wong what I o c ia v  ors o.’ill cc reinfcre€ - o On! henco cmca:::ec~.

OccOL ’\ ’ Oc  be -dad e;- is icc cc;-: c-- cc - .:  at the  tic e a n-cin;- ::rcer Ic -  oivecc cii 11

be a f l e - o t e e  a- ,- c-do ;-c i:torcer. Thus it is esse ot ia~ t o  coac-c e c o c a . :  m c c c l  •

contingent on1y ac - -c-c r. I c c - c - c  bi e- c - CoOL : - 0 c t . E .  Ea r .~ er , a r -oIn ie1 - c-cd~ent iS

nc-ct a :-c-ibe . 0 b r I b e  ic- t c-tciccUlly pr-mile-re !  ‘ cml e de:ic-a- -i b ehavior ca:
CO n., c-c Il the rn~m c o .  to o c h o c o .  a i.rio-C is oflo red  hapn eas to be c- calling
at -,ho ccoma-rn, the ~c-rib’: ce; -,’ c - o ; o  .trcc- cc-r c; t c-a-ccgaben st - o lao . Tic-c - e::e:c - ’c

]
of a re - inCa --c-ocr ~s ca--c-:: it  in erc .o d c - c e t  ‘c-ocr c-c c .: i s  a c-c-cc-c r c-a c -  °rcce c - f ’  -.0-c

learner ’ s Lode c-L ,r .

A pc -ca-ic-ac ;. wiol  alc:, -c ~~o always be 0Se -c~ oc -Ihic ;  a ln;-g-~:- a- ic  c aLl -a nal

e-r1vcm0n ;o0~-r ;t  and t ide-  tc-C~l1i ofl ’ 5 c t 0 - c - C t i V e f l L - 3 S  cac- t be c:cexI ::.j z~ -j Ic y am - c c  - c -

standing of now ro-orm o roec ent is nc-cd in t n -  lana --c r a-on crcncme::I. ~tca-
-

- 
overall de - ’cic - i .c xo I -egr cc -c1 :flg c .-ne Lcc ex- a rE cr:icc -clar  1ro-grrnc shoudoc be c-coed

is c~~:sac -vier ct to c-car- : gecce-ra l cccnsiderations m n ;c -rn i a g  the :incc -ec ocrer ; t 4
of the -  I; cai. instructional c-i t  -oc t cci. 1;. the I COco -oe - 0 S e000ir ’,c-c-cncc:,

came of the most pc- Lent  re inf-~rc 1ng st i c -cu_ i are social in ‘ atc :c-e , i . e . ,
o ccerived Crc-c. ; p c -nc -to .  Those social rein 2 - c ’~crs ore cc:aicac:e~ :hrc cugr c  cc

interpersonal relnt i-cnshci i h a t - r e - e n  the- I a - c - t i . c c - c r  ac -c t.dc s t - c - cent .

eve r, toe-- c-cu -c prirc -cc Line- : ; of learning which  give r i sc-  to e l ic i e n t
p-c-ogr~ ac- may be employed to crako to-c in -- c - c -sn ccci relat; : . c - c ip ccc cc

efficIent and conducive ac-’ la:tr:cing. tLac c:;e icstructocr nc-~er scc -  a

the proper way to use p os i t i v e-  reinforcement and the c-coi l,- re i r fcrc er : ,c -cot -

affec ts b a-h avo or, he is i: a position to i c a k e  c-iuo ic : .jr.c use of a p ro gr o oc . )
ru vl It carry out an Lcc coa c -t an l  role i. r~ media t ing  social re~ c m ’o rcon:  c , .

I
~11 , ~~~~ -
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T xt cmnr  c. c -c .

Ex coction, or it - Icc - c - cc - .1cc- a-c- 015 i t  in .~~t:L c cr1 1’ - 1 , re ’ers to icon

process o~ omit t ia c- c- -c ic ’Lurc-eo . .cnt c.: a- c r o c i  - :in a r~- c- :- -o:.:~ cc crc . - —

Ioree-ci. a-he-n a fec-p -Dec -c [C no lo-r .geo- i-cia-fr-i-ce ! Ic. c-c o LI - :c-.u- ler.~ a
less frequently and eventually be ‘ - - ‘ - . c-n-c- !. ” F I r  exan~I- , a 1 a - r~~ c~
cc-ho inserts a ni-ca-cl icr a er- -eI:ec: ScCc. p :n r i : i ccc-  an! gets no- c-lao ..; Co-c-

noctey, soon stops ccra I ocon a - c b k-cl.; _ r t c  the :1:- . 1:-cl :cating 0. - a- cc  ch .Oe
-or a r ep er t o nr e  through extt c :c ’ icc; c-Cc-c ocim s f c ot  .~I all , i - c  .ti ty ing

the re imforeers  whi ch are operati cdg , siccoc t a r se  c-ire c - do  o g o c c . c L :r- : ugki

— which the c-espo;:sa- is :cai;c nine-ci at sc-me- c - t c -~o-rc a -a - ic - . ii;: ’. I .  ‘c-~ liL a- t i d e

rein fccroe ;-s , one in in a Ic -Osi t t oto  to ac-tec:cc.: to elcm;i a tc - t a-cc: , c-cc ‘c l o t

the response involved cr111 ;:e~. ccci and eve cc c-c -c -ally eXin - -  - 
- - c . .  

. -

The term ex t i c c c - c~ oco Is c-- so -c l c~- c- - a -fec -  to both t ic -c p0c c -cc-s c-co-i I Is

e ffect .  Ext inc t ion  a-c c-c- c ; opec-nt Ion c - o c~ ;: c-to of c-e o n--ia -a- or c l - - c t -: ;  :ig to.O

c - r e v a l i i r c g  rei ccfr i ; -co -x- s .  Tx c -~ x :cc- ;on as a i :--c-i ca -c:o-ral etfer c t. is ta-c te cc - cCc - ’c

10 f;-e4uer c-y -c-c- likeliic:-o-h of a r-. cm - - c ;c ’a .  Tcce ta-- c - c , c-ca1,- nina c-c. cc -- to ti.c

- 

- weaken ing c-f stimc-tus conIc--cl OV i ; a cc: :  c o: - . Ice ~-ooc:.oa -en-o-~ cc-f cxc - ion- —
tb-o n is of great lccc;o.’- icccacc to- l ea rn ing  a--c c c a - ,  0. :1 its Jcc arc -coal
ti -ce cos for  progra~cc~c-ed h : c c - t c - -~-ct1Cto t c~C l~:Cs L L ’vio ’cr  -n rc - c-oIly c -bc -ic - . tocese ~f

;-cln forcec :e-nt .

b c-a-c l nct i c - n Co-c -c c -rus t ed  to .‘ccb:c nltic.-rc ac-al I .  c - e r o sI on .  “c-c-Icc-a- aa~., co - c cI  n c-c-c,

explanation , and pei-s oas .c ; ~c are L’r - c !uc -ccl lT roe - i  ic -c c - i cc c t t lo lo  as at c - -o - c . .  I.: ta-

- ‘ 
gu~ Ic s t.udent 11- :ci -c c : ‘ . cIu -cn nt t .edcpto Occa l— 11-c effective c-then they 1-re:;.1 t

• ;o r i Iab l ,c ic-ehavinr which : -cc.:. -a-ne c--c cc rc-oon ’:,-ced . Exp~lar:ucicc or i c--c ’ - . c-- ..t i cc

7 
- 

by i tself , lom- ’ec-ec- , uc l tncc r a scLf ! -c i ca  0 ci- c.ec-essary c:ccc :hI ic-c: a-cr t i c - .-

* -
. occnr  ec Oe -f lea ; - . It  is conY :0.-c La-cc- lear -f l ing  E T c - i c - nc - c r -c t c - c - cl - : c- the

c-~.- - rec-p o-r.a -~~ c t b v c y t :  ;-ii ;at .e ’:cc- materI als  a~’e c- c- ca - cc - f ca- t h . c c -  t n -  I a

con ch  ca-s for  e ; c -’c ’ct i ’-n learning ac-c- aJ -j -1 - ; ’nio r c a o - ;. On th c-- other hand ,

f admonition ant persuasion are usa-d as negative re-m a-aria-i-s c-iLl-c -ic tin.-
- 
. a- -tent will seek to avoid , they have li - c - c -I  a-- o a [ - ~ i c - c  bnstrucLlcmc.

i- r c a - n i l  ~y spe- akldlg c a ni x-c c-d iaL ic- way ; . . 0Cc- c v i a - a -  learned re c l o roo- o  c ; is

to - - - c - c . o f ’y  In  -cc aspec Is of t i c - c  :c vIronr c;:ot c-r i ;c ch r e- ia-Cc -r oe the unwanted

behavior ac -r i  to 0;- c ~c c i . - a-he cmvi rocciceccI so as I : j c- i -cc - -erc t - the se reIn : - rca --cs

from - c1- c L 0 ~~.

—.. -~~~~~~-—-—~— -,-——, -~~~~ ~~~~~~
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Exti;.c-tlaci Contrac:!e - to f-un icia ecc I . I:. c-cc-c pc-c - ce -us  o;f ext i: eti cc -c ,

rc-ic Iu c- -.cer ecc t is c-r i ta-ne -lu ‘~ I ! a - c c - - c - S C- I -n ; - Ic- .
~~ 

- fe-c-a--cc -cc -C l1k~li~iuccc .

Ic. concc--ast, e-Oe , a respc-:ic-e- 103 ~i - .u c x S h c - .c , a cuxn us consequence is a - c.~-
- 

- :-cce.i c~’ .1cc oj :ria-j).c ’Obi-~- L- ci:avi c ’. It  .ri-ccoci d [-‘cc- cbc ’Ic- n c-c-cat fun i .iic-c-e.r c-.

c-crc-n extinctioci c-~:v~ lcoc- ‘c-er , i O ~cc-ed~~O ccnuc-.-a: ~~c - d . c -  and result ir: ucLa -fe-r e-n c- .

L ’enaviora i e lf e i c - a - s .  COj OCI icr ti.-
~~ a-If inreo:uc-ec- : cc - c r c -c - c ,  the stoic -c-a-nt ‘‘Los e

tc-ha ’ii .  r is r : e t  c- il  icc a c- -cc- icc-c l :c-: u~ - . ( :  sanc:ot) unc one whose bc avior

is cc cc po - c t c I y  igcc.rc - :c (- cc - I c e ’c- . - c ) .  k e t c - l . . c - c a -~~~ c-i c c :  -nh ysioal  p j L i C l d i e - c - c t

O ’it-c -c-c Lrucc e diac - c.Ly suppre:-:- t he c i c - r i o d e c i  i ’c:pD:ic - a - . bat thI s scppr -csc- ion

may ire e~ c c ilI a -  onl y to the .er.c:ca-- -lca te ~~~~~ o::c:a-n t and :::c{ c--n t ire j cercccoecer .,.

On t h e  other hand., ii’ ce-i io:ilii:iualt s c.cehavior icc-... cot be e-c-c- r e - i c c - f a r c e - -i over

a c-e~~x e - s  of ;c-cc - asl-o - .~~, it is - a - c i b a - e l y  t k c -t  c-he b e-nc -cc -icr will oc- . - ar .  ‘Ihu~
a stc-ot cnt s ociscond s-;c v I..: a clcc -ssr ouccc- OOV be ::o . c. uished if he is l a - n  re-b

by a- ’/eI’yC rc- &c in the 0 c - , . .  i cL” ci S ne -c o - - c c i ~ ;h c -  Ic -n p: i-ca - --h, ly  stop hI.cc i c-a-c-c- ‘c -Is— 
—

-
. 

i coc ir i vin c - , I-ct the ati .cc.c ~Oc c- Lie -  c- -oDe-ly e-s c-’ IIbo- b~ 1c c- a-, p ccrcb s [ccci cr Igh t  serve

to c-c ia - fc c -  -e- his c c b o b e t ~uv !c- r .

Extboction cad Been cc - Se -  dubst i tut ion bc : r c - c a -ra mc -xe -u Leac--ning. In a

learning a-c - - c - Cro ci , the ec-:c.:ccticn I c r -nec -s o  ( i . c . ,  the delIberate wic-cfo-ol!ia-g

c-f reinfoi- -oec..cnt ) is sel-cL. c : ‘c-Ce ! cc- a s e - c  c - c u~ate-  pr t -coc i - ,re . The sc..ccxen ’f is
rarely if aver  crc -cc ncc’c cre -cc to enga ’ac- in b e-n i .  I c - c -  cc-d I sh is l a- f t  u r . con l i r c a--ci.

if the st-ader ‘c-cOccus incorre c tly to sue cc-c c-tatter c-tIc-cc-c-il, c c c  c-c-a” to

clicc- in af.e the- incorrec t c-eu . -n c-e, a-i- occc-crse, wcc-;ld be to with1cnli re c

f orc c-c;,ern . A mor a-- - .;seful procedur e with h o c - cc - an hehuvior, however, i S  0- -S

teach a o o c op e c i . : c ~a- d e o i co c cc l - c -  1- cc-c -cc - c - se to t ic -c Stl cc- ja- c-c-c-. For exam ple , ~, a - s t

c-I c-dents beg ‘c igebra ‘JjLc c- ::c - , - .cec --au te  c:C:st 1ec-crrcing h O  the use of le t ters

of the al j i. -Lc e t .  i - i ~a- -:. a-ek ed cc -hat  “x ” is , the- average c - t -aac -~~c- v Io l  0c c- c - c - c -er - 

-

• that It  is a lett e r  o~ al 1-Loc t . e - t~ cc cl Ic - . aigec-ru the c - t - U LIa - c - c -c :c - c- c- i, lear-c’:

that x c-t anlc-  for  an uc-c-kuc--.:c. - i - c c - a - t o  t. -,- . a-once c-dc- -c- cd r - -c -p cc i s co  is desir -aic-ic

in other contexts , the aI: ’eLx-a t ea ;:iao r Ci~ the acgeL-;-a i c-c - c -c - cc -an: will attach

the additional re-spa-c -cs-., ‘ con no k c -c cwr ;  quantity,” to the icc tIer x rather

than extinguishin,y a-ho- U l c i  c c - a J . c - :cc ; - c . Th ;s  PIc -.-ceS C called response

substitution and it appearo t. i c c - - c c- c-c o-c- h ma c-c c c - i c c - c - l c d  relevance to

programmed lec rn i o c - , than ctues -c- ic-ti c-oct I c - c -. cc -s cc- cc - i c .

- -  —



c~ c-~~~~~~~
’

a-c - cc tc- .ncouz i-c - c - c c -  - c - c c ’  and Ycc c-’c-— c c - -

~~o phec- . cc .c~ c~ whi ch have teem r-elatIc--c If c-icc -cl l~~v e - c - t  I a -c - c - ted in

:syoh el-cgy and ar-a c L y  .-c -cu c 3 i .-cc ’u ll y r ec -’ -c - ~c- -uc - i c-c Ic. pc ca-rncnr icc -a- ll:. er ’ -~rc ,

are cpc. cccauec -cc- rc-co vc c - ’c- c - c u -c ; ,- ; c c o c c , — - c r . .  a - h o  rCCuc - once cl an cx l c l c :nson- -i

response Is sa l le-c-  Sp-3.c -L~~: c-c - O u S  c- ;. ’. - - . Cc n -c-c-c-co g c-dc ic -’ ; c- c iOo t i  ccc- ci’ a
-

- 
response c--he Learc c-er  dc-I : ,’ again c - c-  ic - Icc ‘ci Ic-c Lice ex.lc ction si t c-c-c- :1. oc - cc c - c - c - c - c - c -,

if some t ic - c _ c has pass-:c ~ d c - c ’e -  t : :uo  f ’ c-c-c - c-;-:uI: cti c - c - re -cc -na -, a ~ - c -c - c - cc- - —

rence of resfnc n.ni.na- is ~cccuo .-olly n-n i  ad. Ta-c cc c - c - ; ,- ci’ t h e  p he - c c c~c - .erccn c is

somewhat misieaccir:g Sic - i ;- sporiw-cc~-c- .- -uc - c - c - c c  ‘c -nc  Is o f t e n  pc - ’~ ; l c - - o t c- iLle c-cc -cd

often accyth in c--  b-.,t c-p c -c -nc -a -a-co. - a-c’ . ‘tic- c secuc. .! phenomenon. woc -I -:n-- uj:- , dc-c s 1 Cc - cc -

observed in studies of ic-ia--cc-trial ccr -odu -c ’t iv ic -c -y c - c - c - c d h~~an skill—lea-ru I . .

It- refers to c-he- i’ rc -c i c - :.e:c- L situatIon in w h c  cc a c--cc-con c--iith learned sic-ilIc-

Icera -ox cccs in a relat ive-I,— poor -fashion at the h egloicc -rng of a work c- ans i - tn

and improves i.n pcc --forc -ca: c ;e as the session proceeds . - -

— 

While spontaneous recovery and ‘- -a -up cc- c--e- r iot explici t ly i c c - c c - c - - ;  c-c-cited

ic - i P~~~u rc-~c-c-1 i. c- f ,  dc-ce rel cbx. tlty  c c - L t d  c--i -r ich these j .hencrnena oc-’c-ur c-hoc-c-il be

taken into account both ic- c the adninisti-ati-.n of programs and in ti c-c c- ccrocc -a-e-

cc-ant of the total leai-ocicc~: environcoent.  i’lce prograncc-iler or instructor cony

easily succeed in subst ituting a new 1-esponse to an old a-cc -c-i a - a c - c - i l I a c -

stimulus, but he should be pc--c-pored to a-ic-cc-i a studen t c-;i-ii11g the incorrect

response at some future L:o. Such ac-c- irc u ’u s lon  Is similar to-- the a - - -c c-

taneous recovery of an old x e , .;: . In any event , it is best to anticipate

the po ssib cc-l .o ty of ir cc - c c :c i o- c ;n  ic-c- re ccno .cy seb st i tutea responses by orr ac- lI c - ic :,

ajcprcc pr- ;ate reviec-j a-c c-: practice sequen ces. Both ex ic c in c c l on  and reuI.-oc nse

nub st ic--ut Ic -n are s- Ic-icc : cn,a-icote in a c-inc-c-la- learniccc--, sezc --~ -..n c - c - c od sc- c -cc-

‘c , :nc .o ’a - t  ol’ t imc even if c-only a fcc--c- hours, nc -coul d roe -ac-- ~c’ he allowed to —

elapse between oc-Lgicc -c: i  I e - ccc~c c - I c a -  and subsequent revici-; . The san e c-c.csidera— 
- 

-
.

• tic-c-c-s apply ic-c- the o-c c - c S sc --c .c: where the instructor cc-cay successfully crticc-guish

b a-h oivi-o r only to find It  re -turning again c-cc the next class c- c cc - t . : c : c ,.

• Both sj uor .t r -u c- c -us recovery and c c - c u -c-- -up c a--c - l .a-a-se c- - a - Lid the ac-n~ c-cc : t of I ioc: e

the lec - cr - o ’.cc- sparc-dc- out- of tile c-i Ic - cc - c t i c - f l . The i c - ic - cc - cr  it has been soc -co -c

extinction or sc-ba t- i tutlon took pit-r e, tic-a t ’c--e:ctcc- I- t i le - cc -c -’ I-c-. c-nt of spontaneous

recovery to be -~ :c - . Similarly - the I - cc a-cr a c-~c-ilI’c -c-c- cc- c rc - c c - c c - -  icon been

out of his operat ing c - i t  -a -c - [ ‘ c the 1c c - c -a - c - c  c- c- ic t - c - c a -- necessary to achieve 

~~~~. 
~~~~~~~~ ~~~~~~~~~

. ..
~~~~~~~~~~~
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c c - c - _ c - c - i c c _c-n :. c - t i .  - ic - c a - c c - C C  a - c - c-c-c- ic -c :. cc c-ice c’f a - c-~’ c c -’ a-c . c-n -c ’ c - c t  of’ c-la-a-.- c - a -  ~j ’ ‘ I c C - c Ic - c - c - -

• a- ac - ic - c -a - a pc -j c-d ict Io n  ~~:. Vu r h ., ct-u-lies C i ’ leac--c c - ing,  it c-c-ec;,c-
;,c - a - y . c c t  to-- 

~~~~~~~~ oil,’ n c - c - c - c -cc- cccvCc - ’c - —.c l cicc -’ :, c - , c~ j ’ a- L -
~- a- c - i c c - - c - u t  ic - c -  ci

j -fcgrocc. c-c - c - Il  inc rease ffO dc c c-ice c - - a -c - O u i .  • ;. oe sa ur. c-c- a peak s..-c ; . a - c- ic - -..1-C-

Ic-i t tc -c rnii c- :l c of ti c-C se - soc - ce - c O, a5 c - cc - : c - c - c ,co Ilc -’  . ra-..a-c Lo - c-a- cc-’ c - c c- ia-I c l I f Ii c c -a t i -.

LI also Sea - c s likel y t a - c - c - i, ‘c - i c - c c-~,~o-~~- - of t .c e -  i e d - :n ’c cc , - i ’ w c cc - ’ r .,— ’ co ‘ - c l
- ic. -- ofc _- -os e as a-se c - I c - i I c - c - c -~i toy of c- c - c - a -  :c- c-c ’,a - - , - c - aI  o., cc-v _-c - -c- - c c - c ,  - - . c - , cc - c -u t i ’ cc- c - a - c - c -

‘ - - c o n - c - .  Ui cLLo t c - c d  l_ . - .. cc.I c - , o c - ,-c ’ c c - c - i ,. ,.e . c -c - c.c~c ’ — - -c- i_ us a-e ec-c- c-a- ic e cc - :i c , c .c - ,c

subject :c - c - a -,te r i ~~~~~~~ c-s cc -c - ’, - a - c c - c -  ~._ a- ‘ , - 
- c-nt :,,cc ; :CWicL Lic e- ac - - I -cc -ol e

~ c-~c- cc - t~~- : . - c - c -co h a- .c-c ,l ;c cc -c -c-d c-v ,,0, i_, c , is ian -c--c-rn o ’ c- icc .c c - c - c - ;. — .. j oc-erc - c-c - c-c - .  1-..

c - a ’,’ be c - L a - c. t i c a-  t ; .. n Li ~~:c- L C , . W c c c c. S - c - D c - c - C c -  c-c- LIm i t s  - - h ’ the -  n o t -c - c t  c .c -c t~ er

occur in the cc-iac_ le- c-i a c c - cc - c - c - c - :  i _ c - c - c - c-a-  c- c - 1-  0 cc - c ce -Ic -c-cc: , se:c- S c-c c-c -c - , if hoc-

h ig h c - c - t  roo.e Of c c - - ’’ i_ c - - ens  Is tc ‘c.e a - dc - i-c - v-_ I  c- : c - c c ,. ~~~. ct c-dc-c- entire pc --c-i c-an .

‘c -he for-a-, - -a- c- n i_c- c- cc c - i c - c - _ c - ,  c-c a - a r c i i c .  sp. ,,:c- t cc- . -c - - c - c  c-- c - c - e ve - c --c- a-a-I c - c

c - c r c -  na-t tn  result s c i ’  c c - a - c- c - - n a--n c-al sc-u c-ten c-r i tic - ~ c- - c - ,c- c- -; c - ccc - e- .i lea -rc a-c-c -a -

c c . , h a - .  I c - a -  c - c c . p c - c p r ,  cc - a -  c-cc-eared c--c. c c - c - .  qu e s t i c - -rc n c-’e-n.a c c-is Ic -; ; L-e - c -c c -c - cc -.

Ida-ce-ve t- , c- li e - SC spec-c-i_ la-ta-c-c-c- cc- c c - co ,poirr . cc -u t  c - c - c - c - c -. I c - a c  c c -  I c -  c::cI j - c c o c c t t c e c -  c - cc - cd, La-

as a res-cl co or c c c c - s i c - i c - i ’n’c-g the .cc- :: ’l_ t ic -c -c-s c - 1a - c -~ d C c ~ac-:,~ ~c--r 1-co m m

ilaj or c - c ec - i . c - - : c - . t s  a c - cd c - - c - C c - c - c - c - c -  ‘c c-- c - c ,  c- Ic -e - c - c - c - cc .c -a - - c - , c c , t  c-f heicavior  c,’ec’c-

I d e nt i f i e d  in t .la- s c- i c - c - c~ .e-c-~. Ic - ce ni’i r.c c - i c-c l a c -  -;J s c- .c-s c- ec- cl coic-’e c- ’c -I c-v cc - c r  ta-

toe i c - i~~t rccc -t iC - c - c - c -cI c - C - c - I c - a - f’ c - c - c :  -a c - c -h -cia  as c - c - cc - c - li as - spe d ~ e c:cstrc -cc -c-cJ c c - c - c c - cl

techni due c- such c--s Ic-F-th :-n:o .olna- . hoc-nc c-i t he  1 c - c c -~~c ’c - c - cc - ct j c O c - c - c t s  coc-’ered in
this c - ha j — t cc - ’  cc - c - - c :

1. Ta the s c i e n t i s t  c-ca -cd I : c a -t ; -nc- c- -c c- - , c -c - ic -c iv ic - c -’ rca-cc--s t i _ c -  the -  - , c c - I

—
- cb n e r v ; .b n - , c - c c- c-I c-, ’c- c - c - J c - c -’aLia- c - c c - p e ’ t .  Of a - c -  - c . c i v i - - u c - c i ’  c-c- a c t i o n s .  i.e - c - ir a - i cc - a -

involves ti c-. cc - - d i f i  c c - c - t i c - n  c - c -’ b e - I a - c - i  ;‘. The - c - c  c - fcc - c - c -c’ ’ 5 a-i_ ca] . in a-c,
modify s t, -nlec-c- 1, b ’Jc -av m i -  c- a- i -- ic -  rec-r,ec I t c- coot - .] c-Ct ‘c-at -c-cc -- c- c - c-nc -cu!

2. .‘~ c-t imula- s  is I cc - c - c -’ , ‘ - : ~l - t  c-h’ c - c - c - c ic - c -- ic - ,v iaual ’  5 envirccnc -ocnt I c t
i s responsible f a r  c-r .dus c - cc - a - a given ha - ic - a -j-c- cc - - . c-’c- c -e n-a-c-c-c--er c-f st c -cod c-

that -c - cc - c c - trul b e c - c - u vc -  - . ‘c  inc c - v - c c - ne - s  with age ) tcc-r’c ;c - c~ ,h I cc - c r - 

I

_________________________________________ —-— _ - -. .-
~~~~~~~~~~
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3. A :‘e -j~a - r t c - _ re is c-c a-rca-cl - of r es cc -cc c - so,s c-c-a-c-Icc - c- bear sc-c-cc-c b a -icc -c] . or

c- ’ uio - c - t I c - , c - c - a -l re-ic II , - c - a - d c c -~~c to c-c -c -c -c another .  An iocc:Iv ! -J’.c-aih s ‘ucc-tal boda’.’ior

e - cocc - c - c - c -’ tS of c c-any c - e - I o e - c’ t c - L c - ’a - s .  h cc- i l e  -city c - c c - c - cc- . c-i re-pertu-ires a-an be

• i den t i f i ed  co ’c c-,e-c’cc iIrig c-c-c- the 5c - I r,. i_ cc-C t matter, c-c- ca-ce r c -aec - -tc -c i re s  ca-c-’ general

:.c - c.~ c - c - - c -  c-c c-c-c e are: c-c-c c- c c - ’ c c _ oc-c- I Ive sc -cc --ic -c -i , se-lc-’—c -c - ,s t a Icce - c , c ’ ,c. c - l ccUo c-c,c-,

c-c- I c - a - r e t - c , verbal  anci j c -c -c -cc - ’c - ’a -r c -c - c -c l  re~ a-c-’c-oir-c-s . A student’s entrance

i-eic-er -cclrc- I c - c -- c - - c - c c - c r] c- c - i a- of cc - ic a tc -” o r  bch avic-rc  ha; bc - ic - c - a - s  c-c c-ic - inc-true-

tional a - I c - t acti c-cc-. The c-cc - ic -d na-]. c - -c rc -crc -  cc - CC c-con s i st s  of the ic-~ ic -a -y c-c -r whi ch

the stale-nc- . cc - c -h c - c -c -l c.- c o c a - c a - c l -c ]‘r c: c cc - t i c -c -  i n s c-a -,.’c ic i ,ccc -a i  c-c- .. - c - a - _ c c-c-

TIc-a-- c-a-c~ceciuerc-ces of cicc- c --c ’I anlnc -o .’ s actioc-is are critic-al in coca -ic

the c a - c -c - i _ i f  i cc -a ’  .c c -  c c - c c - -c - c - c -  o.cc ~~e:c-acc-a-c-e of b coc -ic - avlc r.  Tic-ce occurrence of consequences
of be-du o _ c u r  c - d c - c - c -  ace - - a - c - i c-c- . ‘iVC in ~ c--c- -Iuc~~o c -a -  ac-c--i cna in’c-aic-cing behavior  is

cai . i, ccc.o c- ’eini_ .- .’-c - a - c - c c ct .  Tic -c- to - c - c - cc  C a- a - c ,  .oi’c - c - , c - C c - c - t  Ce - Ic -c - i’S to the process  of

p r c v c - c - c -  c- ca - c - ci- c -h e t c - c -c - c o v e  i c - a - i c c - c - c -’] c- ,Cc -c-i c--crc :equcccec- .

5. Re ic . ui - c - e c -s c-c-rc - ic-c- c - t ic - c - c ,ii po’c - —o c ,~c c-..i icc’,- tcce learner ’ s resy- c ,- c - cc.

Then- c- - c - Ic - c - cc-c-l i c-, cc- . i b-c 1cc-i I iV’c- c - . .t r c - i c - r c - c -co-rs , nega . Ive  reircc-forcers, or pun c- .sicccc -rs .

1on~ II’. ; f e c - c  . . c - ’ c - -c -rco i :c-c1 :.c-u~ c-- -,- Lr •c -’cr c l c - c - a -  5 I 1 c c ~~~ f c--rhich the -cra-ac-c-~sm seeks or

obtai ns co y  c - c - i _ c - c -  a - .  c- - c -c - c - a c - c - w e reic-c- .i_c i-c--ers ac --C c-hose sttmul i W a - i c - c - c -  the

c r c- c - a - cc - i cc - I.’ s c--enpo- r .z~- c-c - c-”- -cc- c-c- elic-r.i cccoc - a- .  In —cc - c - c - c - c - - a n t, c-c -un!nb ec -’s I :11cc-n c--ice

r espon cc --c- c-ca- -c -i O’ o c- c;e 1c--ec .1:, . : -  
~~ ‘ rcc- c c-c its c o - c - c - -  c - re - c c - c - ce ic-c ’ t h e  c- a r c -  Ic - c - ; I, ac-- st±cc - c -,i_Lus .

6. a-eic~fcrc no.c c- ’.: c-c-c-c’ e ”.ective c :c cT.c-c-c-if ,i i rc-c-
’ hav icr  bee-a-use c-hey

• c- hecc,selc--e-s d c - c - c - c-c r ec -c -1c-uc -c-se c-]’ c-- - .c-l c , c-i .e learner. The sc - c - cc - a-c-h cc -f tic-c-n c--e s—

a-- c - c - c - c - C is c-c c c o c - s i  b i.e - c- c -c - . Of tue c - c - ]  - c- ’ , c- ’ -cC c -  c-’ s c - cc -c - er  a-c reircfc,rce. it

c-a -nc-’urcer ’ c a-~~c- ’- c- c - c - , ;c - cc - c-cay cc-hat- nat-crally oc--- c.cay be acc -~-uIc - -e-i by 1’ c - c . .

7. The e-fc- e--c a- of a c-- a- a -c- cc -a - c - c - c e - i -  d.c- n a - c - a - i _ s  i_ c - c - c i t s  irr~zneciiacy ic - c  fc - l Ic - 1!lc - c - ]c -

c-he behavi - ’:c-- it iS to c--cia-c-c_ cc - c c  . c-!ith i_ i-a- nyc-c in r e c - c ,  ‘ a- re - c c - c - c c - cc - cc- , 1cc -n c - i cc -a -

may not a- cc-Ic e - pJ .ac ca - .. or u.’o -c-i--s ired responses may be a- a-ic-c-f-c-re-ed c . c - c c i  c - C _ c .  

-7. Extinct~occ- is the 1c-~~ cesc-s cc-f c c - f l c - i t t i . :cg  n e o c . f c  rcernent and ~-e a- ’cttc c c -a -

a response to be u nc -r e i c c - c - -o ree d .  In thi s c-ray, a i c - i c - e n  rec-c-I.-c-c-c-se c--c- a c - c - I nc - c - f  c-c-a

is unlearned or ‘ic-i_ c c--cases icc fc--ccc c - c - c - c n - c - y  . 1cc-’ instructional pcc -c --j~one~c-- , dna -c - ever ,

response substitution sce-c:os to be a ccc - , -.-re - r e l -cvant  procedur e than ext inct i  cc -c

a-b .c - ce .  In the process 01’ c- -c- c r - c r c- c-c c-cctc -stitut f e c - c -, a new c - c - c - c c - I coic-petic ia- response

is ta-ught to a particular c - c - c -  i c ; c - o I c - c - s .

Il_I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •-- ‘ . ‘_‘- _-—_-‘-— i_.—— ~~~~- —_ - -



_ _ _  
“
~1. 

—

~~

- -

~~~

- - 
-: ‘

~~~~~

-

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

9. Iipcrc- a-ac-c-cc c-c c- re-c . --‘ c - c - . - and ‘-c-Oi.c - ’ c - c - c - — uc -  c c - -c twa -c - jc - c - c - ec c - c - c - c - c - c -ccc-n c - c - c - IL ]  c c - i . a-bc - —

instructor c-c ay observe o c :u s i c c - c -n c - l i y .  B- c- cc - c - c -ne re covery  of e x t : c -’c - gc c -  c - c - i _ c -  
-

behavior ac-cd the  -. c - u c --a - , - -c - -  cc-’ s— c-f l ied  i c - d c - c - c -c - ,- sc-a-. .rc- c-i be a-_ yen c - c - -c- c- c -c lola -c--ac - c - c c -  -

in a-ho c -c-c- instr ’..otI.~c,c-a-j, s ic-. ciations in c--c - ic - i. c - ic - they c-cay c-c-c c-cur. -

10. Ic-c- tne  training s icua tc ic r c , the i c - c - s c - n c - c e - c - o r  aticec-c-j ’-t s t.’: a)  bc -Ini y -

new St om c -J.o to ccc--c-c-trol the c-cc -crc - er ’ s ceIc -avc -or, a- -) a-’c - c c -  - ,ca- the j ea c c- - 
-

response to subject ~a c - a - a - r  c c - i c c - c - c - c - a -i , anc-c-c- -cc- ) arr c-cc -c -,cc . c-c- I c--c - n -d n a - c - cc - -  c - _ c c-c- c- , con— -

sequences of b ehac-v c - c -- c- ’ . in order a- a - c-icax lcca-c - :e po sI t ive  neici f~ c- cc- c --a - cc - c - c c -h ] ]  ‘- -

the student a-Ui. c -n c - c - c - a - s c - co y ,  i t ,  may be accessor y c-cc- c-cc -c-ie’c- -c-c -te c - i c - i i ’ l’c .X c - c - c c - t i c - c - cc

of the desir e-c-c re_ cc --c-cute c - , c - c - d a-s a - a - c - .r c - c - Ic - c -a -  I cc --n c -c - f in I’e ’,iu cc- - c - c - c - c - c - c - C c - c - S c - c - c -  c-c c-c-

clos er app roximatIons a - -c the- c - c r c - s i c - c - i_ c -i ~- . -; c - c - c - c -  . - a-. 
-

11. In gene-rub , ~ cc- , c - - c~.c. , - -  c- i c - s c - r u - c -c- c - - c , .  in based on nlc-,h csc-.- 1 :ca- o.a-

cOflS n t e-cc t , p c - - c - t ’c -I ’/e rec -nc - ’c-c- ’a -c - e c - c - c - cc - c - a -, i-ca-. t ic -c eL’e-:tiv~ness of ~-I - c - g~’cc-c-c - , c -c - c - a - g

cc-  c-Ic y c - - t t , c -  C c - c - c - c - cc - c - i c - c a -  c-c-a- c c - .  ~c- is c--a- -a -c - , c i-cn c c-~~-~~ ti-c -c onstructoona ! cc-c-n rc - c - c-—

c - c e - l i t  in whi ’,c- c-c- it  is usec-] . ic- c r  t i c - a -  n c - c c - n t  c -n rc -  the reinforcers available
to the jcc-stc---.,cc - c - .. c- c -cc--c- 1t-c-crcc - c~c- c - - c- cce- oc-c-dary. c-I c-c -cc -c -e - c-c- -c-c c--c- co cc p-csitive

reirc -f.rcers w i n c h  c-i cy be espoc-ldlly nsec-’cJ c - c c -  I c ; c t r u e t i  c - c - c -  are confirc-c-ca -t ion

of a resIc-~. c c c - t - , pc -  ;,ise , - c-c-a- . c- e i _ c - c - n  allowed c--c pro ceedc to c--tn o c-,he r re - sc -c - ca - se - .  
-
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Chapter 3: a-tI c -ac-cia -us Contra-i of Behavior

The behavior of an a-a -b-cr c - ~~ fl a given subject matter is characterized

by its quality, flexibility, a-cc -c- i appropr iateness, as well as the faci l i ty

with which it is called oc-;c-t icc- ~ c - c - c - - to-c -u1ar subject mat te r  contexts.  More—
.
. c-y ea -, the expert’s behavior is app arently self-sc-c-staining; the expert may

continue to respond for rcba- :ive~L y long periods of time c-—’ithout the stIrc-u-

- lus support Proc-c-c references or books that is needed by a learner. Put

another way, the expert ’ s behavior is made up of numerous self-sustaining

discriminative repertoires--ne c-cc-on make a great number of precise responses

to many subject scatter st l c - c -cu d , i .

Any cc-curse of ins tc - ’,c,otlon is an arc -ac -c -ge -c -ne -nt fcc- a student to acquire

the numerous dis.c-c--iminative responses that characterize expertise or “ knoc--i- 
-1

’

‘ ledge” in that c - c -u hjec c -t. c- c - cc - ct ter; the student must come to display appropr iate

behaviors to the subject c-. .rc-c-er envir cnc ’c-c-co-nc . Another way of saying this is
that his responses must soc-c-ce to be cc - c - cc - c - ro l l ed  by the subject  c - cc - a l t e r .  As

Chapter 2 indicated, a given resp_cr-;ne is caused or elicited by a particular

stimu.ius . The phrase , SL i c c -c -UIUc - occc-tro l of behavior, refe rs to this c - a c t .

~ 
j The present chap ter is -c-oc -c-ce -rn c-d n it h  the- operatic-nc-s w a - i -c-ic - establish sflc-:cu-

lus control u ’c-ca- behav ior .  By c-ce-cc -c -cs of tic--c-se operatIc-c-cs, neutruc- c-c- c-.rc-

viously ic-c-effective sc-icc-c-a-li are tc - i’c -c-c -c -’c-c-t tc- ;’.e t the c c - c c - a c - i o n  a- c-c-c r c-pcc-ifi c-d

a- c - I c - c - 1 c - j  i_ c- ’ . This .,, 
- i- c-] c-c -ti- c-n or st inc-c-bus cec-la-ro]. c-a- b e - c - c - c c - c - c - c - c - -  i n, basic c-c-

i r c - s t r c - c - c t I c - o c - c -c-c-l ef i’-c-c-r ’tccc - .

.. s ‘ c - —i c - c , i c - c - c - c - t i c - -e 3- ic- c- - icr

That. parc - c- c -u l a - r  c - t i c - cut ] sIc - c - old come tc - c - -cr 1.1 -c -u t  part .c-cc-c-_c.or resi c-n c-es

is c-crc- c-c- c-c- c-c- .c-c-c;~ c- c - c - c - c -  c-f c - cc c -rb c -r  all -c-i-ac-fling c c - -ce-cc- lures.  - d c - a - c - .  a s-c-a-cc u ‘is ,

thro -jrh r c - u t , u i  c - c - . r c - _ c  cc - ! i c - c - c -inc-na-,  comes to- c a - c -  c - n c - c -  c c - c c - c - s c - c - - c - c -  for  c-c- c- c - sr - s c - c - c - c  ‘

i t  is called a ce - a - a -c -  c- ’~I or c .ntroillng c t _ c c ,  ;u us. in t rc -- - sense 1 c c - c c -  c- . c- c -c-

Icc - c- - rca -c - must be ac -c- ic t - idec--c-t i fy  sue-li c - t i c - c - - c - c c - I  fc - - cc - c - , c c-I ce a-cc -c-cc-al cr.v i , - c - c - c -

- mental b ack a - r c - c -c - c c - -c -  I c - c  order to resl.-c - - r c - i , it. c-cc-ny ic- a-- a - c -Icc -  t c - i n t  a cc-c t - c - c -b

sic- c- c - cc - c -bus in 0 cJi,;ef !c -c -c - iflc -c -tj vca - c - t c - c -cc - c j j u,t , ~ • c- ’ ., one c- -I c- — cd the’ 1c-nrt~er rtc -ust

:1 - c - a - c - c - c -e t..c d i s c r i , cj  c - c - a - Ic - .  froc-.c- uor.er c - c - a - Ic - c - c - c c - li. Tic-c’ c - - c - ce s s  by which subj ect
‘I

Id
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matter or envix-c-r_cccec-c-tal o t ic - c - c -’c-c,L i in u.ene-raJ, c-c-re brought to cc-c-c-c-rob behavior

is typically called i i sc c- c- -ic - , . inat io n t . . I c - c - I c - ,c-

The phrase “ tc - c - c --c -c -c -- i _ a - r  - c - c c - - r . c - c - c - c c -  C r c - c c -  can be used to descrIbe c - c - c - c

relationship of fa ctcrs -.c - : - c - I-c - c - c -  ooc -c-ih ] .cae in d i s c r I c - c i n a t i on  ] .ec - I’ c -c - Ic -c - c- c-. The

ta-re--c term s or events in-coined in ic-he esa -c-ccic - i isi c ic - c- ec -j t  c - i ’  a rc-ec--c discriminative

a- response are (a )  a. ocic - .c-u a-us for  the c- cc -pc - c -c - se, ( b )  the response i c -ne - i c -’, a c - c - c - i

( c )  the appropriate r e - L c i a - ’ci- cene c - c t  fo r  the response. The use of the word
“contingenc-c--” t c c - c c - c - i _.. c- , c - -c - s  tic-ct each ta- c-mt a - c - - event is c - c -pen- i c -c ot upon c - I c - c - c -  I c- c-c --
ceding c - c - c - c - c - c. Tic -c -- -capital c i _  c-c -cr S is c - c - nuc c c - l c - .,’ used as an ahb c n - oc - c -vla t i o c - c -  P-c r

the st lc - c -u lus .  a - I c c - c - c - c -  a- nt a- .c-ua -us is c-le-c- .ibe” cely us e-cc - in a cc - iscr c - Lc - cc - ic - -, c c - c - , icc - c - c -

trcc - ic’c i lc - c- -. s i t u c - cc i c . . c -  c- c - c - c  c - c  .c - e c - ’c -  ace c - c - sec - c to sc - ac -c -- I i -c -c - c- ’ di sc rl c c - j c - ,c-i ’Hve
D

s a- c- c-~i_ cLc - c -s . The S is Ic - i c - a - c - c -. . c- .Lu s a- w h c - c h  the- or’c-acc-ism’ s i-espocc-ce becomes

c - c - c - c- c- c - crc - cd h rc c - cc-f c- c-~j .pc-’a-’, c-- :- a t e -  arc-arc -c -c-cc-c- - c - c - , c- of ~he c c - c - c - ca - i  c - i  cc - cs whi 1, lead to

c - t a -  I ofoc - -r c - ec - c - c - -:- c - c -t .  Jo d i s c r ] c - c - .j c - c - a - c - c - i v e  c c - f  - - c - I  c - c - c - c -  c - c - n c - c - e S to set  c- .c-e c -c - cc - -c - nc - c - c - i  ic-cr a

nar ic-icular  response Ic- c-cause a-c-c r ca - c - c — cc - c - : :  is r e - i c - c - c - c - c r c - f l  ~ccc-ly in t i c - c -  c-.r-c-coc -~ce 
- 

-

cc-1 a - c - c - c - c-c-. c - c - tc - c - c - c -u , n.us. A s- c- s c -c - -a - cc - se -  c- s c-tcsigna i_a -  - c-cy the s c- ’c-cc-ic-ol c- . TIc -c-c- nil -c- -cr c - -

c - c c - c - n c - c - five Sc -. , c : a - c - c - c - c - c -,s a-c -c -c i c-n c - c - cpn’ c - -c - c c - - i a te c-’c c - c c - uc - c - n.c - are ta-c-c-_c s a-he first-- tc--co c-f
c - c - ice- c- i c-re - c-’ ‘c- c- - c - c -c -_c ic - c t .c - , -c - c - c - - a - — c - -  . cc - c - c - c - o c - c - r c - i c- c - c - c \,’. [he c-a -nab tein is , of c-c- cr - c- -c ,

the c’c - i c - c - . l c ) nr ’ c--- : n U . c- -, . c - s s - , c. ,n-c - .-j . i _c- c-c- by

Tic -c--c- ’- ~i_ c- c- - H cc - n - ‘ c c - c  c - r e  c c - _ c u c -c - . , c - L c i c - c c -  c - c ,  tcieir order c-f occurren:c in
- - - .~r- , c- - -to !c - , a - c-c -,~

- .c.~ , i _ c - , c - - c - c -  -~~: c-~, R -o . I c - a - c - c -c- , the a- 1, _ c fl c -~~ c- c- c - c - o r  c -h e

c c - Sc - c c - -c  c- ; - : cc- - c - - - - c - c - c c - f .  I cc-n 0 - c - c c - c - c -’ c - c - c - c - i c - c -.rc -c- a-;~ ifl t i c - c a -  envic--oc’nc-cc -en t of the - -

c- c-c -c -i -; ‘ u, c - - c - . c-a I c-. a- c - c -, ua-.lc-Ler ;i tely contrl . a-c- a- See-c-nc-i, the c-Ipr r c-c - ’r Ia te

c- c - c c - c - c - nc - c c - c - c - fi aicc-.c- c- c - c - ’- c- c - t i c - -c- an d ta-a--c c - c - c - c - c - c - s c - ,  c-c ic-c-c-cc-c-a-Ia-c-cc -c-c- c--eircfnr -ced

(a-k ) . Ia-c- ~ c - . . L c - c - l a - a -c- is a :~~c - c -,-le ca-c-c-c-pie cf a . c - c -- c- a --c-term c - c - c -’c t [ c - , , c - c - c - .. ’c’ . ic-c -

the c - c - c -h a l t  c-fl - c - a -  c - c - I c - c - i c - c - c - c - c ’  c-i.e c - c - a c - - c c - c - c - a -  h a -ic - c -  .‘L c - c s h -c- c on (S D ) i c - c - c - c - i  cat i c c - c- :
-,i c ac -  cr c - c fue l  c - c - c rc - I - c -  I_ c cc - e c - c -.c-i. y e - c - c - . j c -n.~~ ac - c -a - tl ca- a rc a-c .- t ank  c - c - c - c - c - st be ca - cc - I . c . c  i nto

service. The pc -c- c-c c- rCS c - c - - n c - c -c- ( 1c ) icy t hr c u i n -’c- a c - cc- c - . c- c-h w c - c - ic h  cuts t ic - cc - recc-c-rvcc-

ta c - c - c :  into servi cc. c-ha- pilot in re icc - c- ” c - c - c c c c - -. c - — — c - c - i s  b c - i av i c i  ‘ c - n  this  situat ,ic-c ;

• is c-c--c - a - I c - c - c - c -  l c - c - e - d — — by c-ia-a- t,erc- . i c - c - c - c c - Ic - c - c - c c-hi tic -c warning light anal the c - c - c- ‘. . a - c - c - a - c - c - c r c

11n the follcw i c - c - fic - c - c -~~ c; i cc-n i n n  c - c rc - c - c c - c c -  a - e - - -c--irni~ ativc ‘c-- c- c - c - c -~~uc c- ” and
“ cc- c - c -nt n c - c -i c - f i c - c - c - cc - J ,c-s wil l  be c - c - a - a -  br t a - c - ’  c - Ic - ; -~c-c-gctcU. ,y.
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of a-he f l i a - c - c - c -  (a-
R ) c-ne ,.c-~c-a- -a -Crc - c -c contic- .gec-c-cy is a use: -

.~~~ e~~~hac-c-atory

c - c - c - -c - - c - c - e - l, c-.-ut  its ni c- . .L i, i c - c - .: ‘c-v c c -icc - ,c-I a- not  c- c- cc - a -act fr-c - ’c - c - . the complexity of h-c--c - ca r.

- ‘ 
c- cc - c a - n c - c - c c - -, ,j ac- rc- a- c-c-c- a -ne - c - t c - c - c e.:ent . of a ic - c - ic c- ic -tie c-c-c- i’ physic-c- in simplified

terms does r i _ c t  c-c - ac -c -c ‘c-ic-ce c- c - ac -c- c - c - r aa - c - pic-enc-rc-cenc-c- around ‘i_c-c- c-c-c -c-y less c-c-c-ccplcx.

The p r e :L e - i o c - c -  or ac-cc-ra cy of the c - c c - a - c - a - sc -_c Ir. the Jc-s:riminaa-i’ic

reperto- c-. c’e icc -c -Ia -sates ta-c ’ -~c c - c - ,c--ee c-c-c- c - -ca - Ic - ic - beha - o r  is ac - c - pc - c -  c-c r ,,a te-  ic - c - .  a.

ic-articulac- c- ’ ic-c-c- i_c-a- c-cs -c - - cc - c - - - >c- c - c -  cc - c -r n - c - -  ct r - c - pc - c - c - c - sec - c -  to c-c-c- c- c -, ic- c c - a - Cc - i _ c  stimuli, for
example, are c-c-ic-v i. c-~c - ’c -cc -ly ‘i _ - cc - a - c-c- c-st c-c-p c c-- c-~p c - - i c c - t e  c- -cc -c -c - . -- cc - sa -n  c-cc - ta-c-a- s t . c - c , ± i i .  1 , _ c s —

criminative behavior c-is inc a-a-c-c-se-cc - ic--c- r e c i c - i c - - c :  by c - c - c e - a c - c - c -  of - - ‘~~c~ ic-c- c -pa -c-a-c-

tions that vary the spec -c-c-Tic c - :c - c - c - c , t c - . i _ .r,s ce-c-cling c--c r ecnl ’ a- r -,- l , c - ’ cccct .  Tc-c-escc-

operations are Sc - c - c - c - J c - iC, i - c - c - c- resul t ’a-c a c-c- c-c -ac - cc-c-sc-~c-lexi’i_.y c-:~ ic-cheviot-.

The followic-c-c-’ -  pea-es aescc-c-ibe ac-c- c r c - c - c - i c - c - c - . ;  c -c -c -c -cc -I ; e— .1 cc- . the accqidsitlcc-:

of ciiscric-ccinative be-ic-ac-i-c-c - . F-c c - c - - c-cc-ic proa-ra -cuc -cc-c r it cnust ‘c c-c r e — c - c - c - i - c  c- _ c- _c Isa -cl

that these are the c-c r c - i c - c - c c -pies a - c -j c- c-c-erat i-c--rc s wh ic -c - l c - c - c - c - c - ear to .c-c- :c -’ce r i i e  the

c- ray in which subject  c-cat -c -er c - c - c - o t c- r c - ,-c-c- is ca-cd - c ’ c - c - — c - c’cc-- ic.’L stimul i .ic - c~TI ,u ec ’c-:e ac-c-a-

c- control trainee pcc’formance. The sc - : , i t  a- c,th c- - c - b c - ic - h the programmer is able

to apply such pi - c - c - c c - c -  c - . l es -c-cc-Il ic - c lac-’a-c- n c-cnc-c-r e -Ic - c - cc - c - c - c - ic - c - C th c  effect iveness

of his pr-c-ca-racc-c- ac-cd the rc- c-cc -a-ur e of his c-ec-c-cccc -cc -ec - c-’Icatl- ’c - c - cs for  ic-c - te a - c -c -c -a - ic - -c-a- the
program intc c-c- total c w--ri -cul~~c - .  To a great -c -c - ’ c - tc c - ’c - t these ~cri c - c - cc -b c- es  and

practices are ca-ti-ac-c lo t c- ,c --c - c- s I cc - -c - c - basic research ac-c-cl ta-c--cry ic - c -  lec-c-ra-Ic:a-

ac -c -a - require fur ther  re sear --h and c-r ev- c-- c . cc -p c - c - ; e c - c -t to establish tic-a-jr rellabthic-:-.

However, j — racticai work c - c - i c - c - h  su ch  c-cctrapolatic-cc-s c-c-ic -c ulci f’acic-itate the

developmerc-t of both i.c-c-strc-’ctional, ~-c-’a-c-ic-ic-es c-c-c- c- -i research endeavors ic-c- the

scientific study Cc-’ u c c - c - c -..vioc- .

E c -tab i in i cc -c - c - c c - c t  of c-It imuJ ,u s c- i c - c - c’c tr c - ;c- i

- -
~ To establish tic - c -.; sc-i cc-c --c -b us c- c - , tc -’iI of a respc-c-c-se ( i .e . ,  to arrange for

the re - spa -c -c - s e to c - cc - c - cc - C ~~fl t i c - c  pc - ’f - -a -en c--e of a particular sc - - in - c - c - c - c - u s ) ,  the res—

- - pc-c-a-sc must be reinforced ~-ihen i-ic-a- c - c - t i c c - c - u lu ,c iS present.  ~e - l c - c - forcemeci t will
serve tc-i_ keep the respc-c-c-c-su at hIgh strength whenever these stimulus conc-c-i-

tions exist. As previously indi - c- c -c -Lc”I. is the occasion c- c pa - c - c - which the

respons e is appr c--j-i ’ ia tcc c- c - c- - i should te i- c c - c - c - c - c- nc - c c - c . All i_ - c - h-cr situati-cccc-c- a-

ac--c deslgc-c-atect as c-c- ~~‘ (c-c — -c- ca-ta) sjt-_ cc -c-tjons. is  any other nc - t f r c - c - c - c - lu s

- 

~c 
$ 1 t c - c - i t . c -  oil which c;hc - _c.Ld - be tht . occasion for t - c - c - E given response.

1
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Sc-- c-c- i a-c -ct c-c a s t l c - c - .-cluc- a-’ ic-ich evokes no be -hc -v Icr  at all or evoc-nes soc -c-ce
c l cLf fere rc -t, -cc- c -n c -c -c c - l a -a - ,  or c u bs t it u c - c -e res~c:c.:-c . Since there are few sub--

je - :c- c-ne tter st i c -c -c -ujj  c - c - Ic -c- -c-b s1c-c-~~~c-c- occasion cc-u heha’cioc-c-- at all, c-cc-c-at is
ic _ c -c -c -c -C Si a - c - ’c - c -t icc -c - c - c - c - an c- -ec-c--y c-elI be S c-’c- in a c - c - c - a - c - n c - c -- . ~fl , then , is I.e -fine -c-c-

bc-n c-ne -cr c-c-c c-c- cc-i cc-: c-crc -not ions c-i the c - c - c c - c - a - c - n c -; c-c- cc - c- c-cc-at stimulus to c-- .c-n~ ch a

c -c - s c - c -c - c -c c -c - se Is b e -c -n c -c -- a-a -c -c- c c - -. ,Obl cc~c - ec - ’  sti .cc -c-hii are ~~ Sa-I c- c- c-uii unless they

are e~~~fi c- it iy cc-sc--i us ~I ’ a- c- c-c- -a - Icc - c - i c - c -c-c- .
- - - - - - , D - - -c-nc- c - : _ c - c - c ’ c c - c_~.’c-~~. c- c-c- cc - c -c-cc-c-c- .rc -a -, c- c - c a -  c - - c -,- rrect rc - s c -c - c cc - s e  a-c- - a -is c- - c - c - c - c - i cc - - ce-c -c

in the pr e- sc c -cc --cc e cc-f a-D, bc -c -t ex a- ir i j c - ci sc-c-c-ed ic - c - ac - i ce presence c-c- f all S ‘ s c- ,1.-
cc-iti~ c--o1c - lic - c -a -  ac-c-y ic - icc - a - c -  c-I i-c- c c - f -  c- -c c- c - c - c - c - c - c - c -  . Tic-us c -v c -r :c -’ -c --on -r e - -ct  resp:- c - c - se  ,c-3c-c-

c c- a-a-c- - c-n a -c- perth-s -c-he -a the a-
U 

is i c - - c - c -_ c a - c - c -c , is reinforcec-. Res :cc-c-sa-c- c- c - ac - c - c
- - ‘P . - - - - -c--c-nec-c- c-c-ce c-c- is c-c-c --c- i -f-c c a- ( i . c - c -. c- _ c c - c c - , cc - c c - an a-~ sc-, c-, a. c - c - c - c - .-o. c - c - c - c - i c -  ..c- c-, c - a - ic - . —

forced. di c-c-c- .in c-ic--. c - _ c u-c - ac - tona L  set t ing it is c-cc - - c- -c efficiccc-t c-c ;c-r - : .c - c-

the iesir-:- ci r e - c - c -p c - c - s e  t o  tic - c - c -c- to wai t  for  It  c-co c- cc c- c c - n .  Ic - c - i s  c-e -.i c - c . c-

nc-~ c c - cc -  be used , c : ‘ cxa. . c -~,ic-, ic--c- c- ic - -c - i -a f t  c - c -c-c c - c - c -il i c - c t _ c c - c - - c c -  t c - ’a i r c - i c , c - .  icc -

[ presence - -f a lc-i c~~c-c- 1’e- c-i’ a c -c - B — 5 2 .  t 1c-e- cc-a -re-c - ct c - ’c - - sp cr c - s a -  vt-ucla -b-_c c - n - _ c c - c - c - c - c - i

inc-t ially by c-c-c-c- c--ic -ltten or cc- c-he -c-c - c- ta t ec -c c -ccc -L , - i ! c -~~c- .s Cr ‘— i l .  -- a - cc - c - ca -

these -c -ccrc -fc - l t Io n cc - the cocci _ cc -I .  c- - c -- c c - p c - c - c r c - c - -  c--c-c - c-c-I c-i be a- ic - c - c a -  -c -cc --ta _ c - . c-c cc- c. 

ac-’c- .c- could i c - c -  r ica - c - c - c - a - a - .rc-ed. (ic-c a -a - i’ a- c-,’ o s  01’ a ic -”c - c -’ - .i c-c-. c - i c - c c - cj. c-c then be c-c-i-csente d
-cc -c’cc-i. any re - sc-c-c -n sa-c c-c-c--cc--i.e c-c- ‘Jc-cc-.- c- rc - e - c - , t I , c - a - c i I s h o d  b y i a - c c - c r ;  c- c- a - - c a-.- .. This c - s arc-
o’bvioc -_ csJ,y ar t I fI c ia l  t rc-tcc - c - i icc -c- rc itu ati -c-ccc c - c - i c c - cc-c- a-cc-c-i c- c - icc -a - wc-uid involve

ic ien t i fyI c -~rc- all c-- a-c-° of c i a - c c -r a f t, c-c-ct  j  c - cc - a- c c - c - .

P varc-c-c-tj. c - c - cc’ cI j  c - - c - r ’c - c - c - , . r , c - cc - i c c - c -  t n c - i c -’c ; c - c - a -  Is c- i’ greaten ’ a - a - c t - i a - c - c -  c- ta-- in

irc-c-c-tr’_cction lc - ec c - a - c - cc - e -  i t  a - c - _ c c c - c - c. ts c-c- . sc-c-vc-ral - .1 scc - c- ’c - L c - c - c - L c - c - ; c - t . i  c- c c- s I c - c c - c - a -  trained

ca-c-c-cd taneousi/. To lcd - - .rc-c-rate, a- c - c - - ,x lc -er ’ic -c - .c - l c - t . a -r t ra ini cia-  a i -c - - c -  n ight

arrange three - c c - i c - r e - c -  li c - c - - a - c - c -i , a-rc a-c- : and b l u c - — - .c c - t I c - a -  ra t ’ s - 

Pressing a lever c-cc - uId be - -einI’oc-c a-- c-- i c - c  t rc - c -  c - c -’c-sence c-f the red light , a

running response c c-c-c- c- cl-i be c - - c - a - i c c - c  c c - - c - - c I c - c  the c- - -se nce of icc-c-a-’ a - c -’eeI c- I i c- - cc - c -,
a - c - c - a -  a s t r i c - r c - g — j - c ; ]  c- . r c  c - c c - c - c- c -- - c - c - _ c c - c - -  c- - c - : c - ,  ‘ -c - - -- c - o- c - [ ic - c -  the h r-c cc -n c - c -  cc - i’ the blue

c- j ’h t .. This simult-c-c-crc €c -a -c-c- s u c c - c - I i t i . n i c - c - g  method cc-- f c-s c - c - c - b u shing disc rimirc -n - -‘

ti c-rc-c- is a J — r c - - u c - o . c c -  c- c -c - c - . c - c -c r_ cc - i  I c - c - i c c - s t r u c t c c - .-cc - .  The indi vidual learning to c- -
identify c - c - p c - - s  of a l  c - c - crc - c -c- t~ - cc -c - c - c - c - c -  c - c- l i ,  ta-c-c-c - c -  -c- more or less s i m u l c - c - c - c - c -. -c c - c - cc J ‘c- c- . c-

~~

- 

-

_ _ _ _  - ~~~~~~~ - .
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At f i r s t  the correct response c-c- each picture is c - c r c - c - c - c - p t a - cc, c-ic -en ( ir. rn-c-

a-rammed t rc - c - I c - -c c - c - c - c - )  the pc --c-c- ca -ts  are gradually c-/i c-ic-dc--ac-c: leavic-ig the resporcsez

atta ched to the c - I c c - c - c - c - - c s  alone .

a- In sc~nmary, gair .ic_ ca- sc ic -nu lus  c - c - c - c -t r c -~l cc-c- -c-cc’ be-icc-inc-or ia-vol-c- c- cs ( a )
- training on Si c - c c -c -IC disci’ icc-c- ination ‘,‘c- c -L th re icc-I ’ccra -ec-nent 0_ c ’ behaa-’ic a- a- c -c - c - i

- 
. 

extinction of S~~ b- - a - c - c - c olor , or (b)  s ic - c - cul t c - c c - eo c - c - s c-c -ucc - i i t ion in g of d i f fe ren t

- - re~ ponses to c-c-ic-ic-ren t a-
c- a - .  The d ec - c - cr c- c -c- Ic - ce c - c - c -c l sc -r I i c-c -inat ion tn -aic -ci cc -g c- n e c - c -hoc -c -

can be diagrammed as I c - c - i c c - c s :

R

- > Ex i c - - ic - c - ct io c -_ c

Simultaneous training can be diagrammed as:

- - - b  ~~~~~~~~

a-a- -— -~~> S

-

~~ 
S~~~,_ _ ,> R

3
_... ..._>SR

4 iJ~_~_~ >R .. ,.~~c - sR

c- i c - c -a - c - a -  1, 2, 3 ... n refer tc-c- the _cc - i F f’ea-ena- sticnuius response combinations

bel a-c-a- - c - c a- -a - 1c1 c- cc-b ed.

It should be n c - c - t e l  that the p rocess of extc-” c-on also operates dun-ic-ic-

t raining in the mul t c-, p la -- st ic -c -c -ulus, c - c - c - c - ia - ic- c - c - -c- -c -spou se s i t u a t ion .  Ic - c -  I c - arc -c - l a -a -

-
~ d i ffe r e n t  t~~~es of air-a-c-aft , a picture of an a-c -- ’)2 is a sD fo r the- i’ e s i -c - c -c c ;e -~~

- . 

- 
L—52 but i c - c -  alsc, an s~a -( c- , c -c - c _ n - c- c- c - , i ’ _ c r c -c - c , , , c - c - c - ,c- S i _ c c -c - c - c - t i c - c - c - )  c - c - c r c-ac-c- c- - other res— -

c-

ponse such as “F-- 102” c- c-’ ‘ C—i cd .  ‘ A c- i c -~~_ cc-ra - c-~- f ’  c-c-c- ; F— is ac-c i c c - ’  c’- c - c - y

response except c- F - i c c - f .  c - c - i a - c -c - c - c, in both c-- c - a -c c - c - r ig s~ i.c-c-Ctions any incorrect

responses are ex t ingu i s l c - a - c - .  I c -  c - c - h _ c a - i c -  a ls.  be c - c - c - k u _ c c  c - a - c - c - c - c -  when c-c -c.

- 
aircraft pictures are bc -c- i c- c~ shown to ta - c -  O t . U u e c - c - t  he ~~3 icc - c -c - c c - conchj t i c-r c-

4 and, will not be reinfoc--c- - e - i  for  rc -acc c-ic .g c - a - I c  cc-’. :.t all.

t

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -



_ _ _ _ _ _ _ _ _  

_ _ _ _ _- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

-.-*~~~~-

r

46

Irc- the p t -a - -c c - e .c ic u a -  a-xc-c-,c- , c - , i e , ta-a-- c- c - p c - c - i - c - c - t a -  c - c - c - c -j . c - c - -nc - a -  cc-c- c-u ic c - c - a - - c - c -t ’_c’c-c - ’e-c -c-’.
au -crc-c-i c-c- c_ c n c -~ r i s c-  a ic c - c -c - i ’c- . c c - c - c - c - ,i c - t iVc - a -  i-c-pertocre c-,’lc - i c- c- c- i s  .c - c - . a - ca - i’ f l_ c c c - c - c -r .c - c - r c-. l

of the ac -r ccc - -ai’t p c - c c - c - c - c -- c - c c - -c-c c-a - -c- ic -_ c c - c - i c - a - - t r a ic c - cc g S i t _ c a - c - c - c - c - . .  c-i c - c - c c - a - c - c  matter
st l .c - cc -c - il c - c - c - c - c - c , . -t c-c-cc -a- t -c- cu-r ,t c - ’~l L a - c - c - a - v i a - c -  - c c - c - c - c - c s  c - c - ca - c - - a -  is a-c- c- c-ppo rtc -c- . I tv

for e-xt~ c - c -ct i oc - , to oc c ur c - a -  a- -~- - stl c-c- .uci, or ~~c - c - _ c _ c - c -  c - -c- -c - c - a - a - t c-c- a- responses are

c - c -I c - c -b c - c - i a - t a - -c- c- c_ c c - a -b c - i c c -Ic-cc-c- a- c-cc- the c - c - c - Ui _ c c -c-c-c r c- s c - i c - c _ cc- i l. ,-a - c - c - c -r, a c-. c-c- r t l - c - c -,c-c-L ar

be - bc -c -c - c - I c c -  is alc-c-c-cv s r e l , c - f c - c - r c - - _ co ic - c -  c-c-ce sIic- ..c-a t i cc-c- c-c - c_c c c-c-ever i c - c - a-c -hers, c-i.e

learner w i l l  I c - n f l  di s-c ric -.c- Lc - --c-c- t c - c - c - c s  c- c -c - a -a - cc-’ less a-crc -c - c - c - c - c - c -_ ia- -c-va- i - a s c -r i c o  c-f

practice ta-ic -is. This (c - I ’OCu a -SS is ve ry  c-c- cI c’terenc-c- Cc - c - c- s_ cc c -p iy  te i l Icc-g  c-he

learn a--r t c -~c c -c -ac - ice that a- cer ta in subj c-c-c- c-c c c - rc a - c - cc - c - c -  s c - c c - c - c - c - c - c c - c - c -  shoul d c- c- c - a -h e ic - ic -c- .

behave in c-c- c - c - c - ic -  and Sc- c- a - c_ c c-c-u c c - a c - .  The c - c - c - t i n e  c-c- c -c -c--t icipat . -c-r , of the ,1 c - cc - a rc - c - -c - c -r

-
, is a n ece scnc - c -n -y part of tic _c c - c c - c’cc~~— c-c-r’a .oc.nt ic -ca-en .ca-r.

Jhc-crpenlc-c-g c-I c - Ic c - c - Cc - cc -I

The I c - a - c c - a - c - - a - i c - c c -  sect ion i c - c - c c - c - a - a t e - c l  how a re _ cc - c - c - c - c- c e may be c t c ’a - cc - c -r ’ 

in special  sc - Ic - c -_c _ -c-s s i tuat ions by c- c - ce - ac - S c-f r e i c - c - I ’c-- ra - cm e -rc -t .  cr c -a :ce~ c-:c- a - c -I -a -n

alternate occasiocc-c through extic-c-ct~or. or sim - ,citc r c-ec -_co a- c - c - c - c - c - L c - _ c c - - c - c - c - c - . c - c - .  The - - -

control of a response- c- a c-c-cc-rtloc-ilar sa-ic-culus c-c-cay be c ’ - c - c - ’ t ic - -~a- sr,c- c- c - a - c -  c - -c

by T -re - s ’c -rc -t i c - c a -  s t b , c c - c - c - . i  sImi lar  to the one c--ca -lea - sho ’c-c-i c-c - a - c - c -k _ c c - c - c - c c - -,c- . c - c - , .- c - . s-c - .

By extinguIshing a- c- c - a - c~- c - c - c-- ‘ c - , c - c -c- t c- similar  c --c - c - c- sl la-dc-tc -,y c l c - f f c - c -r cc - c - , t  sc - cc - c - c -.c-_cJ,i

ac-cd corc-t iau lr cg to a - c - inc - c - c - -c -_ c respc-rc -ses -to t ic-c- d~ , it c - s  poos~ bc - e c - - c-  c - c - c - ic- _ c

c-c-c-c - ia-ft vidual tc- cna -a~c- a - c - c - - c - a -a s i c - c a - _ a -  more pc -c-c ic - c , i o c - c - - I : c- . ir , r c - c - : ,  c -c s.

The terc - - J €c -r .c-y for  c - c - a - i  c - c - i  similar il the J c - c - c - s c - c-  c-al l c - a - t i c -a - c-es-

ponse c- c - c - the S~ is a -,- ,- c i l - 1c - c - c - o wc - c -  I c-c-c-_c c -_cd h- ; ,Lc - a -v i-c -r -c-ailed St ic - c - c - ’ c - L  .5 generali-

za t ion .  Ofterc- the 1-c- c-u n - c - c - c -c - c - ’ ’ c-c- tend ency c - c - - c- c-c- . r~~ c - s e  ti_ ce e: ‘ - c - - c - C c -  of t i— c - i n c -n a -

in one stimulus sc-t i_ cat ion to c- c - c c - c a - c- s,c- r r c i l c - c - c -’ , c-a- t .c -c - c - t l -c c - , S  ~s a c- -c -- sc-a-able - c - c - c - - c - -

pro dc-c--.-t oi t -c- - c -- c- .I . r ,i c--c- a- , . c-cc-c the etc-c-er i c - a - c - c -- c - , if a- c - c - -c - c - c - 3 t i c - c - c - c -~ a-S ~c a - r~- c r ’ t c i z a t i c - c - c -

leads to errors , fcc-rthei- c c - I c c - c - r c - c - c - a - c - c - i c - c g  - f ’ ‘ a - c -’ . ( . 5 - c c - - I c c - ,  ic -c -c -c - ion is ic c -a - i c-a-ted. . -

- 

This c - c - I c - c - Ic - U be cc- c - c - c - c - a -  by p a - c - s o c - c - i c c - c c - i c  c-c i c - sic - a - i’  cc -ut c-V s c -c - c - crc -c-_l i arc - c-c either per—

flc- it t - ic -ca- Ic-he s t u c - i - c - c c - i  to 1. -c c - c -c - c ,  c -c - i c  I ~rec- c-c- c - a - c c - c - c - c - S e - a -  c -cc - - c -ha -cc - , or extia-guishic-ca- 
- 
.

ir,ccrre c- t r c -a - ccc - c- - c - c - i c -  :s c-ri c - t a -- c - .. c - ca - c-Ore-do-i cc - c -’ c-c-c-c- s-c - - c c - c -c c - i _c c c - c - - a -  s -_ cc - c - I c - l ike c-c-c - c -,’

standard t r alrc - i rc- a- c - i t c - _ cc - c -t - c - - ’-c- - , but the c c - c - c - c - - c a - c - ’  c-h-c -- ic c- r’~c- c -c -c -c -c - ;c - - e a - c - bc - c -Ic- the

attempt is bel a-a- made c - c -- c i e s c r iUc -  tn - c - c - c - c - c - i c - c - a -  c - S c - c - c - a  -a a - y s t t - c - c - a t  is c - cc - c - c - c - c - I  c - c - c - c - i

c - / c - ,  c - - b c - i c c -c - c - c - .
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Ext c-c-r c- s a-crc - or Expac-c-s i c - c - c - c -  c- c - c - ’ — : - n c - c -  c--I

c-Inc- c - c _ c s  c - a - _ c s i c - c - c ta-c-c-a- c - c - c - c -  has c— eec - n concei-c-leic- ~i ith the c-c- - c - c -c - c -c - s c- - c - -n’ U -c - c - cc -a - _ c  c - c - c - .

a c- ’cc-c-c-c - l . c c - c se ‘a-c_ c-Icr the c- - c - c -rct c -~c- .,-l c-_ -I ’ c -c - c - c- _c’ c- c - c- c - c - c- ct~~c . c - c - ius. ic - c - Ic - -c -c -c -ar, c- c- i -b a -I .  c-ce - ic - a - c - c - c - c -,

a-cc-cc-c-c-er , t a -c - c - - c -  are- c - cc - c - c - ny c - c - c --i c - S  c -n c- c - c c - c - i ,  Cc- , c - c - -  mac--a- st _ c c - c - c-a- i , o f t _ c c - .  S t C 5 , U i ,j  c--f

a v a - c - -a- cj l.c- ’~’-_c c - ’c-,c--c - , ’_ r,c-c- c- c-cr c-c -c-, - c - c _ct c - c c - c -c - c -’ i c - -c - c - a- c -c - c - il cc- c-ic c - ice sa c - c - c -c - i- c- . c - c - c - c . c- c - c - c .  c - c - cc - cc - c -,

fcc- c exao’c-1 e, ca- -Ic-c-C to S t a - c - c - a -  c - c - c -I ‘ c-ar c-c - i -c -a -c ,_ cl c - , j - c - a - t c-,c -c - c -, _c c-a se- b i c - c c - ta -  c- c c - -c - c - s I  c-c-c- c i cc -c

c- sc -c -c -c -a- I c - c - - -  sac -c- ,- n-esc- ; ,c - sc - s cr0 c - c -,, c - c-e- i  c-c-’ crc -c - ob j e c t _ c  1 c - c - cc - c - c - ca - I  yes. h a - c - -b ,  ‘ sc-c-b —

- I s c - I  t c-,c- c~~_ c- c - c  l e a - c - c c - a - c - c - -” c- c- cc-c c-a--s - . a - c - c c - c - S~c- cr . -c - c - c -c a i-a-sc -c -c - c - c c - ce i c-c-c- n - e lla - ic -l a- h_cc- c - a -’c- c- c - ic -,

~ r es ec -c-c-c -e Cd c-c- p a - c -  c-c-c i_ c_ c a- cc - a - a - c ,-j J ’.,s , a sec -c -c c -c- .a- us may c - c - - , b-cc- u.c-a-h c -  to -c-
-c- c - c - -

trol - .a- reap-ca-se by c - - c - c - _ c - - c - c ; .  c - c - c -c - c - c - c - c c - -c- - s _ c c - c - c c - -c-c-d c t ~c-_c e c - c -c -cr. c-~ c - c - c - c- c - c c - a -  c - c - L i _ c i t y

c-I ’ c - c - a -  _ c t  c-s _c c-,s c a l,  ac -c -c- a c - c - a c - - c - I c - a - l a - c -  c - - c- - -a- se c - cu ,- ce c-c-~~ ’ c-ic - c -,ct- a- t .  c~t f c a -r

i c - s c - - c - c -. .  c- ar  stc -c- .c - ,c - t i~ c - c --cC t I-c- c-) s _ c i s c - - a l  - c - c - -  - c - c -  c - s c - c - c- ,-,- ‘a3s_ cc~ a t c - .c- ’, in t ine Oc - c - c - i

an : c - c - c - e .  h ,c-  - - x ~ e- .c-~~ior c - i a-ha- c- -erPv ic ; ’al  r c - .  c c- -c - - - , - es ci one s a - i n c u i a - c -  to

c-c- c - c - ,
c- . c- c- c c -~~-r  c -t~~c - c - c -c-~~ c, ‘- Ic - c - /c - cc c- -b i t  is a~~~ a - - c - i a - t c - - c - c  i s  a -. - . f c - — h c - .c- c--r , 

~~
c - c - c - c - c -  c - a - c - c - , .

c c - t’ c -j c- c - , .  c - c -  c - c - a - c - c - c - .  j  .1 cc- c-c -arc -c- acc - iv i t a -e s  t c-k a - -  c- lacc- c - c - C c - S c - I c - E L  ic - a - c - c c - se c - _ c- c--

sac-’- 3i~ c-,ari, c-c ~ c- Cc- c-a - I c - c -  I c-c- .c t a c-,v~ i~~~ ,,c- make c
c-~ 

- _ 
-

~ 

- s l t, ,c - c - c - i , I  c-c cc -n c -’- c- be c - c - c - c - c - i c - c - e d  jus t  as c-he a c - c - c - c - v i t a -  c - c - s c - i c -  is a_ c- c- c- ca - c -c -.

c - b -s t  a- b c - c --c c - c - c - ,  c- -the have c - c - c - c -- c c - - c - c - c --i to c-cc-c-c-i c - cc - c - c - c - i c -c -c- c a- c - c - - a -  —
~~~ -a- “ zebra ”

i c - c - I ’  the firs t t in ’s  -c - c - ic  rca , t c ,~~c-’_ cJ c -ic-h  - c - c - c - c - - c - x c - s c - c - c - a - c - c - y  the - -c - ri-c-ct p ’ c - .  c - c - ,- c-
I

c - c - ,c-c-, c- , .  c - c - .  c- c- c h i l i  c c - c - c -c -c -’ c - i c - i s  wic -c-c-c’c-c-t k c - c - c - -c - - ;ir c c - c - c - v a - c c - i c - c - ic c-~c - c -  c - c -  I_ c c - a - c i c j e c - c -t,

to which ‘i c e  word re _ cc - c - - c - c. lit a p . -c - bu’cc- c- c - c -  ic - c - t c c - c - r a y~’c- c_cf c-Ic-c an cc ,c-.a-c- a-p lc-ears

c - c - c - _ c c - e t c - c - c - c - -  w I t i c -  t i c - a -  Wi’-i C c - c c - c -  ‘ c - c - i  a- - c-ice c c - i c - l i d  c- _ c-c-a- i c - c - c - c - c - c - l a t e - I  v assocIate the

label wit n the p lc - -t i c -re  of c- 1c-e a c - i c - c - c - a l .. \Ter:,’ l i _ c l  - c- c- c - c - c - c -c -n in a -  i s  c - c - a - c - c - d c --c to

establish ei c -h c -a-r t I c - c -- . a - c r c -  ‘t c - c -. c - c - i c - i c -- I cc -f c-1,e \-ic -c-r~ c c - -  c-c-he c - c - ssc - ..c- i c-c- t c - c -  n be—

ic- ’a -c -c-_c n the cc -’cc- c--cc - -cc-_cd ca-c-c ab c- cc - ic - . ia--c-c - i cc - c - c - c c-c - c - a - c -c ’ ’ c-c- c c - c - c - c -h ic- _ c c -c - , ’ ac--i-a-ic-a -ce c-c-c-
learnirc-a- sequence in which c- I_ ca - c c - c - i c- wi l l  L a- c - c -nc - a -  ab le  tc -c- name the ac -c- i c-c-,ai,

c--i ithout the support of t l c - - c - verbal label .

In most cases the verbal i - e c - a - , c - c - c - c --c - c - c -  -c - ac - c -  be gradually ext .c-c-c-r lec- c-c- the

— 
- picture or object over a c -c c - i - l a - s  of t r ials  or, ic - c- a program, over a series

of i’ranc-~ s. An extremely u-_ c a - - c - c - c - i  te c-c -hniqu e in extending c - t i c - c c - a - ic - us  cc-c-c-r ,t rc.l

is “ dc -c- c - c - r c a - .” Fading, c- c- t ic -c- examp le above, ic -c - the gradual a--i ic c - c - i c - c - c - c - _ c _ c c - c ,  of

the wri t ten  label so that  the learner is forced incre a e l c -c - c- c ly  to depend

upon the p i c t u re  Itself as a cue for the c - c - c - c - c - ’. ,  “ c - cc - c -ca. ” Ait .c - c - c -  c- c-c- ic- t I c - - :

written label permits the c - c - c - c - c - c - c - s c - c c - c t  lrc - c - Li ail ;c- t ic - c - c -  S c - c - c - c - I c - c t  - .‘ . rc - c-c -t ic -a- cc- -: the

~~~~~~~~~ -~~~~~~~~~~~ - ~~~_ - -  -- _ _~~~~~~~~~~~~~~~~~~~~~~ _ 

-~~~~~~~~‘
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cc--a -c -el s t imulus  (t i , . c - - 1- i  c - c -_ c - c - c - ) ,  c - c - c - c -  ~ r c a - c ” c - c c - . c - c - .  j c - ,c -i5 t e l c - , , c i r c c  te ua-p e :c- c- ecc - ca -

c-c -~ a-c -r c- toe I a-bc - i  c - k i l l - c  a - I c - a - c  c a - I c c - c - a - i c - c - i c - c - c -c- La - c -c- ‘c a - ia - c - a - a- c-s c-c- cc - _ c c - .  c - c - c - c - tc - c --c - .c -  ~1c- 0_ c

c-c - c - c - c - t a - c - cl is very c i t - c - c - c -  c - c - c - c -,’ c - c- c - c - cc-f a- ic -n - - c - c c - d c - c c - _ c c -c -n , ,st n ’c -c - a - : Ic - c - c - cc - I ,  s c - c - c -  - c- c-c- - c- - - . u t

Is , in fact , c-lie c-’-c-c- c-~s_ cc -c- c c - c - c - c - a t  , c’c- c - c - c - c - , t c - c -  -~c c - -  -s c-c-ca- c-d c- . i_ c-c-- c- c ’_c - - c- c - _ c .  A pc - c - c - c - c - c - c - -’. _ c c -  a- c..

the occ~ sioca- for cc - c - a-c- -c - c - c -  c - c -_ c - c - c -c--c c c- c- I c - c -  t l . c - c -  I c -  c - c - c - c - -c -c - O c - ’ c , — c - - ~ I c - a rc c - , c  sc -I s c -~~~ I ;

tic-a- extension of -c-’ c-c - c - ’c - c - i ’ c - c -.I c - - c -c - c - c - c - -c -a- bc- c- cc - cc - c c - i c - a - c - c - i - c c - c -  a--,, c- , -c c - c c -c  ‘c- c - c - c - c - I c -  ic - c - c - c  c-c r c - c - c - ct c--cc-s

been successf’c-c-ily c-c--c - c - c - -. c - c -c - - .

A r e i a l c - c-c-c- c-_c s.ituat .5 c-c I c - c - vc - L’. c - c - . c- c-Icc c - c - c - c - c c - - c - c -ct c - i_ c - c -c c - i a - c - I _ c c -- c- c-f a - c - c - c ’rc-c- . c-a- . c-c--

c c - c - c - sc _ c wi th  one c-c tc . j c - c - c - c -,lu,s. Tic - c-c-c -c _ c c - c - c - - c - c - c - c - c - - c - c - c -  c - c -  D_ ’ ‘ - c - c - -c - c - c- n cc - cv a - r c -- c-- c-c-c a - -c- c- ’ lc - ic -’c- c-c-c-c-c-c c-C

c-c-a-y be quite inapp x -cc - c- - c-.c-ic-’.c- c - c - c -  i c - a c t I c-c-c-i a - c - ’ t . c-c-c-c-- - , ’j c- cc - , c c - c - c - c ,j . ‘.c - c - c - c - ta-c--c-ac . Ic-. ic c - c -  c-

Icr  ex a c -c -c -c -c - i e, the c-c- _ cc - _ c . .c -  c- cx ic c - c c - c - t i a -r n” a c-c-c-c-era to  1._ cc - a- c - a - c - cc - c c - -c c - a r c - c _ c-c - a -  of a spe c-cc -es

of animal. The c-c-ac-c-er Is c -c -cc -c - ,I ’Icc-c-r ca - c - a - c c - c-hoc - vc-ry c - c c - i c  erent us. of ‘ c-c-c-_c I c - ,

t i c -_cr c - ” in c c - - s c--’cc- - , i - c- - c -v .  1 c c -  a- c - c _ c c - c -  c -c -c - icc -a - i c c - c c - c - the c -c-c -~:c c - >c - c - of c - cc - c -  c-I~~ci~ c - I I c - c - c -  tc-a- tic -c-

other, the ha- which cc - cc -es to- c- cc c -~t c - c l  a-h- -- c-’c-s c- c- c- c- a- c - c - -  the w a -c - c- “ e:-:- ic - c c  c-Ion ’

is the use of the  word I c-_ c- c-c- c - - c - i - I  i c c - c - I  c- c- c- ’ s’ub~~c.c- t c - c - a - t a -c- c- c - s c - c -  c c-c- c- c- c - , .  F cc _ cc - c ~ a-c

s-cc--st i tutioc i  IS c - i c - a -  p i’UCa-Ss by whi c - ic - ic-c-c- c - a - s c - c -uses a-re a-c -ta - cc - c - a - - c -c- a-c a ,. c - c - c - cc -I-

l i ac  sc - i n c - c - c - i  us c - a - n - c - c - c -’ c c - c - - c -c - c - i c - .  ~ I, j c - c - ,  -a-c-I us cc -c- i c -d ic ion s .  The sc -,c -c - c-c - I c - - i a - c - t1 ac -c - c-c- c - i ’

c- -a - s c-c- c - c - c - c - s c - c - c - ;  is all cc - c - sc - cc - a - c - c - c - I. - ra c - ’~c- ’d uc- - c- whenever _ c t a - . c -_ cc - c - . a - cc -  caine to a I a - a c - s c - c - c - c - c - -

si tuation wi th  i n a - r - c -’c- ’c - , c C i-c- c- ’a v i c - c r ac - c - - a - ac - i - a -  c--c- t t c : c - c - i c - c - c - c -  c-c -- c- c - c - a - c - c - c - a - c c - I  c-f the

subject mattel-.

a-arc -soil -c-ac-ion a-I ’ Cc- c-,tc -’c-c-l
1. par t icuiar  c - c - c c - c - c -a c- c-c-- c-_c c- - c - - c c - a - - c -  c - c - c - c - c - refer to c-c-c c - en t i re  class of c- t i c - c - c - a -li

c-c- as, fc-r example, c - ic - c - a - c -c -  a c- i- c - c- c- c-1 ca-I dissic-ni .lar c - - i - c -  c- c-a - ’ c - i s n c - s  c-c - c -i -c c - c - l~I classif ’ c - c - -,c-

as animals. In c c - c - c - i c - cc-c -ti c -c -c -, i t  is ic’c- c - o c- .c - c - c - r c - t l, ; c a-Ic- c ‘ble t - , c - c - c - n b c - c - c - c -  c - c - c - .  c - c - --

pendently str c - s rc -_ cc - tIc - c c c - - c - c - c cc - L a - c - c c-’ c -nlr c - abi c - c -c- I~ c-Sc-
, - c- - c - c - S t - c -  c - c - c - c - a - c - a - i’ t i c - c -  control c-c- i’ a

sil-igle stimulus c - -c - c - c - -c - i c - c - c --cc- . c - 1b icc - t ic-c- a - crc --c-i-ate i’espc -c-rc -sea -c- ‘ i c - c a r , ‘ ‘  “ c-nc -- c c - .
“horse , “ and “ cii - - cc - c - c a -” c-c- c- c-c-c-uiic- c-c- .c - i J .  ic- cc- I c - i c - c - a - c - c - c -c- -a -c - c - Ic c’ c- ic-c- , c - O c c -  c - c - a - 01 C c - cc c - ic - c - a-c-c-

Lena-r a-~ c t l , nc - c - . a -us, cc - c-.c- c~c-~~n c - c -c- i .  “ licis p c - n c - c - c c - c - c -  it -  - a - c - a - cr .  calle-t c - - c -- c- c--c - c- np a n a-ie~~ . 
c-

it illustrates t i c - ’-’- c-c - c - c c - c - c c - i c -  J ; - t , i u c - c -  c-c- -f  Ic - I c - c - a - c - I c - c -  , c- . c - ’, c- c- ye c-- c- -cc - t i - -, . a - .  15cc -c-cIder ta-c

statement , ‘I-il oc-[~ c-ice c-~- I  c - - s  c-cc -- rc -cc -, c - ia - is i c - c -  t ic- is  crc- c-c- a- a r c -’- n c - c -  c- ’ c - ic- of  c c - c - c - n c - d c- ,

p c - c - c - n t  c-u t  wha t is It c - i ’  -c - c - b c - a - c c - c  _ c rc - ’c - t  c - 5 c -c- c-’ -a- s it .  a c - c - c - c - c - c - c - c - s c -cl. “ A s i c a l a i -  s ta te—

ne c -_ ct  c - n c - p c - c -i . be , c - c -  I c - i c  ‘ cc-c s 1c -c -_ c a -l c. Span ish c - c - c - - c - - i, r- c- . - c - c - c - c - c - c - ficcc- “ d c - c -- - c - c - c -we c-s as I c c - c - . c-ia-C

p ci’c-n~ ur i-sec - c -  ic - c -  c - c -  ‘ c - c - ;  c - c - I . .  c - c - y~c- ,_c c - Ic - C of c-c -ce c / c r c - c - a -  
c-

cc c - c - ’, . c - c - c -, c - c - c - s ” and ‘ 15; a c - a - r h ” .1 -
~~~ ;~~~~~

c-
’ c- 55c -J fl( 55, c - cc -a t  these - -in c- - is C o n I c -  ‘1. ; ‘cc - r ’ t ; c - c - n  - i c c -  c - c - c - i c -  a t c - v - c - c -  c - c -” - I, c - c c - c - .

~~~~~~~



- c-c--

c - c - Ic - c - cc - c-c part of wc-c-catc- we call urc-derstandina- of a subject matter appears c-c-c-
consist of precise discrlc-c,5c-c-ative repex-tolrec-c- wi-c-ich have themselves cc-c-_ce

under the -control  cc-’ app l’c-priatc- c- c -c - on - c a -cc - c-cc -a-c- . c - t ic - c -c-a-l i, such as a -cc- c - cce c -ct

or a i-tile.

The a-c-nc-c-li-c-f_ ca- c - ic - c c -c-c- c-’- c-c-nc -crc-I is a means of ass,c-rira-c- c-c-nat cc-rc-:~c-et1ng

r c a-crc -c - ic - -c -co do not i c -t ea -c -c rc  with each other ac -cd , tic-at c-etc -a c- ’ior has the
‘ degree of flexibi l i ty  necessary ‘-a- n a changin~ enc-,c- iroc-c-,c-rc - ent. The cc-crc cc-en-

c-ion of the word “c-’nc-cr,’_ccc -alc -’ to a biology sc -c --ic c_ c a - inc-mediately ic-c-creases the
probability of a lc-_ cr a-c a-rc’c-c-.p of responses. The suggestion that the a-lass

is going to discuss a gro up of animals -a-a-lied cc - . cc -c-c - ia - la raises an ac--c-c--ropriate
discrin’c-c-Lnative repertoire to high st_ c-a -n a-c -h, c- c - c - cu e c-c-c-ac-c-y c-t a -cr  responses

which co-c-c-d. c-i be ac-a-c-pc- - a- c-c - c -n ate in biology classes are c-ic-ala-ned. In other •

words , the students are ready to discc-c-ss c-c-ca-nc -c-c-ca-is, c-c-c-t insects or f i sh .
S,Lnce the un c-I erst an 15c-cLng of a rule is a frequent goal ic-c- education and

• t raining, it would seem worthwhile for a pa-cc-rarrc -c’ner or an instructor to

provide trairc-ina- in t i_ ce appc-’opriate use of different rules. This c-arc- ‘be

done h - c- alternating between instructional sec-c -c-c-cec_ cts which call fo r  tic-a-- c-c-se

of different rules--as t-etc-ieen the way tic-c- c-c -w a- i c -  are said in English and

Spanish--co that the student has an opp c-r ’c- c-c-c_c St y  to d,iscriininate his 0cm

behavior in different ci, rc-~~c- st c -c- rcc c - s .

All the processes of establishing and mocUi’yic-c-1-. cca -imu,Ius ccc-_ ctrc-l which

have been presented employ cc - icy t i -c -c - - Fc-uc -dc-c -c-nental - :-peratia-ns: re i c -c - i’- c - c -r cec c - c - ec -_ ct

and non-i ’eicc-f ’cc--rcement . The operat Ic -c-nc c-c-c c - c - c - n bc-k for  manipulat ing s t inn i l c -cs

control illustrate some a-eneral classes of ic - ar c - c - ic -_ c a- situa t ions .  Fr_cc, ta --c --

strict point of view 01’ lean_ cc -c-c-a- theory, the notions discussed may be bc- c--Ic-

incomplete ac - c -c - i ac -er i c - c -c -  c - c - c - c - c a - .  From the 1crogrammer ’ s point  of view it may be 1 .

d i f f icult to keep Cli of the methods for c- c -c oc -c - i p uJat ing st i c c- c- c- clu s  control in

mind while also concentrating on subject macter and its arrangement into

frames. However, the programmer who is familiar with the principles of

discrimination learning will find that his programming technique has a c- -

degree of flexibility ancc- cc-c- c--Ic-c-a-c--c-ability that is difficult to acquire in

ignorance of basic pnic-cciplc-s c-_cc- f’ learn ing.

I 
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Disc -c -c-’ic -c c - irn c -t icrc -  ac-c-Ic - I I c - ’ c’- c- c -cre ’c_ ca - i a a - ic - c -_ c

Ta-_ cs f ar c -ic - c -c- - c -c- !~~a -uss l c c - c - c -  h a - c -c-c- a-c -~c - ta -rea -  c-c-c- cc- €c - c -~’-c- e ’-c-c’c - c c -i _ c r  c- c - c - c - c-c-c- a- ic - c  c - c - . ..

c -c--n ec- crc --ce 0cc- ’ ciiii- .-h c-c-c i- c - c - c - c -p c- c- c - c - c - s e c- s  c-c-c-cl t c-c c .  Ic- -c-i ,~ c- c - c - - a -  c - ’ .c--c- ’,cc - c - a -c- ’ c - c - ,  ‘c- ’ c- - - c- ,

resc--- a-c-c-c-os may c- ic-c- sc--c - c - ce a - c - _ c s  c-a-c,-c-c- cc-- _c be c-c- .a- .~ c - l _ c a - I  cy f c - c a - -.c- i c - c - a - . c -  c- . ~~a’ c c - - c - c - --. c - c - c-c-c-c

responses, i-c-c- t ! c-e c  ca - c - cc -  c.c- , c - c c -_ c - _ c- c - _ i_ i  c- c -_ c ic - c - -,- c- c - -c - c - en -c - c - a I a-c-v Lrc-:c-,..ec 
-

c--es~ cnse s, such as cc - c - r i _ c _ c c - _ c c - - I  a- lac-he - c-’ c- I t - c - . c - 10 1 c -  c - c c - a - c - i .  c-,,’.’’- c-a- a _ c - c - c - _ c c - - a - c , a - c - -

of i c-c-terr .ali.c- ’ c ,, ccc -c- ’a - i c - c - i  .,, c - ’fa - c - c - iC c - i t S c - cc -  c l _ c c - -c - S  - c-c c-c- c- I” , c-c- a c-c- h a-c - c - c - c - c - c - c , c - c -cc-

c-c-c-cc-ce serv o-s as c-c-bc -c- stIc-c-c-u,l’,ns fcc-- n ’ t c- c -c -  c - c c - c - c - c - .  n’ -.c - c -.c - c - c - c -,c ’- c - . Ic- . c - c - c - -. c-c - .. a - c - se c- c - f

ia-a-r i-c-Ic-c-a- such sc - c - . ,Ufc - c - .c - .  b - c - i c - c - ‘c- i-: .-a c-,c - c- c - _c-c-c-c-i ’:Ic-c-t;.:c-c-l ‘ c rc-_c c j _ c c - c - c -  c - .. l- c-- . . c- c-ic-. ~~~~~~~

c - c -r eas in,cl’,’ more u _ c - c-c c-c-icc- ac-c-c a-_ c -c -c -i c-c-lop i cc~c - c - a -c - c -~c- ,cc -,c - .  IC .c-c- c- i a - L _ ciT’c - i I c-~ c - c - c ’ c - c c - c - c - c -c-c-c- i.a- c-c-c- -

by these beha c-.’c - c - c - s  c - inc - cr c - c - c - s e I c - _ c a - c -  c - i s I c c _ c  c - _ c  crc - I . ‘.c - . ,, c- - c-c-c-cc - ’c - c -c_ c ciaa - . c - . c-c- ,_c - .. a

sc-cc.Iifc-c-i n’espcc-c-s-c- Itsc - ’Tc-.f cc-c-lIed a a-i~ 
, - - . .. c- c - c - c c - c - -c-c- ca - c- ; ono~~. Ia-c-a- a - I f —

ferentiated nc -sc -cr c -sc- -c, sen,~c- c - V  c - ;_ c , .’ f’ r c-n c - c-b c-- c - c - c - c - c - cu-Icc , a - c - c - c - .  S . c - ..’ - a-nd

SS _ cC la-a-O1~ j .a- i rc - c - c - c -  c c- - c - . c -_ c - I ‘ 
. . . _c c - h a - c -  c - c - a - c - a - c -’c -c -c - ar c - c - c -  c’e .c - .e c - c -t , c -. I c - c -  c ’ c - , c- c - ’ c - ’ c - l .  ‘.n

~~ ) 

leacoc-ing c c - c - ac t c -c - c ’  sc - c - i l _ csc- c - c  c- c - c - c c-sE- i - c - a - ’c’~c- eic - a-cc-a-I s i c - l I l t ,  ‘- c - c --col a--- a- the

tc-’ccess of ro~ c- a-i c - a - c  cii~ ’ a-’- cc-n’cnt ic- .t l . _ cn .  
c-c

j  
Ir. -c - l i ffei ’ c- - c rc-cl it ion I c ’ c - c - c - c J c - _ c jc-. i t  Sc c - I c - c - c r c - i c -  the a - c - c~c- I c - -. c-i c - I- a -h c - c - cc-

di f fe ren c-. t o t c - a -, c--esponse is c-c-c-u’ c - u c - . a - . 5 - - c - c - c -~’ c-~c - e c -. c - I c -’ic c-icc-a-c -c- of tic--c - c-e.c-~ - c - c c -n c - c - ---
trc-c-c-,t -c -c - e tc - a -a-I c- c-es c-dc - -c -c -t i c -er c’c-c- c- c - Ic c- c-c-c-cc-c-cc-c-a- . is a- i c - en  or ‘a- a-’ ‘ -

_ 

~, c.  i -ia-c-i€ ‘c - -c- - c ,

~ihen the t a -nc -thai n-c --c -c - i - to c- re ic - c - - - f In c - i -c-- c-c .c .‘- c- ’ c -i ’c -:c- .a - I c - c - a - c - c - I  r e st -c - n c-, -: ta-c-cc- Ia-

h a-Ic-dy specific and pa-cc-The. ti_ce n’ - ’c-c - c - c -Lc- .l i_ c~ c-’ of ic -c -  ‘ n rc-a-- c c- ’c - c - s I c c -’- l . a -E c c-3 c c - c - ing I

cmi c- ted during t c c - i idi c- c-~-, IS c- c - C c-~’c-~ c - c -a- tlc c - c -~ all i— a - ic - cc - c - l i _ c ’  cc - cay ‘c--c- a-c-c- c- c - c - c c - c - d ,- be

ex t i n go i s l c - c - c -.I if ca -’ - ’o_ c’ c - c - c - c -c -c - c- ~c- , c- ,c - c- c - c -.c-c -t i c - c -c - _ c c - - c c- c-
c- ba - t . c - c - I c -j a i  i - - a - a c - c l -or c- - c- c-u c - c - c - c -c- c-

c -c - c - e d , .  The c - _ cc _ c c - Ic - cc - c - c - of pec - c - c - c Icc Ia - I e  c c - - c - c - n  tclen’a—.cc-c-s, a - cc - c c -t ic - cc - cc -I  in 15h c-c c-~c - t C c -  2 ,

IC of a - a - c - c - a -  - a - c - c i .i ty c-n. o c - c - p c - C c - x ,cc - . a - c - c - i c - c - p ;  a s . c - . l  c - c -c- _ c- c- -c-c -c s ; c- c - . c - c -cc-c- . Fcc - ’  c - c - c - i - ic- ,; a- c - —

— proc -c-ic-at_ cc -nc ~~ a nc- c c-or nk i  I , cc--nor c- c c- c- c- a - c - c - c - c - u s  c n- ,~~-~ be c - c - , c -t e  I - c - ’- c - c - c - c - :  n- c-

that r c i c -c -f’o r c -_ cem c -crc c-. is a- c ec - c - , c - c -’c- c c - t .  / c -c - ; c- c - c - i l  c - c - i _ cc - c - c -c- -a- C ic - a - .” , - c - c -c- ’c-c- c-c-~ a- c - c - c - c - -  c- c- c - c c - - c - .  _c-; f c-c-c-c-

-c- c-_ce a-ac-c-c--crc- of error I .I er ’c -.c - - .ccc - c - _c , I c - i c c - n r c - c - c - - c - c - c  , ; , c - c -  a-c-i ,, he c c - c - c - c a - c a - c - t e d  slightly . -a-
i _ c  pa-c-d c- a - c -c - c - a I c - a - t n -  c- : c - ; : - ’:- :-’- ..c- c- exc -t .1c c- s . c - c - i  - c- - c - c - c -c - c - . c - c -  . ‘I’huc c- I c -  c-a- c- ’a - c - c -t ic -c-1. l c - , c - c - . c -, -:
like di s cn icc c - i c c - at ic -n c, cc-nc-cc-c- c-~ c-~ va-a-c-~c-c- c - c- c - e’c - c - arc-cl _c , c,c-c- c - i c - ’. ic - c -  c-~ c- ’ic-.ci c-_cO1 St ,a - tc-c-’c-

t i , c -’-c ‘c-a-h 5p 1c - r c - a -x c - c- c -c -c- -c-t iorxs (although c - _ ca - cc - c -  less wa - c-r h Ic - ac- c- 1 -a-er. .r: c- c- n,su c - c -  01_c

rc-rc-a-r~ ascirc-c-:’- c - c - c c - tc - . c ’  skills char . has been can -lea .‘_ c ,  ic-- a- verbal n’c-~~ .o- c - c -ocs ) .
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Examples of di_ c’:c-r ec -c -a- ic -ctck c c - c - c c - c - c - c - - I c - i ’ s  c- c -c -c - i cc -c-c-ce : lc-ac-’nIr_ca- to a-ic-c-c a rifle

to hit the bull ’ s eye, c - ca - i - c - c - ic - c -c-p to proc - c-c c-c-a-c-ce ic-c- le t -a-er so a-nc -ct the sound c-c - s

similar t,c-c- that a - c - c c e i - i c - c -lc - -lc -c- irc - c-c-c-c-c yen-ba d c-c c- crc - c - c - c -unit y , and c - c - a r c - c - _ c c - c a -  to bow].

c -- ic - c -h cc -- -- c-. - c - c - i - ac -c -y .  In cc-c-cc -c- -c-c-sc, c-c-arc-ce sicil.ls c- _ c -cat pc--I:c-arIJ c-y involve di c-c- .c - r c - c - c - . c - c -c-c-c-c-c--

t ic-c-c- arc : learn .r,a- c-a -- - read ~..r c - c - c - tc- ._ c c - a c - c - is, lea -r ca -c -c -c -a -c to use a slide ru_cc-c,

and SIc-c-c - fic- learn ic -c -g tcc- a-c- Li c - c - c - c -  u . tfc -’cc- -encc- r e _ c- - cc - c - c _ c a circle c-c-cc-c-I a square .
.-iac -c-y act i - -’ i t i e _ c  c - c - _ c - I - c - - c - i l s cn l , c - c -i rc-ations of external situations and differen-

tic --c -Ic -c-rc -s of prec i_ ccc- .‘cc - . c - sc - - c -a - Laa -’ c c - c - . c - v c - c - c - c - c c - .ts ac- well, e.g., playing a musical

ic_ cs a- i-- .-unc -xc - c- , da a- a- c - c - c -a -, a-c- ,a- c-Ta -i c- . 1 c c- c-’ in ic- :rca-ha c-1d..

Sic-c-ce tc-’e s t i m c -~~i ‘i c - c- I -.‘c- c facilitate the occurrence and reinforcencent

c-c-c f  a dc-I’ - cc-a -c - c - a - c - c - c -  c - c - c -’- c c - a - a - p c -  c- c - cc - a c -i sa -  ; ‘ nc - c - c - .c - tc - c c - c - cc - c -s c -c -c -cc - c -s e itself, it 13 very

nc-early c - c - c - . p - c c - sc -- ; a - c c c - c - - , wi th p c - a - n e c - c - c - ,  I ’ c-- a - c - c - r c _ c qc - c -e c-c-c- . cc determine ti_ ce specific nature
of a-hesc- i n t e c’c-c-aliy pro c- - a - - c c - c - i sa- c - c - c - c - c - c - I  I .  As a c - - a -_ cu l t, the instructor has no

c - c - I c -c c-ct contn-c-i of the sc-c - c - cc - c - l i a--Sc-at produce a sequence of skilled muscular

cc -c - c - c - cr c - c - c - c - c - a - c - c -. iLwccvc-a-r, he can c- c-cake c-c- cc-a- de~~ c--ca-_ c response more probable sy

. c - c - €c - a - c - c - c - c - -c-i ’ vc- :_c - b - ’c-.i di rections c - cc - c -c - c - I c - t i c - c - c -_c’ ec -c -v i, c-’-:mc-c-cntal ai’racc -gencec -c-ts a - c - c - c - i c -

c - c - a - i a -ha - en t a-c-c- l lkel  11 cc-c -c-c-cl of correct perfo rc-c . -c-c - c - c - - c -c- . A harness might Ic usel

in teach Lng good diving i a - c - c c -, t an ’  c - c - c - a - c - c - c - c - .  Good i c- - c -_ cc Ling shoes a-cL c-
_
c- be

prov ided a t e a - c - c o l i c - c - p  bowler ic-c- c- c- ’ c- c- c-c - c - c -  c-l1 c-c--jH c - c - c - c - .  .ica-e than c-inc-ply ar—

ran gic - c - c -c - t ic -c - c-nc -iron_cc-c-eat ta- c - c - c - Z c - x i c - c - c -.ze eri c - a - c - c - c - ac - c - c - ce, the teacher a - i c - a - c - c -LI take

the i. c - -a - . c - c -c - rc -  of al-4 _c ’c)x imac- ic-c-c-S a- c - c - i c- — c - a - i : .  ‘a-lie boy learning to pitch a base-

ball sc - c - c - c - c - i d  be e c - q c - cc - c_ c e d  to ti c - c - c - c-i it only half the c-’c-c-anc--c-iard distance c - f l i t _ c a - i l;’ ,

ac-c-c-i a-c-c-a- ic-u c-, i. r c - c c - c - r cp c- c- ’. i c - a - I ’  ,‘ c - c - ,~c- S c - c -. be stac - Uc - c - - i  c - c - c -c- on c-c- c - c - c c- c- - i ailey As c - . n- , —

2ic-ciency in c -n e c - c - s c - c - -c c -, the c-b slc- r c - c , a - e s  (c-cc -_ c-a-c-c- - c - ’ tc - c - l c - : - n’ c -- c - c - _ cc -- c - c -s, in a sense) cho .bc a- be

a-c - -a - d c - c - a - ic - y i .cc - ci’ecc -c-c- c-c-c- d to c - i - c c - c - _ cc - c - c - -c- c- c c - c - c - c - a - i c - i on s .

F I ’e a -a - c -ec c - t cy ,  the c-a -o’ c -c ,c -c- c - c - f C i  f ’ fec - ’ en ic - a - c - c - t i c - c p  c-c -c -c - - Ic - a - a - c - c - c - of a respa- c - c - c - c -c- cc - c - c - _ c

be spea-’ c t c ’ c - c - up Lv ta- cc c -  I c - c - a - a - i c - c - c - c - p  c - i c - a -  s~ c - c - a - c - ec -t f - a - dli c - a - c - c - c - i c c - a t e  the dc-c ir ca-h

fcc _c c-_ c, c-I ’ c-c-l a- r._ c n~c - -:c-c-c-e c - c - .  o c - c - c - c c .  Lt c-a -c -a-’ Lc - c - c _ c  easier t - c -  learn to perfo~~n a c-c-

specific skilled act if c-In’: Thci rner kn ows ‘c - c - i _ c c - c t  c -I c- c- c- c - ct should ia-c -a-k like or

• soun d L i k e .  It wcc- -c-jld sec-c--. - . c- . i j ’ fj c - c - c -, c- c - c - _c , I c_ cc-c c-x c -c -c -c -c -c -c’Le , c-c learn tr, 1-lc-I y the

ic- I a - i c - a - c- -i c-c -I I ‘c - I l  i c - c - a -c - c -c-c - ~ ‘;c-r ic c-c-v c - c - c - c -  c - c - c - c - c - c - i -- i  a-ac-a-i pianists;  certainly it would seem

c-cc- c- ’ c -i c - c- re a c - c -a - c - c - f cc- i period of I r c - i n c - i n c .  In a - a - c c - c - c - n c - c - I, wa -cc-c- discrimination

a-a-’ c-dc-c-c - c - c- cc -cr c c - c -  c - c -  i c - c -  of a-ca-ac-i c -c - ~ n cc- -.’ec-c-e,c c - c - c - a - i c - a - c c - ’  ‘c - . c - c - c - t jOfl a-c-c- f that ic- a-chc -.c - vc - c-c - i ’ .

tra r c - c - c - c - p  l . a - m e  c-c-cay be save - .

- .
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Most current effc-rts in programmed lea _ c - c - c - ic - c - c - ’  involve a - c - i s a - i - i c - c --S c - c - a c - j o n

training using verbal or s;c-cc-cbolic subject c-Ic -att er  st : inc-u ,Li .  3cc-a-ic -

prograc-c-mcing is the pricc -caa -y c- cc-c- cc- c-c ern c-f this b c - cc --:. Ha-- c--:evcr , th cc c-it sf .I ~ 
herween discrimination and differentiation is i c - : , c c - c -  a - c -  c - cc - c -f b c - - c-a-cc - - i c - c -  - c - a -c- I c-c-

attention to the lec.c -rc. c-c- r ’ s a - c - c - c - c - par c - c a - .  It Ic -c- c- c-c- b c - c - c - - c c -  j  - i r a - c-c-c- c-i c- c-~ca-c- t i c - ic - c - c - ic - c -

verbal prograc-ic-ming the cr c-c -a -ac-c -c -nc -c -- c-c - c- c -_ c c- a lc- c-a- c’ c- w c - t h  ‘c -c -ny a - c - c - c -c - pc - c c-i I c -c -’ r . c-rcc- c - c - c - c - c i c - c - c - c

of d i f ferent  terms, pc--ic_ cc c- plc-s and rules. These - - .li sc-c r c - n c - c - n c -c- a- c - c - c - c - c -c- Le ” c- - c - c - . c- ’

increasingly finer ama-i of c-~r ’_cater rc-umben - a-~ c - I c -c c- c--:p ra-c-’c- c - n c - c -c-c- c-c -sc- c-ca-c- . Sic-c-

addition to the elaborahiocc- c-I ’ d i s cn i micc - c - -c -l i c - c - c - _ c, c- c - - c -w c - -v c - c - ’, the pro c- c - c - c - a - i c - c - c - c - c - c - c - .

lead the student to larg--r  and laric--ci’ s e c - c - c - c - a - c - c - a - s  c-cf c - - c c _ c a - v _ c c - cr w h i c - - i c  are na-icc--

tively free of external promptic--c-g . lIven . c- S c - _ ce c - cc - na - c -i sc-c-nc- c- ;lic pr_cc-a-I-a-c-c-,, a-ic-a-ic-

is usually best designed c-ic-en i t  : i i fC c - r c - n c f c - c - t e s, or ic-a- i s  c-c the prod uctic -c--c-c-

of , increasingly complex and seli’-sustaicc-ed i c-c-ica -vlcc-r. Sc-nc -c pro _c_c c- -nc-c-c-s c--ihi c-nh

ac-a- not c - c - a - S c - a - n e c - _ c  c - c - c - produce the highest L evels cc-’ a b i l i t y  -in tc-c-e s c - u - dc - c - _ cc

c- c - c - c - c - c - never require a-c-c- ca-r e c- .tc- c - . c c - a one or two c - c - u _ c a - c - c-~c- c-c--j-c c - c - sc -_ c. However , a pro c- a-a-cc-

c-ic -at claims tc - ; c - -c - ac - c -n c -cc -a ster y of a subject  sic-c- ui-i Ic - a - c - c - c -r al ly  ccc-ll for  d arpa - c -’

c- c- c -c c- c c- complete sta ac - c - c - cc - c - c - ccs i c - -a - c - c -c - c the a - t a - c -c-icc -c-i a s t c - c - d  c - i j c - _ cc-c- p c-c--c-c c-c- cc-cc -cs.

In sc-inc-mary. c-c - i s - c - c - -c- cc - cc -nat ion t ra in ing a - ic - a - c - c - t a  a c - t a - c - c - c -c- icc--c- to the s c - icc - c - c - c - t i

in the learning s i c - c -cc - c - a- . Di scr ic -c-c-ir , at i oi c -s  cc-cay be approximated by c- I ’r v .c -c - ’c-c -c -c - lIy

reducing the c - ni f c -’era - c-c- -c- -:c- c- bet ,c--;ec-c-c-r c- t i - c -  sc-c c - c - - c - c - c - l i  c c - cc - be ‘ la - cc - c -  c- - ic - cc - Ic - cc - l ied while t i_ cc --

t o ta l  nunber c- -f s t ic c - . a -~~ c-cc- c- assc c - c _ c a t e c - a - i  rc -cc ,- a - c --nsc c-c- are a-na-c-cc-sc-c- . Di f f c - c --c--c--c_ c-

tiaticr. train- ’ c - c - c - c -- , c-cc - c - c - cc-c -  cc - a- c - 1~~- ic - c - c -r ca - I .  a-c -c- S cc- a c - c - c - c - c - I  I c - j c - c -  a-c- c - c c - c c- c - crc -c c - c -cc -- ic- c- c - c - - a - -. c- c - e s

of the c- a -- c_ ca viar i a -c - c - c - I S  . Dii’f’.c - ’c - c - i c - cc - tic -ms c- c-ny ic-cc c-a- ; j c - - c c -’cc -xic -c - c -atc -cd by pc - - c -_ c c - I c- a- ca -I l

reqa-iring c-a-a- c--c- c - c - c - c c - i  mo re ‘c-c- c-c i s c -  rec -c c- ’ c- r’-, .,eS. c - c - c - c - c - c - i - a - X i c - c - c - a - t i s c - c - c  c-I tot-h disc_ c inc -i —

nations and c-a-~ a- - - c - - c- ’. t I -cc- ’ .c -  c - c - c -_ cc - c - c - c v ’c- c - c -.ve a sic -c--c c-’c - a - c -c - ic-c- a-n t, ’i c - c -c - c -  c-c-’ ic-a- v ar i a t i o n  i c-c-

accEc-Jc-c -tcc -LIc c - -a - ! c - c - i’ S c - c -  . c-S-pc S . c-c-I I v ’, c - c - a - c -t a- d i s c c - ’ c - c - c - c - l n a t - i c c - c  c c - c - ,-,c - c -c -j S ’ c- ’ e r a - c - c - c -i a t i c - c - c - c -

training deperc -ci ‘ c -p -c- c - cc -  c--c-- c - c - c - c - c - V a -  c--c i n i ’ c - r c’e cc - - c - c - : c - c - S  - , c - - c - c - t i c - c - c - tic-n of inco rrect pc-i ’-

formunces , c-c- - c - c - cce s - s i ’c-’a- c- c - ’- . , ,, c- . i c - - c c - c - t i  c - c - cc - -c- , c_ cr c- c-I a !c-c-i ph c- c - ’c-c- - c -j c- ec -_ c.c - :-,-’ c-i’ c-c-b c- c - i c - r e - c - - n c - a - c - c - c -

for c c-c - - c - - c - -c t  r c - s c - c - c c - c - cscc - c -.

S
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Stimulus Ger ,e ra i izat i -c-n

When a res cc -cc -c - sc -a - to a part ica-c-Lar stic - c - c c -c - i  c-c-c is reinforcec-ci ‘c- c-ce l_ c ,~a-ij cc -ocd

is increased that the I-c-sIc-c-cc-se ‘~~.. .,c- also c- c- cc - a -a- to similar st i nc - c -_ cLi .  The

tendency of sic -_ c c -c - i a - c - -, c - c - c -c-c- c -c -c c -c- identical stimuli c-c-c - e l ic i t  lcc-c-c-c-rncc-c-c cc-ehavic c--

c-s called stimul’a-s generalization. 3t~~, e , c - t c - c -  who have learned aboat a

simple one-cylinder I c -_ c’c - i ’ r c c - - . I  c- - c - c - c - c - b u s _ c  ic -fl  engine are very likely tc call

any other engine that, operates by - c - cmbus t i c - , c -  c-f compressed vapors an

internal combustion engic -c-c- regardless of the type of foci used, the  r ,a-~’c-c-b ec--

of cylinders or ta-c-c- . u_cc- a- , o,L’ the engine. Although c-c-his example illustrates

highly complex behavior, it  is similar to the simpler pa-c-nc-c-c-crc-a foun d under

laboratory conditi on_ cs.  Generalization can be obtained by establishing a

response to a specific stimulus through training and subsec-nuently eliciting

the same or a similar response after slight changes have bet n made in c-I_ c e

control stimulus. The c-a-cater the change in the stimulus, the less l ikely

it is that the learner- will emit the response. Conversely, the more sic-ni-

lar the stimuli among which the learner must discriminate the more likely 
‘
c--

it is that he will confuse the stimuli and, therefore, the more precise

and deliberate must he a discrimination training procedure.

Often the stimuli in the learner’ s environment are highly complex

and consist of intricate stimulus patterns. The term ‘ abstraction” is

frequently applied to discriminaic--i ve behavior which has come under the

control of a set of complex stimuli. For example, the term “animals is - - 
-

an abstraction made in. response to a class of stimuli, in which responses

to the specif ic elemec -c-t ,s of the complex stirc-cu .lus (the characteristics of

organisms ) have been generalized over a variety of different species. In

beginning biology the stu- , c - c c - cc - t  is taught to see similarities between one-

celled animals and man; e.g., both man and amoeba convert types of energy,

excrete, reproduce, move abo u t , and cannot live without certain substances.

Each of these common characteristics is in itself an abstraction. Even ‘

though the stimuli involved are extremely divergent , such as men and one-

celled animals, t c - e  competent student of biology emits certain common

responses to all objects in the stimulus class called animals.

________________ - . c-c-
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IC t ic -c- c , c - c - c -. c - c - c -a -c - i i  c-c- of Icc - i s h - :-icuvinr to divc-r se oL ,j e c - c - t c -  is not c c - o i l_ c a - e s

out to c- ic-c- sc - c -c - a -d en _ c c -, it  c- c-dy 1cc- c a long ti-c-cc_c b a-fc ’c-’c- ho i c - i c - c - c c-c- c - I l ’ c - c c - c - i -c -es I-c -c c -c-

t c _ c Jj a -t  c - c - c - . .  ~r .uc --,c c- ’ L - c - a - ,  c - c - c c - cc c- c- c --t a -.culac-’ instances to u~-a - c - c -nc -l c r c -  cc -r id es is

c-bc c -c - c -c - c -hoc - . by which s-c e,c c - i ct s  c - c - c - a -c- ac -c- -s c-c- n a c a - t c , c - c - c -, c-ut c- c- ,a~- he c-co - i f i - : - ,:It

a ~.c - c - -_ cess  ‘c-c -~ ta-c c t ’ . a- -r . i .  i-bc c -c c - c - c -c-
-
, Ic -  c-s n-c-:a- c”c- !a-ty c- .c- st -c- f ’,Sc c-c-cc -- c - c r c - c- t c - c -c-

studen t - - n ec -c - la - c - ’  c- ~r a-ic-c- a- c-’ c-, c-c c- - a -t i  - c - . .  c-c-a-c-’ a cuhje -c c- c -c-a-t a -c -e r .  i c - c t -, c-c- i ,

cc- b c-c- ,~c-c- c- .c-a - i t t ’  c- c- ’ . c - t c - . c -  1 c-,si_c~ c- ic-n c - c - c - - -i cc-c- r , c-t -a--c- c - a - c - c - In t ec - c  cot c - c -  a- - c-c- a r c - .

c -e .~ e c-c - c -  c-c c-c- c - , c - — c-, — “ c - c - t a -  c- c-.uw~ -c-g c-c-c’  ‘ ~
‘
, the

c - , c - -,c-c. a - c _ c t, .c - , ’, c- st c - c -  c- c - c - i c- tc c-c-c- i c-. - a - S  , cc - :. c- c -t o tc - c -~ a - c c - c - c -c- c -”  c- c-c- of l a - c c -  oc-:n c c - c -e c - c -~ v ior

to rc-cc-c-jy a - b c - e r a -c S a - c - l . a - li c-c- cc- Pa-a c-. he - c- ,~~c-c - t c-c-’c-.c- ,c-si’c-a- c- _ c c- c- c- EcL st c - ac - c t c - c -  c- c-n c- c-

c - c - c - cc - _ c-c- i t  ia- c -rd _ cc -  -c-c- l’ca - .c i c - . c - a - c -’ ~~c c - .nc a - _ c c - c p -c - c -n c r_ cc -lb_c a- . 1_ c r :  on his c_cnn.

St i . c- . -c-c- iu s gc-c_ca-ra-dirc -c-a-ic -n ic - c - cc - .; - c-~ c-a- c-c -a-yr a a- cc - i r a - ic - ic -  pa - oc i c - c - o ’c- of c--rn c - c c - i c - c- c--

c - c - ’t - -a- c-c i t -_c i-nc -c - -n c - cr  c- : i l~~ a c c - c - ’ l i . u c -  ic-is c - - c - c - c - c - i c - - c - c - a -  c-u i , c c - e cr c -’c-ct c - c - c -c - i c -c - c - c - c - i c - .

Learner s nc-c r e i ther  cver --p c-c-. . - ‘ -  ‘c-iso or - c c_ c c - l .a - a - - .  c- cc - c- cc - c- c -bc - ze , cc - c - cd if -thc-cy ca-a-c

left to t hc i r  c- c -c - a- c a- nc -ices c - a - e r a-- c-s c - _ c -a - sc - -  c -n a -c - c - ce c - c - ic c - c t  c-- I c -c - er w ill a- cc -I c -a -c -_ cd

cc-~ p c-c--c c - c - c - c - a - t a - dy f - a -  a- “ C’
’ a-b c-cc- c-c- c of 5c c- a-cc-Ic-. . 1 ‘T 1 ic -c- it  in ta-c-c ia-r - c- c -o c - a -c - l ic - ’pc - c-a- cc- —

c-ions 0 _ c c - a - i c - ca - i c - c - c -c- nat i ’- ,’c cc-cc -c-c -cl ,  ic-c t ic -c c - a - c - - c - i on c - c - c - c - _ c t th e  trainee should not

be left unguide_ci , a- c-c i c - c - a c-t cc -’ c - c - ’ icc - c - c - i_cite early ac -_ c - i c-sic-Sale sc -c -pc - s  of ta - a - i c - c - i c - c - c - .

Ii’ the learnic-: en’,c - i :’cc - ac - c - c cc -t c - n c- c - - c - -i c c - a - c - c l c -. c - i ly  cc’ .tc - ’o1~ic ’c-i, it is likely

c-b c-at i a - - c - - Dc - ’c - ’a - c  c- c-a-c-~~a-c - c - t j Z a - ’.i ca-c c - c - .’ h _ c  c-- cc- c - _ c c - n _ c - a - c c - c -cc- - P - -c -er a -nc -me-a - instruct-ion .

o ff er s  cc-a- oa-~.-c-rtt ’nity “0 ‘c - c - c ” c - O t  ca- i tes t  sc- n h j  c- c - c t  c-c c _ c c - c _ c i a -  in  Ic-c- : on c-a--
t ca -c-. . c - S c - .  ‘

~~g ~~~
- . _c )_cat the c - cx tc - c - c - it cc-cd a - c - c - c -- c--n t c-i a i r c r c c - , c - i c - c - a  c-ion c - a -nd p e c - c - c - r c - l i z c -t.L - o c -_ c

t i’_c ,c - rc - i  cc -p  c - c - a - -. - ‘cc-c ( cOc - c - c - c -”c-- .a-c- r, c- c- . - ‘  c - a - a -  ‘ -c-c - of fcc-c-cc-es designed to- ta -a-oh gen-

eralizat~c-’r., c-or - c - c - a - - a - c - c - c -, a- c- c- ‘ c-c- ~ r c -.cci cc-ut a-c- c- s’f - , jeccts to a - c - etc - c - c -n c - icc - c  i ts

c-cS’fect ivr .c- c-c -c -S . c- c -  ~ a-’~ c c - c - c - c - b a - -a- r c c - c -  of cc- t u-c-Iec -c-t c - a - a - _ c -, o1’c- ’ccc-cc-Ie c- ,,

of ta-c irc - oc -- c - , i a - e  pr~ ‘c- ~~-: r c - c _ c -c- - I’- . c - c - c - c - c - cc - - v~ c c - c c - c - c - i c - c - ca- .cns a-h o_ ci t  c - ’h s t . c - c - e c -’ a pr -c -~ a-

gr~~c - c on c- c-. _ c~~~c- c - a - n c - c - e  c,c ’c- ,i c_ c c-nc - i t , ’ pc-n c- I c -I ’ p - ”n
~

c- a- c - c - c - t i  -a-n ; c - c - c - c - c - I if it does not ,

the pc--a -g:-~ c- . c - c - c - can its c-’ - c - c - c - n c - - c - c - c - ,- c - c - c - i c - c - i c - i ”  and c--c t c - c - c - c - c-ad prior to p c-abd icat ion.

if ’ g -‘c- ’crnltizrSc-J”c c cc- - i c - I c - c - I c - c - c --a- - c - _ c , ’ o~ i t  ic - c- a cc - c - c - .tc - a - c - c - -”c-l goal of t i’ain i:c-g ,

a ‘La -- c-c -rrc -’ r. c-r c-a-rogrc oc- , 1a-~ ’.c-i d I c - c - c c - I  - c- c -c -a- c - c - r c - , c -c- ’j a-te c-~ 
c- - c - p c - - n c - e e c -  of Pa - a - c -n c - s  - . - i c - c - c c - c - r e

the precision o.~ the _c’ c-c- s c-il h c- cc- -c- ‘c-I ’S c a - c - _ c ’ j c - , i c - .’cti ors on ’ ta-c’ c - c - c - c -c -c - a - c c - i c -  of s cc-h sequent

- -~- ,‘
~ c - S_ cr ic r c -c - l i z a t i oc -r; . 3uc- ,i c- ga--c-c-er -c-c -ic- p a - i  ‘ c - c - - b c c- c - c - c -  c - c - n c - I c - c sIc-ac- i a-n c- a - - :  and _ c X c -  c - c - c - r i  On

of contro l nrc i c - I c -a- -c-cc- c-c- S. in - s c -c - - n c - c - c - -  c -c -~J ‘ . n - c - _ c c - c -  c- c--ny b-c -  t c - c -’c-c c-’c- -’c-i.c-a- c-- c-I into

sa-ecific i c - r c a - a --c -c- -c. c - c - n r c -  p’~ -’_ec c-U ’_ a- c - c c- ’~~i a- 5 c - a -  c - c - c-c- outl ’i r c- in Sc -
c - c c - ”c - a -  - c c c - ;  5 ac -c-cl c - c - .

t ip.
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Response Chainina- and ta-c- Ic-c-tea-ration of Behavior

A chain of responses is a sequence of responses e m i t t e d  by an
-

‘ 
organism in which each c -c - cc -c - c - c -c - c -e n- of the chain -c- c-c-pears to have di sor imc -c-c -_ ca c - c - ive
properties ( a c t s  as ac_ c SD ) c - c r  the suhsecoenc-, nc -c - cc -ber n .  c- Il_ ca-c- a respcnse

in a chain is both a response to the precedina- stimulus ac - c - c- c - a dis c c - ’a - c -n .c - r c - c - _ cc-. c - c - c -c-
- 

sc-i cc -c-ui_ cc -s for the next response. The final result of a- ca-c-c-in of behaviors

is the reinforcing event or state at the termination of c-c-he chain-- i t  13

the reason why the ca-a- i cc - exist s at all in the organism ’ s _c’ c-c-p ertoi . re .

Because of this , a a-h a l_ cc -  of behaviors which cub ic -c -a -tea in re ic - c - c o c- - - c - c - e cc. -c c -_ c c.

is referred to as a a -u c -_ c ot i ona i  ‘un_ cit .

i4any of t ic -a- expert’s behaviors illustrate a-he principle of chain ing .

Bxpert behaviors are performed in a smoothly flowicc-g sequence. The a - c -c - I c - -

nical vccabc-uiac--y c - c -c- an -c-;-~_ cer --c- -icc-es c-c-c-i c - c r c - c - c c - a - a -  -of s ingle  r esp c -c - c - c - n a - s, cut  c-f

elements in chains of r’c -c-c-c - c - - c - c - c - s c - ’ s .  The expert in neurophysiology c-c -c -cay use

such words as hy T Ot }c - a t _ cuc - ,’a-c- , p i ta -c -  tary, anteriac- , a-n d follicle-stic-suiati np

hormone . ’ He is considered an expert, how_ cvc r~ only  wa-c-c c he combines t h e_ c e  -
c-

ax-cd other terms into meaningful  c - c - - a - a temec - c - t s  such as , “a i’o l l ia -c i c-a--sc- imu lat ing

hormone which stimulates the growth of c -pea - a - c - a - ic c - a - cr c - i c  t issue, a-Ic-pe a-c ’s c - c - be

secreted by the antec--lo: n i t ut t a r y. ” T h s  statement is an example of a
chain 01’ verbal behaviors.

in essence then, t ic - c -  c e c ’cc i nal behavior desired of a student in a given

subject matter is the ab c-lit,- n-c -c I c - e n - f c c - I c-c- c- a cic - a i c - c - or chains of behavior.

Throughout their :c-a-hcci c-cn~, c - c t - - Ic c - c - a - c - aca-Ic.ic-c-e many chains of verbal behavior

frors reciting the alphabet or counting tc- mul t ipl icat ion tables, p_ c ems ,
stories, or chemical ~ c - c - c - c --cc - ’ c- c- as . Such chains are usually taught by starting

with the first element or first few el ements of the chain and moving gra- a-

dually towards the end of tl c -~c- chain. For examp le, children are taught the

alphabet in ic-he order A, B, C. D, E. It is common practice in much experi-

mental work with animals, however, to teach a chain of behaviors by begin~ 4
ning at the end of the - c l_ ca i n . In the laboratory, training in a chain of

behaviors us ually ic--c~~ b c - c -  wi th c - i c - c -— .i . c- c-’ c-a- t - t c - - c- ’ca -u r  member of the chain and

proceeds in a ba- c- c - a - ic - c - c - - c - c - -  fashion towards the first-to-occur member of the

chain. That is, t i c -  - order in which the chain is taught and. the order is.
c - c  which i t , is b e r c - c -  -c - s c - cc - - i  are c- c-c - - p c - c - c -i te. The reason for t ic - c - i a- procedure is that

-c-c-
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a-ne t e~~~icc-c- l c-c c-ember of the chain is the response which eventuates ic_ c

reinforcement or w~c - I .c-h is instrumental in producing the reinforcer.
A simple chain of behaviors in the rat such as pulling a loop of

string, followed by pre ssic-la- a lever and then eating from a food magazine,
has often been used, in demonstrations of chaining. In this situation, the

rat is first conditioned to eat from a food magazine which makes a click

or some other sound. The effects of the food generalize to the soun d of

the magazine and the sound, becomes a secondary reinforcer as well as a cue

for the presence of food in the magazine.

After the rat has learned to approach and, eat from the food magazine,

the sound of the magazine is used to reinforce the lever-pressing response.

When the rat presses the lever, the food magazine click is presented im-

mediately, reinforcing lever pressing and signalling the presence of food.

Thus the magazine click is also a discric-’ric-c-ative stimulus for a response

of moving away from the lever and towards the food magazine. The general

procedure for chaining with animals requires that each member of a response
chain be placed under discrIminative control while i-c-c is estxbiished , just

as the approach to the rna~azine was placed. under the discriminative control

of the click. The lever- - c-- c’ess response is generally placed under the con- a-

trol of some external s t i c - c - c - u ,Ius such as a light. When the light comes c-c-n,

any lever presses made will be reinforced with the click.

After discriminative control of the lever press has been established

so that the light reliabiy occasions a response , the thi rd member of the

chain (pulling a loop) may be established. Because the response to the

light ultimately culminates in primary reinforcement , the light, like the

food magazine click, acquires some reinforcing properties. Thus when a ‘c- c

response to the ioop occurs, the light is turned on, reinforcing the loop-

pull and also setting the occasion for the lever-press response. The ioop-

pulling response may in turn be placed under discriminative control so

that a buzzer, for example, signals the occasion for the loop-pulling res-
ponse. At the soun d of the buzzer , the loop-pulling response occurs re-

suiting in the light being turned on, after which the lever press occurs,
and so fo rth through the remainder of the chain.

________ 
—~~~~ — .. c - _c -. . - .c ~ .‘~~~~c- — ’ c- - c c- c-
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Ia-c--- Process of Respoc-c-nc- Cic-ainlag

Reinforcing c - tic - c - c -c- cc - li ore also di-scc--icc -c-oa-aa- ive c-_ dc- icc-c-c-cc-u ~ih i c -c h lend to a

c- - a-na - crc --sc- .  As Chc-c-~ a-c-- i - 2 ic_ cc-located, one ( 1 c - 2 c - c - c - i c - _ cc-i l c- i ’c -c- - i E c - r c -~c-Y c-b a reinforcing

stimulus is the sti-cc -c -g and c- c - c - c - s c - c c - t e a - c :  r e c - c - c - c -  c - c - c -c - - .11- evokes Ia - sic -c- the Ic -ac -cc -er.
.
. Generally, a -c_ c e more a - ac - i—c a-a- c-

pc-- ic-c-a - rv
’ c -  t i c - c - c  a - c - i c - c -f_ c r c - a - e r, the nc -a-re noticeable

is the existing n - u sc - -cc -c -ce t2 it. Ia-c-a-s a bc-c-c -c - c- c- cry  c-log exhibits nt_ cc cc c-j ac-c_cc-_c

stereotyped b c - i c - a c - c c - n- (c-cc- c - cc -ic- c-b) as a c c - s c -  c- ,- c - . . c - a - to the reirca-ci-cer, fcc-c--h . Ia-ic

eating response, of - c - c -a -a - i -s c - c - c -, c-c c r .t ir c -uc -s  to a -c - cur  in addition to whatevec-c--

response is being taught using the fcc -c- -I as a r e in f u rc e r .  A oi c - i ld T s a-es-

ponse to praise when praise is used tc-c-- r e ic -_ cf ’-c- c- -c-c- c other behaviors may be

less noticeable sc - c - h a good deal more c---ctriable than the dc-c-Ic ’ s response.

Nevertheless, praise and. c-c- b c - c - c - c - so_ c-i: of social rein for -c-cec-cc-eic -t generally

evoke at least a mild response, suc h as sc -nol ir c -cb or a- ic -c-c -cc -ci a-a - a-Ic-- at ta-c
c- person who gives the rei ia-’orcec- c -c - e c - co . The forc~ c--ing ex~ crl es illustrate

the discri minative properties of a c -- c - ia -I c -r ot c - c - a - s t i r ccc ,~~us. ia-i s dis-orI c -c -.i rc - a-

tive aspect of re icc - r ’ c- c - -r c - cec - s ~-ec-ac-c-it s the est-at c - i c - _ ca-c-c-cent and mahn tenac c- -ee of

~ 

chains of behavior.

In chaining, stimuli are used h _ c - t a -  to reinforce the c-c-recec-iirc-~ response 4
as it occurs and. to set the 0cc-asia-cc- for the subsequent c- - c-c c-_ci a- c-c-se . Ic -c- the

chain of behaviors j c -c- c - c - t  c-ic -~sca-ibca-c- the click of  the food ma -ga -c - i c - c e  rein—

fo rces lever r - re csc - c - L c:  because the click has fe c -crc - associated with  or led.

to food in t li-.~ past. The click also becomes the f - a - _ c ’  approaching the

f ood magazine. a-c -Lc - ciIa-c-Jy, the light is used to reinforce loop pulling

and to set the occasion c-i’or the lever press. bycc-c-b_ciicaiiy, the responses

involved look like this: 

~~~~~~~~~~~~
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Buzzer hi c-~ ic-t Ill-c-c c-_c Food,
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A

b a - c’- levec- approaching -eatingpull a-ross toDd - c-

is the eating response to f o o d , is the ccn 1r-a -ach to food, R
3 
is the

lever press, R1~ is the loop pa-li. Actually, many other behaviors at

various levels of specificity are involvel. Each chewing movement might,

for example, be treated as a separate response and certainly the reader . -

c-say wonder why the response of approaching the lever is not included.

— 2k: diagram is intended only to symbolize the chain, however.

The parenthetical tea-ic-s ic-i the diagram indicate the external stimuli:

(i) sight or smell of food, (2) magazine clica-, (3)  light, and. (4) buzzer.
The buzzer, only sets the occasion for the loop pull and is not used to

‘ 

reinforce any previous behavior. The stimuli are labeled with the tic-c sets

of symbols, and. sE, to stress their dual function as reirc-forcers as well
as discriminative stimuli.  The reinforcing value of all the sticc-culi in

the rat’ s situation, with the possible exception of food itself, is

obviously learned during the training process. These learned reinforcers

were originally neutral stimul i wh~ ch acquired their reinforcing pro-

perties through association with the primary reinforcer- -food.

Returning to the diagram of the chained sequence , the numbers refer

to the order in which the resporc-se and associated discriminative stimuli

were established or taught-. The arrows, on the other hand, indicate the

temporal direction or flow of behaviors when the chain is perforned. The

order in which behaviors were taugh t  to the animal and the order in which

the final chain occurs are exactly opposite. 

- -- - - c -  —*-- -~~~~—---c-.- ’ - . c - - - c -~~~~~~~ c - - - c -- c-
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Having ti-a i c-c-c-~ a-a- ic-a-c-i.c-a. ic - c - c-c-a -is particular performance sequence,

tic-a- t ra iner  c-c-cay expe-c c. a - c c - a - c -c- thc- cc-c-tire chain will occur as frequently as
the buzzer ( the in itial 3D) is turned on . The occurrence of the sequence
is thus under ti_ ce cc-c-c-c-t ro t of the traine:. The light Pc-cr the lever press

and the click fo r  the food rest-a-a-se are also external stimuli that cue the

rat’ s dependence a-pc-cc- ta -_ cc - c external events  by addit ional tracaina- .  If

the light and. the click are eliminated abruptly I. i_ce animal may take ar_c

increased amount of f ir _ c c -  to cccrc-plet c-  the chain. Tic-is of Pc -ct  may be only

temporary, but in c-c-cry la-c-_ ca- n _ cr c - c - nc - ca - a - ce  chaIns the disruption of behavior

may so delay the final reinforcement that extirc-etlcn takes place. Ic-I c- c-ho

intensity of the light and the click are -iic-ccirJshel gradually over a series

of trials, however, pea-b _cc-c-c-_ca -ce may Te maintained at a higri rate while it

In made independent of envir :_ coc-entel  cues. At the completion of the final

cta~e of t i -a ln icca- the rat’ s pec~fcrcoance coul d ‘c-ce diagrammed as follows :

(s~) —--— _ --- > H
4

- > R

3 
~~~~ R

2
— c -- c - c ----c- 

1 
> R

1

H 

S
1

The initiating control (buzzer) and the sight and smell of fo.d (st, ~~~~~ )

remain, but the li ght ac-cd the click have been eliminated. The rat’ s own
behavior has ta-hoc -c- over the role of the recnoved stimuli so that pulling —

the loop has become the stimulus for pressing the bar. Similarly, a lever
press has become the st c- ic -c -c -u },u .s for approaching food.. In short, it is pUs-

sible to make the i-c - c - c -u - - c - c - cc - -’ -a- behavior itself both reinforcing and discr ic -c -c -tna-

tive. In terms of this pac -dc-icul ar chain of behavior, the rat has become

a self-sufficient expert. He can now reel off complex behavior in a smooth

sequence and without environmental crutches, thus displaying the character-
istics of expert behavior. -c-

Experimental_versus_Educational ic-echn iques for  Building Response Chains

It is essential to distinguish between the order in which responses

ir. a chain are best learned and the order in which they occur after

icarning. These or_ cc -en’ s c-nc-c-f be exactly opposite. Since it is rare f’or

anyone to recite the alphabet in any way other thai-c- from A through Z,
the alphabc-t is not usually taught in any - i h€ c i -  order. However, a simple

,c-c-c- c- -.c- ”

~

’ —-— - - c -  
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analysis of the laboratory rat’s terminal behavior in pe rforming the

chain of responses might suggest a t rain~ c- c-~ ’ procedure exactly opposite c-
c-

to that typically used. Tar example, perhaps the best way tc teach a

-c-~c-lld the alphabet would be to first get hi _ cc - c - to cay ta-c- lea-tea- ic. This

requires nothing but an echoic (imitative ) response from the child.

Having emitted the response 1, the child may ta-en be encouraged. or given
-1

c-cic -a-c-tever reinforcers are available and asked. to say the letters, Y, Z ,

then X, Y, Z, and so forth. (Or if adding only one letter at a time is

-
‘ 

too ‘boring for a child., it might  be better to add two or three letters

at a time; ‘Say X’!Z, c - c - then , “ Say UVW)( YZ, ” followed by “ Say RSTUVI-iXYZ ”

and, so forth.) If the task were to memorize Lincoln ’s Gettysburg Address, —

~ °- Instructor could proceed by having the student say, “ can long endure . ”
The next step might be to have him say, “ so conceived and s-n dedicated car.

long endure,” and so on. The process would er_cd i-iith establishing ti_ce first

set of responses in the recitation : ‘Fourscore and seven years a-go.” At

t i c -ic - time, however, these examples are still provocative sources for  research
and development. The reader is urged not to take them too literally.

The traditional means of chaining employed in the classroom requires,

- -~~ paradoxically, that some extinction occur as each new step in the chain

is added. Perhaps the reason thac this method cf teaching behavioral

sequences works at all is that relearning occurs much faster than orig-

ic-cal la -a -a -cc - ic -c -a-c- . In the usual sequential learn irc-g situation, as a new
response is added all preceding members oi’ the sequence must be at least

partially extinguished since reinforcement is withheld until the new
functional unit occurs (i.e., until the new unit  which will terminate ir.
reinforcement is formed). The entire process is then quickly relearned

with a new terminal response. ~Then a child is taught to say A, then A,

B, then A, B, C, he is being subjcctcd t c-c - a reinforcement contingency that . 
-

‘

requires a constant cc- a-ar c-a -c- of the functional response unit.  After having

been reinforced for saying A, the A response alone is extinguished so that

i t can be replaced with the response unit  A, B, which is likewise extin-

guished and replace_ cc- wi th Ia- B, C. On the other hand., if the child begins

to learn the alphabet with Z first, f rom t l c - c - t time on he will (in the ideal t ~;

case) always be reinforced for what he has previously learned. In backward

‘~1
-

-

- - - - ~~ - -  ~~~~~~~~
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chaining of the alphabet, Sc- is never completely extinguished, but is placed

under the discriminative -control of the letter Y. In other words, it is

possible for the learner to be reinforced when he has emitted some other
-
. behavior, in this case Y. Y in turn is placed. under the discrircin_cctive

stimulus of the letter X. I_ cc- this way backward chaining may nrc -t ea-ct the

disruption of previously learned responses since continuous d i sc rc - nc- inat i on

training occurs rather than intermittent extinction.

Backward chaining may also have the advantage of forcing repeated
- 

- 
practice of the final members of a response sequence. In fact, the later

a response occurs in the sequence of responses, the more practice it  has

had before the entire sequence is learned.. In backward a- 1_ ca - Ia - ic -_ cf the a-ciT es_ c c -

elements, those which have been most recently added and are the weakest ,

are those which are nc-os -f strongly and. recently prompted by the teacher.

Thus, the chances oi running off the entire chain at each repetition are

ic- . extremely good. If the teacher has reached. i-i in the alphabet, he will

prompt the child by saying, “ Now say L, a- . ~i. 
c - c -  The new response L is

strongly prompted and quickly added to the chain i-’hich now may be run a-fl

by virtue of prior practice and reinforcement.

The notion of backward.  chaining suggests a radical departure from ~~
- 

-

standard educational techn iques c- -nd requi res the use of somewhat artificial

siec-uat ions and r esponsos ic-c- order to arrive at the terminal behavior. i-er-

haps in no other instance of ti_ce app lic -nation of learning principles to

t c -a irc ic -_ ca- t e ch c - c - c - c - l c -  -cy does common sense seem more challenged than in the

method of response - c - h : c -  . However, -c-c-ec-rc-c-nstrably efficient learning

~ i~a - - c t - i c c s  may a - c t  c - c -~c-c- ec- sr; cc- r c-by be eorisister .t either with traditional

c - - a - a - c t _ c - cc -c or i r c - t c - c - l t i o n.

T1c - -~ icatuc-~c-- ar i~einfo c--c_ c:. c’c-_ ct in Chained Behavior
I - ,  - ___________________________________________ 

-
-

-
. A cccrd ic i a -  to one r i _ c c - c - c - c - _ c t  theoretical analysis of reinforcing stimuli, c-~

the ~- ;_cc - -t l cu lar  event that — c - -n ot - :tutes a reinforcement is not a stimulus

external tc- the learner so much a~ it is the behavior produced by the
- 2 - - c-,st imul c-a - s. For example , it  may c - i c - --t h_c- food, ‘but eatuc-g that reiniorces c~

t
i-- i-crc -ac-k , c- . c-f waa-~ c-c-a-i - i _ c l _ c a - i  behavior laws : I. posit ive rein—

l a - .r c -c - c - c - n ec - c -’ c- a-h c - c -  - h - c _ c . ,  1959, 66, Sl .;-t ~33.

c-

~ 

c-—-c-- -c-~~~ --—--- -~~~~~~~ — - -
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a hungry person. Thus reinforcers may be defined either Ic-i terms of

behavior or in terms of stimuli. Either definition may serve a parti-

cular purpose and both are useful ways of thinking about the effects of

reinforcement.

Regardless of theoretical considerations, the analysis 01’ reinforce-

ment as response rather than as stimulus makes sense with respect to human

behavior. It is often not so much the achievement of a goal that seems to

rewara individuals, as the behavior produced by obtaining the goal. Perhaps

the reason why prograirming seems to increase c- ,c - cc -- ’-c-c-ivation for i-iorlc-ing

through an instructional sequence, is that through programming it is pos-
sible _co make one behavior contingent upon another. Instructional material

which is not programmed c-nay permit a student to proceed regardless of the -c -

nature of his responses to each step in learning.

In any chain of behavc-c-urs, the terminal response (the response to the

reinforcer) is reinforcing and thus by definition a high strength response,

i.e., the probability of its occurrence to the reinforcing stimulus is

high. The reason that response chaining works , according to the foregoing

~ J analysis of reinforcement, is not that each response produces a rewarding

sti mulus, but that each response in the chain permits or sets the occasion

for  a subsequent high strength response. Moreover, whenever a high pro-

bability response is dependent uporc the occurrence of a lower probability

response, the proba ’bili’a-y of the weak response will increase and approxi-

cc -c -ate that of the high strength response which is dependent upon it.

The net result of these considerations is that it is the response to

the reinforcing stimulus, not the reinforcing stimulus itself that is

effective in ic - cr -c -asi a - a - the strength c-f behavior to be learned. This
analysis would indicate that what is reinforcing to a student in a pro-

grammed learning secji tc-u_ co is not being told that he is right, but being

i-err .Itted to ca-a-c-ide in another activi ty. Thus it would seem that the

programmer should use as icc-cc-ny devices as possible to permit the student

to “ go on” through t he i c - _ c~a-a -r a r c- c -. What practical difference this analysis

of reinforcing events c - c ay ic -cake in the future of programmed learning remains

to be exj1c-~rect.
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a-otivational Uses ci Sec_ c ir ~~ c- Behavic -c --r-

It respccc - cic -_ cg is a- c- c- c -c - forc ing  in itself , it follows that the maximally

reinforcing _c-espon se ic - c a learning situation is the performance of the

crc-tire integrated cc -c a -I c -_ c of behaviors which is the a-oat of instruction, i.e.,

the terminal behavior .  Ic- a-c -c- re c- c -n to r c i rc -g pa -open -a -c-o s of terminal behavior may
- 

- 
be useful early ic -c - t ra i l_ c ia -a -  to re in force  student interest or in other tenns,

to enhance mot t c --/ ac-c- i - _ c c - c - .  EIc-j c-c-,oa- an airplane, fo r cxc -c-c- :c-c-_ cc- 1e2 c--_ c~ sIs tS  Cf many

sub -c-ch a:cc -~ wc ic- c- cc ic - c - , c -~~st ic--c c-c- c-c- LIc-c-i~ c-a- by the student and wc-c-~ cch c- cc - a -c - et her  form
a gross sec 1uer c--.c-e frocc -, t-akecc -T to i-ca -a-ic-_ ca- . Ofa-erc fl i ght  iristructo’—s make

a point of le t t ing the c-a-a--cier cL pilot “ f ly ” the airplane by hims elf the

f i r s t  time up. Oinjecti ve.i y, -t h i s  is not a very significant accomplishxa-erc-t

sic-ice the plane wi ll fly itself if i c_c~oper ia- t r i a - cc-ca -d.  For the student, ho’c- r-

ever, it is toe ten_ cc -i a -a - i  behavior he thought to engage in only after 1cc- c - ca - ,

hard study . Being able to ‘ f ly  the plane” onl y a few minutes af ter  instruc-

tion has begun can be highly motivating ac-c-h can provide a basis upon which
— cia--cr lees dramatic behaviors may be built. After the i nit I a l  flying

e~~erience , the student ’: feelings of excitement and ac -c-ca -pi ishment  are

likely to generalize to other components of the instructional program, a-

such as map reading, c--o . c - c - t c c - c c c -, fuel economy, ac-cd aerod~mami-:s, 0th_cr p-o s-

sibilities for using terminal beh-avior ot ti_ c e beginning of training are

- -  - abundant and the a - i f _ c _ c r c - n c - ce such a training procedure rc-a~y make in the

student’s motivatiorc is great.

In c-c-c- c-c-ny instance_cc-, engaging in the terminal behavior  of a task at the

early stages o1 tra inir_ cc-~ may be too d i f f i cu l t  or too c-ia-rca-c-rca-s. In such

cases it may be c--c-c-ce :sary to se l e c - -t only a part of the terminal behavior

for  initial c - c - -c-c - .  cc - - or example, no beginning typist can type 60 words per

minute unless it is the same word typed ove: and over. However, retyping

the same word at the same rate an expert types many words may seem very

accomplished to a beginner. Cc-ftc-ri it is necessary to provide the learner

with strong external stimulus support, as when a baby learning to wallc

pushes a wheeled toy ahead of him for support. Of all those concerned

with the learning process, it will be thc lcarner himself who is most

anxious to be rid of such supports when ta-c- training program later shows

him how it is possible to get along without them.

~~~~~~
L- -

-c- -c-c-- c-
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- c The r e i n f c r c c -n a - -  I c - a -_ c OC a - c - i c - S  of a - c rc - c - c - ic - c - a c - .  ~c-uoc-vc-or should not L- _ c

- 
promised to the beginner, they sc -_ couiO, if possibic-, be given to a-ic-:

- immediately an_ ct should ‘be used in the te ci cni c -c_ cc - i  c-c-crc -se of a reinforcing

- 
event. The t-Dregoin~’ considerations suggcu t that tea-c--ic-ia-al behavior a - a -  ‘

some f-o n_cc- of i t  c - c - c - i - li_ ct be incl uded at the a-ca-icc -c-c-ic -c-a- c-c-f ci Ta -Ca -a-a- c- i.  or c - -  -

gram sub—un _ ci t  and pre— a -erc -c- oLc-cc-i cc-ic-a-via -c-a- n11c-ht be i n’c --a-ra -c- c-rc - cd t o tuitew i t

-
- 

and lead to its “ real ’

I-:oe reader is a -ga _ c c - c -_ c cautioned ta-c-ct t c - c - cc - c  r - : - : c - c - c - : e c c - c c - a a - i -~- c c - cc - reg_ c~c -c - a - cc i - c -

the initial use of terminal behavior are ox_c c _ c c - p - c - l a - t i - c r _ c c - c  c- rca-n lea -r i_ c ir c a -

theory which requi re practical develocc zc-cecc-t . Icc -  a t a -_ c c c p t i r g a - c - - be expl ici t

the authors take the a-lcd of being w a--c-c-c-a- c - cc -  a c - _ c - c - c c - c - c - c - - c -a- of po lo_ cc -c. ~h a--c’c-c-r.

introducing asicects of a-crc -c-c-ia -c-al bc -a - avon -_c- early in a-a- i r c - : tr u c t i o r c c -l pr  c- r ca-a-

seems logical and is researchable. The motivational p r c c - e r t I c - s  01 c_cc-n y

terminal repertoires produced at least in Dart  ta-c--c-ugh a-r otc - id a-i cc - c - ca - c - c - c -
- ‘. must a-c- weighed against the c-cost and difficulties inc-c-cc-l a--ed . It. is also

true that ar t ific-c-c-aily pro duced early terminal  behavl-c--r may give the

learner a false sense of accomplishment, ‘but this should not be a sc-rico:

objection if the program follows through with ic-he teaching of real c-c-c c- c_ c :-
- pU sh_ cc -_ cent. At the pi-c:ei_ct time and in the l ight of available research

- evidence, the foregoing recommendations seem generally sound ; in some

situations they should be applied with caution , in others wi th  imaginat ic’r c- .

~~~~~

- - -  - ~~~~~~~~~~ --~~~~~~~~ - -~~~~~~~~~~ - —-~~~—-__
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f_ cc_ ci a-i-c-

In the course of lean~Lr c-a - , c- _ c c - c - c -~j C U c - c -~ ~ c - c - c - c - t r a l  :ci c - c - - a - lI come to cc-ct

a-he occasion for, or ccc c - - i ,  pa l - a - I cc - d c -ar 0 e c -_ c a - V~~ - - a- • ti _ c c-c-cc -c-c- ic -u s co n _ c c - a -n i

_cefei-c- tn the fact that a -c-en stinc-c-f us, cc- a- a- result c-c-f learning, wi f i

consistently elicit a scecific response. a-u- a - i c - - c-cont r o l  c - - oq c-c-ires di_cc-c-c-ri~:ccc-ca-

t iv_ c behavior——the icca-ivic -tual  c - c - c - c - ca - a - b~ abI~- to doscric -n inate  or select the

control stimulus to _c~ic-icc -h he I~c c - c -I c - nc - c, f_c-c-c-c- other - ; t i_ c :u J c - i .  A d is ca - i c -cci c icc -—

t ive (or con~ rol) s t _ cc - cc - c -  c-dc-os c-c c-c--c c - cc _ c c to ccr_ ctr -:- l a rc cnp -cnse because the respc c-ic-se

is reinforced in the p c- -c c - cc -c -ce c-c-f that st i a-c -dua- ac-c-ct extinguished in the Ic-re-

sence of other s t i c - c u i f .

St_ cc-_cc- a-ic-us cont rol of Ucn :c-vior is est obl i  shed or c-_c_codi fied by juli _clc -us la--

reinforcing or wiL ic-holcii : _ ca - r~~ c - _ c co r ce c - L-ci t. A discriinii_catlon ca-c-c- be sha~~~ened

by cxtinguishic-c-a- re c-o-cc -c-c-rc -c- a- made tn stic-c- -a-Jc-i a-lc -c- ilar to the cc-ritrc- l stimulc-c-c-c- .

Conver sely, c- a -arc -t a - c - -i  c - cc - c - he ca-te a-dc --c- to a L c- ’cc-aa-er range of stimuli  by cla-stJy

pairing new c -t i c - o i l  i i c - t -~ ti_ ce c- c c - ta-al sc - i c - c - c c - ic -us  and reii:c--orcing responses to

the new stic-c-c-c-_cli. i’ax-ic- us c - i c - c a - n c -t i c - c - a - ic- i nc - c - :  c-an ic-c inte~:c--ated ac -_ cd ccnsclidated

cy establishing a c-c-eu c-c-c- onic-a --c- c - I l ing  st ic -ic -uluc - _ c c - i c - i c - c -c-~ cc- c - a - s oc - c - _ c c -  them. All these

c - c - c -rations vary, ~ic-r the a-cc-st part , only in t c - c -~c c - c -~n-dit~c - u c - _ cs which :-csiilt in

feic -c - iorceic -ient, iu t  tcc- (c-y c-_ c_ cc - u t - a great c-oic-c-pi - a - cc - _ c ty  of behavio r and appear — _ -

to be basin c-_ c : cec- :~ c- 0~~~~~c - c - i  l: S t r i _ c c - t i c - - c - c - _ c~~ p r c - c c --du ra - s.

Just as c-cc-c-ce 1--c c - c - c - n c - -i s_ c c - c - are ctcccrc -~ 1c_ cc- c-c by c - c c - _ c _ c r - c -I stimuli in the
exterc_ ccc- 1 erc -v ir - c - c - j c - c - c - - s c - t, cc-a~y respc c-_ cses cc-r€ under t i _ c c -  control of internal

c - t a - c O L Ic- i .  The tea-ic-i c’ ic-~~fc~- e c - c - t L a t I o r .  is used to c- lea - c c-a -be the increasing ic-c-re -

c is i cc_ c of re s p c - c -c - _ c -ncs to i c-tea-aol c_ c i ra - c - a i .  D i f f c - c - ’ c - c - c - a - i a - o t - _ c n s, lU_ ce d iscr imina-

tions, can be tat_ca-lot a-c -- c-~c- c-c-a-oly thc- - -c-a-ic- a-p c -  c-r c c-a-c- c - :c-at ic:-nc -, but in ciif erentiation

ti-ic-a-fling the ‘To:, ia- c - c c - c i a - i c  cc-. r c -c - - sp c r _ cc - c - a - -  is cc _ c c -- cc --c-ted -determines whether it is

reinforced.

A major characterlc-c-ic -c-f a-c--c expert is that he is able to perform

largely or. the t-_c~~ic- of 101 ~_c-nal sL c-c-c - c -uli a_ c_ cd~ i c _ c c - cc - c - , produce a-c-if-sustaining

chains of re _ cpa - cri es. Ii i-ia-n y, the a-cc-al of a c- - a-a-ca-ram is to make tic-c st-c-

den t. capable of percon .c-i-ng c - - c - i f  -su: t aini_ cc -a- c -h a l _ c c - s  of behavicc-- c-- . I_c~
_c such

L c 2 c - _ cc - v i c - c - r a - 1  -oh _ cc - ic - c - a - c-c-c-h s tl~ c-c-I c - c - s c_ c-c~c- - c-w- as -dc-c rein o_ c - -c - c _ c -  for tn-a- i-c - a - c - e e c - t i - n a -

- 

- response as well as the c c -- c - c -i r a - i st i i i c1-c-s ~cr the su ta - ce que c- o t  response. 
- j

j 
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Traditionally, -a -ic -air _ cs of verbal behavior ha-r e been taught i c - c - t n_ c_ c c-c-a-dc-r

ica- which the chain Is c - c - c c - -c- cc- c-c-c- - c - - c - _ c t .  in -cc -c- cc -tr ci c -c -t, behavioral chains U: the

laboratory are i-c rc -c-c-cd i_ cc- a backc--rarcis order f a-ac -c-c- t i_ ce- reinforcing event at

a-ic -c- end of the -ca - a-_ c - .  dc - c - c -_ c c - the order in _c-ihioh ta-c-ti are established and

the cr c -i_ cr in wi_ c c- c - c - I c -  they cc-re performed are exactly opposite . This back-

wards chaining c-a -cocd u c -e c-c a - s ic-.c-piications Icr ic-c- :pro vinic- the teaching of

human verbal bela-a c - c r .

It has been sa-c-ti~ esteh that it is ti -_ cc pe ra -oc -oc -cio-ce of a response ti-cat

is reinforcing rather ti_can the reinfc-rci_c.f stlc .c-ulus . Thus , in a sequence 
—

of behaviors, the ability to ncrda -c--cc-c a response serves as a reinforcer for

the behaviors that 0c c-cc - i - pr ior to Ic .  Thi s c - c - o t i cc - c -  can be used to enhance

the beginning student’ s c-c -c -ca -i -r at ion by all c-n_cc-log him to per forc-~. ic-he terminal

behavior or some cc-ga-cent of i t , early in t ra i r _ c l _ cc - i - c -. The early perform ance

of some part of the terminal b eha v lc -c-r  can provide the motivation f c- a-

~ea-rning the behavior lea-h_ cc-cc-a- up to it. c-

- -
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I cc - a - _ c c -te a -  ~ : Analysis Cc -f i n s _ c -ca - t ic - c - c - nc -i Obj c- c -t i vcc -  c - c - n-c - c - Subject i-~ tt_cr U_ ca - i t s

fl_ce in i t ia l  pa- c -c - t ic - c c - c - _ c t ic - a - a -  c - - c i s c - s  in sc -a_ c~a-icc - c-~ to c -- c - c - i I . c  a : c - - c -~~c-- c-c - cc - c -c- c -c -ec _ c

learning sequence I: c - h _ c  urcal ys i c -  a - c - c -_c- c -p c - c - c - i l l - c - ca t i on  c-
c - h  a-ic-c sc - cic-j ec t c-c-c-otter

behavio r to he c - 0 - -uc - fcc - i .  a-cc - c-re urO frc -a - :Jc-i c - c - a -  -a -c-c -c- beg in , tnc  :uic- - c- -~~c-ct matter

cc-c-usc -- be analyzed ic-_ct-c- units thcc-t can pa -o-v :i c - e the -  l a-ac-c-es or b uu l a - In a -  b i c - c - .  -c l _ cc - _ c

of t i_ ce  i c -_ csa - c -a - ct ioc - ca l  prc fr_ cu c -c -. Ike - c - - D c - c - ca - r u - c - i - i c - - n  ci a particular  I-c-c-c- c-a-c-i c- c - cc

quence icc-c-c a joint  func tion  ~f beth the c - c - c c - i D - c - c - c - c - c - c - - c c-cf c -c - i -_ c e a - c -_ ct _ c c-c- c-c- t a - _ c c - ic- t ea- -  a- _ c c - c -c-c-

the instructional  p 1-00cc-ta-crc -s ;-c-htci c- bc -ct a- a_ c c - i i i t a - o e  r -,- c-c -c -c - c - c - c -v icovc-1 a--c-al: sc - ia -h as

a-etc -crc -t i _ co or ta-a-c-a-slur . In any ins _ c c - ia - c - c - c c - c -i -c - c - a-I si _ c- c - n _ ca - t i-c - cc - c -, La-c-c j ec -- c-c - t L v c-c-c s of

instruc t ion  c - cc - us _ c c - be def ine d  ic - c - t a - i _ c c - s  of ic- c-c- lc-c - i c - _ c _ cc -~ s_cc-ca - cc -c -c- c - -c - cc - c  c - t -~ 
c- to

p- c-c- nc-ut select_cc-on cc-i L i_ ce c-c_ cost ui _c e_c- a- I re- i - c - c - s c -  a -a -c - c -cc- i~c - c - c - - 1  c - nec - nc _ cc - c -  a:. cc - c - a _ c a - c a - Ic - c - Is .

the sp eCific -c- subject  c-a--c -c-tic -a- to be ta - a -a -hf , a-c - cd a- i _c e c - c - c - a - -c - c - - c -  c -~ c - c - c - c - c ic -~s - - c - o s

fcc-a- c-ic-easuring a c - t a - l a - c -m e - c -_ c t  of s t r _ c c - c c - t  c-c - c - c-c-I. ~_c-al~ .

Formal pr oce-uc c-re c-c- ic -a -  c - c c - c -a - I a-cc- c - c  c-c c-i -
c-
- c c - c - c t c - _cEcttc-r c-c -c - - c ? c -c- c- d idc -  cc-_ crc -h a-c -i1~~s

ac - c - c -i for cc-~~c-j c - c - c - c - 1Oc - ic - i,c- c--he c- - -ccc- iItc-- c-f s c - c a - c - i  c- c-cafyc tc-c c-c : c - c - cc--rica- a-- facilia-c-c-te a-c— 
- 

-

a-ran_c con s t c - c - c -- - t _ c  a-c-- c - .  c-cc -c c - b
c-
ic -  a-t a c - a - - i - c- c - c - i c -  sc -c- o~ - c- c-Ac- c- i - c - - c - i c - i  cc -c - . General c -y .

prograirc-ming c -t i ic -c-c- uIc-c e: c - c -a - c - a- cc-);-T c _ c c t c i i c i a -  c - c - -
~ a - -  a- t _ c c - c - c _ c t l - :  t i c - _ c c - c - c -  a- c -_ c e t a i l€c -c-l c- c - c - i c -ject

ic-ca-ta-er outline- c-cs cc-c b c - c a - i s  01 gene c- - ca- I c c - c -  c- c - :d c - c -- c - c - O -- :S a - c -
c- tc- c - a - rc -_ c ea - .  c - i  c - - i f c - -1~ c - c - -c- 

-

tec~~~iques need to a - c - - de -vcJ .  -a-c - c- to a-he - a - a c - i c - c - -c- c-f coo L c- c-~ - _c-a - .~ c-_ c:- r~ e c - A u c -  c-c in ti _ ce

field; thi c- c - cI c - a~-te r d e c _ c -c - _ c -i- c-_ c s c-c-a-c-c-u - c - - c - _ c c - _ c l c - t  attcc c I s  ic-c c a - c - c - i c -  I c - c c -  c - c - c - t c - c - .  In

• c- c - cc - c -b r a - st to dc-c-c- la-c-c- a-- c - i _ c c -U t c - _ c a -  c- c-- c - c -  I c-
c- fa-ra-c c - c - a - t  c- c - t c -  O~ c - i c c - c -cc- I_ c are largelt’

detailed sea-c-Ic-c-. c - _ c c - c - t~1 ne i c- ic c - I -c- , c-c c-Is c - c - l _ c _ ci~-t c r c-c- c - c - _ c- a- c-c-c - - . - - c - c c - I c -  c - c - c - c - c - c - is i -c - ey e_ c_ c - -

to cc -a -r i le _ cc - i a -c - c - - e i er - :c - -c c - c es  f_ c r  Ia - i ra - c_ cc -a- e tc - _ c t c-rati c- ..

Dc - I c -i c c - i_ c c -a - -c- c - _ c - c- -a -c-c-fi ves c - o r  Prcc- - c- _c i c - t~ Jc - c - ec i  j - U c - C i i  3~~S I

Conf ront ed wi Ll_c c - c -h- c - a - ac -k of -c - - c - c c - c - c -  i c - c - c c - t i c - c - a -  a i c - --: - i -c:c-c- cc-_ci I cc - s i c-c -t iona l  -
~~~

a-e q_cc - ca -cc -. the Jcr c- , fra _ ca - c - c - a - -r c - _ c c - c - c - I S  a--c- - a-nc-a-c- : oxa-:tly a - k _ c - c - re - i - c -  c- c - _ cc - c - c - c - ce Ic_ c c’ic-shes

the s tun i c - cc - a- i-c- - c - c - i _ c c - c - I  - .  t i c -v t  i- -c-c- i n-c--a-i c- icc - ic - c -a- systems have- bc - a - ta - c c -  cievei -c c - i c - tc-oi to - -~~

:ic- t encrc - i rx c -  j c - c -rc -c- c c - r r _ c c -c - c -  -c - ob , j c ec -t i v e s  and to pc - -c- - c - - c - I  c - c - u  c c - crc - c - c  means f_ c c -n ’ t _ c c c - c - c - -c~ aLing -; 
-

these objec-ctives i _ c c - L a -  ;ictual - cc - c - a - _ cc - c - c - c - :  -~c -c - c -c i c - c - c - c - ct Jon  ~c - i _ c c - c - c -a- c - l i _ c c -  c c - - systems

are cc-a -_ c_ cc -c-i-c-c-_ c_ ct witic- b -c, Lh l }c - c - . c - c - _ cc - I _ c.) c- ia - I.  ic - c - _ c c - ic- -a- to be ~I~c - c - c - c - a - l _ c t~ c- I c - . d  the c - c - c - nc-c-b a- 
- 

- -

p a-inc - plc -_ cc _ c involve-c-i in fc c - c c - i a - c - c - a -  t ic - _ c  s c - c - i c - ) e c t  c - c - _ c a - t a - _ c a -  most -a- f l  c i  c - c - c - ct ]  a-. -
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A Gen e_ c-cc-I ic-a- c- c-- c c - i c - a- c - c-~~

The ~pr- c-ca -ic - .ca-t icoi o1~ ob j e ta -  i c - V _ c a -  for ] c - a - o a - rc-e - l ic -_ cc c - c i c - c - c - t ic - c c - c a - I c - c - c -  c - c - c - c ot be

c- i c - a - d c - c - in terms of b-c- i_ ca -v ia --c--a l  c-_c c - c - c c - —p c c - c- c_ c c-c-a-t s , t i_ca-t a - c -, c-i _ c c -  a- c c-a- - c _ c - s of what a-icc

a - tc - c - Jc c - c - t  must be c-chic-c to c- l -c - - - the c - c - _ c c -a-a-ration s ice c - c - c - c - c - s t -  c - S c - able ta - c- a- erfcr _ cc -c-~ a - _ cc - _c

words he _ cc-AlJc - be ab le to c - c - c - c - l i, tic -c- ac - c -_ ce -b ra - c -i c cCj c-a-tIOfls he c -’ J -1 be c-c-c c- c- c-a- to - 
-

- c-c- 

c-i.
c-c- -c -lv e— -c - -a -t ierc - he has c - c c c - c - c - c - c - lcc - c - d a f -a - a - c- a -c -_ c c -c -c -. a - t a - t i_ c c -  ob ,~ c c - c l _ c c - _ c s  ic -c- tern_ cs of

c-a--a- a- c - c - - c - a - c --c-_cc - - I _ cc- goals is Ic-he -cc-dy c - c - c - c - ac - c - a - of s_ cl_ ca - c - Ic -a - appropriate evaluation

ic - _ ca -ti c - u - c - c - c - e i_ c ts to cc -_ c-c -c -sure t i :--  a a -c - c - a ic -_ cc -ntc-c - c_ ct a-f tic -c-a-sc goals. Carefully constructed

pr of ic iency  tests  i c - cic - a - --. i u_ca-cc-n t I c - c  c a - c - a - e a - I c - i c - c c - c t i o n s  f_ c c -i - insta--uctional ca- c-c--~ ec-c -a -c -c -ve s

are escential in dc-va-c-I c-c - c - c - Ic - c - a - a - i c c - i  c- ; ’;a - tc -c - a t  ic - c d -  ic- a-c -a -a -ac -c -c -c -c- Ce - i c - _ c s t c-uc~ d - c c - c - .

The act_ cc-al c- i c - c -’ I f c - ’_ cc - c- c - p a - c - i c - i -  a-cc-li - a - cc - s  of toe ol c -j c - c - c - c - ives  of a-cc - uc - c st c - - -c t icnal

5-  ca-uc000 oar be i_ ic-  ci c - c - c c-c-n n a - er a - c -u a - c - uc - : c - c - r c - i - a - a - u c c  by cc statement describing

a pa -c -a -p -- cc -ed change in c - i i c - ac - - c - a - ca - .  
2 

S-cc-h a c - t a - a - c c - c - c -  a-c-c t si_ cc-u i -I convoy to the

reader tic _ c c-c c - _ c c - i - I c - i - c c -  aims cu a-bc s eoc c c - c - c - -a- e. it. -b ,ective is meaningful c - c_ dy

to the c-a -x t c - c -r c -t th cc - t  it- c- cc - -cce~ ds in I c-~ c - i~~a-at .  c - c -~
c- - c-c-he c-a-l a- of I c - c - s t _ c c -c-ic-a- t i c-n  exactly

c-c-s c -I a -Dy were _ c c - c - n a - E c - i ve a - i  by c-c- a-c ~ f l a - a - a - c - I - a -c - c - c - c - c -  c -c - c - course d esugc _ ce r .  It should be

c-lear u c - c - oc - c~ ]c t ic-at  a n o c - I c - - :c- - te a-c -li e_ c - or c- u - cc -b r a - c - c - a c - c c-a - could tea-a-h f -c-i- and at tain

i c - c - c - c -c - sac-n e Jbj ective .

A a - r e c i c i c a t i c c - -c-c- of !ncbrc - c - c -a -t l on al  - - L c-a -- - a - i v e s  si_ could rule out all possible

alternatives ta-c- the goal . That Ic - .  t si_ c-cc -id be s ta c - ed  i _ c _ c unequivocal terms

t ic-_ct are not  open to c - c - c is c - c - _ cc - c - in ~-c a - c r _ c d  c c - .  10 say c-ic-at at the end of ins tc -rc-c-ct oc - c

a student must kn cc-c-/ Fr_ c- -c - _ c-- a -~_c~ or - c _ c c - c a- cc- n i_ c a-c rc - c - c - ci a- , c-i - -u c - d erstac - c -c -c - i  the mechan ics

of a teievlsir-n set , p c _ cc - c - c - _ cu: multiple ic - c - a - cc - -pc - - c  c - a - t i c - c - s .  IS he to s_ c a- c a- i -c , c- c- c - c - ac - c -c- ,

or c--a-r ite )c-e-ren c-~h? Is he to play the p1cc-c- - c- . ,  sinG t ic - c - c-c-c -ajor scale, or recc’Lr _ c i ze
Beethoven ’ S Fit tic-_ c i3~~. c - c - c - c - c c - c y ?  Is i_ c e- to c-c-c- - c- able to reccc gr a-ze  the parc- c-c- of a

tel ivI sit_ cc - set P roc-ic a s c - c - c - c - c - c - c - c - c - t ic  dia l a-Ec- ic- :, replace- c - c - I c - - cc - a -n ec -— ou t -  r i -t a - c - c - c  tube,

-:c- i , given -i malfcc-nc a-Ic -a --c- ia -p c - c - c t ,  be c_ ca - i c  to c _ _ c- _ c - c - c - c - t c -  ac- c - c - c - I c -a - a-u : c- the t r - - c - c -ch le?

\Terb cc- such as ‘ a-c c- know, ” “ I - grasp L I _ c - c- s i - c - cn i f i c arc -c~ a-f , c - c - 
~ca- ‘ c - to en~jc -  i-

be replaced by more _ cV - l Ic - _ c~~tive stac-  a - ac - c c - c - ic -c-c-c- c- c - c - c a - b  c-~c- s, “ to wr i te, c - c - “to cc - dy~~~~~~~

“to- i d e _ cc-li F1’ . “ or “ to c c -c - c - c -  ic - c -c - cc-c - ct , - ‘  if Gi c - j E c - ca - ive s  01 i c - c c - c - I a - _ c c - c - t i c - c - n  are tc- c- be

c~t c ia -a - la -  n rc - c -c  explicitly cc-_c c-dc-icc-i. - 
-

L 
______________________ _____________

c-c
- t - Ia - c - 1 -c- c - I ’, B. c - a - . c- c - c - i c - a - l o g  c - _ c h j c - a - c - c -  l i v a -~c; I c - c - -  pr_ cr c - - c - .  a- i c - s~ r u _ c c - i - i c -c-n. a-an

L rOfl c - 1SC O;  c - c - c c - i r a - c - c -  ic-c-i-- c- a - c c -er: , I~c-ha-

2Mager , i - I . F., - c - c .  - c - c - - .. c-~ 3 .  

La-i .

_____  _______  - - c-_____ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— c - c - c -  - c- c-

~~~~~
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4 A :tatemec-_ct of Ia-si r-c-c c-a-i cc -r e-c-I goals soc-c-a - id  a -I s o  c - c - c -  cIc -cat e t i_ ce o c r _ c - c i a - I c - c - c - s

c - ri _ c ia - fl will be imp osed -a-p c-n tb_ c- ic -a - _ c a - c - c - c - c -a- c--ia- c-c- c- he has ac-ta-c-ned - tb _ c c - doa- i r -a -c-i-

mastery--what he will b- c- c-prc -vi oec -c - when he pen -cc- c-c- c - c - c- the desIred behav io r ,
.
. 

c--c-ha t  information he c-iiIl be ac -n c - i_ ca -cc- , a - c - cc - c - c - c-c-_ca-_c-c-icr c - c - i _ c _ cc - c - c- c-crc- li la-ions the c - c - c - s i _ c

behavior should 0cc-c _ c_ cr.

The following c -c - a - c c - c c - c - ic-c-c-a--a- can be cc-ed to del i a-c-cat s  instructional

objectives ic - c - line with these ca - i a - er - c -a:

1. As a f i r s t  step, c-~ic-e ~c- r c - c - p i c -~~:a -a -e -_ c~~c-~c - c - c - s t  sp ec i fy  tic-c behavior a-c-cat Ic

to be accep-tod as evide c-_ cce c -h at  the lea _ c-c -c- c-_c- has- ~~~~~~~~~~~~~~~~~ the obj ective. In

order to acco c-_ cc -c -c - l i sh c-a- ia-, ti _ c c - s tatec -c - c - er c -t  of c_ c c -j e c a - i v e s  c-a-c-a-u-id be c c - c c - c -_ ci f i e c- i

c-_ ca-ct_ cl it answers the question , “ c-i/hat c-c-c - ic - i  the learner he dc - icc -a- wi _ c c -c -_ c he is

c_ c e - c -nc n scc -a-at irc -g that he has ac ic - ic -ved ti_ ce c- c - c- j e - :t iv e c- ” If the object ive is to

solve La -_ c a _ c -  equations, a - i_ cI s c-c -c -c- st be a -t a -a - ed a - l c - a a - c - y  and c-c - ic - i c -cc -ct aicibi u ity

as to whether the ut u den a -  c-c - i l l  be a s c - c - ec -  ‘-c-c- solve c--n ac-n yc l inear equations.

- 
- If a-i_ ce student c -h o c - c - I c - i -  al a-c - .  be c - L i e  to derive cc _ c a - t ic - c - c - c -, this should be

s p e ci f i e d  as another goal of ic - c - s  ta -c - ca - Lion. a - c - c - a - c c - c -  cia -j -a -cc-c- t ic-es f -or- an entire

- a - c - - a - s e  ar-c c - -c - r i t t c - c - c -  i_ cc c-c - c - _ coa -: c - i c - c g t _ c l i  a - c _ c c - c c - c -, I t  us  l u - c - d y that they vi i i  a - a - - c - _ cS - e - c - c -~-

several Ic-ape s; L I _ cc ni - c - a - _ c oL-j ec - a - t i v c s  tha t are m d _ c c - c c - c, the ~‘c- c-c - i - e clearly is 
-

c-

r h_ c — irc -t er c-t of the I c -c - c - t a - a c -  L c - c - r  i nd ica te_ cc  to -a-he c - c - c -~a - - c - c - e a - c - c -.

2. A cc- _c- cc- - -- nc -c c-c- Ic-cc . is tic-c- - c - c c - c - i c - cc - c  a - c - c - c - -  cc-c- c-- c - - c - l a - i c - c - c - s  under which the c-l- c - s a -  re _ cc -

- !  behavior cax: b-c c c - a - c - a - _ c c - c - a - c - c - c -  te D c - c-c c-c - i c -. To inc-c - i c - a c -c- nc- c - c - c c - c t  the student should
‘be able to c - o c - _ c c -p c- c - ic- -c-- ic-c- cc-a-a -c - la-i ion c- a - - c - c - t i c -  ic- c c - _ ca- ’ c - c - c -icy be I n s u f i l - c i ent. c - i _ c a t

i - c i a - h  of -cc_ c-relat io ns will t ic - c s c- c - c - c - d e c -c- c- c- be a - a - Ic e-c - c -  a-c-- -c cc-c- :c -pa - _ c t c--c- ? Is the correct

solution a-il that i.s i c - c - : c - c - c - c -c- -tc c-ot. , or c--c-ill he be asked to fo l low a specific

pro c - c - -a - c - ic -r e?  a-h_ cit i ic - fou ia - a tu~~c c - c - c - rc c - c - job aids c-ill ic- c- be Ic-- a- c-c - c- - i c -c-i : will he

be givec-_c a list of formulas , a - - x  must la-c work _ c - c - i a -h a -u t  reference to any

c- - outside help? Answers to such questions c - cc - ny nc - a - ic - c  a great dif fe r -en_ ce icc -

the content of ins t ruc t ion  and tc - _ ce materials  c-f instruction -c - s _ c c - c -. ~ather

than specifying onJ c-y t b _ c c - i the s t c - : c - c - c - - c - c - k  c - c - c - c - c - s t  “ sic-lye problems in a - li -
c-

c - c - i  c- c-a , 
c -c -  a

- more complete c-c- I a-_c l c - c - c  of objectives n_ cia -ic - f  read: “Given a linear algebraic

equation wi th  one c - c - c - c - c - c - c - c - c - a - c r c - c -, the i _ c c - c - a - c - _ cc - a - nc-u :t be able to solve ic-c -a- the ‘jnkno~m

- c - c-
_
i c - - c - c -I c- the aId c- a - c - r ca -_ cc- c r _ cc - c - c -cc-es , i _ cc - _ c  i c - c c - c -, or calculating devices . ’ - c-

ic-

-
-

- c-c-

—- - ~~~~~~~~~ c- -- -~~~~~~ -c-
~~~~~~~

c- c - c - - c - c --- -~~~ c- - - -~~~ c- -~~--
_ c-—~~~~~~~~~~~ --
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3. The t a - i r a - c -  step ic- the s p e c i f i c - a - t i c - c - c -  of objec t ives  is tic - c- c - c - e tc _ c --

mination of ac - _ c a t -c-ca -tab le  level of per forcc -c-ac-c-ce. It is ic-c-c-pc - a - ta - c -_ ct a-c-c- c -c- c - cc -- c

how well ti_ ce sc-c-u _ cc - c- c -_ cc - . must perfonc - c- to achieve acceptable bc - cc -c - c - c - i c r .  Ac-c-ca -t-
a- able levels of pc - r i c a - c c - c - a - c - c - c - c c -  can be ind i a-a te -b by s~c - c - a -c i fyc -r c - g  a tin_ce l in c - l ic- in

which the behavior m ust he p e a - c o _ c c - c - c - c c - _ c, or a sc - ic -U c -nu c -.c - c - _ c c - c - c - c - b _ c r  -of co r r ec t  res-

renses, or the percentage or proportion of p er . ia -_ c _ cc - c - cc - c - c - ce  accuracy that will

be acceptable. It is to be ecqc-ected a-rc a-c - soc-ne st_ cc -a c - sc -c - a -s c--c-ill sc -c-_ ca-pass c-ca-is

mni nin c -ua- c-_ c sa - cc -c - :c -_ c ar c - c -. Examples a-i t ic -_ c spec i f icat Ion  of perfo a-c-r cac -c-ce levels

might be: “ to nc - ai r _ c t _ cc - ic -  a c - c - _ c ia - i c - c c - -c-cc-c- typing c-a-nc-ca of 50 words per minute for

5 minutes,” “ to spell 1-mO wor c -c -s from the following l ist  of 60 wo rds taught

ba -a-cc -_ c a - the course of instruct ion, ” or to cc - c -r i -ca -  c-c-cy p_ c c -r i o_ cc -_ cc  90~ of ti _ c e

following two-digit a- a-ac-icc -ac-ion ope ra t ions . ’

Once the ten_cc-ic-c-al behavior has teen delineate-c-i-, the clari ty of the

specified objectivc- s c_cay be tested by the c -a i i ow i rc g  procedure. Given a

defined objective a-c-a--c- a set c-c-ic- test si tuat ions or actual ite: c - c - -c-c- develoic--ecc-
to measure the objective , each test itec. c-h-c -a -ia- be evaluated on the basis
of o-he ;hea- it includes the behavior -a-cc-ia-cL. Ii certain of the itec -_ cs  i c - _ c -

tended for use c -c am _ c be accepted and certain of ta -c -c - c - c - r e jected because they
are inapfropr iate , the ob jec t i ve is probably stated c - I c - a r c - a - .  If , however,

the objective is stated a--c-c- gener-alia- that all test items a-ar . be accepted

as valid measures of achievement, the objective needs to te clarified a_ c_ cd

made more specific.- i-~~_c1c- goals are riot clearly c-icc-c - i c - c - e d, i t  is i c - c - c - i c - c - s s i b l e

to evaluate a- course or c-_c program eff ec t ive ly ,  and there is no basIs for

- j the selection of inst a--cctiona -l materials , a -c - t ic - c - c - Ic- , or course con ten t .  c c-ic a-c -c --

-
- - over, unless the goals ore ti_cc-c--se c-f bo a-h instruct_c c-c- and stc-c-cde~_ ct , tests ca_c:

ic-c a-ic-fair, misleading, anbL ic - c -_ cc -c - equate  ic- evaluating the tec-minal behavior

— a t t a in_ c- -c-c- . Obviously, fcc -  Ic - i c - c - b  must cc- u i c - p - r c - p c - -i _ c _ c t e  to the cc-c-cc - i- i a -e l  b e i c - a v i c - c -c-- .

If an i c-_ c a- t -ra - e t ioc - ai sequec -ice is c - _ cc s in c-c - e c - c -  t - - te c-- _ cc - a - i c -  a c - c - tu -c e _ c c - t  t ic-c l a - c c - t a -  of

the ir.:c-er ear as drawn on or- cc - c - i a - a- a - c d ba-c-ock  and white c - l i - _ ci a - a - cc - c - n, i t  does not

necessic-_c-ll y follow t:c -a~ the student w i l t  be able to identify parts of the

ear when c-cc-c-fronted w~ th a c -c - . J c - , _ c c - c -- - _ c  t h ree-d i c- c - .e c- c- s iox m a l  plaster model. PIth

clearly def irc e - i  sb .j c c - c - a - iv es, both L e a - c - - i c - e r  and student will ice able to devote

their o c I l a - r t c -  to relc-\- c-_cc - c- t cc - c - - t t vi t ies, and evaluation inst i--c-cm ec - c - 1- s ca n i c - _ c

devised tc - c - clearly c-’~a - c - a - o c - t the student’s p rofic - - it- c - c c -y. ~ , a- -

~h
i-
~~ -

- c-c- _ ~~
- -- c - — ——~~~~~—— ~~~~~~ c- c - c - -  -—-~~ -~~~~~~ _______________
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Specifyicig Steps and Sequec_cce-s ic-c- a Pro c-c -_ c c -a- a-c-

1_ c _ c adait ion to the general prc- :cc-d-c-cx -e fo r  c - c -  e c i _ cy ic - - cc o bj e c t iv e s  just

desca-ibed, several sy a - a - t ec - c - cs I c - a c - c  been c - c - v _ c c - c r _ c d  c - c - c -  - a -rc -aJ c -yze both the terminal
-
. o_ c c -j tc -ctives an_ cl the sequence of s te c - . s  by c-ia-ic--c - a - i _ ce 1_ ca - i c - c - c - c - _ c - goes through an

i_ c_ cc-tr actional  program . ic-a- es_ c sys t en _ c s c-cr c- c - c - c -: c- a- -c - c - cc - : de V I c -c -c-c-c - t i v e  ar_cc-i cc-c-crc-a-re-

hensive, but are ini tlaic-  ab te r c - c - _ c c - t s  at si -ic- c -c- -c--c - a - a -  c - a - _ c c - i l  :_cpa-c - a r c - i z a - n g  subject

c - cc -c -c -t ter  c - c - Ofl t ec -_ ct  into _c. sequen ce c - f  Ca-a-c-- c - c - cc .

The Ruleg Systec-c-c. c- TI _ cia -  c -a - sc -cc - c - :  p r a -v i c - e s  a c - c - c - c - c rc -s ~-f a c -_ ca l ; j z i _ c_ cg a a- a -_ cc --u-

ledge c--c c -c-_ cain i - c - r i ca -  to ti -c-c -c deve l_ cp ccc c--c -t a-f c-- cc-  I c - c s t i a -_ c - c - a - t i ona l  pr o c-a - i c-ac -c -_ c. Ti _ ce

a--c-c-leg System is founded arc- the jc--_ c-c -c-c-c -Ise ti_ cat a- cc - c verbal s_ c_ c c-~~ec-t c - c - c c - c -t ic - c - -  that

na-pears in a pi~a- c- rLc-c - c - c - c - can be c l a s s ifi ed  into two a-a-c-ui-c--s of sta t erc -c -ec-_ cts, r -uJc-c-es

ar_ c d exarc-c-ples. The rules are a- a- c -h e-i “ c-’u ’ s ’ ant the examples “ c- c-c ’ s ” hence

the name “ Ruc-leg.”

Def in i t ions  a--f ru ’ s ui_c c-i eg ’ s are c-cIa-Live ; sometimes a rud e c-ac -c- be

an ca-ac-cc-r io and ac _ c example c - c - c _ cc be a c- - c - c - Ic .  Ic-c- general , a i-a-i c is  a det in i ti c---_ c ,
a c-c -c athEa -c- c- :c- iti cal fonc -_ cu ic -ac- , a_ct ecc _ c i- 1r c- c-ca l law, a c- r i _ c c - a - ly le, an axloc-_ c, or a_ cc - a - c c - a - -

at ic -c-p c-_ crc -c -ed- one t a-cc-c - c - ac -c-a - a-rca- of c- -c - c - . c-c- . lc c - c - c -~. The n c - a l _ c _ c  _c ec-c-ture cc- a-
c- c-_ c x-ude Is

that  it is a sta te m ent of some generality ic-c-n whIch  s_ c c -c - c - s t c t u t i o c - c -  i_ cc - s t a r _ cc - e s

or examples can be alto i c - _ c c - c - c - .  ~n example is a - le a -cr c -c -a -ta- c-c-c- of a ohysical

event, a deduction or theorem, or a sta c - ec c -c - e :c - t  c -f  a- a -Le a - ic c - c - c - shIp  between

physical or conceptual -c- c-a-- c- -a- c - c - a - .  The c - c - ca i n c - c c - c - t a - c - - c  of all eg ’ s is t a -a -c -  they

are staten_cents of some spec - - : i - Ci - c l ty  derived fc -a - c- c -~c - c - c - c -_ c _ cc - re generalized rca-ic-es.

The clearest ex c c -cc - c - c - c-c of a- c-Los and -their  a - c - c - a - _ cc - co _ c -c c - _ c h i c - c - a -  e~~’ s are in cc - c _ c c - th e _ c c - a t - ic - s .

The algebraic sta t e_ c c - c - cc - c - ia -  t iuc - ~. a + ia- = c-a- + a ic-s a rule wi_ c c -c -h sum_ cc-mar lzes an

i c -  ‘c - _ c u te numiher of c -_ c c - c -c- c - a - c -. t i : ticc-n i c - c - s t _ c c - c - c - c c -  c--a- , one ex c- c - c - c- c -c - c-i- . c be ic - ig  7 ± 2 = 2 + 7.
ic - _ce ic- at  t a-c -_c s tatement i - c - c - i _ c c-c- cc - c -c - c - c - a ri_cc-ic- ia-c-a- an example of c-- a - c - a - h a s ta te c - c - c - ent

c-
c - a -  7 c - a - c -c - _ cc _ c a - a -  + 2 stones = a- c - i c -c- c c - c- c -  ~ sic - cc - c - ca - .  i - c - c-c - a -la-a c c - c -c--ssible that tic -_ cc-

c - n _ c i t i a l  _ c l g c -- h raic a - t r c - t c - c - r c _ c - cc - t, cc-c ± b c-
c-c- ~~

- a ca-c-c_c a--c - ax_c exac-c- c - ;-J c of a rul e icc- -
- 

:a- cc- c - t i  c - i -  c c - I _c c - _ c c - - c c -  c - c - _ c c - h  as a a- = b a a In i-c-c -b c - i c _ c c -  c - c - c - i c - i c - e r  t i c-c objects

- . c - e  a-
.;  c- c--a t - a - _ c  are sçeciit c - I . It ic_ c i c - c t  dhla - c- c-c-i t ic - c ge_ cc- cra te  illustra-

a- ru c-c-i a - c - c c - I  ta-a- ’ c-c- i - c - c -  c-c- c - i -  i ier er_ ct  Subjec t  c - c -_ c c -_ c t te r  a-rc -c-c- a - .

J .  c - . ,  i - c -  cc- a- -c r, R. and Hon_cc-ne, I. S. ‘th e ruleg system i
c-
c-a-i the

- L r ) p c - - c - c - a - c -c:e -c - i  verbal lear -n i- n c - a -  c-re j u c c - c - cc . c - .  c - c -  • _c c - c - c -
~~ _c c- Res. - 1962 ,

- - —c-- c- —
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The f i r s t  step in cons t ruc t ing  a programmed learning sc -T a - crc - c_ c b y the

Ruleg System ~ s the sc - c -c - c - a - c - T ic - ac - c - ion of the a-ca-a-_ cIrc a -h behavior. The I c - r-a -_ c a -nc - _ cc - c - c -c-mer

c- c_ ca - st outline, as pa -cc -c - ic - ely as possible, both the responses he ~ c - _ c _ c c - c - t s  f rom
the student at the end of the c-c-rc a-r ca -c-c- and the sc-c-i_ cc-cull or c-c -u _ c c - ic-c- the pre- •

.

sec-c-ce of which the student will  be expected to c-caL these responses. At

this point questions such as those p a -cc -icc -c- sly suggested in this chapter - c

— must be answered. If the  c - a - c - c - ic c - c - a -  is studying statistics, will he have tc-c-

produce a formula on a-Ia c c -_c-n , or viii he have a book available? Is he

being prepared to wi-ite a short essay c-onc~ a-ring two statistical -tests a-_ c-

will he be called upon ta- take a mu lt ic - c - le - - cnc c - i c e  test at the end of the

program? With what sti_c_cc_cJus supports ri_cay ti_ ce sc-ac-c-_ cent p rovide himself while
his criterion beha’ci-c-r is b c - ic -c -a -  assessed--ac-c-other stoic-nt, the instructor,
his notes? The con sc-r ucc t ic -c-n_c cc-c-nd faa -_ cc -c - of the program will differ  raic-cally
as a func t ion  of the criterion behavior c - icc - sec -c- .

A seoc-n _c step is to wri te  c-ic c-~~ all ti_ce pertinent subject m atter rules.

A subject matter expert sic-cc-c-c-c-ic-c-c- try to do this without the external support

of texts, manuals, notes, or other references in order to free himself

from tradi tiocc-ai  ways Cf approaching the subject c - c - c - a c - - i c _ c -. ~-ihlle the subject

matter expert may be able to th lc - c -k  of nearly all the ru $ needed c- -c- a- the

program, the program_cc-c-er c--rriticg a ne- c- course as i-c-c learrc- .s it c-c - i c - cc - self a-c-cay

need to systematically explore per t inent  references for  addit i c-cr c-c-c-il ru s.

Each ru should be written on a separate ic --ciex card in order to faci l i tate

re- cr c -c - r i _ cc -_ c: arc -c - i arranger_ c_ cent c-Ic -c-a -ic -c-_ ca- later steps.

The third step c-s to arrange thc ru ir _ c- iex cards in an apja- ’c-’ox i c-cc -ate

order ft _ cr  ~~r_c-yc-c-c-c-n presentatic The or -dc-r ing scheme will be c-iL erent for

different subject matters. Ordering r a y  be according to a continuc-ati c-f

coc-uplexi ty (introduction of a - c -c- n c - i - c - h e r  ru ’ s f i r s t ) ,  c l c i o r _ c c- logy (as jr_c a history

program), spatiality (as irc- a c-cOca-i-ala-ha- j-1 -gram), or dependence upon other

ru ’ s. Interdependent a - c - - ic- _ c c - c - i c r _ c a - h i p s  c - c -c - c - c - c - c -  c- a - _ cc - I _ cc -s shc-c-dd be carefully con-

• sidered , beca usc the u c c - c - - - r c - c a- c - _ cc - c -- l i n g  of one rul e c - c - c a y depend upon the m a - c - i _ c a - a -  
c-

c-

I _ c-
c- of c - c - c -c-c-c-c -c - other r’c-c-Jc- cc. F -c - - c-c -c-x cc-n c- ie, ru ’ s c - i - c i t _ c c - c - n a -  resistance in an electronics

- - ‘c-c- program shoul d b_ cc - j u _ c ta - oda - c -.c-ed - c - - a - i c -c - re  c - c - c -’ c-c-b out 01_cc-c- ’ s law, sic-c -c e the state—

n_ cent of Ohm ’ s law ic-c-wolves the dc-i c- c - _ c i t c - o r c - .  c- i  r es i s t _ cc - cc -c- - .

L1~ ___________________________ — —~~~~~~~~~~ 
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i-i-t en La-c-c-a- -a- ac-c- c-i c- d o_ c - c-c- ic c -c a - c - c - c - c - a - t a - c - _ c c - _ ct - i - c- c - _ c _ c  aT c-c-c c - c - c - a c - n I x  f - cr a-a -cc -c- -a - c -_ c _ c c i a-oily

c-c-~ _ cc - cOr i f l g  c - c - _ cc --c i c - a - t O _ c a -  c - a - t I c -c - c -  c -L i  a-I a - c c - C c - c -  - - - • c-c- c-c- - c- a - c - c  i f l c - a - a - c - c -c - _ c c - _ c c - c c -a-c- . ec-~~c- a - a - c-c-

c-c-c-f c-Icc-c-, i _ c c - a - s  tic-Is c-n l I la-a-  ic i n a - c c - i -c iaL- e a-a-icc ccc- c-_ cc-c- ar c - a - a- c - cc- c-- ta-at a - c - c - c - i —
- - 

- 
c - c - Id l e s  ~u r a - c - 1c -o t . c- c- c-i’ tic-c c - c - a - _ c c - nc - c - c - ;  ic-Cc -c -c -t a a - c - c c - a - c - i  c-u~ Ci Pa-ca-a-ac -c-c-c- _c rc-a-
c- -c -a - ic - i_ c c c - c - c - a - c - c -_ cc -c -c c - c - Ic -al l y pc - - c - ac - c - c -a- co a-hose i c - c - t c - i a - c - c -lc-c - c - a - c - c - : a - h j _ c c -c - s  is _cc- f great c - c - c -c-c- c-a-_c.

A _ c - -c - cc - c - c - _ cc - a t _ c - Ic - -c -  is c-a -a -dc - c - a -  l I sa- ic -c -c- a- c-c- i_cc-i a- a - c -i tic -c-C a-c-_ c ’ c va -c -c-a- ic-ally ac- c - c- i _c_c a sheet

a- a- c - e r , and also- lisa -ic-c-f the_cc-_c a- cc -a - c- c- -c -c -_ c a - c - c- la- a--a- a- c-s t i - c- top of  the c-c-oper a-

a-a- a- i_ _ c - ‘a- c-c - in F I a -_ c c c -_c i - c - .  Sac-h a - c c - ic - I c - c -  ta-c-_ c _c ! c - O t c -_ cc- iX c-a-a-c-c- _ c c - esc - c -_ ct s  a-n e pC c-3s i t le

c - -c - c - c - c - c _ cc - i  a - - c - c - I - c - c -a- _ c c - c - -c-a - c --c- a- - u ’ c, ac-c-i a- ic -_ c rn _ c c - c - c -  - c-c ~
— ca-- - c - c - c - c -c-

~a-c- ‘c-ic-c- a-u ’ a- c -f  a o u _ c c -jc - a - t  a--:-

he svs a - a - c c -a -t i ca l c - iy - cc-c c- - c- c - c -a -a- s_ c c - ..c - i -c- ca-rl c-c-. c- a - c - c -, Cc-ic- a-c- de c -c -cc-n  es , r c- c - c - s s _ c b l e  c- cc - c - c- - c-c -cc - _ c c - c-.

a-a-c_cc - c- - c - c - - c c - c - c - c - c - c - t i c - a -c- c- : a-c-_cat c - c - c -c-v c -:c -Xa- St .  i _ c _ c c - a -  c -c - •a - t _ cc- c - c -  c- c-_ ca-c -c- ac-c-c - a - c -c ic-c-id a-c - a - a - a - c - c c - c - a - i s a - c - n  c - a -

_c~c-~ aa- c-~c - c - c - c -  c -_ c c - which ic- c-a -- c-c - c - c - - c-~ t L-c-c-c- a -c -c- ic --c - c - c - l i - a -  c c - cc - s i  - - c - - c - c .  Tic-c c - c - c -  I - -er left
-c- c c - - c - c - c - e r  ‘ -f  c rc - c -  c - cc - a - a - c - ax  ic c-- c- _ c - - c -a-c-c e - c- f or  La - c - c - c - c c - a  u-c rc c - c c - i - a - h  icc-c-era-elate c- ic -c-

a-u ’ c-_c. A c- _c-c- c - - c - c -c- c - c - c - _ cc - c - i - a - c -  ~a- -c-c -~c - c - t O c -~ a - - c - c - cc - c - c-c - ca - c - a - i c c - C L _ c c -  mi a-cc-t be c- c - se c -_ c \-lic-c-ic-c-_c c - c - .c- i c - - a- c -a-h

c-a-a-. c--i c- c- c - a - Id  be c - c-_c- c - c c a r c - : c - - c  c - a - Ia -c - c - c - c - c - _ c i a -  other a- c-  a - C _ c c - c - c - c - c - i c - c c -  c- ic- c na -ta - a - c - c -  of their

relat_ cc -c_ c:i c- i- , c - .  - ., “ic-c c - .- iS xc- c-_c 2 i c - c - c - c - t e d  to c - - c-c- I i -  A c - c - c t _ cc - e r  c-sec- c-c-i operac-ci~
c-_c c c - c - i_ cj _ ca- c- c - c -  d i r _ c - c - r i - c - c - c - i c - c - c - c -i ic-c-a- , c-c- c- c-c- i- -c-_c ’ s wouc-lcl be c-- c - c - _ c c - c - c -_ c c - r e d to c-c-_ct- c c - c -cc - ic - c - c i-Ic -c- -.’ c-aol:

a-u c c - L f _ c  c- c- a - f c c - c - c - .  c - a - -c - c c-’ - a c - c _ c -  • i c - c - ic ;  pa -c --cec -lc-c -r~ cc - c-ay c - a - c i l i a - a - a -_ c  d ia - c - a - ’ l c - c c - I c - !a — —

t Ic -c --c-c- t c - i c - c - I c - c - c - c -  c -h e_ c_ c a- ice c-c - a- ’ c-c ic-a -cc -a -c -a- a- c -c - - r i - cc-c c - c .  c a - i c - c c - i - i c - c - r i  c- icc -s c- a -I _ cc- a - i _ c crc - c - c - c -cl_ cf -a-se ‘- 
-

~

- 

- 

t a -c-c- c t - c - c -de n _ c .  The c - c - c c . ,  or . i u a -~~c- cui c - _ c  the c c - u t _ c c - i - a -  relates a - c - c c - i c -  c- a-c-L a- a-c- I a -a - e l f .  -
•

c-c c- c-_c -c - t i c - i c -  - .r c - a - c- c - c - c - c -u Ic - c - c~c- -cc - c -  -c-c- c- c-c - c -  c - c - c - _ c’ i r c - I f l o i c -  cells. A c-- c - ;  is a-a-la -Le a- c - c

it :c-elf b y b ein g  c - _ cc - c - I c - c -cc-i i c - c -  c - c - - c _ c c -c - c - of sc-s.c previous benav ioi-  c - a - I _ cia - h i _ c c - C student

ha -n a-c-_ cd c - c - i c - i - a - i _ c  car_c b c - c - cc -a- c - - c -  c - c _ cc - a - c - c c - i c c  i- c - c - i c -c - .  nc- i.  c~ c_ c cac~ira - a - c - c - c - L .

c - c -  c - c - c c - c - - c  1. A Rule i-i - at_ c-i a

(c-c--j c - c - u _ c _ c tc - c -i-) i_ ca- 1 Ru ic-i Ru c-~ .

_ _ _H L
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Step five requIres Le ~ r :c - g r c-c- c - c - c - c - c - ec - - to f e_ c c - c rc - a -_ c c  c- c - c -xac - ..ra -i-c- c-cc- ( e c -~ ’ s)  c - - c -  a- ca - a - - c - c - c -

of the ru’s and ru reic-atc -c -c - :sh i- ps i_ cc - i-c-is cc atri c-_c . It is c - c - a i r -c- l i-c a-c- c - c - a - - cc - c-c-a -c-c- a-a- ’ c_c

that a-he sc-a-dec-c-a- c-a-ic-i i_ cc - a - c - c - - a - ca -  w it h  toe s- a - h i - c - a - ct c - c - c - c - a - a - C c - c - S In a c - c - c - a - c - t ic _ c a, ~a- S

are useful ic -c - I c -rc v i d l c -_ c a -  prac;t : cc- ac--cc -c-_ c a - _ cc - I _ cc - c - i  ~c.r tic -c a -_ cc - - c - c - c - i n_ c :  c - cc - _ ca- pa - — -c-c a-s
c-i

c- attaining the ia - cr _ cc - i c - c - c - _ c l c- c - i - c - c -j _ co t . ive .  A ic-a-i l a-_ cc - a-a -_ c a - c-f -c -a - ar c-p_ es c - c - - c - c t  la-c-
used if an aiequaTcly ~c -c - a - c - c - er c - c -h iz ac c -_ c  c-a-c a-c -c  is to he I c-a rc -c -cc- .  I _ c c - d c-c-crc-_c _ c - c -c -  a - t i -  -
examples, ccc -c-c-c-p ltc -x ca - a -_ c c -c- ar c-i i c - c - a - t a n - a - c c - a -  _c~ c- ’c- c-c- c-c- c - cc - ic -I c - a - c - :- c- ext ra - .. A c- c c -c-c- ~~._cI-a-

of thumb 1 _ c-a - c - ic - c  f I r s t e c- c - c - i c - _ c c -c-c- i t c - a - a-he c-c- - c -i - los_ c possible a - c - c - c -—a - a - c - c - I c -_ c d

-: example, lea-c--in c_ c- n-c rc c _ c c - c - c - cc - c - h ex - c - cc - ac -cc - c - a - a - c -c- a- i - c - _ c c -  i c-c-c - tcc--a- c-t a~~ec - a - of ta-c-c- c- a-cc-c- a-c -- c- c-.

Step six is ic- cr t ic - c - j_ cc - ’o c - g rc -_ cnc-c-vnc- tc- n a-c-c- c-her Cc - i - a - fl cell -ic -c- the scatnix

according to a proposed c-c- a-- c- c_ cc- of a - c - c - c c - c c - c - t o t _ c _ c r c -. It has beer. sugge stec-_ c that
tic-c- i r a - t e a - s ect i on  of c-ac-Ic- ic -_ ca -Ic c - - cc - t i c -  I ’c - c - c ehf  ( - c - c - c - - f i c - _ cI t ic _ c i  f c c - c - -c-c- c- ) be used to -_

start a sequence. fl_ cc - a-_cc- ta-c- c - _ c c - c - cc - i c - c -_ na- c - i L c -  c c - c - _ c  examined to .c et c -_ c i _ c c - c - i re

c--c-hich ru ’ s are to ic-c c -cu  Li_cc-i-ed ic-c- :1_ ce c-rc a-c-a-_c_c c-c_ c_ c-i c -ca - icc - are to be o m i _ c _ c c - ---; .

The cells ta- be a - cc - c - c _ c cc-re c - ic - c - c - c - c - -c - a - C r c -  o e :c -c -E :, t_ a l ly  ac-c-c- c -c -h_ c cc - _ c_ c c - c - c -b c - red ru matrix

is used later in asa -ecc -c -b.Li ucg the a- c - - a - c - c -c- _c- a - cc  c - _ c c - c- a - _ c r a- : c - c -  c - c - cc p 1-ca-a-a c-c-_ c. After  the

cells have bee _ cc- - c - c - _ c _ c c _ c c - c -, the ~c-- c-c-c-c- a- c - c - c - c _ c c - c -c - c - -  can h _ c c - c - c - i c - c -  a-c-- - cc - c - _cc- c-c-c-t a-c-c-nt f r_ cc -a-c c- c -s icy

judicious selection c -_ crc -c - c - c- c - c c - c - c - c - t c - c - c - .  C i -  c - c - c - a - . eg ’ s and a - u s  ta-_ cc- a- have been
generated.~

Subdivc sio n 01’ c-ui -c-a- c - c _ c  c-lo tte- a- Un i t  c - .  ;-c-c-_c- cc -c -er a - c - c -a -L a - c - s i l o_ c ;  f_ c r  systema—

• tizing the ic-rc a-r d _ c c - c - cr’ s task is sr -c -c- c- c-c- -d c- a t  s~~c - :c -i i cr  than a-r ca - . Ruieg System .
1/1th this pro- a - cc _ cu _ c -c-a - the p _ c c - c- a- a-_ c c- sc - c-e r b c- c - f ic - c -  i-c-a- 0 . _ c ]  i _ c _ c i n g  the material to he

taught in consic ic ra -b i e  d ec - c - -c - i .  c-c-he c - c - c - _ c ia - Ic - a -_ c e c - _ c _ c _ c c - c c - c - I  consis t  of 5 c-c dC major

c-ieadings that c - o r _ c - c - c - c - p c - c - c -_ c l  a-oc-c-cghc-t y ta-c- the c-c h_cc-cj-t_ c-a- - headings of a textbook.

The number of he _ c _ c c - c _ c r c - i - c -c-; to be used depends c-ic ti_ ce scope c-c-c- c- Ic- c - _ c _ ce  i c - a -c - c - c - c - c _ c c - _ ca - c -. Each

hea ding is ~nitten on a red ir i c-c-lex ca r d , a_ c _ cd the c-cards are c- c- c-c-i -cr c - c -c - 1_ cc- soc-n e
rational sequence. Subi _ cc _ c a -c-t ir_ cgs under each red crc -rd heading are then written a-

~Specific fram e wr i t i -_ c a -  techn iqc-oe~ ai-e disc ussed in Chapters 5 and 6
• of i-c-his volum e, and a-pc c -o t f i c  rules for the Co_ c c-c -h i_ c_ cation of ru ’ s and ca- ’ s are

given in the article desci-ibing the RuJc- a-c-- 1a- dy_ ca -_ cc -en _ c.

5Mecha-ier, F. Pro a-racmc -c-ic-g for nutomatod i c -_ c c -t i c -u - c - t i c - n .  I- low York: i _ c a - c - i -c a-
Systems, Jnc., 1961. ( _ c — b c - c - _ c c u . )

-— -
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c - c - c - yellow ira -c c - c - a - c_ c_ crc - s ac -i -c -i subsequently a_ c c - a - c - - c -_ c c -. i c_ cc - process of sc-c-c- c-ic-sic-ion

is continued c - _ cc - a -a - W a -- n_ core stages on a-a-eec -c- a_c_c a- a-cc-cc -c- blue ca _ c - -c-c- s. The -c-_ co rds ,
phrases, and concepts c-crc - ttec -c- on the blue c -ar c -c - c shcc-nd be the “ atoms ’ of

the subject matter , and should c-ne so c -len _ ce _ cc -tory c - c - Ic - a - c - a new blue c - cr c - c -  can
be introduced every 5 to 10 fr _ cc - c - cc - es i_ ca - a _ c a - c - - a - c - -c- - r c - c - c - c - c -. Thi s is , of course , ac-_ c
a-vera, c-c rate, since cc-vera-i blue -a -c -c -c -c -ep a - s c -c -_ i c - c - i_ c t be involved i_ cc - one £ i-a_ cc-a -c-

ac -c - c- i some concepts might c- c - ca -c - c -c - I a -c - more d c - - c - _ cr c - c - es than ca - c -c - c a - s .  To illustrate
4 the ~ubdivision process u _ c c - c -n a - se_ c theory, the author of ta-Is system given a-

the diagram shown in Fi c--c- c-_ca-e I.

Figure 2. Arc- I l lustrative dc-ub-Cat-oc-c-ci-y Breakdown Usc-cc-
In Sutc- c - c - c -v i d in_cc- Subject- i-latter Units

- cr a c- c -_ ci~~c-_ cc-ic -ic- .ic-n s of ;c - c- c tu la t  i c - c - c - a -IRED c- i c - c - conceic t of nc -cc -c- -c-er - - -  - 
c-

c - c - c - c - c c - i - c - c _ c c, a-ic-i a - c - _ c c -_ cc - t i c etc. systems

set n_c i - _ c _ c  r c -c - u t~~~~~
theory nya-te c--c -s a - c - c - c - a - c-ny

- 

j
GREEN se t s ic - c c - c - cc - c - -a -_ c c -c -h -ic - c -i c -c -_ c i - c - toihiicc-tj c - c - c - a - c a - _ c c - c - a - i - c - _ c a -  ~~~~ c - _ c:.

I 
- a-:

BLUE a -c- i i _ c :ct c -  -c - c - s_ cc - c-. c - Ic - me _ cc - t a -  b a _ c _ c c - d _ ce t s  order

A flow a-i ac-c- . i c - c -  L i _ c _ c c -c- used to fc-c-cil i i_ c_ cte the irc-tic-c-oc-c-ction and c - c - c - a r c - i _ c c - u i _ c a - -

tion of t ic-  c - _ cc -  i- J c-c-- - c - c t _ cc c - c -_ ct ter  un i t s .  The i--c-c-c-c - a - i c  concept of the flow a-i-_ cart

centers a r c - c - c - a - c - h  the c - a - a - a - t o _ cc - c - c - c - t ic  “ th i i c -c -c - i_ cc -g  out ’ of dec -a -- c -c c-ira-c- coverage of an
-
c- h a-era- af t e r it o  i _ c c - t a - c - c c - _ c a - _ c _ c c - a - i c - a - ,  i c-c-c- a- exo.rcc-ple, c - i c - a - c -c -c to six consecutive frames

deal with thc-c-r c_c ac c - c -.c - blue icc--el 11cc - c - c - c - wa - c -c -cc - i t Ic - introduced. Thereafter,

• c- 
- review of t i _ c _ c c -  11cc - c -c - c - is I c - c -c-c -cc - - c -p e r c - c - - I  in a- c- c -c - c -_ c -c - c -s c - c - c -c -i - c-h -c-qu ec -ccy among franc-es 4

- 
- - 

fox- other items. i - i _ c c  flow cha c- -l jr_c Pi a -c -_ cr _ c- 3 shows how ti c-c -c -c- intensity of

F - treatmen t is a - a - a _ c c - ca - i - a -,- c - f  c - c - i _ c _ c i a - h _ c -c- c c c 1 c - a - c - c- c - ir a -  tic- _c Intr-. c - - c- c - a - c - i c - _ c c -  c-f a c c - c - c - c - c - c - c -p c - .

ItI

_ _ _  __ c - c- c- - c- - ~~~~~~~~~ -
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Every dot represents a response to be made by the student. Sev -c -ra ic- dots

in the same vertical colua-i_cc- indicate that the concepts represented will be

integrated, ia-_c that frame. Illustrative frames for the subject  c _ c c - a - t b _ c _ cr des-
cribed in Figures 2 and 3 are shown in Figure ~~~

To systematize the planning of a fram e sequence , a c - p c - a - - i - c - c - i  a - _ c _ c r c -- a - i l

or template may be used. which automatically thi ns cc-ut the review of a
concept according to a predetermined schedul e, and varies the rate of

review according to the complexity of the concept ia-voived. On the bas is

of the complexity of the concept, the programmer must estimate what ratios
c-_c . of review frames to teaching frames will be most effective.  A difficult

concept will require c-intensive initial tr eat _ cc -cc -_ ct and frequent practice

and review; a trivial c- a_ cc - cept will require m i c --c- ic cca l initial treat _ cc-c -er_ ct and

less frequent review. Prior to using the ste_ c_ cc -Il, tic- c-c- programmer must

decide upon the point at which c-ac --h new c-c-- n_ ca- c-pt will be introduced ac-c- cc-

the appropriate ratio of review to be used fo r  each concept. The program-

mer is advised not to adhere rigidly to the pattern indicated by the

stencil; the purpose of the c- ic -vice  is cc -rc - l p to remind the programmer of

what must be reviewed and to aid him c-i-r i the systematic scheduling of

review items. Data obtained from student tryout is then used to adjust
- 

the extent of necessary review.

Discrimination Flow. A third method, which is only at an early stage -:

of development calls for the subject matter expert and the programmer to

identify the sequences of discric-nc - i c -c - c - a t i c - c - c - _ c s  tha t are required Ira - order to

perform the terminal behavior. The specified c- low c-a- f response units to 
-
c-

be taught is set out in a c-flcw chart like the c-c-c-_ca-ti c-ern at ics example shown

in Figure 5. The diamond-shaped boxes contain stimulus questions or

f rame content to which a discrimination is made , and the squares are the P

appropriate discriminative responses. Beginning with the problem in the

H 
6- 

- Evans, J. L. Programers, experts , ac-_ cc ; the analysis of knowledge . c-_ I
Paper read at ~nerican Association for the Advancement of Science , December ,
1961.

Hoame, L. E. Teaching machine app licati crc-s . Paper read at XIV
Inter-national Congress of Applied Psychology, Copenhagen , August, 1961.
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F a - e c - c c- 3 .  A i c - c - c - a c -. Pl c-c- -c- (i- hart

c- _c J
Successive Frames

-

. 

1 5 10 15 20 25 30 35
- 

- 
oollect ~ c - _ cc - .. . . . . .
“set” . . . . . .

“set ” = collection   .

Blue level
items 

nc-_ cc- a -b c -a - a - s of a “set” .

elemec-_ cts

- 
elec-c-cc-c-_ ct s - members ... .

U 
c t _ c . - , 

-

Figure 4. IllustratIve Frames in a Set Theory Program

A collection of dishes can also be called a set of dishes. 
-
~~

I . Several crayons can be called a 
-______ 

of cr c -c - c -y c- c - c -a - . 
se

Every member of the set of crayons is called an element of
L that set. Every member of the set of dishes , similarly, an element

I would be called ___________________

In c- a-nc-a-al, the me_c_c-c-bc-a-s of a set are called its . elements

A collection of elements is a . set

-

. Make a sentence c - _ c s  crc - a- the words set an-i element. A set is
c-

c - defined as a
collection of
elements.

~~~~~~~~ i~~~
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upper box (a type of mathec-cc-c-a-ticai equation), a discrimination must be made

as to whether the largest exponent is 2. Ic-c- the largest exponent is not

2, the quadratic method of solution cannot be used. If it is 2, the cor-

rect discriminative respons e is that the expression is called a quadratic

equation. The next disc_ c - icc -c -na t ion  involves deciding whether the equation

can properly be factored.  If the answer is “ no , ” the problem is solved -:

in one way ; if the answer is ‘ yes , ” a diff ea-ent kind of behavior is appropri- - Ic-

c- ate. Such a flow chart is made up ic -c- conjunction wi th  the subject matter

expert and serves as a guice which the programmer can follow and. which can

be checked by subject matter reviewers. The users of this procedure seem

to find that a great deal oic- behavior can be handled, without too much
distortion, in terms of the flow of discriminative responses.

Mathetics. Recently an approach to the construction of teaching

exercises similar to programmed sequences ic-as been described under the

title of ~mathetIcs.
1 ’r Mathetics is dec- ic-c-eu as the systematic application

of reinforcement theory to the analysis a c -_ c d construction of complex reper-

toires which represent subject matter mastery. The system is rather techni- - 
-

cal, arc-dc- con siders behavio r in terms similar to those described in Chapters

2 and 3 of this volc-c-c-c-;e . Behavior is generally classified as involving

discrimination, generalization and, chaining; and the strate~~ of an ins-

tructional sequence is varied as necessary to teach for these three behavioral

classes. The uni t ic-n a mathetical sequence is called an “exerc ise ’~ in order
to distinguish it f rom the usual “ frame” in programmed instruction. Little

restriction is put on the size or extent of an exercise. The size of an

exercise is determined not by br cc-c-a- l-c-inc the material into small parts, ” but -
c-

by determining how big a step a student a-ac-c- reasonably take at the moment.

Detailed analysis is also made of the behavior of the student .3~id the -

responses required by the subject matter in order to determine what couzse~
-
. of instruction might interfere with or facilitate learning. As in the -

d iscrimination flow procedure previously Cc--c-scri be_ cl, analysis is ~ad.e of the

discriminations and generalizations required for the attain_cnènL of subject

matter mastery. The mathetics techni que discusses procedures for analyzinL

the terminal behavior to be tau c-ic-l_ ct- and planning the sequence of inst~~ction.

~~~~~~~~~~~J 

7Gilbert, E. T. i~iathctics: the technology of education . J. of
Mathetics, 1962, 1, 7-7i .
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c- c- c- a k  Taxonomies

Attempts have been _cc-iade to develop taxonomies or classifia-atic-n a - a -h _ c c - c - c - o s

for performance objectives a_ c_ cd the development of such classifications cf

behavior requires a- c-
c-c-c -a-th e ;-  ta-i-a-c ut in order to increase their usefulness for

specifying the objectives of a c-raic -J_ c_ cg c- c-c--ursr: . This sect ion p resents

several types of approaches that have been made to this problem of classifying

and categorizing instructional goals.

The crucial pa-al_dec-n in analyzing terminal behavior is how to describe
instructional objectives i_cc- a detailed manner that is meaningful fcc - a- t ra ining.

In irc-d-c-c-striai tr a in ic- c_c~ , job c- c-_c c-c-ic--sic- g a -h _ c c - cc -cc - have been employed, but they

are not always satisfactory for insta-uctional objectives. For example, one

type c-f job analysis procedur e directly infers underlying abilities from
observing the job. AccorcUc-ng t - c - this method , jobs are described in terms

of abili ties required, such as namerical facili ty,  verbal fluency, color
vision, or ability to recall details. These terms, however, are ambiguous

and are subject to different interpretations from job to job . For example,
the presence of colored signals may not mean that color vision is necessary .

The relevant criterion is whether the operator must respond to the presence

of a light regardless of its color or whether he must discriminate between

different colored signals. The specification of the kinds of discriminations

an individual has tc-o make an_ cong numerical , verbal , or other visual signals

can help pinpoint the a -k t l l a -  which must be learned.

1b_c :- L i - c - c - _ c c -  method of job description c c-c-n c-es from time-and-motion study i _ c c -c-

which physical desc riptions of movement are employed, such as “moves lever

forward, ” “ loads vehicle, ” and so forth. This kind of description in cc-o n- c-c-

- 
I 

veni c - c c - c-t to use and is unambiguous . However , it provides no indication of

_c
~~~~ the behavior involved in in i t ia t ing  or terminating the _ c c - : c - v _ c c - - cc - c - - c - c t .  Moving a

lever to shift gears in a truck requires different kinds of discriminations

from tc -i_ cc_c cc-c involved c - i moving a lever to change the c-i tch of the rotcr 
- 

- 

-

blades in a helicopter.

8Ga~ c-e R. h. Methods of c- c- c-c-c-c-castin g maintencance job requirements.
In Sc -nnp-c - s i -wn on Electronics i-4aintenance. Washington : W S. Government

~

c- Pri nt nc-; O c - t c - _ c  C , ic-c- c- c- 5 ’c- I ~~~
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What the training specialist requires fu r  spec i fy ing  the terminal

behavior of instruction is a set of descriptive categories which tell him
how to proceed, since the conditions of e f f i c i e n t  learning are undoubtedly

different for  different tasks . In an analysis of Air F orc e jobs , five task

classes were presented as tr ov id iug  a co_ cc -va - c -c -i c-nt ‘rc-a-c-c-c-va - -rk a - c - r the descrip-

tion of a great variety of military jc lc - c - .9 These task classes are as

follows:

1. Identifying. This means pointing to or i-occ-_ ctic- ;g ob-je-:ts and

locations, naming them, or identifying what_goes__cr- th-wi_cat~ -either physically

or in words or symbols. This includes much of what is meant by learning

“facts.” : -~
2. Knowing principles and relationships. This usually means under-

standing a statement of relationship- -as shown by being able to state,

illustrate, and rec-c-ogrc-ize its implications. Often this is a statement

that tells ho-v a cause produces an effect, or how a result can be pic-edicted

from several component factors. It may involve knowing arbitrary rules of

contingent procedure, e. c- c., if such and such is observed, do thus and c-c- .

3. Following procedures. Thi s _ cc - c - e a! _ c c - kr_ cowing ia - a - c -c-c- to perform a set

of operations that n_ co st be carried out ic -c- a rather fixed sequence--such

as a pre-flight check , a- c-- c-a -a-tin g a car, or c-c-c-ah ing c-_ c well-defined type of

c-c- 
calculation.

4. ;-~akirc-a- decisions or choosing courses of action. This usually

involves the application of conceptual rules or principles as a basis for

making the kir _ c c- c- c of _ c tec is ions  that are involved in diagnosing or inter-

preting cca -nc -nl ex s i tuat ions .  However, soc-cc -et~ mes it involves perceptual
discri_cc_cinati~ nc- c- that are learned or acted on dc-a-ectly wit -i_ cc -ut reasoning.

5. Per1cc -nn ic-c-g sK~llec-c perceptual-motor acto . These may be quite

simple (c-cc-rig basLc 1_ c c - a - c - _ cu tools) or _cjc-hte a - i f t i c ul t  (manipulating the controls
* of an airplane or per fonn i_c_ cg a sensitive a’ijustment that requires precise

• timing). Of ten the simp ler skills Ic- r ca - via - ic  necessarc-- a-teps in mcre complex

tasks that require tb- c-- follow Lng of lengthy procedures.

~Ga~ c-e k. ii. & Bollec-:, P. C. A review of factors in learning
efficiency. In E. Galanter (Ed.), Automated tec-c--c-hing : the state of the
art. New York: Wiley, l~59. Pp. 13-53.
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To refine such a task classification scheme, it is necessary to

describe the st ic- c - c - _ c _ c J u s  and response characteristics of these task classes
as well as the lear_cling factoi-s that might influence them and, which are

relevant to instructional procedures . Knowledge of the ways c-in which 
-

.

various types of tasks are learned should aid the programmer in pinpointing

the training procedures specifically ac-p licca-bl e to a particular type of -

task. A recent manual , for  ecccc-mp.Ic- o , cicocribes the kind of training devices
and self-instruction_c_cl devices particularly suitable for the various task
categories dascribed abc-c--a-.

1°

Instructional Seçuence of i c - - c -k s .  Once task ca-iegor ies are developed ,
the next prcblem is ca -p c- a -_ c c - i c ing  ic-h_cc_c ic-to units and part-tasks which can

be learned in a speclic-icaldy designed soquence such an a programmed instruc-

tional course. A suggested classification of task elements and a tentative c- -

(p ending nc-crc research and. devel c-rc-;icnt experience) sequence ic-or ordering

them in an instructional seauence is tile fo1ic-owing :~~
1. System and task requirements c-iota as performance criteria; this

is orientation aa- to the goals of task performance and what the task is all

about.

2. Orientation; a general ic- uc-octional flow-chart c-i the operations

supported by task perfo rmance an_ c~ t~io rnechanismc cc-i which it is performed.

3. Nomenclature_ c-c-nd idc-c-_ c t i f icat i on  of work -c--b c-je ct s  and work actions;

relating ti~e terms, cc-c-c-nb a-Ic-c c-ic -c-i work objects to each other so that the
student can read c~c-d e~ ccute verbal instructions, understand feedback ,
and communicate his actions to othe~c-s.

A c -  . Design olc- t ra ining aids and devices. In Human
factors fcr cyrc t c-c- c-a - i - c - a - i -c- c - c - c- Fi ctshic-a- x - c -~c - : Mierican Institute for Research, c-* •

• l~6o. ~~~~~~~~~~~~ 
c- c- 

- -

Lum cd-aic - c- c-, Ic - . A~ Use -of c-c1f~ instructional devic -_ ces.  In Human factors - 
c-

ic-or 2ya -t -c-a - n e— c - i - . P i t t c c - L c -c- c- c- .c- ic- : American Inst i tute foia- Research , 1960 . c-

Pc-p .  d9l-32b . . -
11Miller, l i -~~ P. Task descript i - ui _ c and rn a ’c-ysis. In R. Gag_cia- (Ed.),

r SyChc - iJ Ogi c-ct i-- c - u cc- c c- J c-~~ if l  . c- c-c-c- c- c -t i_ c dc:v e I o i c - : a - n n c -.. New York : Hol~-, Rinehart —

an_ ct W c - n stc -c -c -1 l)~~c - i . J~~• - 
c-
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t~. Search for job-relevant cues; techniques by which the student pays

attention to his j ob erivircrc-ment for  cue s that indicate he should, take some

kind of action .
c-

c- 5. Short-tern _ recall , learning to remember task-relevant items of

information peculiar t -c c-a-c-h t ask  or job cc -p -c -i c -, or between the percepti on
-

. 
of stimulus units c-c -c -ca - motor response.

6. Procedur-es; acquiring appropriate associations between stimulus

events and response act ic c -c - s .

7. Decisi-sn making and problem solving; p at tern s  of stimulus variables,
c- i- 

- 
response alternatives) goal variables and priorities, and strategy rules for

selecting responses; and ic-c-c-i-a-a-vising new responses presented in the form of

c-concepts, mechanisms, or a -p c - c -- c - t - i a - a -~~ to be used. in the course of problem
solving.

8. i - io ta - a -  response; efficiency and reliability in the mechanisms of

executing stimulus-response pat ter _ cc -c- .

Short-term reca~c- i and motor response do not it into any special place

in the order of training; thea-ic-r posi t ion in the sequence is likely to be

highly depEndent on the nature of th ea - ta s i -c - .  In general , the order empha sizes

the importance of building upon what the student already knows , i.e., suc-
— cessive hierarchies of student _cc- c - oc - a - a - i ce tc c - c c - o e .

k A General Taxonomy. A taxonomy of educational objectives for a wide

range of goals in education is descri bed in a book by a committee of

educational specialists. 12 Educational obj ectives are classified in three

ways. First , a verbal description or def inition is presented for each class

and sub-class. Second, each definition is exemplified by a list of objec-

- t ic-yes selected from materials describing curriculum and achievement test

objectives. Third, the behavior described in each class definition is
- 

- 
further exemplified by illustrations of examination questions and problem s

which are considered appropriate to each class. These test questions are

i- - considered to be the most detailed. and precise definition of the class

12Bloom, B. S. (~~~.) Taxonomy of educational object ives.  New York:
c - -  Lon~nans, Green and Co., 1951ic- .
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since they show the tasks the student is expected to perform and the

specific behavior he is to exhibit. The ln a -j cr ta r _ ct -  emphasis of this

approach is the specification of ins t r-c-ot iuc -c-al  object ives in terms of
Items on a detailed test of student proficiency. - 

-

Summary

The terminal behaviors which dc-t ine t he  objectives of instruction

must be analyzed. and specified in detaiL ic-hi: permits the programmer to
know exactly the performance he c -c - i c -ha - s  c-h-_ c student to attain and the sub-

ject matter that must be -cc-va-c--ed. ic-c- general, specification of objectives

for programmed. instruction must be c-_ca-c-c-c-dc ic-i terms of what the student is able
to do and the operations he is able to p-c-a-lo on c-dc-en he has completed a pro-

grain . The specific otic-_ca- of instructional goals must be stated in unequivocal
terms that are not open to misuroc-icrstac--c-iinp .

The statement of instructional onjectives should indicate the following:

(a) the behavior that is to be accepted as evidence that the learner has

achieved the objectives, (b) the conditions tic-her which the desired behavior

can be expected to occur and. (c) the acceptable level of p e rlo ic - c -c- a - an c e .  Once

terminal behavior has been delineated , the adequacy of the specified objec-

tives ca_ c c-c -he tested by comparing these specifications with behavioral test
situations.

- 
I Systematic approaches to organizing subject matter content for tile

preparation of programmed ic-nstructional sequences are beginning to be

developed. These systems provide ways oi c- breaking down the subject matter
- I into learning units ar_cd organizing them into an apor -pri --Ote flow for initial

learning and review. In addition, methods ax-c being developed for classi-
c- - fying and describing instructional objectives in terms ot~ taxc-3nomies or

classifications of behavior. Such classifications can pinpoint the trai r_cic --c-i-

procedures specifically applicable to certain types of tasks.

4
— - - ~~~~
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Chapter  5: the i ran t Unit and Frcoa t iag T i ~~~u~ s

rh~ f rame Unit

~~ e of the primary : nar ic l er ~ stios of a presoot -day ~:nor ,~: pro~~r~~
is the arr anhement  of i ts subject  ma tt er  in to  r~~Lative 1y o. oii steps. Sach

oLeps, o~ nn on~~ oc thf framec , ooiict itute the  smallest j nits c~i a pro oam.

the . cons truct ion  c~ these frames is a matter cc Za str u ot i o n a l  technology

and not merely a mat ccv of s~~~j o c t  matter  exposi t ion.  hc’reover , the per-

pose of a frame se~~~cc~- C: c.c i’e taa a j u s t  the breaking no~~ of the subj c-~ t

matter into small amits for eacy leanhth . ~~ile it must be assumed that

the subject matter can be ama’ yam into mear .iugf -cL units , the mere presenta-

tion of toeoe small unots noes ~~ r aame e iearnir 1~~. Iechn i~~ues for
• ass~~ing efficient lea~~•im~T scmetames call for  or coen t ing  material in a

form n i l .  cream f rom the ~ uy am which the material will e :ent oafl y appear
• 

when it mas become a p arL of one stauer .e’ s le arm ed  beh~i vicr .

There is a hazard involved in n e f i n i n~: a f rame as a unit of subject

matter since frames so defined are a5t to be more ‘ in st r a m tc r -or i e at e d ’

than “ s tunen t—or ient e i l . ” S u b j e c t —mut t e r  or Lsto~ : tcr-or iented frames

• I often ten : to be icng because the ~oal wr i o in f  such frames is to l~cLiy

axc:~ ciear~~ cover the part i c~~~ar topic.  On the  other haa&, Cefin i Ith  a

frasne as a unit of student behavthr imp lies that a si~ n i f t h a nt  component

of ~tther i L behavior is to ho bro ught under acrr c o r ia te  suc~~eot matter

control so that the b eh a v ior  occurs  in a significar.t and relevant context.

As the stmaent progresses Lhr ~ uOr : success ive  franes , the unit of behavior

may be expancea and ii~c r eu s c c  ii. comp lexity; thus toe student ’ s behavior

will gradually approximate the terminal cehac i or defined by the subject

matter ‘~xrert . From the po tht of amew of i n s t r u c tio nal  ec tho ioyy.  it is

n uoh E e t t ~. r to conL ent i-a te on he es t a i l i  shment , noc ion , ama ~ inka ~
- c

of response unit s  than en the ex i osl i  Ion of subject matter un~tS.

The ~ ~~~~ sc  c t t h  r • f t v i m  oil frame is to yonci t .  toe student to emit

a re sp r ase ton L is some iux at Ion cf  the term thai behavior , w i th i  1 a
seqaer. -e tha t. Lao ~~1 ~~-tes lea rn am~ and i~~ a c .  c : .  In s~~~p i y L r i ~ the bel tavloa’

himself, ‘:.e a t u o~ n L  is i e i i ~~~~ i : L -~ by u i s o i a yio g  behavior that was previously

_~zI~~__ 
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weak, infrequent, or ir cCpncopr . :  00€: in his reecr to ir e . Reini’or cemcn : ,

derived either from confirmation or frmr. the cc:oi-;Ior itself, in-creases

• the chance that when one stun ent  is f a c e n  w it ! ,  a similar sicuacion in

• the future, he will af:aia emit the desireC behavior. The more frog•ien i_y

this basic learning process toltca place . the more r a m l ni y the s tunent  may

apcrcacr 1 t e rmLr :o c beha . b r .  Seouroless of the :or:pbex itv of the sc r~ ect

m a tt e r , when frames are abort and call cut only one or two au Lj e c t  matter
responses, the active particip ation of tri o student Is frequent and delays of

confirmation or reinioroemont are more ii i:ely to be min imal . Short frames,

but not necessarily simpl e f rames , oh so ohIo  to alleviate the boreaom and

lack of attention often assam~ateC. w i t h  ~oxtb-eck reading.

Behavioral Requo rerconts of a Fr: •c:

To provide an oppo • ’OLU ;i ty  for  l000nir i f  to o:cur a frame must consist

of certain essential parc:. Fi rs t , it should stimulate the student to

engage in behavior relevoo . to the tatai behavior to be learned. The most

• important part of a f r am e , tth-n . is the response it evokes. The second

important feature of any fram e ~s the stimnulos used to e l ic i t  the student’s

response. These two aujects of the f rai 02 comprise a stimulus-response

relationship which alr eanv exists in the student’s repertoire before he

encounters the frame . At times , these two bas ic  components alone may be

employed to p rod uce cear n inC.  For example, scan tr a~nes may present two

• or more famil iar  s timuti  in such a way that tb :  Li~chiy  probable respon ses
• they elicit are combined to produce an un f a mI l I a r  response to the st Imu l i .

This new combination of old behaviors may then be r e ln i cr : eJ  ani  strength-

ened. The following is an example of this type of rce c~~:

The scheme cr plan a poet uses to arrange the
rhymes in a poem is called a scheme .

Response: rhym e

_ _  _J-~~ ~~~~~~~ _-.- ‘ ~~~~~~~~~~~~~~~ :• -~ 
• •
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In this exaraplo , the Cerbal  t -e sJ :cr iccu , rhyme and schen:e , arc enl ulaliy

hig~~y probable rec oonoes to the s t imul i  in :uo x-m:~~ . th is  fram e r ec ui r ec

the student to place the too re 000-i •ues tc~ c-tioer in a riL ve L arrangement ,
which woul d c thoruisc  be a hio: : ly imr i -obab ~ e r e c o c  nse on the part of tho

student . Ano:her  exampte of t h e  way i n  whi ch the two components of fram e

o-dnsoruct Iu :~- — tate cvc:kco t e s~ c a u c  u r i c  one evokin f stimul u s — — c a n  be used to

produce some amount of learning fol lows :

A nut ohot is smapen 111cc a w J n ~c ~~~~~ is
easy to turn w it h  your f ingers . The proper name for

• this type of nut is 
________ 

c oh.

Response: wi n g(nu t )

Again in this frame-, two sepac-ote and probable responses are combined to

Ion: one now and ra -evb ousby  improbable response.

~ I 
These examples also i l lustrate a thu -or Important  feature of all good •

f r ames: the response is evokeh in the presence of a meaningful context

which is usually new to the student. (I t  iS h ardly likely that two res- ‘ :
-

• 
• ponses would. be put tot :etLier Wi th ~ ut some good contextual reason except

in humor or drill exercises.)  The respo rcuc  ‘ rhyme ” was evoked in the • 
-

~

presence of a novel sti~nu ius --pr esumobly  the student did not previously

know that the po et cues a scheme f-c :Cc’1~o:oCc the  rhcyc~es in a p0-eu :. The

frame was designed to attach the response ‘ rh yme ” to the idea of a plan

or scheme i c r  c r o re r i rA g the rh yoes in a eDen .

• : . b-lust frames are u c u i g n f c c to ore - a c  responsc~; in a context which is

novel to the learner. In bin f ut u r e , this context ‘—‘ill tend to evoice the
‘(I- f behav ior -  again. The previously learned s i L  cud i used t O ev oke  the response

- are , of cour se, d i s o r i c i native s t i m u l i  (S D), but  programmers o f t en  r e fe r

to them as “p: ’inots . ” The re sp on se- cinder the ~ sty :  I of the is the •

di scriminat  b y e  ru -up 110:, d. Phe stimulus r h r ~ h a f rame att co- : t s  to at tach

to the response or mao - o f i e c t i v  in o r - o i u - c  n e  U e  r~’~~ ~~~ ii ;  a potent ial

~1i~~cr u nj r r a  t ye St i t ch  . I, ‘r r :v’u l en t  1esI~o :at ion for t h i s  rn -v e t  st iu .ulr :s 
•

in a f rame in  S~ . Ti - ce :u r e  el ord :: are v i o c n t  in t h y  f o l lo wi ng  ~racoo :
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Ic-a that forms on an :rir’p lar i  ‘ s p rure l ler  is
called propeller i c e .  Ice that- rcncs in a carburetor
is called 

______________ _____

R e spon z- c : cur l  u re ter  ice -

The f i rs t  line of the frame sets the occasion i r ir  trie student to behave

in a certain way and is the or prm .pt .  ‘ Ice th a t  forms in a carburetor
is the situation, or to which the :tudent must mane the i’eup : ase

(R) “ carburetor ice. ” If the programmer foun d it necessary he coul d prompt

the response more strongly by adding more sD , s tor  tb:  ‘enu cisc:

Ice that un::s on refrigerator n~ 1is in called
re r i g €  tu tor ice. Ice that form s on an airplane ’ s
1~1 ~ l e ~ I : ;  un t i ed  pr ese lier  i ce .  Ice that forms
in a carbu:ev~-c is caller :

Fesr onse:  carburetor ice

Frames may also c c n u r i i n  auxiliary material which the author l : : tr oducos

for interest  value , c la r i ty ,  enrichment or continuity between frames . Such
extraneous mate r i a l  should be used sparbngly and only wi th  j u s t i f ica t i on ,

but it is :i t e n  a necessity in order to keep the program literate, in ter -

esting and :o-: c m i . .  The inclusion of diff icult or dull auxiliary mater ia l ,
-
~ I however , may serve only to teach the studen t to skim ov e r  the material or

• to hun t backwards from the response blank until he findS  the information

needed to complete the blank .

Frame cons i - roct ion , then , consists  of co mbining (ho following elements

to produce a learn ing  s i tua tion :

• - • • D • . .1. A st i :r cu on or stimul i (s ) which ser ve ( s )  to — elicit or - cue he

- - 
desired response. -

•

Iii’r
Li-
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2. A stimulus context (~~) to which the occurrence of a desired
response is to be lear -ned .

3. A r e so on o c  ( I -~) ~-~~icb t ire student sup:m ies and whi ch adds or leads
to the ters or al bcnavicc r Of -one program .

~~~. Extra mater ial  :rh ich names the frar ~e more readable, understanOmble
or interesting.

Reinforcement at the Fr-one Level

In the foregoIng crlscussion of a frame, no mention was made of the

reinforcement invol’ei. The reinforcer might  well b-c considered an addi-
tional part of the fr ame , since confirmation is generally used as a rein-

forcer in programming.  As Chapter 3 indicated, however, perhaps the most
effective reinfuroer in a programmed learning sequence is successfully
doing things which could not previously be ii:-::c. Often the ouch sought

after “joy of learning ’ can be observed i-then the learning process results

in the learner’s abilit:r to engage in behaviors which were previously in-

possible; it can be fun to learn to dri ve or fly a plane, to act like an

I ~- adult, or to solve complex questions. On the other hand, learning techni-

clues often manage to remove much of the fun of learning by placing aversive

(punishing) consequences nj-ca not e mi t tin g  the lesired behav ior  while

failing to adequately engineer the situation so that the behavior will

occur.  The purpose of a fram e is to make a response ::-cc-o r, and a good

series of frames increases t h e  r ooter of desirable behaviors in which 
- -

the student is able to engage. In many situations this is a more potent

reinforcer than immediate confirmation, and the frame writer would be well

advised to capitalize on it in a direct das :rion.

The Role of Prompts in a Fm ore

It is not always necessary for every fram e to contain all four of the
parts listed. For e:-:aupie , a review frame such as the following might not

be designed to establish a new discriminative response and would omit an
• 

~- 

~ 
j

1 1
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In chemistry the letters H and 0 stand for
____________ and

Response: hydrogen
oxygen

Presumably this frame would be preceded by others which would establish

appropriate responses to “H” and ‘ 0,” and would be presented solely to

provide the student with rev iew.  At other times, prompting S~ s could

be omitted if the response were cued by previous frames. Notice that

this is true of the second of the two consecutive frames below :

All mammals bear live young. The human bears 
- 

—

live young and is a 
____________

Response: mammal

Birls are not 
— 

.

Response: mammals

The first sentence of the first frame cues the response, “mammal,”

even though many different responses such as “warm blooded” or “ mortal ”

would also be correct. Lifted out oi’ context, the second frame would

appear very foolish siilce obviously birds are not many things. Although

the second frame contains only an and an R, the correct response is

strongly prompted by the preceding frame. I;ithin a series of frames, it 
- 

- -

is often useful to depenci upon the student ’s i OitC1 ttUO or previously estab-
lished response tendency by means of such int er-fram e prompting . This

procedure should be used cautiously, however. After an extended inter-

ruption of training , for exampl e, the student’s response tendency may be
lost and he may mal e incorrect responses

_ _
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A program should guide the student thro uph in i tl a i  learning with

frequent reinforcement and in t roduce  problem situations as the st -u d~m -t

is ready to attack i- h -: . Like a skillful teacher, a program should air-

range things so that tire student cannot h oop acqui ring new behavior.

-, -
. Spec i al techniques arc required in good tutorLrr~; tire teacher must lead,

cirect, question, and promp o the student to bohove so that he can be

rewarded ama en e c u r S g o d .  Similarly, the r rcc~~ranmer knows wnat responses

the student must - learn and the specific su- Licoetus—response connections to

be established; his task is to promp t the sa - i d en t  into terminal beliavior.

A prompt is a familiar s t ir s  us (an sD, not an which used in an un-

familiar context encourrp - --es learning the new context. Good. p r on :ft inf

is subtle and does not attract attention.

A Cc-nc r -n i Classification of Prompts

A ro groun woul d teach nothing ii’ the student could fill in the Ul~ itk

spaces without ren-alr ,o the ] :aterial contained ic the frames. At an m dlvi-

dual frame level very little is taught i.f tile prompt is so obvious that it

is unnecessary to reed tire new m at er i a l .  At the- present stage of develop-

ment of pr )f ~’aneneu ins trucr- 1on , ~o~-iever , i-i is n-c t possible to prescribe

the proper d i f f i c u l t y  level of a t rmiie, i .e. ,  the re are no rnles for deter -  
- 

-

mining the l evel or so a -c : it - ;th .  of fr o m :  ting needed. Tryout and revision w h o

continue to be ihe most useful devices for d e t e rm i n i nd  pron ipt in i .  needs

until programmers have ::n r - L~~ considerable experience wi th  various subject

matters. It is possible, lic-wevor , to du sc rihe  d if : e re n t t~~res of prompting
• 

- and to give scone general. o d O L  •~h u ~ thcd r use.

Generally, rn- om~ -t. o are c l a s s i f i ed  as being of two major types-- i’:~ cci

and th - rn -a t i c .1 A fu im u .i nrompt gI~~co Lice s o-uden t a stimulus which he is

to copy, echo, or o i:-om:i c-~ m i n i  in Torn : or co t i -uo t c i r -o . In er--non -at, tac

form of the lea r - n c r - ’  s renp- . ec is iu ent  ir ra i  to the  Ic - c - r i of the stimulus.

A formal prompt is -cr -~~ y -n : t r er d1  era -  mad see::i r to - ire a reliable way of

~ett lng the stude’r~ to cc;-- :c 01 WI t h:  the dc-si c-ed b e h a v i o r .  it  has , however ,

certain basic on nadvr t p  1a~ c; - whi ch wi ol he rn- -u t i .onecl. Formal prompts are

1Skinner, B. I . i - c  — c ce iu i v  r.  New ~i1c ci:: Appleton Cr- tory
Crni ’tn , 1957. Pp. c f )  - - 

- - - .
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used in the following i raines: 2

A technical word. f or  reward is reinforcement.
To reward an or 0 anism with food is to
it with food.

Response: reinforce

Photosynthesis really means putting together
in the presence of sun l ight. In order for  a green
plant to :r.anufactore f r- ed , it must he exposed to

Response: sunlight . 
-

A thematic promp- b , as the name implies, depends on the general pro-

perties of the prompting stimulus rather- than on its exact form . It

operates as a cue because of its theme, meaning, associations, arid con -

notations. In contrast to the formal prompt , t i re  f-a n- i of the appropriate

response to any given themati c prcrip t c u f Le r s  from that of the prompt It -

self. The f o l l o w  hiir ire ~es :oake use of thematic promp ts.

The decalogue is a nam e for the 
—

ccrnrnanur -:ent s.

Response: ten

2The Illustrative I r-a;. -as useu throughout this chapter have been . 
- 

-

taken from various c--rations in several d i ff er en t  programs. Without
se e in g  preceding frames, tile reader may not be able to answer the example
Tra:ces -r -a i-r -ectly on the :0515 of the prompts alone.

Moreover, since div ~r f rames have been selected solely to- illus-
trate the types of prompts under discu ssion. a gr-Jup of frames should not -

~~

be considered cons - - c u t i v e  unless cc ndi cated i~y the t - ~ r .
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I-Then the hot wire in a tube glows bri ghtly, we
say that it rives off or sends cut hea t and 

________

Respcnse: light

It is sometimes d I f f i c ult to cn i s trng -u i sh  L et — ic-en formal and thertat o.n

prompts. In the following frame, for example, the word “rises ’ provides

both types of cues.

Just as si::oke rises, a-ar m air will also . 
. 

-
:

Resoor:se: rise

In general , however, Lice ~is t i nction b etween formal  and thematic prompts

is a useful one.

If all prompts used In programmed learning were of the formal  type,

programs would indeed be c-pc;. to the charge that they teach only by rote 
s

-

coo-mary. That progrouns can coach “urroerstandlng ’ is often due to the skill-

fud use of thematic prompting. Because of their u trength and reliability,

formal p rompts are useful in e l i c i tI ng  responses never before  made by the

learner, su ch as technical ~cn; s cr  ceab lex s~~ bols . However , the strong

formal prompt, if overused, ten-I s to draw a t t e n t i o n  towards itself and

away from the subject material. Focunl prompts are generally artificial

in the subject matter context and moreover , are nc t the kinds of prompts
— available in m o s t  tests  of terminal behavior. As woul d be expected free:

the foregoing, formal p ecirets are most frequently useful early in a pro-

gram, whereas thematic I r e l il t s  ma -c generally more effective as the program

progresses.

--
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rh-a use of only a ie~z types 01 prompts is a frequent charact ri stic

of dull rogn-ams. l iuj icrou s  rco ir:ts are avu l i ah I  e to the programmer ,
however, and this section presents a variety of examples and applications.

For illustrative purposes, the listing of prcn.pt type ; has been made some-

what specif ic , but within the two main classes of I ro:.d~-t :c , there is con-

siderable overlap among types and the categorization is arbitrary. I;.

studying the examples , the reader shoul d remember that a fram e n ay  create

a very dIfferent i con i -e ss iun  a-ihen l I f t ed  out of cc-accent than when it is

within e pro -gv-u :i sequence. Obviously, the value of any of these ora :npting

techniques can be judged cnly by Its demonstrated e f f i cacy  in establishing

particular terminal behavior. However, this section can serve as a con-

venient source for illustration coo lei tc - -e~. cc .

Formal Pr ompts

i-ne Copy i rcn~-t . One we of L tin :  a student t O emit a particular
response during initial tears; tn t: is for  the teacher to make the response

and immediately ask the steciout to copy the behavior. This is a common

means of teaching non-verbal skills such  as lathe operation, dancing,

mechanical adjustments, and drawing. Similarly, in verbal programming

the desired response can often be incorporated in the frame material:

A check is a promise by a person tc- pay the
amount shown . In place of money, a 

_________ 
may be

used as payment.

Response check

The student need only copy the important word or symbol .  This device is

~ ~ one of the strongest means of producing behavior for the first time and

- ‘ is valuable when the prograrrccer must introduce a di f f i c ul t or novel res-

ponse as a unit. Copy prompts, however, are frequently overused by

programmers and in excess toad to make uninteresting p r o gr a m s .  •:~. ~

- - - -



_ _ _  - _____________

- 
95

The Partial Response Prompt. Sometimes only the first word of a

ca r-go t ten  poem is enough to cue an entire l ine or stanza; this is an

example of partial response ji rampting.  In v c L - c l  guessing games, partial

red arise prompts are -of ten used in the Penn of hints which  give the guesser

the f i r s t  letter or l e t t e r s  of the correct cro owor. In the same way, a

- . frame wciich gives the firs o i e c c t e - r  of a -desired word eliminates many

possible an swers  and, at the scm-c- t i m e  keeps tire f rame ci : ib ie .  When the

tryout of a program reveals a frame w i t h  o high error rate, the introduc-

tion of a partial response ronpi will often reduce the d i f f icul ty  level

:- - of the frame. Naturally, th is  c-rompt shoc-b —o riot be used as a substitute

for  the addition of frames 1- here they are needed or for f r ancs  in which

the student should reseond without the assistance of crutches. As the

student ’ s hehecc ior increases in s t reng th, the strength of the formal

pr ompt ing  needed decreases. One way of using the partial response promp t

is illustrated in tire fat  lowing frame which is an intermediate step in a

sequence designed to teach the spelling of “manufacture.

Part of the i-cord below is like sari  of the word
a manual . Both part s come from an old. i-Tord for hand .

Many things used. to be made by hau l .

f a c t u r e

Response: manu(facture )

The most frequent use, and overuse, of tho partial response prompt .
~~~~

in verbal prograzmning, however, is in giving the first letter of the

• I response word:

Ii

_ _ _ _ _  
_ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

—- —~~-—— --~~ — s———— —-~~~~~ - ——-- -
~ 

— -
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Socio tagy,  an t h r op o l o g y ,  One; r sy-oho-logy all
belong to thc- B S

Response: lehaviora l
Sciences

The Bi-iyming Promp t. this type of pr ompt provides the student with an

SD word which rhymes with -the rescense. For example:

Nine times seven and just one more , is eight
t imes eight or 

______

Response: 6L~-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 
-

-

-1

Of course, the student has already been exposed. to the multiplication

tables in previous frames.

The rhyming prompt is a formal prompt In the same sense thet the

partial response is: in order tc rhyme with the desired r esp - ;nse  it must

give away at least part of the formal structure of the response. hIke

other formal prompts, the rhyming prompt should be used judiciously. It

should probably be used minimally in programs for  adults.

The Literal Prompt. Often a single response may occur in the presence

of several appropriate stimuli. Thus both the figure “3 ” and the word

“ three ’ evoke the same spoken response, as do both the symbol “$“ and the

word “dollar. Whenever the student has been taught to respond correctly

to one of several stimuli ~-rhich call for the same response, his previous 
. -

learning may be used to extend the response to the unlearned stimuli.

A child in fir-s n grade learns to read Arabic nuj nerals long before he learn s .~~

to read the number words.  The following OXSS I;JCS from a series of frames

make se of this in teaching number wo rds : 

-~~~ - - --- ______________
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These th is tr a ti vc -  ic -n i ce r  ccc not cc-upri se a con t ic iucc as niot’Io~ , Lot -
would be I n  ex ’cu eeoc d cs ;ofg - ot her - Ci’ni~~~ Ccc - o i I i H  e~ i ruco te r — w or- lo ,  lu
the c-s u r e - -  o f  tie. s sequence, the stimulus to- uhici ~ tile stucteut can reop en-c

- - ~ ~12) is rm:-~voJ i rabuahly ±0ev out -c t i c c w ; - e O  tce lye.  I t
- 

- toe te g~ cc: c:g of the SC - c ;  ro coco , the st ’nc: eon is cone d cc-: ‘ read ” the 1-101-u

(a h eh a v i r - r  w h i c h  he crc cna±e 1’ canno t. perCeno),  Cut is ~— c r mI t ood  to dc-~-c-c o

upon the ncnnerais. As the coom b er prcc ; , -t i s  c-ecu v o l  ever’ a sc -ro es  of i-amos ,
the behavior emisoe-i to tire - Sumn er  is t r -ac: s fc-r ’recO to c u e  wiut sc:s w ;-iac . H

name “literal” for this type 01’ prompt refers to the alrecc 4c irc -er-ohcc ’:g- --

ability of stimuli.

The possible uses for th in k ind  of prce~ -t seem quote t - r c n o .  For

example, in teaching symbols or names of ro ooh ine -  1:-arts , rn-o s cc i eoplc- n - ’~ ccl d

have little trouble reading the word “resistoi-,” c-chich could easily be ‘ -

transferred to the symbol for  resistor by a li teral oron~~-ting procedure.

The emphasis in this type of prnmpting in a 1:;-i-OL:ri;. IS to- ~~~ the behavior

to occur in the presence of a new stimulus c- dc o h: v i ~l cor e to- control the

behavior in the future . Literal pr o:crp t in ; d l ike di-i l iwork , tends to be

somewhat barren and -j nin terest in:1: and Is i-~~St ir i t ees 1- ;-o eec-u with  other

material.

One interesting variation , of the literal n i’ocj-t may be useful In

teaching language pronunc~e .iri -i; . Pm English (previously est-ab i toc he d )

pronuncIation is used to cue or pr -capt the Core ign  language (to-b c- -learn ;

pronunciation. For exant -te , i kc- ‘a ” in Geniran is prorc ounoc t  like nine “ a”

in “ f a the r . ” If a foreiga  ini r :gcnrt fcc - is w r i t  i cr; in unf amiliar - : cricr x ’uctecs ’s,

4 as in Russian, the pronunc lotion of -c ;crs -w u ‘Iu .c’ac t  ers may be ocr -ou r -L e e  icy

a transliteration of the n-cc-rca into English -cl.ara ~-t ers .  The j - 1 c  -
- sing i n

the following example approximates the p ronunc ia tion  of t h a~ i s h  vi’n-iel~~. - 
-

The student is First t o ld  to read. the English wer ds nihc  :ch are written

vertically and then to t r an s f e r  the so-sac of the 0- oc-cel s in reveal i c - -act s

-

. 1 to the vowels written between the horinon tal lines. Thccs , tire s tu den t

reads: “ father , break , c h i ef , o l e , blue.” He the-u reads L i - -- vm-:c] s as

- I in Spanish: “ ah , eh , ee , c -u i , 00 , ” or an approxi tn at i c - - -  th~ i - c - - :  .

I ,’.-

- 
- ~~~~~~~ ~~~~~~~~~~~~~

-‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ —~~- -



T~~T J ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -~~~~~~~~ —~~~~

on

b c b

f r cc 1

( a )  (ea ) ( i e )  (o)  (ue )

a c’ 1 0 U

t 1

Li I

~~‘ter- some-- pra :-t i - c e  w I t h  the ti -ac ocli ner cul i s, the student may be asked

to soy t n t  ‘cc-i-ce-is in bjcni: t~ h vi t h u - u t  prou n t h u o m .  This type of tr ampt ln g

may nave tir e cc dva;;tccg e or ’ c ’euucinr  the eXt eeL to c - m i d ;  e~~~ensivc equip—

meat is r c -o rN re-ci for the beginning i c-c ; ua; a -
- ;-o t. It s  gre-at disadvan-

tage in language irc :ctruction is that what is lea rned  is only an apyroxi-

nation of native r:rcrcuc cie t i - n , since the icruasliterats-c u between languages

is : rever  precise. 1 r r cob lem also exls;c s Il. ~cresen ting  socm Js  which have

110 English equiv irler ins , e .g . ,  th - bparu ish r.

G t c n i c c t o u - c r i  Fr- al-is.  Frequently the ph1-sioal :rrrau;gene : t of a fram e

can be -soc-cl tu p’c - n o t  tine learner’ s re -si-e lse , thus saving time and words

in a p ;‘~~gi0~ 1i.  l i n e  location of the response iclau c , fo r  examp le, ear ; serve

to p r o rw i  t in e typ e of :°np— ou se -des; I C i  am-b m i n i m i z e  the occurrence of

alternat ive n - ~- ; - !-o c ccen .  In nbc following f rames , the stuocent- has been

‘eru r-tructed that a c-cope l O c  Llarnk on the lc- t -molt s for a syrcb s-l , but a

blani-; on the r ight  rcqui c c- .r a r- ;orJ . Tb-:. posItion ci ’ the re -sic -ca se blank

i Ntircatea , then , whether a word or a symbol is the approprt atc response. : 

-‘

. 1  

~~~~-- - - - - - 
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Five ml llic:eoers w oul d  cra so lly be wi-st  t e n ;  as:
5 _ _ _

Rc - sj- c  r c c c  : mm

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

In the KelvIn scale , zero is ap i :-ro -xlurnitul ,-
equal to _~~7~~.lo C. Ike abbre’-iatie- 1c C sta:;-s:o ;r

fues n c -ac e ;  ccnrc±gr aoc

The foregoing frames assume tha t the st u o h et  h r - s  c a n  scucir i-c v I e -m o  tr a in ing .

For the most part, these are frames which woul d cIpicear late in a

This kInd of promp t  is more like a direction to the student  than au

actual prompt. However, such directions or p hysical arrangements do pvc ;--

vide the student with cue s about the res icoase i t se l f .  knother structural

prompt Is the length of the response tine. i-!an~ programmers use blanks

which match the length of the response word , or indica te the mi nce r of
letters in the res~-o ; ee.

Cnai r iartories -ohnec ir s .

i-m- e~ u crsc - : n n c n r . u I acture

L
-.
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Li ke the physical ari’aicgen ent r-uf the 2 e s T c e a ,-ce clac k , ever minor

details of  typog raphy and format can play an i ; :cccc - sun ct i - ole in pro;ciir u lng

the St e ec -nt ’ s response. Tire fo l lowIng f ra nc s iflus tx -ate Lao c-/cy in whi r - lu

the generni fr-none fo icnun u Is e f fe ct i v e  in cuing the answ~ c .  I: the fir-s t
c-xni cr r cl c-, a -cops ~- rc-::c1cL is s-cqnnsszed by c-icr-i: 0 too response c-thai -: d irect ly

;m,d c-r the to 1-c c oi — ic-0 .  Example pO-:-::~ to (to he- disc: ssseci ) in the n e r - e u r d

:raa e, are strer :gt i i ; -rr ed c-y 1- 1cVio lag a seouci ce- of num bers in th c e se-c-: a~e

factor of each mu lt s r c± l cu t i on : 5, 6, 7, . lie-re-over , arraaFs!rg tOo -

example mu l tIp l i c a t ion s  one under the co-ncr :cckces the r, saber sequeruc ec more

‘r,’i c ter ;t .  The ;lrtc.-m arrows i: t:cr last exmcicle or-c used to precep t the

correct p in ; eccer t of tIre :tl oc i s .

bI’CCCu is a ; :e r rj ns ;Jc c . inc the i- ed itcrr’unrccca - - t .

Fl sr icuc  is a 
— 

in t ire AtlantIc-  C - n - ma

Ret;: -race: peninsula

_ _ _ _ _ _ _ _  
__________ -J

5 a 6 = 3 n  -
5 x 7 = ~~~5 -

5 x 14n0

: - : c- ; c - -n . s c :  b

— I -‘
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lice u-car; is tho sum (~
) cf scores (x)—

divided by the  ~Cumc ;hc r of scores. —-
Complete icuc ~crn :;uc e for the mean : M =

E XResponse: M =

Underlining is another  struc tural detail that has prompting value .
Any wax-I in the icr-sty of n f r~me that is to serve as a orurcrp t f o r  the res-
ponse may be fur ther u~sb cnasi zed  b y oet~ r i Ir~Ic:g; the lie s t  of t he  preceding
example froones i lnuo crmoco thi s  techni que . I’Jthoccglc underlining is most

fr ;cno-mct ly u sed  wi t h copy r ;-c- , -mt s , it is alice- useful  with other p romp t

tt r m s  mod cam so ore to p o in t  UT) sic pca-tcne ;. thematic pr cnn~ Cs.  Unde r l in in g

eke-olin so t ’sed- d i scr iminu- bely an ti  cautiously, ti’a:evec- ; too fr eccu ec ; t  usage

nay coa ler It  vuluel  C O O  CS a x’c- ~~ue- t , ce - i en ;cuIi’Rre stu i ent s  to scan ;  fc- r

e-nber t ic ;e i  c- rose s c r i n h o u t  c-c : i n i f .

3 r -~~] c mo-or-.; a, mo- c l .  as ‘-c C ame- snr -u ct uo - s  or ci-oviding a partial
‘O O r  n s a .  -:cf t e -  :c’ - to 1-: - eu f e n c e s  snort c m i  to :c in imize  error rate at

b e g e n : C n  -c of a r~ihi ; - r . se -eu-cm -:  . In gener- cii , 131 ci p rompts should
--ci e r r  -b: ;’) e r c e ,  i~i ca n~~;r; ;t to t f . - onni t i c  i:s- -;o.pts, they do l i t t le

t~~~ en~ ) c ;n t hu s~’.hth-f~ rat tan ’.

~ ,crr ; i c~ 

~h r , -c. ” ~ -n i  a: c-i Icc  ct hr see l i en  a r e , for the c o s t  part, matte~s

—  ‘- c  cr -c -  n n ~~e - . Used ski l lfully,  the—

rca “ i” -! t~ -~: t -  tn. - text ~c content  ac the subject
:cc tc . C ~‘~~l 

- - C~~5 01’ I ’ utiC oc oopt be-p onds spe c associations
ic- - n ’ ; ‘o; v -s - C ’  - -  - s ’ sde; - t ’  a ko ~ e- cO c- and si’,ihls. Through

:‘e’k n~ - - 
- - r n - a n te l ine elemente of h i  a echo’ i c r ’  

- 
-

• Inc  moder - .-t~ . - -~ n ‘ - ns rc -c ~ ctions to new hrcowledge. Wise
use ul - -  ‘

‘ 10 ‘ -~
)
~~L~~~ on r)r’ ) - i nc ne - cc r s h  arc :: i n eer e s t i n g  le a r r r I ag

s~- ” u cr~ c” .

-‘-1 

-
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Th~ P i c t o r i a l  Fre-ue -~~~ Ihis  typ e of p-rc-ro~-t is irntroducea first

because it may ye used as either a thr :c~a1 or themat ic  ccc . The sa te -cres t
ral ue of a fr o gx ’arni  may I - c icec dc ceme .r 8cc sob jec t  r ecIte r -  cr ay of ten  be made

-clearer witn  a pic ture place-i ri g:ct i: tOe f r -a r e .  The p ict -cre  it sect  :;ay

: . be usc -n  t o  suggest the ans; c-r - , -r a label Ct t a c t n c e u  t- tire- ct-crc may

serv o a pr-ant ticg c ,r at  .. if lO fran~~ 5c .  - - s o ‘is a pvot o i ’1a1 prompt as
a thematic - - o.

I c le tion  c-icc- ::l A is rev; Iv i n i g 
‘

R e s n - -a : sc : ;‘f~~:t C1’ r - l r -CK ’~I5C 

‘ 

:-

On one -asIan the lea n-ncr cony be asr:er: to reprod uce- a Ic  ore ot

as in iear : .acg to make- t h~c- sy~ L -~ s3 used in cire  cit aaoc -a ;n , S .  In such
cases, the p i c t u r e -  serves as cc : oxceal prompt. Perhaps the b- c-st use- of

p i -ctur ’eS , he-cc evc- r, Is in :nc o.nt i s  00.1 r0- .

1 1 -  ;~~ tt. -Thc-i an insi  ru ct on -  asks a class a ques t ion

s ir-h as , “ How is this p r inc ip l e  al l - l i en  In tr u e- CtCti ~ O Of t eirClri e ccc i i nes? ’

he is suopesting or tc - tr . lu g a :noin text whl  - n h  ‘0; sI ev~ ke st~ ;t ~~t discourse
re levn ot to engine :1/r ie - igun ac ;c I  r io -ti f lower ’  ar -re :c-r ; o:;t -c - t ee -re - logy . Py

indicat reg the L u  I c  or ’ coc moi -o a t in n , ii host cit ~;- Ic v ar - ;t resp -on ; seue - assume
high strength while other  beh avior ’s  wh i c h  ru- c ren u ’t l u en t  t1;~~e- can-: - - :’ r -n~—

t ioms are reduced in  ~~~~~~~
- - c r u t . c  ;ct r eagth .  In time same wuy ,  a I same oar - he

IEn b e -~ eo t sugge s t  it s  context  cad consequent- up- to- limIt  the r r c n . - -~ of

I
’ possible ar- avers .  ThIs c lay k ;e an especially na -~~ ;s i- n ’ - ce -c ;r i c- wnien a p-so-

gram -ceve-ro several topics which cr uo n , be I nt c r u- l ut . ’ r or c” ;v icweO.

—_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

HEARING

- c- line - brain ‘‘ sc at-a’: scr , sc- ” ; it ce- 1- In ’ onp ulsor -  car r inc u
from t ic , -  cochi e-a by tne 

__________

H e n r I  : 0 ’: : c~~ u l  t-~ x’,,~

-~~~~~~~~~~~~~~~~~ 
_
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Preceding trances in a program may also serve to establish the context

of a particular france . Part oP the text of one fr a m e  can be used as the

response in the succec-J ing .  P c’a;,c . The tc-rce- consecutive frames which c’0 _

low illustrate such iue-tcro raue uron ;pt i rug.

Tire fine wire in the light bull is called a
filament . The bulb “lights up ’ when the f ilamen t
is heated by the passage of an c u rr e n t .

Respons e : electri c

~nen a weak battery sur-’o-duces little current, : =
the f i n e  wire , or no es not get very —

Besponse: I’ilamernt

Semartic Prompts. The gran cr ar used in a frame can restrict the

possible answers to that i’~ume . Thus using a specific ar’t;icle, like

‘a” or “an” rather than the ~onuspc-cItic “a(n),” limits 
the number of

responses the stuoceu t can make . The two versIons of the fram e which

follow illustrate the ebbect of the gi-acarnar used.

With grammar prompt:

A candle flame is hot. It is tin 
_____________

I 
source of light. 41

Response: incandescent

- L
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tll tcreut gransnar Jrror ;;pt :

A can-ti le f l ar e is h ot .  I t  is a ( n )  
______________

source cf 1 rI co .

Response: Incandescent

The person , tense, and number of ver ’er c m a y  also t ie-ratIon as gracmsmntical

cues and punctuation can play a par t in cuing thc - c- -r - -s~~.rcse . An answer ’

blank like this, 
_________

, 
_________

, woul d p robabl y evoke a very

d i f f e r e n t  response Preen cme like this, -

Synonyms and antc ru yrn s cony be used to lirinit the response range by

prompting like and, opposite responses , re spec tively. These two kinds of

semantic prompts are shown in the following frames.

Synonym :

oean ;Ing no r-rally occurs when an individual ’ s
• ~, 

response is pr ’s r .pt i y r eua~- -1e- cc or

Respon se:  reinforced

iultc lgn u

- 
~ei ir~ or--sc .;ent whiclr cc-rc sss ts  of presenting sougot—

- 

-
. af ter sti~11u1i ( e . 4 . ,  l’ood) is cal led  positive rein-

forcer c t ; re Ln cnc’cernent whi ch consists of tenrciicating
unpleasant st imul i ( e . g . ,  la-cd noises) is called

r e I rn l ’oI’ .’en icen t .

I Rcsprrr sc :  icegotive 
-

- 
_ _ _
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Just as an occtony~ c ;nuy cc- uo~ u to co-c a s iagne response v -sd , an

entire phrase, st ale-c ent or cor~::e-r-t i s  fr equentl y useful in prompting a
response whi ch is opposite In meaning . This kind or ’ prompt can be seen
in the following f r anc e :

iflrcr eas cue - o r e - i l  damage in the asc-ennlcrg sensory -

tracts of the spinal r-hciei will cause sensory deficit,
neural damage in the

will -sause mar01 ysis of t ine musc les .

Response: descending
motor tracts

The redundancy In -i-nuance -i’ In a aenten;:€ - can be a useful ca~ In a

language program .3 iiost no- .aucir c 1~fu l  sentences -Oc c!n t aif l  redundant parts
which can ‘be omitted or r eplaced by c -o o nr errsc - words without  a loss in the
reader ’ s unde rs tcn c i n c -  o :I’ Ilie - mar t -ants .  If t i n c -  “nonsense” words are words

in a lan guage j - r e ;ne ;c~ , uuJ c nc  eon L - -  the rea mer , the ii ’  consistent use should

e quaTe them to ea cci va iccct s  in the reader ’ s Laccg ’na fe .  In other word s the
usual redundancy c’hi sh the student r inticipate s as a result of knowing
English grammar -an-i sentence structure , serves as a cue for  the responses

to be made to the fore ign  c-inc ’ s. Similarly, the grammatical structure of ‘ 
-

a new language aiay be acquired to some de gree by phrasing the English -]
words according to the gr a r m a t l - ma l  rules of the new language.

3Schaefer , H. ii. A vocabulary progran i using “ language redundancy.”
Pittsbur gh : University of Pittsbur gh , 1961. A report issued under
Cooperative Research Project 69l(9 1~17) .

U

Glaser , R. Some resrc ;erch pr ebi enra ir; automated instruction;
instructional progra curcing and sub~ ect-matter structure. In J . E. CouJ .son ,
( E d . )  Progra med learnin g and com puter-based instruction. New York: Jo hn

- -- W iley & Sons , 1 m m . ,  1962 . Pp. 67-R ~.
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The Ic-ilowitng f r am c ncs  illustra te redu n e - u a u n i e -y prom~cting at three stage-s

of a program in t r o n r u c l n g -  German words. The irc gra mml con sis ted cot stories

by Edgar ~~len Poe icO win e - oh German words and c-re rd o rder c--crc ,- - raduat i

introduce-a .  The goal of the program was to equate oermuir -n English r e - c t

German words and no responses were required to i n d i v idu a l  Ce-acm e-s. The
- 

- 
fi rst fram e below appeared early in the icrogre-u n ne -nc introduces some k : y
worms. The second frame is from the middle uf thou ~ragrcm ne-ce-c presents

the n ew grammati cal structure.- Notice that it is possible to make sense

out of the passages in sui te of the Ge- ruse-in c:orcus, rind how It  seems li~:ely

that through continued, use of the wo rds in the text , the proper meanings
will become a-c-inched to the new words.

Early:

True! - nervous, very, ve -r  c x’ enim -oily n ervous, ich,
had been, and ast; but wh,7 will you say that ich am
mad? The disease ha-c st e-ic-i eLle n ~ e- ,Oo sen ses -

destroyed, not oh: led e-hee :c . Above ccii  ‘-ras cer’ sense
of hearing acute. Ich ir en e-’ - eli toe t c e - l r n g s  in re -rn
heaven and der earth. I heard many ~h~ rr~ s in hell.
How, then , ant ich mad? Harken! Ur ;-t chserva hon-i
healthily--how calmly ich cair tell t i e  whole story .

Middle:

Per secolca un-n. third day went by und yet showed him-
self mein tormentor nicht. Again ce-or-id ich as free

rim brea the. Das monster was apparently in great
terror run away ! Never ago -ill would ich em see~
he - inc  happiness ‘-las - c o m p lete ! Die- guilt i —e r black
tie- ed disturbed mich but little. Some questions were
asked tmd : 0;  1 - answered. E l - c  search was even

- 
urnae r t r tke -r ,~ o ut- , ol’ course , - - - i r ~ t nleirts be cound .
Ich looked einer safe I’uture toward .

,
~~~~~~~~

- ~~~~ ~ .r 
—~~~~~~ _____ — ~~~~~~~~~~~~~~~~ ~ Uc .
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Late:

- F-ic slope coh n’ Farmue we-ir ene vo;r — h - ; : ;en n~ zu i-iolc-ent
sm.aLer , uru - . ne-er’ bottom llr Vortex scene - eel sich -

e--reuaually zu l iL t . For ck~r wac- hie -n u - , dIe . T ind e
- h cct t -c e s i ck  tied, uaod tar ineE wene br ig ht l y  ire- - 

-
-

‘J oe-ten dec-rn ends oh nni ch ouy dec.; our -face des
Ozeanis facing 1 0  coast use ; Ce - -ic;; ll w-id, e x act ly

- Li lcer t o e - - i-la-ce, wo des ?e - i -c ’ritcer des Fbsohecs Ir e -cu es
- gew~ce-en - - ice -r. -f

The Analogy Pr -cure -pt. Analogies f r e quently serve to bring together

aspects of a sub i-ect uc;-a iter as c~~lI as providing fewer’tua prompts. The

method of using such p 1-ore -r obs is to present one or nor-c complete analogies

in the te ct al a trou e -- e :olloved by an ins-naip lete analogy to which the

student responds . The three -consecutive ~ r arn -e s c-rhich follow, illustrate

how an analogy can be used ire - intec’I’ rann e prcrn 1-t 11rLe-~ as well as within a

single frame . i
It is easy to learn about the Metric System when

one thinks of tine mooney system in r - e lc ;t i onu  to it.  A 
-

dollar has cents (pennies).

i l e n ;L onuor - : 100

A dollar has 100 centre -, A ureter has
cen timeters.

- 

Re sponse: 100 I 
-

Thus , a cen timeter works SOre-Ct-iie-Zct like a cant .  : -

100 centimeters is 1 met- o s .j -cst as 100 cents is - 
-
‘

l ____ ___ . , -
-

Response: dollar - -
-

. 
-
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p The Elisuinator r o e ;  0 .  ~n effec t ive  m ;net !eod ci d ine -h ating undesIred

responses and limito~ i~ tine resj - culse range is to toll the student several

of the incorrect Orb - ;r e - e - . Ar; edimuor cator prompt is a state;e- c u r t  which

specifically eliminates see- er-al. alternatives. It is ~-ar ’t lcular 1y -ose -ul

in excluding equally epop c- ; - e- r late but undesired resp onses to subj ect siatter

stimuli. Coe -e-~binet with  one-ceder sore -pt , the eliminator prance -pt may also be

helpful ifl g e t t i ng  tie-c ste-une -uct to emit an unlikely response early in a

frame sequence. The first exoenni-le frame below combines an eliminator

mr ournp t with a oc-p~- j ce--c opt .

- ; STRUCTU RE I U e - l l I O i T BEIiAndIOR 
-

Anatomy— STi’ dThd~E, Physiology-~~~ -TCTI0i-i , Psycho 1ogy-

Respon se : BEHAVIOR

A protozoan c-rhich moves by ne - n - once -s of cytop lasmic
proj ections and has neither flagella ( le-lagellata)
nor cilia (Ciliata) is a member ~f t ire class

tes idere -se : Scarcodlna I

The nucleus of a cell is made u~- of n ,tcleoplasm ,
one e-’r sn ore nucleoll , a e - ,~c’e-lear rnernbrar -e , and ~chro-
ru ra t in .  The 

____________ 

is not labeled in n-cr diagram
because it ce-uc tat idC seen r ithout the all of a special ,

• s tair ;.
Sesponse: chr am atin

.i..’t — nucl,cmu - ur :eue-e-brane I
; I C L € . i  •

r u 1 c-:-o I -r ue -mi I
I - 

~~
- - -
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~~sociation Prompts. Old cr exis-t .rry stimulus-re’snnnsc associatic no
can be combined to i;- r ce-duce 3. new or previously low probability response.
The example frame be-low employs the student’s existing association betweene -

the type of tube used and the ne-acre -a of a radio. By Ind icat ing the Lu ;-otic-tinl

similarity between the transistor and the Ve-e-c cm:; tube, ri ;e associa tion bea -
ween tube type and radio name is ex~ sre-aed to prompt the correct r-r- e ;nd - r ,se.

- A vacuum tube radio is one whi ch ‘cons or- ihruar’v
electron tubes i c r  r econe - iion  Or e-cr o er e-n l l t ic a t ior n.
A is a red -n ‘n.ini-oii uses
transistors in p lace ci vaolre -scc tuL~ s. 

I

Response: transistor
radio I

Since technical vocabularies often us~ -rorro ;:-- wor °s in unusual ccollrnatiane-s,

the association prompt may be especially s-citable on pr cgr arcminr g technical

r material . This type of prone -pt is best used -andy ‘-r t h c e -  it is readily app li-
cable; combinations of assocIations n-ArI se - c are to-c -cnn ; eri ved may be snearnlng-

less to the student and hence inei’feentive ire - e- r c - : ; e - -e  l ot .
- 

I It is possible also to use this e--rompting techn I que at an idea or

concept level , as well c-es at the sore-p ie ~a-c’ c level exemplified in the

preceding frame. In this -case, independently established thematic elements

are put together -in a single fram e so that tire 1eao~rcr gets the feeling of

“discovery.” For example, after the student has been taught separately
• the principles oI’ radio operation with va-c-jun tubes, and what a transistor

is and does, a combining frame may lead him to induce the role of a

transistor in a transistor radio. •

Studies of word association have shown that- ; ; e -~;-st people make the same 
-

~~

responses or associations to certain words. The ur agrar e-mer can often employ

these common associations as response n n05 .  The word , “hot , ’ for  example ,
very frequently evokes the re -sr-r ose , “ c -o h s . ” die -crc is always a risk in

us ing this type of prompt , however, since a sin e-ab le  percentage of people

,-- 

-‘- - . - - - - - - --
~ 

- -~~~~- , - - — - -‘- -  - ‘ - -
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u ;,av main ’: less cUe - cr u e t ;  1-copeca ses . itllr e-e-ogi: - s in - o r dill ~enaI iy  e l Icit

ode- e-esrun sc, fe-ue - e - ue - i ’, ‘ tiLts r e -ny net be a ce-u . iSe- . - t h y cv l Ias le  associ nu—

t Ic- rn c ’ -e - r use in all si e- euat .l - :nne coe--~’1e -o “ ;‘atOe l” is e - ; r e  c c  - red r e ~~ c e - l e e - c .
— In tranc e- wri t ln e -g~ the use c-i -cxi or cl an u - a r e  0-n -c e  - h a  - c e - c roe-nv be sic. ; I’d~~—

Inc En g l i - d , -edo P o u n c e - . w e - u - i ;  i--1u nter and Vac -ne - -,
m a cin .ic thcr and . -

I 
il- e- ;c o u - c -  Packer

Or core -c- -h e-ut more ~ u J0en ; n e e .

A c ere-cry -saved is a p c-re -nv

Interest or e - be -m u -n; he].d is cm -ce- Oe -’ V

ho~u’.Cc r r ; e

H - - 

‘

hie - n-~ important ~-o Inn , oi~~ e-t e -- O-oO€- : eu ;scc i3 .tj~~n - o e - r - 1 c  le-; that Ine -enIv i—

-ne-talc; vathiru a give: society nh-are r e -an y  of ‘Je-,e e-ere -n ;e - he ie -u -e-icio-i -mrai rrs ,

O~~~ d t ie - m oe cWu ~- f L e n  U-c - rue - a-i to c I’d--e-e-i .t a reese -ne -sc. A irost roil Arero -ar m

e-cn: p lc- t .e se-~he- - in rus e s  ann, hOOT is -Ax: ti~ce- fe - r e-d.C f e - : r c e - u. tco . . .

:rr “ ide-se era the times One - try . . . - -  Ar_ I  ie-ou5h tim e c - e-’c grase-re -er n a y  -d en - c - r i d

cue -c the ~r-ece-inus hi -e - t u re -  ‘l the student to- c,LteLiim ;d ace-n-c-s :e-e -~, he

-can also  set ’ n ip na ~ee-c;e- ;- -ce - of C -o iua v i c -u’ i-r i th in ,  the Tm -g ra ce - .  iten imll ’ r-d c i - e -~~ ca;~
ton-cm . be- use -ce- to 1;±’u; tpt f ur’ouncu ’ st no-eat u-e - O~ n n e - r e - s .  It is ensue -old ;- r o o t

rel lat h e  n o r  r .h- p i e  gre-ce r n-i- to emplcy only t h e - se  associations which he

has cone - ,aL- - ~ohe .u hie- n -- _b.

‘Inc pr ’e--e -ed m O  - 0e-C e- I ,r 1 c c 0 -:  e-t , - e-;. :i aLt cc betuicer. e-r~:rds rather nil 1. . ‘t ly .

cme -e-O :iati - rIS ott :,  - lS ;- ru~ c oI iruui x’eetly e-- evoke bc- lur e- cm - c u-rhich in tori -nc

serves n~ I 1 I tire t e-et t i n n  e l f  geneiatem r ac a ’

_________________________________
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civunptiflg fe- i’ his e- ’Cee - ;- ne-ce . Li the i-l .r an ;c , “ H-cu’ hair  is the 01C- i’ of a

f iery  sunset, “ the reader nay COflC u- - re - that  the r ’ebereru t has re-i h~ l i

Loca rse ci’ previous ass o -r Iae -e iore -s te the ‘ocr-I s, “ f i e ry ” are-i “ n- ce- sm t

Similarly, re-o -or- L- rn scs  n a y  be cj e by n u n arms Ca’ n-rorh s-cane s, par ce-rn -c o

- e.~oe-hnrsL-s at e - - I  ~e - o -Are -c o me -n e-; n i a t i - .~,ns . In t ine CI n o t  of the Lt-iI ewe- op

- 
the n-ion s “ Lx’ ii hc  - -  cur . - “sor e- ” suggest trio: i ’tecpC Ss- e, “lo - ht. “ Tire cenc otr d

fram e roak’cn e- of an m b  r e - c t  ~ s-j n ’ I e - t t j  ce- rn nni , -c in m a r t , a cne-ryiruO - r -

0 B ooauu ;c -  St ce-m ’e ’;iou s e -e -r netcnirr l in t u e  pn’e-p ;-e - u. , t inc nb c-ace , “ e~ e-lt  of cL -e-0000 —

- - 

s e -n t i ’,’e f ance -” ic e -  the hA i’i; frane-e suggest s tine C e - i -un ;  “ volt ” to the sC e - u -e - r e - r,

W11!e ’ic in n e-u0 r e -~ oc ’oe- tine c o o n - c a s e - ,

-

‘ 
On a brign .t , c e-ce-ny e-OOy flt- cs t Oe-~ the 

— -

t r’c’cr the Iron - c u e tc’ates e - ue - or~e-’th ’ ci c t  - - - . - _ 
n - n . 

-

o n ;h c p - ’r e - c e - :  l ight

-

- 

- A part ce-n eh~~:rr’ I e-ai c i r ’u n t that is - n e o e g n e - c

I to r-mo st-  t u n e  h lo or  ce- ’ elec’te- ’icit : /  Co ~~r L L e - e i  nr
- ______________________ •

- - Rtcs l o r u s e :  e- ’csistor

Tine ;e - c - m , c- f o r  to- . m e  ~ ~
‘ — - e- - v - :  - n - -cc

suggests to us the r u n u : l ,.- ce- t i re  I c m C J r c i  ~ev O - A

Count iUessar,n- c - . . -

- ~e-n e- :occe -s -r , Volt-a

H 

I

L 
-
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he- Re -e-i -~ P r o -nr c 0. Recucue se tece-cene-cic s :oay be see- ‘op in a fram e by

stating a general sub j ec t  net t er  - cI- . Use-rally, such f r -ace - er ; p resent the
c - e -n t ee - e - eue -t. oi’ a r on do- , e- ’uiio’,:ei Lv ann l n n o c e - ; , e - i e o e  c-xa:-nr-lc- -of the rule n-chick

t oe c t e - i c n t must in - n o n .  Rules te - e - ay sine- c Ice -nsa - i  to p-rose-at c o -nc r  simIlar

canes .  The intention ire- using a roe-f e Os ci jerome -es is not to teach t Ir e  rule;

tn i l s  racy have already been done cr e-n :ay i-c in process.  Rather, the rule

IS presented only as a -s- ri c e -p ;e-ev .ce .  ide oci loin reg are sor e-ne exar emp les

el’ rule frames:

The greatest ro:rmo- cne t or ’ -contrast is p-resented by
compie: ;;;-mtunr -~ n-i-c as. Gr e-cnn woul.l star e -i  cut Lest  on

Response: red

., E
2

-
~

Hon-i cucr i j on-n ec ’ , ire- watts, IS being used -op by
a 50 , 000 ohta resistor across which 50 volts are
nip pt I iu c l .

kncscee ;t ;se :  .05 (watts) 
4

‘

I .

t ire - rule prompt fram e eor ee -e -i lif’iec a deductive roc t ie -o l  of In s t r u c t i o n .

Cftere- these frames give the student a feelint-: of accomplishment because

he can make deductions Prone- the rule or predict the results of usIng the

rule in particular cases.

1
~Evanns , J .  I , ., Glaser , R. and Hommc . E. The ruleg Sys tem for

tine construction of programmed verbal learning sequence-s . .3 . educ ._ R es. ,
1962, ~5, 573-5 ’ ; 

~~
.

I
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Tine Example Frcu e -e-~ t. Just as a rule ce-nay ‘be used to je -n ’oropt a response ,
so an exan ce-sle or ourt Icu l n~i’ nce -s ’e -ar ccc rosy be used s-a prompt tire completion

of a similar example or a ce-ia. IOu cane-ne-ole precept may be callec an m e - -
- 

- 
du-st lve f rz rr-nc, ~~. o . , froic instance to- t ire -  general -ec. se. In essence, a

rul e may be used to pr on e-p t either c-t~ier rules or examples, n-,’hiie an ce--norce-ple ‘

ne-ny be used to pr c-e- :po the or our .p letIon ref c Aner c:-oore-p lec or the rule nihich

it exemplifies .  So -m r : s e- c e- t ie  ~xamp Io prompts f ’ oll- ;w :

A f i reJ ly ce -an cue -n I e c e - t n  c l ight  cure oe-li~~e i re-
that tocoy L- c~aiu se -n e - a c-ut or 

— 
I n  .t .

Pece-jcmruse: emit

- - ( -5) (+10) = -~~ :
(+6) (- 3) = -lb

The answers to these muit ie- i ; - c a e - , i c - t n  i ccl C c-ce- s tore
za-gcitive bc-re-muse (wis ) ______________________________________

Respons e: i-lhen a rue :a-
h ive number is multiplied
by a p o e - ; i L e - v e  cache-n’ the
cure -ov er is al’i-iays negative.

By leading the student t- -~- incur- c a general i’e-nl e, m- xarnu r-Le-c frames can also

-
‘ 

Generate a feeling c-f -n On e - ce-ny 111-ne that I r ’o-duced by successful deductioins

on rule frames. The reln . ’ cn - ccnoc n t  ths lea rner receives in having made suc h
- - 

~. inductions and deductions inc v a l u e - t h e  lie- increasing s te -t e n t  motivation. 

- -
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- : ; i -n nr - ee ’c in  0-i ’ F e e - c o o s

In utilizing pnon.e -vtineg ueVIe-cCs to c-co ke , -r:rc e- n-iate c i i n ’:inr

- the studen t , the 
~ 

n ’oIracranor iS ~ i’1a r 0 I re -p  -ci r -p ec re - s oan e - :ce-c so- that ~eC
- 

-car, occur . Thus hue- reocAt c-f trio: eerie-- Ire-cures h e -  a t i c  ge-a . . Is c l u e

0 estalli  chn;e-ent Ci ’ e’cli t :-~-cij small bits c-c ’ beh:e-c’i er ice - c- o ctane-se to i’ctks n-

specific promptIng stI~ -ini. In; t i e - a  s tudent ’ s ~u:oe-Tledgc of toe seib , e- e-’t
- 

reaC t--n grows dun ce - tin-c co-curse of the ;ru ’o r’me -o e- , e - i e - L o-ti’errgt h of e - -: n-n~ tIe- .

— 
should be decrease-n l eav ine- : ce-ire 5 U u e - l e ! u t  ce-,s-r’c and mom- c s-fl his ann~; - o v ine - —

e ual~ y pun-ap t-s ne-e-y be ealrm:irnate -J altogether, i- wends :ie-e er.- e - cf the

coverage n-f a particular se- te -cr ; o of the s~nb-j-e an n e - tOe - c c -, tine ;- r - c ore -ue - :n- - r

shouli call for irrcreasinndly lance-i- cmi ru-cee-ecrodent mits of behavIor

i ron the sC-cnuer e-t .

Suppo se t in e -u t the pn’ -,-gu’ar csr 1c- r war- toe-i the sn-c e - c e - u t  to- lie -ne -ro e- ane

following -e’oncept.: ‘ Tine attraction ef t:-:o bodies ~~- e--:ai ’cs each cut ie -eu’

is in reetly proper-u an ne - ce -I to their mass ace -on inverse ly  e -- c-p or t ic re - a i  to- tie-c-

square of their distance. - ‘  Sue-ic a sentcmu,n - is n n e - f
~ 

a very small part of

• a total subject matter, and frances concerned w i t h  it would p robably Ice

scattered among frrjr:ues dealing wit-n relate- . :oaterial . F-ar this sire-pie
- - cocuoc- jet, frances taken i’ron c early, ne-icicle, a u e - I t  J et’:- s tages of the program

might look like the foil r e m

Early:

1-There- two— b-c -cl es in space tend to move toward
• 

- 
- I ca-rh other, we say they 

____________ 

each ce-tires.

• 
~ iicSe -anc use : att ract 

-~~~~~~~~~~~ — _ _
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Fticiate:

The a tt ras t~~oru of two C- D enies Is Inversely pu’s--
part ional  to the of their’ distance.

~esp-or~se: square

Late :

De sor ih— e the cJre-tV tatiec,hl relationshIp between
ba-lies in space - .  (wds )_________________________________

Response: “The attrac-
tion of two bodies to-
wards each ce-then is

- di rectly proportional
to their mass and

I inversely proportional
to th5 squa r e of their

• - distance.

There is no systeue-e-atic cue -od e-el, however, for specifying the rate at which

- - 
prompts should be withdran-rn . At the present time, the best that can be

done is to allow the resul os of prcn e- n’asr tnyc- ’ut to suggest what is good

and what must be i mie-ru ved.

The tex~ns “ve-ne-rlsining” and “fadin g are c- ft em e - used to refer t- - prompt

- - removal, in general, but prompts may be eliminated in several ways. In-

creasin gly larger amonaits of the stimuli which evoke a response may be

omitted unt i l  only the c m  nin e -uur- s t imulus remains to- evoke a sophisticated

respons e. Prune-pt .o may be gradually fre--Jed away by being physically reduced ‘ : -

in inten sity. Still another method is to gradually distort a pro mpt so

that it here -on -c c useless and the student is left increasing ly ncr. his onm ;

e .g . ,  prompts may be exr-:uried to a point of non-recognit ion , shrunk to

-~ 
_____________ -

~ 
- U
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illegibility, hidden so that they cu e -n. by fc-u ~ca e-me-ly w~ tie- lre --nu’eosing

r i lor t , rca-ce available to c-cue st’corenit 0 - por e -  -cuLe-cmace--.n , or e-u C: n c c-.-:rtingee-ut

upon cOl e-Cr behavior. The e-ecint in an y ci’ these sconce-re-to-cl o-nYe-ission

: techniques is to elio Ir~aocc the - st e -c -to re - c ne- -o - cp ecideme -ce upon c- lute -n- ce - c -

teaching support s- see- that he case- bu-l.e-e-v -o as n~rn - c : : e-r e -t c -ce -i,, l y  fee-n c t i o r e - i ru p

C- xe-: cr 0 .

The france is a suall cegroemut of soo t e -c mat te-:’ wb_ ch el--ce-its c. ur,I’e-,

of student behavior. A f:-ue - e -n ;c - ~oax ime - ince - nc se-u -. -;-csan-rence of learrnin~ by

perne-i t t ing  the st -~de~~t to emit a u ’ -~c - -  mon - n  t i e - c t is n e-me ao~urc-x m a t i : : e - c-f
— 

tinc t er ru ina l  urenra v ior  I-l i ek e - I re -  a re - - anon :  e - , e - e  ti - nat  l’a n c I l J  rate s  lea r - re - I r e - p  rue - - c

-

‘ r et cr e -t an -e - : .  A e- ’r ane-c ce-’e--e-e-tes a learning sit e - n -’ by c c e - c b in l n g  t e -~r . ful-

anrWir .g ele -ne -erutn u : a stnce r ulus , a Si mcennl;e -s - - 
- - t-. ~~~~ a response, are - c

auxiliary material . TIre - sce -e--man,t s response to a frnnure-e is reIr e -l n -rcee - i

by the successful j-e c -fone -ran ce e- t , e - e - c  n e - r e - o n e - n e -c it ccl :‘ , or u :-i e-n - nl ’t re -StiC fl

of its correctness .

Early in i e a i ’ r u lne -g  i t  is use-on e- ly ne--c e , se-c c”: t e - - er r-re--urge .1 :’ t i - c  eJ ~ ‘ana—

to-ore- of the ste -c de re -t ’~ r esanrane SIre - c-n  ;
~~~~ a l e rn f i . -oc’ ice cs one - able  to I - e k e - -

appropriately tu subjec t - -  u t e r ’  c- n co i l .  Fe-c - e - c j -  no -  are one - e s wi ne - on .

previo n e-sly ie a r re - oe - r  beha~ Iue - r in the u x ’cs oen , ce cd e- ,c- ,.- I c -o I l  c e - c r C  ~-a c A  c

the new s t im ulJo—r e on r eme - na  b’, ne- en An -
- t he n-c Ic e - , - - n c - - c  ~uan l eac -

l -m n -n A c o g . Gecnce - ’e -e -i.10 a e-’ni~~ t i: e - c t  n ,  is made C e u - c  ce -nc m a j o r  t e -~ cu e- 1

nc-rnmt-ts . Formal rrompts core -c lone - - i -or b y Vir t-ne .  on trrel r e- r~ c oot ~ r ’o: or

- 
•

- form.  Tru eccat c ~ ronrpt s serve t - , elicit a renr-ce -e--se I -anro~ se 00
’ tl~e~ I e - d eme t

— 
or - ‘r atent. Dift ’ ui’er, U c e - - rio -eat i- ol e -s of tone-al are -on ther ,, r n ti -en puv n cne t . s  have

been descri crc--r.

Prompts are va luac he and s-Se A ccc se they p en c i t  the emissi  on Cnn

reinfor nre: e -e -er.U of new L clr --n vo .or early ru I ‘a e - r’re - Ic e - e -’ ace-i crs a me -se - I  t make n o r

el ’II-: c le :i-cy m r  learning. Formal prompts a r - - probably most e r f ’ c c t i v e  inc

the m u l e - n I s t - ag€c s  of e - e - program , wilereas thematic pror1e-~ts are lne -- -x’ cas in p l y

more useful as the l-,:ane- c- r beg ins to gain se -ore - c u’ :-cru l -etence in the subje  c~
- -~~~~~ ( matter. As the pr cgra zn proceeds a n - c  the student ’ s knowledge reF the

1w j- 
--~~~~-~~~ - —-—‘- sa-, _~~~~~~~~_~_ - n,~ s ~~~~~~~~~~~~~~~~~~~~~ -- -
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s u bj ec t  ma te - c u ’  ice - - e - I ’ e - ds - - -.e- , n e - r e - r e t ,  cc. n O - - s-n . cm: n-trorry ar e-r n e - e c e - s  e I  ice-

fr - cq - ,uer e-cy; the e - : - te - uniee - e - t  n - m e - n u t  be ale-i c ne’ re-so O c r - i  a’ to t e -  Ice - cr oon s ine - yl y cargs -1-
more -- I ind ep e -crumerut s e -A r e - ce - rue - s  of the se e - c e- -c t  ,- r mm , e - t  n r .  ~iro Lie - . r ice-al i rac es Ce-i ’

- a ~ rogn -ae-:, prompts c at- r e  c-li t car t er:: :e-lrc- ’r,-oa e- ’ . fire -  w t t e - e - c r’e-c ’or:l of

~- a’ :ne - r p t c ;  decreases  t ie -c s cocer t ’ s r e - e ec  ole -u icral ar’:,t iu e -u Sc- that ire

-ccc: p racu&ul lj  nit t~nTh ‘Jr-c :e - e - cro- i -c r ,~ c - m:c  ‘u-cn h uu ’:j . e- ’ u!o -cc  - n n e - , r t - : e -  ce- i , e - -c ,~
knowielpe .

~ k--

I. -

___________________________________
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Chapter 6: Fr3I~e- SeqUefl~~
5 and Progr~~ 

Char acte ri stics

Th~ e-OCe -d~~~~~~~~~~~~
on

~ 
1 be -iar” 1°~ 

th.roU~~0 Ir o s tru et i ca  j s br CU~~1t 
abs’iC by

many diff re~
n t  “learrui~~ 

, e - T h .  In ~t te-° 1’ w r o S , toe repetttiO~ 
of an

1~ creasiniglY more 
crecise reSfe-0r~

se in -oii re -~
)Pntate ~~~~~~~~~ ~

s a

• c tn o d lt iO f l  
for  le uCe - - - e- e -e - e -. Ir- a prO~r~~ 

a sigruifica~
t amO~~~ 

of lear fli~~

carl e’e-ly be accOr ~P~~~3~~~
0 by a s-cr i eS of Ur an -es ir e -  ‘~hI0i’e- a no~Si,51e-~~ ~~

called ~ e-~’ ~e- mcc l’ differc0-t  syc . A 1e-rO :r~~’ 
consiStS ci seQUences of

f rae-~e5 whl0~ e-~~
, e-1o~ 

sub Ct m att e -” aspectS ~ a t A l c  ce-r i alsO ~riflg about ‘ 

‘

:ertair- ckr a~~ies -inn st0-ctCi t ae -c~a~ t ci’.

In ~e-~rc ral , ~eai’ne-11~g 1 0gi ’a~ 5 can 3o-f Ier  ~~ r -  e-’,cl’ - ~ s maj er  and miner

ways ni0l~~!0l l’rocu tie-C o:~r~e - n~feO’~~ ° of Cr acm r e s  ~ ‘ th1rt the rrD~ 1’~m , 
the use of

and depend ence uro rr ~~~~~~~~~~~ 
nateri~~~~ 

s trc0 t~~’C air1 f o r ~~Ct , response

mode useOl , and bas ic ass)Od e-t t on s  c~e - - eOe- t how lea mnui no g pr ce~~ 5~ 
lm ule - rC~

e-tdi ’

istiC~ 
of the r clA~~ 

as a whole ar e T e -’ç s-’~~~~ ~i’ m Ci e -  ~~~~~~~~~~~

in the learc0I0~ 
p roceSS te-e- al - specif ~~ 

Inu re- : mc : , -rt ~ es ;  i t  ,S the

sequence which pr 0 d~t ’ e - G behavldl’at mu diC ~~~~
t 1OSS

~ 
c h o  :r, amc~ td1~e- r t 1 c5 of

sire-gle fn ’ar 0 ’~ 
merely ~n c . ti’th0-tC to 

ti e - F er-I. 1s - .~~e- s-e - en-on -c~~~s-, ~
1

nie te -0 0 ant extra mate1’i~~ 
srnc~~~ n - a 1a r c of

because they Ce-av e been ex e1~om0 tTh shso~~- t-e- a e- m t - ’ ~er r t a-~ ~~~~

~a,r I I, itate 1~ ar niflg .

Di~~fe~~~mt ~Are--cS 
Of C ran e seniJe5~

5
~~ 

are re~ i’eS ic o1-~n ’- ’- t~ 
m O e - m U Y

ire- l I e - C  eret 0t  c n uu -c J a .  Coflsider en ~~~~~ 

-, W R Y .  
t rue -ic e 5e-~ 0-oio5 e 5

can be claSS~~~1e - 1  in te rr e -S 01 tie-c parttcar :mr 
fehave-Cu~~ 

:‘ nr r. ot u n - ms  they

‘I re - i S sect ion ~ 50~~e - e~ s illU5t ~~~t 
c -_ s ot s i e a n r~~ 

fr am e seqUefl~~~5

that a s-  ~s~ct’e-ar ~~ 
fr ai~~ re-~ re-5t 1’0-~~~~~ ’ are -re - seam o: I t  mo-s to- su e o n C IC

outcOm es.

allow the ~eg
innhfl~ 

6tudeflt t:e respo~~ 
with 5ome

~jth 
whiCh he i5 

1- ar iltrlr ace- thus 
oon e-StjtJt€ the f l e -~5t ~~~~~~~~~

~j -nc Ck in a 1c - - P 1 ’e-5 0
~ 

The ~~~~~ose oC an intr od t0rY sequ ence jS (a) to

the lear ner tU e -  the mare -ai r in which the ~~~ gram is wr itten , ‘

-

‘ 
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(1) to give liii: some ~ r cThco -enct ’ r ,’itk e - ode Jo : m , n e -  u c : e - n :e- anpisy ci,cr: ’3o-ccu’i St i-c s

of the program, and ( c )  to prov ide  a tasls ‘score- e--:mJch :‘c e-’~ ht-n’ behavior ca:n

be built.

Introductory f rames sh~ - oe - - u  be very so-n~ lc ne-nd b i l e - I , esie-ciciJan

the students have never c-oar-iced e--:ith learn me t ~ c’ :~ n ’acns .  lie-itl re - i ~‘ rno-n1 es in

a section of a general s - n i e c e - c e  ~ u’C~~a’ce-:: ~r~ alI e - , oc e--noe-h sc-cram e - r i Tht m’ esere - e -Ll e

one f ollowing:

Vib rating c hj e - e t s  mack-n a c - - c .  Uher~ s o n e t h o -u .~
vibrates it 1e-n roe - ce - s  

________

Response: c-Done

The stn inp s on a visli r i  vibrate and pr’c-ciuoe c -ire-

~uh en we uje -ea l :, our vocal cc-r ds to j e :’o- i ’cce
r ;ourid.

~Se vibrate

- 

The ai r that surrounds objects picks ce -n t r ie  v ibmne -t i c : r s
and carries it to our ears. If t h e - n o :  -ce-re cam r e - n m, we
could not 

— 
sounds wi th  our can-s. 

- 
- .

Res n e - c r e -me e:  hear

Introductory frames h-c~dme - rath er  quickly to deal wi th tire subject  matter

and to intro- -ic-ce r e - u - , di s -cr i:nn inat ive stirnuJJ which are to be learned. Some-
-t imes introductory ‘rae -cues may describe the program :

I e -~

I

~1’ 

-- -~ ‘- - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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This i s a unit  cci ir e -f W i t i n  a e - c ;tmec , :us ci’ co -m r r n ’uj : i - cau  i - c r c .
The c-icrd moe -moo ‘ am -m-c h ac t :- -e - s-f ’ i-J o e-c s or is- fs- rce -e -ri t - io -r r . ‘

Reading thIs is one cne t i , ed  of  .

h e - s e - o r e - s e -’ ,e -r rnwr iication

Ccl r c m e - i e ’ a n i e - n r :  Is s~~eil~ r r e - — c — c : :— c e- — u — n — i — o — : — t - - i — c — r e - — s .
I/rote truc- crc- r un u-occum u _ar o o st i  c - c carefu l ly .

i- ce - s e - ceec e - s€e -’: co crit um e-~~~e-e- t ie1 s

There are ~.lucy 1 11’e u o r : ur e- yme - n - s’:’n ’ei e -e - :A ’e ideas.
11ea oi cu f ,  o -r r t l i : , , , an- i sn ,oke sifilals ce-ca all C - c  toe-ed .
These are sec~e- of the ce - ce - t r u ce -na  ci ’

n o-mu - u-ce - fl , Ce -c C ic - c .

Irni cro . r ‘tor’i I rw’am s -‘a: . rAce - c- ~ive  ‘the b e - c e - r u m - or me - icc te~ ‘ker r -c r e - m ci In i ’o rmatio  me-

r e - c’ needs I. b-n - - the j , n- -~~ r nr n .. ‘fin e I o U  ce- ce - j ug ce -d c -o n - u n - e r i e -  a c-asIc’

c-J,e-ct’rlcity m r / I c ’ s.. Ia-,’c the- fm -crc c e - - O r n-i- : l’ai- f lu e  e -r -j F- , i -- c t matter to- be

ce-oc r e d  crud ire- ce - c ec i l  -:  p , u~r c — s tis --. su b j e e - e -  ire - me - ~-me -i’t ic ’s1a r n erSi-ec ’t i’~

1 re - ir k r e - - n -  I S mc cc cc of m u  I ecules. Uceod is nra /c of
- - - e- - . . L e - t C I  is male of .

Resj -or e - s -e :  molecules

• 
j’e- n-en ter -leccc lc- is an - -on c e - c e - l o o t  i I n  or ’ c - r a e - c l ’  U uat

- ~c - :cJ u nut ill Ce I cr c-r .t i i’Iet as ‘ -n a t -nm . f l ue ’ me - re - nJ  L e - e - e -l
- 

t i  at - n - s e - c tha t ‘ - - cA- - u s t e - i l  L u  i- - e r r t i n I u - c  r e-s - glac-o.
me - c~i i - ~ur

- it sro u s e :  O:- j es ’ nloc 

~~~~~~~~~ -- -  - - - - -~~~~~— - - ~~~~~~~~~~~~~ -~~~~~~~~-- -~~~~~
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A- drop of water could be divided in half acid then
divided in half ci c a i n e -  and sn r ’n l r e - .  Fire-afly -or e -by
sepa rate - of us-t o-n c-nould be- leit .

~P e--dr mr~’roe- .se : molecules
~~~~~~~~

•en rf l  t C p ~~ ‘ ‘ o .

i’lolee-cdes are ~c oe --.o of at o n e s .  A ce -mu t er :r,oie-cnjie has
~ atoms , 2 l’CTe-,e - ’e- e-- I , enc a c , - ,c , and 1 - e aj f e r  

_______

cbcse - e -o ce - se: a tom

Dincn i ,mination Sequences 
DAs was previously indicnt -r / , ire - bco mr av i-c r theory tire symbol S stands . —

f ar  a d in cn i : : lcia t ive s tL e -u , l ,u s  to which , Hz l ea o c c imr g ,  a respon se has cor ,e to

be attached cr  c i o S L c e - s - o e - e - L .  fin s- syrr Cr -ai S- , ice - contrast, stands f e - -c -c any

stiroulus situation to whI ch a ra-c-ilcular rest-c-ce-se shoul d re -ct  occur (see
Chapter 3) .  huch of what n ine - ce - ct-u- Icc-ut  has t o  ic-am in acquiring knoc-nicci b-o

c-C a subject matter consists of eiscniminatior~s: Le-eje-u’cco riate c -sf--ce-sec ft

ra cist become established to- cubject matter e - e - o  Crc-cl !. For example, to the

stimulus, ‘ The astronomical name for the /lorth Itar  is ..., ‘ the student

must learn the respo ue -e-c, dee - Ic a ru s .  - The pt’ o cnr m u .c f i r s t  gets him to cay the

we-rd “Polari s, ” then h’oe- is required to spell it several litres , aided ice--

itially by a copy pr ’ s - m e -n u t  and later by less obvious there -ra t io  pmrnpts .  Fe I-

lowing this or along with it the program cue-so equate -the tee-ire-ce- “ ii ’c’rth Star ”

and “Polaris” for the sc-c / cat .  In ge-ce-c-re -cl, i d e s  pr -ness ire-:oives first

establishirug a rest-c-roe and then p c e - a m - e - e -r it cue-ti er ’ t b -  h o -or f i n a l  lee cc- e-tr ol

ci’ rim e- appropriate . e - oe - 1em’:t. e-3oe-ne -c- :-fie- ,~ s thee-re e - - - , - e- -r :too c o5 are be se -- conducted.

sim ultaneously and at other tine-re-s ti e- c-y are b e at  cc - c e - - e - c t d sc-qs - en e -e- io lly.

Exceçt dun ce-f pi’agrae-ic-r b r a i r r C e - g Cram ‘cor 5~~ - ei ’e -m’ , e - e - t r’e-l pur ’u c cu e - c , or e— 
- 

-
~~

ge- :e-~ e-~re-er s se- Ic e - lone - go to bl ue - c e - - c - r e - t I e -  of sp ec :fi’e-m ,, - -c - - n e -  are-cl every sD 
and b’~

situation . The e -- rc cec: s discnlco t r a c t-s e - e -  tra~Jnf i i L ’  ~c-n s c-ce - cce re - t i l r e - r c ’ e - - ru Iy

cun ir o g the me - curse of’ a e- - - , rae-nc are-h - - a ,  -~e-~~- :: e- e-’ roe - n ’ er c o t o c c  st~~muluc —

~‘eopc e - ccse / : a ’ iI ’ i i e - f 5  fin e e- r i ce-n i’ee ire - sire - ’-; C - c : s-c e - u - r i  arc i n . C e -  mue --~- - -m e - c- d wit / r

-~

- ~~L7 ~~~~~~~~~~~ ‘~k ~~~~~~~~~~~~~~~~ ~~~~~ ~~ _______ , _____ .1



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘

~~

-- - 

~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~ 

-“--

~~~~ 

_ _ _ _
- 

~
,

_e-_~ _c

o t-ce-er material in the course -or a prc krm:or cee/ u n f i t .  On par t icu lar  occ as i suc ,
imee-ever, tue -c progr-~~e- aer - ce -cay wish to emp hasize or five  spe cIal ~rr~ir,Imcr i~
-cen ’t ae- m e - important ar ’i/ or ce-i~ fi cu t t dl scx ’ I e -r . oce - a t l o cn s .  To acc ’onre -c-l~ srn trc~~s,

a sequence or frairres is cocus t ru c ted  to tea-o h tie-c stu oere-t  tie -S t a c-e - s~ ~‘ ce-
-
: - occurs fir one stimulus core-text and c~~~t ice- nu-coohe re- The I names oone- .p e-’031ng

a di scn imaina t ive  sequecrce of th is  kin-f car. occur close together or cae-i be

onterspersed throughout the Ie-ro frale . Figece-’e 1 for ’ exam p le, is a shor t,

i l lus t ra t ive d euoc rima ,tu e-ction se -qu o -r e -cu e -  front toe mice-ole of a prcgran . cci su e -m oe - f.

The resr e- s-e -e - se “ noise ” IS tO- Fe t-e -- oci f ie - t  ur e- e- cr t ie-c no t rOi of th~ stimul us
“no definite - pattern ” are-cu for  t ie -Is  reason is repeatedJ y eiicite-c in t~~e-

pO-O:eaCC of this sticn e-cclus . A series of Trances c-cot as that shc wr e- in Figure

1 is usually teminated by a r re -am,e which cocm.bi ue-es both co n trol st i c e u i ,

(i.e., noise and music) arm -I calls for a e~u1ly discriminated resp ee-m e-ice .

Review frames are se - Jo : ; s - qu- - c t e -  sc-sled lii the program to test aced streccgtre-eme-

the u iscr in , ire - a t l a c e -  be -na t has be -e -~ established.

As a rul e, a pree-gra~c r s~uo uld not cor e-tam frames that exhort or admonish
the student ire- such geoeru~i terms as, ‘ Be sure to unaerstacoe- ... “ ( i t  is up

to the pI-ogr an-rmer to cake  ste-r oe- the stu e-oer e -t  urce-crrstare-ds), or ‘Now remember *

-c I .. . “ (that again Is the pro -grun rart er ’ s, not the s t ’, u -uem e - t ’  s, job) .  Directions
may be valuable , however , in d iscr inni ra t ion  f rame -e-ec, for exarm ui e le:

Do re -ct confuse alice and mis -I l .  A is
.011 meters. 

— _____ _____________

Respon~ e: mill imeter

Do not confuse kilo and m l i i i .  a is
1000 re - ce - t ee - c - ne -.

— Re oc  ~ r e -cc :  kilometer
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Fig-s-re 1

A Inert D lsc n r l rn , i e - ,a t io:c 3eauen u: c e

ie-~ musical sound has a def i re - r t e  p u t t-c-n m l U-ne- this:
mAIc sc-ore -os cam.  be cs-a sci i  r e- i  re- e-e-c ci’ r e - c- - ’ mc e - ’csi e -c
or noise.

Noise has no definite pattern to its soun d waves,  music or
3or~~e-cs wh ich do have a uef in i t€  patt e r ’ce -  are oa~ 15 J  m u s ical

se-rue-re-els

If we pr oduc e sounds c-iith a a ef ir c i t e  p -u t t e r - , ,  we can
call the sounds . music

is sc-ce-nd that has no -lee- finite pattern
to its waves, noise

- - A high pitched sound with no cefinite pattern other-
wise is called . noise

H
‘

-
C

r I
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A series of fe - -me - i ’ - ce -c j r ’eceding t one -se  ,‘r’ac,emo- e--,’o- ul nave as-re scue-v e st a tr l_  sue-cc

separate ra ,~s.c n~Je -e-j me - a t : e- r : ,-: ~~.-r k i t s -  cc cl m e - l I l t .  Ic-, the frames i l l-est’m ’ated

abc- -ce , tie -c- I i i ’e e -t  I ~e - e - ie - -  t-u the st: ,ueu e-c pr - -c s- ide ra r e - ~e e - e - -c e rtunity to presee-e-t

one- words  k i lo  and cr 1111 ciece by sI-d c ace -u ., uc ’te-e-- o cre-arpeme tie -c J iscr imr -lr e-a t ion

• between th e -crc .

‘fic e- val e-c of a discrrc ::ircutci o-n seq-ce-re--c o is tnat  a le-arner r emrcenrer s

best what stars-is out most -clearly ire- the su ce .~ece - ce-mater e :cctext , c.

what has b e -eci as-c crer t o e- .ty dllscnrcnircuted . A store -ce -ct typic ’s-s-l :z f o r get - s t ie -c -se

assoclatj e-oi-,s tout he ocue-feuses and In f a c t , t ie - c term , f’ -- n - e- :ete -c l e - e -g is c-foe -re-

cisc-c to describe the -occef e-csicm ce-~ ciet ’Ic i i t i -e e-e- s cue--c coc e-ent e - e- t s .  Ax, ire -hivf i e - -cal

may be able to  remember all of tie-c mater ia l  ice- , er”e-stio :rc, be-m t rure t be ab re

to attach what he knows to a:, afjc-rome -c-iate oor t~e’xc . ite - iO st cuonemet  ice -5-s -s - iTe - a

ce -.rc lacks Jisenri . one - t i - o r e  t r a i c e - i e -e -g ,  ce - c t  ace- rn /n re--e-’ to recall re-e-at- c- ., c e - c . it

is re -ever er e - on.~ zce - to teach a Ia~e - t  e- proc’i c i e r e t  eme-a’c e- or r e-e-vo lves a ce-oh ne-o re ar,-

consists largely of the abifity te’ maae precIse subject m a t t e r  mic e-i scrr me - t r e - e - _

tions . A program omno-u l s  be e- e- es~~gcie -ce to n c-up a:- .c:m c c - ! l s C n  tn ls .

fe :,erai izat ion fe - a u-emc e - e - cc
I

The terse- gee-,ertilI zats--or , meters to the r e-s-n t that as, I r , c e -. v~ -cm cai t n ’almcure - r

toe- x’e~pcnd ore - a cc-.rt ale -e- era’; to -c c - r t c r i e - e -  s t o i c - o f t , v / li  also- c em n , e - I -~ r e - sm e r i e

sicr.ll -r ly  to d a d  C-ar e - , croci!. A clii l e-t vie-: - has deere - t cLz~~~ht  the lr ,t ~~ “ t ru c e - , ’

may also call any r e - ,i le-e- ’  v’fini.enjes t t s - c k s .  Ide - I s - c -  a discmi :u one -at l ce -e -sequence is
ire -ten dec to l imi t  tie-c range of stimul i vii ch will e-e v~ a~ con’ -com ,ti-e--I certucice-

r pce- rcss~~, a g en era i lm e - a t i ce -. n e - - ca u c - r oc a tt u . c to  tc- or e - c e - n ie c e -  the c- ’ troll ing

s t im u lu s  re - c e- c e - ’ .

,y - r ce - e- t lmce - c-s the entire range of -e -t iim ui l we -i l -c Ia sos-s-ic ev -f -m e a ~~~‘c’ . res—

pun se is ce -n u l l  er e--c ee-gh s-c t r e - n -t  it sale- be lre- ’cie-,e--ree -r ir , u hu - - rum. For  came-.; 1-c- ,

the re- urre -ber -on ’ u i f f e r - o c - t .  - e ’b s - -c ts ‘-~‘},er~~h c - v - c - -cc the I u rn :. “~~mn er ina ce  -coin” is qui te

l i me - t e d  ar e-h ~ Lr - g ru u o  coul d ease-ly  be c-~m s t n’- -.r - ctc- e- to - y e-n all exce -ap les of

t’e-~~rr ioce -r u  o -~- c -~~ . For the crc- - S t  i- ar t , m e -  - 1 -c ’, tc ne ~-c -o~ rann.er r u e - S  not expis-c’e

m e - -u full e- ’a r e -g e - e - - s-f spe-c.. :e-i c s -ne - :  where a gem .e -n ’cis -  rule or ~rl ncip le ec u r - l ees .

To. do so woul d lead to e-cce - possib ly  long ;. rograrn . i d e -  von ’c - y e - r i  ‘c . ’ for

- e - X l cm .pie , is an ntppr ’c-priate .i’c-spc:e-se- to e - e -~ .s-e--no ci’ m i l e -  m e-re r r - C . , u :  e -_ , . Ic -—

pending cij r -~ e-e - the ~-bjec t ,i . m e -  s-I ’ t - l e - e -  I;1’.r fi’ec-c t i re ’  1-i ’ognuc ncnel’ sou l - c  -ce -i ce-’ a —

r e - u rns -c-; - -i : e - e -  re - e - - r g € e -  of valve e - y e - r e m : ,  li e -ce - .; he-- c e - w I  cc ~ e - - e - rt m a limited class
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such as ‘ alr o- re-.e- it  val ves ’ or “ valves used ir. acia liqc is-  m ’ i— ,-w . - ‘  In a

bro ader pro~ n’ce-me-, tie-c- pr-c e- re-cs-ce-cl’ nIght be -ace -n the characteristocs at marry

ce - s - , . f ere re -t  ceye c-s 01 valves ce-id ar e - ne - c -, u L’eSc-c ,t the Jc-f ire- e t i , e - re -  ace - cu usage of

valves ire- gee-icr-al .

A gemer a i i zac i -am sc-ciuele-cne might Per - ice -pc s tart  ar e-e-- f i n r s h  i-cI t e- c ci s t at e --
a ,e -r ,t  de sc r i c i n g  trle- coasme -or e - ;e .r cp e-rt ies of the stimulus class i re-va lved ,  Ik e-

progra’uce-cr sh, cr 1-c do m o e - c - I - c - thare- describe suore - t o-m oe -c on pr -s-p -er t oes, howeve r ;

he should ‘o re - ce -c e-c e-,ne p r- - ,c me-ce-rn so that the otu cueret will come’ to ercu. t the

generaJ en : r e - - c -,c ts-e- by himself. Like trier t:rj-e-es c-f seauee-e-ces, generale-zutos-re

f e - a m e s  need not cc coru ne- ec-otlve are-ce- rue -ag be jel acea t ie-roughaut  a series of

trace-es. digure 2 present o a seouere-ce in which the concept of ‘ matter ” is
generalized to severol ~:-c~cee -pla r s. Ice - Fi L e -u i - c ’  3, areviou s t ra ining about

the surnmatiore- sigre- (mt ) is general ized to- e-’acllit-ste teaching multioli.ca-

-c 
‘ tion (‘IT).

The ge -re - era l.r . sme - t luce -  s-I a. response to sin c e - os - ar  st imuli  is are - e - ue - rec- r ta e- e -t

aspect of iectr’re-lr,g. A st-jdece-t may b-c sai l to- understand a rul e or con cept

re-ct wro eme - he can roc ite  i t , Ic ct where - inc -can r- spore-el a ;eprce-nr ia tely  to cm ~m me - c , e -  i o n .

iea r :.e-n g to- ~d ece-te -fy ale-ce- e- ,cieI,c instances of c :-re -ccr:- t often invclv-o.s

s-xt’:r.:~ vu- cu l s c x - cc n e - ce - col o -ce aie- ’i gece-eral izat r -o-re - t ra ining.

hce-~ re -irg fequecce-en

Skill cc or cx~.-crt c-crs -e-’- ;ior c are frequently chains of previoosiy learned 
~~

- I
i’e ’cnp -~-re - ses in which each nero-me et er of the chain sets .mp the st imulus ccr.text for

rI c e- n ’ollowing c o n n er - s of tue - c  c u e-s-in. For the beginner’ , the stinwlus context

- r lam a gi ve- re - r’em ; I . - c c ’cs~ ce-ce-st  be s Icr ’e- -c e -gI y set by the ’ i- rcgram or instructor. A

- i e - a r m e i a~- ccI I e - i e e - e - -ce is a ,;s-;’ics u-f frames designed to establish such a complex

ace -~ cee - r— ss - st umr- e- c-I ser_ es of r-cs;e-e--n :c-n. A requence -an ’ chaining I re-ore-es may

c z a r ’, Ly . , I r -e re - gt lc en in g  i c e - a i c u -d ia l ’: r e - r  on e e-e -to  of the ultimate chain ar e- cu end

by ‘ale -  t rig -n tue-c , r t i r cre-1e -to -crc , it the cr n t i r e  : iuc s - ,L .  If the st u ce -me - t  shcoe-d cc

inu r e -h the jc-1’-cgr’enc vie-h -the ability to engage in a ce-elf-sustained or ure-

c-re - ic r - -i .mc- r ies of behaviors , such me - s cs-we-e- r r g  nr  reci t ing,  tZi~ rcgnvte-n -~~

m e - c .  ‘c l i  arrange the establi shment DI’ such irs-lie t ent / v  by mean s of ci e - aIn1 r c~
- - ‘ 
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r e -  ~ur ’-o 2

Ic i / e - ce -ee - ’on ii c -ru t l .  c u e- Seq e e - O .,;r

u-c’o tt er  is Iu r e -ytf l i r e - c’ c e - n c / d c  ie -c-e - ,~ le- e-c e- . i’/nater is
because it i ur . e - 3 v-c l nr c • i re - a u  t oe - -

~ store-c ~s a~sc nrata-e e- - bec au se  it ile-e-d . vol’nr-e

Volume r re - e-cl r . .r  the amec -e-unt of space any ode- r e-c t O e ’d U f i e S .

A quart of cre-ilk 00 c c ;- r,-5 a d ee - in c i te urrn ne - ue -. t- of space
and thus is a t ,yr no Of . ce - aL tec ’

Some Ic- inn s of mat ter  a r e -  i c e -y e - s i b - i c .  , !e-c r a c e - r e - c t  see-
a i r  rout it is ir ate-e-s-n be e-no o s e i t  n e - me -c . volume

__________________ _________________________
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-. Fi gure 3

- 

A lecond r i er e - c-~~a] ization lea -cence

3
E x . means to x1, x~ , ce -r i d x ,~. -a dd or

- j= l  ~ - - ‘ ce-m onte

There is also a symbol tb - e-t is used to mean nr r . r I t i c . f :~’ .Instead of adding x~ mirrI , x ,, , se rnay ’ -e- is}e- to 
_________ 

mul t iplyo t he -ne -.

~ I 

The symbol for  m u l t i ply is~~~~or p1 ( pro nc ’ur .ecri “ pie ”) .

means to mul t i ply 
_____ 

t imes 
_____ 

X
1
j

1 x2

-

- means t o 
__________ 

x~ ‘o re -ui xj,+ . multiply
- ‘ 

1=3

E is the Greek le t ter  for olgm.-~ and rn ea r e -r. to s- - i d  or f i n d
the 

_______ 
. sum

L ~~~~s the Greek l e t t e r  for pi. ii moon cu to 
____________

or f i r e - d  the pro duct .  mul t i r ly

Sigma meana s , ‘e - u d - ‘ rcne --e - r , c , 1 . sum , - 
- 

-

product

X
~4
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The p c-access oI ’ ’nu l l - l i re -g scre -cuthi g f iu ’v ic :L ’ ’vce --s ci chains is central
to pr ce -gmae - cur ce - iue -0. i-one- t i n e -  be-g e-re-r ,ice -g of a verbal cr e -e-od c~ime - g rr O - e - - e - c - e - e - c e, the st-s-bee -ct

engages ir. a small part ci’ e-u .e te-rr’c lr ,ai -cr on e -i re -  ‘ r ice - i  the aid, of ce- any external

supports or crorr re -t s .  As tur e trainee b ecs- r m. es able to se-daly  cn cc n ’ -e-e- and ce - o r-c

of’ the required ‘e -c i e -cvj ,~e-’ h,~m ce - s e lc ’ , ac ’c-c e - e- au c e - a  be , rae-s-al iy  e- ’noce - s- ’s-o Figure

~ she--mi s a c .ort cnair lir. g oecj - e- ec-,e - o- desigroedi to teach tte re-s-ce whi ch define-os

verse s ni ft er ,  ire- l acen/e - l-:  pece-t arceter - . I/se -naIl s-’, t ue - c f e -- a cr e - c - s In s -corn a v e rn a l
ode -a iming  nrc - -”t-cere - e-e- s- word -i ne-c c be consecu tove , Ic e-it would c-c in terse-  emc ee--c- cr Wite- .

related t race-es to avoii dull ce -- c u e - etc t ic-r . .

In. th n ca~ e of nuce -r e- e -  wr il nh l a ,e- t-o sIc- ce -dy fe-cf ~re-ed solutions or c-me -c
ore --cu-cots , learre -ing the e-s--c c cgfests that i t  m ee - e -y be go-cd i re-st ruct ior e -a l  pract ice

fe - to C-e-e - cnre - , e - e -re - oe t e - e  Scud- 5 w i d e -  t rue  ce-i d ar o -- uee - dt  u m e - c e -  w e e - k  ue -- r evers e -. order t -e-,rce -arc i ‘ 
-

‘.vhoc’ .~e - l l  eve -une - t e - a l ly be ‘ i e - e f i r s t -  ste -op in t ie - c  s e-qu o-re --e-e-c (see Cna 1c-ter 3) .
Fib re 5 od e - . ws hcv s-ce -c ,e- .i~~ue-e- ce - c i t -suth tie -c- c s - I - s - t Im e -n  of an eqe-e -at ion ace s- were - -n

t i e -no  studea b a c k  t -
- the oe-’ u lnal e q-cation I re-ne-e- cue --on the so~ ution was deri’—e r.

Having wce -’keu bace- -n ore- the- ~e- i- f  c- ir e-al  c r-s e- ce -c ,, or’e- -:- ‘, r’e - e - i re - ce  is on c e - ce - e d tc ’ly re—

u e -u i r e u  ice , su u l -e q ,e -cre -t  :‘r’arie’s (Or e- last 6 r c - ru nes e-l F ’ig e- e -re 5)  to go in a

ce-are-i ce-ireetioe-e- fr-c rc , fe - e -e -, pc ’on -s-ecce - - tne - e- ie - e - e - e- me- . lie-c reade r Is e-e- i’t:e-d to read,

tie-c discussion of backc-;ar’us rae-lining i re -  Ik e - I c e-c e- ’ 3 and to  s t e - S e - v  Figure 5 b e f o r e  ~~ , -

at’ erre -pting to ire-ce-lucr e c m n c c i n e - I c e - g  cee - re - e - ecces Ire -  a - - - e--c e-n , . A good way to I ec o e -ec

fac e - J Im . wu t h  the me thod ~i ’ h-ace -me - -,’ e-e -r -c ck iai r . lc e -g we -- re-id be ’ t~ e- e -tterme - ce -t td orally

i n , c e e - t r ’~ct a stc e - -s - ec .~ ire - this m a n e - re - a ’  s - c e - c e - n: a s imple sec- ,i e e - . r s -. After a number

of such t- e- t-~e-ni1 f’ ex r -c - r e - s - o uu c e s  the reader shoe-ct-i ha --c a ce-u s-h better feeling
— f e - n  ti l e -  ne-e tfloct ant e -  its e-e- e-e -se- lb s-e ‘s-ce -- in pa’o’gre -e-e-Jc -e-~~ n~; e - .

-—
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Figure ~

A Verbal I/he-nine -lag Sequence :‘or T -o e - c n - c e - I r n g  a hule

~ou will recall that I re -ar ie c c e-ct are ac :cmut eu :
‘ ‘ ‘  The soun d you have learned for  the iambic

loot is 
________

. be Tu e- c

A line that c-ce-t ta s-rus i’ce iae-rnb~~-s f ee t  is cal led  arc
___________ 

pere-oanieicel’ l ine. iambic

ta TUM, ta TUI’i, ta TUi-~, ta ?U/e - e -, ta TUA
This line is an iambic pentameter lir e-c L e a - c e - u s e
it contains ( ) iambic i’ e -et .  f ive , ~

_ _ _ _  _ _  

- - - - ‘ - . - -  - - -A line that ~~~u e - 1~~~ s- I e - 1~~~ i~ ca lleU ~ i \ c -  ~.o,,bs -c
an iambic p ecr ta e -ce -e ’te-e-oe- - l Ice-c . feet

A line that contain s LIve  feet  each of c-,hich sounds
like thi s, ta TUM, i~ ca lled  an 

________ ____________ 

iambic
line, pentameter

Show the scans t on 01’ ore-e i rar ,dolc pent~ -ce -er’ iine:

-V

. 

— ____________________________________________ 
. 

r , , , ,  

- 
—

Define iam bic pentameter , ( w e - e - e - )  . A l ie -n e  t h a t

I - su re -t r i m s f ive
iambic feet , - -

(or similar
words).
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Figure 5

A Back war ds lhns-rir,n~ i/eqs-care

Suppose that we had solved cure - e q u a t i o n  for  x e - r e -d fs-ee-re-d

that x had a value of 5. The solution ~z cc e - id  c-ce e-cr s-t ten x = 5
as 
_ _

It makes no d i f f e r e n ce  if we wr i t e , 5 = x. ~ddin g  2

on ea c i m side of 5 = x we ha ve. 2

5 + 2 = x +

5 ~ 2 = x + 2. Noce c e - e d t /pl y  each c- Ide by ~~~.

~(5 + 2) = -e- ( ’ 
(x + 2)

H 1+ (5 + 2) = 1~(x  + 2) .  Nc- a’ d ivide each side b y xc  4 ( 5  ~~~
‘e- ’r 

=

— 
L, (x + 2)

x

y r . + 5) d” x +

k - - - -  
= . Nc c u’c m u i t l i c l y each side  by 3:

x x - 
— —

• ~- :s ~~~~~~~~~~~~~ 
-z °e-~~~ + 2 /

x ,,j~ ~~ x

~~ 

+ 2)~~ - = ~ 
r - e -~ ~ l Non1’ r re - e - eme - e - -r that r-c e-~ got

— — — — ahab we ce - a v e -  -came-ely by c 6 d u r ~, ,  ci a ’e - idee - ce - g

m r o z l t o e - p e - y i r e - g ,  and .

3 f l e - s -  - 0 )  3 ° X  + c~ r tn i a  e-- e - u s t i c e - n  - ‘o s- id  ,ecd-ds -no ,

L x 
— L 

x t ’e - ’ l~~h t e n  e-’ e--e e -  c ’ L ’  me- you see it mu 1t i~ iy1re -g ,
like t his , but  ,-o u kc u c - e--: r h at  -ciiv idin ’
‘:ne got it fr-or 5 ~- x , the - - - - - c I a —

t ion.  e-~ C ge - .t  i t  simply by
_ _ _ _ _ _ _  

_______ , and 

~~~~~~~~~~~~ --.- -~~~.-~~~~ 



- 

~~~~~~~~~~~~~~~~~
-- -~~~~~~~~~~~~J

-~~~~~~~~~~

132

(Figure 5 c o i r t s - n u e d ’-

The following frames progress in the usual fo rward  d i rec t ion i
— 

from problem to solution . 
—~

Here is arc e-e-iuation which nnio’l e-t be given to you to solve r -

3 ) 4
( 5  ± 2)j 

3 [~~ x 2)~ To get toe so1u~~:on we would 
-Sifl e- i~ ’ Se- . -ei O c - i y t , ing w did C0~~U t i L e - e -

before so that again ac could ~et 5 = x , - - c e - d d e- l e-e - the

4( 5 + 2) ~~~~~ e-~~~~~2
’\ 

- - - - -

x = - ~c-c - fire- f step in solving t ie - ac e  - - t e-:. ~e- 
=— — — — e-’ e - u ~~t i or .  dc c’ me- -o l d  he  to sj e - e - p l if v  X

ama eliminate th e--- ic -e - -a~~k -e t s-- by divi-L,re-g bond’. ; i c l es  by 3. This 2)would leave:
x

4(5 2) 
- 

4 ( x  + 2 :  - c e  cue- n further c e - c e - c f  ify  by cec-ul tinciyong
x 

- 
x both sides by x:

~~~~ 
; 

~~ ~ P~ 
~~ and o o z e - c c - i f s - a g  x ’s on b-oth + 2)— — — sides would got:

4(5  + 2) = 4(x + 2 ) .  Dividing b o th  sides b y 4 - s e- - g e tr  (5 + 2) =
H _ _ _ _ _ _ _ _ _ _ _ _  ‘ (x + 2)

(5 + 2) = (x + 2). Subtracting 2 from both cide -oce we get . 5 = x

5 = x Writ ing the solution as e - e -~ 1utlore -s- r e - o r r e - a c ly  are 
— 5a’r i t ten we er ’ite:  —

I -~~

I i~
t
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k- ~~ -~e - ,~~~c~’ an . - i e - r ro - e -  ton ci’ learm.lrcg -sam. b-c e’, cnc c e-e~-s- ei 0 tie - c-xce ,e- :Lve s - n h

are --i jel ’ac t i e -ne -  c c v c r i c e -~ vme- :-i at ionc -  of b e - u  l.e - s - e d - f e - c t  me - ca t t or’  r~~ c-c, cpc-e-’at ions

and e - .e - e t i e - or m r-. ~on comi c -c e- ’ e le-cer ’~o-e - -s ha .a- i ced-sat e-b, lr ~~~e- / c e  I n series- bon.

acre-, core-text is a scs i of ci e ctl’e-’--- e-e- i - e - en c - ’~ :e - uc , : c e -y .  edo ce - egrauce- a o r-rmn ae - .- ai’u ’ orof e-e-

the chance to el i , . , imnat - e c u e -h  of r~}e-c avei ’slvce- c’er euce--onar -sy -ci’ orede-ruary drill

sIre-ce drill frames me - r ay 1- -s I m e e - c - -e - e - n e - e - r s e ,m c e-ns-- c g  O~ 1e-cr a rare-es ac-ct clay -s~e- uat a icc

interests-meg cx e - c n a- Ie s .  Pr csya-ane-c’e’e-d dr ill t e i l i S  -ce-c t o  a 1, t- i re t of j~c’-ec ’I~c ien s:,’
cent which a nonc n’ritv ol’ — ac- cOo ca-s-ale-i be-c ne - l Ie -  to o-orc :lcie ’e-e ne-c-st free -ne -es c-;It le-

relative ease ce-re-b e-e-re -c e-e -e-i ’re -n -e-e One- the-  oe-,hcr 0-s-ce- cl , im e- 0- rue-nary fe-mill ce-ace-Ic

sloe-ic-ce n t s  a r e  ic-c o h e h f e - ,~ b o - s r e - e - , se arc - cc - e - e - r - se .e -  ho ded’fi n e-s-b y level are tre e- great
-
‘ or tee ,oaaso- the stu-m te re -L c  ce -nr ,r e-~-t keep e - e a ce  e -d th  c t / Icr  rce m ’,b-crs of the ~ 1’OUf- .

S m e r e - c c - c e - f e -s th e --ce -- cix -i ,L J cee-e g,ce-c - e - u-e -e- -c tr e - i - le -’,a f rur re -  mc gene -ora l  s o l e - r e - o ne

j c - -c-yr’curme-. ~ e-y a le -e- m o -c e -:- that roe - c- i e - ’e -uuc - 5 of a b e -i l l  sequere-ce c, cc e—i fl e-et be c~~c—

se-,e-ative If the frau c - c e -an--c ce t-r,c c .e- -t e -  cc cc ce-c ’ t ocr dc-re -cafe- j o e - or e -  s-Ice-se

e - c e - e - c - ae- r-mat o c s’ce-ce-~ ti . I r e -  b ce-r e-oral, most  drill O e - e e - c  e - e - c e -o ’ -cc e-~oe-e-J c pa-deafly be

f-sane -cl  to b-c ae-meltional a1s-se-’inri re -at s-s-r e -, yen er a i Ie -e -u e - c r s -~ -u , ~i’ once - inan e -: sequace-ces.

i e - e -  ce- i i c - j o e - c - c - cc

Ic -ar e-cod. materi e-ee-i Ic L e e - c -  reta I re - s- -b If ’  1 c - cce- -e t- , ce or a’e -’e-ew s p a -ovine -cc. “ 
-

a f t e r  the -en gine -re -i ircee -r ,~~e - , e -  . i-e- review sec-s-code IS ex a c tl y cthat tIe-c nae-e-ne-s

suggests, a s - e m cEe -s of frames -ievc-tce-i 1-cr n ’L c - c a e - i x e - g  essent ial elements o

previ -eoe- s ly  le arre - e - - er ce -a te -via l. A c~ nbeie review oe-e- I u ere -ce- m sy consis t  of any

c e - u~e - b-e - e - ’  of frances u r n -b cie-e-y review several te--j - i s - 5  e- e- - s -v i o u c l y  cov e-ce . i-/ ar ~y

pr-e-gi’alre-rrers, however, n rc.1 ce- cc’ to spre-r-e- 1-e-]one- or -- e-s- e- ce- ’ single review c’c’e-e-cn e-es

throughout the p r-ee-gra”e - e-’cec~~r e- ei -  th re -ce -e--mce-plo’,r i ue - g  cc 1ceecie - e - i  review sequences. This

ed o1 t e-e cr clon e -c - in deca- e - e e - nme - 00/ c e -c e- s -os -b y;  t one - c. ice , revIew ce -I ’ a particular e-e-~~
is heavy cc-ore - after c oe --cr a~e-c- of that t o n - i ’ ce -c e -- c l n lecr ee-ses  in l’rc- q-.ner.cy as •

the student ~e-oves trrrcrce-e- -r- the e- - c c- eeL- n .  Se-cs-h ce -C ed ing of review is ice - i  eY e - o r e -a

to meet t ie -c -  requirements ci’ spaced 1—r a -: tice e-- .’hich has c i t e - n  been shown to - n

cc e f fec t ive in studies of i-entre -e-i .~ e c e m a ’ i u re - e - g .



— 

~~~~~~~~~~ 

___
i_

~~

_

~~

___ - 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

--

134

i’~~~~ e-’-e- 6

Three L c’edl Secj -s-e-ne-ces _ rom a -Ioe - r e - c - -ral bo l e - ne - cs -  r oyr e - e - e - c .  ce-c , - e - ou e - s~~- - e-e- :c,t

To chang e cent icre -ecoi-s ( s - e - e - )  to mnr ee - ors  ( m e - c) ,  c-ce e-e-s-ve- s -e ce-he
n ,u n’c’oer of cent ir e -c te -e -r’o by lOcs-. (1c-~ s - me - c = 1-ill/LI-u = 1 on) 5,
500 ace- = ni e- . Ce- e-m ’e -t .  e-,, ee-u s 

______ i/LIe-. or  .01

600 cm = ___m. 6

2500 crc = sc. e-eoe -e -- = 25,—— lOu

250 ccci = ceo . 2.5

Kilo means 1000 . A kilometer n n n c e- sdll e - t s of met e - c om e -. 1000

C 

5 kilometers = mne te rc  - - . 000
5 kilometers = ceri tle- ,cters 500,000
5 Ii i ’s-metr e-m s = me -mi i .Li r r r oct ers  5, 000,000

7 kil ometers = c e - c o o r s  1, 000
8 kiluccictec’e-e- = uc ent l i e - e t e r s  ~3-:x ,00O
9 kilometers = 

_____ 
cc i i l ie-nce -tc -rs  9, 000, 000

Mliii is a prefix mean ing 
_______

. .001 or 1/1000
Kilo is a prefix onc-ta ce - in g 

_______
. 1000

A kilogram is much ( l a x ’ , - e - - / s - c r a i i e - r )  
___________ 

than a I
k mil l ig ram . ire -r-~ce- ’

ce-i

_ _ _- - - -

~

—- __



~~JL - - -- -
_ _ _  — 

_ _ _

~~~~~~~ 6 - c o nt in u e - c )

Do not confuse kilo and cf 1. . A 
________— s

s-cl meters . n . 0 , ce - - e -O (cia )

A 
____________ 

is lOOd - c , .  ke -lome -ter  2

The programmer should e - - r :v e - , ie axe -pi e -  reviee- ,- iciterial in a e-,rcc e-Iranc. i/acre-

the best program 5e d e- e- s-e -e- Oee - : does not eliminate the fact  that people oec, b to

fo rget material they do ru e-c t use. Ice -re-lace -ne-lug a review , allowance must be

made for  the loss of se-o -ce -,e- of the mater -ice-I due to forgetting or ire -terede - ’c-c-se

/ ‘ ro e-e -e- subsequently ieaisce-e e-, u , atere-Lal. Tue-cs realms frames may also have to cc- -

teach to some extent. I-or this reason, It is good prac t ice  te-e- start  s-ce - -

e-

extensive review sequence at a level of difficul ty s-ee-cre-cvchat below that s--f

Lice las t frames in the m e -er i c - s be ing reviewed.

It is oft e n  di ficu l b to distinguish betc-reen relatively unp-c ’cnmpf c-cr

frames and review frames. In the course of a program , the review frame-s

may blend in so gradually as to be d i f f i cu l t  to identify.  This , of c - cu e - c e -,

is a characteristic of the sequential natur e of programming. Sometimes,

however, it is useful to point out review frames by means of a statement

such as , “ The next 10 frames are review frames.” The following are s-c-u -

sec-c-tive frames I’ roirm a brief review sequence.
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Let1s do a little reviewing : p i t ch  of soun d is
determined icy the 

— 
c~f’ v I L r - ’e- t Ie -ee -r , s .

j e-ie s1 - ce - o n e :  1’r eq—s - er e- cy 
I

r

Amplitude is determined by the 
___________ 

of the
SOun d ‘o’aves.

Response: height

Things which travel faster than lied feet pe r second :‘
are called . Sounds with a frequency
above 20,000 cycles per second. are .

Resl e - - m e - se :  supersonic
ultrasonic

Terminal Behavior Sequences I
Towards the end of a unit of subject matter and t e-we-e -r u s  the end of a

program , ‘ expert ” or minimally prompted behavior should be required of the -
learner. This behavior is the goal of the program . Essentially, term inal

behavior frames test the teaching ability of previous frames ire - a program

and give the student an opportunity to perform his newly learned behavior.

If the error rate on terminal behavior fr am es is low, it is fairl y clear

that the program teaches. A high error rate are - these frames indicates tha t

earlie r fr am es have not successfully taught and need to be revised. These

frames are the one exception to the general rule that frames should be re-

vised again and again until they accomplish their goal in teaching. If

experts can agree that correct responses to a given set of terminal behavior

frames demonstrate subject matter knowledge , these frames should be the

objective of’ the program and shoul d not be subject to revision.

V
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e - o-s - cc - O Us i e - , . ’  Es --me oce-—Franre i’~~ter ials

j c e - , , - -1_ le - :d ce - , ’e - cc- . because relati -ioc1y s:,,ull space 15 a-.--al lat-lc on
‘ 

~~ , ‘lace-al franc s or ~Ict- ’res or diagram s i,, t i e - - ne - ro - I of ~eregranc e-c rme-aten ial

tcmc t ie -cccrs-b ed in this hurthooca, it is sn :ceo-L . e-~ e- c- - c e - c sar y  to use a once-el

vIe -me - se~’e-r ezce -I Crc-re-es call ~‘or ek e- a sane -k: f i Ic c,o~ OSe- lIce -e- e -e - r ’  ~~gee-c’e. A panel mis

a e- u eta matc -  page or card e - ,rle- c ch tie-s- ,“tudent me - ce - dc lie- c-rcuer to respond to

liven series of L ’ mamc e-o s . In ame - axe -ate -ce -ny i-c’ - e- e- ’e- s-c - for  example, a si ng i -cc pace -el
i l l u s t r a tIng  a par- ’t icular , emscle gre-e-r re-e-igh t  s~~’ e - - i I fy  the progran-ne-er’ S te-e- ce- :

consi e-~e-raedy. Sire-e-s-curly, panels may be - r oe s  to r oe-se-re-t a page -cc of a flaa re -ce- iaL

5-ocs- re-irul, an electric circui t , a cell diagrre-ce-e- , ar c c -r g a re - i ae -n t i c -c e -  ale-art , or a
table s-f data. Loosely, a panel is any ext cc’ne --Cr arc ,e material to ha ‘s-se-ed in
the course s-f instruction; p anel s ce- -may consist of materials upon which the
stu,dent can dr—n , or write , whi ch he can take apart , or wE cloj e -  he is to as-
see- fb I e. The use of a panel re -cay also add to t u e  interest value of a program

in much the same way that pictures in a textbook increase attention and
interest. Unlike a book illustration, however , a program panel is used
only when it is needed to cue or organize beIre-vic-r so that program objectives
are accomplished.

/ihe c e - n  as -n e-d c are used, it LI important that the studenc ’ s responding
depends Ir e - some way on his having examined the panel . A panel should serve

as a reservc ir of pr ocrnpt s upon which the progran~ner may draw. If it is
Inter ,de-r I re-at the student learn the interrelatIonships among parts of rae-
il l-cs u rat icn , the l u - ce - c: used in conjunction with the pan el should foster
the student’ s ac t ive  response to such c-- - o f c c c f e - r / c e - c e -. Any kind of f rame

e- e - e - &,y make use of the panel ce-ciaterial in cnce- : e - l e - i e - , . Suc h frames may bear

di rections f o r  s-s ing e -the pate-cl or may sie- p ly refer to it , e .g . ,  “Ask for  A
Panel 25 ice-fe--re a re - s -ca r  i m-q : the next series of ~‘ cc’:-mcs , ” or “ See Panel 3. ” 1’

Extruo t lo ire -  mccci iicnbcbciing Sequences. There ore many occasIons ice-
training when a p oin t  n e-ny be clarified I-c r the ~ -e- - ce - ’ e - e -e- ’ in~- art ifically

extracting a smal l par-i 01’ the subject mcur ntt e r fe -ne -n : its context or bac/e --

gra c e-re-e-l. In a Se - le - Se - this is a eon - r e -n i feature of pr- :l1’Z~~T h C e - t  ~ s - e e -rn e -1 e - .  .~~

However, ‘ether. a student is learning to ‘-c--k e-e-”e-th s-b eets c-mci c a s t e - m o n  rather C

than e - j iti e - words alon e, it is particularly J I I f i c e it  tc i lcni t ir e- ser e-e- ce - ’c ion

Ii



~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~~

138

of vi sual materia ’~ to the sise of a c ran e- or even the customary panel .

o Ir s-ire -ing manuals ne - e - n c textbooks have long used the pictue-’ial method of
e e -pIe -ase-1zing selectee s u t - cc~i~ te -ne -~ by the use of snadIrug, coloration, and

line width. For example , 10 learning abc-ct automotive engines the stu de e- e -n

will freqee --cre -t ly be given a series of engIn e- diagrams which draw ne--ut l r

turn differen t s’rb-sy stt eme-.cu such as the electrical system, cooling sys t emc ,
f uel supply or p i m o t - o e - e - ac t ion.  The student is f i r s t  tauge- t appronriate

respons c - to an isolated or extracted sub-systen- through a ser’Ias of rare-el:
and associated franc cuequences. Subsequently, he is given review and further

training ire - understanding relationships ]s-ct ci eemr that sux c-cystene-n ace-d o thers

~y means of a series of embedding pare-c-ic and frames in which tue-c bae-c kge-’-s- uru ci

is faded back in. Cued an extr action-e e-ceddd.1s -e-g pro ce-dare -c is basically a

rather complex di~~:riir rir ce-e- r e - ioe - e - sequence Ire-valving o d e  -s-se of pictorial panels.

P~~graamed “ :- Ccte-T aI:ing” .
~~~ A frequent con. : r e -Ix. t  made by st s -de -n ts

learning i’roxn a prco :r e-nn e- is that the program leaves thee-on with no not-es , su:h - 
-

as o~ie might take dc—etring a iecte-s-re, vhf - o l e -  can easily be reviewed. To f e - r e - c i t

such review, it has b e a m  suggested. that responses to selected frames be

written on a special printed note page r ath cr  than on an answer sheet or

the program itself. The no-fe pages could present a printed summary c-f the

importan t pr ir ciples and r’olr it± ccs -e-e- ie -i~ -s learned in the program or, depen ding

on the subject matter, might comprise an a’rbreviate cl operator ’s manual.

Key words or phrases in the notes woul d be left- blank and filled in by

the student as he goes through the pr ogra ram ed material . Appropriate dire:-

4 t ions would direct the student to t i e - t e e  a particular response in a re -uz r e-bc :e-

blank on the note page . In this way, tie-c student could construct a sys-

tematic outline similar to one he ccu i c -h t  prepare when studying from a s-i:.

• A programmed note-taking procenlu,re s-ace- serv o a useful p-urj s-se ,:,n she-e-wing

the student how the subj ect matter -:i-~e--el:ps I f s  :Ur e-r ct -ure as well as pro- 
-

viding a means for review .

- The notion of pe - ’o4 -rcu cccc -cr n - a t - - taking ’ n-I a~ uomr e-uure - iccnt eli to the authors
by i-b’ . Charles J. 1-felter of Intere-, n; i c~~e- 1 . Business / e -me ’r e d - -s ‘ -rr coi’a l i on p .  ‘F’
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Pro ge-’u e-:, l ike b-coC ,s-  c-r on ee -e -d e-s-rs, d idCe - :e - ’ s-u’. ie -coearo c -cs r l a : 3 .  le-e-n e

e-- ’cgr ~~c!: :oem.. to he l I e - -c ct ne-c l e-ce -at te i’— -:s-’ — ce -o e-e-, un ti e  - n e - c a r  ana- ro ac te -  me - ce - ;

te-go i-o s with vn r i ee y  ace -I :‘s-ile-iy. Such 111Cc-re-me-as-s e - s - ,-cm e - e -  c’-~g:’-~ c s -  s-iC - —

c’i-c ’ul i to- -ce-scribe- ard ec uoe n e - e - t  to re-cutters omi ’ sonyl c- ace -i as -Tho r ~ m - e  -- - .

Other d i f ferences  between mo -r c a- ra e -c e -c ice -re ne - s-r e I’ -cm, iam ;-a ce -t e-us - ace-I arise rr omar l ly
from twc sources--the- re -re -ture of the subj e-ot :e-att-c-~’ ac e - u o m f : c e - ’ s - c or Ice -~~e--e-’j c-a-

t a t - s-ns of how iniivjcc -oals learn most efficoca,ole -. Ills section is oce-lce-rn ce-:

wIth  this latter di f ference  r~u on-i describ e-a rue -ce - c -s-f ~le-~ i s t i c cgu i suuconon :le-e-ce --e -~~--

termLst ics of vare-to -o no lyre- ce- s ce-f prIce-ted progre-e-cce-s ce -or o t re -e - c t a e- i  t~:~ dae~~. i-li

further research and icucle-e--te-ccoe-cs on le aa’ re - ie - e-g ace -ce - s-grra e- e -e -e - ir:g, the related-c.-

ships between condit~ore-: oi’ learning and Instru -ot iore-al  re--r -e-- cee -e -u r’:-c ole-aci d

become more direct and it  nde-ocid become increa slre-gly ne-c e- ’e ps - s se -~bic to c o o .-

struct programs accareir.g to specif ic  p-e--ce-e-cedur-al i -cie -r  and lcg~ :al decc~ c c .

Linear Programs

The linear ar e-grauce - is icy now familiar to e-’eaiers of tle-is ce-manual . Ic.

such a program every :t -yicuct pursues a strai gho -course tie-re-ugh the pro gnics. ,

respondirce-g to every frruue -e, with no deviations or reversals. Students ’ res-

pons es to a fram e are immediately con fic’ rce- -e-n -e - . ilost of the linear pro gr amm e

cons t ructed  thus f a r  are ci’ the kind suggested by Skinner and employ small

steps with z c c ’t n t i v e l ; e -r fee-i responses cailci it -n Ire - a given frame. Linear

pr ogr a ms  have generally been presented t0- lice - student in a prog e--mermoe-l to:- mt-

book or in a t ca ce - e - i r e -j ç  c e - r e - o l e - i r e - c .

The point has often 1 een made that a linear program is constructed for

the average student and as a result may be dull and overly simple for  bright

students. Evere-tua lly, d~1’lerent programs ccc ’oering the se-e-ire-cc subject matter -
~ 

- -

• ~aay be er ’;ae .Lable Ice-’ g re  ce-ps w i t h  varying levels of e - c u - e - 1  one - os - ce -, i.e., wi th

di e- fe-rent e - t p t l t r - m s - e - e -  and c e-e-u -ce -n ’tm onal hi ;  t o  es. For the present, good

results have been re-pc- c-cod -- -le-e-me- a wide rurg L of ste -u  e - - ce-ts e - i n V s-  tans-ce- pn ’e- e-ra..:

construct s--. : for Uho ave-rage :1 c - I s - c u t .  Gus-I s t c r e - m e e - e - t m e -  f i ni sr e -  ouch ~ i-cgx’am s In

n e-ar e-h less time thor pcae -’- 1 student: a r n-~l are e-’crs-y so- - nc-c’ or rnos-r~ ae-ivan-e-ec

sub ject matters . That -a -c - c e - s - c’s , of course--, LI the i e - e - i r e - u s - e - e - g ,  s t o n  ~c - r  is

f lexible enough to pe nned ful l use :-r ’ Inc sc-if-~ acing m c n e - t u r c -  s-i ’ prog~~ur~nc- d

~ (~
. 

— 

i . e - o n , . is - n e - .
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Num er ous  techn i que--s or : ava i l able ,  le - Ce - .’c V e - o’. or - in c r e a s In g  tle-c I

bility of a single lice-ecce’ or-s-gre-cr. Ii. te-e-c : s- ce -sc m -s-f ‘s-ide s-m e-c ivid ’e-s-al learner

u~ LI s-re-nc- ce -s. if research mn r c t i r ,uee - o  to :Lni that Ir s-ice-en ske -c-ne -j i be sh o e - s

and require few rercp. o-e -usc: , it ‘e-’sci,e-t still be i s- s- sj bj~ to introduce te-e-s-

pcssible advantages of tic. :hing Irs-Crane-e-s. For exae -e -mpie -, t ie-c student mig ht

be permicted as- shIp rclca nc- . ie-ee-c ~e-’ r e -o re ic -ce - cu es if he comes up wit:e- the ae-c s-

wer tc a certain key ‘ to ’s-I’ france -c, s-c’ a high erroc’ rate co’s-i-i be used

diagnostically to direct the student to- a series of’ scup pie e-ne -ece-ta l ~C ’ e - c e - e - : c .

- 

- Some other devices b1’ ‘s-hi s-h lice-c-ar pe- ’ogre-rce -us might be cnn-Ic- nce - -s-re adaptable
to individual differences are discussed on the I’allcwing pages.

Brace-chine Programs

In simple branching programs, a correct respcnse allows the studere-t
to proceed directly tc- the ce-ext ste-1 of a program while errors side-trad e-

or “branch” hire -c to supp lemen tary mater Ia l designed to arrest the part icu lar

type of error n a-e-tc. Branching may c-any in complexity are-d a simple bran -chine -g

program may merely present a short series of supplementary frames and then

return the student to the missed, frame. With :e-cre elaborate forms of
branching, whole s u e - - u i - a s -  nam e-cs r c . ight  be p r e n e r e - t e - c I  to those students who

fre quentl y make mistakes on certain kinds of fi-am es , or each brare-chice-g cycle

rre-ight be prepared at several levels of dis-i ’ficulty to permit fu r the r  branching

If necessary .

Am advantag-s- of t ine - s r ’s-aching arrangement is that it allows the pr - e--

grammer to capitalize on the- iIa e-cuoc tic val ue ci’ el-ro e-’s. Obviously, a

student may ne-uPs- sevens-i hiunds of cri e-rs and ~:-e-e- type s-i error }e-e makes

ns-ay indicate areas of -. ; c - e - c e -ce - ’css m e -  past t r a l c e - i c e -g .  Wi th b i ’anchir e-g . the pro-
grammer can supply the aIu p r ce -rni a tc c e-  i ce -s -t e - e-. e-t ion to remove the def ic iency

responsible fu r the c ;Luns - e - n ’

I r e -t r i n s lc  Ircgrammi. e-’. The s-s--called “ intrinsic” progi’arns have made
• - 2 - -e-4 the greatest  use - - f  the cr re - ce - s - le - i r mg technique.  These programs cc’ce-sist of

~Crowder , N. W . f.e- 1 me-untie tutoring by means -f intrinsic prograncing.
In f e-. A. Lumsdaine on e-e-u C. Glaser (Eds.) Teaching cuachines and programmed
learning. i i a s l r n e - e - g t n e - c, 1. C. National Education Association, i~ 6C. 1’p.
286-29B.
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relative-i c lanc ed e--x~~~ etc e--c f r -c. - - 
- - .  m e - m e -  . h e-

st’c-Is-ce-o fi rst reacs ue- pa:cce - - ’ .c -~~~~  -

chuice qucssiae-c at te-ce- t-o -c - :cm c~ ’ -euca :- , . .  L I -~
an asso-o1ated e-e--ag~~~r c u . . c - e - - (’.:e -n L e- - oned c e-- !  c e - u  ~~ e- ~ j ’ e - c ’uCs-e- o~)

e-ih : om h lie--co t s  the stu- c e e-c e- i,, re-- n u e-’s-n - ,-r - - - ‘- -
‘ - 

student to apprconc ’ice-e-c- rc’m,cs-nlre-c :e-ede-s-e- ’ - . - . .  - s-c- i’s- - er e -~
st o o r e e - e - e  -to a page- e - - e - ie - i e -’ e - e - c a r e -  rice-s ce-I S e - e - u e - c .u -s-e- ,ce- ~ o’co- e - ’ e - e - ;  Oct-i - n’e-- c-e-e c-ce -ca re-

te-ce program . Figure 7 ~lI e- s- Ir a t e -c  s-a Ic , ’e-e-’Inc~~e-e- ~-e - -  ‘ . c ~~e-r ,

Some students am 1 - , -cie- ee-’t uas -t l o is  e- e-e-c-s-~ r~e-a c  e-. c-LI e- s - I -- L e-e - c o le -  r e-te l — - -

m ine - . Certain studorct s , fe-e-r exaur.uce~ me - e - ay 1’ s- ca -. ore -c c e - -e - e - s -~ i c-sr .- :e-me e-e - - e a,, - e-e- te-e -c

e - m e - -~~ t t i~e - e - — c - 1 e - c I s -~ - answer Is-i- c c  ir e - t e e - - a s s  l e-o, clu e - .  s-ic -i. c - I :ce - e - e - u h i l l — I c ,  -

gram . Such a well-mm,ot_ vated s-au-cs -cm cs-n t : tce -at e  Is - c -  :-o e- -s-~ e-~~ c a e - ,  i - - a s  
- 

-

on c -ccce-pain g than or.e i -Cc is less interese-c~~, lou t - c a t s - e - ’ t s - . . a ’s -t s -~ L e - e - . citL :e-uCrii me -

in a typical class-rca .  ee-aj  be iuo jme -l~ cte- c t - ive - e -  cc -C . C-c, tim s - L I - - i  s- , - -:re-m :- -.

the- t e-n e -cire -a l behavior - - n  :-oc~~o a le -te e - - ic a- tic s- - .e - c uI. rme -  t ie--a -re- : -

or’ ire -farms -tine -ic I’s--il-c e- ice - c by a ce- cis  Is - l i  has-c ’s- ce-c se -:e- i’e-e-i al e-e .coe -anie -s-S, e - i c e

Ir s- c on fer  fracne—tyr -c. see-icr: ‘m ae-able- ice- -e-.t Los - s-mo -0 -ce -c co t s -g e-  s-1’ Li c e -- m o o n , - c ~ .

I- :citi—Track Pc-o ite s- . Ire- r. m c i s l- t r a c .  e-e - ’ : s- s-’e-e - e -  c- c e -oh s - r e - o n e is cs- s- se -ce -t a - cl

in several ve rs ions - T h i s - n c  1111cr in t ie-c- e-s-c.- s- :t ci p r :e - e -u io t ie -~g e - m s - . .  lI e - c -- sn_ -~
response is cs-fle e- f o r  Ic.  all ‘, - -re - m~e -~c , e - . Fe-ce- ’ ce-’e-ae-ce-ie-ie, uris -ce - tIm e ’s-s-c ‘cr o c i-me - n a re
used , the top l ens -I -s-i- te - ’e -e -c i -e - Jr Con e s-Ic e - s the- w ee -com ic -of each fr auns -  e--iith
malm e-lu e-e-um promptirm g. Tr ac ue - B vers ions- p-i’-. roe -m t Li , -c san e-c :oe-ie-- j oct e- c, a t t t- i ’  wi th

the re-sa-cr.sc- ce-core - s trengiy 0 :  e - .  The- ~re--te :t ce- .: emt of p u’e me- joti re -g is i re-

the C track. Response confirmation does- ce-ct c s - c u r  orre -til  -Je -- . GLad e -a c m can

respond tc one of the three tracks . l ie -us  Lice- student begins- at I v - -l -

If he is sure of his respons e, he turns LI. the c- ere -h i rmat i : - re  -aria core - c Im. crc ~
to the- next frame in the e - e - -- cra e-ce - . If he is unsure of the i-cs-ps-use ’, he

drops to the ‘e-’s - r me -  e- e - r. in t rack  B and att ee-ce- os to n e - s i c - c e - - c  to i e -. I~’ he ~S
still unsure , he descends -to the track C fram e for  even ste--c-re-ge-n prone-ct-i-lag

before making his response. Fi gure 8 t i l e - m e - r i r a t er  a 1 - u r n ee -  Ire- -n . a r. u -e-Jti —

track sequence in a progr am on matrix algebra .

1-

H
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Figure 7

Four Is-ges from an I :m t e - , . : . s - i c  Program~

- 
- - Page lOi m

Now ) you recall tha t we ha- - e-e- e-e -e- . -te - ce - ec u
0~~~~in = 1

F 
for are-y b excep t where b = - 

. l- .e had i ’ea-e- heol
thi s definition by m o on ing  Ic e -u t  cur division ruJ~~,

~_ = b (m _ r . )

b~’

will  give- V as a resul t if we apply it to
tIc case of die -- ic in g a me - ames - e r  by it s -c a l f .  Thus ,

b3
b3 

-but —
~~

- , or any c n u e - - l o s - r  (except 0) ,  e-ie - v iucu  by
• 1 - C

it se~ f equals 1, sc we defined ~m s- 
=

We -s-scs- a division process to lime - cc n c - a c i n g  to -at ta ch
to the c-me- : e - cnt 0. Very we-li, let ’ s see what other

- n interesting results we can get e-i i th  this s-lvislOfl
- 

. process. Let ’ s apply our d i , i s i o n e -  rule to the-- case

o,i ,-e--- . lie-ne- I o cc u lt  do we get?
b3

-j ANSWE R PAGE

b~~
1) 

115
b 3

The rule e - rom u ’t work in this case 119 j
3Crowder, I-h C. Autocnatic tutoring by mean s of intrinsic programming. -I

In A. A. L~~ sdaine and P. Glaser (E ds . )  Teaching machines and pro gra~~ ed
learning. Washington , F- . I.: National Education Association , 1960. Pp. -

- 
-

2b5-291
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(F igur e 7 continem-co )

-e- - , tie -c- s-tee-lemet c-rho elects pa g e ~ 4 viii  i ind :

b2
YOUR pi:g~-rrcj R: —~- = b~

Cc-none , -C -Oie -,e-~ m e - o w . The rule ~~~~ = 
— m u ) .

b2 b
Now, ire - the- case o f —  , i ce- ie-in,’:-e- ic e- 2 are-I re - = 3,

i - - cso we ce-c-c- ‘~a ing to 100

2
- b~~~~~ 

-

b 3 ‘

So, 2 — 3 isn ’t 1, is it: It ’ s — 1.

kc~ une - to Page i-h i now, and quit e - f lg ht I r e-g the pr -c-Lic e -n e -.

I e - c~e- l L ) m  The-c ce -- - - - ce-e-s echo ole-ct -s pcp~e 119 cr111 fire-I:

YOUR ~~:hi~~R: The rule e--rc-e-’t  work lie- l ie-is case.

hour -as -LI  The division rule go- c -i mo througre- b° , cue-c-re
in = n , aced it will gel our t ie-rough sos- cs- coo i - T e - is - s-c m
is se-c aller than m , .  Ice- th is  cs-sc we tcave

ai e -— s-~c~~Iy c . ~ the s-cu te

= -L-~~
- e -- - r e - )

We get -

= ~e-~~
e- - 

~~~~~~
.

s i r  ii i c-i ii quc ~i ~r is (2 — 3 ) c~ 
e-

— ] i se- i ’ I -L n ?

- 

-

~ 

- J e -~s-~ or e-  

= ~~
-
~~~
‘-

~ 

— 

= ii~

ac  LI y e - , e - - .s - -e- -I -w i t s - c  1 c a - c  - 
—

1 ~~ 

-

clew ~~~ -
~.r_ ’ me - - . - - a : -- F e - L  u:e -~ e- s - l e - e- se-i c e - cc e- ’ cO }c ’_ -‘.m c L ’e--;e-s- •

- - - — —~~~ 
_ , ,

~~~~~~~~~~~~
_,, 

~~~~~~~~~~~~~~ ~
_ _

~~~~~~ _ _ ._ - - _~ - _ - : ~~ e-~~-~~~ - - Cr
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(Figure 7 continued)

Page 115: And the student who chooses tie-e right ame - swer will , f ind :

YOUR Af SURR : ~~ =
LI - 

-

cc You are correct. Using our rule for  di vision

2

in the case of we get

~~~~= b
(2

~~~~~~
)

b(*. 

:V

Now, by ordinary arithmetic, we can see that

b2 _ b x b  ~~ e - e - )~- -

b b x e x L / x ~~~x~-

So 1e-c-e-i shall we define b ~~?

ANS~1ER lie-GE

~~~~~ 
o 95

b C-i ) 
=~~~ 1OL~
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Fi gure ~

A Pr ice -ne -c - From a l ’ e - u l t i — T r c c - c  Program

S_37 h . The e i c r e - c c r e - t  for  t i c -  blank space ire- the following
c e - t rix B s o u l - I  he cal led 

________

0 0 0Tr ack A:
B

o o J

6—37 B. The- -e - lcm n e - en t  for th e b la re -K spe-me in the  fol lowing
-

- - matr ix  B would be ca l led  —
.

b11 b12 b13Track B:
le-- b b21 22 23 = B

b
31 

b 2s -  b

S—37 C . The c l - -n- -cit  f o r  t i c s -  bIas -nc space in the fol lowing 
- 

S

matrix B -co ~i e-l be called 
_____________

b
11 

b 12 b
13

Tr ack LI 
b21 b2~ b

23 = B

-rd row — h
31 

b 32 b

-
~~~~ 

— I I.’
3rd col umn

-Lece-firmation: P_37 f e - I l l :  b33 

—

) 

m
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In a st e - e -nua rd  linear r rcgrm:., the- loor level frames (tracks B and C)
might be a regular part cc” the progc’ucr f o r  all steLIcccts . in the mul ti -

crack arrangement, h oc-re -we - cr , they ~e-ou i cu be -ore -ed c-c: ly by those students who

~ need greater arsue-cptil -e-g . Tcp level  (n r a e k  A) tr uce -ne c- would have re~ aLI ve1y -
.

high error rates with average stu cuer ,ns , since each fram e step u- re - cc- cs -mid be -

large. In contrast , the superic-r stucuen t s-ic e- -ol d be able to proceed e- de -r - c -’ogh . 
-

the progr am solely on track A, thus allcwize-g. fluie -n tue work at a fast-er and
more challenging pace the -e -ic in th~ usual li on -car -  ~- o ~s-gc’ase- . The less at-Ic or
less well prepared stuulee-.t may frequently e q~cs-’ie:ce -e-e d i f f i c u l t y  ccc track -m

A, but receives aulitional ~e-r c -mnmnting in tracks B or C so that he does not
make an incc-rrect  response. The procedure- moir e -Iced -s-es the occurr ence of

incorrect responding which may interfere c-r i th efficient learning . ‘

Practically, the miul ioI- ’e- rcccic program dif fers  only slightly from the
linear program . The importan t difference is in gIving the student an - 

-

I I opportunity to obtain additional prompts before he responds . Variations

of this procedure are readily apparent. i ’Iulti-tracking eight be used only

for certain critical fra cs in an ce -t he -c -we - se  linear program, or it might be

useful in review sequences to which students come c-rith varied amounts of

retention. Multi-trace-icing seems to he a useful compromise between linear

and more complex bran chIn g approacl.es to- programmed instruction , but at

present , it needs to be-c evaluated further are-I its potential should be

examined.

Most of - the implications and p o s s i b i l i t i e s  c -f  branching in programming

have not yet been explore s-. The use of a tc-re -mcc n h lc -g techn ique in no way j
implies that frames must me - c- long or short or that responses must be multiple- j
choice or fill-in. In fact , most of the ; r-e-e-n-.ccs in the usual linear program

could easily be incorporated into branching prcgc’auce-s. Moreover, there is 
-

no reason why short and long frames, f i l l - in  and. le-e--dit iple-choice answers, 
. 

. -

or branching and linear se~ nents can ne -~e -t  be mixe d in the same program . 
- 

-

The choice between linear, br u ce - s e - h i re - g e -  an -i other types of progra ms should

hinge upon the nature of the terminal behavior requi rements , the sophistica-

tion of the student, and the conditions necessary for learning .
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— 1. c r e -se 10 ,e-:

Aside from s - ce - - t om se-o ue--~ ect ce -na t t er  re~ c~~e-- coe--em -.:s , ther e ar e no r igid

s-re eo if ioat ions  f a r  uhe i’~ ru e- of b cu e - avj o r  a ur -egc’a .. e~ oimeo frame-c the stule:cc - .
Psychologists hold d i f f e r i ng  op ire-LIrus coru -cc c i- e- icc g response mode , c-rs-.l so far
ol’c--grams have ce - Se e-i  l ce -u l t i r i c— cf l c i oue, t:’u-c - f ee -± occ, cons-iTo -c-ted answer, c - cc —
ca-c ut ructe d answers based cure -ore - -s-crar:o iesm m aterial , ame - d lObclic-ug .  Res-p e--ceses

have also been verbal a ce - cf coo -ver de - s i. ,  c-.-ri~ tc-rc and spoken~ as well as overt
and cc vc e - -t . The r , c a 1e - - i  s ty cmi e--he s-ir e-n- c. pvc-gra s-s ce-se constructed ansc-ier

fr am e -nc -c, that Is- , il’nr es in whIch the student a nt e -r al ly writes c-ut his res-

Icar e - se .  Constructed an swers ha- -c much to rc-c-e--ce-e-mc-ced. thenc e-, but the labor Of

wr it i ng  out responses often c- cay at iacce-ua’se the motivational value of a

ui’e- e-sgr al e-u . On the other in cn re - L0 the ei’O’ort of wr edIreg cre -ay s-c-i’ve to keep some
students concentrating cs - nc ice- re-spore-c-es icc be mode.

Mui t ip le -c lu- oC ce circa s i c -  are easier to score arid pens-it acct or .catin sze-

more readily than construe cc-i responses. However, some psychologis ts

point out that the I c-ice-- r i -c e - ct  slim-s-If. in multI ie-lc--choice answe rs re-cay c~c u e - -

fuse the student or may be incidentall~ learned and conflict  with the

correct response. i-iult iplc-ch c ’I-c -e-e -responses have been used for some te-e-s-ce

in intrinsic prc-grcs-: coincg . Recent ly they have also been used with the c-s-call

step type of ~ rc-g rus - in inLc - o s - r e - b e - e -l ir e - this .e-ooc cccl. In one sus-h p-r :gre-e-c..e -which
teaches musical s~,-i e - e -be - s - ir a f u-cue-Inc might look like this:

I’~~ert a oie -- e - , e - m - c- c - t t - c c ’cmme - I I-: a i n c - c e -, It - raIses that
note -s-r e- - l ice - i f  step . e-l-ihich note is one-hair c-tue -Ic —

uLgie -er tha im A?

( n c )  Bo ole- ( me-) and ( c )  -~~

( t - ) A ,e-
( e ) B  -

(~~) j~-c fJ-~ne- r (b )  or C c )  -
•

Response (b)  A# 

— - --~~~ -~~~~-—- ---‘-—--- -
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Results of several experiments indicat e me-c- differences herweos-. sic-

dents who construct resporcoes and those --rims sets- ce- c- mul~ iple-ch:ice r e-ne -p s - n e - s - e s .
In one interesting experolee-ef, coLl i e - ir e -re -  were tacci m et to write nuocber s even,

thou gh throughout the course of the ra’uegrame -they never actually cc-r ote  a

number, but merely resyce-mici to mul t iple-choice answers.~~ The chllclr er.

learned to write numbers fairly well, possile-ly because they had learrued

the appropriate discnire-nie-e-at ions which enabled them to monitor their f i r s t

actual writing during tie-e- post-test. Al fe -h -c - ugie - these small step , multiple --

choice programs have re-ct been used to a great extent with adults, they

should be equally effective in adult programs.

Another variation in response mode is the possibility of i m p li c it  or

covert responses to constructed answer frames. It woulci seem to be m oe - s t

efficient to have the s iuci e-uc t respond to a P x’r-c~e-e to hire -sc-if wIthout actually

writing out his response. Experiments have shown that under certain -mi r e - c e - c -
stances this can be an effective procedure. However, Imp lici t resp ond f e - e - g

leaves no record of student responses which can be employed to improve and - -

revise the program . In certain programs , overt and covert ( implicit) res-

ponding can be combined so that the student - is required. to respond overtly

only to certain frames. Such “ test fra eiec- also help insure that the stu-

dent has paid attention to the previous frames . If “working problem s to

oneself e- ’ is an important aspect of the subject matter , a combined frame -me

sequence of this sort might be used to teach the student to respond

implicitly.

A program need not consist exclusively of one type of response mode,

of course, but can employ various kinds . Although much research concerning

response modes is neede d , it seem s reasonable to employ various m odes so as

to increase general interest and adapt tee- a variety of subject matter topics.

Most importan t, a program should call for student behavior that is as close

as possible to the expert behavior l’~ r amy gIve n subject n e - m e - t O e - c .  For

~Evan s, J. L. uJ ~~iple-choice ci sc r ie - Ice-atIcce- pro gr am ing. Paper read -

at Amer. Psychol . f e - s - c - i c . ,  flec-, York , dEe-p t end er , 1961 . 

- -. 
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examnle, since d m1-ems - cc- ore req uired to icadu ce plan s arid blueprints, a

rogran for drafts .e-c e- rc ,-on ; L r ave the st~~ ec-t ce-cit this type of behavior.

If. an expert is resjulc’c-d to ne-ale decisions between alternate courses of
action , then the prccgl-ae-.: leading to expertise mus t train s tudents  to make

such discriminations and e-cs-,-oisions , and c-ic- old seem, of necessity, to i -c-

voove this kind of mW. t ie -e -ic -ch ol ce bela-s-icr.

Sums-nary i 
- 

-

Learning programs dif fer in numerous respects: in the frame sequences

and exti-a materials used, in structure and format, and in the response mode

emp loyed. All of these characteristics of programs contribute to the me - mo e - mi-

ficce-tion of behavior and distinguish among programs .

Frames in a program are arranged in careful sequences to provide

several learning trials fo r  the learner and to produce specific behavioral
e- s-e-t cn orn es: an introductory sequence elicits the entering repertoire upon
which a program can build ; a discrimination sequence limits the range of

sc-ic-nul l which will evolme or control certain responses; a generalization
sequence extends the range of controlling stimuli; a chaining sequence
establishes a complex, self-sustained series of responses; and drill and

reveiw sequences enhance retention of learned material.

Various extra-frame s-materials or panels care- be used in a program to

cue or organize behavior. A variety of these materials m a y  be used, such

as pictures , illustratioucs and diagrams which the student looks at , a page

on which the student draws or writes, and objects which the student ta ke-s
c-part  or assembles. Programs can also be arranged to yield a set of review

notes or an abbreviated manual by calling for responses on certain frames

to be entered on a special note page.

There have been two major types of programs, linear end brace-cling.

~

In linear programs, all students respond to every fram e and move directly - 
-

through the program i ron the first to the last frame. Branching program s

allow the learner to me -move dIrectly through the program as long as he res-

ponds corr ectly; c- i- r ce- r s- h r mnu -e - i -r hire - to supplementary material desi~ e-ed Is

correct the particular type of error made. The major use of branchin g has

been in intr insic programming which also uses long frames and multiple-choice

- 
-—
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responses. This type of progrun makes use of errors to diagm-e-c-se veal s-p: t.c

in training and cay be more interest ing icr well-ce-e-otiva tcom st-asi c-rots than

linear, short frame progrru e-s . For avera ge- students, however , time ioce-g

frames may tend to decrease student participation and create sources 01’

error. Several modific ce-,ticco o have been pro- c-cs-ed to increase the flexibili ty
of a linear program . For example, a multi- track arrangement, in which three

different amounts of cuing are available f o r  each fram e, may be a useful

cots-promise between line-c-i- and branching pr ogr e-urne -ing. In general , research
to date has shown no mar-iced advantage for s-fe-ne-plc branching compared with

linear sequences.

Current program s use numerous modes of responding; the most widely
used are constructed response and mult iple--:hoe-i c e .  Multiple-choice res-

ponses are easiest to score, but come-front  the learner c-pith incorrect s t i m u l i

which may be a source of competition in learning the correct re-ste-c-ce-se. IC,-

though multiple-cho ice ansc-,ers have been traditionally used in bra n c 1e-irm~
program s, they have recently been tried out successfully ice - small step- ,

linear programs. Constructed responses are most frequently used in linear

programs; their major drawback fo r  the student seems to be the labor of

writing. In this regard , there is some evidence that implicit or covert
constructed responses under certain circumstances may be as effective as
overt responding. A prc -rue -cI need not employ jus t  one mode of responding;

e-u re -y number of modes may be combined.. It seems reasonable , howevex , to

requ ire learnin g behavio r - , especially towards the end of a program , that
is as similar as possible to expert behavior in that subj ect matter.

I.
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~ze-ao ter 7: The i -rcgracomii u g ire - oe-; mce rise

This s-Ic -miter  is s- s-r e - s-e -r y .ed w i t  ce - toe mechanics of s-os-sc-rooting a

program one-i the pee - - so re - e-e l  and pro-duc t s - c -me - see-ins iu .v-.e~ ved in the je-ruen so .
— The r c-ose-ucttc-re -of n e - ogue -  ue - e -re - l i t y ~g racc.s is an erc icerpri se wat ch , if it

is to be crc-st ePfIcIe-r,t, reou res- capitcni, equi me -ie-e cce-t , skilled specialists ,
st-s-dents for tryout, a weii-c-crte-roe-red ce-ore--: S O e - C ) c-u.n tee foll-trlme devo-

tion of toe- princrcca~ team o~ c .c - - e - - c .  Usually, coon-, - special c-as-emi ts ‘-if U

be employed in con s er e --ot ing  a ol ingi  e r r c~~rm ..; the knowledge and si:i i e-:

of several dos -  clp lines are essences -al s - m e - ie-uilc iire-g are- opt imal  pro ge--ace-.

In such a eacm c approach to program u c e v elom cc o ee - e - t, the m-c is c e- re - s-t ene -t f re - e - ceO

and dire-otis-cc from me- oblect  ne-cotter a- 4thcrIties as wc~l as f e --c-n rc c-utle-cr-itles

in Ie-arnrce-g ac--c e- toa1:eIc-s- .

PIe desoriptic- in t h i s -  - - n c -n  too is of a s-one- ewhat idealize-es- ~cer-sicr~,

— 
of program producti ce - . u sc-roe -c-c1- , success-fad prc-grame-cs have been prepa red

ly individua ls w-or 1:ing alnoct  c e - t o n e .  Program s have also been produced
by teams structured aice-og s -h u e s  which  differ  :r-nrr those drawn here. Al-

though a good program s-coy be constructee-u c-coder a variety of arr angements,
the following dc- sc r lp t l c -ce -  of the prngramnnne-Ire-g enterprise includes most of
the general f eat ur es and problems -ce- f p rc e-e -du ct ic -c,.

Persoe -e-n el

Program s- Dire-ce-to r

As ire -any undertaking -ri ce -r e -. a f i re -el  product will result from the

concerted effort of a t~~ ci: , it is necessary that there be one person in
charge of the produ ct ion ,  of cc pe - -e - e - e -.-~i-c-e-e-u. Ihis person ought to be familiar

with p rograrce-rc ing prooc ores ace-st should have a basic imowledge of the under-

lying principles of ec -unre -ic eg and behavioral analysis involved although he
: .~ .

need not have previ — cml , ’ tai: ee - part in the production of pr- fr a n c - .  If
insistence were p t a  ‘ - i  ap e - m i t h i 5  kic . m of experien ce , it w oe - he - i  be difficul t ,

at the present -ti cs -c - , to find many suitable persons. Some basic skills

which wo e-Id better qhe -m e- 1 ty th e  director can be ob ta ined  outside of t he  
-

‘

spec i1’ic context c-f pr gm -ue - r c o-~~ng, such as, skill in and understanding us - -
4

the methods us e - n  in human and animal researc h on learning, experience in
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teaching, se-ui.l in writ ing ana editing, am -m d kre-owledge of general educa-
tional r :e-etno-is . Although the program d i r e - s - - s - c a r  need not be an expert in
the subject matter to be programmed, In the present developmental state

of the fi eld much is to be gained by insisting that he be an appropriately

traire-ed experimental psychologist.

Programmers

Ne- n-Professionals as Prcc-e--c -mrners. There is c-once -c disagreement re-

gard ing who should n: ritc the actua l frame s of the ; e--ccgras-e-. One point of

view is that subject matter out l ines  should be writ ten by subject matter
experts am-id subsequently translated Into fra ncs bp re latively less qua-
lified in dividuals. Accor ding to this point  c-f view , once the s-abject

matter has been specified , any ir cte li igene -. and competent writer can be

given short sections and expected to convert thec.n into frames with minimal
instruction. Some who hold this view even say the-ct if a good. tcxtbook on

the topic exists, pro gm- s-ms -mnncrc  guided by rules can convert the parts of
the book into individual frames. The cost of labor with tie-is method is

relatively low since programmers may be students, experienced secretaries,
English majors , school instructors, or professional writers, in short,
anybody who can write ‘tell.

Even though this procedur e has been used, it is well to consider its

disadvantages. First , considerable burden is placed on the programming
director and subject matter expert in editing each and every frame pro-
duced. Second , p- rogr ame-umier s have to “learn ” whatever they are pro gra mming
either from tie-c subject matter summary or from the textbook they are us -ta n g .

- ‘ This learning process cay be time consuming, depending on the progranmire -er.
Moreover, the programmer ’ s limi ted knowledge of the course material may
lead to misinterpretations as to what should or should not be emphasized.

- 
- Still another limitation c- that such programs will be little better then

the textbook or the subject mn .atter outline in that army advantages of an

interaction between subject me -matter characteristics and programming techn i-

ques may not be realisee-- .
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tubjeot  ~~ tter Exp e r t s  as i-re - grmcu m ecoe . ice - alternate- n e-e-e-’tice -~d is to

m~ploy subj ect matter  exj e- r - ~s, puessic i f  te-e-c s-ac.e- c -me - es wruc write tO-c

syllabus, for the as-tue-il s-e~r o -e -e-c u:.lig. D~ e - i-e e - e - : . fcu s- - ce -c e-ore - t he i r  e’crli ruc-r e-e-:e

c-hIs can be a costly process. ~~c ce - s - c e -~ c-cu e- ~-r e - -graoe -m- .ic e- g director on 1 m e- av e
to edit fe--ames in fe - ic -- o c b lne - n : t m e - g  of toe-c pr~ ~c - ce c e - e-f efo art antu e - give c-me-c-

iu-gre- c0 e-r the com e- s tc-e-c ct feedback c-ihich ce - c o at -m I l e-’ .Ti l l  t e - a c i e -  f e - i c e - c  t. - - u - f t c

acceptable  frames. Hc- e--neve-r, the s u b je ct  m e - a s - t ee - -  cc  will pm -e -e te- a ie-J y -
:

cs-ic i~~y ge -asp  tie-c e- e - ’ ie - e - - cIe - : lcs -  ine -vc lve d in f ranc  on,:erue--t i c-n . c-cue-: ate-oJ~j hIs

subject matter ice-c e-ni ch e ire -devising eficot ive  f o e -n e - e s .

Inc b if t-es t  c-dc-are-bc-ceo ice - ce-sing subj ect m e - as -c -er  experts is that tte-e-

empil-i s-al testing of t h e  c-xj. cot ’ s at -t emol e -- e - s-cc- pc-c grance-suing re -cay help h ome -c

gen e-rate  n .e -c - subject ne-at e-cc- organ izc -t l or r~ n e- id f ac i l i t a te  learr e-in g. dud

r0 -x ’ganizac- icre -s would be bc-s-ed nie-ce-me -the s u b j e ct  c ot t e r  expert’ s ke-ice -clee- ige

-ar relationships in ius  field, but would ce- ic - c- s-e-oos -r le-000te principles ci:

s-ca m - s -ms - rug c -n e - c -  Ir ist~~e-e - c :iue-ue-i ~)r -c-fr ame-ruing . e - e - e -  adth s-~ onal advan tage in us - ir e-f
‘c oce - fo is t i c a te d  pro ge - -ame -cc e -em - : is- socce - , the c -c’o c-rc -e-’, s - e r -e-rIc is less wei~l ver ce-ed

c Lu e -the subject m e-u t t e r  often proceeds at a much sade--ccr rate.

Psychologists as Pi-ogrammec’s. it has also been suggested that a

syohole-cg is-t , [amlliar with behavioral theory, should f unction as the re-rn-
grammer. Tine obje ct i o i e-e -e-  t ha t  were raised to the non-professional program me -c e- i -

apply as well to the pm- ogr ce -mam e s- --psychologist. It is true that  many existing

programs were actually wrci~ ten by psychologists, but these are largely ex-

perimental programs which are frequently s - c i t e  sho rt arid -eve- i’ top ics  with

urhich the j sychcic cgi sn  iS mf ’ s - n e - . e - i lIre - m -.

Rega n -e-tless ci’ his c - ro e - s -nd , the task of the programmer is to pm ~oiucc

re--ace-es -eiu i c-c.  will be i ci turn.  t -evI se-cl or  ee -u~ ted by ti-m e pm - o~e-e--ac~:cng directoc- .
ur r se - re -t iy ,  most po -: grs -cc- - e-crs need to be trained , acne the progra1~~ing director

w e
-
ll cisc-ally C U e - . e - c - i e - n L r t e - -a irc in g  ce-e -ur rie be - - f ami l ia r ize  them with basic pro—

fr am n ue - imeg ,  pre-e-lIe-lie-ltos one-’: t eo u tme - I ques.

_
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Subject ~ite-ttor Specialist

Where- -it has been decided to program a cncrt cc in subject matter, the
— 

pm-ogramnming director d oe - oLd te-e--if ice by selec’e-ine a person who is thoroughly

familiar with it. Prefere-ci iy, several e-c s-d}e -persons should be selected

since there is seldom ce-e-e-ne-u’ncde tc- aga - ee - e -e - icnt  :ae-mo- ng sc e—e-nialists. Individuals

who came - free themselves as cc! u e -e - ri as p osoi s l e  f ro e-ce- c-abject matter conven-

tctons should be used. TIc special is ts  should become acquainted with the

basic ideas of prcgramco .e-ie-e-g and should be told chat their influence upon

student learning e--iill, pci-Ice-pc- t’cr the f i rs t  t ine, be carefully analyzed.

It is often difficult to persuade well-Inc-cm specialists to work n e - c

the development of training materials, bus- since rr ogracmr e - irug attem me -l e -t o to

package the most effective loi re-h of learning for  s-c subjoct matter  i t  is

hes-irable to obtaic- the services of the mnost :one -j cc - tc-nct mu b . i ect mac-t ’~r

specialists available. A e-ne-ajor attribute of t o e - - - - c oIn se-abj ect matter

experts which is valuable in pro ’rcanne - iirug is the-c e -they are often adaptable

i:m~oividuals who are not rigidly booze-I to conventional subject matter

organizations or teaching methods. An a l-cencative , however, is to use

eminent subject matter specialists to outline the- ce-c-c-er ic-i and review

the program in the course of its uevelojcmcnnc:ct rather than te-e-c write cl-ma e- 
•

Even in dealIng with elementary subjects i t  is always wise to involve — .

experienced teachers and ce-abject ma cfr-i - ec-:perts whenever  possible. Ic-ny

insights into c-tu e-i s - - ce - b behavior and teaching e-cchmiiques may be s- cc-c - 1e-000 by

exnerienced i n s t r u c t s -m e - c. The subject matter expert, the.. may be ecme-plo~’ce-i

in oe- i t i i r c lrc g tenue-inal Ice -hoe - - icc’, e-e- ’ctua e- ly wrI ting frames, r e - v ieue -’ i r m h ’  frames

for technical ace-n u -n cc~-:, or en l ie -fe - . ~r e -g t -e - evaluate the i e-r’e-e-gram nc s e.e- .’fec t ive—

ness.

Training Spec-ic-list

While the subject n,attor specialist ,~s c-rims-on ly c ’me - c err m cd with the

learner ’s be -ne -cl nc e -.I b ehavior, - ‘:e-e tc~e - e - i n m i i m g  c - p e e - L c d  iS 1:110w: what i- :indc- of

ce-- or e -y e- re -r s-  t rainees wi ll  bring t : tine 1 s -~O fi- e - u . .  He is a pe -rse -e - me -who has

p reviously t s - - s -e -nl e - t . the subject or ma e - c c p n c i - c c c  i-he-- curriculum 100 the 
- 

Ii

s-u~ject m a L l -n e - .  f i f e - C  trai e- e -We -Spe-d te -list is e- ’cnpic -v- ed ire- the  - -o i u ce - te - -u - c t i on

c-mi the program r io a consu Lte -e-e-e-t. I t  e-s- n i s  function to sped ry ‘-iha t the
: 1
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trainees may be excected to kim~ m-z e ithee-- c-boat the- subject matter itnc e l f

or about prerequisite ue-e-atee--ials. For examn e-Ic le, is ceachlmeg a part icular
subject matter to students at a given educati:-r .-c-i level , the s-raiccir .g

• specialist will be able to l ict tne- vocabulary e-nctcl i  th e -c s tudent -c  may

be expected to have and the basic concepts wi th  dde-i s-h they should be
• familiar .  He will also know what comae -n- ce -u oxame-mies have bee -ic used is-c

previous instruction and can suggest how these examples e- n cight be cnse~i

in the nrc-grace-i .

Editors

Three persons should be involved in tfie i’i~e-a1 edi t ing of a program ;

a psychological editor , a liIe-gcme-L s t i c  edi tor, ~nd a subject m a t t e r  es-cit.

These editing tasks can, of course, be i ere-’ o e-ms-ce-cd by the same personnel

employed in earlier steps of nrogram con str e -cct lc ccc.  Much can be gaim :ed ,

however, from the fresh viewpoint of individuals wIe--:- have not previously

worked pn the program . A di st e -Li e - e - e -t i c e -n shbui d be made between two levels

o of editorship. One level is the aje -peu c -ti rc o of comments and di re-ctic :cs fOr

rewriting frames. At another level is the actual rewriting of frames me-

incorporating those suggestions which the editor has made. Editing and

rewriting are functionally distinct and may or me-n ay not be done by the

same person. I~rpically, the edi tor s an d the- pro -c rc-me-c d i r e - s -t o m  - will edi t

frames in the first sense, while rewriting is done, for th e-  most part ,

by the progralmners.

Psychological Editing. ihi s r e fer - a  to the revis ion c-i’ the frames

from a psychological pe-e-lot -of view , a task Te -COt s - ce - , ul, to a large extent ,

when the frames are revi ewed by the pro gr e -ce -moe -u ng- dI~~e t ~- s-’. The iina~
• . editing task can be accomplished usually in s-mo e reading of the prcgm-are-.

f rom beginning to cu e - h . The psychological editor att-ends to c--c -cO problems

• 

S 

- as the i - L a c e -n e - c t and spacing of review frames , the avoidance of undue

repetition, the sui tabi l i ty  c-i’ d i sc s - - imn e - i r c a t i on  and t-ec e r c - t i z n e - e - t i o r  soqe - c e - l e - ce e - :,

the use of examples and rules throughout the program, the use and c-ui ce-g

of prompts , and the use of special fram e sequences. The psychological

editor also prepares a technical a ess -r i p t io i c  of the fram e c’hs -e-roe e-’ c temH st-i  ce -s

- 

I 
-
~ and general stone - c te -.mr~’ of the pi-corame - .

_ _
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• Linguistic Edi t ing.  it is not a i ts-xe-n y ‘cc have a person w i t h

specialized wri t ing  ability edit all fraine-e-e-c- fe-cm- misuse -c-c s-n .e Eme-giis-e-e-

language and awkward wording whion can ‘re av ce-o-ae-: . A leng uny pree-gm-an

‘ e-s takes many hour s of the student ’ s ticce -e arc  no ce- fOrt  should be s - p c - c d

to make this time- as pleasant as poss ime -le . Quite aside tr ocre - this pc- fre-t,
the existing patterns of language are thee- ccn e-ce -st powerful tools the pro -

grammer commands in communicating ideas. The lI ng u I s t i c  editor s-be-c-s-h i ,
more than others , be aware of subtle differences ire- woos-Jag which might
make a meaning clear or a sentence m e - o r e  lively c- e-s-i. more instructive.
The name ‘linguistic ” editor Is used in l ieu of a better tens; the re-eed

is for a professional writer , cite-ic a t e chn ica l  wr i t e r .  However , there —

are certain literary notions wh i c e -rc , because of the nature of program s,
should not be imposed upon a program . Repeult ic :, core-tin-city of the text

and other such concerns may be of import s-ire -ce in - e-cvei s, plays, or poetry,

• but are irrelevant to progra ms-ms. A writer ’ s stre-e-r~g views in this direction

may make it diff icul t  for him to develop aic approp i-ic-te  programming style.

Subject Matter Editing. This ed it o r  reads each fram e carefully to

discover subject matter errors introcuce-e-l during programming or im the

course of revising. Such editing is fre~ue:e-tiy best accomplished by a

person who has not been concerned with the original programming effort,

since statements which lead to misice-terp-etation are se-I-dc-rn caught by the

person who originally wrote them . Of course, the subject matter editor

ice-es-st be thoroughly familiar with the subject matter.

Make-Up Di rector

The format and design used in a program can often enhance the pre-
- 

• sere-tatioru 01 s’~bje-ot matter and transmit the basic idea in a frame most

efficiently.  For this  reason it is valuable to eme -cp loy a make-up director

• who has some ~ra i: u im e -g in basic n e- rt. and graphic design, some knowl edge of

typography, and familiarity w~th methc- e-s ci ’ reproduction. The make-up

director fun c ti  -s-a s as a consult-e -c -me -o t-~- the programmers and the programming
-e-cirfnctc r during tkme first stage s of ~ rcgramr cn L ng, ne -e-d is eventually given

all of the fra mes ir e- the program to- reproduce in the mode selected for

tryout. He should also b e-- r e spons ib l e  for am-twe-’rk and for  the final

appearance of the finished program . Althce-ugh the prugramming director 

-—--- .— --~~ —------- ----~~——-- ‘—‘- —-— - - ‘ 
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-je~~Lcs -e -c- e - s -f um e- s-he ice-sic m , e-e-e-ci.e of e - e - fs -e-n s-e-y c-Se -cd e- e-e-e-r tfle ‘coo crc-ic,, in e-e e -.lc e- e - e - g

‘i ce -al d ee - n e - c - i c - s - i s  ice -:- cnsul La with the-  :ne-ako — op di re-ce -tc r .  p s - c  s-b ee-c- ie-ce-:

funct ion of the n e-c-ku- np cii : 00 Ic- gu:e-m~ n c- the tvrists or icc ’s-re -t o m ’  i re-

al-ranging frames ce-m e - a icage and wore-ms s-of t ie- lie- a fre-ue-.e to - c rue - n e ce-n rc e: fe-cc—

tive and est iue-t icn ily  pleasing re-sun. Is is often s- ce - l i - c ul t for the

programmers to anticipate the ~ m -ce - ce -ems of fcrc:e -~t ace- i design that arise

where- the p rce-grse-n is re -c-rue-dosed.

Juh ,~ectr

The Role of_ i.3 - fs-je-e t s_ f e--c_ 1:-ye-ut . The c - e - f s - e - i c e - e - e - e -c i of p r e - e - e - a m y  le -e - ioe r s - a :e - c ,e-

in t h e  m e - s s- i - ce -t i c -r e - c - i  orograc e-cce-Ire-g ~ e-o- m; r e-f cue ni -e n e - c u e- se-c t j  e- to crc whc-:c , th e-

prograr.m c~s t r i . e i  cc - S w e - c o l e -  it  is i r e -  Ye--er ic-us  st a L e -e s c-f I~m ’o c- e- s - t e - c - n. Jet

the h e -n r c -  c f  e- re - e-ccu:, de - velee - 1 -e - ; c e - ’t a re ti e - c- - data o~ i e - In - ee-e- c rc s t e - ce - m ent  ~e--er—

ci-rre -ar .e-e. A poe -g r e- c-r n wee - -ks  1: at e-e -~ u , L s  s-as-c display t h e - e -  b e-e-bawl s - c -  :e - e e - 1c ,

ce-e-r in suc n ce - e e - c i r ng ste-c ~s and s-ar ,, at tic:.- cs-e-el of he c-me -gram , e- c e- e-c- the-e-

specLOed te-rmr ,inal ice - le-ave-or ,  in - sc -m e- ct- ie - e -, d e - s -  ~j iiic - e - m c ’ e-~~c ’ce-ms- , it Is ~-: a sible

for s t e - u s - e ,-n~ c to  sc-c--c- -e- ’e-ci at each s t-e-p , b e - m t fa il  t~. attain the t e m e - c i n u c i l

The ste-e-1-c- In  such a pr -ogre -re-, -Ie- not c- u~ dc the S t e - L u -  n t s  to s- c ue

- .105 1 r ee-d c e - n - c c ne -c -
. Dt .nc less s-nc - cm adeo’. e-e-: te- u - c e-r ams ce -uc -~ lead the

5t ’oj er t to- the nit ’ alru e-e -rnt of the terminal  behave - ci- , b e -mt by means of CVeOiy

r eds -cs-e-tc -ce -o n e - re -h - u r . e - n t c ren c i - i m m g  frame-;ce-e - .

Ire -essence, tic-c c ; tc e - c u e - e - e - c t  teaches the e o o m - ce - - e --~ - o we-na t to Jo e-e-ext. ike

stn 1-iere-t ’ s r e - s -p c -m e - se - -c  to each fr ance ce -cc- c h i s  c~’ s -n - i l  te - e -st perf o r ce -mac e -ce are t h e
— nc , - e - ae ur - -m ; e - -h e - le - e - fe -  ge -c Ide the fc ’-os- s -Oe-lre -e-c ier in r e -v i s  n e -c the  ~— r - ,e s-c~-ce- e-e- . flany pro—

g re-er-mel-s point -c -c - f tie -n e-t j• 1~ lie t le - e  - r e - ne - c m - Le t ’  of ’ m-ee- ’ f ne l~~cis me -hf oh a pm-c-c-r ac e-n

pe-e-es tne -’u u c - e - L  that is re-cant mrs - t n - e - m ’  c - i n c - m m  t - l e - ~ c e - n e - h s- -r  of S-c - L I e --nets on which

the pmwge --c -rcc is urIc at any c l u e - c ,  tc-,- - .0 .  e - e - e - e - e- e -~ j cm e-mcs -ct of trainees re—

e - r i : r e -~ the f rames to chi le -nt .  they -e - uI ’c expo sed ~-ail frequently cc- useful.

e -Ices -n n -c - mc t .s may ‘I e-c te - e-e-ce -I’ c c-i 5 e- ’ c e - as, “I ts- , ~e-’-,’ exte-e-n c-if wimi e -  t ye-c u c--ce - et to get across

here , es-d y I Us -s - inn I cocaci do it n e - s - - c L better this wa ,’c- • . . ‘ e- The pers oce - ire-

-charge of’ the sur , , ies - e-c ne - i h t ’~’ e e - J  make s-me te of these responses.

I

_ _
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P - - L e O  ~Lr e- ‘i;Cue_ Pc-L ,jc- :c-s. £ C e - ce - c e - me - c - i  Ice-n S c- l’ess -e -e -~ ~~~c e - J  i s- Tie- Sn-c t c-

of e - 0 i r c - ]  L - s - i ce -v Ic - - i -  ree -cjne -tr -erc j :, ce -- - ’,-iI i c e - c  n-Le-o I n c  Le le-e-re - s-c s - rn the-

t -~ ce-cL.aJ . L.~~i e - a e - ’ i : r .  L u o r m Is n e-c- U to’ c-ce- Ic tu  te-n . a T- e, n . :e - oC :e-c -t s- c-~ L e-O ic-

cc e - e - c- - e-, e- i  ce - e  -f ; e-’ m e - n . -t  e-.e - c c- e-’ 0’ e - s - i c - O ~-J mcs -ctfc m s - c - i  cc -  me-~-t I t ’,nd e- :i I eve-I s - .e - te - 5e - e -

rccees:cc -r -I ly be- ’ cc-af t c-ceo s-c- c - c e - c - U  O e - c e l .  cc-. ttno Co e- tn ’a r, - , ic - n e - j  r e-re -i’s l c s - m - . iy
- ic cit t -Te-e-’ v.S te -ce-u -e-cht 

~j  c -e cce - -:ece-1, ice c-i c-c ccam1 ’e- L n m’e-t-e - e- i e - - : e-’rc -  lee- ce r ta in  p r-ce - ce --s cm’  •

one 1 -c ~c: c-gm e- e- c - c e - - i ice-:e-’ ~ul-o’e - e - gIe - p r ’ce - c l i c - , e - e - i c e - .  I t  ic- , i.e ’s- e s - ce - -,

icr - pci t on ’. f c-r tIme Ie-e - ’s-e -l --r -u”ue-, - cc:- Sc- b e-e- es--ic -e ec s-e-e -tirfe - co -e - e c - o r e - es - -  _ s-e- s-re -e e-s- t e e - I  c--e-e-c c-’!

~ h c  c-aer,s-: -l,l-e-ci o c-s-’~ ~o Pc s- s-s- icc i . g-f se - cu c e - 0 0 0 c - m e -n: , ei’c ti- p out mn -c l e -’ pro --

g~-o c. m c s - c  n c -L iab l e  e-c-tc :e-~ , c - c  r e -pr e scce-tu tt\-’c- s e -u f j c e t s .  i-is-die such

inf ’c- mc - n cmi s-:’c- ~- ‘e- 1 s c - c - c f e - e - i  n r e- r e - n o v e i ’ i m u p  plc -ce -P. s-ic- errors c-e -~i -i cSre - 1c-sCnesEe -,

i ce -c e - s -s -e -s -co t tell fe - b -c p s -c gr~e-ne -e-ccer fe -c c , e--re -s -el lie t cci r s ’ence -cee e-s- ire re - c -- chime -p the

0 .e - e - i-e- - e - s - c -  os-s-er Ic-i re  a.f s-he le - c a rm e - ec’  for  iL-,u, s-he r e -p c - ac t  is intended.

The-e -re -m o e-c a ~ogonn ’ree -- kme - oc- ,’cu about h i s -  try ce-ne -t c-ubj  c-coo -, the cruel -c he

will bt- niL -c to st r’ - e- about the nature of the- re e-altIng pr opr e-cru . ~~ tho-s-p1u

it i ce -  t re-e-e-u cc U J p  i re - -f e - i. e -ce-s-ted tha t the best p ol icy  is te-e icc -cO subjects  of

-a ce-rope i.:c U~ oe . e pen -ce-c f e - m oe-s t ing  a urograhm , the- character istocs of tie-c

se - cb~ ectc c:hs - ’~ cd h - ~e- e- enU upon finc e-rct e -e -ne -t - c - -i’ the c- s--ice-rune- and -,, in- - c - I n e - r  I t  is

e- iancre -cd h e -  s-- c -yu le -a l  s tud ent s  or is adc e - i e - Lrc i .  to is-e-s-it Ir s-c-al di ~‘Tcrens-nes by -c

s-err s- Lr ere -~ hing or mul t e - I _ L r ac l -r  pr -ce our -c . It is ir p rs-nre -t to c-s-ce -e s-a the

:~ e- e-o , j e c t t  a -m cvi edge c— f Lie l o is - er ic- i  e-e -is -b c e - i c c - i  he ic supp o sed to be fami—

(it e.,  hI s  c- .0e-c-LIO.p c-cs-f-c -me -se x-epem ’te-e - I c - e - ) ,  and the training d irec to r

,,h s - , ee - e- ci oce --je -- .se c-p o ‘c - ce - re - ne - Ic selecs- c ,me - me L i e -e d -c . In a cm’s-grace- on nue - t e - e - .rc i-s-gv,

f - s-ce -’ e-yait~ s- e-, it e - c , i  Li be wi se to asc cnj ’ic -e -e -. ie - e -  to at  des-cl-e-ec e-e -5t  u - c e e - r , t  is

i’O~P u t  ‘~ wi t h  c e -  r oe-- I  s-i c e-n e - m i physical laws~ s - c s - s -h  Em s s - s -nt -  cxp ame -sicn c - r e - i

• ccntroe s-I ’ n e-e-f m a c e -n ee-ds -iue to tcc -e-pe-e-ce-tui -e-c -ch :unpc s. it- ce -n ay not be so ç

mess-h a e -c a t ,t c - e-- of apcit’.ce-e-es-, me- s- ge , ace d nIp e - e - cif ic suture-ding on tee -ic educate-f e - m e - a l
C

c e-ce- a le, but s-he k i c c e -c of subject matter s- --che -n e - ’i  s - c m  ‘cie-t ch the-. stuuent d ism s - e - pc - c

~~~~~ 1i~e-~- te - t c - , e - U i r s- - :!.e- nt i r : s-  ic e -e-e - s -j ee -tcn .

- 
- __________________
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s - cCe - 1ce - O Up fe-e-r Procuucrticcc

i r s - e - e - e f e - ’,’i re-p ie-e-e-ccc. c :e- c ic c e - , O~ - _ Cr

Irui tially, the pc-c prm ucc. .Ire -g i m ~cs-t c  r ne-use reach agrc-c-nc-re-t with the

.uef ni~ me- ~-hi re - cce-e-’e-e-incsL.ce-s tine - p :ne-g:’mmce-, e-’€e -pe-irdir e-p specific  ai’id operatic-ne-al

Oe ln it ions  of the c-c ’re - .i  ice-I L e-e-c’s-I ~-r. lI e-c s-ce -c-d Pi ‘c- s-Ic -n of terminal

b c - iu av iccm - requires a ‘IC- -tailed e7e -ce-ie-cc’atice-n c-i’ nil e-a c- a ct -c-dent c-s-icc-id be

a s - I c  to rio cs-dIe-e-r c -ce - c e -pl o t  Log t ie-c coarse s-f ice - s c-re -cs-ti c-n and should ~e Pc-s--

rue - re detailed than a ccerr icul cme -e -c-e-ct .Lie-, s-e-- (see Cle-apt er 1+ ) .  Ccnventionai

manuals are -c- t extbccce -c-’ cc - vos-- f~~ - toe re-material are ce-ed i e-f’ui if there are no
s tandard ized  -cc - i s- e r i c -  os- :e - ’c~’i . ’s - i emnrcy  for the Ic -fe- ic to be covered. Vthen

tins-: top Ic is lci f ;nei v sie- cc - rou2 ~s- :ee-s- or -,-ihcn no c-cur- s-es of information exist ,
the c-mcIy a-c course-c is to work n e - f l u e -  a aubje nt  me-matt er specialis t , acquaint
him -,rith the fe -c e -PIe s-u, and ask him to wr ite a course outline which ade-

quately covers the rrmatcr ia l . Upon completion, the terminal behavior

outline should be compared e- -ri t ie - the ucs-miame--is of t ime person cons-missioning

the program to c-voice -any smis -ume -Ler sta m-idlng as to what the program should

accompli sh.

F In the proc ess of programne-ing, one or more aspects me -f the subject

matter outline may need to be changed due to the critical analysis s-nade

of the subject matter  while it is being pro-gras-.me-ned. These changes can

occur in the instructional technique by which a subject matter is to be

presented as well as in the amount of material which the program is to

contain; conventional sequences of subject - me - otter top ics may need to be

revised for prograreming purposes, certain top ics  may be discovered to c-c c , -

tribute little to the desired terminal behavior, explanatory con cepts may

prove tc- be ambiguous when analyzed lie-t o component parts, ansi it may be j
possible to include me -core advanced notions with very little extra program-

r u i n g  c-c-s -re - . . The c-emc c-n i ssione r of the programs should Pc aware that such
- 
. changes in t ie-ce- c e- mi t ents of tile program s-nay become necessary once the

- 
- c.’rltirp: is — e- c ’ c c e - .  F o i l ’s -r e  to reach agreement on the possibility of ‘

- 

- 
change du e- ’ire -g the wr i t e - e-L r e - f  the pc-ce -pc -rue - . me-a:,- well result in incomplete-
or nbm n r U- e -u e-- t : - r - e- e- ’ c ’e - e - mec. i nbcre -c-r ire -e-eis -tati on s-ho’s-d e-n be taken for granted in

the e- ce-ur s-e- e-e- of l .c - -i ’i’e - s - - - 
. L - ~ c ent , t I n e - - c  it ms-lay’ lead to In t e -me - le - e -us  and

frui t ful  ways -e-s - f ’  re - c c cu e - j -  ce - is - L o g and re—structuring the objectiec. 
- 

-

- 
~~~~

- -. -~~~~~~‘ -— — rn—’- - ’ -
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-
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As soon as an agreem ,c-cm t ocea- -e-ce-r , the pr-c-ga-ce-mr ,,‘om,e-rm issic- e-er ace -c - tie-me

pr c-gm - adue -miuig dlrc-ct cr lia rs been c--s-ce - ce - ic - c, the c-ci t e - i re -c - i  criteria should lee

stated more force-ally in cele-avioral  terms . fhls- is ofter’ ds-c-c- best in

the foi~n of a test. kat ie-er than specif yir.g that the student e-chos-L I
have knowledge of arithmetic, the goal wee-s-i be P-c r tine lcarc,er- to be

able to solve equations such as 0 = ax + b , or 0 = ax + by s- c, or t Ie-I

5 men s-fig a hole In iC -days, how long will It teds-c 1 ne-a re -tc- dig  a hole? ”
Stating the tenruinal behavior in these s c - c i t e - I c  c-c nI’ -s- :tr e -am e -- c e s - allows c~-me-

crete interpretatio ns of the requests to program . r either ‘ knr wl e -e--dp ’c ’

or ‘understandin ’~ 
“ Char ter 1~ describes uce - ; :c, c- m , r e lies - mis for c r e -e - uc e - e - r e - e -  ~ne - p

an d, describing terminal performances.

Setting Up the Enterprise ‘- 1

At this tim e, the programming director c c-me-t e-s- Li~~c-c-c’ s-ht~ lens- -scm. of

- I the actual program in order to determine the th e - -ce -, i - em c e e - ar - oa , moe -e- l f- -e-rs~ n-

nd required to produce it. He may also pro-’- -t a ~e - r-s - s - -s- cal wh~ cn c~ ec i f i e s

the terminal behavior and the probable ch e -n m ’a c t c n i s -t i c s  of  the p- r - :grm nu - . to
the program conmmiss is -ncc’ . The 1c0ePe-~1’0e~ ole- of t i e -c  pc-c-i ce-sal e-s a ss-z aIcie

effort which involves subject mnatter experts , e:- :tc re-s t v ’c- re auis -e-s-c -e s e - s - L i e - c t

s-material, and contacting organizations wh iL e -  ~-1’cc - -s -m tly teach s-Is -s -c topic to

be programmed.

The undertaking of a programming effort  will often take r i me - ce  in e-U’e

steps: (a)  the determination of the terminal ueha ’e-- ice-s-- on the Las-is  of

which required resources can le-e c-s t lmr n a t . e , u , an- j (b )  the actual pr :cduot  ic-n

of the program itself. It Is ‘only after the commissioner of t h e  pe -- e-m s-z r~~e- .

has approved of the proposal submitted on the basis of the first rtc~.

that all the final agreemnents become valid as-ce -I production c a me - ac tual ly

begin. Havire-g completed the necessary agreements clod e st ab l iz hc u  the

terminal behavior and the training level of the students fe-e-r woos-re -the

program is to be written , the prmgras-ming m u m  - o t u r  will i c c - c ue - m i  t - ce -

‘- 1  assemble his staff .

~~~~~~ 4i’~~~~1 -
~~ 
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Programmer Training

Initial Steps in Training. Typically, the programming director will

hold a series of instructional meetings during which he explains basic

programming notions and -clarifies the programmer ’ s role. One of the best

• ways to train urograme-s-e -e -ncrs would be by means of a program on programming.

Such introdu ctory progra ms are beginning to be available)’ Having pro-

• grazs-s-mers read specific books about pro gramming, however, is not necessarily

an efficient way to train time -cu . Even the information presented in the

discussion period , if lea rned, may not be generalized to f rame writing

performance. It sees-mis best to have the programmer start writing frames

early in his training; for example , he may be asked, to write 25 to 50

sample frames leading to a specirleci bit of terminal behavior. These

frames should be carefully read. and rewritten toe -i l lustrate good prcgr~~e-e--

n: s-ing techni ques. Af t e r  discussing his work at length with the director,

the progrannner should revise he-is own frames or write a new sequence--

covering the same material .

Editorial s-larks. Some-metime dur ime-g the early instruction periods ,

the director sho e -s- i— I acquoint the pc-c-granit e- i’s with the techniques he will

use irs- es-filing the-edt i rame-les. The- use of so ecial editorial marks is

especially helpful with beginning f rame writers and. provides as-i e f is-ie f lt

means of interaction between the director and. the progranuners since toe

s~mibols save lengthy explanations. Some illustrative e d it or In d  5~Te- e -bc iS

f e-e’: programming are presented. on the fo l lowimhf  pages.

flu e - wrore-e- e-’ec-~ 
mLe - e - e -(c is l ike-ely to be emitted to this trans-c.

Th I s-  syre -We -cI may bce --se-cc-f a]. in pointing out that in p c-e-m- —

gramming the cc-ber t  is made to elicit a specific response

~
‘j from the trains-c-a. This effort is related t e - -  t I i - c  e f fective

use -s-f pm ’eme-np e-- s and the strength cre -’ c on tr o l  stimuli whi ch
influence the reader ’s r e - s - n i -c ‘ .

d- lariite, Susan le., llge r n , -. L . . and ii me - c - s e-e -i, I’. i-I . A I I’e-e-Ls-e-s- s-

pr lmCr on f rcegramifl [. h ose- Ycs- ’k c Center 1cm - Programed Ire -me - - s - ri ‘its--c, -. l .~f- e - - 1 .
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The stimulus is too general , possibly no response will
be emitted to this fram e. This is similar to the
preceding lie -cl ams -ce, but the fram e is too general or
too ambIguous to elicit a specific response. The
dif feren ces bc-two-c-re- 11 and < shoul d be expia l ie -e s .

A response p ie -vi a -e-s-dy learned to thi s stimulus material
may intrude and produce the wrong response; existing

~~~~ responses are iced-rely to interfere with the desired res-
po re-se here. This- syrcuhol often i’ iumJ cs a use if the pro-
grammer fails te-- realize that a student bi-ings many
associations to a program with him.

The range of possible correct responses is too wide.—f ? Sometimes the programs-nec- is not aware of other possible
responses the st udent could give to the frame .

~~~~~ Add an example- or examp le frame lee - fe -re you try to evoke 
- -

-this response.

Add a rule or a ~‘sLe frame, i.e., a statement of the
generalization beimig taught. At this point it is

~~~~~~~~ well to explain the funct ion of rules and examples
/ ~ with  perhaps a passing states-cent about me -methods for

constructing rule and examp le frames. 2 - 
-~

There is no need to state this i’rnme as a questIon.
Let the response etuerge in the context rather than as
an answer -to a question . Beginning pr ogrammers have
a tendency to ask questions ale - cs - c- they have stated
something in a f r a m e - c .  There is me -c-thin g wrong in pro —
ceeding this way except that if done excessively It
can become aversive to the student.

Insert inqui ry or test fo r  terminal - behavior. This
is equivalent to saying, “ Fade all prompts. ’ It is
not necessarily an invitation to s-tate the fm- acme as

Q a question , al though sos-ne-times this may be appropriate.
If the tenmminal behavior is s-we-s-h that it requires a
lengthy l’ccpou se it should be asked for  specificially
by a quest ion rather than by a cos-mip licated completion-
type i r e - ce - ce -.

0
- 

- 
“cC. Chap ter 5 and Evans, J. E .,  Glaser , B., and Homine, 1,. E. The

Ruleg system for the construction ol’ programmed verbal sequences. J.
educ Res. , 1962, 55, 513-518.
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Coos-I use e-s-i e-’xt st~ me- e-: c -c e-s-pan s-c- c o - c e-r e-ce-s-ire. Tie-c s syr e -.e-e-ol
is a c - e - t : e - e  -- c - c s - m e -, e d i t s - c - s marl-: . c C~~Ot0 i in c-ate-s-s-c- ce-ce-li
ex t r cce - s -~ e-- e s-ce -s-fo l. i1s-we’.er , thc - e-e -ro-, e-rcc-s e - iu e -g director
she - c cs-id s-xcciee-ie -- t-e-i s- ce - cc - prograurme-em-e-c Lie-e-l s-heir c-eir,foc-ce—
ment sue -, ee-5~ 

- s-~ , ic ’ from: the- s-a-s I s - i e - e - mc - e - - iue cc - r ej cots learn
as-e-d e-le-i t so n e - u  s - i c  free -c : his o s- - I r e - i on. I - c -  this c-cc- some -,

• t Oe-ce -IT can he- Ic - i - f , ce-le-e-c-c are ru -t c -o re e- ’c-e - - r as - - i l u -e- l: s te - el -ce - s
fm - -s-rn s-ho ce-x -ogc -cmne -ue-e -ie- cg edi tor.

‘~/ 
Split into- s e - p am - c e - to -  s- owe-os as cce-o-re -~e-e-l.

_ _
I:.

R R Too r e-e-ros- e-’e ee -s-is no . lie -i~ Is- intc c-cv e: s--cc l fm-c-ce -es, or li me -c ot

These 1-c-st three s- ce -ac -k s all c-c-ms -i e-I I e- i e- the san e prof - l en . :
the beginning re-’ a-ac ue- . re - c - te - uc - rmc s-, e-e-c-i Le s- rare-es tie-at
are much s-coo lan . d e -e - me - cs -  Imecs a 1 c-e-:ms-ce- is te-e’s- wore -iy mire - i
needs no e-orc ti e -c -me - editie-e-g f - ri-s-c- e -t o~ vies-i o-i
good Engl ish.  f e - t ime - :  fm -ou nc es , he -ne -even- , c-i-c e- e-oc -s-cc -den
wi th stlmnu il  c-ne-i I c-c-lee-c-cc c , e-~ i ’e- -e -ms- i c-e- ‘ccc’ cc as-e-y i ’ e-e-ms -oc -re -cces
for one frame . l ie -l i e  c oe---- a- c- c e o - m e - s  t r e -  bc- ce - c - thing s-ito -mug
I’rom the us-ye -c }~cde-e-gicai le - t- of vIce-i in nal~ ci t Ing
several r e-s-sp e-e-. s - me - es  ‘cm ce - r e - c - br ie - c-- , led often c - c - re - c c-se-s tOce -
lea rner especially at  the beg i : s - s -u ing  c-f a pc-c-gr as-ce- Ot - -

quence. It is s-mo s-sore time c e -e- s-e -se -nc: Iupr to e-s-ave several
frame--s .  each of which elicits Oiis -e -e - I’eS~~e-e- e-e-Se, than to
have ce-re -c t re-e-me-crc ce - he - I  e-ch el i c i ts  u - nrue - e -y re spUnmc c-o .

This calls cs - cc - a trivial I-es-le-o-as-c; a - c-s -t om e - se  is already
at high sti -ermg th ; pro,e-o e-e-. c-t- i s ~oo tcre -nmm g . Here the

R 
programmer e lic i t s  a tie -spor e-se e--e-’iiI e - Iu really Is-as s-e -c - th Ime -g) to dc \-ri t,h the- s-obj ec t  s-re -otter; c - c - s - p o e - u -semi such as “ is , ’
“ is not , ‘ ‘ and , ‘ “ yet , 

- ,  or “ no . ’ There o - i e  t e - iie - c - s- ace-ct
places n e -hem : responses such as these should be elIcited ,
but only e-lk ’ doing so is ce -i ’ c -c - i e -e -ve - e - im e - - :c: to the terminal
behavior- in quee-r Ion .

DIs e
-
: m’ c . e - i e

-
e
-. 

- c e  -Lf’ e - l r e - s - J .  I f s - i s  symbol is seldom ume - e~e-
by i tc c-l e-’ . 0 c e-e-,- I - c :  used with the “ spl i t - i s -e- ta-
sepuc’a t e— fi’ e - e -u . .cs -~~— e - e - : — s - c -n e - c d” c-yrc L- e- e-- me - I  ‘c ’s-e-ly described
La  indi- :cite -f e-e-u t, h i :  ce -ro0re-uac.em’ s-s - i - s-f ci I ru s er t  a s-cries- j
of discri ,e-Ir rctJ -e- e- e-ras - s - cs . This ne-os-au be s- ingested when
it appears tie-at the pc - og re - n e - s - ic e - er  has I-c - e - s e  -more frames
Ic - establish a e-- rs- qne-ired subject mutt -ct’  l i sc rimin ae -J n .
See Chapter 6 for  a d i s-~~’ e - s - s i  s-st mi e-ce-l examples of the

- 
-
.~ : discrimination s - eq s - s - c - r ic e-s- .

I~~1
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-
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Gere -cral i zu ’cle-cn . f e- I s  s-’e-e-- ,usi ce-lao is  seldom used without
ale-i f  t t : :me-c i  ir s-I-  ‘ce -s-ed c c - s- es . 1~’ ii~ is e-e-sed vitie- the “ s - c s - -l I t —
i e-t D-~~c s-~~ - - ~~~- cc- s~~s-c 1 ~t o m~ s that

( “  the pre-orasace--er sle-c e-il d le-e-oce-re s-icc -c the ss - -c - dc - s -e -t re -ar- e-cx1iee-rea

the l ull e-’as-c~ -s- or to tre-l 1e- ,us - l ima e- l e-mcu ’ -Os -’ son, -n a nt e-ct
mat ter  n e-c-ia-n c - c e - . See f}e-re-btc:s- 6 f e-e-m ’ ce-xwe-e-ples of a c-e-u e -~
eralizat ic-re- so-queue-cc.

i / a s -m e -—u p -c s-’ re-vie:, - - - . I -- s - cc - clue -es a l c ’ -~e-j ’o~~c~ea’ ass-aso-s ! 
- 

-

that sue-os- ce-- cs -  ro e:: , ~~e- e-’ i ’Ce -s-s- e- ci s-e-c-e-c-ie-e-e-s-e-e- e - e - ecIs - e- e-m . of a pr . —

gram thas-e- sce cc e- s ve-e-c-:~~~fc- -i . 
- c-c ne-e-e-re e-— c e - p s;ncubc i indicates

..44/~ f l  tc him tha t he she - c- ce - la ic e-c-ce-e-s-c-ce a t en-i fe-’cumr,es that refer
to prec io u s- I ; -,’ 1cc-c-c-eu mu a s- e r t a l, usually w i t h  c—cry l i tt le-

r r c - r - c  i e - c~~. flue ne--re-b-ce--c is also -s-sefcict ‘e--de-e:e- the p-to -gra ce-u i’s- c-
has e- ’s-e-itce-’: to e-s-ce-f s-C’s-icie-r e-rr-c ce-s-c .

5s-r e - s id e - e - ’  s-se of s - cs - ce - i s -  Is - e - g b c-cu. Tie-c cc-s - e-~ce-pt of -siual cedng 
- 

-

nas fe-en es-s-Ic-ic-re-- ,: I, haj ccc- 3, c~e-ccl e-e-cwc icles c -f  the
use c-f -s -Ice -s -Ice - ire - f in pr o -rca -rue -s-cong may be outs-I in Figures
1~ and 5 of ‘he-ne-t ee- ’ Ic.

Rewrite I rs-s-s-cs I ns -s-s -u ice- to a. This is thts - least spec ie - l i :

~
5
~

’e- the co-lIsa” s e-: re -e-s-cy ”ers -t -s-. It ie-e--s-cicate s s-me - at me - c e - th e - i c ’, :
cars- be dc -rue wi t-h the i’ranmes as they exist, they need
tc be rewri fe-- e - e -. s-Is-cs-ally such c- u sc-rh is e-ics -ccs -e-e-re -ar e-ie-c-

by ano timer -c e -us - c incflcatl  rig the gc--ce-ci’al nate -ar c-- e-e-l’ the-e-

change that is r e - cc - - ce - i.

r Subject s-cc-utter seems questionable , have an exp ce-”c check.

The ::yms-b e-- l.a lis ted above s-nay be i s - e d  ‘by the -e-ce - s-elves or in e-c ce-: ,b i s- e -at lcc e- .

El i  t - c-f al symbol s r e- f this h is - m d can clis-muinate the need for handwritten -ce-cs-cm-

ms - es - c n wlL ‘cii would -e-- t l s - e - e - e - i e - i L s -’c be i ’: r~c-~e -re-- c . Of ce -us -r o e, a lit t le  jnrce- ‘t lce wi th

s-e-m -m e-: s-~ ms- b- ’ e-is is i’c:juI m ” ir e- - i c r  for  pr s- -
~~ -s-I ce -e-ec-re -to Use s-he-s-re - easily, but

F learcmi ~ 
the s-~~ ue-c- is can be a valuable steg in ic c - c -ru in g the princip les as--e-d

icee-co -cie - Iqe - ce - of prc grai-mLs-e-g.

L .

__________— 
________
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~~71ng Out Prograimning Techniques. After initial training and briefing,

programmers should be rather quickly encouraged to produce frames and have

thai available for subject tryout . It is a good idea for these earl y frames

to sample var ious part s of the subject matter under cont ract to be programmed.

• Programmers should be assigned small portions of the pro gran i ’ a tenninal be-

havior and requ ested to generate short sequences (50 to 100 fr am es) leading

to the specified behavior. This will pen-nit programmers to deal with h f -

ferent behaviors and the resultant frame sequences can be saved and incor-

porated in the first draft of the program.

During this time, programmers should also become f’axniliar with the team

procedure s to be used throughout the programming effort . Thus frames should

be d.ictated, typed , given back to the progra mmer for revision , retyped , given - 

-

to the progra s-mning editor , given back to the progra mmers , red ictated or re-

typed, and finally, given to the subjects. This sequence should become 
—

automatic for all members of the team .

Generally, novice pro grammers take a long time to write a frame and

their early frames are longer than they need to be. It has been found

useful to employ a piecework method in which the beginner is told to produce

a certain ni,ms-ber of frames per hour. The figure used will depend on pre- - 
-

- 

- 
vious experience and may vary from as few as 8 frames per hour for complex

subject matters to as many as 30 frames per hour for relatively simple

subject matters. It should ‘be pointed out that the conventional notions

- j about what is simple and what is complicated do not always hold when a

subject is analyzed into frames. Teaching children to tell time, for

exampie, may be much more complicated from a programming point of view

• than teaching matrix algebra or the fundamentals of electronics. Settin g

a standard ne-saber of frames to be completed per unit time may also encour-

age pr ogra~m~erS to write shor t fr am es.

Subjects should be regul arl y available to use the materials the pro- -
~~~

grammers develop; a peri od of about two hours a day is hIghly desira ble.

A record should be kep t of the materials given to each subject , since even

after work ing through a poor sequence, subjects can no longer ‘be consider ed

naive. Between five and ten subjects is a sufficient n~.unber for trying

-
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out frames at this stage. ~Then a frame ses-je -cexuce has been tried out , the-e

programmer uses the subjects responses and cczcmes-e-ts as a guide in revising

the frames. The task is to analyze the subjects ’ responses and to try to
understand the conditions which prevented them from learning, and then to
rewrite the frames accordingly. -

After the first subject tryout and subsequent rewriting, ~he revised

frames should be tried out once more on appropriate subjects, and if neces-
sary, rewritten until the subject matter is learned as indicated on a short

test of the tens-s-inal behavior. At this point, a sequence may be considered

- - 
to be in a first draft form . Frames should the-n be filed until an integral

unit of the subject matter has accumulated.

Program Product ion

So far in this description of the programming enterprise, the adminis-

trative groundwork has been laid, programmers have becom e familiar with

f rame writing procedures, and have tried out sequences of frames on sub-

jects. They have also accumulated several units of frames whi ch represen t

a part of the programming effort . Once the programmers are proficient ,

the remainder of the programming task is usually approached -equentially .

For course-length programs, the terminal behavior cars- be divici’ca.~ into

se~nents to be programmed by different individuals; the editors can assure
-~~ - continuity between se~nents of the program.

First Editing

• 

‘ 

After tryout and revision, consecutive frame sequences are grouped

into units of 100 to 1,000 frames and, given to the editors. As was pre-

viously indicated, these units of the program are edited by three different

r .  editors: a psyc hological editor , a linguistic editor , and a content or sub-
ject matter editor.

Before editorial changes are mad e, they should be revi ewed by the

programming director. He should have the final decision as to whether sug-

gested changes are to be incorporated because the suggestions of the techni- - 
-
~

cal expert or the writer specialist must sometimes be reconsidered. It may 
~~~~ 

-

be necessary for behavioral reasons to make a statement about the subject

matter which taken out of context is incomplete. The subject matter
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specialist may forget that thi s incomplete statement will later be ela-

borated upon and shc c~i1 not oc J e-e-cdei ~uc of ~-n e-~ cxc . Le- a
program, for example, he is likely to criticize the introduction c-f a

matrix which does not have the lines or brackets on the sides to indicate

that it is a matrix. Yet this may not be a e -  unreasonable procedure at all

when later frames teach the student that an array of r~unbers without these

lines should no longer be- considered a irate--i:’:. To have presented this =

i~~ ormation earlier in the program would r iace  too sudden a burden upon
the student. The technical editor shoul d understand thi s method, of pro-
ceeding and function rsainiy to prevent technically incorrect tene-~inal

behavior f rom being c-stub~~~che - h .  The t iut :u issic  eaitcr, too , may find
that a program violates some of his principles. Extensive repetition , 

-

although alien to good wri te-i re-i, prc e-edures, may serve a definite f e-e-e-cticre-

in a program, such as connecting or e -c stimulus with a set of related stimuli

in the course of a discri ir:utiou e- 1’ generalizaticre- sequence.

After editing and subsequent review by the e- -rc i,ramn:in~: direct- r , the

make-up director is consulted and the fonrat to be used. in the ;ro i,ram is

decided upon. Like the editors, the make-up director may make s~ci ,cct iOne -=

regardi ng the program . It may become apparent that extra I-aries ma~ cr~ al 
-
‘

proposed by a prograsuner should be incorporated into pee--tire -eat francs ,,

since it is only rarely referred cc. On the other nur d , it may be

advantageous to introduce additional reference panels, consequently

changing particular sequences of f rames.

The programming director may make certaic major changes on the bosis

ci’ tt~-~ -:osimerits made by the editors and the nai ;e-up directc a’. For example ,
the order in which the s-object matter is presented may he changed , or

- :e - r~ ai frame sequences may be ac re e f f i cien t ly  programmed. If revisions

are drastic , it is necessary to repea t the pi’~ H~ c~ ion process to this

~ -c hY~. it ’, however , the program un i t  is in good enough condition , it is

:n:~sed on to the make-up d ir ~’ct-c r to ‘be prepared L’or subject tryout .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-  --—
~~~~~~~~~~~~~~~~~~~~
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First_Program f e - ’~rce- e-t

The samale of subjects win take the pro d-v -ocr at this stage is carefully

selected to conform to the eventual user populati~ n. From 15 to 1~~ or more

subjects should b-c used. In cons;c~cs  b-s the e--e--ev ious ~r:-~r-~ seoaence t e--~-

outs , subjects should be ceored on a suil-aile di O d e - io5 t iC  - :iahrcnnce test

after completing the progr ee-ci unit .  The tra ir ieni ,  n~ r cc t-~~ s h e - - n :  be asked

to provide or develop appropriate resrsng i::stre-s,enire-. Is:- sos,e subject

matt ers wn~ i’e previous student exposure is CLiff lSult so specif y, i~ is

desirable to give a test prio r to the proi,re--e - e - . t2esriie-g tire- ~~bje~t~ befc-rc

and after taking the progrmn provides a bascii:-s,e -against which stc~ cat j

formance can be assessed if necesce-ry .

After the trycut, she frames ~ ;- -c a~ ain anal yzed and the success wi th .
whica te~~sina1 behnvicr h~ s beert attained, as indicated on abe-c- test, is

detee-’rnined. ~Lie-e root-test given to the trainees can be analyzed in tei~e-s

of total or part scores anc’i the results sunmarized. The analysis cf sub-

ject3 ’ responses can bc made in various ~;a~ c, b e-t should at least yield a

tally of the frequency e-rith wnich each free-ze was - c~~rd and a list of
common errors made en pear f rames ,  A Lig ie -error rote on a particular frame

points to a need for ce-vis ion, and. the types of errs- i-s :e-ade indicate how

the revision should je -roc eed. Ic~ reover, r ;ec-iai ,  the reasons fo r  student

errors can be highly instruct-’e-ve f-o r bo th prcyrncners and editors.

What w i l L  typically ce -ri , - - o f ,  -:r tz —~ res~ oin,ic an-Jy. - is  is a copy of

-each frame with a b:’ief s r~~ J~~i/  statement of the s’i-~~ccts responses in

~ ice-rn such as ‘2/l’~; 9 elec tr ical energy; ~ elect ric i ty ;  correct response-,

energy. ” This nota- ,in indicates that 2 out of 15 s bjects gave the ce-”r -e- -st
respc nse “energy,” ~~i wrote ‘electrical energy,” and L~ responded with ‘ d es- -

‘

tric!ty.” :~ act ditio r -e- , the anne-toted COj~~ of the program should contain a

statement by the I acse- L win hin d con U a - e -  with the subjects suomarizing any

student comments. Ln-se isate ,’ia~ :, together with the tost results are re-
viewed by the pi’ogrs~ mir~ dircctcr  ~- ‘no decid.e~ ~rh e- the ,’ the program satis-  -

factorily teaches the terminal L hr .vior  or :rI ~e--ther f ’r r th ce -’ revisicr1 is

r encj ired . This dcc- is~ on is pri: a ’i1~ de~:ee-crln ed by th2 extent  to which

the progr an has enabled the stu d~nts ~o perfru~i: cell on the test of

term inal beh av ior.

t
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Second Editing and Proceasi: :,

Sometimes it is evident that the terminal behavior, as outlia~d, cannot

be achieved by the method of programming originally proposed, or can be
achieved. best by another crLthoce -. For exar.j:le, in teaching general science

for a jun ior  high school , it seemed advantageous to program the subject

matter by topics. Implicit in teaching the tories was the assusption that

certain common notions would be learned in all tc-pics. In the test for the

terminal behavior it was foun d that students gained satisfactory Imowledge

about each topic, but were unable to- generalize the concepts which the topics

had in common. Thus the tryout re-zealed that it would have been better to 
-

=

break the whole program into cu ’s- -un it s  by concepts rather than by topics.

— 
The emp ie-- ~ca1 nature of ~rogra~ulni, may ina :c it necessary to revise, some- , 

-

-

t imes exten sively,  ;,ast methods of teaching tire subject niatter. In such

cases, the progranurini , ai,i~eecent may need to be changed and additional work

will be necessary -to core-kplete the project.

If the programm ing director and. his editors are satisfied that the

teroinal behavior has been achieved in the tryout , the business of detailed

editing may proceed to prepare the pro~ rae-,: in its final force- for the user.

This stage of ece-itini, reociir~ s attention to every ~-rord, cosu~a, period, and
semicolon in each icr-on-. lire-ce the stuclent’s response is so carefully

guided it programmed lea:oe-ini,, the consequences ci typographical errors

are much more serious than in a conventional textbook. After this second

editing ama procfreace-inf, the programming director will consult closely

with the c ain--ut  director for the final preparation of the program.

Preparing the Prograre-: Foruat

Programmed Textbook Fe-rs,a t. This book has been primarily concerned

with programs of the paper-m d-pen ci l , constructed response type. The

~c’ssible modes of presentaeieri are disc-cooed here in relation to this kind

of program. A~ hh~-ufh such programs may be prepared for a machine when thi s

provides increased learn - m i ,  efficiency, the most simple way to present these

paper -and-pencil j~rc i,rn’r; is, of course, in hook form , i.e., as a programm ed

textbook. When this mode of presentation is use- I , it is necessary to plan

the arrangement of frames within the bo ok . During tryout and early stages 

~~~~~~~~~ -~~~~~~-~~~~ - —--‘ ~-
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Of prodc’e-~~~-:- r: , of con-- se-, F -am.c-s neoc nec cc in the fir -a± ~ormat;  they

may be arranged sequentially on a page like a book, they may be on paper
strips for use w e-ta cem-tai re - -ne-nInes, or they may be ore- separate cards.

A typ ical l inece--  je -robracc-e- :ed tc-xobook f or m at  makes use of own tyt-es

of pages: the stir -udus fram e or question page and the response confie-ne-a-

tion frame or answer page. These pages niay be arra m -e-fed in one of two ways
in a program . The response confirmation may be placed (a)  on the baak
side of the page containinie-- the stimulus 7rae-e, or (b) on the second page

following the stimulus frame. In the first case, if the stimulus I rmne

is on page I , the response to that frame would be on page 2 ansi the next
fra m e would be on page 3. Wi th the second arrangement , if the stimulus , -

frame is on page 1, the response would be on page 3, and the next stimulus
frame would be on page 5. In other words , the -consecutive stimulus frames

are on alternate odd pages of the book. A possible disadvantage of arrange-

ment (a) is that the response confirmation for a preceding f rame may serve

as an unwanted prompt for the next fram e since they are on opposite pages.

The second arrange-neat (b)  eliniinaoes this problem and for general illus-
tracive purposes the z-euaire-de-r of- -this sec tion will discuss this sort of

arrangement .

In the programmed textbook format to be discussed, a sequenc e of

frames runs from time front to the back of the book and, then for,-rard again

in different “levels” (see Figure 1). The stimulus fram e pages and res-
ponse fram e pages are divined into levels in order to save space. Stimulus

f rame pages are always al ternated with response confirmation pages. On top

of the first page tir e-cr is stimulus frame (s) nuiber 1, and on top of the

third page is the answer or response (R) to fram e nunber 1. Similarl~, on

top of the fifth page is fram e nurnt ;er 2 and the response to ‘ that frame

appears at the top of the seventh page , and so on to the end of the book. 
. 

-.

~Ihen the back of the book is reached at the top level, only the right han d.

-or odd numbered pages have been used. The succeeding frames run towards

the front of the book on the top level of tue left he-it , even numbered

pai,es. When the front of the bock is i-cache’ aga in , both odd and even - - 
-
~~

pages i n  the f ir st  level have been used. ilte next  f rames are pL ace d  ore-

- - -~- _~~~. —- -— ~ ‘ ‘ “  ~ .
• i - . ’1~~ 
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the right hand page s of level 2, continue to the back of the book and then

forward again on level 2 of the even numbered pages. This arrangement--

from front to back to front again--c ontinue s through each level of the book.

Figu .re 1 illust rates such a pro gra mmed textbook.

Figure 1. The Plan of a Progra mmed Textbook

-
~~~~~~~ 

~~~~~~~~ L—-—- ~ -~ -— --~- - 5

Level 1 ~~~~~ ie~~~ 1 ~/ 
S - 1

Level 2 
— ~~ 

2~, 
S - 4 R-~

Level 3 S - 7  - 

I

Level 4 s - b  k

—---- V 1
Level ~ H s - i s  

_ _

~~~~~~~~~~~~~~~

- -

~~~~~

-

~~ 

- -
;

- 
. Usef ul Form ulas in Making U~p A Progra mmed Textb ook. Planning the - 

-

layout of the programmed textbook just described is not as easy as it
might appear. ~-1i th several hundre d f rames and several levels, it would
be moat time consuming to dete rm ine the number of pages requ ired and loca-
tion of each fr ame. The position of stimuli and responses in thi s type of

- program can be computed using the formulas pre sent ed. on the following pages. -
In discussing the layout of pages in a pr ogram med textbook it is important - 7 -

to distinguis h between sheets and pages . The number of sheets in a book
is the total number of pieces of paper; the number of pages in a book is -

exactly double that of the number of sheets. The first sheet in a book
contains page 1 on its toe - st side and page 2 on its second side.
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If the frames to ‘be put into programmed textbook format are on
individual slips of paper , it is possible for the make- . u,p director to
assemble the frames in a layout form for use in f inal typing or typesetting.
When the make-up di rector can compute which stimulus frames to place at each
level on page 1, he can then assemble the layout from front to back at all
levels at once. The formulas which follow permit determining which stimulus
frames (s) should go on page 1 and which response frames (n) should go on .

page 2 of the first sheet 01’ a pro gra mmed textbook. The foil )wing symbols
are used in the formulas:

T the total number of frames in - the program
(for the computations it must be evenly
divisible by L, see below).

L = the total number of levels on a page .

n = the number of the particular level under
consideration.

S = stimulus f rame number x.x
R = response frame number x.

The total n~~ber of sheets need ed to lay out a pro gram or pro g~~m
sub-unit may be foun d. by dividing the total number of frames by the
number of levels. If a program has 100 f rames and is to be put into a
five-level for mat , the number of sheets needed is T/L or 100/5 = 20 sheets.
If T/L does not yield a whole number, additional blank frames must be added
to obtain a corrected T which is evenly divisible by L. This corree-rre~ ‘I’
value is the one the make-up director will use in calculating the layout of

~ J pages. The number of pages iii a programmed textbook is twice the number of’

sheets; in the example above , 2T/ L or 200/5 ~4-() pages.

— . To compute the numbers of the stimulus frames for page 1 and response
frames for page 2, use the following formula:

Formula I. For any level, n,

(n  - 1)T
Page 1: S frame number equals L 

— + 
~~

nTPage 2: J~ frame number equal-s —r

when T/2L i s a  whole number , the following form ula may be used to
determine which response frames should go on the second to the last page
(right-hand) and which stimulus frames shoul d appear on the last page
(left-hand) of the book.

1

~ 

- —t_
~ _.__4

._1~~~~~~~~~
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Fortrn uJ-a II. For any level, n,

Second to last page : R fram e raa-oer eq’oa s + a - 1 (
~~

Last page: S ~r3ie-e number equal s ~~~~~ ~
- n - 1 (~

-) + 1

If , on the other hand , -1/21. is a f r a o U i o n 1 use the following fe-rmula:

- 
- 

Formula III. For any level, n~,

Second to last page: S frame ncrr r~ c-r equals + (n - i)(~ ) ÷ .5

Last page: E ‘rane number equals ~~~~~ 
+ (a - i)(~ ) 

+ .5

Notice that when T/2L is a whole number , tne last page of the book will

contain stimulus frames. llhcn T/2L is a C rac~ion, however , the 
last page

will contain response frames and both the last page and second to last page

will bear the same frame numbers . In other words , the stimulus frame and

the response confixTcati~ fl will be back to bad -: on the last page. The fol-

lowing examples are pre 3enteo to illustrate the use of the f , rrnczlas.

Example A: T 15 frames
L =  5 leveis

- 

I This- program has 15 frames which are to he presented in five

levels or, in ther words, five Iranes to the page.

Total sheets of paper needed = P/h ; 15/5 = 3
Total number of pages needed = 2T/I~; 30/5 6

Formula I is used to determine the numbers of frames to be

placed on the fir.3t and se~’c-nd pages:

Firs t Page Second Pag~

1 = S1 
15/5 — R

3

(15/5 ) + 1 = S4 
2( 15/5) = R6

(2 .15/5.) + 1 = S
7 

3(15/5) =

(
~~

. lto /5) + 1 = S10 
L~~l 5/ 5)  =

(~~ 
15/5) + i = S

13 
- 15

-H

— ~— - ~~~~~~
_ -

~~~ 

-_
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Notice that T/2L = l5~’(5  
. 2) which is a fraction and not an

integer. Therefore , f::- e-~~ula Ill is used to obtain the numbers of
frames fur the last and second to last pages.

Frame numbers oolc:’i o~ueu for :

Second to Last Page Last Page

(15/2 . 5)  -i- .5 
~~~- 

= R2
(15/2 5)  + (15/5) + .5 = 5

5 
= p

5
(15/2 . 5) + 2(15/5) - : -  = S8 = P8
(15/2 . s) + 3(15/5) + .5  = S11 = 

~~l
(15/2 . 

~~
) ÷ 4(15/5) •i- .5 = s14 = Rl~

The page layout for i-mis 15-fram e program will look like this:

Si 
_________ 

L 

~~ I 
S
3 

- 
S
2 

r 

R
2 I

S4 P6 R4 S,- 5
5 

R
5

_ _ _ _ _ _  
I
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _____ —_____

S
7 

B
9 

B
7 

- 

59 S8 R8 r~

S10 ~~ 2 S12 S1. R11 
j

I I  _ _ _ _ _  

-

S13 R13 S15 S14 B~~

Page 1 Page 2 Page 3 Page 4 Page 5 Page 6

Sheet 1 Sheet 2 Sheet 3
I

Example B: T = 161 frames (uncorrectea); 165 corrected
L = 5 levels

Total sheecs of paper needed = T/L; 161/5 = 32 1/5.
Four blank fr am es must be added to make T evenly -

divisible by L. Corrected I = 165, and total
sheets of paper needed are 165/5 = 33. - .
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Total number of ~m~~cs ac-eThI = .ii/ :,. - /s = mc.

Formula I is usea to deoers,in-~ tno : cc; .hors of rames for
the f i r s t  and secs-us ~-o ;uuc of the t~ xt m - c 1~. The corre -siec
‘1 ( 165) is -used in th is  formula .  ~es- : ts in d L c a t e  toot
page one will contain stimulus francs S , S -~~ , I -I a L~ -
and S

133
. Page two will  c u n o n i n  rose.: se Thames R~3,

R66~ B99, and B
32

.

Sin-ce T/2L, or lois case 165/ 0, is a : r~~~ io::~ ,:cm-~~a III
is used to t€h ermine the ~im-ebers of coo i’ese-onse frames t~ go on
the last page of the .cuh. The 1_st ~age will curtain response
frames B17, B50, E~3

, F,~16, Be - )  unIt  the se cond t-o last p age  wL1l
contain the corresDsndi~~g ottoo~ius f ru ies .

Exaniple I: I ~- l~ ot -

L = 5 levels

To tal sn eet s  of :~as e :- ne~ -Pei; icc-o/5 = 200
-Total number of sages needeo; 2C-U1~~5 = 4CC

Form ula I inuica-ces that page one \-T IJJ contain
~‘ 4 -~~~ - 1  r~- ~m~_US ~L1~~~ 

~~ ~20l’ ~~01’ ‘~6O1’ 8oi~
Formula II is used to detee--mir e stimulus frame n-nobel-s for

the last page be cause T/2L -so’ 1000/10, is a whole number.  Thu
last page will 000Lain stimulus frames nnoL:e-e - ’ed S101, S

301, S
501,S

701
, and S

901
.

Other Printed Formats. Besides the programm ed textbook, several other 
- 

-

printed formats are available. For exomo- -le , each fram e may be printed or

typed on a separate 3 ” x 5 card with the answer given on the back and the

cards can be bound t o g e t h e r  by ri ng t-h:d-ur -s . This is obv iously not a useful

format with large numbers in frames.  i\nnther format is a variation of the

scrambled textbook described in Chapter 6 an -i is ‘useful when the linear

programs primarily describ ed in this manual are combined with branching.

A recently published program is a good example of this format.3

- - 1
30rear , J. Programmed manual for  s tuo or ts  of Fundamental Physics.

New York : Wil ey, 1962.

— 5’-—-— ’ _ ~—‘~~
-‘—------———-—- ‘ ‘ - - -.‘— ----—-— — -.—-‘-

~~~~ 
— - —“ -.

~~~~~~~
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In still another display mode, the stimulus frames are presented on

the two-thirds of the page furthest from the binding and the responses to
each frame are placed in the one-third of the page closest to the binding.

A sliding device used wi th  this format covers the thIrd  of the page con-

tam ing the response confirmation. Frames are arranged sequentially on a

page and as the student ~ o’cJresses Tro:~ one fram e to another, he moves the

device do-cm the- page revealing the correct res-osuse to each fram e as he

completes it. When the student reaches the last fram e on the page, he moves

the shield upward again, and uses it on the next page in the program . Fig-

ure 2 illustrates this ‘format.

Figure 1. The Sliding hauL : Format ‘- -

Li-i
- 

I Units called calories and B.T.U’s areheat
usem to measure 

______ 
energy.

- - f-i 
-

To t ind tht amoun t of heat energy ~~
-

- 
~~j O use an instrument called a I

_____________ 
S

(Sliding mask)

It is evioc-nt that the nature of the subject matter and age of the 
- 

-
-

5t h - t en t s  will Lt~cIat tile- format in which the program appears , but all

consi thcrut~ ons should be suh cm-dinated to the idea that the program should

teach well and ef fi el u tly. The mode of presentation should never compete

WI th this purpose. It Lu also to be cnphLLsizeJ that no one teaching machine

______ 
—. --—— - ------ .—

~~~
.—... --— -~~ ‘-- - —— -5, - —. ~~—‘--—---
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or di splay mode will tucke care of all the profror:s toao wil l  h- c- developed
in the future. For special c-kIlls it is sometimes useful to i’ao’or mach ine

so-esentation of a program. On the othec- henct , a -nispl- :y device ce -h ion is
excellent for certain subject matters and critic cer tain  trainees may ‘r C

much less effective when used in a di f ferent  si tu -el i -on.  This -chaoter has
dealt with the most usual kind of prog-ra ce-ie-1 o u m e t o o m .  ka-citin-o preco out O t ,

while important, has not been discussed because the emphasis of t:-ho

is on the program rather than forms of auecuoae i —: ~. For  a con Ioc -oil-u sive  u1c -

e--ussion of machine presentation and available teaohln 1 - occu lt: cc, ~ne e - - -ua -Ler

is referred elsewhere.

Final Tryout

When all the units of a program have been assem bled and have bE-c:. re-

produced in the selected :nc—le , the prograci should be tried oUt 0 5 C C

on a group of trainees for whom the program is In t en d e d .  This t ryc  mc is

~ 1 not meant to change any aspects of the progra1r~ essentially, 1u to furchc -r

validate the existing program and to determine its optimal use in an in-
stnictional setting. Again , tests shoul d be given to the subjects. Sub-

fl
jects might also be ass.L g:ie -ci to experimental go-c up s each of ;-micn use the

prognam in a different wag. This tryout cay be used to indicate the Lost-

role for the instructor ‘~ni the oroaoizati -o n of the curriculam in tent s of

the sequence of progo -ce-acco :oc c .er ia l, Juto ratory w ork , group discussL-oi: and - -
.

lectures.

Only after the completion of all the stages describec  nec-c , i iccluulng

this last validation stage , can a progiocri stand as a finished product. After

the f i n-al. Le - ’go -ul. ,  the programming dic-ec tor  sho-ulo be able to prepare a manu-

al specifying certain characteristics of the progr am in detail , describing -
~~~~~

the p r i r i - i ples on which the program a bas~ - i , i : : - J i cac i r ~g the success of the

program with a given numb-or of subjects of 1-:no~~ qualifications, and identi- 
- 4

f ying specific ge-als that the program achieves.

4Kopstein, F. F. et a!. An overview of automatic clot - i n ; .  Wri ght-

Patterson AFB, Ohio: Tr ain irg i Psy ch o l—u gy Branch , W CLOP I R Ae rc- Wem . La dc . ,
WAIf (ARDC ) January, 1959 .

i~ survey al the industry, J5ul . - ; .  - u - . .  ~~~. S. ul’;i. Prini ing. Off ice ,
1962. 0Ii— ’~ D J .
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The Frc- :i’um ~-h~c - cI

Wnd,n a pro gram 5 eul:-iIshoa o ’er operat ional  field cue , 1t should be
ac companied by a manual : r I :Lc h  i ravices  the user with am miuate Information

-u sc-ut the object ives of the program, the procedures involved in its dove-los-
t ,-ma t- , suggestions ~‘nr its ~ptio:al use , and cescruecion s  of’ what might be

expec ted from the pc ’:gc-am h-ascot on its ar -evamus e fo e ct i v em o s s .  The manual

should be wr clam ‘so he - iueamI~ gC’u1 to p-cr cconc~. in charge of schools and

croon c_u f orgamizat ions.  users  in d-p oi -c t ioma l  c--i -u-call oral  and t r a in ing

sItuations cr 111 Itom e ash y Otie sul-cim-at iun s-urcgIi eu in the manual and ~ri1i

rely on it in making cecT sic- : cc u-o c m r m L n g  the program , The manual sho-uld

be undated au-i revise--u l it  nporutriaUc :Lntec’vaic ~r ith  f urther use of the
-

‘ program . If research and ce-re-icr-nc-am are to- be ~~nd-jcte~t in c-oonectic- n

with the -rcg:-c,n , a supplementary manual a-ill be required f or  research
0 : 1  i-cannel .

It is recoimnended t h a t  the fol lowing items be considered in the pro-
naraliun of a program c~ar ,-j-cI. The ito-os listed can also serve as a check-

1 1st to help insure- that a 1 r - r otis has a tnered to certain standards of

cuality.

fl~ ecif ica tio i. cf Objectives:

1. T u e  o b j e c t iv e s  should be at at ed  in SJ :e ’ L i  c se-han oi - s which can

he cose: ’eed: ii: student f — ec’ t ’onnance. It is in sulfic ie:- u to say cha t a st-u-

~lent should undec-stund and be- able to apply Ohnh s law; s I t ua t i ons  must be

u ce c if i e d  wh Ich  indicate rc aJ o~ les of pec’fac’rmance. The program manual should

:ndicate }r ~ ‘ -i the t r a in Ing  objectives t i c - i -c derived , and should refer to ap-

propr iate -c- :r r -ccu i ujn and subject m a t , t ej ’ source-s .

2. 11 is further desirable that tile manual ruler to specific achl eve- .

r: er, t ues ts  -h f  —ib c e-asure the terminal per fo rr al cE uaught by the ;-ro r Tr cin .

L 3. II the programming J-r co-:e-i ure has suggeotco  now ways of presenting
- -u,-. ‘

the s - :bj e :t  matter, these ic ouvortions situald be descc -LLe - -r, e.g.. if the

tocootnal  beiia ’-;i or is best it t i ~~cd by cci : ‘ e i c o i x c i t L ~ ect matter  arrange—

0, 0- ri , the ~~~ ta o~’ this 0r ’arigc m em t Ohc-I ~~~ -c ~ - xr J r L I : t :  0

i -

~~ 
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0 - - tO I-rec-odnrisll- -i ( i fucec -in : meh~ vior )

L.  Thu ::noa-iO-cg-c ato m o-e :j:ii’eJ by the :c’ule-iot In cr d0r  00

Lc~ 1n oh0 J - !’c-go::.or sho:;l~ bc ch ancy u tatec .  I a’;nl ac-le, pr o ammo: or

antoer cr usoe,: o~ r o u r : r c a i r o n  cool -oh nr c-i  arc the cu-ame -nu for the p r o t s-am

01’ -00 -f lS l -Oe - 1 ’d t I~~ oh : nIt: be it. :ri~ O0 0

2. j i  ac- I l lume-  I c -n e _ s  -of one d uo -cr am f o r  orison. Usc ~ r : gnu . .  is

a amu il cc ~r e-  c t~ evel: : ~ u~d

ram 11am of go-roo’:cr ig ’ rocu: s-.i:0 - -ct Ltude test:.

± ~~~_ O (  O c  o’tt ~e t  ‘CL I  am ~ incie-~ he K e~~~

to - -Till c-h the so-: iou n;-hi:icaa its is:ooor-cticnal ~ L C ~~t i0 C 3 .  Lhc-so

data thu ala he i-cpoi-roe-.~ in guano i ta~ c-c ic-o cr it: i tS-c Ot in .~ toe ce-an ant:

: am dard -ic-’iia t i n  o~ groan rut  c ion-o n ceo- h cc - sos.

The teat  ( : )  00a-!c ‘a~- -i to e- ;aicla :-: roe- ::r -:- --m. shod2 c co- c ton er  at:

cfi-o -oj: i-late at: riloroiized acu i~~”c-:cer:t rou t  caro-ono Ly in use ui  a 200010e05 ’

i c e-pare-f test czih cit a- ocjaa-to-igT cat irlIam 1k:- h - o c r - i  :-,ai S ehavior.

3.  hoc o000e -c0  c f  t h u  : cJl e-Vci -::c ce-sc ciondli t o  i~ ,T nil t e~t a: :000-c tt oIfi

ho --o ’c:ol , i ;oe lcut l r t f  t he -  , i::J Ci n cr_ am 0-r e t , ~~t 0 - i O  a.-t-

of perfoon aflee I: -oes to o :  measure (~ c-e S1-~ :r f L c: t i a m~ of f :~~c-:Li -- -c- a , Ltm -

2 ) .

Test - i - s c  a~ J~ 01 - - - -  - -  -

1. Tir e - c:c-:,I’:i, -o: tO. or o:hlcrt the  1o’aiicie::Ol ’ t~~~t o ,am a r , Oamam :-~ d

si~-~~l-1 he cre:ci
’ :- i . . t i e  t ime In ’- ecam,i h I o t ’ ,-rtceo: u l : I oi~ing he :501cm:

anti Lak imi - : the- tm - , whether  mu-r e tha t ,  cue- Leo -
- r-:us k ’:e:u 0—: measure :‘e-ce::— —

th e-n of ’ t i l e- ~ub ,j -,o-’ S oral coo-, a o L  j i t e  OdC- O r e - t a c t _  us -c er-~ t a m:. u o acm Id

r~ oI ’~~ -~ j - ~:use Lt hiio t - ’ . 0 t i c  subj ect  to t t er  10 00 0 0  5 100i t -

am il r,: haV e io~c lI t tl e  c r 1 0 0  -a-:. am i’ — -
, ui. .1t~1~~Ll’: t ho0 of t i - . teut  after the

. 

. 15~~~IiY00I1 iS O l d  l ie  hin t:. I ,  i o l e -n - : ’, o h :  -~ , -~~-:a1 I: - ii: ::iiclt

c-rac y Otu le-olo - f  ‘hr lo-x:ic l o , irac:i h e - t ore La i fog  o i ls J r : i’:-no- , o J t r t ~~tL- tC i~~c ’0-5

~~~~ r - -hhn- : u ’ t o - h  i t  should be- ~‘Ivcr ,  h-c:. ore- and a l ter  1-l ’egrm . cm:,i m100ra -

i Iii;’
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2. The sample of students on which the ma ca nave- s-~~~r . cc-llc-cte-J

should be describ e-i it: detail , e . g . ,  Inc-ic’ s-i-Icr cc-air -log, ba-c kgr: ooci:

and aptitude level. Incoicat ions ak-u-mi d be gine- :: m ’ coo -ox oent  to- w h i c h

the student sample departs trot:, the ~c inm of etc-dent f-or  woic ro  one orog:-m:

is re -ounmencoed.

3. The characteristics of one sct - :0l  or t raining s i tuat ion  in :-n’. lon  -

~the data have been col lected  should also he clearly d e s - c o O  be-i .

Progrw:. E f f e c tiv e n e s s :

I. Incu l ca t ion  sho ul d, be given of the eff iciency of the p ro-gnarl as

an in istruocional tool. Frequently thi s can be- given it : terms 0:’ toe t ine-

taken cc- attain the teror:r :al  behavior and the arcc -unt of surp lemeritary

instruction reccorrenrieci f o r  use wit h  the p 1-ego-ar: , e. g . ,  arts-an t of instructor
time required arid the amount of additional s ’aocieot a-cr :-: required.

2. ft c-p s should be reported t-~h ion  indica te  u-c effects of the pi-ograir.

upon student motivation and work habi ts. The t-ecimi~~::e of programmed

- 
- instruction po-oLtises to encourage more in terest  in the c object  aact er and

better habits of concentration. Data om so-::: a hg-i-c-thesis  should be pre-

sented us quantitatively as possible and as one sc-colt  c t  ouor .trolled s:::-~~ .

3. The extent to whi --h the program er,lar 200 s tudent  knct-zle~oge should

be indicated, c-. g . ,  if the p~~~grain teaches mn-re 0 0 0 1 .  Is usual  or cat: be used

with lower aptitud e, age ari d background levels thoc: is usua l .

Administrative Considerations :

o - 1. The manual site -al to ac-scr ibe the way It : whIch the progruco tam to cc

-: used in conjunction with other m eans of Strom he-n such as lec~ arc -s. , : lo-

cussi-on groups, or Lab-oratory a-e ric . in id ico iLion s  ah :-uld  be given of tile

amoun t of time the student shoulco Spen i on the 
~~

. i- - crust each day in re-lou trot

to these other activi th c-:;. •

2. II cisc :1’ the program necessit a l -i o th t - c’ t han the usual classro- -t o

arrangement , such recommendation s ch ore - i d be specifi c I.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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ihe fr o d u ~ t iOn 01’ a rrogrom is usually a team ei:ort . This chapter

oooribes one such ideali:ed tt~m:.. The programming staff described here

~s heack I by a brc~ uo iu ,~ director and consists of: (a) a subject matter

~~t who cc the te~~ina1 be huv
_ or, (i) p ~rcmmers who prepare

(c) a t raining  specialist wrisT sp ec i fIes  the entering i hovior

cf t ro  l en rncr , (u) three editors who review frames from a psychological,

aai sot:cst. matter stanapci~ t, resj tisTc~y, and (e) a mane-ur

is respunsible i o r  the visual as~eots of frames and the program ’ S

ariwor;: and appearance. Al though these tasks need not be filled by dif-

:ere~it  individuals, the quality of the program is likely to be improved

TJrlen s~~vcrco s r s s i rs  huv~ ~r orO e~ on and r evi eized the . rrco~s.

The dcv icpmor it  of a ieain .Ln~o program osy be a comp licated and lengthy

~rocess. Before prodi~otion can get undera r iy ,  the goals of the program oecu

~os be specified in a detailed listing s~ terminal behavior and agreed upon

by the subjeoL matter export, the progrno c.ing director, and the program

soansor. MnllnisLrative detaibe in se t tthg up the enterprise must also be

attenced and pr raxmers must ise t c ~~.: : . co. Programmer t ra in ing  may ~a1x

some time in itself a i d  can best  be accomp lished by having the pio gr ai~mers

b og writing granes cc su~n as pcssi t~~e.

drogcam pracuc t io l . c o n si st s  of series of steps which can be summarized — .

as follows :

I. initially, J . g xu r e r s  repare fram e cecjuences leading to the

cj xsif ied tenninal Uchav i . iv~ :c~~i Ly ,  Lhese cccp ao:ces will be revoewed

by the p r  gr rnm irr g d ir e ct o r  an~ t r . isJ a t on soc~ ccts. The ce~j ucnso S  are

then revised based on the s . L .~ cots ’ re:d : c . s and tr i ed  out again with new

subjects .  The proocos of  tryout and r . v L : on continues un t i l  errors on

the frames are n i a l m a l .

2. Units of £~rarne cc~1ucnces are cuited by tho liaguisoic , pisychological,

and ccL .~o d  i r a t . t r  edi tors . The rm~ e-up director also examines the frames

aoei makes recommendations r e g a r r i n g  program format , fr ame layout and. iflus-

Ur at ion .~, an t  extra panel matsT r .  s i  o . S ; g e s t i o c x :  of the edit  crc reid make—
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3. Program units are tried out on a carefully selected sample oi~
subjects and, a test of terminal behavior is given to assess ti le program ’ s
effectiveness in teaching. Where indicated cy the subjects ’ responses
and test results, subject matter is reorganizee and. additional writ ic .g .

revision and tryout conducted.

4. When the tryout indicates that tire program achieves Li r e  termi nal
behavior, the program is carefully proofread rind edited again. Ii is oi’ren

put together in the format selected for its final  form and r .p r ~ dc ed.

5. The program in its final form is tr ied out on a group of ~ubj e ct s

representing those for  whom the program is intended. This tryout serves

to validate the program and to indicate its opt imal  use in an instruct icos

setting.

6. A manual is prepared to accompany the program and tn aid rogruo r

users . The manual should specify the program objectives. preretuisi tes ,
validi ty, effectiveness and procedures for use.

L

• 1

L~.
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PART IV

RESEARCH AND DEVEL OPMENT

I /



Chapter 8: Implications for Research, Development, and the
Conduct ci Training

The introduction of prcgrao uoed instructional materials raises a
number of considerations for research and dcvedopr .ent in traixing and

for the conduct of instruction. This chapter co. sioers some of the
tasks and problems that appear to result Pros: the impact of progransoed

• instruction. Implications are considered for  research and development,
• and certain consequences in the carrying out of training operations are

pointed out.

Problems for Research and. Deve~ cpmeat

The Instructional Sys~ e:n

The issues that have arisen in the course of research and development
in programmed. instruction can best be described in terms of an over-simp li-

fled conception of an instructional system . The system can be analyzed

into the following conporrents: (a)  educational goals and tennin~~, behavior

(the system objectives),  (b)  entering behavior (the system input), (c)
instructional procedures ( the system operator), (d) performance assessment

• (the output monitor),  and ( c)  research and development logistics. The

• structure of the syster.r is diagramn.si in Fi gure 1.
The system is in itiated, with the specification of the goals of in-

struction. These goals constitute the objectives and the purpose for which

the system is to be designed. P1LC main input upon which the system operates

is the entering behavior oi~ the student. This consists of the repertoires,
aptitudes, and educational background with which the instructional process

begins. The operations of the system include the actual instructional

procedures and experiences whi ch are employed to guide and modify behavior.

The final phase in an instructional system iS quality control , that is,
assessment of the extent to which the t .crmina~ i cl iav io r has been achieved

• 
by the student with respect to the specified i i i s t r u c t~ unal .o lo .  Por the

most part , the instructional system j r ooeeus throueh txi~ phase.; in sequen -os .

but it also has many feedback loops rind subsid ia ry  1 : 1-  t o , an i n f o n s at  0,01

obtained in each phase is used to monitor and corn t the out i iii 1’ the

H 183
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Figure 1. Thu Components of an Instructional System - I 

-,

I II .

Research and Development
Logistics

Instructional Entering 1 Instructional I perfo rm ance 
-

Goals Behavior procedures AsGesoment

preceding phase . For e,: ~ij1e, measurement of the kind of performance

achieved can provide information for redesigning instructional proce dure s,
and information on insLructional procedures cas~ interact with the character-

istics of the entering 1 -huvocr .  Feecing into all phases are the results

of research and development. i rp lessent ing the results of the f rui tful

interplay between research and development and the operating aspects of

the system involves inporoo:it l~-g1ctical cnsiuerations .

t This very brief overview of an inst rus  : d - a  I c--stem provides a basis ~
for cons idering the im pact of pro~:ramm d inc~ r-ootis-c. upon each of the

component phases. The following discussir a i~ s -i cerried with the implica-

tions of presently constituted programmed J i a r n i n g  procedures in each

aspect of the instructional system . Frogs-rot-s i i~~n t ru c t i o n  is defined .
~t -

here in terms of the characteristics 01’ progrmas oc materials and devices 
- 

- -
~

currently being used. I ~i-
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Terminal Behavior (ins t ruct ional  Goals)

Mthough much time has been spent- on analyses of curricula and t r a in d - g

objectives, less t in e has been devoted to- pinpointing toe kinas  of perfor-.
mances that stucients must -li splay to indicate achiev~”ient -or approximate

attainment of these goals. There are several reasons ro r this, one of th~
most obvious being that not enoug h is kroc~n about ccmp lex behavio rs to allow

a- specif ic  a i r r a l y si s .  A second reason , hoie ’n i - , is toot the generality 01’

instructional prcceoures has not forced the tel in- ration of attainable per-

formance standards . (~~t is in t e r e s t i ng  to i n t o  he re tha t when psychologists

have turned their a t t en t i o n  to training research in the military, the lack
— of explicit training cdje - st ives  has been a primary ccx cern and numerous

attempts have been made to fevelop techni ques of “ task analysis ” f o r
‘ behaviorally specifying perk ori a000 requirements.)

In contrast, tOo yroparation ol’ a pr . i ramr:ea ir strostio: ai sequence

requires the programmer to know where he is going and what kiud of per.-

formance he wishes the souirsnt  to achieve at the end of the sequence. This

is not to imply that ar1 instructional procedure  need be a rigid technique

which trains all ~tud n ts to do the same thing in the same way. It has

been stressed thrIugho ot t h i s  manual that in order to optimize trn : :sfca- ,
instruction must occur in a variety ol’ environments, one of these being,

- -.nere applicable, progronolect self-instructional procedures. Recognition

that the ens reo ts of in s t r u c t ion  need to be carefully specified in terms

of human performances has forced the psychologist and the educator to

acknowledge t h at  an appropr i a t e  t e rminoimgy  for behavioral description,

a taxonomy of behavior, is r o t  available. At present, many training re-

searchers assign hig h p r io r i ty  to the devc i :~ -: cot of a taxonomical scheme

for  specifying the properties of behavior to be learned. In this respect,
the relationship between task pr ope r t ies  o a r  the characteristics of the

learning process is an imp ortant  research ~~ bier: . .

Another aspect of instructional oL—je : t  ives is Lka e question of per : i’n srs ce
- limits or l imits  of learning . Presumably, as t r a i n i n g  t e ch n Iques become

,co re ef fect ive, more of the abili t ies of h:unar be ing -s  wil l  be tap p an an - i

new levels of i c r :  oi anoc -nh be reached. ar 1 rocrarc-J  in str ucts - ; wi~ t.

its emphasis on t n  shaj i ‘~~~~ of behav Ior be~ i : o -  i ag w i th  available reop: ;LSCO ~ -

— - - - ~~~~~~~~~~ ~~~~~~~~~ — -—~~~~~~~~~ -- ~~~ —~~~~~~~~ -~~~~~~~~~ - -
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and proceeding to stated objectives, can more closely approximate per-
formance limits. This can be done, for example, by teaching presently

taught subject matters at lower aptitude levels and by teaching aspects

of behavior that have themselves been classed as aptitudes, e.g., spatial

relations and speed of perception. Indeed, for certain purposes a test 
- 

-

of a good program might be how far down in aptitude level it can be used.

Entering Behavior

The behavior the student brings to the instructional situation is the

raw material with which teaching begins. Programmed instructional pro-

cedures should force an evaluation of these initial behaviors resulting

from prior background and preparation so that they can be used as the - -

basis from which to guide student performance. A programmer must know . - .

what student behavior he can count c—n before he can write the initial

steps.

- - With respect to an entire learning sequence, the notion of entering
or pferequisite behavior relates to the problem of the ordering of subject

matter content. It would seem that many things could be learned if the
I

necessary prerequisite behavior exists. The establishment of appropriate
hierarchies of subject matter learning can be explored systematically

using programs in which sequentiaa. patterns can be experimentally manipu-

lated.

Instructional Sequences

Sequences of graded subject material with which the student works

are the heart of the instructional process. Instruction begins with the

student ’ s entering behavior and ends in the terminal behavior with which
he leaves the situation. Between these two points, instructional manipu— - 

I

lations and learning experiences take place which guide the student. The

behavior elicited from the student by the teaching situation can be called H
auxiliary behavior. The instructional process is concerned with utilizing

auxiliary behavior to approximate desired educational objectives. This

process involves ieten:ining, for various stages of learning, the subject

matter with which the student must work and the kind of responses that

he must make.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -rn ~~~~ -,---~~~~ - - . - - - -~~~ ~~~~~~~- - -  



- - ——-~~~~---~~~~~~ - ~- —-.---~- -~--‘— — 
— ~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ 

-
‘

~~~~~

, 

~~

— - 
—i- 

-

_____

187

Currently, programa ed instructional sequences are constructed , for

the most part, on the basis of himit~ i knowledge from the science of

learning plus a good deal of ingenuity and intuition . There is a Jangar
that, under practical pressures and w i t h  she lack of trained personnel .

program construction will settle up-on certain rote i-:nies. Kno~~le ige ci

learning principles on the part of prcgrar:s crc , however, rs}Ioui r f : - s  tar
flexible- program develoicrnent ann fac i l i ta te  feeciback to basic lab-oratory

questions . In any event , the empirical nature Ci the enterprise ;-;ith

its emphasis upon tested sequences whi~ h result in particular subject
matter performance for particular stu ient ~:cpuJ o oi C O O , can cor tril:ute

significantly to t raining.

As has been ind ica ted  in this manu al, the basic structure of present
day programmed instructional seduen-oes is a gradua l progression of behavioral
steps wh ich take the st~ oa-~ t to the attoonocot  of a complex subject - -otter

repertoire. The charac terlstios of these sequences are the essence of pro-

granimed learning ant recrh re intensive stacy. The -y tinral characteristics

of these iosts-’crticnal cr-:-gressions, boto with rcsj-eot to the stimulus

materials displayed to the s tudent  a r t  his i r r t ~ r a c t icn  w ith them is thus -‘
a primary objective of research an:~ technology. Some of the important

aspects of such ins t ruct ional  sequ ences that are open to investigation

are considered on the following pages.

Size of Step. Tlr c-re is no special rationale for  the short , two or

three sentence trains:; currently in vogue except, perhaps, that more i’re-

quent responding offers the iossibi lity for surer control over the subject’ s

behavior. The same pri ncipl es of learning might be incorporated in much

grosser units if these were the most effective way to attain the desired

terminal behavior. It should be noted, however, that the so-called “spoon-

feeding ’ which the small e t c u s  seem to represent is often n:ore apparent ~ -

to the subject matter expert reviewing the program than it is to the stu- -
~~~

dent taking the program. I
The meaning of “ s t e i - ’ and “step size” is not r i-ecise anu research

and development effort;; shoul d be directed at def in ing  the nature of step.

A step may be defined, 2cr exac j is in t a-n .r s al the pru h a l il i t y  of a correct

response; thus small ~ t a j  s result in a high ~r :Lah i i ity  :f correct responding

—-

~

-— ~~~~~~~~~~ - - ~~-- —- - --- 
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as c-n- proc eeds vn:-c-ugti a on - r a m . Stai:- ci se may also refer to the an ount

of material  the siu -cern t r: -os t cc-ad before :r:ai.ing a response, or to the

number of responses he must ro ake before krno decl te of performance is given .
It would be helpf ul to have a i ehav~ c-raiiy esfinabte optimal  ‘bi te ” which

would be maximally efficient, sac;: bites would probably be d i f f e ren t for

different subject mutters and for  di:Teren~ entering behaviors. It might

also be useful to build a teacala- machine wnicb adapts  the step size for

an individual . At the preceor t time , unifora- stars for all students are

most expedient from -the point of view -of program construction. The advantage

to be gained by individual r - ;ctj us tment merits f-urther research and development ,
however, pa rticularly on rein tian to. other step properties.

Programming ~iohecs of Exp erience.  ~his c nnuai has indicated that a

r ich program should pen~iit the student to ‘co- r i-: on a subject matter in a

variety of contexts. Keen d i sc r imin at ion - ;  an-c t ir e ability to differentiate

and generalize between sub j~ ct n-utter- son-;~ ro s can be estebti shed in this

way. Graded prcerm or:- d sequences onculd be able to teach discrimination

and generalization between -classes of concepts . To pro vide rich experience,
a programmed sequence shoul d expose the student to many specific situations

in order to leave him wi sb a repertoire  he can generalize to a variety of

situations, i . e . ,  so that he has wide experience in using the general con-

c-opt involved. inves t iga t ion  is needeu cuncarrdnp. the properties of student

r anp onse to a graded sequence of instances which Lead to ef fec t ive  use of

the generalized and moo -a ab stract concept : r  rul e invol-.red .

Analysis of Knuwledge -mci Task Structure . lisa analysis of the kn ow- 
~flledge domain into units which will id rar the helloing blocks of the ar-ogram,

is a problem in constructing a learning s - - cjuenoe. The structur e of a

program sequence c-hauls; be a j- irst i sracan . c. of bc- t b. the structures of the

task or subject  matter domain ano tuc- beha;ioral  character is t ics  of the
- o~~

- sequence which  best- i a - : i i  [-rote r’a tent-i a, ~rans.’er, cons so forth. ho the

behavioral scientist discovers ac re about learning appropriate learning

- 
-
~~~ 

- structures can be tncnrporateo wi ch the str ucture of the kr :cwle ugc cl - c o i n

to prouuce a more Lien] arrangement for o.k’. : r c-q u i s it  i o n  of nuc-wicoge. Such

a joint analysis nay result in the revici- n of know1e~~e structures an~ task

- - presentation sequences.
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The Form of Student Besponse. There has been much controversy with

regard to the manner in which a student should resrsnJ to a program and

many studies have sought to contrast the e1~l c iVdres~ of constructed
responses and multiple-choice responses. ]~iO conclusive differences have
so far  been foun d, perhap s because this is something of a pseudo-problem .
The assumptions of programming procedures do not make one kind of res-
o undir og more correct than any other. Response mode would seem to be a

function of the desired terminal behavior. Tm the course of an instruc-
tional program, however, the form and encoding of responses can be an
important matter, since some forms of response are easier to code, evalu-
ate, and automate than others. An important research and development

problem woul d seem to he the determination of the degree of generalization

between different form s c-f response to subject matter stimuli.
Generalizaticn in this  sense is related to transfer-i i .e.-, the adapt-

ability cf resp0nses that are learned in one situation to new situations.

studies w i th programmed instructional sequences should permit the identi-

fication of the p roperties of sequences that can produce transferable

behavior. Rather tnan search for  transferable subject matter elements

which may be useful in instruction , such studies might well examine the . -

production of transfer through pract ice wi th  graded sets of experienc es

containing a variety of subject matter characteristics. Thus the ability

to generalize to new experiences would be taught by providing practice

in such behaviors, as ;-~eil as reinforcement for  generalizing.

Implicit responding (i.e., responding to one ’ s self ) is ohe form of

response which needs to be considered further in programmed instruction. — -:
Practic~~ 1y all exist ing programs require overt responses, primarily because -

r

— these permi t the constant monitoring of student behavior. However, much

efficient behavior and much of what is called thinking occurs without

~ 
. apparent responses. Altir o~~ ’ii some experiments have studied ~xplicit re- : - ;

sponding to pr- -g;-aiomtak learning ce:jue;lces1 results are insuffi-:ient f:-r

any conclusive statement and further studies should be made . One study

in progress permi ts the student to make implicit responses , but aperiodically

requires him to respcrnn overtly to particular test frames. The constan t

possibility ci’ being asked to make an overt response may 1-ermit teaching

_ _ _ _ _ _ _ _ __ _  LI— - — — — - — ~— __ ____ __ ——
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rigorous implicit responding in a manner which might be described as

“thinking things out.”

Retention of Basic Skills. The general effectiveness with which

basic skills are taught at the present tine can probably cc improved by
developing training curricula which apply the concept of programmed

instruction. Many questions will arise in implementing such curricula.

Studies are required to determine how much and what kind of basic know-

ledge students retain as a result of instruction, i . e . ,  how much and what
kind of practice and review results in some standard of retention or

facility to relearn. These studies should consider specific kinds of

tasks, specific kinds of training, and individuals with particular life

patterns. The effects of practice need to be identified so that practice

can be used knowledgeably and under the most effective conditicrrs.

Rate of Learning. A great deal has been written about the fact that

with programmed instructional techniques the learner can proceed at his

own rate. This is one of the substantial advantages of programmed self-

instruction, especially in view of a de-emphasis of lock-step curricula

and the increasingly prevalent notion that for different individuals

equal training accomplishment can t?e unequal amounts of time.

From another point of view, programmed instruction can provide an

opportunity for not permitting students to proceed at their own rate;

it can be used to pace them so that they learn at a fast rate, and learn

to work at a fas rate whenever this is desirable. Under the pressure

of an external or self-imposed deadline, most individuals work qui ckly

and their final products often differ little from those produced in a

more leisurely manner. Although little basic research has been done on

- . pacing and response speed during learning, these aspects of programmed

instruction should be considered for both technological and scientific

implications.
L p ~ 

-
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Response Feebbo -o k airs: Reinforcement. There seems little doult that
a significant aspect of  e- :tuoational tecrthobc-gy wild be the management of
reinforcing ap-ei’atl ns. A teaching ‘rachirse or piogoamr; :-eo textus ok is a
procedure which provides for a c e  rtair; kirr-J of management of reinforcement.

For applied research and ccevelcpment leading to- an instructional technology,
the main question is not ‘chat reinforcement is, but how it c 1c ;at eo .  Th-
swering this question n oce -o s iLco t e s  a; oo iYying  Li1 variables which determine

the effectiveness of certain reinforcing operations in achieving desired

Instructional objectives.

Studies with programmed sequences which have varied the amount and
delay of response feecoba-ok , have shown few differential  ef fects .  Such
fin dings  should prompt further ir iv essiga t i s-c . of the role of feedback and

reinforcement in efficient instruction . As has teen pointed out in t h i s

manual , it is possible tha t with human s r espairding is often reinforcing

in itself , at least when op timal ins t ruc t ion a l  steps are orsee .  -Then a

program sequence is constr icted icr  use with a large number of Subd e -ius,

howeve r, steps may not be op timal for  an. Trorividual learner and he may

also require confino int ; I oredh a- e k.  Recent s-or-ru With programmed in s t ruct ion

suggests that Wi th high ans i tu de  stu r ents  the aspect of a program whl hr iS

most reinforcing is goir :g s- i .  to the oext o r e - .  For these indivi auals , re-
- s1~ -rrs e conflim ati or: may be minimally rei;if I- : ing be -uus e th-oy hat— c a pr io r

history of being i- i ght  moot el the time. With low aptitude individuals,
on the other hand, the i . ;  - r tant  rein f o r c ing event seems to be the feed-

back that certain responses are correct -on which they have previously had

a history of failure . 
-

- 

-

Programmed sequences -ma , permits, lead to ~ccre self-reinforcing re-

sponses if they are set up so tout to-; in r i c i - o r i l  can select that step which

is maximally based on his past performance. The term adaptive progrcur~mtrro

• has been used to he-scribe ~hls kind of f ine  adjustment to individual di P-

ferences and branching 
~~~ r . ram s, for exmrrp i a , are an attempt to achieve

such flexibility. Sim ilarLy, certain cor::r- cter-based instructional systems 
- 

-

* - - - employ the adaptabil i ty and speed of a computer to —cojust to individual
- ~~~ - 

instructional reclui z enr cr ‘s. Resear t and aevci opment are needed to investi-

gate pro cedures whi ~~~ ~cdt ; in d iv iuua l ize  a particular instructional siluat:i -cr.

as much as necessary fur c-:~ icient instruct 1:-n.

_ _ _
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Reinforcing events occur in different frequencies and in different

patterns during t ire course of learning. Fer example, studies of- the

effects of the pattern and scoeduding of re inforcing contingencie s  have

indIcated that behav ior matches the rat io of re infbrcersent to non-rein -
-
- - , fo rcement of a learning task. Thus the probabili ty of a respons’:- wild

approach the probability 0f reinforeon-cr:t. (To iolustrate, if 9d~ ti

the Engli sh noun s encountered by a student T o r n  their p lurals In ‘ 5 ’

and 10% use “ n, ’ the stusient we-ol d he ex~ - :teu t ; f nx t .  the p lural of
newly encountered nouns w i th ‘ s about 9u c-f i-he t 5 ~~~. The concept,

operations and relationships involveh in re inf :-rc ero e :rt are central in

programmed instruction mrs-i the variables invclved demand extensive and-
intensive analysis.

- - s-f t o r ra nce  Assessment

The empirical manner in which program s are constructed has required

that program s be acca~par:ieu by carefully iJoc i as-ed assessment tests. These

tests ser two pur~oses. First, they present a sample of the terminal

i ‘shavior whith  t ire progo-our was designed to - each.  dec-end , they show what

e cx cc tro d achier em’;nt night be based on prev ious pr-:-grari: use. Although

the r i  aol : r -ames af a ~~~~ - ;~~ : cisc samp le  the c r b j oct mat te r  situations

w h i - h  tr :e sos: lent nec ; iron -ole sot tO~ coo of the program sequence , a rail--

van s S t - O i e  vt:meirt il-r: u car: he coasi 0050 .1  -S ar -:-the-r scrop il from the universe

ci s ubj e c t  ma tt e r  c o n s e n t - .  It - i~~ t i r ,  s~~i - i  t h r A  the achievement test

ch l~1 r~ -~m ~t tb’s studen t tic tr-arsf - :r his ~ncwleage. This shouid be true

only to the eytei:t thirs t tra~raf :r is defi~~c-i as an instructional objective,

-~ 

— or rar . to expe-:teor Cli f l i c  L a s t s  of the A u-les s ’ s oroter-ing background and
I 

- ajtit-~ iOOi . I 

:
‘

Tb~ s p s o o T J o i t :~ s-f t e s m i n a l  ob j e c t  it requiri-c by r - ~ 1 r ~~c -r instruc—

t Lao b rorogs  to Iicht o- -r r: - o- r c~t asp : acid ever -t - - r -- t1:rg in gerico-al .

uin rcrT fi ng ti c- concep t of :a-hievc:iier t au u -r:s r - en t  ~is one  :c umI -t lo  a of a

oo-t L i n u u m  of L o O t  matter -: ol h -e t J - r n- r r r . ~:i n r  -
~ i- s. :r -  L-r --ficiecc y to hi 0lr

prco ~cieris-y. A 6’ ~- : ; - t ’ 5 I er l rcrmance on a t ’ ~v o r i r ;  ai - - r e  ; r : i r .t  along A

- - 

ta lc  C r i  1 1  ~ L an -rarI be emrharad to this- - - f i r  wh :- ~~: -n -~ ne the points

- W . - - .  L’mi - i in 0 .  E n c y r i o j - r : d I r i  i. ~ducat i  or al  R -search, (tr i
- - .  i~e-c L~ s :  -~~c - r m L I i a r . ,  i9 6O . f~p . ‘152-76(.

~ 
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of the s~eii1 -:~ n t In -oa- .  SImilarly J:rrc- rs .an-c e levels can be established

at appropriate points u t  a to sm-c- :- o f  I m s i r -us t s-s o carl. the behavIors which

detine each level ;:‘o 1~i s ilo-c ’,- -air so ou~ at i  l ied  and used to describe

the s~ bj e~ t mat oar  s l i t s  :‘i:icrs a sc-moans is rrsoatle of p e r f or m i n g  at a

partieclas- -
- c .  in LI- iS  ceriSe , ~:~~o~ti osnarsoc meas ures can b e “ con te n t—

chat is, the er fur: :mn-o~ of an irraividual -san he corotareci

with s [ec I :I - :  SUi-~ t J -: 5 t  t a t t e r -  s~~i Its

In statics- ., s-:ni- -ve: oat is t~picaiIy expressed in terms of “norm s ’

which permIt somt-as-ir~g a stud ent’ s -er f-oxmarmr e s-T:th that  c-f other indi-

viduals. Ia. -con-re-nt s0st ing practice, an individual ’ s relat i ve standing

is often the iorcn ~ary ir~lc-nr il ton obtained, aol at o-c: ei-t -e is made to

subj ect matter rontent. oi aaiag on a -0-orve ’ is a n-os-s - I- . us CX2~~5iC of

the extreme of this ira-ct i . s ro .  I-fo rn :—re far er :ce-m ne-ascr ec  an’s o:-tamoll ; n o —

fu l  and indicate trai t one student is more or l’sc:: ~a-cfioIe nt thu: arrctai-;r.
I

but do root provide information about how p r o f i c i - -ot e i tnor  of them is vita

respect to the tencinat behavior of instructi a.. With the increasing a; -

plication of progras uaro-e Ins t ruct ion , there sho - -ud o be an increasing use of

content—referenced- soss - eu ;  measurement t r c -omoci r t s  for these hines of scores
- 4 will be needed and should be develcpem.&

t4 Individual D1Vferea-oes and- Ap ti tude

It has been poir itro -oc orot that the concept of nrograrror.e-d in st i-uct ion

focuses a t t en t ion  upon gett ing the stucient I ran here to there rather than

upon the aptitucrec that rcI0~~ -J.~ him to do so. In pro- rrum . . -
~~~ the proP-len -

‘

of inct lvL- lua l  J l f fc-roio ion  t c comss  a siatter of J c - f a i u i n g  the e- r t e : dng  behavI or

of the s tudent  w i l d  ski -oh inS tru i t lori s::st begin .  It may be that the stu-

dent car. not  T o o - -rn lj ke bora iv ios’ s  needec to- hc-~-i or a par t icular  i~ostrmct iona l

sequence , so th a t it sill  be necessary to b r i n g  h i m  t~- the  level of fi’O~

fici ency require l i-~ f-cre r r ( Cr o - e ( i l n g  w ith the sequence. The specification

of e n t er i n g  be? — o ;  h - i - iS the process nt  determining what the student can do- i  
_ _ _ _ _ _ _ _ _ _ _

2For a fus~t r r - - k nonsiso on of conte nt-referenced scores , see Glaser , ~~.
& KLaus , D. J., P r u f l r i e l n c r .l’ :r- easurement: assessing hosnan performance. Icr

~~. Gnigr ie- ( Iri~ . ), yciccl-:-g.~ nil principles in system development. New York :
Holt, R i n e - r i n i r n  u - b  b -lu tz  t~ i ih62 . ~~~. J~19_)~-71i..
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I n It i al l y  tha t sun: be used to got him to the t oa::inocrl behavior , and

cal. ~ et abe t-a If he begins wi th hIs -c-crren t repertoire of

s-thavl r. Thus ama indivi-rual ’s entering behavior will cm-stamen:: one

mos ti-ustianal secnuLnrct . rather than ano ther. ~nt j r tliis way, the in-

sora st isna l si tua :icm becomes an e:s~~iaeec-ai ig acre n anagoment entelTnise

in ‘-rhi -sh In t e r a c t i on  tO -t oLd : the o-an- r ma t e r i a l  ari d the ed-ucatiraicri p rom--ass

car be used t~ pre- :r ic t  the pr-actL:u ~ poss!Lil~ties fo r  edu sitsanal as-

c~a :pi1sarent.  Ecno::tially, on pI-cgrarm ed learni ng , aptit-cds-s can I-a
ine i. as ~ use ~~a be ’i ~: iors ~th a in s ~r~ ctionai pi

:.u~t s~ art. Tnere 03 touch research ceesnis: d ci:-: these 1j rse~~. sin ce the

relationships between the general apti tude of iseasar- ed. int e l l igence  and
the way icr while an individur l le-ar in:- hate  not been s t u e l e n  in: a way

w hic h  permits reamny osai-olu~ ions.

A i’elc:cnt stu-ly -cs~ oar~in5; she tud c -ct s  of r rc:sanc~ed learning has

indicated that pro p r ’aios :ecr i i O S t f 5 i 5 t I O~i raises the 0-craiuvemc rJt level of

indiviouais who v-cool-a - c t  law t s s r  sco res with other instructional means,

thus reducing the total oj c-acm of achi evement compared with the variability

under conventional i i o t j - s:. - t icu . In e f fec t , this results in. decreasing the

~reiictuh-i1ity of sach inal:-at -ors of rin a crerr ior performance as apti tude Lest- sd
since test val int ity  coeff ~ ciea tz  ore a func tion  of the variability of the

measures obta~ nc--d . Of ocorse, this recrusrti-cn in variability may cIlsap; oar

or perhaps variability ‘iiil he increased- as higher achieving stmncn l s are

permitted- to learn . men’s.

Since a oregranc . - -cr ~n c or u c o sisal sequence is an erqe r inr ~~:oa~ “ appa-
- 

- ratus, ‘ it may be very uceful in studies of individual rio n er encos.  It

should be possible, for  examp le, to- t ea — h certain subj ects  to - rrgh t  utor ~
dents, ca ref ully identifying the behavio r ~ney hav e b~~i l — r e -  s t ain ;  t o  ShiC

p rogram and the ac1iieve~n ent oilth wh ich  they leace the p r - c-ui-cm . It  sh iulu

then be po ssible tn select a grc: -sp of Jaw a~-t tud.e individuals i- - have

similar entering behavior ans i attempt t-: take th- - -~ to- the same level of

achievement as the b r i t i n t  students. Such a st umy wi-o ld  ‘onoy the steps

and manipulations required in the pr- - gi-non . It tray be possible in this

way to identify more ri gorously t h t t r .  h ef :-o- c t o  d i r i e r � n t i a l  chu r act en ls t i n

of the learning JJr~ r rzs Sor t~n -csc groups of s tudents.
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Other researon t i .  Ir ~ 0 r ni i t t t in:~ has u t o a sm e d  tb ’s ~roblea of cansti~ ctlng

r g i -r-sno s to pr im cL - car ton - o a t a iv i .  rn -; n :h 5e rn 1i.t ;:er.el-aiiy be classed Cs

anti tu-Jes, troc s is , t in e  kio~c ::f 1-enevier - .neasrur cco - - a aptitude tes t s .  For

~n star :ce ,  m. -sto-’as t - Lr -:frc~ss arc - Lo lnog ia—s e s s~~yoted that ‘teaci:’ v i t o r o

oiissrIi :ninmn L~~cn: o~,. . s : at i s i l  vi -s-z a i i zac i on  ( c r r r r : s i o t l n g  between t w o — a u i - e n c l ~ mcI

and- three— -n a n - m o o . .  s~-s~ f tgso _ - o s ) .  l a  t~~nraic a l rc st r -our :sior , then , with i ts 

~has Is  - a p i t  :uotl-m: c’f l~~2:crr’ i~ c-o in tnt ’s  j~ cJt u-as- s tay permit some itS —

roads in .  anaily~- 0n~g L- eno.vi-o os odn i sh  are n-t o ast -ally :~~rt of a t r aIn ing  sat —

I-i-son -sam an]. may lead to -a - ore s iy : i :u s  st~~~ft ~~~~i t h n .  of act

i-~atLl : :e ,~~ Automat-Ion , and. inmulatisa

It has been i’e~-ent odIy ztres sc--i  that the os om. lag of s-object smat L -n i a l

is acre essential ir:gre siiom - in urogranoot:ed iitt tirr -t i t - nm . whi le  ronashlni e a spec t s ,
hsn-m -v er  deslra h~ e, are supp lemenoar’y. ilico: C n t J n a S l S  haS se -Con no e r esniasy

-cause of the rash of hai-- -a ’s thom Inns anc5mea:-e-I .n -a- m- -nrl on no ~-rogs-’aonrned.

smate rsals are no - -ostliar-oc . boo-cover-) C a-a n ise:- of re--scoot experiments non- a

lr:-i icaLcd tb:a~ - r orrarsy of the rs - nn- ~ c--st irais :ter sou ls presently being t r og iic ,

the p ru - ) - annnned  t ext  ito ad o e c ~st as effective ro~ machine aresentaticni. As

a resul t , I-here is a c oo -re na  ternden:cy in t ansy quarters to discount machine - 

- 

I
presentation.

Nevertheless, the pt~~~ftIltti~ ni oar autonrra o-ionn shoul d be cer~si-re -re -i

inn the ::ot arse of research and development. ~~in csmrcr h some subject matters

or educational levels nag - n: -t  r - -aduis-e auto man o on, ~t has great p ctenit ai l

in keep- Lag the pc-agraronenn team ing en~ ern: - i o o  :nverstive. 3 It seems likely

than h oaruoa-sntati on n i  it be re1atIvely sinnnle in the early stages of

oea rr.ing, t n t  none complex situaticnz requi o -rnmg extensive simulatIon arc

at orinote am a t-t i - n o  nay be desirable at Inter  stages of learning where

o -a o l  ro t ’ -ml n - r u  L c t S  a r - c tn oe encountered. do-on-uter simulation of corn:-

o lo x p cu i-Io ’inn, f~ r- example, ml —i .t he co-rnsrulered in the coors t r am’ — of 
- -

- - 
-

- - non, r i n r r s c r : n  LI noil seopr ei ses.

- n m.~ J. ~
- . ( Ed. ) ,  F: -- , r:unc C- o leoir : irng ann noi nnl utsr— l-csei in —

1
1 : s t :- r 1  c-v tur ~ ,i~~~~, 

I - . 0 -

~3 i n r o L n i t  rn ; . In I- . Gl arst-r - (El.), i t -am o n g  n - -:.sc arch arm -
~o ( t c c r -it~~C .  f l  ~nsr: n - na gh :  br - - e rrs I t y  of Pi t tn sbn ;r gko  Press L p u l .  P~ . 

o_ _ h - .
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Pra’sc type Model Instmuetic-n :al Systems

In ccncludin~ this section on problems f-c r research and development

it is suggested that a significan t und ernro~:irmg woul d be the development

of working instructional models. Such tangib le models can be vec-y ef-

fective in changing behavior patterns which are difficult to change by

other means. As a resul t of experimental study, :o~csael inostc’u:tlonai

systems should be developed whi ch sample t r oni r m iro g problems for a wide

o variety of tasks and aptitude grcucs. Tangible curricula based- upon the

concept of programmed inosac -uc t i or n , whI ch  can he o-epro cnuoed. by others

and have been rigorously evaluated to determine their effects aria the

ext ent to which they at tain stated educa t iona l  objectives, sees- to he a

first order of business for  research and development ira I raining.
4 )

~~eratlcnal Considerations For An
Instruct ional  System

Throughout the course of th is manual, it has been pointed out that

J the concept of prograncteol instruction has s i gn i f i can t implications for

training practice. Iic-weveo-, f or these implications to be realized a pr -c -

gmasimed instructional course should not be use: in a rigid training system)

but rather in one w h I c h  peotti ts the imosnot  of the concep t to take effect .

A flexible enviror~cn ent is necessa~~ which ~on; it s any desirable changes

Ira the trathing syster to sievelm ’ , err annes such as individual student

paci ng, revised- classroom structures , more effectIve use of instructor 
- -

-

t~~ e and innore as  e- : T ape-c ouicity of achievement nr tmnr : iard s .  The concept of

j or- c-rammed instruct-ions should als o result in. a dc-emphasis of the present

o r -  ot lon  around. edu cat i onal medIa, such ac fiLus , television, and-

language laboratories , a n o n shoulu ].lsm c -s emphasi s upon a process 01 in-

struction in whi ch the soeciril ono v aa t coger ;  cf — ;ar iaus med-la can be assessed. 
•

One of tne major advantages of a:; ins; - progr an omea devices in training syst~si~c

is that they facil i  Pats re -rganr: iap:  and renstructurtnog. the curriculum and

~h0uld lead tc the a~ 1ronninte  h onlonn -
~~~ of r-r : -gr anrmei  self—instructional

rrraterials with other i r . r t ru - s tl  r o d  pro-cease-es.

I
- ~~~~ --~~~~~~~~~ ‘-- - -
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Training Objec tives

In practice, a distinct o ari should be road-c between training goals and
r the terminal behavior of instruction . Training g~als are necessarily long

range in scope and involve marry ronsi-.reraticmns of ethics, philosophy and

policy inherent in the -;e. -cL L o l er at lommal  to-aiming setting. The discus—

sion in this man ual, h owever - , on u s  been clo rlt .ed largely to in s t ructoorma T s

technology and has cnrg thasized t nm -  acted f o r -  o r - ~- O i ls by which  instructional

objec tives can be deter ~ i nomi  anu des-car Le~ in or ncr to assure their attain-
rent in an instructional syst-sos . In - o omm t i-asi o -  im ’  f - i -m ad  goals of a

training system, ternnnlrs ai behavicl rame r o - o ide t o-ri aronan re that a student

should di splay at t ime c-nd of a si e-s fi.- anstructioraul sltrctL n. toad

specioto-city makes it conisible cc- -oc t  mi n n ow l o S t  - :  f~ r at t r r r n c r :c -n t, arid

nna;drnum levels cart L-e l e t  for  I t o  dv i ocal i n !  a~ otive . oh -to n a rr .irm intern level

is establi shea , it L~ th0 tuna; c-f t o n e -  i n n s  oructisn al synta err t o  get tro s t

ind iv icuals  t - -  that p m-~ zm . oitai’y O u l  i n t r i n s t u i o n i  training, these

minimum levels are tim-s e re-cool : I ire opt in :nb foc i n i t  cnirn g of ir an—

machine f ield sys~~cn ; n S , Wo o lo on -s in t m  s o t - s O  H -n , O l  sI act lo on m o a t  be arranged

to permit  attainment -tot these leoe .L o ~-f peri onnarm- ~~.

Pru 10 i-azrroo~ ins t r u c t  - o n  en- - n - i nc cores the In: o s-a n a - c  of  terminal beh av ior

as the end product objective o-o! 0 n r -t ic~~~ar - i no t :-os t ic-ro al  s in  o ra t ion .  The

procedures of instr- tional t e - o i n a s o g~- she-id - c l t  in ce-f inable changes

iii st - ide -nt  behavior ~-r 1 oh up-pr xo rote tIn a; oa~l cc Lot .  In order to

accomplish this , the final course ne~ u 00-st - - . s f — r  the trainee must be

1-r o- : :sely spec~ i ied ins t -ia r  as p-o~~~: L ie .  1 100 terimi ques for i-ask analysis
and for  the development of p erso nnel i- ec~ui rcr ;rer :t s which originated prima-

vily in the military suttLag, cone an attempt to develop methods for

specifying perilsrn. - 1-s e obJectives and sic-al-  bc us - r l : id  here. k

• 
Train ir.g Inrut

The behavior stud e-o ts L r i n m  tn t  the ins I. t I - r al situ r o t isoi n is the

raw material input of the t i -n o i s In g  system . irognousmea ins t ruct ional  corn —

cepts emphasi ze the ir oI o t - 1 . ; rn t r e  of a sse - o tr in g  arm’ m a n n i n g  expli cit  the initial

behavior of the trainee so that it can be used as the basis from which to-

guide r t o ud e nn t  performance h-wan -I terminal  behavior- . Fintering behavior is

usually assessed by one-eros no , mt r:P jL e1o- -~o n n r s r n i -c - uor.n - n .i t o s r o  which are used
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for student se lec ti - -~ anal ~r n : c n n o e n t .  d o n o r :  P os ts  zn~ -e o f ten  employed to

weed out indivtd -cais elm-s ar-s unlikely to -attaIn the-- sp ec If Ied  te :snrl :rci

behavior under the partioufsoo- t r a n a i n g  c n ~o i t - i o n c ~ and t o  i re d :ct  15cr—
forrnance ira an est ont i l s i oo - J  - r o - - n c e

Consiceroug the ti~o do i ro  system ris a r-z~ ~c , it  ~t i : -oJ c Le p o s s Ib l e  to
determine the best cori - Ioot o t~ cnr of m oo t onti ct iu tnLe - L a , cot! c~:s, in~~oot Le WS~ 0-2

rc-o~unrements, and irnsarmo;rtional t w o -  c: do -ri co - - - u n t o  love cove-ra il

orga o izationai ge-co La vi . t : oOiX1t~ no r co o i-clot -f. in oor~r tore-se aspects of the

ins t ructional system In t- s i a s t , t i -s t  nat c- -~r t ~~~n m ’o :  : n o m : o ,  a n n a  t i le-  t im e , cc~~t ,

and -oha rac ter i s ti -r -o of or a r s -mm 0 - ro tmea  Pro p - omI t P obt iOnal func~
t ion~ mg of the syorl ~~~~.. En 1:1!! P5:0 - n ~~oan ~~o n r - ,, icr - xan~ -le, the tasks

an;ci::ned to tIne a-trioroa I:ersoroxici who- r -ml r ri t r i o - to t h e  aoros — ir o o - i i s n en u

of a particular n issn ni ~ai- or- m c  - I f r n r n o  5~5 0 So 0 ::5~ r ~r or e  or ~ - - : s  oi gii

training staxo-c ror- -is are rot or -s i-ed. I L - n .  a -
~~ - :  ~n i i ~~r i t  ~e-i: can peirrit I n O o n —

sive training Ci specialists c-n o- rmi :~ ~~~~ L -o n u to °L a ss-cot s  whI le  it -o s

too c n i c o tc a !  tasks - cOo t be mOo r . - O e -~ co i t o - r i o t  - - o - ~ s n- -h-: drove -i €55 t tom e cn~ r c l a e - l r -

for  t rain ing .

Tm x-e -

-
~ i ev in~- one delia—c o ral so r sot onor i ; ant of ar. ins uro-:ticnal system,

I t  is pOSSi bIC tot ti-cat i t  as a 
~~~~~~ 

t v Unru ’. can n-c varied wtth -onat:ges

in Inc fiecess-Iry Era a • r : 0  c o o - t o - I  Imomo 550 - I on wIt h  it s  ci n O n o i s  t o l

entering boinms - nc-i- sn- -oi~- sc~-c’V~: I - or icre a te  the- ‘: tor i oilily of specifying

p-re—training i-c i° rome-Jots r o n r t  actual n - rn :  r~~ :- o 1-~ i e - n nc nnt~, ( -
~~ ats  ano n t a o )  - 

-:

in order t-~ acconr i~ii srn -te000mi n eUj r~ Liac-or .

Instru.ctior.aJ Pro -c c-roe -c - s

The instruct ional  process i s -ocsnor-rne w it h: the utllizn-tt ie-n of the

St - o- n i t T  s behavior to o r r i m a n r i a t e  -a - s t  n - ct i t rain i ng -ch .~e r t ive s .  One J acas

of L a  c i l it o t oug Uhi~ ow n -r .s is by s i - os1- - ;i - naon c t  inso 5 1 0 1  i s  cal procedure-s. 
I

Li ~ maim-m i rims -ais-ru ssed the- psych :iuni’rn I root - o~ ~ e behind th ea -s  ro—

I ( - re ’m ; rC :; , and while p -re - o re speor i f t  to r ion s 1 how Si t o  by the lack of

i-oryrht -iugical kr owlsougoo into analyzing :s-rr g iex Lchrrv I or:;, I’ :~- enss 5n,

P- - out l ine , in c art , some of tin-c pro o n t o  :: ioiv-dvn-~ inn the or ~omo o - s -t 
=

- - - I-ezra -. a r to l i r :u g k n in s  truc L i  a .  C’-a-t ai rn n s j c - c t s  of in  - L o a m - n p-: - -~~ss

ILI
II.i1rIhnhIt~

uI0
~~~~

t 

i. 1~I ~ — -~ —_ -~
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instruction, attempts have roo t been marie to a~ jo- ly them so directly to
instructional situat-i ons.

The notion of stina-si us control is an ioroporbao -t  feature in the guidance

of learning within an inst:-u -stional sit- uu t alr ( Chap ter 3). At the begin~nirsg

of a learning sequence, subject matter stanuti are use l to evoke responses
that are already In the  initial repent s-li-c the student brings to the teaching

situation . During instruction there is a grcnducl transfer of control to new

subject stimuli .  P basis instructional task is to get the student to emit
response increments which move in the direct icor m of the terminal behavior- .
Response prompting is a means to this cind. In the- course of instructicn

there should b-c a withdrawal of supp-o rtint- prompts so that the student

eventually responds -to situations def limed in training objectives.

The management of le inm o orce in ent  is of primary iiniportance. Preferably,
immediate and o~ itive i - c E n t - or  emcnt should be arranged in order for behavior

- be efficiently il-ama-ni. The eisie--sts of discrimination, generalization

and e-xt L-s t-ion should also he con si-sered in planning an instructional situa-

t i on .  An awareness of t ln O s e - -  p -i  cesses makes it  possible to minimize inter—

ference in the soul-se -f lear-r ing a i d  to ruicoorstnind the possible reasons
for jack of transfer of Pr - to  rjo e-:. Practice and review are also important

—ro-apornennts of instructic-ra , ansi t no Condition s for practice described earlier

( Char ter  6) should lead t effect ive learning and retention. The general

application of these aspects of learning can -ooomntrhbute to the design of 
- 

--

overall training systems as well as to the construction of particularr progranirned materials.

~~ Performance Asses sor : ’-nr t

It is necessary t- -  assess performance within a training system in order

to determine the degree to which an individual has attained the criterln-n i

beha vi- r. Inciviaual cor d nnarrces should be compared to the behaviors 
- 

- -

~~~~
- w h i ch  defcr oe points on e - r i g  the appropriate skill srcnn tlninn- ~no. A particular

- - - - - jr-b u o-aJ Lj  i nvolves several grades or levels of skill. Thus, a machini st ,
£ examp le , -san be categorized as an t  ap-I r erotice , a journeyman, or a mast-er

a t  his tr-OoO - . The specif:I n t ehact - -i-s imp -l ieu t y  err - -h 01’ t t o e - r o e levels of
p lo l iC  en j  can be L ° c u O  ~e-u a rt used to t .~~ribe In specifi~ tasks ~
machim -st is omi ,~r n i - t n -  oi pcr or—n inng ‘-zIn co he orc h i  n - v *- s one 01 these skill
levels.

______ - -
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The emphasis of protrtu rootod ins t ruct ion o n  the- at tairorn ent of pat -i ir cadar

behaviors, encourages p r o f i c i e n c y  roi-sasul-er. ent ti i th resr ect  to such specific

job standards . zUthough many assessment j— moce d sr - us in training are refer-
enced. in terms of norms or gro up curves that -ta -situate an individual ’ s per-
foi~riance-- relative to the performance of other ro:embers of a group, r-~m -s t -

fective training S~~S~LtO O should requi re p e r i o r r r n r n n n -  assessment nreasmrrss that 
*

provide explicit intaranation ad o-ni t what the ir0h viciual can or cannot do.

Technology in Trainin-~
As a result of time- impact  of f-r:ogmarnr oeon inostrosctaon: it is bcc-c-nn irsi

inm r c mn-asingly more possible to consider irmstrs:cti- :-r. in general a~ a techn o-
logical endeavor. Ultisiately, specific tratsoicg ractices will be coevelo-pe - :

out of the findings of a science of learning anod cut of appropriate research

and development concerned.  iilth instructiom :mnr l o;stcrros. To move towards talc

end, research arid development endeavors are needed concerning all aspects

and funct ions  of  a training system . In st r ’-sc t icsnm-ol programs cf the kiimd

described in this ir irinrua l provide both practicmi training procedures and

reproducible instructional procedu res for  experiir~o-nata tion .

A research and ciev el -r i -r i ern o on an ab l li ty should be an essential part of

an effective training :;int 5000 . Research effo r t s  noi naud U be directed t0 ;- ar-cs

the trirther study and application of erqo-iur-sotomy research in urder to

• for rt i r t h e  developrnosnt of techniques which car s he incorporated ins instruc-

tie-utni p r a c t i c e s .  This work should involvu research designed to further

basic- I-an uwi edo- -e n the science of learning, as well as research and develo p-

:nent designed Pr implemen t and evaluate new and changing practices in in -

str ict tional technology.
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.-.. Co-mci n0i~ cm

1-Then ~En ur ~ are no nl~o to roe se-lveJ, a new jmroced nre or aevice may

- co~tr Cutt to ti n- - i n  ~o.I ~~~~ There iS the -oa oger - , lmoo;ever, that narr ow

-r or mo outra n Ic-i: or: to r e s r -~cil i  o ~ eO°L ~ros of time- Enol  si al cr-ode usro—cts of

sloe n e w l y  - - ovoI - n e - -  to  siasi t o ,  to the u> :sThs i-sos of th~ un-rerly inro concep ts
I n -co-lve--o, c orn locus  a0100 m oo c a on tote t c-o - i  m: t i~~ m oo sooncent ra t ing  cm the solu—

the j o r o - o l c u s .  thu ~ i-esen t p rodut - c-f oh- -- concept of prograi rmed 

to are in li t5: ;  lo i ns of Ins- -s Ia t o -  iorm u-r , although they  wil l

e- ~ a ~ years s~ a nc~r ol ~u i en t r t  o} e

are not ~ e-r :ueon . WI sir tom tnt  lot aotncl , thc roaj o r -  ;-~~r tizon of this -chapter oar s

c~~-!s-re S some cm th e-  r e-sear-oh too-ri omc-v - i n  t e - a t  r— :blenos that  have he-cr.

• irnulcated by WootS O t o t o L e .  . -

in general, the s ign if i s-anot  l 0 : n J - l i c O t l ~~ns -of 1-icc -5 1’OL5000LLI l i m o truct ion  •

fo r ra ining air -i i r omi o :ir m - rcsear~c ln and -oho- -:e hoo0 o~r -rst can Pt- s-oconr r n a i - ine - - i OS

f- - I s i s-nc :

1. The s - nm-s - sn m SI f-i Irmars i I n m a t i c -  - o r :  s - f m i- inr oary r:.f-cniror.-rc

Ira contrast  t~- ito ; rc-or- ~r o t crude iorrio-len~e-omtatiroca.

2. Prograrmro,oC instructIon represents a sr o- in the en~~ineer iIng

aprlicatisn of sc le n none - to eoiscctional prac -si ce.

3. As a t ocoons i o g i o ra .. application , jrc [runricre -o lear-oslng is i-eqslred

to make a practical ooiisierence or be t e p ir c e l. 

4

~. the attempt so rake a practical dither’s-ms-s in l a r m r a n  learnir:g ’:iil

feed back to t~ro bebas-~ oraj scientist nina - -55 up r .nr~o- t n t  i t  ru se -a im-a  qst-~ -

H. I rug-ram rod ins ar - u - t ic - n ma cuSc- s at~ amsid mi n o rs -r e t lo ans ever before

on the- essential irt~~1 o t t  Cr15 c-f trainulnrg ——t iro instc-u -o a Israel procedure

employed i - c -  guide stusk-r i t n ch av i o r ran Ir oz cn t  shills tc- task proficico -
~~

.- .

6. Programmed m n a t c r - :r n l s  can increase the c-I o co t iv e in e s s  of tr oninung

because as tangible, i c~ n -ccdn t c ib lc  devices they can he- severely testerl,

evaluated , inr 1~r -ooe r , and redesigned.
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