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Chapte r 1 

INTRODUCTION 

The impr o v e m e nt of mathe mati c s instructio n has long b e en a 

maj o r c o ncern o f e ducators at all l eve ls of th e profession. The c ontinual 

s ear c h for a ppr opria t e teaching m e th ods is als o apparent in the litera

tur e . N o aspect of th e mathe m a ti c s pr o c e ss is an e x c eption. Proce

d ur e s f o r co rr ec tin g mathe mati cs d e fi cien c i e s o f stu dents c o n t i n u e t o 

r ece i ve att e nti o n . Similarly , inc r e a sed inte r e st has been focused on 

e l e m e ntary students and c o rr ec ti ve mathem a ti c s pr o grams . 

One t ec hno l ogi cal system c urr e ntly e mploye d as a means toward 

t h e impr ove ment o f students' math e matics p e rfo rmance is Programed 

Instruc ti o n (PI). Altho u g h PI is th e o nl y m e tho d us e d in this study, it is 

a typ e o f s e lf-instructional mate rial and a t e a c hing strategy . 

C o n c urr ent w ith t h e i nt e r es t i n e ducati on al tec hn o l ogy as a 

mea ns fo r t eac hing n 1a th e mati cs h a s b ee n th e ris ing co n ce rn f o r con

si d e r a ti o n o f vari e d s tud en t c h a r ac t e risti c s in th e s e l e ctio n o f instruc-

ti o nal p r oce dur es . A m o n g t h e var i a bl e s cons i d e r e d fo r this study w h e n 

a t t empting t o matc h l earnin g task s to i n di v idua l stude nts we r e : sex 

d iff e r e n ce s, IO a n d ac hi evement l e ve l. Exi s tin g studi e s of PI (in this 

study th e H offman M a the mati c s I nfo r m ation S y stem w as us e d) ha v e 

d ealt pr i mar i l y wi th its effectiveness i n r ai s i n g a c hiev ement l eve ls. 



There have been relatively few studies emphasizing the interaction of 

PI and student charact e ristic variables. 

The primary purpose of this study was t o c ompare the effective

n e ss o f a c ommercial t e chno logical s y st e m of mathe matics instruction 
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to traditional methods employed by the s c hool system. The achievement 

o f c ommon cognitive objectives of b o th programs w as assessed. 

The second purpose o f this stud y was t o c ompare the achievement 

o f students with comm on chara c t e risti c s. The sel e ction of characteris-

tics studi e d was bas e d on affe ctive obj e cti v es and m otivational o rientation 

o f subjects in both pr o grams. The inte raction o f sex and treatment of 

variables was examin e d. 

THE PROBLEM 

Statement of the Problem 

This study pr o posed to c ompar e t h e e ffecti veness of the applica

ti o n of a t e chnological system for t e a c hing mathematics t o the metho d 

of instructio n pr es e ntly used in th e sch ool s y s t e rn 1 s ma th e m a ti c s program 

(he r e aft e r r e f e rr e d t o as traditi o nal) for s e le c t e d sixth g r ade stud ents 

achi e ving in stanin e 2 , 3 and 4 a cco rding t o th e mathe matics section of 

t h e California T e st o f Basi c Skills , her e aft e r r e f e rred to as C. T. B. S . 

Hypoth e sis 

Sixth grade students wh o we r e id e nti f i e d as l ow a c hiev e rs in 

m athe mati c s comp u ta t i o n achi e ved high e r s t a nin e s cor e s , w h e n pr o v ided 
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with a supplementary program of te c hnological instruction, than similar 

stude nts who were instructe d in th e traditional method only. 

Significanc e and N eed for the Study 

R e cent publications by the U. S. D e partm ent of Health, Education, 

a nd Welfar e hav e reported stude nt achievement in mathe matic skills has 

d e cline d in r e cent years . 

Th e purpo s e of this study w as t o t e st the validity of curr e nt 

t h eo ri es w hi c h state mathe mati cs achi e v e m e nt by students c an b e 

inc r e as e d thr ough the us e o f a t echn o l og i c al syste m o f instructi on that 

is suppl e mentary to th e r e gular mathematics instruc tional program . 

Significantly, schools today, must, ther e for e , provide appropriate pro-

g rams that l e ad t o acade mi c succe ss and pr o vide experiences for 

c hildren befor e th e y e xperience failur e . 

Limitations o f th e Study 

Since this study was condu c t e d in a rur a l public s c h ool s e tting 

t h e inab ility t o contr o l all variab l es was e xpec t e d . Thus, the fo llowing 

r e stri c ti ons we r e accepte d as limiting th e study : 

1. Altho u g h a ll t e a c h e rs ta u ght mathe mati c s class e s 
and w e r e id e ntifi e d b y th e s c h o ol s y ste m as regular 
c l a ss r oon1 t e a c h e rs, v arian ce s in exp e ri e nc e and 
comp e t e n ce we r e ex p e ct e d . T o limit th ese variable s 
o nly on e s ixth grade t e ac h e r was a ssigne d t o t each 
th e e xp e rime ntal gr oup (E1) . Subj ec ts in th e 
contr ol g roup (C1) w ere taught by an o th e r sixth grad e 

t each e r. 



2. The study was also limited t o a sel e cti o n of tw e nty 
sixth- grad e stud e nts, b o th mal e a nd f e m a l e , w h o 
m e t the sp e cific c rit e ri o n o f scoring in 2, 3 and 

4 stanines o f th e math e matics c omputati o n sectio n 
of the C. T. B . S. and whose raw sc o res ranged 
fr om fift ee n to thirty-thr ee . 

3 . The actual tr e atm e nt tim e f o r th e proj ec t w as si x 

w e eks. Interpretati o n o f final r e sults had to b e 
in r e lation to this tim e fa c t o r. 

4. The amount o f e rror inh e r e nt in th e validity and 
r e liability o f any m ea suring instrume nt, including 
tho s e used in this study, ma y also be consider e d 
a limitati o n. 

DEFI NITION OF TER M S 

T raditi o nal M e thod 

The control or traditiona l m e th o d us e d 1s th e usual appr oach to 

t e a c h m a th e mati c s skills in th e pr o j e c t sc h oo l pr ov iding the s e tting for 

this study . Emphasis is primaril y o n mathe m a ti c s instru c tion. This 

m e thod may includ e any t e achin g strategy o r m ate rial ex c ept tho se 

in c lude d in th e H o ffm a n Math e m a ti c s Info r mati on S ys t e m. Ea c h t e ache r 

1 s pro v id e d a cours e of study b y th e sc h oo l system . A spec ifi c pr o gram 

of tr ea tm e nt was n o t planne d f o r t h e s e indi v idua l stude nts. 

T ec hn o l o gica l M eth od s 

4 

Th e t echn o l og i c al m e th od i s the Hoffm a n M a th e ma t i c s Info rma ti o n 

S y stem, a comm e r c i a l p r og r a m fo r m ath e m a ti c s i ns t r u c ti o n. It is a 

p r og r a m of m a the m a ti c s skills seque ntia lly o rd e r e d by l eve l of di ffi c ulty 

a nd pr ese nt e d in s m a ll st e ps . A f ilm st rip c o ntaining s eve r a l fra m e s i s 



ins e rted into an el e ctro-mechanical devic e whi c h pr o jects a co l o red 

pi c tur e o r numb e rs on a small s c r ee n. A dis c ins e rt e d into th e 1n;i. c hin c 

p r ov id e s a r e c o rd e d audio narrati v e . Less ons r ec orded on th e dis c ar e 

syn c hr o ni ze d w ith e a c h fram e pr e s e nt e d o n th e scre e n. Stud e nts w rit e 

ans we rs on paper 1n respons e to instructions pr o jecte d on th e s c re e n 

which are simultaneously heard through ear phones. A junction box is 

provided so that t e n students may participate with ear phones during a 

regular sitting. 

Stanine 

Th e C a lifornia Test of Basi c Skills was us e d t o ass e ss th e 

achi e v e ment of the subjects in this study . The test a ss e ss e d th e pupil's 
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v o cabulary, comprehension, spelling , m ec hanics and expressi o n in th e 

reading section. It assessed the computation, c oncepts and application of 

achiev e ment skills in mathematics. Referenc e skills, science and social 

studies achievement ar e also assess e d. 

An individual t e st profil e c ard is furnish e d for each stud e nt fo r 

r eco rding the a c hi e vem e nt of e a c h o f th e ar e as t e ste d. On the card is 

r ecorde d, horizontall y , the stude nts' raw scor e from 00 to 99. The card 

is als o divided int o nin e areas with numb e rs 1 t o 9 h o riz ontally. The 

l ow e st ar ea o f achi eve m e nt is numb e red 1, 2 , and 3. The a c hi ev em e nt 

sc o r e s falling within this rang e ar e lab e l e d b e l ow a ve rag e o r in Stanine 

1, 2 o r 3 . Achi e v e m e nt s co r e s falling within th e ar e a of numb e rs 4 , 5 

a nd 6 a r e lab e l e d a v e r a g e ; sc o r e s falling within the ac hi e v e m e nt rang e 



of 7, 8 and 9 are lab e led ab ove a ve r ag e. The subj ec ts selecte d fo r this 

study were chosen from the achi evement area of Stanine 2 , 3 a nd 4. 

METHOD AND PROCE DURE 

Pr ocedur e s f o r the collecti on and analysis of da ta for this study 

are describ e d as follows. 

C o ll ecti o n o f Data 

6 

The California Test o f B as i c Skills (C . T . B . S.) was administered 

as a scr eenin g de v ic e t o t wo sixth - grade classes, c onsisting o f 75 stu

d e nts, prior t o the s e l ect i o n o f subjects used in this study. Da ta for 

final analysis purpos e s were co ll ecte d thr o ugh the administration of a 

posttest, namely the C. T. B. S . As info rmation was collected on the 

groups listed below, forms were designed for this particular investiga-

ti on. 

Selecti o n of Subjects 

From a total sample of 7 5 sixth- grade students, ten ma. tched 

pairs, both mal e and fem;:lle, we r e c h o s e n for this study. An experimen

tal g roup (E1), consisting of t en students , were a ssigned to r e c eive 

supplemental t echn o l ogi c al instru c ti o n by the use of the H offm a n Ma the

mati c s Informa ti o n Sys tem. A comple t e description and use o f this 

m achin e will be fo und in Chapter 3 of this study. The c o n t r o l g r o u p 

(C 1) also c onsisted of ten stude nts and w e re instruc t ed in the t raditi onal 

m e t ho d o nly . Subj ec ts in both gr o up s w e r e matche d on a g e, s e x, an d 



r aw s co r e s achieve d o n th e C. T . B . S., and on stani n e s 2, 3 an d 4 of t h e 

s am e t e s t. 

Inst r umenta t i on 

The C a lifo rnia Test o f Ba s i c Skills was administe r e d as a pr e 

sc r eening d e vi ce o f t w o sixth grade classes . The s e l e cte d sub j ec ts f o r 

g r oups E 1 and C 1 w e r e give n p ost - te s t s afte r six weeks of ins t ruc ti on 
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to d e t e rmine pr o gress and t o m ea sur e p e r fo rma n ce, c hange and a c hi eve -

m e nt. 

Tabulation and Treatment of Data 

As t e sts w e re administ e r e d and sco r e d , r e sults we r e r eco rd e d on 

c ollec tion forms d e signed fo r this study. Pr oce dure s us e d i n th e s e l e c

tion of data-gathe ring instruments a nd g e neral administrati o n o f this 

study ar e described in Chapter 3. 



ORGA NIZATION OF THE STUD Y 

A g e n e r a l int r oduc ti o n , state m e n t o f t h e pr oblem , hy p o th e s i s, 

s i gni fican ce o f the study , limi tati on s of th e s tudy , d efini tion of te r ms , 

pr ocedur e s and o rganiza tion o f th e study ar e pr ov ided in Chapte r 1. 

A r e vi ew o f r e late d lit e r atur e and s e l ected r e s e ar c h , d e aling 

w ith t ec hn o l ogical instruc ti o n a r e dis c us se d in Cha pte r 2 . 

D e tail e d informa ti o n r e l ated to s e l ect i on of subjects , assignm en t 

t o instruc tio nal groups , typ e s o f instruments us e d, tr e atme nt o f m e th ods 

a nd the resear c h d e si g n to b e us e d in th e analysis of data, are pr e s e nte d 

rn Chapte r 3 . 

Th e analysis of data colle c t ed in t h e inve s t i ga ti o n with a ppr opriat e 

d e s c ripti ve informatio n regarding its int e rpr e tati o n is included in 

Chapte r 4 . 

A final summ a r y of f in din g s , c on clusions, implic ati ons a nd 

recomm endations r e lat e d t o th e inve stiga tion ar e contain e d in C hapte r 5. 



Chapter 2 

REVIEW OF RELATED LITERATURE 

The review of r e lated literature presente d in this chapt e r deals 

primarily with the evolution of Programed Instruction (PI) and current 

r e s e ar ch concerning its application. It provides a brief summary of two 

div e rg e nt theoretical views of learning and teaching, one of which s e rves 

as a basis of PI. The r e mainde r of the revi ew pr e s ents the varying 

characteristics of PI, current research r e lative to its instructional 

e ffectiveness, and its relationship to specific characteristics of learners. 

Historical Perspective 

A study of the historical perspective of instructional te c hnology 

clarifies its contemporary educational meaning. Saettler 1 has traced 

its origin t o the ancient Gre e ks, who used a crude behaviorial taxonomy 

to t e ach rh e t o ric. Syste mati c instructio n extended into the Middl e Ages. 

Catechisms we re often dictated by th e t eacher for students to memorize. 

The c athe c h e tical form sequenced behaviors t o produce an imi ta ti v e 

r es p onse . Comenius maintained all things could be taught to all p e opl e 

1 Paul A. Saettler, ~ History of Instruc tional Technolog y (Ne w 
York: McGraw-Hill B ook Company, 1968), pp . 12-17. 



by the use of the proper m e thods. His method s e t forth in The Gr eat 

Didacti c is illustrated in Orbis Sensualism Pictus (The World of S e ns e 

Obj e cts) publishe d in 1658. 2 His ideas for presenting picture and wo rd 

10 

symbol associations hav e be e n incorporated into many c urr e nt t e xtbooks. 

Little was done to implement Com e nius' instructional method in th e class-

room until Pestalozzi focused in pr ov iding content and ideas through first 

hand experiences. Elizabeth Lawrence built on the development of con-

cepts through sense per cepti ons e spo used by Comenius and Froebel. Her 

theory of apperc e ption was a maj or force w hich gave impe tus t o the first 

modern psychology of learning . 3 

William James called for a science of education and the congruence 

of teaching and psychology. James stated 11 
• •• and so e verywhere the 

teaching must agree with psychology, but n ee d not necessarily be the 

only kind of teaching that would so agree with psychological laws. 114 

G. Stanley Hall initiated the child study movement and provided 

data and ideas that were one of th e roots of th e c hild ce nt e red school. 

His recapitulation the ory which stressed the determining force of racial 

2Johann Comenius, "The Methodology of Come nius, 11 R eadin g s 
in th e History of Educatio n, e d . by Harry J. Siceluff (Berkeley, Calif.: 
M c Cutchan Publishing Corporation, 1970), p . 91. 

3Elizabeth Lawrence , The Origins and Growth of Modern Educa 

tion (Baltim o re, Md. : Penquin Books, 1970), pp. 236-43. 

4 william James, Talks to T eachers (New Y o rk: W. W. Norton 

and Company , In c . , 1958), p. 24 . 
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heredity placed limiting powe r on education. 5 

The turn of th e twentieth century marked the e m e rg e n ce o f con -

trasting l e arning theories. Dewey and other social reformers and pro-

gressive s turned from a biological to a psychological basis of l ea rning . 

Dewey posited that educational aims are d e rived from emerging needs, 

are met by life experiences, and are verified by their functionality w h en 

applied to the life construct. Dewey's conception of the interrelation -

ships between aim, inte r e st and intelligent action pr e sente d th e main

stream of his psy c h o l ogy of l earni ng . 6 

Thorndike's th eo r e ti ca l views of l ea rnin g e m e rged simultaneously 

with thos e of Dewey. The two views were o ppos itional in natur e and 

sourc e . Thorndike has been called "the prototy p e of the succ e ssful 

a pp lier s of scientific methods to educational pr oblem s." The inductive 

process employed to study facts t o answer questions validated by 

objective assessment characterized Thorndike's position. The publica-

tion of Thorndike ' s handwriting scal e has, in g e neral, be e n re cognized 

as the inc e ption of contemporary scientific measurement in educ ation. 

This objective evidence was used t o formulate his principles of l e arning: 

5c . Stanl ey Hall, Ad olesc ence (New York: D. Appl e t on Company , 

1 904). 

6 John Dew ey, D emoc rac y and Educati on (N ew York: The 

MacMillan C o mpany, 1961). 



connect and positively reward w hat should go together; separate and 

negatively r eward w hat sh o uld not go t oge th e r . 7 

Th e contributions of Tho rndike and Dewey during the s c i e ntifi c 

m o v e ment have had a lastin g impa ct up on edu cati on in contemporar y 

society . Mc D onald summari ze d the influence of the two as follows: 

Tho rndik e and D ewey in this early p e ri o d can be s ee n 
pitted against the same foes - -Dewey pr oviding p ene 
trating analyses, Tho rndik e his own analyses and 
ove rwhelming mounds of data . Th e unperceptive 
obs e rve r would ha ve seen o nly th e clash with an 
o utm oded traditi o n, the d e m o liti on o f uns c i e ntific 
id e as. But De wey caught the spiri t of the times 
in a way Thorndik e did not, s o that w hen the 
differenc e s b etwe en the m becam e apparent, 
D ewe y was chosen b y th e e ducato rs. 8 

The national concern for th e pr e s ervati o n of a demo c ratic society 

wa s a maj o r forc e which influenc e d the d ec isi on o f e ducators in this 

issue . D ewey per ce iv e d the classr oom as the app r opriat e s e tting f o r 

demons tr a ting this abstract concept of democracy. Thus during th e 

thirti e s and forties th e shift w as away fr om functional ps ycho l ogy, asso-

c ia ti oni sm, and b e ha v i o rism toward Gestalt ps yc hol ogy : field th eo ry, 

o r ganismi c psy c h o logy and psychoanalys is. 

Th e Progr es si ve Education Movement, w hi c h e nded during the 

l a tt e r thirti e s, was the major r efo rm. Fr om this p e riod until the mid-

7 E. L . Tho rndik e, Educ ati o nal Psych o l ogy (New York: Mason 

Printing C o rp o rati on , 1 9 14). 

8 Fr e d e ri ck J. McDonald, " Influence of Learning Th eori e s," 
The o ri es of L ea rning and Ins true t i on, e d. b y Ernest R. Hil gard. Sixty 
Third Yearbook of the National Society for the Study o f Education, P art 
I (Chica go : Univ e rsity of Chi cag o Pr ess , 1967), p . 5. 
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fifti e s, th e r e was nothing in Ameri c a identifi e d as a reform m ove m e nt. 

F o ll owing World War II the s c h oo ls und e r we nt two major atta c k s . Th e 

first wav e of criticism was political, during which schools were c harg e d 

\v ith un-Am e ri c anism an d subv e rsi ve pra c tic es; the s e c o nd wav e o f c ri t -

i c i s m st e mm e d fr o m div e r gP nt e ducati o n a l phi] o s o p hies. Th (: publi c 

d ebate , c o mp o unded by inten s e int e rnati o nal confli c t, l e d t o th e n ew 

r e f o rm during the latte r fifti e s and has continue d. N e w curricula 

e m e rg e d . In some cases, the programs we r e built on sound ps yc h o logi-

c al theo ri es , yet many we r e not. On this point W oo dring w r o t e : 

Th e n ew programs are being prom o t e d w ith imagination, 
flair, and enthusiasm but without a great d e al of psycho

logical sophi sti c ation. They are pushe d by a few vigorous 

school sup eri ntendents and principals who ar e eager to 

m ee t the new challenges facing the schools and cannot 

wait until psychologists ha ve completed th e ir res e ar c h 

and hav e c om e t o agreement about the prope r theo r e ti ca l 

basis for c lassroom l ea rning. 9 

Educational technology has b ee n d e fin e d as t wo distin c t and 

int c rr e late d concepts: physi c al s c i e nc e (m e dia ) and beha v i o r a l sc i ence s. 

The physi c al sci e nce con ce pt r e f e rs t o th e application of e l ec trom ec han-

ical e quipment to aid instructio n, v i z ., tap e r eco rders, moti o n pictur e 

projecto rs, television, teaching ma c hin e s and computer-bas e d t e a c hing 

syste ms . The major distinction b e tw ee n the two is the primar y inde -

p e nd e n ce o f psychologi c al l ea rnin g theory in th e d e v e lopment of th e 

9Ibid , p . 14. 
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n, e di a co n c e pt up o n w hi c h th e b e h av i o ral snc n ce con ce pt 1s b;i sed. I O 

Th e d cv l'l o pm r~nt uf t e a c hin g m ac hin es a nd pr o g rarn c d i n s t ru e -

ti o n 1s pr o mine nt in e ducati onal t e chn o l o gy. The initial and r e c e nt 

d e ve l o pm e nt s i n this instru c ti o nal appr oac h illus tr at e theo reti c a l d e p e n d -

e n c e o n b e havi o ral sciences in contrast to its physi c al c o unterpart. 

Pr og ram e d Instructi o n 

Vari o us t y p e s o f pr og ram e d instruc ti o n (PI) are ava ilabl e. 

Pr e ss e y, wh o publish e d th e fir s t r e f e r e n ce t o a t e a c hing machine, is 

c it e d as a pi o n ee r in th e fi e ld . Hi s d ev i ce w a s a b ox c ontaining a r evolv-

ing drum with rnultipl c - c h o i cc qu es ti o n s print e d u n th e fa ce o f th e drum. 

Each it e m was C' :xp o s e d thr o ugh a slot as th e drum r o tate d . R e spo nses 

w e r e mad e by pressing a button co rresp onding to the cho i ce . The 

m e chanism was n o t r e l e as e d for r o tation to th e next item until the c o r-

r ec t r e sponse was m a de. Pr e ss e y maintain e d that t e sts c ould aid instruc-

t i o n o The st e p siz e and pr o gram s e que nc e w e r e n o t clearly d e fin e d. 

E rr o rs w e r e r eco rd e d and a s co r e was d e ri ve d at th e end o f th e t e st. 

Th e main c o n ce rn was not th e rat e o f e rr o r but th e w a r ning aga inst wr o ng 

a nsw e r s during th e t e st. Thus th e ma c hin e was n o t popular, altho ugh 

lOEd g ar D a l e , "Histo ri c al S e ttin g o f Progra med Instru c ti o n , 11 

Pr o gram e d Instru c ti o n, e d . b y Phil C . Lange . Sixty-Sixth Y ea rb ook 

o f th e Nati onal S oc i e t y for th e Study o f Educati o n, P a rt II (Chicag o : 

Uni ve rsity of Chi cago Press, 1967), p. 32. 



sev e ral studies r e ported positive rrsults o f its us e by Pr essey r111d his 

students. 11 

Skinn e r's theory of operant conditi o ning is th e basis for his 

approach t o PI. The frames provid e information, questions, and space 

for writing constructed responses. Their sequence is the sam e for all 

l earners (Linear). The correct answer on a printed tape is advanced 

and compared with the constructed respons e for immediate reinforcem e nt. 

The r e duced e rror rate is controlled by small successive steps and 

r ewa rds for behavior as it approache s th e desired pattern. 12 

Altho ugh o pinions differ on th e principles involved in PI , Stolurow 

cities f o ur basic common f ea tur e s: a limite d amount of material (frame 

o r step) rec e iv es the l e arner's fo cus of attention at one time; e ach s eg -

n1ent of mate rial requires a response that is usually ob servabl e ; immedi-

ate feedback of results follows e a c h r e sponse; th e l ea rner responds at 

his own rate. 13 

The number of publishe d articl e s written o n PI offers some 

indication o f its c urr e nt us e durin g the past d e cade . C o r ey , in counting 

e ntri e s in th e Educati o n Ind ex , found n o titl e listed under programed 

lls. L. Pr e ss e y, 11 A Simpl e Apparatus Which Gi ve s T e sts and 

S co r es --and Teac h es ," Schoo l and Society, XXIII (March, 1926), 

pp. 373 -76. 

12B. F. Skinn e r, "T eaching Machines ," Science, CXXVIII, 

(O c t ob e r, 1958), pp . 969-77. 

13 Lawr e nc e M. Stolur ow, " Pr og ram e d Instruc ti on , " En c y c : o p e dia 

o f Educ ational R esea rch, 4th e d . : e d . b y Rob e rt L. Ebel (Toronto: Th e 

Ma c Millan Company , 1969), p. 1017 . 



t e a c h i ng o r t e ac hi ng mac h in e s pri o r t o 1959; b e twee n 1959 - 1961 th e r e 

we r e 13 0 a rti c l e s; 440 articl e s app e ar e d rn th e 19 6 1 - 196 3 e di t i o n s; a n d 

3 42 b e twe e n 1963 -1 965. A s i milar c u rv e wa s found 1n th e numb e r o f 

en t ri e s rn th e Psy c h o l o gical I nd ex, w h ic h i n di c ated a peak in 1964 . 14 

Fry e xt e nd e d th e count from 1965 t o 1967 and r e p o rte d a d ecl i n e t o 232 

a rticle s list e d du ri ng th e tw o - y ear p e ri o d. 15 This w rite r l oca t e d 20 3 

16 

e n t ri e s liste d in t h e 1 96 7 - 1969 e diti o ns o f Educ ati o n Index , aml 9 4 in the 

1969 - 1971 vo lum e s . This small s a mpl e s e l e cte d fr om th e s e r e f e r e n ce 

indexe s i ndi c at e s a patte rn of g r ow th a nd d e cline in th e qua ntity of pub -

lish e d arti c l es o n the subj e ct of pr og r a m e d instruc ti o n . 

Sto l u r ow v i e w e d PI and audi o - v isual instruc ti o n as a major 

influe nc e o n c urr i c u lum planning, i n struc ti onal o r ganizati o n and r e s ear c h. 

H e p o i nt e d t o th e n ee d for furth e r expl o r a ti o n of it s a ppr o pri a t e us e a nd 

it s us e as a m e ans for b e tt e r und e rstandin g o f t e a c hing and l ea rning as 

it e xists . C o n ce rning c u rr e nt a nd futur e tr e nds o f PI, Stolur ow wrot e : 

"Curr e nt tr e nds suggest that lin ea r t eac hin g 1s o ut, bran c hin g ma c hin e s 

l 4st e ph e n M . C o r e y , "Th e Natur e o f Ins tru e ti on, " Pr o gram e d 
Instruc ti o n , Edite d b y Phil C . Lange , Sixty - S i xth Y e ar b o ok of th e 

Na ti o nal S oc i e ty fo r t h e Study o f Educati o n, P art II. (Chi c a go : Univ e rsity 

of Chi c a go Pr e ss, 1967), p . 24 . 

l 5Edw ard B. Fry, "How Effec tiv e I s Pr og r a m e d Instruc ti o n in 

T e a c hin g R e a ding?" Current Issue s in R e ading , e d. by Nila B . Smith, 
P r ocee din gs o f Thir te e nth Annual C o n ve nti o n o f Int e rnati o nal R e adin g 

A ssoc iati on, Part II, X III (N ewa rk, D e law ar e : Inte rnational R eadin g 

A ssociati o n , 1969) , p . 198. 
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;_i r e being used increasingly, and comput e r-bas e d l e arning systr: m '...; h o ld 

the pr o mis e o f th e futur e . 11 16 

Baker p ointed o ut th e initial enthusiasm gen e rated by C o mputer 

Assisted Ins t ru c ti o n (CAI) has diminished . The und e r e stimati o n of th e 

l e arning proce ss during its initial stag e s limite d its practicalit y in th e 

1 7 indiv iduali zati o n o f instructi o n for w hich it was d eve l o p e d . 

Th e r e is substantial e vidence PI c an tea c h a variety of conte nt . 

A number of studies indicate it c an t eac h some r e ading and m a th e m ;1ti c s 

s kills as w e ll as con v e ntional appr oac h es t o s o m e students . Th e r e is 

littl e in r e s e arch liter a tur e t o s uppo rt its superiority over conventi o nal 

m e thods. 1 8 

A study frequ e ntly cited on the e ff ec tiv e n e ss o f PI in b e ginning 

r ea ding i s o n e spons o r e d by th e U. S. Offi ce of Educa tion conducted by 

Ruddell . The Buchanan linguisti c program e d mat e rials were compared 

to th e Sheldo n basal r e aders as us e d in Grade 1. Significant differ e nces 

favored PI o n an Oral R e ading T es t (a wo rd list of pho neticall y regular 

16 Lawr e nc e M. Stolur ow , 11 Prograrn e d In st ruc ti on, " En c y c l o p e dia 
~ Educa tion R esear c h, 4th e d. ; ed . b y R o b e rt L. E b e l (T o ront o : Th e 

Ma c Millan C o mpany, 1969), p. 1017. 

17 Frank B. Bake r, "Computer-Bas e d Instru c tion Manag e m e nt 
Syst e ms: A First L ook," R ev i ew of Educati on R e s ea rch, XXXX I 
(Fe bruary, 1 9 7 1 ) , pp . 5 1 - 6 8. 

l 8Wilbur S c hr a um, Th e R es ea r c h on Programed Instru c tion: An 
Ann o tate d Bibli o graphy, (Washin g t o n, D. C.: G ov e rnment Printing Offi ce , 

1964) . 
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wo rds o n the Gilmor e Oral Reading T est) and W o rd Reading on the group 

Sanfo rd A c hi e v e m ent T e s t. Raw s co r e s w e r e r e p o rte d b y the inv C's tiga-

t o r. In a r e vi e w o f th e study b y Fr y , sc o r es wer e conv e rted t o grad e 

e quiva l ency by th e auth o r. It was not e d th at th e diffe renc e b etween th e 

rn e a ns o f th e tw o g roups on Word R e ading was one -t e nth of a y e ar, 

19 s i g nifi c ant at th e . 05 l e vel. 

F o r ce s that dir e ct man' s act ions continue to inte r est e ducators 

an d ps y c h o l ogist s . Pri o r t o 1920, i nstin c t was c it e d as a maj o r det e r-

m inant o f b e hav i o r . The dominant v i ew was that a ll a nima ls , including 

man, we r e naturally e nd owed w ith a fe w s impl e biological n ee ds and 

o th e r b e havi o rs were l e arned. The r e were , h owever, varying definitions 

o f instinct. William Jam e s I t es ts o f instinct s include d c ryin g , curiosity, 

s oc iability, shyne ss, cleanlin es s, pugna c ity, a nd sympathy . 20 M c Dougall 

liste d f o o d s ee king, sneezing, laughing, e s ca p e and repulsi on a m on g others 

m his classification of "innate impuls e s. 1121 Huntin g , co llecting, fighting, 

l 9R o b e rt B . Ruddell, "The Effec t o f Fou r Programs of R eading 

Instruc ti on w ith Var y ing Emphasis of the R eg ularity of Graphe me- Phoneme 
Cor r e sponde n ces and th e R e lation o f th e Languag e Structur e t o th e M ean
ing on Adjustment on First Grade Reading," R eport of R esearc h Project 
No. 2699, (B er k eley : Uni ve rsity o f California , 1965) . 

20William J a m es, Principl e s of Ps yc h o logy, II (N ew York: 

H e nry Holt a nd Company, 1890). 

2 1William McDougall, An Introduc tion t o So c i a l Psychology, 

(London: Methuen and Company, Ltd. , 1908). 
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kindliness, gr ee d, and teasing we r e in c lude d among the fort y t y p e s of 

22 instinctiv e r e actions listed by Tho rndik e . Freud th e orized instrum e n-

tal e nergy was the source of all activity. Life instinc ts and d e ath 

instincts we re th e basi c c ompone nts. Repr o duc ti on (s exual instin c t) and 

life maintenanc e (hung e r and thirst) c omprised the life instinct. 23 Aims 

of the d e structiv e death instincts we re o ppositi onal t o life instinc ts . 

White included all typ e s of b e ha v ior that invol ve e n v ir o nm e ntal 

inte raction und e r "COMPETENCE. 11 Thi s g e n e ral h e ading encompass e s 

a ll forms o f capabiliti e s and skills w hi c h pr o m ot e a n e ff e ctiv e int e r ac tion 

with th e e nvir o nm e nt. C ompe t e n ce, a ccording to White , is a m o tiv ational 

force in that appropriate behavior w hich l e ads to th e acquir e d ability o r 

skill is directed; and it satisfi e s an intrinsi c n ee d t o d e al w ith the 

e nvironm e nt. 24 

The effe cts of age , s e x, and s oc ial class upon indi v idual differ-

e nces in m o tivational orientations we r e studi e d by Call. Middl e -class 

w hit e , middl e -class bla c k, l ow e r - class w hit e , and l ow e r-class black 

subj ec ts fr o m Grad e s 4, 6, and 8 compris e d the sample . The r e sults 

22Edw ard L. Thorndike, Th e Psy c hology of Learning (N ew Y o rk: 

T e a c h e rs Colle g e Pr e ss, 1913). 

23sigmund Fr e ud, "Instinc ts and The ir Vi c issitud e s, 11 Mil es t o n e s 

m M o ti v ati o n, e d. b y Walla ce A . Russ e ll (Ne w Y o rk : Appl e t on-C e ntur y 
Cr ofts, 1970) . R e printe d fr om C o ll ec t e d Pap e rs, IV, G e rman Edi tio n, 

1915 . 

24Rob e rt W. Whit e , "M o ti va ti o n R eco nsid e r e d: The C o n ce pt o f 

Compe t e n ce, 11 Psycholo g i ca l R ev i ew , LXVI (S e pte mb e r , 1959), pp. 2 97 -

3 33 . 



indicate d d iff e r ence s i n s o ci a l c la s s accounted fo r a l a r g e r pr o p o r ti o n 

u f to ta 1 v a r i a n c e 1 n s c o r e s th ,1 n di d cl iff c r c- n c e s i n r a c c a nd s r x . l S 

Motiva ti o n and Pr o g r amed Ins t r uctio n 

M a e hr a n d Sj og r en sugge s t PI limi ts m o tiv a tiona l e ff ec ts . The y 

at t r i b ut e this to pr og rame rs of PI w h o a ssum e that this t y p e in stru c ti on 

m o t i vat e s mor e t han i t r e all y d oe s . 2 6 Ki g h t and S a s se n r a t h u se d t h e 

I owa Pi c tur e Int e r p r e tat i on T e st t o as s e ss a c h i e vem en t m ot i v at i o n. The 

e x p e rim e nte rs found hi g h - a chi e v e m e n t mot i vat e d stu dents p e rform e d 

b e tt e:..· than did low -achi e v ement s tud e nt s on thr ee c r i te r i a : tim e t o c om -

pl e t e t h e prog ram, numb e r of er r o rs , a n d s hort-te rm r e t,:n tion s c o r e . 

High te st - anxiety subj e ct s w orke d faster w ith fewe r e r r o rs , bu t had 

l owe r r e t e nt ion scores tha n did l o w -anxi e t y subj e c t s. 27 T hi s t e c hni q u e 

f o r assessment has b e en v iew ed as a qu e stiona b l e al t er n a ti v e t o the 

traditionally em p loyed thematic app e rc e p t i on m e asur e . Thus , the 

fin d i n gs ar e c har a cte ri ze d a s sug ge stive r a th e r t han conc lusiv e . 

2 5R . J. Call, " M oti v ation - H ygiene Ori e nta ti on a s a F u n c ti on 
o f S oc ioec onomi c - Status , Grade , Race, and S ex" (unpublis hed Ma s t e r' s 
D eg r ee th e sis, G e or ge Peabody College fo r T eache r s , 19 6 8 ) . 

26Martin L . M a e h r a nd D o ug l as D. Sjog r e n, "A tk i ns on ' s The o ry 
o f Achi eve m e nt M otiva tio n : F irs t Ste p Toward a Theo ry o f A cade mi c 
M o tiva ti on ? , r R e v i ew o f Educational R esea rch , X LI (A pril , 19 7 1) , 

p . 15 5 . 

2 7How a r d R . K i ght a n d M . J u lius Sa ss enrath, " R e lati on o f 
Achi eve m e n t Moti v ati o n a n d T est Anxi e ty t o P e rfo rman c e in Pr og ra m e d 
I n s t ruc ti o n , r r J o urnal of Educ a tiona l Psyc hol ogy , L VII (Janua r y , 19 6 6 }, 

p p . 14 - 1 7. 
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Allen d esc ribed the us e o f the WFF ' N Pro o f Program ga m e t o 

l earn probl e m- solving skills, 1. e ., abstract thinking and ma th C' m ati c a l 

log i c . Experim e ntal subjects using th e games scored a mean IO ga in o f 

17. 3 as c ompar e d t o a 9. 2 gain of the c ontras t group at th e end o f trea t-

m e nt. The investigators conclude d a combination of motivational pr o 

perties induced by the game was a dominant contributor t o increased 

intellectual skills. 28 

Hartley reported th e results of a s e ries of experiments with 

factors affecting learning effici e ncy from PI conducted in his laborato ry. 

The summary included a study of pairing pupils for programed l e arning 

on the basis of a personality measure. A questionnair e constructed and 

validated by the investigator was used to establish three groups of pairs: 

high, low, and average in terms of moti vation. The sample w as com -

prised of English secondary school male adolescents. No significant 

differences in test performances of the three sets of pairs w ere reported 

at the end of the program, or on a f o llow-up six wee ks after its comple-

tion. The results sugg e sted pairing methods are not crucial for motivat-

ing pupils. 29 

2 8Layman E. Allen, Rob e r t W. A ll e n, and James C. 
" Pr og ram e d Games and the Learning of Proble m Solv ing," 
Educational Res e arch, LX (September, 1966) , pp . 22-26. 

M iller , 
Journal of 

29 James Hartl ey , "Factors Affecting the Effici e ncy of L e a rning 
from Programed Instruction, 11 AV Communication Revie w , XIX (Sum m e r , 

1971), pp . 133~48. 



M c D o nald explo red tw o r e inforcem e nts t o th e televisi o n pr e s e nta 

ti on o f th e t e ach er t o d e termi n e th e effec t o n inc r e asin g vocabular y 

s kills among sev e nth - and eighth - g r ade rs. Each of fo u r tr e atm e nts in -

elude d fift ee n words : ( 1) a u d i t o ry r e infor ce m e nt b y th e t e a c h e r; (2 ) 

audito r y and supraliminal r e info r ce m e nt (the w o rd and its o n e - wo r d 

s yn o nym flas h e d o n t h e bot t om o f th e t e l e visi o n s c r ee n e v e ry fi ve s econds 

a t o n e - t e nth s e cond e xp o s ur e s ) w hi c h add e d t o t e a c h e rs' audito r y r e in -

f o r ce m e nt; ( 3 ) a uditor y , supraliminal, and writt e n r e i nfor cem e nt in 

w hi c h subj ec t w as r e quir e d t o c ir c l e th e one - wo rd syn on y m o n pap e r 

c ontain i n g f o ur d i stra c ti ons (tr e atm e nt as in 2) ; (4) a udito r y and w ritten 

r e info rc e m ent as in tr e atm e nt 2 , o mitting s upralimi n al r e in fo r c em e nt; 

(5) tr e atm e nts con s 'ist e d o f on e t we nty - two minut e v id eo - tap e d pre se nta -

ti on a dminist e r ed t o all g r oup s s i mul tan eously . A sampl e o f 240 com -

pris e d th e f o ur t r e atm e nt g r o ups e quat e d b y gr a d e , s e x, and thre e l eve l s 

o f abi l ity. Statis t ically signifi c ant d i ff e r e nc e s am o ng tr e atm e nts and 

be tw ee n s e x e s w e r e r eveal e d in p o st - tr e a t m e nt s co r e s . F e m a l e s s co red 

si gnificantly hi gh e r than mal e s . All t r ea tm e nt s s i g nifi cantl y e x cee d e d 

audito ry r e info rc e m e nts al o n e . 3o 

G eo r ge conipar e d n o r e in fo rcem e nt (A), l ow fixed-rati o rein fo r ce -

m e n t ( B ) , hi g h f i x e d - ra t i o r e in fo r c e m e n t ( C) , a nd hi g h var i ab 1 e - r a t i o 

30T . F . M c D onald, " The Effe c t of Audito r y Sup r alimina l and 

Writte n R e info r ce m e nt o f W o rds Pr e s e nte d b y I. T . V . o n th e V ocabulary 
D eve l o pm e nt o f S eve nth a nd E i g hth G r ad e Pupil s , " Reading : Pr o c e s s and 
P e dag o ry, e d . , b y G. B . S c h ick and .V.::. M . _ ~a y . Nineteenth Year b oo k o f 

· 1 9 7 1 Pa r TT p ·p 12 8 -3 3 th e National R e ading C o nt e:c,.,. Y: ce , 1 . - , r - ~, . · · 



r einfo rc e ment (D) on pupil pr og r e ss thr o ugh four weeks of pr og ramed 

r e ading. One hundred s econd-grade rs fr o m four classrooms were 

23 

assigned to treatments on the basis of performance during the first week 

o f th e prog ram. Group A r ece i ved no r e info rc e m e nt; Group B was r e in-

forced aft e r 300 words; Group C was r e inforced aft e r 700 words; and 

Group D was reinforced at rand om. The d e pendent variabl e s were weekly 

m ea ns and grand means of r e sp ons es given. Th e first groups were 

e quat e d o n th e first w ee k means . No signi ficant diff e renc es were r e ported 

among grand m eans of g r o ups and within l e ve ls. No sex diff e r e nces were 

fo und. 31 

Awkerman pair e d a fourth- and a sixth-grade stud e nt who had 

similar r e ading levels. A kit o f auto-instructi onal materials d es igned 

t o t e ach e l e m e ntary scho o l s c i ence was us ed by th e pair. Stude nts at a 

c ontrol school received conventional scienc e instru c ti on. The findings 

we r e fourth and sixth g rad e student s can l ea rn f r om auto-instructional 

mat e rials with o ut tea c h e r assistanc e . N o diffe r e n ce s were rep o rt e d 

be tween th e two g roups in achieven1 e nt. Neither sex, reading l ev el, nor 

r ace affec t e d achi eveme nt. 32 

3 13 , E . G eo r ge , "Fixed- and Varia b l e -Rati o of R ea din g P erfo rm

anc e , 11 R ea ding: Proces s and P e dagogy, e d . b y G. B. Schick and M. M. 
May. Nin eteenth Yearbook of the National R e ading Conference, Part I 

(1971), pp. 146-51. 

3 2Gar y L . A w k e rman, " T esting the Effec ti vene ss of Aut o -Instruc

tion in a Pair e d Learning Arrang eme nt, " A paper pr e sented at the 
Ameri ca n Educa ti a nal R e s ea r c h Association C onve nti o n, 197 0. 
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Contrasting Vi e ws of Program e d Instructi o n 

The g rowing inte rest in e duca ti o na l technology 1s accompanied by 

a controv e rsy between the b e havi o r i sts and th e n e w humanists. A classic 

pr e s e ntati on o f contrasting v i ews o f th e r ole of e du cati onal t ec hnol o gy in 

a d e mocrati c s oc i e ty was pr e s e nt e d by O e tting e r, a technol o gi c al scien

tist, and Marks, foll owe d b y r eac ting dis c ussants. 33 Tw o maj o r c o ncerns 

included ramifications o f individuali ze d instruc ti on a nd the r o l e of school 

in s o ci e ty. Emphasis in this article was on C ompute r Assist ed Instruc-

ti on (CAI); h oweve r, comm e nts ar e applicable t o PI. 

Many o pinions o f PI hav e b ee n bas e d on e m otions o r intuiti o n 

rathe r than o n empirical evide nc e . Oth e r critics, pro and con, objective -

ly view the appr oach, if us e d appr opriate ly, a s o n e which c an impr ove 

ac hi eve m e nt and attitude s of stud e nt s . Th e r e is gene ral agr ee ment that 

no m e tho d ca n substitute for a com p e t e nt t e ache r. 34 PI, h oweve r, is 

claimed t o fr ee t e ache rs t o per fo rm other duti e s t o as sist l earne rs . 

Austin and Morris o n condu c t e d a survey o f r e ading cont e nt, con-

duc t, and practices in 1,02 3 s c h oo l syste ms i n which th ey us ed questi on-

33Anth o n y O e t tinge r and S e rna Marks, e t a l. , " Edu c ati o nal T ec h 

no l ogy : N ew Mythi s and Old R ea liti es , " Har vard Educational R ev i ew , 

XXX VIII (Fa ll, 196 8 ), pp. 697-755. 

34Guy L . Bond an d R obe rt D y ks tra , " Int e rpr e tin g the First 

Grade R eading Studies , " Th e First Grade R eading Studi es : Findings 
of Individual Investigati o ns, e d. by Russ e ll G. Stauffe r (N ewa rk, D e l a 

ware : Inte rnational R e ading Association, 1967 ), pp. 1-9. 
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naires and sixty-five int e rvi ews t o gather data. Bas e d on th e ir f indings, 

the inv e s tiga tors rec o mm e nd e d that pr ogramed mate rials b e intr o duce d 

as diagnosti c mate rials. 35 Other strengths of PI cited on th e lite r ature 

i nclude: s p ec ifi c obj e ctiv e s bas e d o n a s ound l ea rning rati onal e and 

gene ral g oals; provisions for individual diffe r e nc e s; and student intere sts 

d eve lop e d fr o m a vari e ty of instructional techniques . 36 G o tkin and 

M cSwee n e y mentioned th e t e ache r p e rs onality and the mann e r in which 

t h e mate rial and e quipm e nt are us e d as d ete rmin e rs o f the d egree of 

inte r e st d eve l o p e d. 37 

Smith discuss e d possibl e consequ e nces of current inter e st o f 

big busin e ss in e ducation and the attitudes of s o m e l e aders fr om b oth 

fields . She urged car e ful s e lecti o n of e l ec troni c d e vices, consideration of 

w hat t o use, what t o us e in them, how and with w h o m the y should be used. 

She pointed out that oft e n pr ogramers ar e n o t edu ca t o rs and sh e saw 

35Mary C . Austin and Col e man M o rris on , The First R: Th e 
Howard R e port on R eading in El e m entary S cho ols (New York: The Ma c 
Millan Company, 1963). 

36Edward B. Fry, "How Effectiv e Is Pr og ramed Instruc ti on in 
Teaching Reading? 11 Current Issues in R e ading, e d. by Nila A . Smith, 
Proc eedings of Thirteenth Annual Convention of International R e ading 
Ass ociati o n, Part II, XII (Newark, Delawar e : International R ea ding 

Ass oc iati on, 1969), p . 204. 

37Lasser G. G o tkin and J o seph M cSw een ey , "Learning from 
Teaching Machin e s," Program e d Instruc ti on , e d . b y Phil C . Lange, 
Sixty-Sixth Year b ook of the National So c i e ty fo r the Study of Edu cation , 
Part II (Chi c ago: Univ e rsity of Chi c ago Pr e ss, 1967), pp. 267- 6 8. 



greater pr omise 1n the us e of pr og rams dev e l op e d by skilled t eac h ers 

proce ssed through e le ct r onic d ev i ces . 38 

Mil e s stated creative pr obl em -solving is affe c ted by an indi v idual 1s 

a c tiv e r e s ponse w h e n h e l ooks at the pr ob l em and his e valuation o f p os si

b l e soluti ons prior to pr o ducing a solution. H e thus assumed th e s ame 

pr ocedur e e mploye d by th e learne r for self evaluation could be used t o 

program c r e ativ e beha v ior and p os sibly to facilitate effe ctive n ess on 

creativ e performance. 39 

A maj o r co nc e rn of e duca t o rs is a p erce i ved confli ct between 

hum a nisti c and technological instructi on . Combs cont e nds machine s 

should be us e d to perform what they d o b est --fr ee human b e ing s to move 

in th e ir c hos e n directions. According t o Combs, Americans ha ve done 

this. On the future of technology and education, h e wrote: 

In tim e , we shall learn to us e o ur n ew hardware and 
I beli eve the machines will then incr e as e our humanism. 
Meanwhile, we ought not to compete with the computers 
o r make computers out for students. What is needed is 
t o str e ss that whi c h make s us unique , our humanity . 40 

38Nila B. Smith, 11 Tomorrow 1s R eading Instructi o n : Par a d ox and 

Promis e , 11 F o rging Ahead in Reading, ed . by J. Allen Figure 1. Proceed
ings of the Twelfth Annual Conv e ntion, International Reading Ass oc i ation, 
Part I, XII (Newark, D e laware: International Reading Associati on, 1969), 

pp. 40-46 

3 9Da vid T. Mil e s, 11 An Exp e rimental Inve stigation of Pr og ram ed 
Crea ti vity 11 (unpublish ed Docto ral Dissertati o n, Southern Illinois Uni ver-

sity, 1967). 

40Arthur Combs, 11 Humanizing Educati on : The Pers o n in the Pr o 

ce ss,1 1 Humani z ing Education: The Pers on in th e Pr oc ~s~, e d. by R ob~ rt 
L. L ee p er (Washington, D . C.: Ass ociati on for Superv1srnn and Curric
ulum D eve l o pm ent, NEA, 1967), p. 75. 



Ells o n summarized s eve ral studi e s which pr ovided fav o rabl e 

evidence fo r PI in the teaching o f reading. Each study r e p orted r e sults 

tha t included at least one measure of mathe mati c s achievement in whi c h 

the p e r fo rmanc e of a g r o up tau ght by PI w as significantly b etter than of a 

comparabl e group taught with c onventional c lassr oom methods. In each 

case the balance in favor of PI w as large enough, according to Ellson, 

t o have e duc ati o nal significanc e . He p o inte d o ut differences in perform-

ance betw ee n groups which y i e ld small o r n o statistical significance are 

oft en infe rr e d to hav e n o e ducational si gnificance . H e sugg es t e d a con-

clusion inte rpret e d that c lassr oom instruction is no b e tte r than PI ha s 

g reat e duc ational significanc e , e spe cially for those who fav o r conventi onal 

m e th o ds and have a low opinion o f PI. Ellson sees this as a c h a lleng e to 

conventional teaching methods: their refin ement, the dev e l o pm e nt o f new 

ones , and th e evaluati on of basi c r e search which "in the l ong run can 

o nly r es ult in the impr ove m e nt o f c lassroom as well as pr og ram e d 

t eaching. 1141 

The auth o r summari ze d his beli e f PI can contribute signifi ca ntly 

t o e du ca ti on as follows: 

This ev ide n ce includes th e r e sults of comparative 
studies w hich indi c at e that under som e conditi ons r e ad
ing a c hi eve m e nt benefits m o re from pr og ram e d instruc 
ti on that fr o m classroom instructi o n and that under o the r 
conditi o ns pr og ramed instructi on is n o l e ss effective 

41n G Ells o n "How Effective is Pr og ram e d Instructi on in 
T e aching R ~ading? 11 C

1

urrent Issue s in R e ading, ed. by _Nila B . Sn:iith. 
Pro cee dings o f Thirteenth Annual C o nv ention of Inte rnati onal R ea dmg 
Associati o n, Part II, XIII (Newa rk, Delawar e : Int e rnationa l R eading 
Association, 1969), pp . 214-21. 



t h an c o nventi onal i n str ucti o n . I t h a s r e m e dial value , it c a n 
pr o vide a n e ff ect iv e m eans o f r e li evi n g t h e o ve rl o ad e d c lass 
r oo m tea c h e r, an d it is a us eful too l fo r r e s ear c h aim ed 

a t und e r standi ng a n d impr ov in g tea c hin g pr ocedur e s. 42 

42lbid., pp. 2 10 -211. 
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Summary 

This c hapter pr e sented a brief hist o rical account of PI as a tech

nological teaching method. It pointed out the controversy that exists 

between educators and psychologists over the nature of motivation, the 

learning pr ocess, and teaching. 

Many opinions hav e b ee n on e motion or intuition rath e r than on 

e mpirical ev idence. Other cr itics, pr o and con, objec t i v~ l y vi e w the 

appr oach, if used appropriat e l y , as o n e which c an improve a c hi e vement 

and attitudes o f students. There is general agreement no m ethod can 

substitute for a compete nt teacher. PI, how eve r, is claimed to free 

t eache rs t o perform other duties to assist l e arn e rs. 

Finally Chapter II include d reviews of studies dealing with PI and 

mathematics and reading achievement, m otivation, race, and sex 

diff e rence s of students . 



Chapter 3 

METHODS AND PROCEDURES 

This chapter is divided into four major section s: (1) th e subjects 

rn th e study; (2) the metho ds of instruction; (3) the measuring instru

m e nts us e d rn th e study; (4) and th e tr e atme nt o f data. 

The discussion on th e subjects des c rib e s th e populati o n fr o m 

whi c h the sample was selecte d and pr o c e dur e s for e stablishing the c om 

parison groups . The s e ction on methods o f instruction discuss e s the two 

m e th o ds e mpl o y e d. The H o ffm a n Mathemati c s Informatio n Syst e m used 

th e experimental group is described in detail. Measuring instruments 

us e d in th e study are described and the coll e cti o n of data are dis c ussed . 

A profile of the teach e rs working with students of the experimen

tal gr o up and the contr o l gr oup ar e t o b e fo und in Table 1 . An ov e rview 

of data coll e ction proc e dures and treatm e nt period of the subje c ts are to 

b e found in Tab l e 2 . 

SUBJECTS 

All subjects selec ted f o r this study w e r e drawn fr om tw o sixth

grad e classes consisting of sev e nty-fiv e stud e nts, in a r ural s c h ool 

s e ttin g , wh o met the spe cifi c criterion: achi e ving b e low grade l e vel in 

mathe matics computati on with placement in Stanine 2, 3 and 4 o f th e 

C . T . B.S . 



T e a c h e r 

EXPERIMENTAL GROU P 

El 

CONTROL GROUP 

Cl 

Tabl e 1 

Pr ofil e s o f T e ache rs W o rkin g w ith Students 
in th e Expe rim e ntal a nd Control Gr o ups 

Marital 

A g e Sex Ra c e Sta tu s 

5 5 M w M 

50 F w M 

Degr ee Y ears 

H e ld E x p e ri e n ce 

MA 25 

MA 25 



T a bl e 2 

OVERVIEW OF DATA COLLECTING PROCEDURES 

Pr e -Data 
C oll ec t i o n 
F e b r ua r y , 1 9 7 6 

Gr o u p E l an d C 1 

1. J an. 2 3 - Pr e -S c r ee ni ng 
S ur v e y ( C . T . B .S.) 
L e v e l 2 - F o r m S 

Tr eatm e nt P e ri o d 

T r e a tm e nt - Instruc t i o n P e ri o d 
1. (F e b. 2 - M a r c h 1 2) 
2 . 4 5 minut e p e ri o d s da ily 

Post-Da ta 

C o ll ec ti o n 
M a r c h , 197 6 

1. Mar c h 15 - P os t

T e st S c r eening 
Sur vey (C . T. B. S.) 
L e v e l 2 - F o r m S 

2 . Mar c h 18 - Matc hi ng 
E1 S c o r e s t o 
C1 S c or e s 
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Th e t o ta l sample included ten matched pairs; six pair c onsist e d 

o f male and f o ur pair contained femrll e students. Each pair consisted of 

o ne student taught by a technologi c al m e thod (E 
1

) of mathema ti c s com

puta ti o n and one stud e n t ta u ght by the s y st em w id e o r traditional method 

Subj ec ts were mr1.tched b y s e x, with identica l raw scores and 

stanine numbe rs o n th e C . T. B . S . and by age . Thus, it was a ssumed 

t h a t the two g r o ups we r e adequately matched h o m ogene o usl y and fo r c om

parison purp o s e s. Data in Tab l e 3 sh ow s the c h a r ac teristi c s o f the 

expe rim enta l an d con trol g roup . 

Subj ects we r e not m a t c hed by IO s co r es because IO tes t ing is no 

l onge r p e rfo rmed in the s c hool sys tern w here the students o f the study 

were en roll e d. Each group (E1) a nd (Ci) were assigned for six weeks 

o f instruc ti o n in mathem a tics computati o n o r one r e p o rting peri o d . 

METHODS OF INSTRUCTIO N 

In th e definition o f terms in Chap t e r l , the traditional method and 

t h e te c hnol o g i c al m eth o d were d efine d. The section that follows presents 

additi o n a l info rmati on a bout thos e metho ds us e d . 

The Traditi o nal M e th o d 

Th e tradi ti o n a l m eth o d permitted the use o f a ny mathematics 

materials an d textb o o ks available whi c h the teacher felt would provide 

app r op riate instru c ti on . Sinc e students re ce i v in g this instruction possess 



S t ud e n t 

D e an W . 
G e o r g e H. 

R os e m.a r y D . 
L o r i B . 

T ommy S . 
J o h n S . 

L i sa F . 
T e r esa B . 

C o nni e Y . 
H e i d i A. 

Lis a M c . 
V e r o ni ca Q . 

A ge 

T a bl e 3 

Data U s e d fo r M a t c hi n g Stud e nt s in C o nt r o l Gr oup C 1 

Wi th Stude n t s i n E x p e rime n ta l Gr o up E 1 

1-Male 

2-Fe m a l e R a w 

Yrs/Mos S ex Sc o r e Sta nin e 

1 1 1 1 1 33 4 
12 1 1 3 3 4 

11 3 2 3 2 4 
11 8 2 32 4 

1 1 3 1 3 0 4 
12 0 1 31 4 

12 5 2 3 0 4 
11 7 2 3 0 4 

12 0 2 2 8 4 
11 7 2 2 8 4 

12 8 2 26 4 
12 3 2 26 4 

Grad e 

6 
6 

6 
6 

6 
6 

6 
6 

6 
6 

6 
6 



T a b l e 3 (C o ntinu e d ) 

1- M a l e 
A g e 2 - F e m a l e R aw 

St u d e n t Yr s/ M os S e x S c o r e Sta n i n e Gr ad e 

T o mmy A . 1 1 3 2 2 3 6 
Mi k e H . 1 1 3 22 3 6 

P a t B . 12 3 1 2 2 3 6 
C h ri s W . 12 2 2 3 6 

C o y W . 12 3 19 2 6 
E d di e J . 12 7 1 7 2 6 

D o nni e D . 12 2 15 2 6 
Phill i p S . 12 8 15 2 6 
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mathe mati c d e fi c i e n c i e s, em pha s is is o n basi c a r i thmetic skills a n d 

th e ir a pplicati o n . T o pics dis c uss e d and taug ht include addition, sub

tra c ti o n a nd multipli ca ti on in t wo and thr e e and four plac e numbers. 

L o n g di v i s i o n, d ec ima ls a n d fr ac ti on s w e r e a l so taught in th e tr a di

ti o n a l me tho d . Mate ria ls i n clud e d t e xtb ook s, wo rkbooks, ga m e s, 

libr a r y m a t e rials and a udi o - v i s u a l e q ui p m ent. The flexibility of t h e 

m e th o d pr ov ide s o pti o ns fo r th e s e l e c t i on o f i ns t ru e ti o n a l proce dur e s, 

e nr ich m e nt , an d mate ri a l s b y the t e a c h e r . 

T h e T echn o l og i c a l M e thod 

A s m e nt i o n e d i n th e d e f init i o n o f t e rms , Cha pt e r 1, t h e t e c h

n o l ogi ca l m e th o d us ed in th is stu d y was th e H offm a n M ath e ma t i c s 

Inf o r ma ti o n S y ste rn, a comm e r c i a l p r o g r am f o r ma th e mati c s i n st ruc-

t i on . It i s a pr og r am o f m a th e ma ti c s skill s s e qu e n t ia ll y o r d e r e d b y 

l ev e l of d i ff i c ult y a n d pr e s e nt e d in s ma ll s t e p s . E mph a s i s i s o n t h e 

us e o f m e di a - a u d i o - v is u a l, e l e c t r on1e c h a ni c a l d e v i c e s , a nd pr og ra m e d 

wo rkb ook s f o r skill d e v e l o pm en t. T h e c o n t e n t o f th e supp l e m e ntar y 

mat e ri a l s u sed for i nd e p e n d e nt mat h e m at i cs a c t i \" iti e s is c o r r e la t e d 

w i t h t h e con t e nt o f m ate r ia l p r e s e n t e d o n t h e s l i d e s an d a u d i o ta p e s 

p r ov id e d w ith th e m ac hi n e . A d e ta i l e d d e s c r i p t i o n o f t h e mac h i n e an d 

i t s o p e r a ti o n a r c to b e fo w1 d in t h e a p p e n d ix. 
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MEASURING INSTRUMENTS 

All data gathering d e vices selected for us e in a project must 

be valid, reliable and discriminating . While the researcher has the 

option to develop som e of his own instruments, he also has the respon

sibility of determining their validity and r e liability before using them. 

Most standardized tests today alr ea dy have established norms, and 

their validity and r e liability hav e b ee n c h ec k e d and r e checked across 

a wide national p o pulation. The r efo re, th e us e of an appropriate 

s tandardi ze d t e st would hav e c e rtain advantages for th e r e s earcher 1n 

t e rms of tim e and e ff o rt sav e d and would a ls o mak e it p os sible for th e 

r es ults o f his study t o be com p a r e d and int e rpr e t e d w ith r e spec t to 

tho s e of o th e r sirn.ilar studi e s usin g the sam e instrume nt. In selecting 

the t e st instrum e nts used in this study , consid e rati on was giv e n to: 

(1) th e purp o se for w hi c h pr ojects o utcomes we r e to be m easur e d; 

(2) the exte nt and natur e o f the objec ti ves t o b e measured; and (3) 

th e appr op riate n e ss of th e t e st i n t e rms of administration and / o r data 

co ll ec ti o n. 

Th e a uth o r c h ose t o us e the C a li forn i a T e st of B a si c Skills, a 

n a ti o n a ll y kn ow n standa rdi ze d t e st fo r this stud y . Th e t e st was ad

m inist e r e d as a p r e -te sting dev ic e to assess, s e l ect and match sub

jec ts b e f o r e th e p r oj e ct began and as a post-t e st t o measure a c hi eve 

m e nt of th e s ubj ec ts at th e cornpl e ti o n o f th e pr o j ec t. 
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California Test of Basic Skills 

Published by McGraw-Hill Inc., revis e d rn 1974 , the test is an 

e xpanded edition of Forms Q and R, published in 1973. The present 

fo rm us e d in this study is L ev el 2 , Form S . The t e sts ar e intended 

for national use, by stude nts who have been taught by many various 

approaches. 

The objectives of the tests a r e to measure, therefore, those 

s kills common to all curricula and a r e classifi e d unde r fi v e broad 

i nte llectual processes: Recogniti on, Translation, Int e rpretation, 

Application and Analysis. The emphasis in th e pro c ess dimension is 

on the measurement of c omprehensi on and application of concepts and 

principals rather than on measurem e nt of kn ow l e dg e per se. Within 

each of the five broad classifications are categ o ri e s expressed in terms 

of specific intellectual activities. The items in each of the five skill 

ar e as of the C. T. B. S. measure th e following: 

1. The ability to r e cogni ze o r recall info rmati on. 

2. The ability to translat e o r conv e rt c o nc e pts, 
fr om on e kind of langua ge ( ve rbal o r s y mb o lic) 

to anoth e r. 

3. The ability t o compr e h e nd c oncepts and their 

int e r-r e lationships. 

4. The ability t o apply t ec hniqu e s, includin g 
p e rf arming fundam e ntal ope rati ons. 

5. The ability t o exte nd inte rpr e tati o n b eyond stated 

information . 



The total batte ry c onsists of 28 8 respo ns e s . A right respons e 

is on e fo r which th e c or r e ct alt e rna t i ve , and onl y t h e c orr e ct a lt e rna 

t ive, i s m arke d. A wron g respons e is on e for w hi ch an i n corre c t 

alte rnative, and no o ther alte r na ti ve , i s marke d . The s co r e s are 

recorded on an individual profil e card termed the Stanine Card . On 

t h e card a re scoring spac e s for the raw sc o r e obtaine d, w hich 1s re

corded h o rizontally, the p e r centil e rank a n d the sta nin e . 

The s tanin e i s anoth e r meaning ful sc o r e tha t c a n b e d e ri v ed 

fr o m th e raw sc o r e . It draws it s n a m e fr om t h e fac t it is a standard 

s c or e from a sca l e of nin e uni ts . Th e mean sta nin e of th e norming 

39 

p opulation is fi ve and th e standard d e viati on is two . The scale ranges 

fr om on e through mne . Nin e is th e high e st l eve l (to p 4 %), eight is 

high l eve l (next 7%), sev en is abo ve a v era g e (12 %), six is slightly 

a bove av e rag e (17%), and fiv e is a ve rage (next 17 %). Thr e e, tw o and 

o ne are the stanin e s defined as below a v e rage l eve l w ith three being 

the nex t 1 2% in th e s e que nc e , t wo 1s a l ow l eve l (nex t 7% l ow e r) a nd 

one i s th e l owe st l eve l (la s t 4 %). Th e stanine 1s a r ri ve d at b y m a t ch

ing the ra w sc o r e t o th e stanin e di v isions on th e card o ne thr ough nine , 

which i s a lso r eco rde d h o ri zon tall y . Fi gur e 1 show s the C . T . B.S . 

indi v idua l pr ofil e S tanin e C a rd . These cards a r e usually fi l ed b y the 

c lass r oon, t each e r t o r e f e r t o w h e n th e n ee d a ris e s . 
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4 1 

TREATMENT OF DATA 

The purpo s e of this chapter w a s to des c ribe the popula t ion from 

whi ch t h e subje cts o f the study w ere s e l e c te d and th e pr o cedur e s used 

fo r e stabl ishing th e c omp a rison groups. The two m ethods of ins tr u c tion 

e m ploy e d and the measuring instrwne nts us e d in th e study w e r e describ

ed . Colle ction and tr e atment of data was discuss e d and a prof il e of the 

tea c hers workin g with the exp e rimental and co ntro l groups is shown in 

Table 1 . An o v erview of data and collectin g pro c e dures and the t reat

ment p e r i od o f the subj e cts are discuss e d. 

Further tr e atment and interpretation of da ta will be found in 

Chapter 4 . 



Chapter 4 

ANALYSIS OF DATA 

The purpose of this chapter was to present and interpret the 

collected data of the study. The following headings identify each sec t ion: 

Statement of the Hypothesis, Analysis of Data , V alida t ion of the 

Hypothesis and Summary . 

The experimental and control groups each contained ten stude n ts 

matc hed by age, sex, by raw scor e achieved on the pretest o f the 

C . T . B . S, and on stanine scores of 2, 3 and 4 of th e sam e test. Data 

g e nerated by the pre and posttests are pres e nted h e r ein by tables and 

figures for analysis and interpretation. 

Hypothesis 

Sixth grade students who were identified as low achievers in 

mathematics computation will achieve highe r stanine scores w h e n pr o

v ided with a supplementary program of technologica l instruction, than 

simi lar students who were instructed only in t h e tradi t ional method. 

Analys is of Data 

The subj e cts of this study w e r e d i v ided into two g r oups , th e 

exp e rimental g r o u p E 1 and the control g roup C 1 . Both groups were 

inst r uc t e d for six weeks, or one r e porting p e riod . Group E 1 was 



as signed to receive supplementary technological instruction while 

g roup C 1 was instructed in the traditional method only. 

At the end of the instructional period both groups were again 

a dm.ini s t e r e d th e C . T . B . S . to d e termine p r og re ss and ac hi eve m en t. 

The r e sults of the pretest and posttest scores are to b e found in 

Table 4. The data from this table is presented and analysed as 

fo llows for students in group E 1: 

1. 

2 . 

3. 

4. 

5 . 

6. 

7 . 

8. 

One female student, whos e pr e test ra w score 
was 28 was in stanine 4, scor e d a postt e s t 
score of 22 and dropp e d t o stanine 3 . 

The r e maining f e male students in gr o up E 1 , 
whose pretest raw scores were 26 , 30, and 32, 
each in stanine 4, raised their sc o res on the 
posttest to 38, 40 and 42 and to stanine 5. 

One male student in group E1, whose pretest 
raw score was 3 3 in stanine 4, raised his 
posttest raw score only one point to 34 to 

remain in stanine 4. 

One male student with a pretest raw scor e of 
15 in stanine 2 sc o red a posttest raw scor e o f 

24 and raised his stanine to 3. 

One male stude nt whose pr e t e st ra w s c o r e 
w as 19 in stanine 2 rais e d his posttes t 

scor e to 36 and to stanine 5 . 

Two male students whos e prete st scor e s were 
22 in stanine 3 rais e d t h e ir posttest s co res 

t o 30 a nd to stanine 4. 

One male stude nt w h o s e prete st raw sc ore was 
30 in stanine 4 rais e d his posttest sc o r e 16 

points to 46 and to s ta nine 8. 

One male student whose pr e t e st r a w sc o re was 
32 in s tanin e 4, rais e d his posttest s cor e to 

4 0 a n d t o s tanin e 5 • 



T a bl e 4 

C O M P A RISO N O F PRE - AN D POS T - TEST SCORES O F M ATCHED STUDENTS 

IN CONTROL G ROU P C 1 AND S T UDENTS IN THE E X PER I M ENTAL GROUP E 1 

1- Male Pr e -T e st Pos t -T e st 

Stude n t Group 2 - Fema l e R aw Scor e Sta nin e R aw S co r e 

Dean W. E 1 1 33 4 34 
George H. C 1 1 33 4 39 

Ros e mary D. E l 2 32 4 4 0 
Lori B . C 1 2 32 4 4 2 

Tom my S. E1 1 3 0 4 4 6 
J ohn S. C 1 l 3 1 4 36 

Lisa F . E l 2 30 4 4 2 
Te r esa B . C 1 2 30 4 38 

Connie Y. E1 2 2 8 4 2 2 
He i d i A. C1 2 28 4 4 2 

L isa M c . E1 2 26 4 38 
Ve r oni ca Q . C 1 2 26 4 4 0 

T o mmy A. E l 1 22 3 30 
M ike H. Cl 1 22 3 30 

Stani n e 

4 
5 

5 
6 

8 
5 

6 
5 

3 
6 

5 
5 

4 
4 



Table 4 (Continue d) 

1-Male Pre-Test Post-T e st 

Stu d e nt G r oup 2-Female Raw Score Stanine Raw Scor e Stanine 

Pat B . E1 l 2 2 3 30 4 
Chris W . C1 1 22 3 40 5 

Coy W . El l 19 2 36 5 
Eddi e J . Cl l 17 2 40 5 

Donni e D . E1 l 15 2 24 3 
P h i llip S . Cl l 15 2 35 5 
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Pr e t e s t a nd p o stte s t s co r e s are pres e nted and analysed as 

fo llow s fo r stude nts in g r o up C 
1

. 

1. One fe male stude nt wh o se pretest raw scor e was 
30 i n s tanin e 4, r a is e d h e r postte s t scor e t o 38 
and to s t a n in e 5. 

2 . Two femal e students w hose prete st raw scores 
w e re 28 and 32 in stanine 4 , rais e d their p o st 
t e st sc o res to 42 and t o stanine 6. 

3 . One f emale student who se pr e test r aw score was 
26 in stanine 4 , raised her p o sttest score to 40 
a nd to s ta nin e 5 . 

4 . One mal e stude nt w ith a pr e t e st raw s c or e of 
22 in stanine 3, raised his postt e st score t o 
30 and stanine 4 . 

5. F i v e male students whose pr e test raw scores w er e 
15 , 17, 22, 3 1 a nd 33 i n stanines 2, 3 and 4 
sequentially rais e d their posttest scores to 35, 
36, 3 9 and 4 0 to s tanine 5 in that order of sequence. 

In interpreting th e a b ove scor es the data w ould show , in 

m o st instance s , tha t both group s, E 1 and C 1, achieved significant 

p rog r e ss during the six w eeks of instruction . Table 5 pres ents the 

pr e t e st and p o s tt e st m e an, raw sc o res o f b o th mal e and fe m a l e s t ude n t s. 

This data show s significant gains in m ean raw s cores fo r both gro ups . 

A n other significant int e rpretati on of pr e and posttest m ean 

raw sc o r e s and gains in pr e s e nte d in Table 6. 

It c an probably b e int e rpret e d from this data that b o th g r oup s 

h a d si gn i fi c ant ga i n s. The d a ta als o indi c ate s t hat g r oup C1 had s o me 

w h at mo r e gain in m e an r aw s co r e s t han did g r o u p E 1 • 



P r e t e st 

P o s tt e st 

G a ins 

Tabl e 5 

P RET ES T AN D POS T T E ST MEA N R A W S C O R E S AN D G A INS 

OF MALE AN D F EMA L E S T U D ENTS I N G R O UPS E 1 AN D c 1 

E X PERI M ENTA L G RO U P 

Boys 

23.3 

33 . 3 

10 . 0 

Girl s 

2 7 .5 

35. 5 

8 .0 

CONTR OL G ROUP 

Boys 

22 . 8 

36 . 3 

1 3. 5 

Gir l s 

29 . 0 

40 . 5 

11. 5 



B oys 

Girls 

Ave r age Mean 
Raw S c o res 

Table 6 

COMPARISON OF MEAN R AW SCORES 

O F MALE AND FEMALE STUDENTS 

EX P ERIMENTAL GROUP 

Pretest 

23 . 5 

29 . 0 

26. 25 

Posttest 

33 . 3 

35.5 

34. 4 

Difference 

+9.8 

+6.5 

8 . 15 

CONTROL GROUP 

P re test 

23. 3 

29 . 0 

26. 15 

Postte s t Difference 

38 . 7 

40 . 5 

39 .6 

15.4 

11. 5 

13. 45 
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Table 7 presents the pretest and posttest mean stanines of 

b o th g r o u ps , E1 and C 1. Again, it can probably be inte r p re te d tha t 

group C 1 h a d more gain in stanine numbers than did g r oup E 1 . 

Summar y o f Re sults 

After having collected, analysed and interpreted all the data , 

it appears the following statements could be made relati v e to the 

study: 

1. Pr e test-Posttest data in Table 4 would i ndicate 
that all students in both groups, E 1 and C1, 
except for one female, made p rog ress in raw 
scores and in stanines during the six weeks 
instructional period . The one fem a le student, 
in group E 1, actual! y scored six points le ss on 
the posttest raw score than on the p re tes t a nd 
dropped from stanine 4 to 3 . It is the opinion 
of the writer that this may be attribut e d to h er 
irre gular school attendance and to her home l ife . 

2. Fro m the data in Table 5, pres e nting the pre te st 
po s ttest mean raw scores, i t would seem evident 
that male students in group E 1 made a gain i n 
raw scores of 10 . 0 points, whe reas femal e s tud ent s 
o f the same group made a gain of only 8 . 0 points . 

3 . Data in T ab l e 5 indicate s t hat mal e students in 
g r oup C 1 mad e a raw score gain of 13. 5 po int s 
w h e r eas female students of the sam e g ro u p made 

a gai n of only 11 . 5 points . 

4 . D a ta in Tab l e 6 indicate s that all stude nts, 
bo t h male and female, in group E 1 ha d an avera ge 
pr ete s t raw scor e o f 26. 25 and an a v ~rage pos tte st 
raw sco r e of 34. 4, a gain of 8. 15 p oints. S tud e nts 
· C had a n average prete st raw sc ore of 1n g r o u p 1 
26. 15 and an average postt e st raw s c o r e of 39 . 6 , 

a ga in o f 1 2 . 45 p o in ts. 



Prete st 

Posttes t 

Gains 

Tab le 7 

P RE T E S T AND P OST T EST MEANS OF STA NI NES S COR ES 

FOR GR O UP E 1 AND c 1 S T U DENT S 

EXPERIMENTA L GROUP CONTROL GR OUP 

M al e s 

3 . 0 

4 .67 

l. 67 

Females 

4 .0 

4. 75 

.75 

Males 

3.0 

5. 7 

2. 7 

Female s 

4 . 0 

5 . 5 

l. 5 



5 . This information indicates that students taught 
in th e traditional method did have higher gains 
on the posttest than did students taught by the 
suppl ementary technological method. 

6. D ata in Table 7 indicates that male students of 
group E1 had an average stanine gain of 1 . 67 , 
while females of the same group had a gain of 
. 7 5. The table also indicates that male students 
of group C 1 had an average gain of 2. 70, while 
females of the same group had a gain of 1. 50. 
Again, it seems evident that students taught only 
by the traditional method had more stanine gain than 
did the group taught by the supplementary technolog 

ical method . 
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Chapter 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The primary purpose of this study was to compare the 

effectiveness of a commercial technological system of mathematics 

instruction to the traditional method employed in the school system. 

The s e cond purpose was to compare the achievement of sixth grade 

students with common characteristics. Both the experimental group 

and the control group were comprised of five matched pairs of 

students, matched on the basis of age, sex, raw scores achieved on 

the C . T . B. S. and on stanines 2, 3 and 4 of the same test. An exper

imental group (E 1) was assigned to receive supplementary technolog

ical instruction while a control group ( C 1) was as signed to rec e i v e 

instruction in the traditional method only . The instructional period 

was forty-five minutes daily and continued for a period of six w eeks, 

or o n e reporting period . At the end of the six weeks instructional 

period the C . T. B . S . was again administered to both groups to dete r

m ine their pr og ress and achi evement. Both groups w ere taught b y 

two teachers who were near the same age equivalent, experience, a n d 

e d u cational b ackground . 



Summary of Findings 

b e low: 

A summary of the analysis of the data in the study is stated 

1 . It is evident that b o th groups, E1 and c 1 , made 
gains on p o stt e st raw s co res and on stanine numbers. 
It is evident that male students made more gains on 
both raw scores and stanines than did female students. 

2 . In the final interpretation and analysis of the data, 
it is evident that stude nts taught by the traditional 
method only, showed more achievement on the 
posttest raw scores of the C . T . .3.S . than did 
students taught by the supplem e ntary t e chno 
logical method. 

3. It is also e vid e nt that stude nts taught by the 
traditional method had more gains in supple

mentary technological m e thod . 

C onclusions 

The results of this study indicates the following conclusions 

and infe r e n ce s. 

1. Th e findin g s o f this study indicated tha t a 
supple mentary t ec hn o l og i c al method of t e a_c hing 
pr obably did n o t pr ove to b e a m ore effecti ve 
m e thod of instructi o n than the traditional 

m e tho d of t e a c hing. 

z. The infe r e nc e h ere is that th e traditi onal m e th o d 
a ctually pr oved t o be a m o r e e ff ec tive instru cti on 
proce ss t han did the suppl e m e ntar y te c hn o l ogical 

nle thod. There is g e n e ral agreeme nt that n o 
m e th o d can substitute for a compete nt t e acher. 
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Recommendations 

1. Although substantial gains w e r e mad e by both the 
experimental group and the control group, it is 
recommended that the same type study be conduct e d 
for a longer period of time with a larger sample of 
students. 

2. It is recommended by the writer that, in his 
professional opinion, students who are more 
academically inclined might benefit more with 
PI than less accelerated students because of 
their ability to interpret, understand and 
carry out the instructions of a programed 
instructional process. 

3. The inferences that students taught by the 
technological method of instruction showed 
less achievement than students taught by the 
traditional method leads to the implications 
that PI probably has greater remedial value 
and may provide an effective means of relieving 
the overloaded class room teacher. 

4 . One objection to programed instruction, as it 
was experienced in this study, was the cost, 
both in terms of materials and equipment 
needed to equip the program. It is, therefore, 
recommended that studies be made of alternati v e 
approaches that might a c hi e v e equi val e nt r e sults 
with lower costs. If this can be achi e v e d, it is 
likely that a greater number of educators will 
experiment and find ways to employ programed 

instruction . 
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C HA RACT ERISTICS OF THE HOFFMAN 

MATHEMATICS PROGRA M 

T h e Hoffma n vi ewer is a s e lf-contained, solid state, portable , 

a u di o - v i s u al u n it pre s entin g a s y nchr onous fi l m slide and r e cord 

~.,;:,L· u c ti onal p ro g ra m . Stu d e nts c a n list e n private l y using comfo r t

ab l e h ea d s e t s . U p t o s i x s tud e n t s can us e a s in g l e Hoffman View er 

a t t he s a me ti n 1e by us ing a junction or jac k b ox fo r h e ads e ts . This 

s1x - \vay o utkt has i ndi v idua l vo lum e con tr o l s . 

T h C' Hoffm a n m eth o d is a pr og r a m o f math e m a tics s kill s 

o r d e r e d b y l e v e l of difficulty a nd pr e s e nt e d 111 sma ll st e ps. A film 

s t ri p co nta i ning seve r a l frames is inserte d int o an e le c trom e chanical 

d ev ic e o r o p e n ing w hich proj e cts a color e d picture o r numbers on a 

small sc r ee n . A di s c or r e cord inserted into th e machine provides 

a r e c o r ded audi o nar r a t i ve . L e ss ons an d inst r uctions o n th e di sc 

are syn c hr o n i z ed with e ach fram e p r e sen ted on t h e sc r een. S tud e nts 

w rit e a n swe r s o n a p a p e r in r e s pons e t o the i n s t ruc ti on s pr oje c t e d on 

th e s cre e n whi ch ar e s imultaneously h e ard thr o ug h ear phones. A 

j u nc ti o n b ox is provide d s o t ha t six s t ude nts m ay pa rti c ipate w ith ea r 

pho n e s dur ing a reg u la r s i tting. 

Th e H offma n Mathe mati c s Syste m e mpl oy s the basi c mathe -

mat1· c s d · th h om e at s c h oo l a t w ork , and a t p lay t o p r e par e _ u se 1 n e , , 



th e s tudent t o mas t e r th e c ompl ex mathemat i c s o f a n i nc r e as i n g ly 

tr chno] o g i ca l fut u r e . 
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T h e s y stem a ] so e xplains a nd e mpha si z es th e w ay s i n w h ic h 

basic n 1athetnatics is es senti a l in so lving th< ' pr ob l e ms o f c~v 0 r y da y 

s oc i e ty . The H o ffm a n audi ovis ual me thod of t eac h in g m u d c rn m;:it h 

make s t h e fu n damentals o f m a thematics c lea r e r , more meanin g ful , 

an d mor e e as i l y l earned . 

T h e Hoffman M a thematics Sys tem is a c om ple t e l e a r n i n g 

meth od . The principl e unde rlyin g th is H o ffm a n a udi ov isua l s y s tem 

d e sign i s that the stude nt w ho is motivate d t o l ea rn r e tains m o r e of 

w h a t h e learn s . 

A c tiv e parti c i pation by l h e l e a r ner , usin g m eaningful mate r i -

a l s , pr o v ides a n e nvi r o n m e nt where l ea rnin g t a k e s pl a c e~ m () r c r api dly 

and t e nds to b e mor e p e rman e nt. L earning a lso progr e sses mo r e 

effe c tiv e ly w hen the lea rner is p rovided with some crit e ri on fo r 

d e t e r min ing hi s p ro g r e ss . 

Suppl e m e n tal m a t e ria ls , corr e la t ed t o t h e inter - a ctiv e 

ma.c h i n e e xe r ci s e s, p r ovide p ra ctic e as the stude nt con s oli da t e s h i s 

1 · d k "ll And , f1·na lly , inclusion o f M as t e r y T ests fo r new y ac qui r e s 1 s . 

h 1 11 as at e~ ~ n A c h i ev e m Pnt Uni t a nd Leve l , p r ovi d es ea c e s son , as \Ve a '- - -

sse nt i a l f ee d b a c k t o t h e t e a c h e r r e fl ec t ing s t u d e n t a c com p li shm e n t. 
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The Hoffma n Mathe mati c s Syste m , tho u g h structur e d by 

L e vels as a co n ve ni e n ce t o tea ch e rs, i s t o ta ll y s equ e nti a l an d can b e 

us t' d i n com p lcte 1 Y n ongrade d s i t u a tions as dec id e d b y the t e a c h P r. 

Sin ce th e studP,nt i s unaw ar e or a speci f i c study uni t s le v e l , h e can 

wo rk as a n indi v idua l two o r thr ee l e ve l s a p a rt e i th e r way : cha ll r. ng -

ing th e adva n ced stude nt, o r do in g r e m edia l wo r k . 

The s e fl e xib l e com pone nt s of th e H o ffm a n Ma t hemati c s 

Sys t e rn off e r a n e xtens i v e var i e ty of t e a c hin g strate g i e s w hi c h indi v id-

ual t each e rs, m a the mati cs lab orat o r y di r ec t o rs , o r s c h oo ls rn a y 

t a il o r a nd a ppl y t o t h e i r particu l a r n ee d s . 

A 6 0 -pa g e stud e n t a n sw e r b ook acC lllnpa ni e s ea c h t c n - ;tlhum 

A c hi l·ve n 1(•nt Un i t , conta ining s ix p a g es o f stud<'nt act i viti e s fr 1r r ,1. c h 

a l b tUT1 . T h e fir s t p age o f e ac h s ix - page s e q u e n c e is c o m p let e d in 

conjun c ti o n w ith Filmslide 2. The secon d pag e provid e s s e atwo rk 

ac t iv i ti es l e arne d i n F ilmslid e 2. The thir d and fo ur th pag e s are 

compl e t e d w ith Film s li d es 3 and 4, w i th the fifth a nd six t h pag e s 

p roviding s e atw o r k activ i t i e s l ea rn e d in F ilm s lid e s 3 and ·t. 

Each study unit sta r ts with a m o ti va ti o na l sto r y , c onta in E> d 

111 t h e first t e n fram e s o f F ilms li d P 1. T h e s t o r y the m e s a r e classi 

fi c d uncle r the h e adi n gs : T h e W o rld o f W o n d e rful T h ings (s ci e n c e 

c ont e nt ) ; W o rld W h er e W e Liv e (so c i a l s t udi e s conte nt); W or ld o f 

1 fo l k l o r e and a nim r1. l s t o ries ) ; W orl d o f 
F a ntas y (im a gina ry t a e s , 

Hum a.n R e l ati ons (p e r s o n a l int e rr e l a ti ons , fam il y life , c u ltu ra l 
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c u s l () rn s , a11d pt'< ' r n·L1ti u ns); ;Lnd World of Feeling::-;, Health, 

Ern o tion s (p s ych o l o gi c al s1· tu, .... t1· (J11."'). I dd . · " ., n a 1t1on, th e st o ri e s from 

L eve ls 3 thr o ugh 6 provid e a ri c h ba c kground in th e histo r y , con c epts , 

ph e n o n 1e na , a n d f a m o u s p e r sona li ti e s o f sc i e n ce a n d math e m a ti cs , 

irnpa rting t o the stude nt th e e x c ite m e nt of th e s e fi e lds. 

Th e last four fram e s of Filmslide 1 pr o v ide a t ransiti o n 

f r o m th e m o ti v a t ional th e m e t o th e t e a c hin g o b j e ctiv e s o f th e f irst 

ha lf o f th l~ s tudy un it. Stud e nt i n v o l v e m e nt i s cont inu e d in Film s Jid c 2 

by h is ac ti v e p a rti c ipa ti on in th e ks s o n. The patt e rn o f aud i ovi s u a l 

q u es ti on, s tud e nt r es p o n s e , a nd a u d i ov i s u a l r e in f o r ce m e nt i s co ntin-

u e d thr o ugh o ut Film.slide 2, n o t as a r o t e t e stin g vehicl e , but as a 

construc ti v e , conc e pt - skill-fa c t building e xp e ri e n ce . 

Th e s tud e nt th e n pra c ti c e s th e skill l e arn e d at the m achin e 

on hi s ow n, at his s e at, o r a t h o m e , compl e tin g th e assignm ent o n 

t h e n e xt pag e o f his Answ e r B oo k . Th e p a tt e rn o f int e r a cti ve ma c hin e 

;ic tiv i t y , f o ll o w e d b y a n s we r b ook prac ti ce , i s r e p e a t e d fo r Fil ms lid e s 

) a n d 4. 

T h e t e ac h er 1 s m.anua l b rin g s t oge th e r t h e e l e m e nt s of t h e 

s t udy un i t i nt o a c ornpl e t e l e a rni n g sys t e m . It c onta in s c o m.p r e h e n s i v e 

· tha t e 11 a b l e th e t ea c h e r t o m a k e n1 a xirn urn ac tivit i e s an d in s tructi o n s 

us e of th e H o ffma n M a th e m a t ic s S y st e m . It a s s is t s the t each e r i n 

t · s u c h a way t ha t e ac h stud e n t c a n pr e s e n tin g t h e s ubj e c t m a t e r rn 

· f t · · m a s t e ring th e pri n c ipl e s ac h i e ve f e e lin g s o f p rid e a nd s a t1 s ac i on rn -



h e is b e ing taug h t. I t str e ngth e ns t h e t e ach e r' s awar ene s s o f ind i v id-

ua l diff~~r e n ce s n o t onl y in abi l ity , b u t also in p a s t e x p er i en c0 a nd 

p e r s o n a l i t y . Th e o pti o n s pr ovi d e d a ll ow the t e .:.i.c h c r g r e a t fl t·x i bility 

.in p;ic in g t o S Ltit i ndividua l pr o gr e ss, o r i n us i ng th e carefull y s c qU<·n ce d 

pr o gr ess i o n o f instruc t ion by obj e ct i ve s tha t co nsti tute s the pr o g r a m. 

Th e o bj ec tiv e s o f th e Hoffman inst r u c ti o na l ma t e r ial s ta t e 

w h a t the stude nt wi ll b e ab l e to d o afte r h e has compl e t e d a study 

un it ; w h a t h e is e x p o s e d t o , b ut is n o t e xpec t e d t o hav e maste r e d; and 

w h at h e h as pr e v i o usly l ea rn e d that is r e inf o rc e d h e r e in . B ec a us e 

th ese s p ec if i c g o a l s a r e rn a d e kn ow n a t t h e o ut s e t, th e i r achi ev e m e nt 

i s ma d e p os sible . 

assesse d i n k r n1s o f his curr e nt aptitud e . T h l' M z.ts t c ry T ests c .:.i.n 

b l' u s t , d fo r th i s pr e - s tu d y uni t c v a 1 ua ti o n , a s w e 11 a s fo r th e i r p rim a r Y 

p urp o se o f a s se ssing th e pr og r e ss o f the s t ud e n t a f t e r p a rti c i p a ti o n 

in th e u ni t o f i n s tru c ti o n . Th e o p ti o n a l M a th M J. t e ind e p e nd e nt a c ti \' i t y 

b o o k l e t, w hi c h is d e s i gn e d t o b e c o rnpa ti b l e \,· ith th e study w1it y , ca n 

a l s o b e u s e d t o d e t e rin i n c th e s tud e nt's u n d e r s tan d i ng o f th e l ess o n . 

E \ ·c n th o u g h th e t eac h e r' s m:-i.n u a l fo rm '.l t i s d e sig n ed fo r 

. t 1 · I o b J.CL~t 1· \ ·(' S , t·h c c o n1p o n c n t s u f th l' sy s t e n1. a r e c o 1n p !cte 
l l\ S l' U t· 1 0 11 :l ')' 

wi th in t l1L·1T1se l v e s a nd n1 ci y b c v a ri e d t o 1n ee t th e in St ru c ti o na l m l:'t h o d s 

prl'i·c r r l~cl liy t h e t e:ic h e r . 
T h t' H o ffm a n M a th S y s t e m can b e ct dju slL'd 

t o mt'<' t th e n ee d s o f th e s tud e nt an d th e t eac hi ng n1. c th ods o f thL' in s t ru e -

t o r. 
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