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INTRODUCTION 

T1:le fourp~pet's contained herein were written by three members of the Materials 

D~velopmellt :Jnit.9 Rehabilitati~n Research Foundation:l .F.lmore~ Alabama. They were 

selected rot' joint di~tributiontP present our experience with the mathetical system 

in the, light 'of' ,c~rrent mathetical programming activities. 

The first three papers were delivered at. the National programmed Learning Con-

'~ 

Ien:;n:::e, Leicestershire, England, in April, 1966. The fourth was presented to the 

Fourtr., Annual Convention of the National Society of Programmed Instruction, St .. Louis. 

MiS$ouri, April~ 1966. 

"'Ihe T\'1O Meanings of Mathetics.11 and "M:athetics: The Ugly Duckling Learns to 

ate an ove.rVi.ew 0 t e tnat~et~cal system and the techniques employed by the Fly!! I '£ h • 

mathetical analyst and writer. "Mathetics in Industrial and Vocational Training'! 

describes the :ac.t1vitiec of major mathetiCl1l programming units in the Uni ted States. 

"The Dtavelopment and Production of MatheticC11 Programs: A Case Study" describes the 

major pt'oduction proced~res of dur programming unit. 

Mathetics~ by name, is not being practiced by a large number of programmers; 

howp.ver t the tE:.chniques that have been utilized by mathetical lesson writers are 

gradually bl~i\lg adopted by many other writers of progrannned materials. 

:rtll;;. u~()til p"Coduct of the ma"thetical system is a programmed te:x:t) but the pr~l(~,,": 

tice~; and pt'ocedures of mathetics are believed to be applicable to education .in a 

much bro:.),der view. 
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THE TWO MEANINGS OF MATHETICSI 

J. H. ,Harless 
Chief Programmer 
Rehab,ilitation'Research Foundation ' 
Elmore, Alab ama 

Introduction 

Mathetics has been the subjec' t of t con roversy since its 

first des crip tiori by Thomas F. Gilbert early in 1962. Gilbert 

thet1 defined mathetlcs as, " ••• the systematic application of re

inforcement theory to the analysis and rec.onstruction of those 

complex behavior repertorie~ usualiy known as 'subject-matter 

mas tery I, 'knowledge " and 1 skill' ."
2 

If one were to poll the programming world in an attempt to 

derive a descriptive definition of mathetics, he would discover 

that Virtually nothing of a specific nature is generally known 

of this system, except that "mathetics teaches everything back

wards." 

• .11'bts paper is part of a three unIt presentation on mathetics. 
For a furthe.r e:x:planation of the characteristics of mathetical 
1:-5son8, und a surveyor- their usage in the United States, see 
~:Lchael 1'1~ HcGaulley. 'Mathetics in IndustrJ.al and Vocational 
Training. ltehabilitation Research ,Foundation. 

For a description of the organization and working procedures 
of the programrning unit of the RehabiH.tation Research Foundation 
see Samuel J. Cassels, III. liThe Development and Production of ' 
Mathetical Programs! A Case Study. 11 • 

2 Gilbert, Thomas E,., "Mathetic~: The Technology of Education," 
Journal of Mathetics, Vol. Ij, No.1, January, 1962, p. 8. 
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Tllis miHCQ~1ception, that mathetical lessons (programs) heces

sarily and hwariably teac~ retrogressively, stems from one of 

the more unusual st;rategies sometimes employed by a mathetical 

lesson \vTl tet'. Although this special technique represents orily 

00<:' of the many devices use'd, "chaining" of the behaviors has 

beCO,md synonomous with mathe:tic.s itself" Present-day mathetic-, 

'tats e'l\1ploy chaining under special cil'cu!TIstan~es contingent upon 

many variab.Les, as we, shall see later. 

The goal of the proponents of mathetics is to ev01ve a genuine 

technology of education by welding the concepts of behavioral 

science to the effective practices and procedures that have aLways 

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

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

notation of the word. 

A technology, by definition, is not net.;r in fundamentals, 

but rather is the systematic application of concepts and prin-

ciplml rot n<.~w functions or the improvement of the meth.odology 

for (lit! IllW!;, Tlwrefnre, the word IImathetics" has two distinct 

''''1' 110"" J~,t,r~·t. in its broader i.mpl1.cation, mathetic$ is a 111I,l,,. I h". I, '" , 

complete training system that guides the trainer to description 

of mastery, and discovery of training deficiencies of, a specific 

population. The system includes Iguidelines for ~he analysis of 

the skills and knowledges to b~i learned, and 
Ii 
Ii 

for overcoltling the deficiencie!s. This remedy 

ciency may take the form of a programmed text 

\~ 

speg:ific s'trategies 
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of i!a training defi-
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orl; other types of training 
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vehicJes I::luch ,as fllms, slides, role-playhlg exercises, etc. 

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

tion and curriculum implementation has been evolved. Hathetics 

iS,secondly a step-by .... step procedure fol' me construction of the 

actual 0rogramrned lessori. This process, likR other good program-

ming method~:, is devoted to ellsuring that only the exact functions 

of the, mathetical teaching unit (the trexercise ll ) are served. 

It has been demonstrated that the. math~tical technology 

is predse enough to allow t'wo matheticists working independently 

wil:h the same set of objectives to produce programs identical 

in many Important aspects such as size of step; order of steps~ 

. 3 
level of simulation, cueing conventions, and general page layout. 

The System of Analysis 

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

culnr tnpl<' or block of subject matter. A mathetical pr(1gram 

III nol ;1 l(·;:t1Hllllt IIr II ('lJflplC'," In IH'op,rnlllllll'd [01'111. TIll' dllty oj 

u wcll-dl.'fitwd population. 

:l:n order to'diRe'over this deficiency, the matheticist's 

first task is one of description, 'This is done in the job analysis 

when the matileticist i,ntervie~vS 8p(~,da1ists in a particular domain 

3J 'he gene.ral conclusion that mathetics is only an eclectic 
system is somewhat contradicted by this fact. 

. .~, 
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for th~ P,Ut'floSe of liiit:Lng all the products produced 

by that job. " These productsar~ then described in tei:"ms of 

~'re r?~ui rements they must nlEiet, the steps of performance in 

de:d.vin'g them, and the knowledges anq behaviors that are pre-

r~quis1te to th~ir production. 

Having cOlTlpl.~)ted the 'job analysis, the matheticist describes 

the charac.teristics of the trainees, noting especially. the related 

kn:owledge, sld.lls, and academic abilities of the students. 

The preCise training defic:i.ency is then found by listin/7 

the differences between the master and the student. This 

difn~J;'ence is expressed in the torm of training objectives. 

I'!:i.t.h the job and population analyses and objectives as 

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

deficiency. The prescription expresses the steps in producing a 

product in stimulus-response units called lioperants. If 

Tt:flfH'ntitl11y l1.noar prog1:'ammers write il prescript It'm of b~havior 

w}wn thuy brc<lk the behaViors to be taught in to tlle smnllcs t f:;tol)8. 

Bul at tllis point, the linear programmer in many instances is ready 

to write his program ~vithout any 'specific attention to the special 

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

'fA 'Iprodu~tit is "che describable and measurable results of 
performance. Virtually any task can be descrihed in h~rms of the 
products produced by that task. 

SHappil;;, many programming groups are beginning to pay more 
than lip .... ~et"vice to analysis at this point. 
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other hand, spends much time in a detailed behavioral ana.ltysis 

to determine the characteristics of his prescription., 

This analysis of the prescription has three overlapping 

purpa,ses: (1) 'to discover the learning problemf3 j,nherent in the 

behaviors, such as intel"active inhibitions and the amount of gen-

eraliz<1tion needing to be taught; (2) to discover learni~g problfl11s 

inherent in the intended student .E..2.E..!:!1-ation; (3) to determine the 

optimum sequence for teaching the behaviors called for ;in the 

prescription. This rigorous and systematic analysis of the 

behavibrs to be learned by the student is the heart of the mathe-

tical system and is the major rationale for mathetics. The pro-

grammer's behavior is guided by this analysis \v-hich forces him to 

examine all aspects of the ... material he will ultimately teach in 

the program. The analysis gives him a scientific basis on which 

to make his selection of teaching strategies. 

Using the results of the analysis, the matheticist, reexamines' 

hls prescription and answers this question: HQ\v many of the 

stimulus-response units (operants) will be pre~\'~ntcd to the studont . . 
at one LIme? In other words, what is thl' ffOPQrnnt spnnll of this 

populat1.on? This concept of "operant spmu~1I is n rather radical 

departure from the. usual concept that the teaching units (framt!l:l) 

() 
, Qf programmed instruction should be in extrt'mely small steps, 

Step sizes designed to 'meet the requirements of the individual 

6Even thou~h this theOrem is undergoing a change in P. r., 
programs are stlll written in re~atively ,smHU step$ with' li~tle 
regard to thecharacte1;"istics of the deSign popUlation. 

,. 

Ii " . 
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popu1ation haVe! demonstrated that the boredom resulting from 

homogeneously small ,frames,has been eliminated in mathetical 

programs. l·"!'r.entheti~ally, the physical bulk of the programs has 

been drastically raduced for ,production economy, quicker ter:minal 

reinforcemEmt, and time savings for the',student. 

The matheticist then sununarizes his' decisions in a detailed 

.l~.sson plan to serve as a guide for the actual writing of the , 

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

employ one or more of several special strategies for increased 

teachin g . and learning efficiency. 

One of the mote interesting and controversial of these 

special strategies is the process of "chaining." This procedure, 

\.;hich has become erroneously synonomous with matheticB, is the 

f th t . the student is presented the last arrangement 0 e aperan s so 

step of performance fi-rst, the next to last step second, Iilnd so 

forth until all operants have been taught to the student. 

For example, a mathetical programmer teaching long diviSion 

.. fnay demon.strato to the student how to perform 'the last operation 

(~uQtracHon) first;' then, he would demonstrate hot.; to mu1tiplYt 

while Gueing th~'. student to subtract to complete the operation; 

finally, he ,.;ould demonstrate the fi 'Cst step (short division), 

cues to 
. ., ( 

cue the stude:qt to multiply, and relff-aSe him \.;ithout 

subtrtlct to complete the long division again. 
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By this chaining process the student is constantly completing 

the operation while 'adding new knowledge and behavior to his 

. repertory. In theory~ chaining allows him to work for and receiVe 

the te'rminal reinforcement maI'I.Y times vlhile learning the steps 

of the operation. Also, by using the chaining process, the student 

can relate the patti cular-s'tep he is learning to the entire 

operation and' can see'how ~ach part is germane to the finaJ: pro-

duct. 

Thu$ mathe'tics is first of all a procedure for analysis 

of the behavior to be taught. 

In a second amd more specific meaning, mathetics is a seien .... 

tific technique of program construction. 

Exercise Construction 

There are a finite and describable number of functions that 

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

r·tud~nt mUBt be put under the control of the discrimin3tlv~ Htimulus 

(or S/) t 2,) tlw student must observe the stitnulu." b d' t' , .• y U"(lClng 

h1s attention to the SD and by classifying the 81) from all other 

discriminative stimuli; 3) the student must be given instructions 

on how. and what response to make in the pl;'esence of the discrimina-
, 

tive stimulus; 4) the student must make the l;'equired response in 

presence of the'SD; 5) the student must place the SD in context 

with the entire operation being taught. 7 

7Gilbert, Thomas F~, IfHathetics: n. The Description'of Teaching 
E?{ercises," Journal of Mathetics, Vol. L, No.2, April, 1962, pp. 7-56 • 

.' ' 

, , 
0' 

J. 



Some exerCises require! additional func~:ior1s depending' on their 

lOd~tion, in the sequence; a "prompt" (or cueing) of a rrreviousiy 
demonstrated exercise kind/a.r the pre.$enting of the Sb of a pre-

vi'ously demonstrate.d and cued, exerci'.s'.". f' '.0'" tl1e d ~ k stu ent to perform 
, " 

without aid is negessary in, these (~Ji;ercises. 

The matheticist examines the exercises he has written and 

sy.nthE>.sizes the. entire operation into verbal stateme~ts in ste'p 

form. He also attempts to discover similar behaviors already known 

to the student population. ,The mathetiCist uses this archetype 

behavior as an analytical homology or analogy for the student to 

use to relate the'new'skills or knowledge he is to learn in the 

exercises. With the synthesized steps and archetype, the matheticist 

constructs "understanding" e'J(erd.ses to precede the "performance" 

eXercises. These "understanding!! exercises give the student an 

overvietv of the behaviors he is ,to l'''arn. Th ~ ey are designed to 

provide hilT). vTith a "Aelective lDoking behavior" itt the IIperfor

mance" ('xercises> 
'.1 

The matheticist ,.,ill also spend COnsiderablf~ time \,1ri ting and 

r.etvriting these "understanding" and '''performance'' exercises to 

insul"e that the language is suited for the population, that no 

irrelcvllllt subject matter is introduc.ed, and that tl;e context of 

each behavior is always ,set::, for the student:. 

At this point the mathetic:ist has completed only t\vo-thirds 

I' 

I 
i 

1 

,,. 
I 

t of his work~ The draft -'program :f,s checked by a subject-matter 

arid curdculum spec,ialists for contettt va.lidation. Any changes 

indicated are made. 

The matheticist then begins trying out the program on actual 

.members of the de!;dgn population •. This exacUng procedure is 

performed to valld{ite or correct any decisions made by the math~

tidst in '~peran/.:. span~ .sequence, wording,. etc. 

Mathetidsts, like other good programmers, take. the point 

of view that a motivated stude1'l,t is seld9'm at fault when a program 

fails to teach him; therefore, the student is the central figure 

1n the analytical, des~gn, arld tryc:>ut phases of the mathetical 

proce.lcH-I. Stlldents' responses, questions, and comments are care~ 

fully no ted in this tryout process;' and revisions are made according 

to the di.ctates of the student. 

Ivhen the matheticist is empiricaL1.y confident that the 

program has undergone sufficient tryouts and revisions to mee.t 

Lhe' re.qu.i.rements i)f the objectives, the. program is field-tested 

011 large. ntimber~ of the design population under the conditions 

of intended \\l~~·. 

Summary 

Mathetics~ therefore, is a complete training system that 

giiles thu programmer; (1) a guide for determin.ing ~ to teac.h, 

(2.) 0. busis fat' making teaching strategy decis:ions,' (3) a detailed 

:1 
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pr.ocedure for constructing a program. 

Mathetics is someWhat eclectic in nature', but is unique 

in aj)plicaUol"J., if not in principles. All inclusively, mathetics 

is a S tep ~bwarq a technoiogy of: educati'on. 
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MA'l'HETICS IN INDUSTRIAL AND VOCATIONA'L~:r.RA1NINC 

Michael T. MCGnull~y, LL.8. 
Rehabil i tatiLon Research FmmdClti('It) 
Elmore, Alab,ama 

. " 1 This paper is pa~t of a three unit presentation on mathetlcs. 

In dc~crihing the e1;fect of mathetics on voca,til'lHll and industrinl 

training, T shall (1) !'t1ake me11tion o£ the major nl<.l'i:hl'ticlll prl,)gnlmrning 

units .'lnd the lessons they have produced~ (2) point l)lIt the i-lignificllnt; 

characteristics o£ mathetical lessons, and (3) discuss SOml.~ 1'£ tlll~ 

d{fficultics pregently'bein~ encountered by mathetical programming 

uhits. 

t. MATHE'nCAL PROGRAMMING UNITS NOW Hl OPERATION 

The RchabilitatloTI Research Foundation is Cl non-profit Cl.).I:'Pl)l-Uth'l1 

conducting a number of e:X:perimental projects 2 in education and hUllmll d~~ 

velopment at Draper Correctional Center near Montgomery, Alabama . 

One of the projects is a unique school in which all instruction 
. . 

(other than in basic literacy) is accomplished with programmed instruction. 

Another of the projects is ~ vocational school for youthful offenders in 

wI! I ell C'out'fH'a ore orrel'.'ed in batlH.·r.tn~, bri.ckloying; welding. cl('C'trlcnl 

appUanc~ repair, radio-television repair, automobile set'vicing, and t('ch-

nical writing. Academic deficiencies of the students are remedied by daily 

sessions with programmed instruction. 

lFor an explanation of the mathetical ,:malysis ~11ld 0X~l."d~1.' \\'\'itln~ 
technique, sec J. H. Harless. "The Two Meanings of :Httthetics,1t l\I.1IHlbilit;lti,'t1 
RURcnrch FoundBtinn. 

For a d(!scripti~m of the ol."gardjztltiol1 and 'v~H.·ld \1~ pt·~H'cdll).- .. '~ l,f· el11.' 
rrogrmnmi.ng uni.t of tilt! R('hsbilitation Research Fl"llllldAti.on, sct! ~,mll1L'l J. 
C:al'ls(.~lH, 111'. "The Development and Production 01 }!uthcticnl P\.-~1gl·(lm$: A 
('1}90, S tucly) "1h,'lwbil i tation Research .Foundation.' 

2 ~ 
'rhe~(~ vxpm:imental pt'oje(~ts arc SUppol.;'tt'd ulllh.'l.;'·'lh ... ' Nt\npL)\v~\t'1),,'vI.11l\t'111':;·. 

/I.d 'l'rajn.il1g Act, contr<\l'ts 1,!(M)6068-000 (OHAT) ,m~d 1,<82-01-07 '(lll~\v), tllid c-y .. , 
Na tiOtHll Tl'lo ti tute of: Mental Health, Contract 1fHll()OC)76~()4 .• 
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A programming unit \vaS set up adjunctive to the vocational school 

to provide trainihg materialG where needed. The availability of enough 

programs in academic subjects permitted emphasis to be placed on de

veloping programs to assist in the teaching of manual skills and other 

knowledges needed in the shops. Mathetical lessons were selected as 

the }'ldmary training medium. Writers and staff were hired and .. :operat"ions 

began in October, 1964. 

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

teg ted: ItRc'cognidng Electrical Circuit Symbols, II "Introduction to the 

Volt Ohm Milliammeter, II "Solde:t:'ing Leads," IIIntroduction to Electricity, 

Part :t, II flHixing Mortar, II and "Cleaning Carburetor Aj.r Cleaners. II Nearly 

300 students participated in the tryouts. 

,. The largest l"!umber of students took "Recognizing Electrical 

Circuit Symbols." To determine its limits, the lesson was tested with 

tln"ec! dist~nct populations: (A) students with a year or more of exper

i(~nC(.' n'r trrtininp.> (B) 'students with at least two months of relntod tr[linin~ 

til (lXjlPt' I 1'111 I', (c) l~h()I)I' with 110 J:('Jnt(·d tr(linillg or (~xporiQnn'. ThIll' 

Il'ljuil,·d r (J (oJlIpl pI (I LIllo l<'flROIl rllnged irom l~5 minutes to ') h()lln~) 1 'I 

minutes, With an IlvcJ;'llge of around 3 hours. Av(!rage gain from pretf.'st 

to pos ttes t: (all groups included) 11M 79%. Average posttes t scor0S 

were 95%, 96'1~ and 91% for the three groups , respectively. 

Another series of Held tests is scheduled for February, 1966. 

"Recognizing Electronic Circuit Symb~11s, II a companion to th~ electri-

cal symbols. lessons, will be tried then. Part 11 of "Introduction to 

~lectrici~yll will also be ready, as t1111 a lesson for bricklaying s t~d('nts 

2 

I ,~ 
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I 

I 

I 

. "~. 

fn (~HttlhHI;hillg the flo(1r lev"l ()f n h,lIilditlp, Ul1dl'l' t.'onl't1"ul.'til1ll. 'l'h~"t\l' 

l;ilrtH,nf II p.:rcl<tlg(1 ror' bnrburlng ~1:\1d(~lIlH nrc Iwocly l:l'ndy ("(\r tl"YI'lIt; , 

I'Prt'parntion of: a Cus,tomer" and ilTho TO'ols and J\rem; lif a HnirC'ut'H h ltV \.' 

" 

been te!:lted on indiVidual students, 'the third part of the package is an 

expe~imental gUide to assist beginner,s as they give their first fev hair .. 

cuts. Illustrations and directionS will be'printed 011 a scroll and in .. 

statIcd in 11 device ,on or near the bqrbet: chair. A large package on the 

estimation of bricklaying materials has heen prepared by two young prison 

inmates, graduates of our one-year course in technical and program writing. 

Ultimately ,it is expected that these lesso~s l.;rill be used not only 

in state vocational schools but in other tYP,es of training projects as 

wen; including the Federal Job Corps and Youth Opportunity Centers. They 

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

, dustry. 

The consultants who advhed the choice of mathetics for the pro

grallli11:i.ng unit at the Draper Project cited among their reasons th\.' quality 

of the lessons produced by the Instructive Conununic<1t:iotiS Unit l't tht:.'! 

I)" H. P.Ub1i~l H(>alth Service at the Communicable Discli.1SC Center, Atl.:'lntn, 

Georgia. This unit was set up in etlrly 1963 on ,,111 experimcnttll bnsis. 

Results of the first lesson produced ware so satisfactory that the unit 

was soon given a permanent status under a protege of Dr. Gilbert, the 

, Two of the lessonl:t.· published by this unit ,,,ere' Originator of mathetics.. • 
. " ." 

cited among the 16 most outstandl.il/1; in a 1965 survey condu'cted by Robert 

Horn' of Columbia University • .3 These ~.,ere "Amebiasis: La'poratory DiagnoSiS, I! 

.' 3Rohe t:'t E. lI~rn. Exccilenee in Progrannncd Tnst:ructio);J -: RL'~1I1t~ ~'~ ~i. 
Survey I~cntifYing 16 01.1t$t'~ndit1g Program,s, Programmed InstructH\I:,; P()5~ 
LV:> 9 . 

3 
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n three volumB lasson for a population"of d6ctors, nurses nnd,laboratory 

technicians, and IrPood-Borne 'Pisease Investigation, It intended for publi<..' 

health fiBld workers. Two othe~ programs of the unit also received vote~ 

in the survey. These were "Insecticide Formulation;" intended'for crop jl . , 
sprayer.s a,nd their supJ'rvisors) and "Jet Inj(!ctor Operation, tt a lesson to 

'be diScu&sed at more length later in this paper. Four other lessons arc 
, , 

in ad~anccd tryout stag~s and will be pUblished within the next few months. 

The third major producer of mathetical pr.~grams is TEeO Instruction, 

Tnc' 1 of Fort Lauderdale, Florida. TEeO is a privatl' cI)J1sulting firm 

srecializing in the prepar~tion of custom programs for industry. One 10s80n, 

IiJlighW<lY Plan Heading," has been taken by over 5000 employees of stlltc 

highway depattmentS. Another~ on thecperatiorls of a bank teller, is 

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

~Iew Yot'k, has used it with over 600 employees. "Selected Nedical TlW-

minology" was written to teach correct spelling, prollunciation, and uS.:l~e 

of difficult technical words to a popUlation of hospital secretaries and 

cypis ts. 

The influence of. mtlthctics has also been sp~'cad by the effol't~ t'f ..., 

,individual matheticists. Some have tnkcn omployment il) large C~lnm'\.'rcial 
\ 

nnd e'ovcrnmcntal programming C(mters where th"y havt' been nhll' to .sh.:lpc tlh' 

behavior of their colleagues. MathctJ<;ists l .... ero employed l')n n cl'l)sultm1t 
" > 

baSis to assist in the training of the original coro of progr~nnne<::s L).t 

the U. s~ Air Force. 
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CIIARACTERISTICS OP MNrHE'1'ICAL LESSONS 

A. Layout and Response Flexibility 

Mathe'tics is not a fqrmat system. No attempt is made to achieve 

uniformity of style or appearance from lesson to lesson or pctge tC' pag~. 

The governing ru1;e in setting up an exercise is simply to use ,\'hatever 

is best depending on the characterfstics of the behavior to be taught 

and the abilities of the student population. Thus, an "Exercise" 

(the teaching unit in mathetics) may look much like a linear frame, 

or it may appc;lr as a double page'spread with all the graphic appt!L1l 

of a good magazine advertisement. 

Most often J paper-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 m<lthetical analYSis is 

thLlt oj" ) oCl1ting and defining those s timul i, to '''hieh the s tudt'nt 

shollld I)(~ taught to respond. In <l mathetic<.11 exercise, t .... e ptenont 

,the student with this particular stimulus (technically, th0 "(\i8-

criminative stimulus") and teach him the cort'(>ct response to be tn.ide 

to it. ,Since in most cases the discriminative stinmll:1s is Sl)lll~thing 

visual, it is most suitable to p:r;escnt it visually to the $ttldl.1nt in 

the lesson. Thus; it is that you will find that illustrations, . 
representations' of the 'stimulus, are at the center of nearly 

every demonstration page ,in mathetical lessons. (Show f,irst 

and second transparenc~es) 
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Luss thrioreticallY1 illustrations and simulator kits are used 

because of the as'sistancethey give the student in transferring his 

knowledge from the learning situation, to the job. A picture is ~"orth 
, . 

. ~ ,t.housand words; and the chance to apply what he has learned by 

practicing the jop lUay be worth, a thousand' jJicturcs to ~he student. 

" ' 

In varying degrees of reality,. the respons(!s called for in 

mathetical lessons are simulated perfonnances of th~ ,Job being taught. 

Dry-firing with an irtnoculation injector .or soldering gun is simu-

l~ted performance that approaches very near to. the real thing. 

However ~ in most situations, a lesser degree of simulation will t~ork 

just as wel1. For example, it is likely that a student \'1ho has been 

d irec ted to i~agihe working with aC~!'tain tool , having a plwtogrnph 

or drawing t)f the tool to guide him, will be able to':;use the 
. f 

actual tool properly within a very short time of handling it for 

the first time. Even mere pencil activity such as mat"king on a 

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

high-grade simulation t)f job performance that transfer ,.,rill be insllr<..>u. 

c. 

III TllIIUIC'tlcH. '''rile p.t:incip1.e lor dl.'t('rminil1g 
the s i ,W 0. f an exereis e is not I br.eak the 
material into small parts'; the principle 
is to require in every exercise i.1S much 
mastery performance as the student can 
reasonD.bly negotiate. '"4 

Tho.mas F. Gilhert. Mathetics: The Technology of Education. 
Jlmrnal of Mathetics, 1962, 1, 25. 
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The firBt th~rd of a mathe·ticist' s time in working on a l.esson 

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

studies of the ab~lities and characteristics of the design population • 

Upon the basis of the findings~ he estimates the maximum amount of 

material the students will be able to gr~sp in each exercise of the 

lesson. the philpsophy in mathetics is to attempt to push the 
, 5 

student to take the largest steps possible. 

As a practical consequenc'~ of this philosophy, whole-page spreads 

are cortimon in matlhetics. Freedom and flexibility come with the larger 

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

of white spac~. The matbeticist can be typographically playful to 

C'5.pture or recapture student attention. 

. ". . II Very often it mt'Hter; sense to the student to be presented 

.with the whole of a job t3equence at one time. (Show third transparency) 

this spread demonstrates the sequence of behavior in administering. a 

shot wi.th the jet i.njector. 'Each operation flO\'ls on to the neltt as 

rill'" of fI (''1('J~'. Til£' (1Ul»p.tG.'t(llltlMl or the' ('ycl~ cnn 1)1' prol1l'rvl'd hy 

u"IHhlug Ih ll1rge I:ltepl:I. 

1'be model teaching sequence in Y!'l(:1'i:hetics calls for each stimulus~ 

response relationship ("operant fl
) to be f,resented at least three times: 

once in a "demons:tra.tion," then in a "prorf;;;~t, II when the student is called 

. upon to make a re~ponse with some assistance, and finally in a tlreleaset!. 

5 f d b '1' t: • es will b"'" caugl1t and corrected Any over-estimation 0 stu ent a .~ ~ ~ .' ~ 
in the .tryout cycle. If necessary, remedial exerciS!~s. can be prepared 
for the less able stude.nts in the target population .• , . 

J,-' 
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Y7hen -he responds without the help of any hints in the lesson. 
It 

is usuaU.y heartening to the student to perform the release, par

-ticul"~1.'ly as he proceeds further into the lesson and can work mOre 

.gnd nl(,12-;R of ih€:!, job in the release. ' If the progranimer fOllows the 

tht'ee-part mOdel i(:eaching sequence~ m~ch of the repetition chat stu ... 

dents dbli'ke call be avoided, 

A. TIr~ Cost of the Behavioral AnalYsis 

A mathetical lesson is more than ~ textbook in program form. 

Thl: IpatheHcis~ does n'o't accept h ' d 
h t e stan ard teaching sequence as 

I;:'(}nclusive. What appears to be logical order to the professor 

rn.ay be chaotically confusing to the student. Accordingly, the 

Utcttheticist starts fresh by going back to the fountainhead, the 

man who actually does the job. From this subject .. matter specialist 

the matheticist learn~ exactly how the job is done under field 

conditions. This informat:i.on is then broken down i11 a series of 

<1nalYli(l$ d£'."ligncd to find the true Hshape" of the behnvior, itS 

WC!ll .w any teaching prQblems inherent in the topic" and al ternat~, 
potent:Lally more effiCient methods of performing the job. 

In the (!Ourse of thi?:f analysis, many hitherto unrealized facts 
; 

are turned up about the job and about the system of which it is 

a part. T,h:{s Hspinr.t-offfl may bring about increased efficiency in job 
,,' I 

Per forl11anQ:eas well a'g,' St:t\iings in training cos ts. 

8 

.-.:,' " 
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e' 

to/hich the studont Would not be familiar. 

, ' 

, 011 the average, a full one-third of thL! mathl.'ticist' $ titne is 

spent in the analysis phase. Some of this tim~, hO\vrNer ,(,<In' be 

, regai'ned by increased efficiency in later phases. 

B. The "Matheticist Capll 

The cost of· training a staff of matlwtical pt(lgru!iUner::; is high, 

for it takes usually from six to eight inllnLhs for <1 novicl' tIl bl.'Cl1mQ 

C(lmpetent. During this time, little if any, of th0 \vork hL' ttl1:n::; 

out"is usable. Mureover, the attrition rutu am0ng mathcti~i$t trnin00~ 

is higb. 1<'or some, the m.r-tthetic.al procedure rern.lins fOl"L'vt'r ~1 myst .. '1."y. 

Othet"s cannot develop the knack of expressing their kl1o\l11edgc in t~rms 

that Cdt) be uhd~rstood by the st;udent. 

It 1s not yet pOssible to predict the ind ividunll3 ,o/ho \,'i 11 

test Scores purilllcl those of th0 best mathcticists mny turn \)tlt tl' 

be disllppointmcnts. Conversely~ We at Rl'hnbilitlltion }h'~~al:'~'h F,'UIl\1.1tL'; 

di~covercd pur senior staff artist, a mlln in his fifth'S ~.,ith Ill) 

prograrmoing (·X:peri(.\r\CC, to have .tln ammdug dPtit~ldQ ["1" mntitltic.ll ' 

writing. He took t)Ver a compl:i.cated course i11 the b'):icklllY Ltjg field 

on Which the regUlar progranuners had about given lip, til1l,('rl;'~i ~~ith 1. t 

our best. 

9 
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G; 'Jl1crea:'j\:!d Fabrication Costs 

A rnatlwticnl lesson that involves the use of' a $iniulntor kit 

will almost certddn1y be some~"hat nlote costly t~) manufactl.lre than 

will he n'si.mple printed lesson. Even if ther\, is no such siIT1ulntl'r 

Lor utIH!l" tYP01>of .prngrunls bec(!usp oftltc hQQviL'l" U:H' of ,illus trn ... · 

tiona. ,It 'may be necessary to have a staff m:tist fnr 0.vetytypisti 

pastc~ur mao. For some lcssons~ a IT10re cxpen5ivc printing procass 

'l'h(~sc; thlm, nrc the t1u:('~ tuujtn.- disudvantngi.'B \If mntlll."l ies.' 

All come down in the end to a matter of inl!ru<lscd Cl~stS. MwtllOr the 

cos t is worth it or not is an individual l\)<ltttU:, dcplmdillg llPl'l1 thl' 

particular circumstances of the user. III iudul:ltry, the cxtr,l Cl)~t$ 

may be more than offset by the navings in traim't' snltlrh~s rt.'!$ulting 

from the greater efficiency of the nUlthcth'nl h'~~on. 1'lw f,lbricat;h111 

,GOSCH, amurtizud over a sufficlt!rlt1y large trn:hw~' p()pultlti~)n I m.l\·, 

he done hy It rll:~)grnl\1rning consultant on ,1 eontrllct b~lsi$. 

CONCLUSION 

Milthetics lHlH tlO\I/ dcvelopr..~d into (\ third :(\)~.(.'\.~ :ill An)\..'rh'm. il1\~ustl:L.l1 

pr()grammiru~. 'fhe nc'xib'ility of the "second gcnCl"'ltilmll pr\lgl·,ltnS l'ub1ish~'d 

with:irl the lnst ye<1r or two indicate that nlathetical progrmnl11ing is ido,llly 

10 D. 

trllni:lfcr. ot s1<ills to the actual job situation is erit:ical. Althuugh 

matheti·,~al lessons are inherently more expensive to produce than are those 

of other programming techniques, savings resulting from tlspin-off" effects 

an!1 from increased training efficiencY may offset the extra cost. 
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Unit 1 

'l'rllrtSporertcy .L 

CHARAcrERI~TICSOF A~EBAE 
" 

'I'ho CELL is tho basic unit or'lHei ea.ch ~ll cOntains uU of, Lhe ~haro.cteristic8 
. Iwrcssllry to sustain it. 'rhese may be classified according to STRUCTURE 

Illlt! },'Ur-j'(YflON, '. 

Study ca.refully the cha.ractl)ristics, drawings, a.nd labels shown below but do 
, ,-

~ t.ry to mOlllorize: 
~-c~1I wall 

:-1TH LJC'rllRlD I'hllraC!tpriRLi<,~ -----:;...110-

, 1 JOClI.te the 
1. nUcleus 
2. nuclear rnclllbrll.lle 
a. (lOU wall 
4. VlLcuol(l 

5. <l'y topln.!i1n 
IL. ctldopl/l.!'lln 
b. prtoplnsrn 

FUN crt! 0 N characteristics,-----311-)I> 

1. FEEDING: note how tho 
pfleudopodio. cngult the fOQd 

.1 

2. MOVEME:NT: note how the 
e('11 ill pulled Corwll,rd by the 
{'xLI'll!iod J)aoudopodia 

il ftl';I'/{<H)(l(!,I'ION: tIOj,(\ 

how Llln !'(·Il IIIUILiplimi hy 
hilllU',V fiflflillfl 

ROU)('tnhrr: 
.... ,-

all. cella muy he rhnrfl.Ctt'rized hy: 

STRUOTURE & FUNCTION 

FEEDING .. 

MOVEMENT .,1, 

REPRODUCTION 

If you !!!Ilildl knew' the information contained on thia 11age, you may skip to 
pnge 7--{>therwise. contirm~ your study of the above m~~Gria:l on the next page. 

::~l~ 

cytoplasm 
, (ectoplasm) 

" 

1 

/', .,. :. 
;l 
ttl,. fh 
1':, 'j 

.. 1'1 ~. :r' 

- :.,: \;I 

:. -: "1:: - ....... ' r.'";);; 
0: c: rt 

'" ;::r ...... .., ...... 
n :: 

, . 
, I 

.. 

" 
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,,_,~:Franspm:ency 3 

Unit 1 ADMIN(STERING' THE.' INJECTION 

The schematic en these two pages shows you how to ADMINISTER INJECT/iON 
(Step. II) Study the schematic, carefully, ~hen S<1Y Clloud the steps ~ummari7.ed In 
the middle of Ihe page until you know them, Before leaVing these pllges YQU 
shoul~ pick up thc ,injector and actually follow the steps with tht, machIne ,turned 
off. Use yO\lr own lewer afm to see the nozzle imprint (be sure 10 take off iht:' 
red protective cap first). Do it several times. 

START here and follow thf: arrows courllerd,ockwise: 

1. see thu t the 
COCKINli LEVE:R 
is at {IFILL." then 

2. tuth COCKING LEVER 
to IIINJ /I 

1. COCKING LEVER at "FILL" 
2. turn 10 iIINJ" 
3: nozzle against arm at 90° angle to the bone 
4. suppOrt ilrm. squeeze hi gger for 3 s('C'onds 
5. COCKING LEVER immt'dilltto/.I' h(\clt to /IFILL" 

,: 

i 

r 
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Transparency 2 

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

There al'e 

TWO SYMBOLS 

I 
! for 

THERMISTORS 

and 

LOOK CLOSELY AT l'HESE TWO SYMBOLS. 

THEY BOTH MEAN THE SAME THING 

AND 

TlIEY LOOK JUST ALIKE 

EXCEPT .THAT 

SOMETIMES THE SYMBOL IS DRAWN WITH () 

AND OTHER TIMES 

IT IS DRAWN WITH A "Tit INSTEAD. 

• 

t 

I 
i 
I 
I 

" 

. " 

S turn COCKING LEVER back to, 
•• FI LL I. Imm(·dlat(·'.'· after injection. 
lr('Clving on "IS)" too long puts;$ 
straIn 0" the machine. NEVER tum 
em OR oC( with the lever on '~INJ." 

'[ R""'omber to actually follow th" steps with 

\

' tJ,.1 injector se,v.fat times b/.,forfi leclving 
t .... o pages. 

I . 

j.preSl:;'nozzle FIRMLY at ~~. 
Inch.depth site at 90° angle 
with the bone toward back 
of arm; Support ann ("bUnch" 
or stretch). Seat the nozzle 
/,'ml/Y (not on a muscle) so 
that all points of the nozzle 
Me partially buried. Remem
ber, correct pressure \V i II 
leave a strong nozzle imprint. 

. , 

, " 
", 

~ 

'frnnspnrency 3 (continltod) _. 

NOTE: Finger o~ tr(ll~er only after the 
, nozzle is firmly sealf'd Hnd tho 

'arm is "bunched" or' !'itrelehed 
toward the back. 

4. squeeze trigger for full 
THREE SECONDS (count: 
"One Ihc)Us::tnd one, one 
thousand two, one thou
sand thr~e") 

\ 
NOTE::Finger oil trigg('( 

I 
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'.l'HE DEVELOPMENT AND PRODlfcTION OF 'MA'1'HE'rICAL PROGRAMS: A CASE HISTORY 

Samuel J. Cassels, III 
Rehabilitation. Research Foundatiot'. 
Elmore" Alabama 

. 'rhis, paper is part of a three unit presentation on mathetic~.l . 

.. In discussing the development and, prodUction of mathetic~t prograill$ 
" 

by the 'in-ho,use programming unit of the Rehabilltation Research Foul1d~ltioll . , 

of Alabama, thi.s paper will describe tht'i 'J;Jurpose and organization of this 

(!nit, present the most useful pro.cedures that have been developed thus far, 
., . 

.present some. variat.ions of procedures, and make recommendations. , , , 

The RehabiU-tatirin Research Foundation of Alabama is a private, non-

profit organiza'tion that is presently cCtnducting a number of experimental 

projects in education and human development 'at the Draper Correctional 

Center northeast of Montgomery, Alabama. 2 As one of. these projects, u 

vocational school for youthful of ;fenders is prqducing entrance lcvel \.,rorkers 

in the following six trade Rreas: <lutomobile I:lcrv1.cing, bnrbering, brick-

laYin~~ radLo and television repsir 1 small electrical appliance repair, ,lInd 

weldillg. 111 addi.tion, the following three clnSfles nrc ('onducted as all im-

portant part of the vocational school project: remedial 'education, supple-

mentary education, and technical ~riting. 
(( 

IFot; an explanati?n of the mathel;:ical analysis and exercise technique, 
see J .. H. Harless. "The Two Meanings of M~thet,ics', II Rehabilitation Research 
Foundation. 

Fot' an explanation of, the characteristics of lTul:thetical lessons, and 
a survey of their usage in the United States, s~e M~chael T. HcGaul1ey. 
"Mathetics in Industrial and Vocational Training," Rehabilitation Research 
Foundation. 

2These' experimental projects are supported under. the Manpower D.evel
opmentfilnd Training Act, contracts 41 (N)6068-000 (OMAT) and 4#82-01-07 (HEW), 
and by, the National Institute of Menta~ Health, contract 4IHH00976-04. 
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The in-house programming unit is called the Materials Development 

Unit, and it i~ an experimental and demonstration part of the vocational 

training project. This unit was established in October of 1964 to develop 

sr~qial programmed materials that would expedite the teaching of the afore

'nuted six vocational trades. In addition, the unit was to develop similar 

materials for the courses in remedial education, supplementary education, 

and te.chnical writing. The unit was to investigate subjects in the program-

mirtg field~ for example, the evaluation and implementation of programs, and 

research into the methodology of programmed instruction. Finally the unit 

was to develop special training materials such as instructional ~.,all charts, 

sequential diagrams, and vocational type visual aids. 

The unit pres'ently consists of a chief programmer, t~.,o programmers, 

one program editor, tw'o product;i..on assistants, and t,,,o artists. 

'1'1)(\ Olpnll>t'rn or the unit; clJrrc~nt]y pe>rform TIlultiplC' duties. 1'ht? chief 

plflgrfllllHll'rH Ill'I"V(' Ill! t'pvlfllol1H IIllflo(:lntl'!J ill1d ll'vmll, HlIpl'rvlllorR. Onl' 

rll-ogrlll1lmer sup~'rviH~\S the production sec.tion. The two Tn.-oduct,ion assis-

tants perform mul~iple tasks including the preparation of all offset

lithographic masters for the unit and ~or the project. The chi~f artist 

serves as the photographic laboratory technician~ nnd the assistant artist 

serves as the printer for the unit. 

2 
'. 

~I I • 

, , 

,I 

The collating an4 binding of lessons are performed with the aid of 

the technical ~riting students. They also assist the unit in the assembly 

of group test and fieid test packages. ' 

The programming unit employs a team effort in the development and . 

production of every product. Some of the results of the early individual 
, i 

.ttyout::;made, the necessity of a team effort crystal clear. The assumption 

,of multip\t! duties by each member resulted from a unanimous desire for 

l!igher qual lty and increased efficiency. 

The fotinding the~ry of the proddcts of the Materials Development Unit 1, 

;l 
is that they must be student 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 operations char.t) 
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MA TERIALS 1JEVELOPM~NT UNIT 

OPERATIONS CHART. 
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Tlic' (' in:u Illl' ("utili of the i chart :tllustratcs Llw COI\( i IHWl/:4 i nl(\L'-

;\e~jon or the ULlit members in the creation or an ilUitructive prouul:t. 

The progranul\cr If! the ~enter and corne.rstone of all programming ClGtivl.'" 

ties. Since a mathetical le~son 'is a tutorial medium, the programmer 

nlllsl communi catc wi th the 9.tudent it1 every aspect of the lesson. So 

II1LJSt the other m(~mbers of the progrannlling unit.. 

The obHerver will likely note that the subject mntteX' specialist 

and the tryout student are includ'ed il1 the u'nit operations. In tnl.1St 

cases, our subject matter specialists are vocotional project instructors. 

They are vnluable temporary members of our team because they are skill~d 

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

The tryout students provide important feedback about the uniqu,,: vocabu .. 

lary and behavior aspects of the student population .. 

The lWit has evolved a fast route of. f10\~ for mathetical lesson 

develoPment. However, the unit has ir~tentio11ally aVQided the torm.:1tio\1 
I 
t 

o( rigid rules in order to maintain II lTImtimmn degree 'of originality. 

Our dcveLnpmcllt ~ncl producti~n proCeHs appears tD bcs~ meet the needs 

I 
of ollr LYPE' of pl:'ngramming unit. The followil1g genernl £10\" chart: 

illuHtrntcR our process. 

(Show slide of general flow chnrt) 
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MAfl'~~t~~;d'Jsr:n,ivg LOP MENT UNIT 
LESSON'p~Vl£n;trbMENT & ,PHODUCTION 

G:l~Ng'f,~A L P LB'W CHAH T 
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The progranlln(~t' I;.::. actions from the selection of his s\lbject matter 

l./)r.()llgh Lhe ('()lllp\c~i()n <ill" his fit"st draft hnvc buon d.i::;cussad 'by my 

(!o11cagucs~ Ilarless and McGaulley,3 Thus, it isaxpedient to begin the 

discussion of our development and productionpprocess at the completion 

of the progranuner 1 s first hand-written draft. 'For the sake of conve-

nience,Lhi.s chart is separated into four phases. 

The observer will note from the chart that the progranuner 1 s first 

draft is subjec.ted to 'five revieW' processes in Phase I as follows: 

math(:tical, Lechnical, editorial, layout, und graphics. Us\,w11y, these 

reviews are l)erfo'tm. "'d by the C11]""'£ b' '" '" Pfog:1:anuw.?r, su Jcct matter specialist, 

editor, prodl1ction assistants, ilnd artists, rcspcl.!tively. It should be 

noted thnt embryonic stages of this first druft \voldd have l1lHlergl1t1e re

vision treatments by these same revie\vers. l\[Ler tIm Phase 1: revic\,'S 

are completed, . a jOint ~t:lnrerence is held d\,lring \.;7hich suggestions ~ 

decisions Ilte made concerning the composition of the first tryout less(Hl. 

ImmE!dtately following this conference, the production assistants and the 

artists prepare the lesson for tryout. The duplication of Ph~se T leS~h\n!'; 

is ttFlually lwcotnpliflhcd by an elE'~~trostnti.c c(\pying m<lch.ine.
4 

UHUIlJ lV, individual: tryouts Ilre conduct(ld III Al'ts of thn't.:', 

with ~ludentH or low, medium, and I1tgh .1.bilitles. Till' review tlnd r('\'i~i"ll~ 

Atep of Pllasf' I r wi.11 detet'mint, if the lesson 8hmtld hI,' phast,'d hack for fut-tlll,'!' 

dE,tal.l("d ''''ork and mar€! individual tryouts. 

3 
J. H. !larles!;, liThe 'fwo Meanings 
MJch~el T. M('Ciaulley, "Mathetics 

'\'1'1'\ In ln~" . 

of Math~~ti('8" 
in InduRtrial and Vocational 

II 
'l'hplH:' :~ubJ('ctl{ nre discussed in 

l!llt i tlC'd "Shortcuts tn the Produc.ti on 
C118Rld$ .1 rr, w; th .T; 11.' Crosby, 13'. "P. 
R. R. TrUitt. ~ 

8 

detail in R repdrt now in progress 
of Matlwt kal Programs. II Samuel J. 
Harigel, n. n. Taunton. Jr., and 

• . I 

I , 

: I 
I 

'fhe, Phase 1\ unit conference is. a very iml)ortant step because ttlt..' 

fin-It set of detailed dec:i.sions fo11:'(! made about revising the lesson. These 

rev:lslons are carefully and promptly carried out by the staff. 

Phase II duplication is usually accomplished by an in-house offset-

lithographic press and by utilizing an inexpensive short run electrostatic 

o[fset master. 5 

Group. tryouts of Phase II ure usunlly ('undue ted \vith fl,.1Ur to eigh t 

. fJtudentstesting u lesson simultaneously undel: $imulated classro~)m C",'lldi-

clons, Our uni. t has tried to devel,)p certain vocational lesson~ to the 

poinl ~lere they can be successfully group tested by an glltire vocati0nal 

class at an opportune time in their course study. Such 11 tryout lH.'t ~~nly 

tests the lesson under excellent c14ssroom ~onditions, but usually prlwidc~ 

a later indication of the lesson1s effect on lhe progress of the class. 

At the ~ompletion or the Phase Xl group lryO\lt, an lmportatlt unit 

staff conference Js held t~l decide what, shall Ld be done tl) prepare thl.l 

IC:HlOn for its Urst fLeld test. During Lhlfl cLmfcrellCI.', every [ac(.!l ~)f 

U,C .ICHSOIl is diH<.lIlSHed, including posflibLe prohlcms :ttl rield testing. 

Pre! illlinnry pInlls arc Lhen made, alld tho fic.'ld test prC~HiratiL')ns ilrt' begun. 

Whell I.lppoillLmenLs for field tests u;c confil"mcd j thc necessary numbel' l1t 

copies <lrl! collnLcd, bound, and pacl<aged. 6 

Field tests are conducted in a manner similar tD the group tryoutB 

wlt:h the cxception that a detailed orientation is given tl) the $tudcllts 

pdor to'. til(! .field test, uhcl that qx'tcnsivo population datn is gtltherucJ 

prior to and during the period of the field test. 

----~--------~--------------------------~ .... 
\:;C:\c: "Short'(~uts:tn the Production of Matheti('sl Programs." 

RSmuel J. Cassels tTl. 
(1 
Ibid. 
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These papulation data are analyzed at the completion of the field 

test, .and the results assist in the evaluation of the field test results. 

r deally, n!,~ changes should be made in the field test edition of a lesson. 

Since few products of man are flawless, minor amendments are provided 

for before the completed lesson is published. Such minor amendments con

Aiat of ver'L sml'll1 changes in grammar 1 punctuation, and the like. 

Sometimes a field test will reveal unique characteristics about a 

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

'ff a field test ever reveals major weaknesses, a detailed review and 

analysis is undertaken immediately. 

The printing proce$S for completed lessons consists of high quality 

printing work. Therefore, the preparation of all copy for this edition 

should be as exact as th~ production assistants. and artists can make it. 

It should be noted that these general procedures will vary according 

to the problems raised by each lesson. F tl' d or 11S an many other reasons. 

each lel'l~on flhould be treated as an indiv:Ldual case by the programming 

Imlt.· W(' IHlt' rhe tf'rm TNOIVtDllALTZED LESRON 011 ev(.~ry ('over to empilnsiz(' 
,;'/ 

"lint ('/H:II lPHROIl In ttnl.quCc' In ttn de8i.gll pnpul.1tf~m, I.n Itfl contents and 

Hpeclrrcations, and in the way it was created. 

'I'h(;' mO$t common proced'ural variations occur ,.,.hen'the first lndividual 

t~yout results indicate that lessons either communicate very well or 

Virtually fail to communicate at all. In th f . r e. ormer case! a preliminary 

group tryout :Ls usually held immediately to test the reliabi.lity of the 

. good news. Tf the preliminary group t"ryout is equally ,successful, irtdi

; c:ated rl'"j SimlA are qui ckl:( made, and the lesso'n is retested as soon as 

IWsHible. Further confirmation accelerates the lesson into a field tesL 

Hegretfully, our un:f.t has experienced only a few successfully accelerated 
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lel';:{OI1,q lo dnt.e. Due to the knowledge \.,.e gained in 1965, we :mticipntc 

,lIdlil'v.il1g 1i1l')(~ttlllt.:illlliY more success with ac'c.elcrated lesl'wns in the ncar 

L U LUr(': 

11: the first individual tryout fails to conununicate with the student, 

the 1e8sonis phased back to the programmer for reanalysis and rewriting. 

This ultima.tely saves yaluable time and money. Such a failure cannot be 

charged to any .lack o~ ability of the progrannner, but rather to an overall 

underesti'mation of the learning problem for a certain population, 

Other common proq.ec1ural variations concern warranted shortcl\ts to 

determine good oxercise and lesson design, time saving reassembly shortcut8 

to obtain immediate results from individual tryout revisioHs, extended lise 

of quick person-to-person conferences instead of joint conferences, indi
• 

vidual decisions instead of group decisions, and accelerating techniques 

relating to ~le physical production of lessons. 7 

J\L the present time, we use the followi.ng general guidelines to 

dc;terminc whnt llcccl ernting measur.es alld shortcuts to take in a lesson 1 s 

d (~v{' I () Pllll'lll :tl1d II I.'O<1U (' L Lon: lit(.' lll.i. Li ~tl Lell l·!t i ng (\ hili ty () r th~\ fl t· H t 

illrli.'/idwli IIYOIII, Illl' (.~I:UlB ntlll.lIl1 or lIlt' ll'ypul pnpUIIlLi\ll1, ilml Lh(· 

('ourtl(! dOllltHld lor: the .lc~won. We 111~1O l~cly 011 Blrong, but utlsci'!"litilil'. 

'intuLtion. 

r f adequate r~lei lites c.x:tst, tailored procE>duTl~s and accelerating 

techniques can 'enable enable mathetir.-al programs to IH'created for 

and inst~11ed in a variety of vocational training situatinns in a rela-

tiv~ly short time. No attempt is made herein to state a method of 

7 
The dC'taUs of th\';!se procedures are the Rubject of n report now in 
, t' tl d "s,'llort\cuts' 1'n tIle Production of Mnthet10al Proaram~, II prop,reHR en ~ e . " 

Samuel J. Cassel~al1, with B. F. Harigel, D. O. Taunton, Jr.,," 
R;R. Trlljt~, and j. A. Ctu~by, Rehabilitation Research Fouadation 

11 

II 

I I 

" 



(It,<,uict.ing hnw I!\(wh t..imu il' (.~ons\lme.d :in nny phnse of l\ 11l~lthc.t:ic'l) 

IJ(~S l C) ( (llf r InlOw 1 c. dge" B II b 
. owever, a su joct ur silllplG ;:;equenti,al bl'1t1.l\'i~\r 

or. ';lppr()ximately five maiJ'or steps or less and 'linlit'e,d i 
n scope ~an usually 

be programmed into a;, effective mathetl' cal l'esso'" by" 
A. W unit like ours for 

o 9th grade population in about 15 working days. This estimate does not 

consider time for field testing the lesson, perfecting the d~vel;ped 

lesson !or a specific population, Or treating special teaching problems. 

'l'hes~ fa(:tors, to,getherwith the otheC\", "'ork '.Lr)J"d f h 
~ V ~Q 0' t e unitt constitute 

lh(! ma,jor unknown quant{ties in time prediction. 

OUr experience in estimating our time needs has b~~('n heavily influenced 

by the Inclusion of the technical w' rl' t~ng 1 ' 
... C ass in certain facets of our 

O()(lrlltlon. Although th h 
' ese youog men ave contributed much to the etfort 

of our unit, instructional time combined with natural student 
errors h~'Ve 

RUbRtantial1y subtracted from the initial estimate of the class's v~lue to 

I hcul1j t. 

II 11 (' n\!II1 Ito 1 I) .... r 1 I I I . I 
,,'Iff, 0<:11:('( w.t'lin the prl~lOl1 l'(jlllpOllnd, the.> unit 

Ilill) 1')I(lrnl,',1 \llitlll'l 't I ' 
/I var t' Y () r1t'Hlll I Vi' plly.:; f ('11 IVOI.d ( l inlls I Itt'll \\lUll I d . ::-;~--

I\ol Ilkt'ly l'xlHl I.n HOy bllfLineR8, lrtdustrli'll, Ot< otl!<'r "rr('(1 lei" . 
"'or I·d ttl,lt .ll\n. 

Our unit h'1s experimented t.,ith a wide varieLy (11: liubject matter ant! 

wi tf{/ somc. or the problems of tcacl'ing . 
I an J.nmate PoPUltlt.ion. 'flH.'$C effort!; 

Itilve t~Ottslltll(>.d . {l considerable amount ' 
of time that \t/ould Iwve been ordinari ly 

devoted t~ production efforts. 

8 
A £;(.\11(\1::11 Lzed time study, job estimation~, 'and cost 1.lnalYS1'S 

by the author for the near future. is planlwd 
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Therefore, w~ do not feel that an analysis of our tim~~ factors 

wOl.,l,ld be of substantial value, to other units a.t the present time. We 

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

relatively short time in the field of programming. This does Q2l mean 

that any mathetical program can be developed'and produced in several 

weeks. It does luean that many subjects Cit\\!.' be programmed into a 

mathetical lesson within a short period. 

'Mathetical programming units can usually function equally well 

ins;i..de or outside a' training body, 9 Since a mathetical lesson should 

approj{imate the actual job environment as ~much as possible. our pro

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

of the six vocat tonal envir.onments \.,thich embody mos t of the subj ect 

matter foronr current activities. In general, any mathetical program .. 

ming facility should be able to function effic:lently 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 belW'Jior. Our experience has shown. that a mathetical program th.:lt 

lCl,ldHHl <1 vocat tunal subject can be developed by an in.-house lll\i t j 11 i.l 

reltlUvely shOl1:t Lime, wit'h a few staff mel1lbers, altd \.,tith I.l mo~H(.·um lIt 

of[Jce space, equipment, and other overhead expenses. Our staff presontly 

occupies some 691 square feet of office space [or its entire operation. 

We have been cramped for space arld our efficiency has suffered Lor ~bi$ 

nnd for similar. reasons. Therefore, we recommend thut progranU'lling units 

like ours occupy office areas similar to that illustrated by the follo\~i\1g 

(l:l.agram.r) 
. \ (Sh?w J.~lide of diagram) 

9For 11 de~\criptiot1 of these 
Michael T. Mc(;a~111ey, 'tMa.'thetics 
Training." 

;: 
units 1n the United Btates, see 
in Industrial and Vocational 
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SAMPLE 
OFFICE SUITE 

FOR 

IN-HOUSE 
PROGRAMMING UNIT 

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

Note tho following 
charac!;.erigtIl'l4: 

1) Can he located 
in wing of office 
building; 

2) Secluded darkroom 
formed bv closing 
end of hall; 

3) Suite h~s door for 
extra privacy. 

:,-1 

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

of a desirable off:Lce area for our type of progranuning unit. An even more 

oC$irable arrangement 'Would include slightly larger offices with connecting 

doors. 

We highly recommend that a p1:ogramming office suite (and each 0;:' its 

offices) be both private and quiet~ and that an itlterofficetelephone or 

other communication device be installed in each room. We also recommend 

th4t such noise linliting appointments as are financially feasible be in-

stalled throughout the suite. 

Since j1J::ogrammil1g 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 1I\ateri~d 

has been and is presently geared to vocational subjects, and p~rticulBrly 

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

prot'CI'Hl can bt' rcndily applied to ~111 };ubj(;\cL matter because no Rtep in 

l Lv(! hrevity 01 tlw mtJthetical progr:.un, luuHo\tH lhnl ar(~ needed inunudLitely 

Cilll be tlcvcloped rapidly and succe~~srlllly if slIfUci<.mt staff time and 

facilities are made available. 

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

dualized student oriented lesson to be rapidly and ac.curately student proved. 

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

I 

\ .' L \-~=--. 

I 

" \ 'f 

Many llvel1Uos (tie. open to u nt.::tthe'" 
'. ,Ii 

--j. 

tical progratnnling unit in preparing tryout edit.1.ons of an individualized i: 
must be accunttely and readily obtained. 

lesson. Because our programs are genuinely :tnd:!.vidualizcd and because our 
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unit lltilizes Q,~l:)elerating te.chni'ques, \\le elected to produce our first 

tryout edfLi<ms in a form that e.mbod:l.es the progt'Lllnmcr' $ (~oncept ~l ( th0 

[inished l'l!t'oduc.t. '£his is in keeping wI. tll our approach to individual 

t:t'youts- .. the individual tryout should $i;'l',rve to .£.01firm the lesson plan, 
Ij 

cstimntcs of operant span and exercise d~,g:ign) and all other importatlt 

aspects of the program. In other words, the research, analysis, and 

design activities of the programmer s1:H)uld.c5'cHectively preclude major 

failures of the first tryout. If a l,l\:lthetical ptogrannner cannot right-

fully expect initial success from his et-rorts, then his first tryout 

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

prograrml1ing activities to failure at the very outset. 

We have discovered that it is not nCf;:cssary to produce individual 

tryout editions in a polished physical l~ortn, To the contrary, ,,,e have 

determined that even an almost crude edition \\lill prove or disprove the 

programmer IS' basic lesson dcsigll. Thc:!X'c.cnr.e, to confirm the most im-

)lc)'rcant nspcctr; oC :t "I csson flt the nar I h~Fit: po.t;1dbl{~ time, \\Ie have 

ill1Y I !IIII' (~Clllillllllll1g j'lnlnld.ng I:.r.luch(!tl. 

GrOHp tt'yOllt edit:lon.s include many phy81.cnl i.mprovements, ",hile 

field test editions incorporate all planned reHnements. lO 

We pave been able to overcome ouX' natuj~al strong Leelings about 

our first tryout editions and subseqtle,nt ed:Ltions by constantly keeping. 

this fact in mind-- the student isS):-vayp :tight! "The truth of this stnte':' 

ment has been proven again and againl, And t,he knowledge of this fact 

~--~~--~------~----------~---------~ 
10The details of thes~ productiotl pX'occ(h~rcs nre discussed in a 

report now in progress ent:t~tled, "Shqrtcu!:B i.n the Production of 
Mnthetical Programs, I' Samuel J. Cassels Ill. 
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hilH enab~\ed every b' f i mem er 0 pur un, t to maintain a high deg:t;'ee ot: objel'-

~rvity. 

Since the l>rogramming unl.· t d 1 pro uees eOCl t:t;'yout edition acc0rd1ng 

to a detailed set cif objectives that we define in behavioral terms, any 

deviations from the desired behavior will be imm~diately.apparent upon 

the completion of the lesson by the tryout student. Thus, by taking 

carefully selected shortcuts itl production work Bnd by trying the 1esson 

out as a complete item with definite results under close observation . .., . , 
our lessons can be rapidly and accurately student proved. 

With close attention 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 population previously 

unknown. For example, the previously tested arithmetic abilities of n 

certain student population showed that the population should be able to 

negotiate a simple equation with little or no difficulty" A short pro

grannncd les,I'l()f1 was developed that util:l.7.cd n simple (\(J!;ati,on, aftor the 

/'qllo'lliol1 IIn01f Wit II "csl(ld for Cllllt'ily hy fl(~V{lr:ll ntlldl'nlll. Bol wlll'1I 

(,ovN'ed lltnt tlw lesson failed to teach eerLnin st.l.ldcnts who hod been 

"dropouts" from school or who had oth, e rf," 1.' s' e f '1 d . .. >val. C, to gal.n an adequnte 

education. Most of these students lacked a conventional practice in 

ari thmetic, Thi s pr d i h ove Once aga n t at the ability of these students 

to perform a prerequisite b.ehavior quickly Bnd accurately \v<"lS ns im

portant as their basic knowledge of the prerequisit~ belmvior. nut the 

unusual thing revealed by this tryout was the appeal of the lesson design 

to these students, even t~~:)Ugh these stUdents could not adequately 

negotiate the behavior. Laboriously and tenaciously,' students worked 

17 1;) 
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through the l~s\son with a deteT..'mina,l:ionseldom witnessed. Hany of the 

illt~r~l)t sl imuJatLon £;.\cLot's in this le:=;son were duato the efforts of 

our chic.1 artist who !:lkil1fully i1'lllstratc.:d the simple 8liuatioll with 

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

l.lrt work that might have been suppressed by another development process. 

'the mrtthetical artist strives to elicit the definite, productive 

, l' 1 8tu(le111: ['.1'1:,11::., 11,"115 I'(!cn carefully [11anncd itn.-,lou'r.nlng, rCHj)()llSe 'rom t 1e , __ 

by the progrannncl:'. The waU drawr': tnath(~t.:tl~a 1 i U1IFltration \vill ~timu Late 

tlw Fltudent to acc,urately 'im:tta~e t1u1t pOl'tion of the mastery behavior 

that 'is being graphically presented. gvcn though the aforementioned lesson 

failed to teach certain students, itMns an overwhelming success \vith 

students who could negotiate a simple equation. 

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

are automatically accumulated by the development process. Since each 

change is carefully considered clnd agreed upon by the prQgrannning staff 

[111 11 who'U:) isolated erl:ors in ] eS::HHl dLwiljI1 a~~e m()~1L tH1uHual. Hhen 

III 111,llClt'"1 IJt·llllvJ:llr. 

IlIdJvl<iunl tryou1rJ prlllld1ll,y tll'I:VI\ Lo I."OlTt'I'L 1I1ajor l'l.'rll!"!i. (:roup 

Ll:'YOUl:i prll1l(lt'Uy', (3erVe to COrrCl!t mJ.nm: crr,'urH. VioLd Ll!t'lts pr..lmurily 
.; " .. 

serve to prove the ,\r'!,1.1idi ty of II lest~on for [1 large l)OPU lation .tnd ttl 

reveal nny ~~pec.iul specifications of D lesson. The automatic accumuln" 

tion of dulrJ is pursued through every phase. 

In the case where a supject being progrununcd is of till introduct~)ry 

naturu or hnH Iew~if any, P17crcquisites, the tinta collected by nut' 
i: 

procesH CUrl 1wmetimd,is enuble ,.1. lesson to he silllu 1 taneously produGcd for 
! ' ~ 

;';( 

'Blight1 y di££erent.)l)o~JUlutions. F6.r eXCLn,p/le, a simp 10 subject matter 
/ ", 
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thi1t is generally applicable to two or more vocatiol'lal cout'se~ cnn u~ually 

be separately tai lored into u lesson for each course by \ttilizing itl'tll:4 

Ill!Clll i.:tr to each vocation. Such a procedure allows a prL1gr.amming unit t\.) 

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

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

individuali7.ed lessons for each popUlation. 

Our str.eamlined production process enables us to incorporate revi-

siC)l1S without undue loss of time. A rigorous mathetical editing procedure, 

,together with a detailed grammatical editing procedure, provides for 

scientifie and efficient revisions after e<1ch tryout until the final field 

'test has been reviei:lied and approved,Il The development editions can be 

validly produced and tested if the physical definition or the printed prod~ 

uct is clear and no distracting factors exist such 8S faded print, gha~t 

images, and lack of opacity. The fine details or the printers art should 

be saved Ear the finished product. 

The ll\nLhetical lessons and other training materials that :.In' being 

n:,eItU~d, by ollr ll/)L t are so deslgnc,d that they eatl be readily il1tl~gratcd 

.into Llw cXiHtlng curricula of our VllcLltionnl project or those llr sltnilnr 

vocaLlonn 1 ~cho()ls. Our developtncnt and prodtlction process enab t.c.<; us to. 

rapidly tu:ilor programmed lessons for a vocatiotwl ~)r rel~lted curricula. 

An one examines at1y phnSl'1 in the crea tion of Lt mathct'ical ) c}l};lon, 

the mtljor point to remember is that tlic proceduros followed for il pnrti-
fr~i..., 

cular lesSon arc those p'rocedu..;-.ds, however ul1ique, that will best lead 

to achieving the teaching obJect.ives of the 1l1sson. 

'iJ 
:1'hese procedures will be discussed i.n detail in Lt futUre paper. 

19 



We do not claJ.m that our procedures are the ultimate in efficiency. 

To the contrary, we believe that we have developed a.n efficient begin-

ning that we can 'continue to improve in the future. ,~ 

We welcome the ch.allenge (Jf our future. We have examined our ex-

periences of 1965, and have gained a new determination to solve th~~ 

problems we have heretoj;ore failed to solve, and to meet more difficult 

ch;il1enges than we hc!.V~ previ,cJ'Jsly met. We are confident thllt our future 

eHorts clln be more ~f:fective and that our services can be increased. 

In closing, the Materials Development Unit of the Rehabili tatioll 

Research Foundation o[ Alabama extends an ihvitntion to inquiries about 

details o[our activities. 

20 
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''':latlleUcs: 'fhe Ugly Duckling 1,0<1rns To Fly" 

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

, This paper is intended to be a partial answer to numerous 

1 
queries concerning matheticsre'ceived by the author. These 

questions can he summarized: 

"Whatever happened to mathetics?" 

"What is mathetics?" 

IiWhat did Gilbert menn \l1hon he paid ?" ... , 
"What is the difference between mathetics 

and normal (sic) kinds of programming?" 

As is consistent with good practice in mathetics and programmed 

instruction, an attempt was made to d:iagnose the exact "training, 

deEici.encies" of the "student'! population before this paper 'lias 

\vri tU~n,. Over 200 qucHl:ionnaJ res wp,-c senl' lo lnl{t yellr's NSPI 

"11:IV(' Ylllll'ver H~\el1 II m:ll'llf>llt'al program?" 

"ff BO, whn!: were tl!t:~ titles?" 

1 
For additional information on the mat4etical technology, 

see the 'following papers availahle from the Rehnbilitation 
Resea):ch Foundation, Elmore, Alabama . .T. II. Ilarless, "The Two 

'Mepnings of Mathetics" 
Michael '1'. McGaulley, "Mathetics In Industr.iul And Vocational 
Training" ' 
Snmuel J. Cassels ]II, "The Development And Production Of Mathetical 

'Programs: 'A Case 8tudy" 

... ..: 
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"What are the major characteristics you have 

observed or heard about the mathetical system?" 

"Are there any specific thiItgs you would like to 

know about the mathetical syst~tn?" 

One hundred and four questionnaires of the 200 'were returned. 

"Have you ever seen a mathetical program?" 

Yes: 51 
No: 49 

Don I t know: 4 

"If so, whet were the titles? I, 

No answer: c 5 
Samples: 18 

One: 22 
Two or more: 20 

IIWll.at were the 'major characteristics you have 

observed or heard about the mathetical system?" 

Even though less than half admitted ever havi,ng 

se~n a mathetical lesson~ all but ten responded to 

llli!.J qW~Htl.()n. 

The I11()S L f rc.>quent, lllld wnw 1 J y the ~, comment 

was, "Mathetics teaches backwards. II 

"Are there any specific .things you would like to 

know about the mathetical system?" 

'I'he most frequent responses \vere: 

"A simple explanation of what it is." 
"What are the differences in tnuthetics 
and other approaches?" 

"A guide to writing mathetical frames." 

Several things are obvious, if these one hundred and four 

'respondents are representative: A. Very It;t,t;tle is known aoout 
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the math¢'tical system. B. What is known is a misconception: 

mathetics is a different format for presenting frames; that is, 

arrangirig them in backward order. C. Format alone characterizes 

programmed !nstruction of any kind. 

What Mathetics Is 

Just as it is ridiculous to characterize linear programming 

as a process of breaking subject matter down into small frames of 

information, it is even more erroneous to describe the mathetical 

process as "presenting frames backwards." 

The ultimate format of a mathetica1 lesson is unknetV11 at the 

beginning of the mathetica1 process. It is our contention that 

there are too many variables in the na.tm:e of the behaviorl. being 

taught, the characteristics of the intended population, and the 

environmental and curr.icu1ar setting to big able to state what a 

mathetical training vehicle will "look 1ike l1 before a detailed 

Bnd systematIc investigation ij und~Ptaken_ 

Th.iA systematl c investigation of t:l trnin Lng task is the broadest 

definition of mathetics. The details and implications of this de-

finition are considerable .• 

Mathetics is a complet;etrain:i;ng system. It is a step-by

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

considered each e1ement of ·tlH~J training task, has examined and 

noted numerous facets of the learnill$ theory as related to h~s 

particular tra:lning task. In $h91'1:., mathetics is a systematic and 
/. 

/i' 
documented procedure for lookfflg at behavior to determine the most 
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efflcitmt and efl't1ctive nJ€\thod for .changing behavior. 

This "Scientific ech~cticismi' has resulted in a rather rigorous 

2 
procedure in recent years. Procedures d~scribed by Gtlbert are 

still used in part, but subsequent research and trial have dicta

ted revisions, additions, and subtractiQlls. Tho most glaring 

example of these changes is the de-emplwsls Oll the chaining of 

behaviors, probably the most controversial and best known teaching 

strategy recommended in Gilbert's original treatise. 

Although a comprehensive written dl'CUlnent still does not exist, 

the follOWing is the general procedure employed by the mathetical 

unit of the Rehabilitation Research Foundation. '3 

4 
Occupation Analysis: Given the delimited domain of an occu-

pational title Qr subject matter area and a general design popula

tion, the matheticist, with the aid of a subject matter specialist 

and r(!r(>rencC'~) lists the tasks thnt TOak(' up that doma.in. In this 

lrdtinl HLt'r, thp tlIillllC'tJctHt LA tnl.l't'l!Htt'd only in tile.' overt 

'wllilvlo!'H O!~ LIlt! phYHlcn] prodllctl-l of hl'lInvlol'. (See Appendix A.) 

:I'iI/:ik Selcl'tiol1: Ench task in tlw list 1 H ~~xamined in two phases 

in the form of a series of selection criteria questions. 

2 , II 
Gilbert, Thomas E., "Mathetics: The Technology of Education, 

Journal of Mathetic.~, Vol. 1, Nol. 1, January, 1962. 

3This procedure is similar ~o the system employed by the 
Instructive Communications Unit of the Commllnit'uhle Disease 
Center, another major producer of mathctically orientdd materials. 

4This procodure Was designe~ for the examinntion and recon
struction of repertories in the industrial and vocational areas, 
but is applicable to virtually. a.ny domain. 

'-
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Phase I: A. Can a majority of these !Jtudents pre

, sently ,pe1.~form this task to a minimal 

level without tl:'<linl.ng? 

B. Po adeguate training materials exist 

that "teachH th1$ task as a unit. 

If the answer to either of these questions is "yes," the 

task is eliminated from fU'J;'ther eons:ldel-atinn. 

this 
the 

5 

Phase II: The remaining tasks ,;if.l'e listed and the follow-

ing questions are wdghted and asked of e.ach 

task: 

A. Is the instructor I.mahle to teach this 

B. 

task to an acc(~rtable level ,V'ith only 

one grou~ demonstration? 

5 Is this a genuine training problem? 

C. Are tlu:n-e mat1Y !{t [I\Hll Uf{ gene-cnlizations? 

10:. 11'1 tlll l lIIf1lhnd 101 pI'llnnnlng IIIIH lnHk 

t-C 1.11 t L Vl' ly C'OI1H lnnt '! 

F. Will training materials on this task have 

G. 

H.. 

wide use: 

6 
Is this la bUsie ,leartting problem? , 

Is there relatively ('ommon agreement on 

the method ,of performance of this task? 

That :f.s, does the student, need to k11\1\<1, recall, and perform 
task; ot' would a checklist,l¥'dtten inst:rtlctions, etc. fill 

need; or is it a'nlotivatj.on~:( problem? 
6 . 

Or is it contingent on many suhsldlls? 

.~. 
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t. Can training material on this task be 

economically evaluated? 

The perfect cand.idate for a mathet:lcal lesson would have all 

"yes H answet's to theseq\lBstions. Hotvever, the tasks are then 

listed in priority for treatment. 

Task Anfllysis: Although the task antllysis is much too involved 

a procedure for discussion here, generally the matheticist breaks 

down the highest priority task into the /'prol1L1cts fl of the behavior 

of the task and descrihes it accordlng to: 

A. The criteria of acceptabh~ performance (:tn terms 

of time, completion, and accliracy). 

B. The small steps of performance of the task. 

C. The related information that will facilitate the per.,. 

formunc(>'and p.,cncrnl[?nllo\l or LIH.' task_ 

till'.:! design population. (8(1(' App(mdlx B.) 

PopulatJ.on Analysis: The matheticist discovers all he can 

about the design population, . reading level, mnth skills (if 

a,pplicahle), prior experience, age range, ~eneral intelligence 

and cult4-ral background. J[ 

Training Deficiency AnalysiS: The tl1sk analysis is compared 

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

This analySiS should answer the following questi01.1S: 

_______ '-_-'----__ , ___ ~~_'_'_"~-=-_'__'~_~ __ -i.... ____ ...I:"ilo.:' .:......_~ ...... ____ ...... ____ ...... __________ , ... ; ...................... ,=.~,J 
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A. "Ooes tbis task require many sub-lessons (successive 

approximations to be presented as sub-lessons in a 

package)? 

B. "Wlll acf~ii'tional diagnostic tests be required to de-

tenn'i.n.e the precise deficiences of individual students ?'i 

C. "Will it be possible to prepare one lesson for the 

task \o.rith different i tr.acks' (or further tre~tment 

of individual differences '{It 

Efficiency Analyois: The order, the possibility of hidden 

discriminations, the' extent of generalization, and omissions of any 

steps as given by the subject matter. specialist are examined. The 

mathei:icist<;loes this by' perform:i.ng th(~ behavior himself, noting 

his o"m behavl?r, experlmentil1g with tile order, reformulating, 

testing etc. The mClthet;:tds~ examines r~f('.rC'nces to determine 

if ther<;\ is uny ndd:itional infol:matiol1 not gained from the subject 

ma~tcr Apecinl1sL. 

special elllphasJs em descrlh.il1g the restrictions and limitatiolls of 

the ISMson. At this point the m~theticistund the subject matter 

speciallst(s) translate the objectives into a m~ue of evaluation. 

Iirescription \,6f Behaviors: The beluwiors listed 1.11 the 
~ .., 

steps 0 r. per [ormance and the pertin(!nt covcrt behaViors are writ tel'l 

'----
7 

.. Mager, RobettF _, Prep.lring Oh'ject.LVt!8 For Progrnmmed 
Inst'J:ucLion, 1962, San Francisco: Fearon Publishers, [nco 

1 

! 
I 

I' 

I 
f 

in .. stimulus-response ter,ms. Thi.s ','behavioral blueptint" expresses 

the chaIn and sub chains of th~ behavior and all the discriminations 

the stude~lt must make. The prescr:iption;~recisely identifies the 
; 

discriminative stimuliancl the responses they occasion. (See 

Appendix C;) 

8 
Generalization Analysis 

" 

Each discriminative stimulus,is 

examined to determine the smallest' number of instances of the 

stimulus that should be representdd in thl~ lesson to allow for 

maximum generalization by the stu<lent. 

Competltlol1..,Fac.l1itation Anal}l§1;§.: The, Jllatheticist compares 

each operant of the: prescription t,p €l'very other to determine the 

in,tel:active characte'ristics Of the behavior. He notes intra and 

extra l(~sson .compet.ttiorf and facil,itations in an effort to determine 

the most effective order of presentation of the behaViors and to 

spot spc.!clalproblem areas that t.,ill reqtlire Rome additional teach-

9 
ing 9trat(?gtl~B. (Sc'€! Appendix P,) 

work, the matheliclst reconsider~ and rewrites the prescription 

to exprcss the largest step toward mastery the student can take 

at one time. This is done by cotnb:i.ning adjacent operants of the 

8 ' 
Detailed procedure's for th~ performance l)f this and subse-

quent analysis have been worked out; but are too lengthy for 
presentation here. 

9 I 

I!Chainiuf?, is an E1fCample of b strategy tbl ,~,thl't'icist may 
employi on rare occasions. The more common S trntegieH include 
the ut4e of mediation (a speded class of tn11emonic) ,:additional 
prompting eXt~rcis'es ,~md the maximum US(;~ of illustrations. 

o 

----~-...;...-------'--'---"""., ........... ' ------------------...... --'--........ ---------""""-"-""""-~?"'-',,, ,;, 
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prescription according to the difficulty of the behavior for the 

", design popll.lation~ the characteristics of the population, the 

problems d:i.scovered i~ the analysis of the preseription, an~ other 

factors noted by the writer ~r indicated by the subject matter 

specialist. ThiA conception of operant spnnK will be discussed 

later in the paper. 

Lesson IJ1an: The mathetictst lists the operants with their 

ne\-J "spans" in - the sequence he has deqid(~d to teach them. This . r 
lesson plan i.~ written consistent \\Iitli the phUosophy of the 

, "exercise lTlode.L" whereby eadl operant is demonstrated to the 

student in one exercise, prompted to performance in a second~ and 

released to perform the operant in a third without cues. 

One exercise may contain a demonstratlon,. a prompt, and a 

release of three dirferent operants, contingent on the findings 

of tb.l' analysis. In any event, all oper;)nt~ an~ relen:4ed for 

on {' (I • 

Lefll;;on GOt1Bt ructi.on: FoUo\ving 1:1 ttll !I(' r prc'(!is(~~et of gUide-

lines, the writer construc.ts each exerciiH' <.:nl1od for by the lesson 

1) 
plan: repreS(>n,ts Lhe d:~Bcriminative stimulus (8 ); locates the 

response locus and write£:.\ tnstructlon on the per.formance oC the 

T, . ,A 
response (8 ); draws attention tb the diB('rim:inHtive stimulus (8 ); 

( C) '1 . classifi~"s the discriminative stimUlus S ; Rets t 1e e:xerC1.ses 

t 

i1'l conte~t t,,:t th the rest of the behaviors be eng taught (stimulus 

complex); allows the student 'to perform til? response in presence 

n 
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of the demonstrat:I.on (SF). As mentioned, the exercise may call for 

two additional fUllctions: a prompt of a p'reviously demonstrated 

b~haviot' (SP), and/or the uncued production of a previously demon-
. . L 

strated and. prompted operant (S ). (See Appendix E.) 

The remaj nd(~r of the mathetical proceSR t1'l very similar to 

the' try~out and revb;ion cycle used by cons('i.e1H~:lous programmers. 

Heidt dra.ft of the lesson is tried out:. on rept'es!:mt'atives of the 

deSign group and revised until the writer is reasonably confident 

that th(~ lesson achieves the train:i.ng objectives. 

lesson ~s '1.e. T'11e • f' 'ld tes' ted on large numbers of students 

under the~actual conditions of i~tended use. ~ 

What Is Different About Mathetics? 

.Formerly, thc.·re wns meaning in contrnsting math'etics with 

, I t A l:lll' "dlCrl')"l'nc(.>s" nre isolated progrlll1lfll('d inBtnll'tl.Ol1, HIt ouny 

Perhaps 1.1 man' cI:Jrrt'et title for tid.}; pnl.wr would have 

been "Pro&ramme nstr.uc ~on. d' It' . 'I'He Ugly Duckling Is Beginning 

To Fly.1I This wou sure y e e ca Id 1 b th . se 1." fane . 're to examine the 

professed practices and procedures of many of the progressive 

,. 
. -In progra,mmed instruction and \"eld their tech-invest1.gators ... 

niques into a precise system. 

\.Jhether this progress is C'l result of £i'i"tera.ctivl! influence 

of matlietics and programmed inst~uction .or independent' gl'owth is 

() 
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acadenl'tc and germane only to ego-needs. 'file happy fact is that 

some programmets are re-examining, revamping, and progressing. 

However J an examination of the Ii terature, promo,tional pieces, 

and a majority of even the most recent programs reveals a still 

faithful adherence to these charactedst:I.cs of programmed instruction: 

1. Small steps 

2.~Active responding 

3. Immediate confirmation 

4. SelE-p::l.cing 

5. Small error tate 

6. Logical sequence 

Sottle authors add one mote: 

7.· Operationally def:i.ned objectives 

'1.'h18 practice continues despite experimental evidence to 

the contrary on the validity of some of these items. This practice 

Gontir.ues in face of few linear program!? and almost all tnathet.ical 

le~sons which have been validated and which demOnstrate larg':! 

10 step Sizes, require la~ge amounts of covert responding give 

(" 

H.ttle or no 1mniediate cOnfirl1lation~ and are E.£!:. in normal-order 

performance sequence. 

In $pite of "ptogtesaiveness" on the part of many linear 

programlllers, mathet:tcal lessons still exhibit some d:lfferent char-

ilacteristj.cs on the face, and avast nUulber .:In the part of the icebnrg 
" II 

lOMbat \)rogr4ttimerS ~quate "active" respond:lng wltrh "overt ll 
resBonding •. 
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that the sLucicmt doesn't see - the rigorolld system of analysis 

employed by tnathettcal lesson wr:lters. 

The major obGervable difference i::; L,a' U!le of the "exercise." 

The mathctical exerci ,'$0 usually encolI\p"~;.;.::r; a double-pagesp'read, 

but may he sevorn pag~~s. ong. , 1 · 1 'rllC~J.'~J:. n" l\l\Ctming in a comparison 

of a frame to an exerci~~e. An eXG.rd :'lU jl;:P r~'J\:'nts the largest amount 

of bell<:Jll.l or a student cnn absorb in IJW! lk;q.1.-,.~,tTation. One exercise 

may take seOr!:!H of fri!me.s (:i.n a lincnrprl}r;t\lln) to teach, or one 

frame mlly 111( J.(';1l.:e. .~ • j' 1)f·I·lav1·.ort~ cont~lined in m~ !ernl exercises. 

The second observable differenct! 1::;'.11 the method of con-

firmat ion. A nwtltc·U.cal lesson is uf·uall v <lL'c('mpanied by an 

answer bOOk, nut not a.ll responsos an: ,'oi:finnt·d. Usually the 

d t chn.ck his all.'.;\"Cr'i in [ . .'arly exercises of student is encourage.·o ~ ~ 

the lesson, and ,vhenf.:Wc'I" the l1ature o[ ttl:.' t:.'Hponses warrants it:. 

A matlw t.i NIl. .l el;~H.Hl recently prOdUCl!d hv t lll' Rl'hab 111 tation 

Rt::·!·wn reb 1~lltllH III 1 (111 , I ' ll,'ld 11') COlll.·j·.rl!l,'I.t iOll in 1111'.' form fO.t one etlitj~on 

nnd :1, (·{IlIlpll'I.(· ilIWW('I' bonk for nnoLlIl~I·. Nu !'('llIlIrknIJll' rLlf[<"l'ence 

.I.ri posl-tt.'st per Ol:'lrwnce WaS r· • !::een Iwtw •.. ·t'll :h,' tHO field test group!:; 

except that the , "'" ... :l""ra· ge tl'm" for th(~ l111mVl'l' blWk group ,was longr;:'r .. 

Ahsent of course, .' in mathetica1 l~dsons Jre frames of any 

s:lze; gone, ch8refore, s . i tl1e rJ',gl.'dit)r of format and the boredom 

of endless bh)(:ks of type and blanks SCI ,~hilLac tc ristic of linear 

programs. Thn lnati)etid.st makes 11 specln.L ('[fort to simulate the 

behav:lors gr.apbically, especially the di}fl''''imin(1ti~e stilllUli.; 

therefore, the mathcticallesson h llSlWllv highly iJ1us.trated. 

tty· 

. [ 

6, 1 
, 

.. ,. -~-



.. 

"'''':.:~~t-.~."", 
--'~" 

-..... ~'::., 
-"'~'.~~ 

" 

III 

" • 

-13-

Much l iln(' if~ Hj1ej l1t In the des1.gn [mcl l,ayll\lt of :Hl exe\rc~!A~ to make 

it aLLrnet:ivt' Ilne! interesting as well as to s.et'vy precise f~ncltions. 
~ ,'\ t " 

One of the most pleasing differences to t.he ,student is that 

mathet1cal lessons are characteristically small in bulk, This 

is due to the ifH:t'eased operant sprln and the philosophy of greatly 

delimi ted domai n of the original ende,Tllor. 

We have been talking about what lesslJL1s and programs look 

like. The mQst ..tmpnrtant consideration, however, is the.syste-

matte appr(I~H:h tlF' mathetici.st tak~s and the preci.se att.ention 

_patd to E'och t1ncb ynis. Many program111I.:'r1'3. profess to perform 

"behav.lornl analysis;" usually, a close exnmination reveals that 

even the most sophtsticated are merely 1isting generalizations 

and d:lsC'riminations. Unfortunately, most programmers begin to 

write frames as soon as objectives are \"rH ten and profess to 

"analyzl;,,!i as they go along. 

TllI,'erf'ort tl\(}L i.t Lakes to become prllfic lent in this (1na-

lyt (c'rd 1:I;"OCI'(\u n' is. :~t' If -ev IdE'nt.. Hhetlwr ,my programmer., or 

mat.:llt>llciHt rot t!tnt Tlwttl'l', is willing to C-XIK'tld thiH t?xtra 

ene'!rp,y is 11 flll-'tnr lnvolv<;,d in a 'larger ql1l~stion than is germane 

here. 
.:~ . 

~ -!-., 

Sti'l'i',\>~a U 

l'1(lt.petil~S ,therefore, is a training flysten) that provides for 

the, trainer': 0.) a guide for deter111ining'i:·;.~':1!:.. to" teac.h, (2) a 

has is forJ1ll1king teaching strategy dc'Cisil,l\l.S'i '0) a, dl!tailed . 

procedure r'or cons t ttlct ing a :Lesson. 
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No matheticist professes to have "the ans,,,er." No matheti-

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

constantly undergoing change and will continue to do so until a 

g~nuin7 'technology of education is achieved. 
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