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‘lenunucTION

IHG four Eapern contalned herein were wrltten by three members of the Materials

Dpvelopment nLt Rehabllitation Research Foundation Elmore, Alabama They were
selectéd for Joint dlstrlbution ‘to presant our. experlence with the mathetical system
in the light of current mathetical programming act1V1ties.
o The first three papers were delivered at. the National Programmed Learning Con-
fersnge, Lelcesterehxre, England, in}April, 19061 ‘The fourth was presented to the
Fourtb Aneuallconveetion of the ﬁationel Society of Programmed Instruction, St. LOUIS,
Miszouri; Apri1>‘1966s ‘

"The Two Meanlngs of Mathetics“ and "Mathetics' - The Ugly Duckling Learns to

: Fly" are an overview of the mathet1ca1 system and the technlques employed by the
matﬁetical analyst and writer. "Mathetics in Industrial and Vocatlonal Training”
describes the ectivitiee of major mathetical programming units in the United States.

| W"Tﬁe Development and Production of Mathetical frograms: A Case SFudy" describes the
maﬁor production procedures of our programming unit.

Matheticsﬂ by naﬁe, is eot being practice& by a large number of programmers;
hewever7 the techniques.that have been utilized by mathetical lesson writere are
graduaily being aéoPted by many other writers of programned materials.
| e usadl product of the mathetical system is a programmed text, but the prac-
tices;and procedures of qatheeics'are believed to be applicable to education{inJa

much broader view,
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THE TWO MEANINGS OF MATHETICS

J. H. Harless
Chief Programmer

Rehabilltatlon Research Foundation -

Elmore, Alabama

Introduction

Mathetics has been the subject of controversy since its

first degcription by Thomas F. Gilbert early in 1962. Gilbert

then defined mathetics as, "...the systematic application of re-

inforcement ﬁheory to the analysis and reconstruction of those
complex behavior repertoriee usually known as 'subject-matter
mastery', 'knowledge', and ’skill'."z

1f one were to poll the programming world in an attempt to
derive a descriptive definition of mathetics, he would discover
that~viftually nothing‘of a specific nature 1s generally known

of this system, except that "mathetics teaches everything back-

wards."

1This paper is part of a three unit presentation on mathetics.
For a further explanation of the characteristics of mathetical
lessong, and a survey of their usage in the United States, see
Michael T. McGaulley. "Mathetics in Tndustrial and Vocational
Training." Rehabilitation Research Foundation.

For a description of the organization and working procedures
of the programming unit of the Rehabilitation Research Foundation,
see Samuel J. Cassels, III. "The Development and Production of
Mathetical Programs: A Case Study."

2
Journal of Mathetics, Vol. 1, No. 1 January, 1962, p. 8.

Gilbert, Thomas E., '"Mathetics: The Technology of Education,"
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This misconception that mathetical lessons (programs) neces-

‘sérily and invariably teach retrogressively,'étéms from one of

the move unusual strategies sometimes employed by a mathetical

lesson writer. Although this speciql‘techniqug.represents‘only

one of the many devices used, "chaining" of the behaviors has
" becoms synonomdus‘with mathetics itself. Present-day mathetic-

- ists enploy chaining under special circumstgnges contingent upon

many variables, as we shall see iater. |

| The goal 0f>thé prdpdnenfé of»mathetics is toAéyolve a genuine
technology of edmcatiog by welding the concepts of behavioral
science to the‘effectiVe ﬁractices and procédures that have always

been utilized by good teachers, and more recently, by good pro-

. grammers. Therefore, mathetics is not "new'" in the usual con-

notaﬁion of the word.

| A technology, by definition, is not new in fundamentals,
but rather is the systematic application of concepts and prin-
éipleﬂ fnr’new functions orvthe improvement of the methodology
for old ones. Thérefore, the word ”mathgticg” has two distinct

meanings:  PMrst, in its broader implication, mathetics is a

complete training system that guides the: trainer to description

of mastery, and discovery of training deficiencies of a specific

population, The system inéludeé %uidelines for the analysis of

&
the skills and knowledges to b% learned, and spe@ific strategies

! i
il i

I . i1 : [ . . 3 ]
for overcoming the deficiencies. This remedy ofﬁa training defi-~

i
i

- ciency may take the form of a programmed text bxﬁ

|

I )

other types of training

3=

velilcles such as films, slides, role-playing exercises, etc.

Also, to maké this system complete, a methodology for valida-

tion and curriculum implementation has been evolved. Mathetics

is'secuhdly a step-by-step procedure for the construction of the

actual programmed lesson., This process, like other pood program-
g P E g prog

‘ming methods, is devoted to'ensuring‘that only the exact functions

of the mathetical teaching unit (the "exercise") are served.
It has been demonstrated that the mathetical technology

is precise enough to allow two matheticists working independently

‘with the same set of objectives to produce programs identical

in mény important aspects such as size of step, order of steps,
level of simulation, cuelng conventions, and general page 1a§out.

The System of Ahalysis

Rarely does a matheticist set out to "program" any parti-

Ccular tople or block of subject matter. A mathetical program

T nnL a tezthook or o chapter In programmed fovm,  The daty ol
Lhe malhet felast Iy to dlscover the exact trafnlag detictency in
a well-defined population.

In aorder to-discover this deficiency, the matheticist's

first task is one of description. “This is doae in the Job_analysis

when the matheticist interviews spasialists in a particular domain’

%The genaral conclusion that matheties is only an eclectic

system is somewhat contradicted by this fact.

.
]
3
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fur the p@fpose of liéting all thé-produécs4 prodtced

fﬁoy that job . Thege produnts are then described in terms of

the r«ﬁuirements they must meeL the steps of performance in

' dettving them, and the knowledges and behaviors that are pre-

requisite to thair production.

Avﬂaving comglatedtthe'job,an31y$i$, the matheticist describes

the characteristics of the trainees, noting especially the related

knowledge skills, and‘academic abilities of the students.

The precise trairing deflciency is then found by llstlnb

the differences between the master and the student. This

’dlf ‘arence is expressed in the form of trainlug ob1ectlves.'

With the jobvand population analyses and objectives as

guides, the matheticist writes a "prescription" for the training

.deficiency. The prescription expresses the gteps in producing a

product in stimulus—response units called "operants."
Tasentially linear programmers write a prescription of behavior

when they break the behaviors to be taught into the smallest steps.

But at this point, the linear programmer in many instances is ready -

to write his program without any ‘specific attention to the special

t ‘ 5
nature of the behavior to be taught.  The matheticist, on the

4. - & ‘
‘At"produgt" is %he describable and measurable results of
performance., Virtually any task can be described in terms of the

\; products produced by that task.

SHappllv, many programming groups are beglnnlng to pay more
than llpw@er1ce to analysis at this point,

: ﬂx |

0

. ‘ _‘5—‘ » ; | ) . ,
other hand, spends much time in a detailed behavioral analysis
to determlne the charactéfistics of his prescription.

This ana1y51s of the prescription has three overlapping

Apurposeb (l) to dlscover the learntmg problems inherent in the

behaviors, such as interactive inhibitions and the amount of gen-

eralization needing to bé‘taught; (2) to discover learning problems

‘inherent in the intended student population; (3) to‘determihe the

optimum sequence for teaching the behaviors called for in the
pfeScription. Thié rigorous and Systeﬁatic analysis of the
behaviors to bé learned by the student is the heart of the mathe-
tical system and is the major rationale for mathétics. The pro-
grammér‘s'behavior is gqided by thiS‘anaiysis which forqgs him to
examine all aspetts of the material he will ultimately teach in
the program. Tlie analysis gives him a scientific basis on which -
to make his selection of teaching strategies.
Using tbé resqlts of thé analysis, the matheticist,reexamineé
his pres cription and answers this question' How many of'the

stimulu5~response units (operants) will be presented to the student

at one tlme? In other words, what is the "operant span' of this

population? This concept of "operant spans" is a rather radical

departure from the usual concept that the teaching units (frames)

.

; . , 6
of programmed instruction should be in extremely small steps.

.Step gizes designed to meet the requirements of the individual :

[

6Evtn though this theorem is undergoing a change in P. I.,

‘programs are still written in relatively small steps with llttle

regard to the characLeristics of the design populatlon.
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popuiation have demonécraﬁed‘that the boredom resulting From
homogeneously eﬁall,fremesﬂhas been eliminated in mathetical.
programs, ﬁerenthetically, the physicel bulk of the progreme hae
been drasoiCali;'reduced for,proouction'economy, quicker terminal

relnforcement, and time savings for the student.

The matheticist then summatizes his decisions in a detalled

‘1esson Elan‘to'serVe as a guide for the actoal wrlting of the :

‘program. Depending on his-findings, the matheticist may decide to

employ one or more of several special strategies for increased
teaching ‘and learning efficiency.

One of the mote interesting and controversial of these
special strategies is the process of "chaining.'" This procedure,
which has become erroneously synonomous with mathetics, is the
arrangement of the operanés so the student is presented the last
step of performance first, the next to last step second, and so

forth until all operants have been taught to the student.

For example, a mathetical programmer teaching long division

Cmay demoustrate to the student how to perform the last operatlon

(gubtrac&ion) first; then, he would demonstrate how to moitiply,
whiie noeing the student to subtract to complete ohe operation;
inally, nc would demonstrate the f1 sc step (short divﬁsiom),
cue the,student Lo multiply, and release him without cnes to

subtract to como&ete the long division again.

1

5 s}

: Awf'm

o
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By this chaining process the student is cdnstantly completing
the operation while adding new knowledge and behavior to his
repertory In theory, chaining allows him to work for and receive
the terminal reinforcement many times while learning the steps
of the operation. Also, by using the chaining process, the student
can relate the part:cular step he 1is 1earn1ng to the entire
0peratlon and can see how each part is germane to the final pro-
ductf

Thus maLhetlcs is first of all a procedure for analysis
of the behavior to be raught

In a second amd more specific meening, mathetics is a scien-
tific technique of ptogram construction,

Exercise Construction

There are a finite and describable number of functions that

each teaching unit (exercise) of mathetics must serve: 1) the

vEudent must be put under the control of. the discriminative stimulus

(or S”); 2) the student must observe therstimulus by directing

: )
his attentlon to the §P and by classifying the SI from all other

_ discriminative stimuli; 3) the student must be given instructions

on how and what response to make in the presence of the discrimina-
tive stimulus; 4) the student must make the required response in

. D
presence of the‘SD; 5) the student must place the § in context

with the;entire operation being taughf.7

7Gi1bert, Thomas ¥., "Mathetics: II. The Description of Teaching
Exercises," Journal of Mathetics, Vol. 1., No. 2, April, 1962, pp. 7-56.

4




overview of the behaviors he is to learn.

8-

Some exercises requlrersdditionel functions depending-on their:
location in the sequence' *‘ prompt" (or cueing) of a previously
demonstrated exercise and/or the’ presentlng of the SD of a pre-
viously demonstrated and cued exereiee for the student to perfoxm
without aid is necessary in these exercises.

The matheticist examines the exercides he has written and

synthesiaes the entxre opecation into verbal statements in step

form. He also attempts to discover similar behaviors already known

© to. the student population. The matheticist uses this archetype

behavior as an analytlcal homology or analogy for the student to

- use to relate the hew: skllls or know‘edge he is to learn in the:

exereises. With the synthesized steps and archetype the matheticist

conatructs "understanding" exercises to precede the "performance"

exerclses. These "understanding" exercises give the student an
They are designed to
provide hiwm with a "selective looking behavior" in the "perfor-
mance' exercises, q

The matheticist wlll alsoc spend conmsiderable time writing and .
rewriting these "understanding" and "performance" exercises to
insure that the 1anguage‘is suited for the population, that no

irrelevant subject matter is introduced, and that the context of

each behavior ig always set for the student,

At this point the matheticist has completed only two-thirds

A

-

Y-

ef“his work: ‘The draft‘érogtam‘is checked by ‘a subject-matter

N an& curfieelum speeialiSts for content velidatien. Any chaeges»

indicated are made.

The matheticist tﬁen begins ttying out the program on actual

;.members of the desipn population., This exacting proceeure is

hide-

performed to validate or correct any decisions made by the ma

ticist in uperant span, sequence, WOrding, ate.

Mathetlcists, 1ike other good programmers, take the point
of tiew that a motivated student is seldwm at fault when a program
fails to Leach hlm, therefore, the student is the central fipgure
in the analytical, design, and tryout phases of the mathetical
process, Students’ responses, questeons?,and comnents are caref
fully noted in this tryeut process/éndvrevisions are made according
to the dictates of the student.

When the matheticist is empirically confident that the
progrdm has uedergone sufficient tryouts and revisions to meet
Lthe’ rtqu;rements 15 the objeetives, the program is field~tested
on large numbers of the design population under the conditions
of intended ese}

 Summar

Mathetics, therefore, is a complete training system that

gives the programmer; (1) a guide for determining what to teach,

. + : ! aled
(2) a basis for making teaching atrategy decisions, (3) a detai
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proéedure for construoting o program,
Mathetics 1s somewhat eclectic in nature but'is unique
in application, if not in prlnciples. All inclusively, mathetics

ig a Step toward a technology of’ education.

o e AR Sl -
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MATHETICS I@ iNDUSTRiAL AND VOCATIONAL, TRAINING
1 | Miohael T. MeGaulley, LL. B“
+ Rehabilitation Research Fnundaf1on
Elmore, Alabama

This paper 1s part of 5 three unit presentation on hatbetieé.l

In dc@cribing the‘effect of mathetics oq_vocational and indostrial
trainiﬁg, T shall (1) make mention of the major mathetical programming
unlts and LhL legssons Lhcy have produced, (2) point out tho significanc
characterlsLlcs of mathetlcal lessons, and (3) discuss some of the
diﬁficulties presentlyfbeing’encountered by mathetical programming
units.

1. MATHETICAL PROGRAMMING UNITS NOW T¥ OPERATTON

The Rehabilitation Research Foundation is a non»brofit corpnraﬁion
conductlng a number of experimental plogectsz in education and human de-
velopment at Draper Correctional Center near Montgomery, Alabama,

One of the projects is a unique school in which all instruction
(other than in basic‘literocy) is accoﬁplished with programﬁéd instruction,
Another of the projects is a vocational school for youthful offenders in
which courses are offerad in barbering, bricklaying, welding, electrical
appliance repair, radio-television repair, automobile servicing, and tech~-
ﬁical writing. Academic deficiencies of the students are remedied by daily

sessions with programmed instruction.

1For an explanation of the mathetical analysis and oxercise weiting
technique, see J. H. Harless. "The Two Meanings of Mathetics," Reliabilitntien
Research Toundation. ' ‘

For a descriptivn of the organjzation and workiag pruveduxcs of the

- programming unit of the Rehabilitation Rescarch Foundation, see Samael J.

Gassels, T1T. "The Development and Production of Mathetical Programs: A
(ase Study, "Rehabilitation Research Foundation.

These cxperimental projects are supported under “the Manpower Dovelopme:;

wd Training Act, contracts #(M)6068-000 (OMAT) and #82-01-07 (WY, and by o .

National Tnbt1tuta of Mental Health, Contract F#H00976-04,

2
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B ) provide trainihg materials where-needed

Circuit Symbols," To determine its limits,

""Recognizing Electronic Circult Symbols,
cal symbols lessons, w1ll be tried then,

Electricity" will also be veady,

A programming unit was set up adjunctive to the vocatlonal school

 The availability of enough

programs in academic subjects permltted emphasis to be placed on de=~

veloplng programs to assist in the teaching of manual 8kills and other

knowledges needed in the shops. Mathetical lessons were selected as

the prlmary training medlum. Writers and staff were hlreu and operations

began in October, 1964

“As this paper is written, six lessons have been successfully field.

tested: 'Recognizing Electrical Circuit Symbols,“ "Introductlon Lo the

Volt Ohm Milliammeter," "Soldering Leads," "Introductlon to Electr1c1ty,

Part I," "Mixing Mortar,'" and "Cleaning Carburetor Air_cleaners.” Nearly

300 students participated in the tryouts;
_ The largest number of students took ”Recoghizing Eiectrical

the lesson was tested with
‘three distinct populations: (A) students with a year or more of exper=

fence or training, (B)'students with at least two months of rel

9% n)ﬁmr(nnr ey

(() Lhonn with no pelated trninin; or experience.  Time

:uqul;ud [ (ump]vlﬁ this Lenson ranged trom 45 minutes to 5 hours, 1%

minutus, with an average of around 3 h0urs. Average gain from pretest

to posttest (all groups included) was 79%. Averege posttest scores
were 95%, 967 and 91% for the three groups, respectiVely.

Another series of fleld tests is scheduled for Februalv 1966,
a‘companlon to the electri-

Part II of "Introduction to

as will a lesson for bricklaying students

R A RN e

R P TR B

it

5

ated training
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'Horn of Columbla University.

: , : . . S
fn estnhiishiny the {Toor 1cv01 of a buildzng undor LnnqtnuLLxun. throo

| panh nf a puckdgo rnr hnrhorinb sLudonLq are nuacly rundv For tLvouL

- H
”Preparatlon of a LuatOmer” and "The' Tools and Aveas of a Hdllcut have

been tested'On indiVldual students* the third part of the package is an

experimental guide to a531st beglnners as they glve their first fow hall-

’ cuts. Illustratlons and directions will be’ pr1nted on a scroll and in-

stalled in a device,on'or near~the barber chair, A large package on the

‘estimation of BricklaYing materials has been prepared by two young prison

inmetes~ gradoetes‘of our one~year course in technical and program writing.
s b

v o

Ultlmately, it is expected that these lessons will be used not onlv

in state vocational schoolsvbut in other types of training projects as

f welig including the Federal Job Corps and Youth Opportunity Centers. ‘They

Qill be published by a governmental agency and will be available to in-

,dustfy.

The oonsultants who advised the choice'0£~mathetics for the pro-
gfemming unit at the Draper Project cdted among their reasons the quality
of the 1essohs produced by.ehe Instructive Communicabions Unit of the
h4 5. Publlc HeaILh Serv1ce at the Communlcable Discase Center, Atlnnta,
Ceorgia, This uniL was set up in early 1963 on an e\pernmontal basis.

init
Results of the first lesson produced were so satisfactory that ‘the un

: PY Dy i the
was soorn giVen a,permanent status under a protege of Dr. Gilbert,

'origiuator of mathetics. Two of the lessony published by this unit were

‘
‘

3 t
c1ted ‘among the 16 most outstanddﬂg in a 1965 survey conducted by Rober

These were 'Amebiasis: Laborarorv Dlagnosl

" \‘

3Robert E. lorn. Excoilence in Programmed Tnstruction = hesdltslgésa
Survey Idcntlfyxng 16 Outstandlng Programs, Programmed Instxuotxan,
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a three volume lesson for a populationiof doctors, nurses and 1nboratntv

technlcxans, and “bood-Borne Dlsease Invest*gatlon,“ 1ntended for public

EN

health field workers. Two other programs of the unit also recelvad votes

in the survey. These were ”InsectiC1de Formulatlon," 1ntended for crop
V

Sprayers and theit superV1sors and ”Jet InJoctor Operation,“ a 1Cbb0n to

be dlscussed at more length later in thls paper. Fnur other lessons are

in advanced tryouL stages and will be publlshed W1th1n the ne\t few months,
Thc thmrd ma jor producer of mathetlcal programs is TECO Instruction,

Tne., of Fort Lauderdale, Florida, TECO is a prlvate consultlng Firm

spec1a1121ng in the preparatlon of cnstom programq f01 1ndustry (ne 1osson

“Htghway Plan Reading,” has been taken by over 5000 employees of state

highway departments Another, on theoperatlons ot a bank teller, is

gaining wide‘acceptance. One user alone, First National City Bank of

New York, has used it with over 600 employees. "Selected Médical Ter-

minology" was written to teach correct spelling, pronunciation, and usage
of difficult technical words to a population of hospital secretaries and
typlsts.

The influence of mathetics has also becn spvead by the efforvs of

_indi%idual matheticiqts. Some have taken cmployment in large commercial

and LOVQrﬂantal pro&rammlng centers where they have been able to shape the

behavior of their colleagues. Mathetlcmsts were emploved on a consultant

4
y

,ba5l5 to assist in the tralnlng of the original core of programmers of

: thL_U. S Air norce.

CHARAGIERISTICS OF MA’J.‘HE'-‘I‘fCAL LESSONS

A. Ldyout and Rcsponse Flekibllity
Mathetlcs is- not a. format system. No attempt is made to achieve
unlformlty of style or appearance from lesson to lesson or page to page,

The governlng rule in setting up an exercise is simply to use whatever

“is best dependlng on the characteristics of the behav1or to be taught

and  the abllltles of -the student populatlon, Thus, an "Exercise"
(the teachlng unit in mathetics) may look much like a linear frame,
or it may appear as a double page‘spread with all the graphic appeal
of a good magazine advertisement. | |
Most often, péper-and—pencil—type responses are called for in

mathetical lessons, particularly if the behavior being taught is

primarily verbal; however, student responses involving the use of

tools or simulator kits are also commonly found in mathetics,

~B. EXtensive’Use of Illustrations and Simulations

A primary function of the complicated mathetical analysis is
that of Jocating and defining those stimuli to which the student

should be taught to respond. In a mathetical exerclue, we pxe*cnt

_ the studcnt with thls partlcular stimulus (technically, the "dis-

crlmlnatlve stlmulus") and teach him the correct response to be made

to it. Slnce in most cases the discriminative 9t1mu1us is bONLthlnL

visual, it is most suitable to present it visually to the student in

the lesson, Thus it is that you will find that 111ustrat10ns
representations of the stimulus, are at the center of nearly
every demonstration page .in mathetical lessons, (Show first

and second transparencies)




e o e o

Less theoretically, illustrations and simulator kits are used

because of the assistance‘they,give’the’student,in'transferring his

'knowledge’from the learning situation to the job.

i

A piCture is worth
a. thOUSand words; and the chance to apply what he has Iearned by
practlclng the JOb may be worth-a thousand plctures ro the student.

In varylng degrees of reallty, the responsos called for in
‘mathetlcal 1essons are s1mu1ated performances of theigsb'be1ng taught,
Dry«firing with eh innoculation,injectorOr soideriné éun is simne'
'1eted performance that appfoaches very neer to.the real thing,
ﬁbwever, in,most situations, a lesser degree of simulation will work
just as well For example,‘it is likely that a student who has beeu

directed to 1mag1ne worklng W1th a eerta1n tool, haV1ng a photograph

. orxdraw1ng of the tool to guide him, will be able t%guse the

_actual tool ptopetlﬁ within a very short time of handling it for
the first time. Even mere pencil activity such as marking on a

drawing at key points or in a certain sequence, may be‘sufficiently

high~grade simulation of job performance that transfer will be insured.

. Tarpe Teaching Step Size

ln mathetics, "The principle for determining
the size of an exercise is not 'break the
material into small parts'; the principle

is to require in every exercise as much
mastery performance ds the student can
reasonably negotiate, "4

Juurnal of Mathetics, 1962, 1, 25.

4 : : ‘ : ‘ ~ ;
Thomas F. Gilbert, Mathetics: The Technology of Education.

e e e i i e e - -

The first th;rd of a metheticist 8 time in working on a lesson

- is spent performing an anaiysis of the behavior to be taught  and making

studies of the abilities and characteristics of the design populatlon.
Upon the basis of the findings, he estimates the maximum amount of -

material the students will be able to grasp in each exeércise of the

<‘lesson. The phllosophy in mathetics is to attempt to push the

5

‘_student to take Lhe largeSt steps POSSible.

As a practical consequence 01 this philosophy, whole~paoe spreads
are common in mathetics. Freedom and flexibility come with the larger

spreads. - There is anple room to use big, clear pictures and plenty

of white Spsce. The matheticist can be typographically playful to

capture or recapture student attention.

Very often it "mﬁk@? sense" to the student to be presented

with the whole of a Jok stqnence at one time. (Show third transparency)

This spread demonstrates the sequence of behavior in administering a
shot with the jet injector. Each operation flows on to the next as
part af a eyele. The completeneas of the cyale can he preacrved hy
Luﬂthfug iu large aLeps.

1he model teaching sequence in ma:netics calls for each stimulug~

response relationship ("operant") to be nresented at least three times:

once in a "demonstration," ‘then in a prosﬂt,' when the student is called

H it
" upon to make a response With some assistance, and finally in a “release'

B

H

I3
<

5Any over-estimatlon of student ‘abilities will be caught and corrected

in the .tryout cycle. If necessary, remedial exerciges can be ntepared
for the less able students in the target population,~
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'whéofﬁe “esponds W1tnout the help of any hlnts in the lesson. It‘
ig usually heartenxng to the student to perform the release, par-
tlcularly as . he proceeds further into the lesson and can work more
And mo & of the Job in the release. If the programmer follows the
oree-pﬂrt model teacnxng sequence, much of the‘repetition that Stu-

dents delee cati: be avoided

SOME DISADVANTAGEb

oA. - Thc_Cost of the Behavioral Analysis

A mathetical lesson ig more than a textbook in program form,

Tuw mdthetic19t does not accept the standard teaohlng sequence as

‘FﬁﬁClUS1VE. What appears to be logical order to the professor

‘may be chaotically confu31ng to the student Accordingly, the

ma»hetlclst starts fresh by golng back to the fountainhead, the

E man who actually does the job. From thls subject~matter specialist

‘the matheticist learng exactly how the job is done under field
condltiOns This information is then- broken down in a series of
Analyses designed to find *ha true "shape" of the behavior, as
well ay any tcachlng problewa inherant in the topic, and alternate,
potenttally more efflclen methods of performlng the Job

In the course of thiﬁ anaoysis, many hithetrto unréaliZLd facts

are turned up about the job and dbout the system of which it 1s

a part Thib‘"splnwoff” may bring about 1ncreased eff101ency in JOb
{

: performanoe as well ag SEV1ngs in tralnlng costs,

,‘

@

When the analysis istcomblete, the matheticist knows exactly what

Comaterial will be contained in each toauhing stepe o addition, lte
Will bave 1ocntcd moSt of'the.lenrning problems due to competition,

Cor to the mHltlpliLlLy of variable ia(tora, or ro terminology wirh

Whlch tho studcnt would not be familiar,

Dn the averdge, a full. onc-thlrd of the mathetlc st! time is

Spent in the analybls phase. Some.of this time, however, car be

-regalned by 1ncr0dbed erf1c1ﬂn€y in later phases.

By Thc ”Mathetlclst Gap"
The cost of1training a staff of mathetical prograwmners is high,

For it takes usuaily from six to eight months for a novice to become

competent. During this time, little if any, of the work he turns

s : : - -y 4 g
out is usable. Moreover, the attrition rate among matheticist traineoes

is high. For some, tho mathetical procedure rewains forever a mystery.,
Others oannot develop the knack of expressing their knowledge in tarms
that cun be understood‘by tho student,

It is not yet possible to predict the individuals who will
suvceced as mathetioai programmers., Tvon those whose backgrounds ang

test gcores para]lcl those of the best mathot1o15ta mny turn out. to

he disappointments. Conversely, we at Rahabllitation Research Founqnt;\:

) ) y a ‘ 4 Fa O I~ VU SR » 3
digeovered our senior staff artist, a man in his fiftics with ne

progrumming experionee, to have an amaziug aptitudo ;nr mathetical

| : T ricklaying field
Writing. " He took‘over a compl:cated course ih the bricklaying

on which the reo gular programmers had about given up, tl“k°r°d with it

.

o

SR
in his spare leb; dnd turned out 4 lesson that Wb now Cltu as om \‘i:

i * . ‘

our thL
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: snited to the braining needs ol voeational schools amd industry wheve
C. Increased Fabrication Costs

: » o : ~ , transfer of skills to the actual job situation is critical, Although
A mathetical lesson that involves the use of a simulator kit = ' ' '

o X mathetival lessons are inherently more expensive to produce than are those
will almost ceriainly be somewhat moye costly to mqnufacture than o

syttt
A e g M SR N

. S . . of other'programming techniques, savings resulting from Yspin-off" effects
will he a-simple printed lesson. Even il there ds no such simulator ’ '

: : : and from increased training efficiency may offset the extra cost.
“uged, production costs for the mathetical lesson will be greater: than : '

1
.

Cor ather types of .programs because of the heavier use of illustra="
g A . ) ,
tions. It may be nccessary to have a stafl artist for uvery typist/

paste=~up man. For some lessons, a more expensive printing process

and more expensive papet may be reguired because of special art work.

These, then, ave the three major disadvantages of matheties.:
P , ALl come down in the end to a matter ofvincruascd costs. Whether the
‘ cost is worth it or not is an individual matter, depending upon the
b particular circumstances of the user. In iudustry, the extra costs

may be more than offset by the szavings in traince salaries resulting

from the greater cfficiency of the mathetical lesson. The fabrication

costs, amortized over a sufficiently large trainee population, may,

In the lToug run, prove ingignificant, Bven the problems of finding

trained matbekicists may be overcome if the work is Tet out to
\ be done by a programming consultant on a vontract basis.

CONCLUSION

. ’ ) ; - \
Mathetics has now developed into a third force in American industrial R b ‘

prOgramﬁing. The floxibility of the "second genceration" programs published

i 2 o e e 5t 2 e A T

within the last ycar or two indicate that mathetical programming is ideully ‘

10 @ o : 1
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STRUCTURE churacteristics —emmmmep-

" Locate the

Uransparency L

CHARACTERISTICS OF AMEBAE

‘Ihe (1411 is the basic unit of 'iifé; each cell cortains all of ‘the sharacteristics

- necessary to sustain it. These may be claaéiﬁed according to STRUCTURE

and FUNCTION,

“Study cm‘efullv the characteristics, dmwmgs, and lubela shown below but do

not try to memorize:

f“‘“‘k ":'.cytoplc:sm
Leytoplasm (ectoplasm)

1. nuclous ‘
2. nuclear membrane [endoplasm)
3. coll wall nudﬁurawambrune '

4. vacuoln

. eytoplusm
i, ondoplasm
bh. ectoplasm

fea

FUNCTION cllarncteristic&—m————m—%

1. FEEDING: note how the
pseudopodia engulf the fot).fi

2. MOVEMENT: note how the
cell is pulled forward by the
extendod paeudopodiq

$ REPRODUCTION: noto
how the cell multiplios by
binury fission

Ramember; -
all colls tuy bo characterized by:

STRUCTURE & FUNCTION

REPRODUCTION

If you already kuew' the information contained on this page, you may skip to
page 7-—otherwise contirue your study of the above material on the next page.
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Transparency 3

Unit 2 ADMIN(STERING THE- INJECTION

The schematic on these two pages shows you how to ADMINISTER INJECTION

(Step. 1) Study the schematic carefully, then say aloud the steps summarized in
the middle of the page until you know them. Before leaving these pages you
should pick up the injector and actually follow the steps with the machine turned
off, Use your own lower atm to see the nozzle imprint (be sure o take off tho
red protective cap first), Do it several times, :

START here and follow the arrows counler&sckwxse'

1. cee ll;ill the
COCKING LEVER
is a{ “'FILL,’”" then

1. COCKING LEVER at “FILL"

2, tum to “INJ"’

3. nozzle against arm at 90" angle to the bone

4. support arm, squeeze trigger for 3 seconds

5. COCKING LEVER immudiately back to “FILL"

2. turn COCKING LEVER
" to HINJM




/

Transparency 2

There are

| TWO SYMBOLS

{
o for oy,

s k— S JCe
s THERMISTORS =~ = s

and

'LOOK CLOSELY AT THESE Two SYMBOLS,
THEY BOTH MEAN THE SAME THING
AND
THEY LOOK JUST ALIKE
© .~ EXCEPT THAT
SOMETIMES THE SYMBOL IS DRAwN with ()
| AND OTHER TIMES
IT IS DRAWN WITH A " T'" INSTEAD.

16

S tun COCKING LEVER back to
' “FILL' immediately after injection.
K‘.oavmg on “‘INJ" too long puts & -
strain on the machine, NEVER tusn \
on OR off with the lever on “INJ."

Remomber to actually follow the steps with
the! injector sevural times bafore leaving
thesa pages, ' ’

.

3. press nozzle FIRMLY at -
inch-depth site at 9g© angle
with the bone toward back
of am; support am (‘“‘bunch”
or' stretch). Seat the nozzle

‘ that all points of the nozzle
s are partially buried, Remem-
ber, correct pressure will
leave a strong nozzle imprint.

fiemly (not on a muscle) so

e

e it 5w e SUSE

\

Transparency 3 (continued)

NOTE: Finger on trigder only after the

. nozzle is firmly seated and the

‘am is “‘bunched’’ or stretched
toward the back.

4. squeeze trigger for full
THREE SECONDS (count:
“One thousand one, one
thousand ‘two, one thou-
sand three?)

ﬁ
N C
<

. . ‘
NOTE: Finger off trigger
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* IME DEVELOPMENT AND PRODUCTION OF MATHETICAL PROGRAMS: A CASE HISTORY

Samuel J. Lassels, I1I
‘Rehabilitation Research Foundatluv
Elmore, Alabama'

3

~ This paper is part of a three unit presentation on mathetics.1¢
S In discussing the development and- production of metheticel'prograhs
by the in- house programming unit of the Rehabilltatmon Research Foundatlon

of Alabamd, tth paperx will describe Lﬂ“ purpose and organlzatlbn of thlS

ugit, present the most useful pracedures Lhat have been developed thus far,

Present gome variations of prqcedures, and make recommendations.

The Rehabilitation Research Foundation of Alabama is a private, non-

profit organization that is presently canducting a number of experimental

'projeCts in. education and human development at the Draper Correctional

Centef no:theast of Montgomery,.»Alabka,ma.2 As one of these projects, a
VOcationai school fotbyouthfuliofﬁenders is producing entrunCe level workers
%n the following six trade areas: automobile servicing, barbering, brick-
1ayiﬁg3 radio end'television repair; small electrical'appliance repair, and -
weiding.‘ 1n additioe, the fqllowing three classes are conducted as an im-
portant part of the vocational school project: remedial education, supplé-

mentary educatlon, and technical wrltlng
. h

e

1P0r an explanatlon of the matheLlcal ana1y51s and exercise technique,

~ see J. H. Harless “"The Two Meanings of Mathetlcs," Rehabilitation Research
Foundation..

For an explanation of the characteris tics of mathetical lessons, and

"a survey of their usage in the United States, see Michael T. McGaulley,

"Mathetics in Industrial and Vocational Trainlng," Rehebllltation Research
Poundatlon ' , :

2These experlmental prOJecLs are qnpported under the Manpower Devel-

’opment and Training Act, contracts #(M)6068-000 (OMAT) and #82-01-07 (HEW),

and by the National Institute o£'Menta1 Health, contract #MH00976-04 .
1 .



serves as the photographic laboratory techniclan, and Lhe abqiqtant

serves as the printer for the unit.

4

The in-house programming unit is called the Materials Development
Unit,'and it i an experimental and'demonstration part of the vocational

tfaining projett.' This unit was- established in Ottober of 1964 to develop

C spgﬂial programmed materials that would LXpEdlte the teaching of the afore-

‘noted gix vocational trades.k In addition, the unit was to develop similar

materials for the courses in remedial education, supplementary education,

- and technical writing. The unit was to investigate subjects in the‘program—

kming field: for example,sthebeValuation and iﬁplementatioﬁ of programs, and
research into the methodology of programmed instruction. Finally the unit
was to develop stecial traiqing materials such as instruetional wall charts.
‘sequential diagrame, and vocational typevvieual aids.

The unit presently consists of a chiéf‘programmer, two programmers,
one program editor, two production a581btants, and two artists |

The members of the unit currently perform multiple dut1cq. The c¢hief
ptngrﬁmmvr serven s Che fngtroctor of he luvhnlvnl writing class The
PYomramme i Qurvo ni roevistons nnsnciniun it Levout sﬁpurv[uuts. One
programmey supervises the preduction gection. The two production assis-—
tants perform multiple tasks including the preparatieh of all offset-

lithographic masters for the unit and for the project. The chief artist

nrtist

1

o

The collating and binding of lessons are performed with the aid of

the technical Writing;stﬁdents. They also assist the unit in the assembly

»of-group test and fieid~test packages.

The programmlng unit employs a team effort in the develOpment and

‘ivsproductlon of every prqduct. Some of the results of the early individual
-tryoutq made the necessity of a team effort crystal clear. The assumption

of multlple duties by each member resulted from a unanimous des{re for

higher qualLty and increased eff1c1ency
The founding theory of theﬁproddCts of the Materials Development Unit
. o I :
is that they must be étudent oriented and student proved. With this theory

as a base, the work of the unit can be best illustrated by the following‘

operations chart.

(Show slide of operaticus chert)

P
ft .




TRYOUT
SUPERVISOR |

|

[ PROGRAM
EDITOR

N
L>\

TRYOUT
'STUDENT §

{ PRODUCTION
i ASSISTANT
L 4

PRINTER |

MATERIALS DEVELOPMENT UNpT

OPERATIONS CHART

&L

of our type of programming unit

The. eircular form of the' chart illustrates Lhe cnnlinuoué-iulur—

dction of the unit members in the creation of an instructive product,

_The programmer Lg the center and cornerstone of all programning activie.

ties, Since a mathetical lesson is a tutorial medium, the programmer

onugl communicate with the student in every aspect of the lesson. 8o

must the other members of the programming unit,
The observer will likely note that the subject matter specialist

and - the tryout student are included in the unit operations, In most

cases, our subject matter specialists are vocational project instruectors,
They dre valuable temporary members of ouxr team because they are skilled

in instructive techniques, and are master practitioners of their trades.

The Lrydut students provide important feedback about the unique vocabus
lary and behavior agpects of the student'populatibn.4
The unit has evolved a fast route of flovw for mathetical lesson

development. However, the unit has intentionally av%ided the formation

1

- of rigid ru]ev in order to maintain a maximuin degree of originality.

Our dovelopmon[ and production proceus anpnnls to best meet the needs
1hc following general flow chart
illuerates our process.

Y(Showislide of general flow chart)




. . - S
R . e ; b a : O ' ’
"“iA . o L . : ' - S e 3 .
iyf‘ PR ’ s 2 ; - . R ) .

. e
. D e o h

: >“ﬁﬂraAMMr;'sfnuAET:r S | T

Buim s ot b s i

MATHETICAL & EDTTORIAL REVIEW |[)(]| LAYOUT & GRAPHICS REVIEW

MATHRT gig;g[, ' Dﬂ TECFWZGAL QO

PDITORTAL | s x| LAYOUT | GRAPHICS I
revims (WY RevrEw ) D4 04

REVTEY REVIEW REVTEN - e ) S, T

B e R T

——

: g SRR . et ; : | S B T UNTT CONFERENCE, REVISTONS, & REASSEMBLY

,...--._..,.

ot A el e i e e 9 it 9 e ¢ fk baas e o Mg, S b 8 )t e e e e Bt o
. . B

el
i

UNT"' C NFE’QE(\CE PTU I’/\RAIH)N & I\QSPMBLY

- .s.. e hsmitrn & Aivadn - bt e 07

a4 i en st

ELECTRNSTALTC PRON COPY & UNTT CHECK

et s A s s o i e b B 3 Vo, i, S i n =y,

m v >

g g AT
o sinakt btes AN TR

: TR I LEGTROSTATTC PROCI GOPY & UNTT CHECK

. ' - Ny 111
.- o L o . o OFFSET LITHOGRAPHTG PRINTING
e , o ‘ | :

e

ELEGTRQSTATlP DUPLICATTON « ‘ : ‘ ;

S I P -

-y : ; ' ;

-

FIFLD TEST SERIES

—
i TNETVIDUAL "*RYOUT SERLES

b —— - - L e b e ntaing, eonsimimive ond

giv )
ﬁ% ' : ) N ’ ’ ‘ | FIELD TEST DATA COLLECTION & ANALVSIS
- , : ? :

[ — . L e v o gt ! . . . e ke ek s e r e e e . S e b e e ettt
« l S ISy O
l MATHIYT TUAL FECINTCAL EDLT 1AL LAY O b erapiies o ' , e '
PIVTINS & >< RIV TN & [:) RIGVIE D & JREVTEY & D(j |(|.:\:f\l‘}.;w & o ' UNP'F CONTERENCGE & MINOR AMENDMENTS
PEVISTONS TREVISTONS RV TONS ] HtVl‘IHN\ REYASTONS ‘ IR o e i e i

T

- e e

. : s
hiid ‘ ' T o g '

L

o ~ | | | , 3 ELECTROSTATIC PROOF COPY & FTNAL UNIT CHECK
| | UNIT CONFERENCE, MORE REVISTONS, & REASSEMBLY N -

—
<

N e o -
i - g

L R ’ ’ L “ o BT ~ ' ; OFFSET-LTTHNGRAPHTC PRINTING OF COMPLETED LESSON
o FLFnTR@%TAT C PROOF COPY & IINTT CHECK | S , | SR .

sainn

A ————— o b

R e
provgs jre——

i

et o o i A b

L

ELECTROSTATHC DUPLTCATTON'

: . . . % e
: {33: < . i Lo s . : . Lo o 7
: S nnnuv 1Rvnur thrxaf PR : , , e » S ; NI
{ . : ) ' ~'}’L e : . . : ] o
g b
) ;‘:{_ ¥
2] : G v = ; {
3 o

9




of the prcgrammer s Ilrst hand«wrltten draft

The proprammer's actions Trom the selection of his subject matter

;Lhruugh Lhckvqmplction QF his Livst draft huave bucn discussed by my

col]eagues, farless and McGaulley, 3 Thus, it is expedient to begin the
dlscu331on of our development and productlonhpxocess at the completion

For the sake of‘conve-

nlence, tha chart is separated 1nto four phas

]

The obscrver willvnote from‘the'chart‘that the programmér'é first
draft is subjected to five review processes in Phase I as follows.

math&thdl Lechnical editorial, layout, and graphics. Usually, these

reviews are perfotmed by the chief programmer, subject matter specialist,

editor, production asslstants, and artists, rcspcctiveiy.

1t should be

noted that embryonic stages of this [irst draft would have undergone re-

vislon treatments by these same reviewers. Aller the Phasge 1 raviews

are completed, a joint cotiference is held during which suggestions and

decisions are made concerning the composition of the first tryout lesson.

Immediately following this conference, theyproduction assistants and the

 The duplication of Phase I lessons
4

artists prepare the lesson for tryout.
Is usually accomplished by an electrostatic copyving machine.
Usually, individual tryouts are conducted in sots of three,

with SLudent$ of low, medium, and high abilities. The review and revisions

step of Phase IT will determine if the lesson should be phased back for further

0

detalled‘work and more individual tryouts.

,3v
J. H. Harless, "The Two Meanlngs of Mathetics"

‘Michael T. MeGaulley, "Mathetics in Induqtrlal and Vocatnonal
1inLng”

4

&

1
Fhege uhjoats are discussed in de tail In a report now in progress.

entitled ”Shortcuta ln the Production of Mathetical Programs," Samuel J.
Cassels 117, with J A. Crosby, B. F. Harxgci ‘Do 0, Taunton, Jr., and
“Ro R, 'I‘ruitt. ' o : R ’

'

¥

The. Phase || unit conference 1s a very important step because the

first set of detailed decisions @ré made about revising the lesson. These

revisions are carefully and promptly carried out by the staff,

Phase 11 duplication is usually accomplishked by an in~house cffset-

lithographic press and by utilizing an inexpensive short run electrostatic

olfset master.>

Group tryouts of Phase IT are usually conducted with four to eight
students testing a lesson simultaneously under simulated classroom condi-

tiong. Our unit has tried to develuvp certain vocational lessons to the

: p01nL where they can be succegsfully group tested by an entire vocational

class at an opportunc time in their course study. Such a tryout not only
tests the lesson under excellent cléssroom conditions, but usually provides
a4 later indication of the lesson's effect on Lhe progress of the class.

At the éompletion of the Phase II group tryout, an important unit
staf{ conference is held ko decide what should be done tu prepare the

lesson for its During this conference, every tacet of

first [ield test.
Lhc lesson is digcusged, including possible problems in [ield testing.

Preltminary plans are then made, and the field test preparations are begun,

’ ! . - -
“When appointments for {ield tests are confirmed; the necessary aumber of

copies arc collated, bound, and packagad.6

IField tests are conducted in a manner similar to the group tryouts
with the excepbtion that a detailed orientation is given to the students
prior to. the field test, and that extensive poapulation data is guthered

priof to and during the period of the field test,

‘ ‘SSee: "Qhortmuts in the Production of Mathetical Programs."
Samuel .J. Cassels tT[. . :

1
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These population ddta are analyzed at the completion of the field

test, and the results agsist in the evaluation of the field test results,

Ideall&, gg changes should be made in the field test edition of a 1esson:
Since few products of man are flawless, minor amendments are provided
For before the completed lesson is published Such minor amendments con-
sist of very small changes in grammar, punctuation, and the like.

Sometimes a field test will reveal unique characreristics about a

lesson Such data should be included as a part of the lesson description.

Af a»field‘test ever reueals‘major weaknesses, a detailed review and
analysis is undertaken lmmediately.v; |

| The printing process for completed lessons consists of high quality
printing work. Therefore, the preparation of all copy for this edition
should be as exact as the production assistants.and artists can make it.

It should be noted that these general procedures will vary according
to the probleme raised by =ach 1esson. For this and many other reasons,

each lesson should be treated as an individual cése by the programming
tht.' We-usne the term TNDIVIDUALTZED LESSON on every oover to emphasize
that caeh legson is unique In lts design pOpulntfon, in 1ts cnntontsoahd
ﬁpecifléations, and in the way it was created.

The most common prdcedural variations occur when the first individual
tryout results indicate that lessons elther commuhicate very well or
virtually fail fo communicate at all. In the former case, a preliminary
- group tryout 1s usually held immediarely to teet the reliabiiity of the
‘good heWS. 1f rhe‘preliminary group f?yout is equally euccessful indi-

cated revisions are quickly made, and the leeson 1s retested as soon as
pos slhle.k burther confirmation accelerates the lesson into a f1e1d test.

Regretfu]ly our unit has experienced only a few successfully accelerated

10

) ERERa
e

-

relating to the physical production of lessons.

Tegsons to date. Due to the knowledge we gained in 1965, we awnticipate
nvhloving substanuinll& more success with accelerated lessons in the near

LuLure.

ip) rhe first indfvidual tryout fails to communicate with the student,
the lesson is phased back to the programmer for reanalysis and rewriting.
This ultimately saves.valuable time and money. Such a failure cannet be

charged to any 1ack oﬁ ability of the programmer, but rather to an overall

underestlmatlon of the learning problem for a certain population.

Other common procedural variations concern warranted shortcuts to

. . . . ] S > ol oF & S
determine good exercise and lesson design, time saving reassembly shortcut

. o A d use -
" to obtain immediate results from individual tryout revisions, extended use

) K + - s : . -~ NG 'n'li—
~of quick person-to-person conferences instead of joint conferences, inc

¥

vidual decisions instead of group decisions, and accelerating techniques
7

AL the present time, we use the following general guidelines to
determine what accelerating measures and shortcuts to take in a lesson's
duvnlupmonl and production: khhc tnitial teaching ability of the [irst
individaat 1 { yout , the class statug of the L ryout population, aud the
course demand Tor the lesson. We also rely on strong, but unscisatilic
intuition.

I'f adequate f{acilites exist, tallored procedures and accelerating
technlques can enable enable mathetigal programs to be created for
and ihstalled in a variet? of vocational trainihg situations in a rela-

tively short time. Wo attempt is made herein to state a methed of

7The dotalls of thPse procedures are the subject of a repart now in

'rpropreBS‘ontitled "Shortcute in the Production of Mathetical Programs,"

o Samuel J. Cassels 1T, with B, F. Harigel, D. 0. Taunton, Jrr,‘

‘R:'R. Truitt, and J. A. Ct o,by, Rehabilitation Research Voundation

11 R o




dovalaop @ :
opent beecadse an accurate method. docq huL present by oxist to the

boat vl aur knowlcdge.B llowever,

ol

a subject e simple sequential bohavxnr

approxlmdtely five ma;or steps or 1ess and limited in bcope gan usudllv

be pr
p ogrammed into an efﬁgctlve mathetlcal lesson by a unit like ours for

a 9th grade populaLlon in dbout 15 workxng days. This estimate does not

conalder tlme for fleld testing the lesson, perfecting the develdped‘

lesso specif i ’
5 n‘;or a gpecific populatlon, ar treating special teaching problems

‘ ThQSé fac ‘
actors Logether Wlth the other work load of the unit, constitute

the ma]or unknown quantltles in time prediction,

OlUE Sxne et an . :
r expertience in estimatlng our time needs has been heavily influenced

hy the in i : wrd ‘
Y inclusion of the technical writing class in certain facets of our

operati ‘ ' ’
I tion. Although these young men have contributed much to the effort

of our uni
unit, instructional time combined with natural student errors have

substantially subtra
1y ¢ cted from t
m the initial estimate of the class's value to

the unit,

Au o orog | ; i e
,.v!ll«ai being located within the prigson compound ;. the unit

"h‘” vy ht ‘d W ' 1 va " ) ||U’ l! Vi ’ly ll (8] (l { ms VY i
l [ i h’l] { l']( y ( l }‘l l ‘ ll l((‘ <X ! ‘ 1.(”.. (Il«'l( \(l"l(

l\“l, l{l “ly (‘){iHI i]l I]]ly l)“,q]]le.qq 1“(]“3‘.,] lc)l. Ot ()t 101 '['(‘(‘ Id
4 Y . . ‘ k Dy i U% O ] Y L . ' . !  Wor !

WI tﬁ SO () N i ma )0 1 28 ! ‘ )
. Rkl { 3
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devoted to production efforts,

i

o ‘
A guneralized time btudy,

job estimati
by the author for the near futurJ on§ and eost

analysis is planned
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Situatiog, -

v

- inside or outside a traiﬁing body;9

Therefore, we do not feel that an analysis of our time factors .
would be of substantial value to other units at the present time. We

do feel that a development and production period of several weeks is a

relativély short time in the field of programming. This does not mean
that §5x‘mathetica1‘prcgram can be deveioped\and produced in several
weeks, It does mean that many subjects can be programmed into a
mathetical lesson within a short period,

Mathéticél programming units can usually function equallyVWell
§ince a mathetical Jesson should
aﬁproxiﬁate the actual job environment aéxmuch as possible, our pro-

gramming unit is particularly fortunate to be located in the very midst

“of the six vocatlional environments which embody most of the subject

matter for our current activities.  In general, any mathetical program-~

ming facility‘should‘be able to function efficiently as a separate body

as long as such facility does not suffer geographical isolation from the

student population, subject matter specialists, and sources of the sub-

ject behavior., Our experience has shown that a mathetical program that

teaches a vocational subject can be developed by an in~house unit in a

relatively shoﬁt time, with a few staff members, and with a modicum of
office space, equipment, and other overhead expenses. Our stalf presently
occupies some 691 square feet of office épace for its entire operation,
We have been cramped for space and our efficiéncy has suffered for this
qnd for similar reasons. Thérefore, we recommend that programming uhiﬁs

like ours occupy office areas similar to that illustrated by the following ,

;dzagram.u

(Show wiide of dlagram)

: ;.
¥ i

»9Tor a deécrlntibn of these units in the United S;ateq; see
Michael T. McGaulley, "Mathetics in Industrial and Vocatiomal
Training."

13




"

150 Sq. Ft.

- TESTING ;
is

" PROGRAMMER ~ ©

100 Sq. Ft.

CHIEF

LIBRARY
CONFERENCE

CLERK~TY?IST
'RECORDS
e

OFFICE SUPPLIES

100 §q. Tt.

PROGRAMMER~
EDITOR

100 Sq. Ft

PRODUGT LON
ASS 1 GIANYS
(Two)-

100 Sq. Tt.,

PROGRAMMER ]
100 Sq. Ft.
PROGRAMR | ;
) "
100 Sq. Ft.
;
!‘ & L
ARTISTS ok
(Twa) i PHOND- B
< grarHIc M
150 5q. Ft, °
420 8q. FE. o opapge
“ROOM :
72 54q. Ft.

COPYING
PRINTING
\ &
PAPER
STORAGE

150.44. Ft.

A

Famn g mim et
N .

s
vi-.g“

B

Feon oo
St M 2%

SAMPLE
OFFICE SUITE

FOR

IN-HOUSE
PROGRAMMING UNIT

This suite contains
1,272 square feet of
usable office space.
The hall area is not
ineluded.

Note the following
charvacteristiocs:

1) Can be located

in‘wing of office
building;

2)\Sec1uded darkroom
formed by closing
end of hall;

 3) Suite has door for

extra privacy.

R

v

The size and 1ayout of this suite is presented as a general example

of a desxrable office area for our type of programming unit, An even more

dcsirable arrangemént would include slightly 1arger offlces with LOﬂnLCtlnb

doors.

We highly recommend that a programming office suite (and each ol its

offices) be both private and quiet, and that an interoffice telephone or

other communlcatlon device be 1nsLalled in each room, We also reccmmend

that such noise limiting app01ntments as arve Elnanc1411y feasible be in-

stalled throughout the suite.

Since programming activities require a maximum degree of concentration

by both staff and tryout student, an in-house office suite should be as

secluded as possible.

Our process of developing a mathetical lesson or other programmed wmaterial

has been and is presently geared to vocational subjects, and particularly

to those that involve a sequential overt behavior. However, our development

process can be readily applied to all subject matter because uo step in

rosearch, analysis, design, testing, or product ion has been celiminated.

feeause of Lliu accelerating capabliitics ol our procoess, and the rola-

tive brevity of the mathetical program, lessons Lhat are ucedcd mevdiAt ly

can be developed rapidly and successfully if suiiicieut staff time and

facilities are made available.

The cornersnone of our development process is the ability of an indivi-

dualized student oriented lesson to be rapidly anﬁ accuratcly student proved.

For this cornerstone to exist, salient results of tryoutq and field tests

must be accurately and readily obtained. any avehues ate open to a mdthE“

J

" tical programmlng unlt in preparing tryout edltions of an lnleldUHIIVGd

1ne1y indivlduallzcd and' because our

lesson. Because our programs are genu

15



© finished product.

7

unit utilizes aeoelerating techniooes, we elecked to produce our first

tryout editions in a form that embodies the programmer's concept ol the

| This is in keeping with our approach to individual

tryouts-=the individual tryout should gerve Lo Egpfifm the lesson plan,

estimates of operant span and exercise design, and all other important

aspects of the program, In other words, the research, analysis, and
design act1v1ties of the programmer~shoulﬁytLIectlvely preclude ma jor

failures of the first tryout, If a mathetical programmer cannot right-

fully expect initial success from his efforts, then his first tryout

‘would be no more than a shot in the dark. This would doom mathetical

progremming activities to failure at the very outset.

'vWe,have discovered that it is not necessary to prodooe ihdividual
tryout editions in a polished physical form, To the contrary, we have -
deterﬁined that e?en an almost crude edition will prove or dispfove the
orogrammer‘s-baeic‘lesson‘oesign¢ Therefore, to confirm the most im-
portant aspectg of a lesson at the earliemt possible time, we have
ndnptcdva polivy of producivg the SndiVidunl tryout editions without
any Lime conguming finishing touches.,

Group teryout editlons include many phyeical improvements, while
field‘testveditions incorporate all planned refinements, 10

Wé have been‘able to overcome ouv natural strong feelinge about
our flrst tryout. editions and subsequent edLLione by constantly keeping.
this fact in m1nd~-the student is alwﬁz; rxght. , The truth of thls state-

menkt has been prOven again and again. And the knowledge of thib Lwct

O7he details of these production proc“dures are discussed in a
report now in progress eantitled, "Shortcuts in theé Production of
Mathetical Programb,ﬁ Samuel J. Cassels TILl.
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"has onabked every member of our unit to maintain a high degtoc of objec-
L;.i“vity. | S | |
Since the programmlng unit produces edach Lryout edition: aocording
to a detallcd set of objectives that we define in behavioral terms, any‘"
deviations from the desired behavior will be immediately apparent upoo
the c0mp1etion'o£ the lesson‘by the tryout student. Thus, by taking
carefully selected shortcuts in production work and by trying the lesson
out es a co@plete item with definite results undet close observation,
our lessons can be rapidly and accurately student proved.
:With‘close attentioo to details, our development process often pro-

“duces some unusual tryout results. The first set of individual. tryouts

will often reveal important facts about the student populatlon prev1ously

unknown, For example, the prevxously tested arithmetic abllltles of a

certain student population showed that the popuLatlon should be able to
negotlate a simple equation with little or no difficulty. A short pro-
grammed lesson was developed that utiliéed a simple eqoutiOu, alter the
vqunrioo ltno]f win tested for clarity hy asoveral students. nﬁr when
the lnvtnr.«rfi Feaelh wan tried out by a Largee number ol wdent a, we dis-
vovered that the Lesson failed to teach certaln etudunts who had been
"dropouts” from school or who had otherwise failed to gain an adequate
education., Most‘of'these students lacked a conventional practice in
arithmetic., This proved once again that the ability of these students
to perform a prerequlsite behavior quickly and accurately was as im-~
portant as their basic knowledge of the prerequisite behqvior

But tho

unusudl thing revealed by this tryout was the appeal of Lhe lesson design

’to,these StUdentS, even though these students could not adequately

negotiate thL ‘behavior, Laboricusly and tenaoiously; students worked

17
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through the legson with a determination seldom witnessed. Many of the
interest stimualation factors in this lesson were due to the efforts of

our chiel artist who skillfully illustrated the simple equation with

three dimensional. drawings. Thus, we gathered valuable data about this-

art work that might have been suppressed by another devglopment process,

,jThé mnthetigul arkist strives to elicit the definite, productive

learning response from the student that has been carefully planned for

by the programmer. The well drawn mathetical illustration will stimulate
the student to accurately “imltate that portion of the mastery bchaviqrf

that "is being graphically presented. ¥ven though the aforementioned lesson

e

failed to teach certain students, it was an overwvhelming success with

students who could negotiate a simple equation.

In addition to unusual tryout results, muny types of valuable data

are'ahtométically:accumulated_by the development process, Since each

change is carefully congidered and agrecd upon by the programming staff
as a whole, isolated errors in legson design ave most unusual.  When

crrovy ane mnde, they are uguald Ly poluted out by o prowminent deviation

-

cancntudent bebivioi.

bdlividunl teyoutin primard ly serve Lo Correel mitjor vrrors,  Group

Lryouls primarily serve Lo correct minox errors.  Field tosts primarily

.

serve to prove the walidity ol a lesson for a large population and to

reveal any special spdeifications of a lesson. The automatic accumula=

tion of duta is pursued through every phase.
Tn the case where a subject being programmed is of an introductory
nature or has few, if any, prerdquisites, the data collected by ovur

process can sometime’s cnable a lesson to he simultancously produced for
R p , e :

;. i ; .

;poPulations. For example, a simple subject matter

ulightly different,

i
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that is gencrally applicable to two or more vocational courses can usually
be separately tailored into a lesson for cach vourse by wbilizing items
peculiar to cach vocation. Such a procedure allows a programming unit tw

save valuable development and production time. Of course, if the subject

‘populations have any major'differences, it would be necessary to develop

individualized lessons for each population.
Our streamlined production process enables us to incorporate revi-

sions without undue loss of time. A rigorous mathetical editing procedure,

_together with a detailed grammatical cditing procedure, provides for

scientilic and efficient revisions after cach tryout until the final field

‘test has been reviewed and approved,11 The development editions can be

validly produced and tested if the physical definition of the printed prod-

uct is clear and no distracting factors exist such as faded print, ghost

iméges, and lack of opacity. The fine details of the printers art should
be suved for the finished product.

The mathetical lessons and other training materials rhat arc being
crealediby our unit are so designed that they can be veadily integrated

into the existing curricula of our vocational project or those of similar

vocational schools. Our development and production process enablesus to

rapidly tailor programmed lessons for a vocational or related curricula.

As one examines any phase in the creation of a mathetical Tesson,

the major point to remember is that the procedures foilowed for a parti-

VRS

5 N ‘ S o ’ | '
‘cular lesson are those procedus<ds, however unique, that will best lead

to achieving the teaching objectives of the lesson.

€ -

}LThesc procedures will be discussed in detail in a future paper,

U‘ | o 19
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Wc dd not clé}ﬁ«tﬁat our ﬁroceddres are'the ultimaﬁe in egfiéiency.
Td'tﬁe éontrary, we beiieve that we have developed an efficient begin=
»niﬁg that we éanshéntihué to improve in thé future. }

ﬁe welcome the challenge of our fuﬁure; We havé examined our ex-
periences of 1965, and ha?é gained a néw‘determinatiOn to solve the
problems we have ﬁefetoﬁore*failed to solve, and to meet morc’difficuit

challenges than we have‘p?eviods}yvmet. We are confident that our future

'cfforts cin be more effective and that our scrvices can be increased.

In closing, the Materials Dévélopment Unit of the Rehabilitation

. Research Foundation of Alabama extends an invitation to inquiries about

details of our activities.

-
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"athetics: The Ugly Duckling Learns To Fly"

by J. H. Harless, Chief
Materials Development ,
i ' Rehabilitation Research Foundation

&

This paper is intended to be a partial answer to numerous

queries'concerning'mathetics received by the éuthorﬁ These
"qpestioné‘CQn be summarized:

"Whatever happehed to mathetics?"

"What is_mathetics?"‘

"What did Gilbert mesn when he gaid ..;?"

"What is the difference between mathetics

' and normal (sic)\kinds of programming?"

As 1s consistent with good practice in mathetics and programmed

instruction, an attempt was made to diagnose the exact "training

deficiencies" of the "student" population before this paper was

. Written, Over 200 questionnaires were sent to last vear's NSPI

Convention attendeess. Quost fons portinent to this report werve:
EERLTR ’ : ST B athetleal sy 2N
SHiave youever seen a mathetical program?

"I'f so0, what were the titles?"

For additional information on the mathetical technology,

see the following papers available from the Rehabilitation

Research Foundation, Elmore, Alabama. J. H. Harless, "The Two
Meanings of Mathetics" =

Michael T. McGaulley, '"Mathetics In Industrial And Vocational
Training" . 1 , ; :
~Samuel J, Cassels 11I, "The Development And Production Of Mathetical
-Programs: - A Case Study" -

i
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.
"What aré the major characteristics you have
obsérved or héard about the mathégical‘system?"
"A;e there any specific things you would like to
know about the mathetical system?" |
One hundred and four questionnéires of the 200 were returned.
"Have you ever seen a mathetical program?"
Yes: 51
No: 49
Don't know: 4
"Tf so, what were the titles?"
No answer:. 5
Samples: 18
One: 22
Two or more: 20
"What were the major characteristiés you have -
observed or heard anu£ the mathetical system?"
Even though less than half admitted ever having
seen a mathetilcal legson, all but ten responded to
Lhis question,
The most frequent, and ugually the only, comment
was, ''Mathetics teaches backwards."
"Are there any specific fhings you would like to
know aboﬁt the mathetical system?"
The most frequent responses vere:
"A simple explanation of what it is."
"What are the differences in mathetics

and other approaches?"
"A guide to writing mathetical frames."

' Several things are obvious, if these one hundred and four

‘respondents are representative: A. Very ldttle is known about




. . . 3 ‘ . . ‘ . . —4-—
o
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s S the mathetical system. B. What is known is a misconception:
: efflcient and efl'cetive method for changing behavior.

; o ‘ , mathetics is a different format for presentlng frames' that is, : : » :
LA : S o ‘ This "sclentific eclucticism" has resulted in a rather rigorous

arranging them in backward order. C.  Format alone characterizes . ' 2
) ‘ ' procedure in recent years. Procedures described by Gilbert are

rogrammed instruction of any lkind. '
programm _ v still used in part, but subsequent research and trial have dicta-

What Mathetics Is

ted revisions, additions, and subtractions, The most glaring

Just as it is ridiculous to characterize linear ro ram : '
: L prog mming example of these changes is the de~emphasis on the chaining of

as a process of breaking subject matter dow t 1 . ‘
4 & ] n into small frames °f behaviors, probably the most controversial and best known teaching

information, it is even more errconeous to descrlbe the mathetical : - t . y : ]
strategy recommended in Gilbert's original treatise.

process as ''presenting frames backwards." ‘ ‘ ’ ' .
Although a comprehensive written document still does not exist,

The ultimate format of a mdt1et1cal lesson is unknown at the ‘
l the following is the general procedure employed by the mathetical

be innln of the mathetical process. It is our contention that : ~ ' ‘ 3
5 8 P ; . . unit of the Rehablilitation Research Foundation.

there are too many variables fn the nature of the behavioru being Occupation Analysis : Given the delimited domain of an occu-

. tau ht, the characteristics of the intended population. t
' £ o ‘p;p lation, and the pational title or subject matter area and a general design popula-

‘environmental and curricular setting to ba able to state What a ’ e ;
& I tion, the matheticist, with the aid of a subject matter specialist

mathetical training vehicle will "look like" before a detailed ) .
‘ . and references, lists the tasks that make up that domain. In this

and systematic investigation i undartaken, : ' :
o o ] ‘tnitial step, the watheticist ls interested only in the overt

This systematlc investigation of a training task is the broadest '
I8t g ¢ b ' behaviers or the physical products of bebavior.  (See Appendix A.)

definitiOn of,mathetiCS. The details and impiications of this de- §_ ‘ Tagk Selection: Rach task in the list Is examined in two phases

finition are considerable. , : R , . : : ‘L \ , .
T T . H in the form of a series of selection criteria questions,

‘Mathetics is a complete.training system. It is a step~by- N

’

ZG.leert: Thowas E., "Mathetics: The Technology of Education,"
Journal of Mathetlcs, Vol. 1, No. 1, January, 1962,

step guide for the lesson writer s behavior to insure that he has

‘considered each element of Lhw training task, has examined and

3Thle procedure is similar to the system employed by the
Instructive Communications Unit of the Communicable Disease
Center, another major producer of mathetically oriented materials.

notcd nunerous faéets of the Learning theory as related to his

'particu ar tralnlng task. In shoLt mathetlcs is a systematic and

4This procedure was designed for the examination and recon-
, , struction of repertories in the industrial and vocational areas,
R ‘ : o ; ‘ but is applicable to virtually . any domaiu.

',5‘ ﬂ » documented procedure for 1ooking at behav1or to determine the most E o
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A =5~
. Phaée I: A;i Can a majorit? of these students pre-
| "sent;y,bérfdfmvthis task to a minimal
lévei without training?
B, D§ gggggggg training maﬁerialé exist
that. "teach" khisvtaék as a unit.
if the answer ta either of these’quéstions is "yes," the
tésk is eliminated from further consideration.
Phase II; Thg remaining tasks are listea and the follow-
ing QUestions are weighted and asked of each
© task:
A. TIsg the instructor unaﬁle té teach this
task to an ncéeftéble level with only
. one group demonstration?
B. Ts this a genuine tralning problem?5
" G. Are there many srinuglug generalizations?
. fan the hohaviors bhe almatatoed ocnnomlcﬁlly?
: ' ’ :
' Wt the wethad Tor performing this task
relatlvely vonstant?
Fo  Will training hqteriéls on this task have
wlde use.
é C.’ Is this ia basic learning prmblem?6
H. Is there reiétivuly cominon agreement on
‘the'methodfof performance of this tésk?‘
S , - ‘ ' ~
. . That 1s, does the student neecd to know, recall, and perform
. this task; or would a checklist, written instructions, etc, fill
the need; or is it a motivatfonal problem?
« ;

'60r is it dontingent on many subskills?

I..

i ‘ e

. '-6_"; ‘

Can training material ou this task be

economically evaluated?

The perfect candidate for a mathetical lesson would have all

1" ‘M

yes'' answers to these questions. However, the tasks are then

o

listed in priority {for treatment,

4

 Tagk Analysig: Although the task analysis is much too involved

a procedure for discussion here, generally the matheticist breaks

down the highest priority task into the "products" of the behavior

of the task and deseribes it according to:

A. The criteria of acceptable performance {in terms

of time, completion, and accuracy).

B. The small steps of performance of the task.

C. The related information that will facilitate the per-

formance” and generatization of the task.

S Do Speetal ditrfeattton vaperfenced hy the subject

matter gpectal lnt In Leaching these behaviors Lo

the design population.

(e Appendix B.)

Populatlon Analysis: The matheticist discovers all he can

about ‘the désign‘populatioh,}readiﬁg level, matlhy skills (if

applicable), prior experiencé, age range, general intelligence

and cultqral'backgfound.

f

Training Deficienqy Analysis: The tnsk analysis is compared

to the population analysis to further define what is to be taught.

This anélysis,sh0uld answer the follpwiﬁg‘questious:

i

T
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A. "Does this task require many sub—leésoné (sﬁccessive
appfoxiﬁatibns to be presented as sub—lessons‘inba
package)?‘

B. "will a&ﬁifionél-diagnostic tests be required to de-

termine the precise deficiences of individualbstudents?"‘

€. - "Will it be possible to prepare one lesson for the
task with different 'tracks' for further treatment

of ihdividual differences?"

Lfflcxency Analy s5is:  The order, theé possibility of hidden
diécriminations, the‘extent orf generalizntion, and Omissions of any
StLpS as glven by the bubject matter specialist are examined. The

1

maLhe*chst does this by performJng the behavior ‘himself, noting

his own behavior, experimentiug with the order, reformulating,
. testing ete. The matheticist examines references to determine

if there is any additional information uwot gnined from the subject

matter spacialiét.

IrALnxng UDJGCL1V0> And Criterfa lixam: The mathetlclqt uses o

. c - 7 .
e approach ¢ stellar to the woJJ~mnown Ndyer &ystcm s but w1th
qnec1al empha is on describing the YESt1LCthDb and llmttatlons of

the Iesson. At this point the matheticist and the subject matter

i

spec;alist ) translate the objectives into a mpde of evaluation. {

Presbription&bf‘Behaviors: The behaviors listed in the
steps of performance an¢ the pertinent covert behaviors are written -\

]
e,

v

Mager, Robert T, Preparing Objectives Tor Programmed

InStYhCLLOH, L962 San Franc1sco. Fearon Publishers, Inc.

.

in stimulus-response terms. This ?behavioraliblueprint" expresses
the chain and subchains of the beh@vior and all the discriminations

thebstudentvmust make, The\prescpiptionf@recisely identifies the

discriminative stimuli ‘and the responses they occasion. (See

Appendix C.)

| . 8 “ ’ -
Generalization Analysis : Each discriminative stimulus is

examined to deteymine the smallest number of instances of the

stimulus that should be represented in the lesson to allow for

maximum generalization by the student.

Competition-Facilitation AnaL&sis: The matheticist compares

each operant of the prescription to every other to determine tiie

~interactive characteristics of the behavior. He notes intra and

extra lcqson compet ition and facilitations in an effort to determine
the most effective order of pTESEthLLOﬁ of the behav1ors znd to
spat gpecial problem areas that will require some additional'teach—

9 i
ing strategies . (Sce Appendix D.)

figtimalion of Operant Span: On the basis of all foregoing

work, the matheticlst reconsiders and rewrites the prescription
to express the largest step toward mastery the student can take

at one time. This is done by combining adjacent operants of the

o 8Detailed prdLedurcs for the performance of this and subse-
quent analysis have been worked out, but are too lengthy for
presentation here. “

%Chain:np is an example of ﬁ strategy the catheticist may
employ on rare occasions. The more common strategies include
the use of mediation (a speecial class of mnemonic), ‘additional
prompting exercises, 'and the maximum use of illustrations.
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prescription according to the difficulty of the behavior for the

:LdESLgn population, the characterlstlcs of the population the

. ,:\‘,\

prob%§ms djbcovered in thé analysis of the prescription, and other
factofs noted by the writer or indicated by the subject matter
specialist, This conceptlon of operant spans w1ll be discussed
later in thc paper. |

Lesson Plan: The matheticist lists the operants with their

: . t / . . ¥ ) )
new "spans" in_the sequence he has degided to teach them. ' This
oo ; ' ‘

2

1éSSon’p1an 15 written consistent with the philosophy,df the
”exercise model" whereby each operant is demonétrated to the
.studeht in one exércise prompted to performanue in a second, and
released to erform the operant in a third w1thout cues.bl

Qgg exercise may contain a demonstration, a prompt, and a
release of thtee different operants, contingent on the flndlngs‘x
of the analysis, In any event, all bpernntﬁ are released for |
performance by the students.ih t%uir correct sequence at least

onee.,

Lesson Const ruction: F01L0w1ng a rdlhor precise set of gu1de-

lines, the writer conqtructs each ewerCLso called for by the lesqon
plan. reprcqents the d\scrlmlnatlve stimnlus (s ) 1ocates the
'responba locus and writes instruction on the pérfoxmance of the

- response (S[); draws atbention‘ﬁl the dlscrlmxnatlve stlmulus (s A);
claSerlés the discriminative stxmuluq (S(), sets the exefcisesr
in context with the rest of the behaviors befhg,taugﬁt (stimuius
complex); allows the student ‘to perform thgireéponsé in presoﬁéé'

//

,\_,/

P

- =10~
of the demonstration (S ), As nentioned, the exercise may call for
two additional~functionsi a prompt of a previouqu demonstrated

behav10r (S ), and/or the ‘uncued productlon of a previously demon-

-strated and prompted operanL (s ) (See AppEndlx E.)

The remainder of the mathetical process is very similar to

the try~out and revision cycle used by consclentious programmers,

‘¥ach draft of the lesson is tried out on representatives of the

design group and revised until the writer is reasonably confident
that the lesson achieves the training objectives.
The lesson is field tested on large numbers of students

under the-actual conditions of intended use. .

What Is Different About Matlietics?

Formerly, there was meaning in Contrasting matifetics with
programmed instruct lon, but: today the "differences" are isolated
ta a fow concepls and praclices.

Parhaps a more corrvct tftle for this paper would have

been "Programmed Instruction: THe Ugly Duckling Is Beginning {

" To Fly." This would surely be the case if one -'re to examine the

professed practices and procedures of many of the progressive ‘ o

anestlgators in programmed instruction and weld their tech-

niques into a prec1se system,

S
#

Whether this progress is a result of interactive influence

of mathetics and programmed instruction or independent growth is
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R . ' academic and germane only to e ads. T : -
B = g y ‘ego-needs. The happy fact is that : t o : ,
P R - v - ' L B , _ . » that the student doesn't see - the rigorous system of analysis
5 - Some programmers aré re-examining, revamping, and progressing, N : : . [ " ’ '
: PR ‘ . ' : g employcd by mathetical lesson writeis
However;.an,examination of the literature, promotional pieces, o
q ; : The major observable dlfferenco ie tue uge of the "exercise."
T L Aand a majority of even the most recent programs . reveals a still o A o ' : ; . :
' o Faiths _ e ‘ The mathctical exercise usually encoupuasises a double~page spread,
aithful adherence to these Chdrﬂttcribticslof programmed instruction: : . o o i ~ ' _ : e ]
’ but may be several paoes 1ong There-is n. meaning in a comparison ‘e
: Lo : 1. Small steps ‘ . I : : o :
e ) ’ S . . o ' , - A : . ‘ ) . E : ; . . \ 6]
B R T ' 5 : : SR : : ' . of a frame to an exercige. An exervise reprisents tlie largest amount
RN RRTTEE v 2. “Active responding R PR A
ST ‘ ' L - >‘3 - SRR o e ol ~ of behévior a student can absorb in one demwastration. One exercise
‘ : = v > Immediate confirmation ‘ ' ’ *
T R ' . ' sol ‘ . may take scores of frames (in a lincar prosram) to teach, or one
i elf-pacing : .
‘ : : frame may indicate behaviors contained in sereral exercises.
5. Small ’ v
. ma error rate k ‘
. , 6 _ ‘ ‘ TEa The second observ able difference is ‘n the method of con-
oo : 0. Loglcal sequence |
‘ : : : firmation. A mathelical lesson is uruallv accompanied by an
Sone autho dd ] Y
thors add one morxe: . . , ~ ; : ‘ |
C : o ' ‘ : o ‘ ' - answer book, hut not all responses avc ccafirwmed. Usually the
’ T T Operationally defined obje ‘ ) o
‘ : - d ~ Foderi ctives
S ‘ Phi » , S L ~ : o gtudent is encouraged to check his auswers in carly exercises of
e : This practice continues despite experimental evidence to ' s = ' :
’ : \ 'th S ) L o . the lesson, and whenever #she nature of the responses warrants it. - S Lo
’ , o e Contrary on the validity of some of these items. This practice : Y - .
’ s 1 B A mathetical lesson recently produced by the Rehabilitation !
o
A ont nues in face of few linear programs and almost all mathetical : : :
l Research Foundation had ve conlirmat ton in wny form for one edition
o essons which have baen validated and which demonstrate large ; - ‘ - , |
& ' ¢ 1 10 . and o complete answer book for another.  No remarkable difference
step sizes, require 1arge amOunts of covert respondi i S ‘ . ‘ '
. . 8L : ) sponding , give v ! o . : , _
1 < ! lo post~test perfopmance was seen betwoeen the two field test groups
2 ' jttle or no immediaLe conf1rmation, and "are not in normal—ordex v RIS N s ' : : o '
erf ~ b . except that the average time for the answer book group was longer.
;P ormance sequence. P '
L " ’ o S : o Absent, of course; in mathetical lessons are frames of any ‘ SR
In Spltejof progfessiveness' on the part of many linear , ‘ ’ Ce i ; ' '
v : . size; gone, therefore, is the rigidity of format and the boredom
programmers, mathetical 1essons still exhlblt some different char- v - o o
‘ teri : of endless blocks of type and blanks so characteristic of linear '
, er sdes on the face, and a vast number in the part of the iceburg Kl ‘ , , , , o ’
| ' ’ i : programs. The matheticist makes a special effort to simulate the
>OMA " - S ' k b . behaviors graphically, especilally the distriminative stimuli: :
e e 'res , a1 bet\)rogrammers equate active' responding with "overt" ‘ L , A L e T ; . ’ ' ; e
o Py REE pon e ‘ S T : = ¢ ~ -therefore, the mathetical lesson is usually highly illustrated, Rt
; ,hﬁ . B : o T : +
o \ [ ‘ o !
[3 .
' b
] +
\\ .
. Bl : . i . N L . R . ; ; . . . : JRETRS " < X v
Sh e e R a n S 2 e o N o EE T g L s e Y ' e w -
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‘the trainer: - (1) a puide for determining

~13~

Much time is gpent in tpe design and Layout of an exérq&%& to make
it attractive and interesting as wéll as to aervs precise fgpc}ibné.

One of the most pleasing differences to thefstudent islthgt
matheticél legsone are chéfacteristically smailain bulk,‘ This
is due to the imureased operaﬁt sﬁan and the philosophy of greatly
delimited domain of-the original endeavor.

‘We have been talking about what lessons andkprograms look
like. The most impnrtant comsideration, howgver, is the.s?steQ ‘ \}

matic apprpach the matheticist takes and the precise attention

paid to each andlysis. Many programmers profess to perform

"behavioral analysis;' usually, a close examination reveals that
even the most sophisticated are merely listing gemeralizations

and discriminations. Unfortunatsly, most programmers begin to

write frames as soon as objectives are written and profess to

1

"analyze'" as they po along.

—

Thy elffort that Lt takes to become proficient in this ana-

lytieal procedore is self-evident. Whether any programmer, or

mathetieist for that matter, is willing to expend this extra

energy is a factor involved in a larger question than is germane !
here. S ' ‘ ,
’ S, : ¢
Sumwagx ; . , .

Mathetivs, therefore, is a training system that provides for

b

qéﬁtdftéach, (2) a

1
basis for making teaching strategy decislons, {3) a detailed
procedure for comstructing a lesson. ff”ff' N BT R
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No mathetiéis; ﬁfofesses to have "thelanswer." No maéheti—

cist feels that he is unique in the universe. Mathetics is

constantly'undérgoing,change and will éontiﬁue to do so until a

ggnuingftechnolOgy of education is achie#ed.
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