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PREFACE 

Th:i.s study was to determine if there were significant gains in 

student achievement in Algebra I when different teaching methods were 

used. The methods involved the conventional method of the teaching 

of algebra and the programmed method of instruction. The study was 

limited to one junior high school and evaluated stµdent achievement 

in Algebra I for one semester. 

A survey of literature indicated that several studies had been 

made concerni.ng achievement when a program had been used. The results 

of the survey indicated that students achieved success in the learning 

of subject matter when programmed materials were used. The survey 

failed to reveal studies that contrasted achievement gains when dif

ferent approaches to learning were followed. The author was interested 

in determining the influence. on achievement when students were exposed 

to programmed instruction versus conventional methods or teachi.ng. 

Indebtedness is acknowledged to Dr. J. Paschal Twyman, who served 

as chairman of my advisory committee, for encouraging my 1.nterest in 

the problem and for his guidance throughout the study; to Dr. Stanley 

Trail and to Dr. James Tarver for their suggestions and guidance in 

the statistical treatment of the data; to Dr. Guy Donnell, Mrs. Helen 

Jones and Dr. Helmer Sorenson for their kind and helpful advice. I 

am especially indebted to Dr. J. Win Payne and Dr. Sorenson who 

offered encouragement to complete the doctoral program. 
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The efforts and cooperation of' Mr. Harold Lewis, head of the 

mathematics department at West Junior High School, were greatly appre

ciated. The cooperation of this dedicated teacher made the study 

possible. 

To my wife and son, I say thanks for donating that part of your 

time that made possible the completion of my course of study. 

To the many persons who helped make the completion of this study 
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CHAPTER 1 

THE PROBLEM 

Introduction 

Automation and the exploration of space have opened many new 

fields for .mathematical emphasis. This has resulted in ma.thema.t:i..cs 

being one of the fas-test growing and most rapidly changing of all 

the sciences, 

Educational change comes slowly. and if change is to be signifi= 

cant, it is necessary to have adequate planning. The content i.n 

mathematics text books and the methods of" teaching mathematics will 

hav·e to change if American youth are to be prepared to compete sue= 

cessfully in the space age. If educators agree with the thesis that 

the acquired knowledge of man p:riot' to 1900 doubled by 1950, doubl€-,d 

again by 1960, and 11.rill double tilt1Ce more by 1967, they will not be as 

reluctant to change content and methods as they have in the pasta 

¥.i.any articles have been wTitten calling for improved methods of' 

inst.ruction at all educational levels. Ii' new teaching methods have 

been developed that will enable the teacher to accomplish better teach ... 

ing, it i.s a challenge to all schools to use them. Certainly if new 

methods can bring about greater mathematical achievement and a better 

understanding of mathematical concepts on the part or students, these 

methods should be useda 
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'rlie Encyclopedia Britannica Program for first year algebra in

cludes the conventional ctmrse offerings. The algebra curriculum has 

developed through tradition an accepted sequence of topics. Temac, the 

trade name for the program dev·eloped. by E.ncyclopedia Britannica, encom

passes l<lhat i.s commonly referred to as traditional algebra. New con

cepts and terminology that are used in the School M.a:thematics Study 

Group materials are not included in Temac. 

Programmed materials support the lsffect Theory of learning. The 

Effect Theory mai.ntains that learning requires stimulus-response con= 

tiguity (stimulus and a response to occur closely together in time) and 

reward in the form of satisfaction or drive reduction. Psychologists 

recognize the S-R Formula fo:r learning is, at best, incomplete. There 

is a recognition that a great deal goes on between Stimulus-Response, and 

that a response must be reinforced if learning is to take place. 

Research indicates that practice alone does not produce learning, 

but only fatigue or extinction. To insure the occurrence of learning, 

it is necessary to employ the operation of reinforcement. A learned 

response when reinforced will more likely occur the second time. The 

failure to reinforce a response decreases the probability of occurrence 

of the respcmse. 

Psychologists point out that learning takes place when a response 

receives a satisfactory reinf'orcemento A pigeon pecki.ng a key to get a 

light to come on or a rat operating a device to obtain food are ex

amples in their studi.es indicating that learning takes place when a 

response receives a satisfactory reinforcement, 

Research indicates that more effective learning takes place wben 

:responses are imm.ediatesly reinforced. When the reward or reinforcer 



is irrm.1ediate, learning takes place at a faster paceo Reactions fol

lowed by immediate reinforcements are better learned than those more 

remote from reinforcement. Also, learning increases with int~re.a.soo 

amount of reinforcement. Watson (56) states that behaviors which are 

reinf'or.ced are more likely to recur. The :reinf'o:reemant to be most 

effective in learni.ng must follow immoo:Lately the desired behavior. 

Much of the effectiveness of programmed learning lies in that fact that, 

inf'm"l11ati.tm aoou.t success is immediately f'oo. back for ea.ch response. 

Programmed ma teri.als for Algebra I use the theory of Stimul1.ui:,~ 

Response-Reinforcement. The problem is the stimulus. The answer giv(m. 

by the student is the response, The student can obtain immediat(i! 

satisfaction by check:lng his response with the answer provided f'or 

h:im. The answer and sequenti.al problems are nsed to rei.nfm:•ce each 

resp0nse given by the studento 

Statement o.f the Pr:,blem 

'rhe public was e:alling for cha.:nge in ed.trnational practices. A.d

mln'l.st:!'."ators ware faced with the problem of introducting ne'W' math®= 

matical content as well as new methods of p:rese'l'J.tationo Most admin= 

istrators and school systerli."] are reluctant to change content or teaching 

methods until there i.s statlstical evide;ince establishing superiority of 

the new material or m~thodo All suggested changes raise questions as 

to what can b~ expec!ted from the change 0 'lrJho will gain, and who w:Ul 

lose if this change is made? 

The problem. of this study was to determine if there are signi:fi= 

(Jant differences in student a~h:tevement. in first year algebra when 

dif:terent procedures are used. 
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Purpose of the Study 

Tema.c has been in limited operation for four years. During this 

period of time there has been a number of studies made showing that 

students achieve when programmed teaching is used. However, we also 

know that a.chhnrement gains are made when conventional. teaching methods 

are used. There is a laok of :research comparing student ac:hlevement 

when the programmed method is compared to conventional methods of 

instruction. 

The purpose of this study was to compare student achiev·ement in 

first year algebra. when divergent teaching methods are used. Programmed 

materials have not been used to any great extent in the Ponca City 

School System or in Ponca Ci.ty West Junior High School. The teachers 

were interested in developing an understanding of programmed materials 

and how they can be most effectively used in the curriculum. There was 

also a desire to determine if there were significant gains in student 

achievement when the programmed approach was used in contrast to the 

conventional approach in the teaching of algebra at the junior high 

school level in Ponca City, Oklahoma. 

Limitations of' the Study 

The study was limited to a small population. It would have been 

desirable to have a larger population and larger samples, but from a 

practical and financial.point of vie-w a larger sample could not be 

used. The study was confined to on.a school; i.t was also limited to 

student achievement in the first course i.n algebra .for one semester. 

Inferences are limited to the popu.lation that was sampled. 
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Scope of the Study 

The study was concerned with student achievement :i.n the first 

course in algebra a.t West Junior High School, Ponca. City, Oklahoma. 

The population from which the samples were drawn included :n:'lnth grade 

students enrolled in conventional algebra. The students ha.d completed. 

the Henmon-Nelson Test of Mental Ability, the Orleans Prognosis Test 

for Algebraic Achievement, and had ma.de satisfactory progress in 

eighth grade mathematics O 

The socio-economi<~ background of all students included in the 

study was that found in a city of 30,000 population, located in 

~forth Central Oklahoma. The city is the business and cultural center 

for a prosperous oil and agriculturally oriented comnranityo Most of 

the parents of' students in the study htotd a.ve:tage or above average 

incomes, and most of the professions and j(Jb classifications were 

represented. ·· 

The Ponca City School System is organized on the 6-3=3 plan. In 

the elementary grades a semi-platoon system of organi.zaticm is used" 

The junior high school program is departmentalized" A great majority 

of the students in this study are products of the system. 

Definition of Terms As Used in the Study 

Some terms in the study may require clarification. The less 

familiar of these terms are the foll.owing: 

.E!r~ Year ~lge~. This is the convemtional algebra. course that is 

usually offered to ninth grade students" In some junior high schools 

eighth grade students w'ill ta.ke this course. 
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Achievement in Algeb:rao Exp:resseiJ. by a standard sc:o:re obtained by 

admirrlste:ri.ng the AM and BM Forms of Seattle Algebra Test. 

Standard Scoreo Gives a cl'.'.11mparable bai'H-'- i.111 01~der to compa:re several 

sets of scores. The standard score is found by obtain:i.ng the devia

tion of a sco:.re from the mean and divlding by the standard deviation. 

Conventional !~eh:i:_'Qg Met;J:wd. That method is usually found in the 

typical cla.ssroom with the teacher using the lecture and demonstration 

metht)do The students :responding to questions and are studying 

same material at the same time. 

f.!:.~g_rarnmed ~t~rials. Are materials that attempt to ct,mbi.ne the kru,li<J'l= 

edge of the subject matter specia.list with that of the experimental 

psychologist. The ccmrtoent is broken down into small sequenti.al seg= 

ments or frames Q Th,9 f:ranies are carefully l'.'»rganizerl to glve 

a step=bY=Step comprehension, along 1dth 

subject matter covered, 

cient review, the 

Temac, Name given to program used in this studyQ The name refers to 

the program that was developed by Encycloped.ia Britannica for the 

fi.rst c,1urse in algebra. 

Pr;.E:!J.~.'.'b.!1!!, All ninth grade students at Pcmc:a City West Junior High 

School em:volled in first year algebrao 

Gro~ ! 0 The group that makes use of programmed materials. 

Grtn.ll.:E_ ], A group that is taught by conventi.onal meithodso 

~ Q, A group that is taught by cornrentional methods, 

Statist:1ca]dz -~-~~to The use of a five percent 

dence ir'l determining the probability of a certain event oc,ciur:ring 

chance more often than five in one hundred. 
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!h!:, Ana!:y:sis of .~~.~· Statistical adjustment f'or initial differ-

ences in var:i.a.bles which prov-.i.des a method of adjusting student scores 

whose pre-treatment achievement or ability scores were not equal. 

Orleans Progno_p_!~ ~. A test glven to pred:i.ct success in algebra. 

The split..,half' reliability of' this test is • 92. 

~~'.!'.,est. The test has been designed to measure the 

achievement of students in the important objectives of the first half 

year of a high school course in beginning algebra. It is essentially 

a power test and has an alternate form reliability of .87. 

!ttitude ~. The instrument measures attitudes towards mathematics 

and consists of 45 weighted items. The reliability of the a ttitud.e 

scale was checked at Lendblom High School in Chicago and the Pearson 

Correlat:ion Coefficient obtalned was .98. 

10 T.e~i· Test used to compare. two means.· t is the ratio of a devia= 

tion from the mean, in a·dlstribution of sample statistics, to the 

standard error of that distribution. The test allows us to contrast 

the sigaifieance of the difference of mean scores. The test can only 

deal with 2 mean scores at one time and one independent variable. t 

test deals with parametric measurement of interval size and normal 

distribution. 

Henmon=Nelson ~st of Mental AbilitJ;o Form A for grades 6=9 was used 

in this study. The test consists of 90 items and is published by 

Houghton Mifflin Co. The reliability coefficient for Form A with 

ninth grade students is .94. 
,,-./ 2 Chi ~o /l is a method of comparing observed or obtained results 

with those to be expected theoretically on some hypothesis. 
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Hypcrtheses to be Test.Eld 

In the course of this study the following hypotheses were tested: 

1. There will be a difference in the achievement levels of groups 

A, B, and C a;t the end of the f:irst semester. P <. 05 

2. There will 'be a d:1.fference :i.n favorable atti.tudes tows.rd mathe .. 

ruaticsv as exemplified by the students in each group, at the end or the 

·instn1J.ctlonal peril:)d~ P < . 05 

:,. There wi.lt be a ~Ji.gnifi.reant dtff'erence i.n t.he a.bi.li.ty to under.

stand algebraic voeabul:g,:r•y .at the end of the f'irst semester. P < .05 

4. There will be a. significant difference in the abi.lity to use 

fund.a.mental processes. P < . 0.5 

5. There will be a significant difference in the ability to solve 

equ.ationso P < . 05 

6. There will be a significant difference in the ability to rep-

re.0ent relationships algebraically and to set up equations for given 

problems. 

?. There will be significant differ!mce in the choice cf tEJaching 

methods at the end c:r· the instru~tioml .period. P <. 05 
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SUMVJ\RY 

The literature informs us that mathematics is the fastest growing 

and the most rapidly changing segment of all the sciences. The seope 

and sequenee ~f mathematics cie;,u.rses are being ohanged in the schools of 

thi.s nation. Along with the change in oonte:nt it is imperative that we 

study changes in presentation et subjeet matter and changes in teaohing 

methods. Ir allowances fer individual differences are to be made, 

ohanges in conventional teaching methods must come. Programmed mate .. 

rial may help us to make this change. If programs are to be acoepted 

by the professional teacher, there has to be evidence available that 

the new method is superior to er equal te conventional ones. 

This study vras to determine the achievement of ea.eh of three 

groups of students and to determine if there was a significant di.£= 

ference in achievement. In addition to total achievement in Algebra I 

a study was made of achievement in four areas of Algebra I: under

standing of algebraic vocabulary; use of fundamental processes; solu

tion of equations; and the representation of relationships algebrai

cally. A study was ma.de in the change of attitudes of students 

to~rard mathematics. A test for significa~ee of ehoice of teaching 

methods at the end of the instructional period was made. 



CHAPTER II 

Review of the Literature 

The Encyclopedia Britannica Programmed Materials for the teaching 

or first year algebra were developed. in a workshop at Roanoke, Virginia. 

The workshop was under the direction of Loetta W. Horton and consisted 

of thirty-six mathematics teachers. At the present time the program 

developed in this workshop is used by more than four hundred school 

systems. colleges, and universities. 

At Roanoke in the fall of 1960 an experiment began in the use of 

the program. Some fi:ve. hundred and fifty students completed the courses 

in Algebra I and II, trigonometry and calculus. The students were ran

domly assigned and had varying degrees of a.bility. The eleven teachers 

assigned to the program had no previ.ous training or orientation for the 

task. 

The teachers were ::reported to have been well satisfied with the 

results obtained. The tests were made by the teachers, and improved. 

student achievement was observed •. The mathematics faculty experienced 

much professional growth. The Roanoke Teachers agree that the best and 

most effective way of using programmed material is still the subject 

of debate. 

Cronback (11) reports that research concerning the effectiveness 

of progrrunmed. materials is fragmentary. Research indicates that when 

the teacher is favorable to the use of the program that pupil progress 

10 
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is at least equal to conventional clas$es and som.etimes superior. When 

the teacher is unfavorable to programmed instruction, the pupil perfor ... 

mance is inferior. Studies suggest that programs teach facts as well 

as conventional procedures do. Follow-up tests of.ten indicate start

ling deficiencies in mathematics when pupils have been taught by pro

grammed instruction. Evidence now available gives little support to 

the view that instruct:lon calling for one active response after another 

nll teach better than conventional methods. 

· It is fairly evident that a pupil learns something from well pro ... 

grarnmed material. The aims should be the improvement of learning :for 

boys and girls and focusing of attention on the individual learner. 

The program should not be looked upon as a ,,ray of cutting the sta.ff'. 

hmsda:i.ne ( Y.~) states that the public should be in:for:med concern

ing the potential promise and practi.cal l.im'.i:tations of programmed mate .. 

rials. There is need for gc,vermnent research in the field to improve 

techniques and to provide firm foundation for subsequent practical 

developments. Standardi.zed technique for assessing the program should 

be developed. 

It is unfortunate that this new technique in education first 

· became popularized under the head of " Teaching Ma.chines .11 This is 

unfortunate because a machine cannot teach, and the image of a me

chanical device repl~cing the teacher is envisioned. Nasca (41) sug

gests a more appropriate name for this new methodology is ''Programmed 

Learning." 

McGa:rvey (36) found that pupils enrolled in summer school in the 

Algebra Improvement Course using Temac showed considerable improvement 
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in the mastery of algebra.. The student reaction to programmed instruc

tion was favorable. The teacher found that he did not have an oppor

tunity to lecture to the entire group, but that he had more time for 

indiv'idual students. The study reports that the teacher had more time 

to enrich the learning of faster learners and that remedial work with 

slower students was more easily accomplished. 

Clark (10) states that no single discovery made in the process 

of educating children and adults has the potential of programmed learn

ing. Careful study should be made of a program bef'ore it is selected 

:f'or use. A well constructed program will allow a pupil to learn 

mathematics and to learn it with interest and understanding. Good pro

grams will enable us to raise the mathematical competence of many who 

have been doomed to fai.lure. 

In education we are confronted wi.th many demands .for curri.culum 

change. The teacher is challenged to change his mode of teaching. 

Programmed. instruction offers him a way to change. The process of pro

gramming amounts to taking a body of material to be learned and pre

senting it in an orderly sequencG or units. Each unit is organ::tzed in 

small steps which a.re formed as questions. Programmed materials may 

be presented in various ways. _There are available tea ehi:ng :machines 

and programmed textbooks, The presentation is not as impi:a•tant as the 

content of the program. 

Moore (39) observes that if programmed. materials are to continue 

to be useful they must provide not only for individual dif'ferenees i.n 

ability but also for i.ndividual differences in motivation to achieve. 

The writ.er urges that students be grouped by level or ability and re

grouped by type of motivati.cm.. The probability of success influences 
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pup:Us 9 attitudes toward program lea:r.ni.ng. Those ·wno a.re strongly dis

posed to n f.ear or· failu:re'' pref er ta.sks extremely easy or extremely 

di.ff'ioult and avoid tasks that of'fe:r only a fifty perctmt probability 

succei.rn bEwausa strnh tasks involve the ego. A pupil who fears failure 

wlll show more interest in the program when the probability- oi' success 

becomes greater than fifty percent. The task becomes more plea.sant 

for him. The pup:it..1 who has 11 high hopes or suc:cessSV l('.i}ses interest with 

cicmti.nued success or continu.ed failure. His inter(~st will iJ·wreiase as 

the probability of success approaches the fifty per.cent level. The 

pupil when free to choose and who has a II high hope of success" w:ill 

look for new and more dif'f'icult tasks as he masters old ones. Moti.~ 

vation and achievement are strongly r.elats.1. The exper:bnents suggest 

t.hat some pup:Us, when us:ing programmed inst:.ru.ction or when learm,ng 

through t,he oomrentiona.1 methods of instrurJtion, require a c.:hallengi.:ng, 

di.:f.'ficiult approach to 'the lea..:rnlng of a concept; ethers w:i.th the same 

ability require an easy, nonth:reatening method .for learning the sam'9 

conciept. · The :research made by Moore indicates that for. all types of 

studentt~ to be motivated it is necessary for programed materials to 

have diff ertmt levels of difficulty. 

In 1963 it. was estimated that about one million school children 

would be exposed to the teCJhnique of too.c:hing called 91 programmed. in= 

st:ruction. 11 In five years the use of' the te~hrd.que has spr~d from a 

handful of experimental classrooms to more than 5, 000 sc:hoc»ls across 

the nation. It :'Ls esttmated that the number could easily triple by 

1965. Ii'or many, progra11llned instruction has become a symbol of' progress. 

Hi'.iwever, many educators who at first embraced the new tet'ihnique are 

now backing away and taking a secom look. Some think that programmed 



teaching has been over estimated, and a few educators think that the 

use of progra:m:m€..id instruction is dangerous. 
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Many studi.es indicate that students learn when a program is used. 

Di~. B. F. SkirmfJI'. Harvard v s fa.mous beha vorial p1,ychologist, c::laims 

that the use of a program ts the best way to learn. About 1953. while 

experimenting vii th pige(llns, Skirmer disccr1rered that th® bi:rds (':Ould be 

taught to ac1cm11pli.sh ni.any astoni.shing feats provided that each trtep of 

behav:lor was re·warded w"i th a grain CJ)f corn. Many psychologists call 

the process of rewarding 11 reinforcemeint. 11 Reinf"orceiment i.s important 

the theories about prl'.:igram:moo :instruction. 1'.n 1954 Skinner published 

an article in -whic;h he argued that peopl~ could be taught :'Ln the same 

way he taught his pigeons. This arti.cle si.gnaled the birth of pro~, 

gr'arrwed i.nstruction. In a program for peoplt~ the rei.n.f(llii:•ceiment facrtor 

is emcou:ragement. The student is rewarded at ,each step by being told 

his answer is ccrrorect. The programmer arranges his matreiidal :tn 

a way as to inv:tte correct responses. 

Many educators say. H People a:ren I t pigeons, 11 and a:re disturbed by 

the rigid application of laboratory theory to the classroom ~ttuati.m:1. 

They are alarmed when the programmer a.ttempts to change the art of 

teaching to an ex;,u:::t science. The teachers warn that the new techn:lque 

contains a rmrnber of serious tfafects. The defects most commonly men= 

t:lonoo are theset most programmed instruction discourages critical 

thinking. a program fosters rote learning and the 1nemorizat.i.on of f'acts; 

in spite of reinf orcemer-1t most programmed instruction ts b(1th mechani.= 

cal and , and it is an uninspiring way to learn. The lit= 

erature points out that a program will help a student memorize facts, 

bi.1t the program has not been made that 1..r.ill . teach the. student enjoy 
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the facts. Educators are plar:::ing renewed emphasis on teaching students 

how to think. Many educators claim that the program approach to teach= 

ing is discouraging children to think. 

There are both good and bad programs being produced and sold. 

There has been too much haste on the part of publishers to produce pro-

grams. The publishers have supported little :research in the field of' 

programmed mater:lals. Some programs have been developed and pla.c:ed on 

thf: market during a five weeks' period. Research i.ndicates that it may 

:requ!i.re two years to produce effecti.ve programmed :materials. The in-

fer:i.or programs have found their way into homes and schools. So wide-

spread has home use of the new technique become that the Center for 

Programmed Instruction, a nonprofit organi.zation, has found iLt neces .. 

:sary to i,ssue a II Parents' Guide' that warns the parents concerni.ng 

the bad programs . 

.Some communities have looked to programmed instruetion as a way 

to replace teachers and thus lower the tax rate, This has not taken 

place as the program will not replace the teacher. In most cases the 

program is an aid to the teacher and not a threat to him. The issue 

not whether a program can replace a teacher, but how teachers can 

best use the new technique. 

The selection and use of p:r.ograrnmed. learning materlals should re"" 

ceive detailed attention :from the school administrator and the class.,. 

room teacher. Before using this new educational tool, a school neoos 

to answer questions such as the follow.Ingt 

II What is the basic nature of programmed. material? 
Will this basic nature be respected? 
What function of the teaching tasks is to be expected of 
the programmed learning materials? 



Who will be the key persons in implementing the use? 
How, when, and where ·will materials be used?" 1 

All programming is based on some common assumptions: 

"Ir a student does not learn, it is the instruction that 
is failing. 

The individual learner i.s a class of one and i.s entitled to 
instruction fitted to him and his uniqueness. 

Whatever is to be learned is to be analyzed for basic order
liness and organized into a behavioral catalog oi' the component 
skills and concepts. 

Learning is facilitated by a continuous knowledge of progress 
with a. hi.gh degree of' success, by orderly progress, and by 
being presented. in a series of steps which have been pretested 
on like-minded students with similar backgrounds, 

As a corollary, if a learner is continuously to be guided by 
himself or by a teacher in his learning, there should be some 
overt behavior that makes it evident that the learning is 
moving in the desired di;rection. tt 2 

M.any of these principles may be at variance with co:mrnon school 

practices as grading, promotion, and scheduling. Once a school has 

decided to use programmed materials and that the goals of the school 

and the goals of programmed. learning are compatible, the school must 

deci.de what, functions it may expect the program material to perform. 

Three possible approaches are these: Will the program be used as a 

16 

substitute for the teacher? Will it be used to supplement the efforts 

of the teacher or to increase the productivity of instruction? 

Usually the program is not expected to do the total task of 

teaching. Most educators rely on program materials for supplementary 

1Phil C. Large, "Selection and Use of Programmed Learning 
I".taterials, 11 NEA Journal, April, 64, p. 28. 

2Ibid 
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functions or for partial instruction. The decision to use programmed 

materials rests wi.th all the people responsible for making a general 

policy decision; however, the classroom teacher is the one to decide 

if a program is to be used in a particular course. The teacher is the 

person who should select a particular program. 

The selection of a program for a particular course requires 

deliberate preparation. To make a satis:f'aotory selection it is nec

essary for the teacher to study, test, and evaluate the program. The 

teacher should consider, depending upon the school sit,1ation, that the 

program may be used in a classroom, in a study hall, at home, or in a 

special center for programmed materials. Teachers should decide how a 

program is to be used when different programs are being evaluated. The 

program may be used as a basic part of class work, as remedial work, or 

to enrich the regular work. 

Murphy and Goldberg (22) state that programmed instruction is 

being successfully used in the business world, Companies of all sizes 

use programs and find important advantages in using them. Management 

makes use of the program to help bring specified achievement levels up 

to a certain point. IBM, Schering, Du Pont and Bell Laboratories re

port a gain in performance when programmed instruction is compared to 

conventional instruction. Some industries look upon the techniques as 

a powerful tool to influence on-the-job behavior and for bringing the 

levels of employees' skills and abilities up to the requirements of 

the jobs they are assigned.. 

Feldhusen (14) indicates that a logical question to ask is this: 

Is programmed learning material in any way more effective than simpler 

narrative presentations by text, teacher, or television? According to 
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Feldhusen, a growing tide of research ev'idence, classroom experience, 

and personal sentiments suggest a II no'' to the preceding question. We 

find a conflict in what is reported to be true in industry and what is 

reported to be true in the school situation when program learning is 

considered. The reinforcement principle is most sacred to the theory 

underlying prograrruned learning. Instead of reinforcement some 

researches f'ound signs of boredom when programs were used. The signs 

of bored.om and d1.ssatisfaction were sufficiently great to indicate 

that the program would not be a uniformly reinforcing experience to all 

youngsters. 

An advantage claimed for programllled learning is that differences 

in aptitudes or intelligence can be reduced or eliminated as factors 

in learning. The claim. has been made that children at vari.ous levels 

of mental ability would learn equally well from the program. Recent 

research evidence indi,cates that this is not true. As with most learn-

ing materials, able youngsters learned more and learned more rapidly 

with the progra.mrned material. Programs have been found to be more 

suitable for bright and more verbally able youngsters. 

Researchers such as Feldhusen (14) and Silberman (lt-7) found learn-

ing just as effective when all learning principles incorporated in 

programmed instruction and claimed as advantages were stripped away. 

They found that students can still learn well from narrative instruc ... 

tional material. 

Sta.lurow (49) states that the problem facing enthusiasts in the 

field of programmed learn:i.ng is getting teachers to accept and use 

programmed materials. A review of the literature indicates that rather 

than get teachers to accept or use programmed materials they should pe 
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cautioned to proceed slowly. They should be urged to question exces-

sive clai.ms. Stalurow deplores attempts to compare teaching programs 

with a live teacher because of research difficulties controll:i.ng 

variables which may affect the outcome. Researchers agree that this 

is a problem; however, most of them suggest that we not retreat from 

the problem because of experimental difficulties. Every effort should 

be made to determine if learni.ng from programs is as effective as learn .. 

ing from a H.ve teacher o:r other available mediums. Studies should be 

made to determine what things the program can tea.ch well and mat mu.st 

be left to the teacher. To determine how a p,:oogram can best be u.sed 

with pupils, it is necessary to make comparisons between the tea.chel" 

and the program. 

The acd..d test of any educational innovation can ta.ka place i.n only 

one place, the school use of the materials in actual classroom condi .. 

tions. A survey was carried out by the Center for Programmed Inst:i:•uc-

tion under a contract from the United States Office of F.ducati.on to 

report the rea.ction of school systems which were using programmed. 

materials. Over 2,000 school superintendents replied to the question .. 

naires sent during the surV'ey. The administrators were asked to evalu-

ate ::reaction in their own systems on a five point scale with these five 

categories: enthusiastic, favorable, neutral, opposed, strongly op~· 

posed. They ware asked about the reactions of teachers, administrators, 

board of education, students, and parents. The results were as fol-

lows: Some answers were omitted so the percentages do riot add to 100. 

Teachers: 22 per cent enthusiastic; 55 per cent fa:vorable; 15 
per cent neutral; 5 per cent opposed; less than 1 per cent 
strongly opposed. 
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Administration: 30 per cent enthusiastic; 53 per CE.mt favorable; 
1 per cent opposed; none strongly opposed. 

Boards of Educatlon: 12 per cent enthusiastic; 45 per cent favora
ble; 19 per cent neutral; l per cent opposed; and none strongly 
opposed, 

Parents: 12 per cent enthusiastic; 37 per cent favorable; 23 per 
cent neutral; 3 per cent opposed; none strongly opposed, 

The fayorable response to programmed materials ind:lcates that the 

materials ha.ye been well :received by those school systems using them. 

The response does not indicate that an educational panacea has been 

found, 

Educators are not in agreement as to the value of the teaching 

machine or programmed learning. The acknowledged father of the teach-

ing machine, Sidney L. Pressey, professor of education at the Univer-

sity of Ariz<:>ria, has some second thoughts about the uses now bei.ng 

made of teachi.ng machines or programmed material. He is inclined to 

th:tnk they have become monstrosities. Pressey expresses h:'Ls objections 

as follows: 

II OrthodoX progrannning, as it has developed in recent years, is 
n,, more productive of learning than silent :reading of mateJrials 
deaB.ng with the same substance, and silent reading takes less 
t:tme. 

· A useful alternativ·~J, inci.sive and time saving, i.s presentation 
to students o:f challenging questi.ons which lead them to eo:r:rect 
responses. 

'Feedback' information, which comes automatically i.n programmed 
mater1.als, i.s a useful adjunct to established educational p:roc:es:= 
ses but need not be fragmented, as it is when it nomes through 
the program textbook or teaching machine." 3 

'.3s:tdney- L. Pressey, 11 A Puncture of the Huge Programming Boom? 111 

!eacher Coll~ge~. February 1964, p. 418. 
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Compa.ra.tive Stud:i.es 

Pressey (44) says reviews c,f the most adequate research show pro

grammf:::d learning often to be no more efficient than the usual study

:rcading appr·oach and almost always more clumsy and expensive. He tells 

of some experiments of h:ts t,wn which support this conclusion. By fill

ing in blanks in several sections o.f a program dealing 1,,r.i.th the 

analysis of behavior, Pressey translated these into simple discourse. 

G:rou.ps of students studi.ed the materials separately; some, us:tng 

prog:ra.rnmed materials; others, the translations. Those who studiis>d the 

t:r•anslations learned as much, and in one fifteenth t1f the time requirEd 

to go through the program material. This experiment indicates tha.t 

students learn very rapidly from silent reading without overt respond

ing as required in program.med instruction, 

After months of testing, Coronet Learning Programs reported that 

the results indicate that a significant increase i.n learning took place 

in all of the classrooms involved. Testing was conducted i.n fourteen 

states, twenty-elght schools, and 1-rl.th l, .590 students. 

Reactions of educators to Coronet Learning Programs were reported 

as enthusiastic. The short-unit approach, the handy, :l.nexpens:i.ve 

format, and the basic educational content have all been given high 

appraisals. 

Schools in the Coronet study were requested to assign the use of 

the program at random to any suitable classroom rather than select 

teachers already experienced with the use of programmed :materials. The 

teacher first administered the pre-test, Then the p1:ogram was assigned, 

In some schools it r;ias done as regular classwork, and in others, as 
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homewo:rk, Ai'ter completion of the program, by the entire class, post

tests were given. The teacher returned the packet for evaluation. For 

each participating class, pre-test and post-test scores were entered 

for each student, and his gain calculated. Average scores were computed 

for the class. These scores were then subjected to standard procedures 

to determine their statistical significance. The percentage of possible 

gain was a measure used in the Coronet Experiment. Coronet reports 

that the compara.tbrely new measure is becoming more widely used in the 

n.eld because it is less influenced by extraneous factors. It is de

termined by dividing aV"era.ge gain by the possible g~in. The poss1.ble 

gain is the difference between the possible score and the average score 

on the pre-test. 

Coronet reports that all obtained results are statistically sig

nificant. The observed gains are much greater than can be accounted 

for by chance. On a,11 of their programs except one, Latitude and 

Longitude, the percentage of possible gain was equal to or exceeded 

fifty per cent, Data obtained from the testing demonstrated a signi

ficantly high level of student achievement resulting from actual class

room use of Coronet Learning flrograms. 

1ncyclopedia Britannica Films, Inc. have reported. several case 

history :reports when Temac Programmed Learning Materials have been used. 

These reports are concerned with the teaching of' Algebra I. 

A report is given on the teaching of an Algebra I su111Jner class at 

Nutley, New Jersey, High School. Mr. Max Kletter was the teacher. The 

study period was five days weekly from 8:00 A.M. to 12:00 noon for six 

weeks in ,July and August, 1962. The class was eomposed of seventeen 
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boys and girls, most of them about to enter the twelfth grade. Three 

had been graduated from high school the month before. The majority had 

been taking non-academic work and wanted to complete Algebra I to be 

eligible to enter an academic program in September. The three June 

graduates want&1 to pass the course to meet college entrance require

ments. 

Each student was gi'len his own Ternac Algebra I programmed notebook, 

Progressing at his own rate, he worked through the text and was tested 

at the end of each unit of the course. Mr. Kle~ter kept a log of the 

number of frames completed by each student each day as a check on 

students' work habits, Students were allowed to take the course 

materials home at night and on weekends. Mr. Kletter found no boredom, 

and reports the class worked up to the closing bell. Students liked 

the material and enjoyed the feeling of di.scovery when they worked 

a frame and found they had given the correct answer. The teacher did 

not collect papers and did not have a problem with cheating. Mr. 

Kletter spent a great deal of time wlth individual students. He broke 

up the four-hour class period with discussion and some blackboard work. 

A break was taken at 10:00 A.M. each morning, 

At the end of six weeks, students were given the Lankton First 

Year Algebra examination. Fourteen students passed, and three failed. 

Mr. Kletter reports that this was about the same as the failure rate 

for the regular one-year course and below the failure rate expected 

when students take a year of algebra during a six-weeks' summer class, 

F'ive students scored in the top ten per cent, and half' were in the top 

twenty-five per cent, according to the national norms. All but five 

students were above the national means. Only two students fell below 



the fortieth percentile and one, who had failed first year algebra two 

years ago, scored at the ninety-eighth percentile. 

'rhe teacher observed that the class did very well and that the 

prograrmned course instilled good work habits. The student sees the 

entire program before him, and he knows how much he has to do. 

M."'.". Kletter stated that the student has to learn by h:i.mself, and this 

is the best way to learn. The students stayed with·a problem until 

they were successful i.n working it and they reported a wonderful feel

ing when they finally looked at the answer and saw they had it right. 

The teacher thought that the.program allowed him to make better use 

of his time and that dull classroom drill was avoided. Mr. Kletter 

reported that a strong teacher with a wide background in mathematics 

is needed for the program. He observed that it would be practical to 

have a class where some students oo"Uld be working on algebra. and some 

on trigonometry in the same room. He further observed that bright 

students could do two years of algebra in one year with programmed 

materials. 

A case history report from Ha.rdi.ng Junior High School, Lakewood, 

Ohio, with Mr. Paul McGa.rvey, the teacher, reports simila.r results. 

The study period is five da.ys weekly from 8:00 A.M. to 10:00 A.M., 

.for six weeks during the summer session of 1962. The class was com ... 

posed of sixteen boys and three girls with average I.Q. of 105.8 and 

I.Q. range 92-118 as scored on Otis Quick Scoring Beta. Thirteen 

students had completed algebra during the 1961-62 school year with 

below average scores. 'l'he average for these students on the Cooperative 

Elementary Algebra Test, Form Y, was in the sixtieth percentile 

nationally. The :ra:nge was from the twenty-seventh through the ninety-
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eighth percentiles. The thirteen students wished to review their know

ledge of ninth grade algebra. The remaining six students had completed 

ninth grade general :mathematics, which included one semester's work in 

elementary algebra. They wished to complete their ninth grade algebra 

credit. 

Each student was given his own Temac Algebra I programmed note

book. Students progressed. at their own rate and answered questions 

from the text. After completing a specified number of pages he was 

tested on the :material he had covered. The teacher spent most of the 

class time checking individual students' progress and answering indi

v-idual students' :i_uestions. As tests were completed, they were im

mediately graded and discussed individually with each student. Mr. 

McGarvey considered his most important role to consist of motivating 

each student to progress at his own rate, and of enriching the learn. 

ing of faster students. Twenty~minute discussions implementing the 

materials covered were led by the teacher at intervals during each 

week. 

'l'he students had no difficulty utilizing the Temac Programmed 

notebook. At the end of the first week, the class had completed an 

average of 180 pages of the total 1,292 pages of the entire course. 

The range was 113 pages to 269. Each student spent approximately ten 

hours. in class and an average of less than two hours on outside study. 

At the end of the summer session two students had completed the entire 

course, ten had completed at least 75 per cent of it while four were 

unable to reach the halfway point. With the exception of two students, 

test scores were average or better. 
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The Cooperative Elementary Algebra Test was given at the end of 

the summer session. The thirteen review students had taken a form of 

this test when they completed algebra in the ninth grade. The median 

score for this group rose from the fifty-ninth percentile to the 

ninetieth percentile. The mean rose from the sixty-first to the 

seventy-fourth percentile. Eleven students showed substantial improve

ment, one showed no improvement, and one did more poorly. The median 

score for the six other students was at the forty ... second percentile 

while the mean was at the forty-fifth. 

Student reception of the programmed instru.cti.on was reported as 

favorable, Motivation and discipline problems did not exist. Most 

of the class would arrive early to begin their work in algebra. The 

majority of the students felt that the time passed rapidly. Faster 

students said they were relieved by the fact they did not have to lis

ten to explanations of material they already knew. Slower students 

appreciated the opportunity to spend as much time on a particular 

topic as they needed. Two students expressed opposition to programmed 

instruction. They found it boring and monotonous. Orie achieved high 

test scores, and the other showed no improvement. 

The teacher's comments were favorable. He reported that many 

students would report early for class and would work steadily u.ntll 

the end of the regular two-hour period. He observed that in the class 

with a relatively narrow ability range, the rate of individual progress 

was outstand,ing. 

At Manhasset, New York, the Manhasset Junior Hi.gh School conducted 

an experimental study using Temac Programmed. Learning Materials. 

Twerrty-s:ix students were in the experimental group. The median I. Q. 
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of the control group was 104 while the median I.Q. of the experimental 

group was 105. According to teacher judgment the ranges in social 

maturity and in emotional adjustment were about the same in both groups. 

The experiment was conducted as a means of perhaps improving the pro

vided course in elementary algebra designed to meet the needs of those 

pupils who have experimenced difficulties in ma.thematics in grad.es seven 

and ei.ght who desire to move at a slower rate. It is customary ;in 

this school system for similar students to take three years to cover 

the work of elementary algebra and plane geometry rather than the 

customary two years. 

Each student in the experimental group was :furnished with program 

material and used this material in the classroom only. There was no 

outside assignments and no homework. Pupils were encouraged to work at 

their own rates with little or no assistance from the instructor. In 

the oontrol group the teacher assumed the conventional role, and the 

class had daily homework, daily drill, and frequent testing. 

At the end of the semester, the control groups and the experi

mental groups were tested, The control group had gone from a percen

tile rate of sixteen to one of .forty-eight while the experimental group 

had gone from a percentile rating of thirty to thirty-three. The 

Lankton test form AM was used as a pre-test for the second semester. 

The median for the experimental group was the twenty-fourth percentile, 

while the control group was at the thirty-first percentile. When the 

final test was given using Lankton Form. BM the experimental group had 

gained while the control group had lost. The experimental group had 

gone from the twenty--fourth percentile at midyear to the ~hirty-first 

percentile at the end of the school year while the control group had . 
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gone from the thirty-first per·eentile to the twenty-eighth. No student 

in either group completed the course. 

At the end of the experiment, over half of the students in the 

experimental group asked permission to use the programmed material over 

the summer and to take a test in September with the intent of going 

into plane geometry classes the following year. Toward the end of the 

last semester, pupils were asking for more help, and their questions 

were meaningful and to the point. It was ooneluded that some of the 

students developed considerable self-reliance and gained a much better 

understanding of the process of independent study. 

A questionnaire given the students in the experimental group 

indicated that about one third of them would prefer to have programmed 

courses while another one third preferred the oonventioJ'.18.l manner o.f 

teaching, and the other one third oould not decide. Fifty per cent 

of the class felt that the Tem.a.c materials were clearly better than 

other courses they had taken in mathematics; twenty-eight per cent 

felt they were as good; approximately eighty per cent of the students 

felt that oooasiona.1 lectures were a necessity. The students in the 

experimental group liked the idea of being able to work on their own, 

without homework, and with the individual attention of the teacher when 

it was necessary. Half of the students mentioned that the work was so 

well organized that they needed little help from the teacher. 

The school administration decided that the use of programmed 

material should be continued with the slow learner. The administration 

felt that this material offered considerable promise in use with their 

regular olas1J1es. 
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Another repcrt from Manhasset indicates that the:re was r1ot a sig

nii'icant d:'Lff.erence 1n ac:hievement when Temac was used, Thls study· 

was with a "dedicated!! elass ()f 24 students who were weak in mathematics 

and in g(meral achiev-ement. Temac was used with 12 of the children 

·~Jhile the other 1:2 received the usual instruction. Two of the chil

dren usi.ng p:rc,g:ramrned materials completed the work :i..n algebra in one 

year instead of the year and a half the decelerated group normally 

requi.red. They were able to join and keep up with the regular group 

f'o:r the geomet:ry part c;f' the program and so sa.ve one year's work i.n 

mathematics. 

vvhen the entire school system, K-12, changed to the new mathe

matics, the use of 1'emac was discontinued. The rather expensive 

equipment i.s now unused. The program, consisting of a highly specific 

series of steps, could not be changed to the new mathematics progra..'111. 

At Roanoke, Virgin:ia, 1+7.5 students wer(.,, involved in a. study using 

'remac. :Each student :ln the experiment.al classes was given h:i..s own 

Temac program and was allowed to progress at his own pace. No home.

work was permitted. The teacher 1 s role varied as to whether she was 

working 1,,rith ~i help or no-help class. 

'rhe students 1 reaction when askEKi if they wcm_ld care to taJrn 

another course us:'L:ng progrannned materials wa.s this: seventy-one per 

cent 

well as 

affirmatively, .fourteen per cent a.nswe:red negatively, 

cent ind:tcated that they were undecided. The students ex-

to on the material outside of cla.ss hou:rs as 

class. They also felt that it would be advj.sable for the 

teachers to give oceasional lectures :rather than have only programmed 



material. The students liked the i.dea of working at their cnm speed, 

and they stated that the material was organized so that they could 

easily understand it. Over ninety per cent of the students in those 

classes lllhere programmed materials were used on a help basis were 

pl.eased that the teacher was able to give them individual help when

ever they needed :it. 
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The tea.chers inv0lved in the project indicated that they would 

prefer to use programmed material to ccmventional mater:l.al the follow

ing year. The coneensus of the teachers, based on teacher-made test 

and classroom observations was that the students who had used program. 

materials had lea.rne<l more, showed greater independence, and ha,d a 

better understanding or underlying principles than the students who 

had utilized the conventional material. The teachers thought that 

their contribution to the students using the program in the help class .. 

es was greater than their contribution to the students in conventional 

ela.sses. 

When the La.nkton First Year Algebra Test was administered, it was 

found that the students who had used programmed materials were superi.o:r 

to th.a students using conventional material. The teachers realized 

that the .findings must be tempered by the possibtlity t,ha.t they can be 

explained not by the use or a program, but by a novelty effect of the 

Hawthorne variety. The researchers agreed that further research is 

needed. The Roanoke School System found the results so promising that 

progrrur.:m.ed materials were purchased for approximately one third of the 

students for the school year 1961 ... 62. 
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SUMMA.RY 

P:rograrri.med. instrtwti.cm is bringing new horizons to the c;lassrot1m 

and also many new hea.daehes. At lea.st in some areas of study the enri

dence indicates that o~.ref'ully prepared and testi::"d programs can be an 

a:td to classr(,om learning. It is the quality of' the program that 

matters, a:nd it rr1:'ikes little difference tn the learning situ.at ion :tf 

the program is 

indicates that the p:tospect cJf a lush school :mJ.iu:·ket is tempting some 

publishe:rs tc, 01rerlcok quality and that they ":i,re :more concerned wlth 

promotion of programs than prepara,tion of the programs. 

The Educational Testi.ng Seririce of' Princeton, New Jersey, is 

attempting to help educators sort out conflict:tng claims and avoid 

ec,stly mi.stakes in selecting programmed learning materials. St-udies 

.a:re made of programs to determine :lLf the content is up to date and 

·ww:;,rthwhi.le, whether the program meets the standards of technical ex

cell1:~nce, and whether the:re is evidenee that students learn from a 

given program. 

A variety of programmed materials is becoming available. In 

evaluating the specif:te con.tent which a self-instructional progrrun 

purports to teach, the program should be ex:ant'lned 'to determine Turhat 

the student is required to do a.nd whether this reflects the kind of 

competence TA!hich educators wish to achieve. Just any set of questi.on 

and a..nswe:r rri.aterial does not constitute a self-instructional program. 

Items :ln a step-by~step program are designed so that the student will 

respond to the critical aspect of each i.tem. Programmed materials are 

designed to adapt to individual dif f'erenc1es by allowi.ng each student 



tc proceed at his c:osw'Tl rate. Quest.ions should be designed to diagnose 

the students' needs and to lead into material suited to those needs. 
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The advc oates of prog:raromed learning clai.m that the materials can 

be used t,o extend the curriculum ·wi.thout any addition to the staff, 

that gifted students ca.n often do as much as two and one-half years 

of m.athema:tics in one year's ti.me, that slow students have the oppor

tunity to master the subject at their own pace, that flexibility in 

scheduling becomes a reality, with no need to stagger the mathematics 

offering from year to year. The claim is made that programmed learn

ing materials are economi.eal because all of the above advantages are 

secured without the additions to plant or staff. 

Producing a specialized program whether for industry or the class

room requires time and money and a well trai.ned staff. Many school 

systems are producing their own program materials. From past experi

ences they are taking a. good look and making a thorough s.tudy of pro

grams on the ma.rket for sale. Management and education are ma.king use 

or programmed instruction, but a broad segment o:f.' top management arid 

edu.ca:tors rem.a.in skeptical about s.utomated learni.ng. Some psycholo

gists say that prograromed education red:uees teaching to an exact 

science. Teachers ask, will this new technique produce creative minds 

or well drilled robots? 

A summary of the values of programmed instruction are the follow

ing: (1) The pupil is· continuously involved in the learning process. 

He must answer questions in order to proceed. (2) The pupil immedi

ately knows if he is right or wrong. (3) Each pupil proceeds at his 

own rate of speed. (4) Individual instruction becomes a reality. 
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More info:rm.ation i.s needed about prog:ra.:mmed :i.nstruction in ·the 

.fol.lowing areas: (1) In what mipaci·ty is it raost useful? (2) How 

ef'fective is it? (3) In what areas will it find its fullest applioa .. 

t:i..o!'f? (4) Can pupils with c:onventiona.l study skills w.ake, satisfactoI'y 

use of prog:rammed niaterials? 

Rese-;a:rch studies indicate that pupils learn when progr:iumned mate

:riai.ls are used. There a.re few reports compa.r:ing achievement when the 

conventi,:mal methods a.nd the program technique are used. School sys, .. 

tams should carry out a.ctive experimentation ·with self-instructional 

materials before making large s1::ale adoptions. 



Hli:THOD,S AND PROCEDURES 

Design of the Study 

11'.ighty-fou:r Algebra I students in the n:l.nth grade at Junior 

High Sch.col. Ponca City, Oklahoma, Wf!rE:, involved in the project, The 

stu.clents \i!TE!re dj .. ,.rided ir1to three groups vi.Tl.th t1r1enty-eight in. each 

group, 

',rhe teacher ::rnr·vod as a resouree person in the class using pro

grammed matc:idals, 8:ach ~,tudent ns:Lng a program progressed at. his 

own paCf), and the teacher vTt~s ava.:i.J.able to give instruction wb.1,0rn tlH) 

:l.ndiv:idual 1,;tudent made a requost. T.'he formal lecture period or the 

group discussion technique 1:1a1, not ur;C',d in eon,junctton with the pro

gram, Teacher-made tests and tests prepared. by }~nr;yclopedia Br:Uann::i.ca 

to be used with Temac were administer Eid a~; students bEicame prepared few 

them. 

In the class using the program each student was with the teacher 

when each of the tests was graded, Errors were discussed with the 

student as the tGst was scored, and each student was required to 

achieve a. raw score of 60 be.fore proceeding to the next test. 

Grouping was used to the extent that a student who was progressing 

at a rapid pace was placed with a group of slower students, He was 

available to help members of the group with any problems they did 
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not understand. 

Form BM of the Seattle Algebra. Test was given to all students 

finishing the semester's work before the scheduled end of the semester. 

When a student completed the first semester, he went iillllledia.tely to 

the work for the second semester. The teacher prepared a diary for 

the class using the program. Students were allowed to work with the 

program outside of class time. Groups Band C used traditional text

books and approached the learning of algebra by the use of conven

tional methods. 

Standard scores made by the students were used for comparisons. 

The data obtained was subjected to statistical procedures to determine 

if there was a significant gain in achievement. 

Group A used programmed materials in the study of Algebra I. 

Groups Band C used conventional teaching methods. The three groups 

consisted of students with comparable mathematical abilities. The 

selection of students was determined. by scores made on the Orleans 

Prognosis Test for Algebra I and the Henmon-Nelson Test of Mental 

!bility. Using.the split-half method the reliability of the Orleans 

Test is • 92., The students and methods of instruction were randomly 

assigned to groups. Groups A, B, and C were taught by the same teacher 

at West Junior High School. The instructional periods were fifty-five 

minutes long and met five times per week for eighteen weeks. 

The null hypothesis was tested at the .05 level of significance. 

The scores made by the students on standardized algebra tests were 

compared by the t. test and analysis of covariance. 

At the beginning of the first semester form AM of the Seattle 

Algebra Test was administered to the students of each group. The 



student was examined in vocabulary, fundamental processes, equations, 

algebraic representation and problems. The reliability of this test is 

. 87 using alternate forms. At the end of the semester form BM of the 

Seattle Test was administered. to each student, 

An attitude scale was given at the beginning and at the end of 

the instructional period. Statistical techniques were used to compare 

the before-and-after scores. 

Assumptions of the Study 

It was assumed that the two teaching methods would be successful 

in the teaching of algebra. It was also assumed that differences in 

achievement would occur and that each group would achieve. Also the 

attitudes of students would change significantly when different teach

i.ng methods were used. The null hypothesis was accepted to be opera

t:i .. onal in this study. 

Personnel for the Study 

All of the eighty-four students involved in the study completed. 

the eighth grade course in mathematics at West Junior High School. All 

of them received instruction from the same eighth grade mathematics 

teacher. The students received instruction from the same algebra 

teacher in the ninth grade. 

The distribution of the students in this study is shomi in 

Table I. 
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TABLE I 

CLASSIFICATION OF STUDENTS INCLUDED 

IN THIS STUDY 

Type of Eighth Type of Time of Sex Total 
Grade 

Mathematics Algebra Instruction M. F. 

Group A Conventional Teacher plus 10:26-11:23 A,M. 11 17 28 
the program 

Group B Conventional Conventional 12:20--1:15 P.M. 12 16 28 

Group c Conventional Conventional 1:20--2:15 P.M. 13 15 .28 

Subject Matter Organizatfon 

The textbook used was!~ Course in Algebrc!;. by W.W. Hart. In 

the first nine weeks of the semester the students studied general num-

bers, linear equations, signed or directed numbers, and monomials with 

one week being taken for reivew and remedial work. The students stud-

ied polynomials, linear equations with one unknown, simultaneous linear 

equations, and special products and factoring during the second nine 

weeks. The programmed materials included similar problems and mate-

rial. In the class using the program the students were not regimented 

as to the time they would spend on a particular topic. For example, 

in the conventional classes two weeks were assigned for the study of 

linear equations. In the class using the program students could spend 

one to three weeks on linear equations. 
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Measuring Instruments 

The Henmon-Nelson Tests of Mental Ability and the Orleans Algebra 

Prognosis Test were used in an attempt to determine three groups of 

students with comparable ability in mathematics. 

The Henmon-Nelson Test of Mental Ability contains ninety items to 

be completed in 30 minutes. The mental age, percentile rank and I.Q. 

can be determined from the test results. Care was used in the con

struction and selection of items to avoid using those that might appeal 

more to one sex than to the other. A random sample of two hundred boys 

and two hundred girls aged twelve was obtained from the entire popula

tion; neither the means nor the standard deviations of the.test scores 

for these two groups was signi£icantly different at the 1 per cent 

level. Congruent validity is demonstrated by a correlation coefficient 

of' .776 with the Otis; ,798 with the Lorge-Thorndike; .760 with SRA 

Primary Mental Abilities and ,794 with Kuhlman-Anderson. The predic

tive validity of the Henmon-Nelson Test .is demo.nstrated by a correla

tion coefficient of .699 with the test on quantitative thinking in the 

Iowa Tests of Eduoational Development. Using alternate t'orms, the 

reliability coefficients are established at .867 and .906. 

The Orleans Algebra Prognosis Test was developed by Joseph B. 

Orleans, chairman of the Mathematics Department, George Washington High 

School, New York City. The test gives an estimate of a student's 

probability of success in first yea.r algebra. The revised edition is 

a revision of the original test in use for over twenty years. "The 

test attempts to measure those abilities that lead to success in learn

ing algebra. These basic elements involve (1) an appreciation of the 
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use of symbols to represent numbers, (2) the ability to substitute 

values for these symbols, (3) the ability to represent quantities by 

means of symbols and to use them, (4) the ability to express relation

ships by means of symbols, and (5) the combination of all the above 

in solving problems.111 

The test is divided into eleven parts, atrl each part is timeq,. 

The actual working time for the test is thirty-nine minutes. Complete 

administration calls for forty-five. 

The validity of a prognosis test is evaluated in terms of the 

effectiveness with ·which it aids in the prediction of the degree of 

success one will achieve in a certain area.· An r of . 82 was obtained 

between prognosis test scores and scores made on the Columbia Research 

Bureau Algebra Test when these tests were administered to three hundred 

beginning algebra students in George Washington High School, New York 

City. An r of .71 was determined when similar comparisons were made 

of the test scores of 250 students in two New York City high schools. 

The Orleans Test, Revised Fdition, was administered to 322 beginning-

algebra students in one school and 119 students in another school. The 

Seattle Algebra Test was administered to 278 and ninety-fottr of the 

same students at the end of a half-year of study. The correlations be

tween the prognosis and achievement test scores were .60 and .59 

respectively. 

A corrected split ... half reliability coefficient of ·.92 was ob

tained by correlating the odd and even items on the tests of 411 

1Joseph B. Orleans, "Orleans Algebra Prognosis Test,'' Manual of 
Directions, World Book Company, New York, p. ;. 



beginning-algebra students in a single community. The standard error 

of measurement on the Orleans Algebra Prognosis Test is 4.2 raw score 

points. 
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Based on the data obtained in the preliminary research a prognosis 

score of 62-98 will indicate that chances for success in algebra are 

very good. A score in the range of 25-61 indicates a good chance to 

do average work. A score 0-24 indicates that the student is a poor 

risk and will likely fail under ordinary instructional provisions. 

The.Seattle Algebra Test for the end of the first half-year of 

Algebra I was developed by Harold B. Jeffery, supervisor of research 

in Seattle Public Schools. The test was designed to measure the 

achievement of students in the important objectives of the first half

year of a high school course in beginning algebra. There are two com

parable forms, AM and EM, each comprising forty-seven test items 

selected on the basis of curricular validity and satisfaction of 

statistical requirements. The time required for administration of the 

test is one class period. The test measures knowledge and understand

ing of the facts of beginning algebra and the application of acquired 

skills and methods. There are four parts to the test. Part A consists 

of nine items, nineteen per cent of the total items, and is on vocabu

lary. Part B considers fundamental processes and includes twenty-one 

items or forty-five per cent of the test items. A test on equations 

is included in Part C consisting of nine items which is nineteen per 

cent of the:tota.l test. Algebraic representation and problems make 

up the eight test items found in Part D. The items in Part D represent 

seventeen per cent of the overall test items. 
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The test items found in the Seattle Algebra Test were constructed 

after a thorough analysis of varied instructional materials and authori

tative pronouncements in the mathematics field. The elements measured 

may be justified in terms of frequency of incluslon in commonly used 

textbooks and on the basis of expert judgment as to importance. Test 

scores obtained from the testing of 6,500 students over a three-year 

period were used to determine the two final forms of the test. The 

forms were balanced in difficulty, extended over a suitable range o.f 

difficulty, and composed of items known to be of significant dis

criminating power. 

The reliability of the Seattle Algebra Test is demonstrated when 

correct split-half reliability eoeffieients, based upon test results 

from 164, 128, and 84 students in separate communities were obtained. 

An alternate form reliability of .87 was found on administration of both 

forms AM and BM to students in one community, with an interval of less 

than a week between the successive administrations. The standard error 

of measurement on the Seattle Test is four standard score points. Form 

AM and BM are comparable in content in the sense that their respective 

items cover in approximately equal proportions the various aspects of 

the subject with which the test is concerned. 

The attitude scale toward mathematics was developed by Nicholas 

Kushta when he was doing graduate work at the University of Chicago. 

The scale consists of forty-five weighted itenµ3., The items were 

weighted by nine judges at the University of Chi.cago. The arithmetic 

mean of the nine weights given by the judges was the final weight of 

the item. The coefficient of concordance, the agreement in ranking of 

the items by the judges, was • 9'.3. The reliab:l.lity of the attitude 



scale was established by test-retest of thirty-five ninth grade stu-

dents at Lindblom High School in Chicago on successive days. The 

Pearson Correlation Coefficient obtained was .98. 
' 
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In ad.ministering the attitude scale the student is instructed to 

list those statements which he accepts as reflecting his attitude. The 

arithmetio mean of the weights of the statements on the student's list 

gives a nu..merioal score which characterizes the student's attitude. 

The lower the arithmetic mean is found to be, the more favorable is the 

attitude toward :ma.thematics. 

Statistical Methods 

The analysis of covariance was the method of statistical analysis 

used to test the hypotheses concerned with achievement in Algebra I as 

related to method of instruction and related variables. This technique 

is especially useful for testing differences in academic achievement. 

The analyses of covariance was used to control the influence of I.Q., 

Orleans Prognosis Test, and the algebra pre-test results on algebraic 

achievEment. The analysis of covariance provides for a measure of 

control of individual.differences and incorporates the elements of 

the analysis of variance and regression. The method takes into ao-

count the variable charaeteristies other than the criterion. Analysis 

of covariance serves as the final statistical judgment in determining 

the significance of achievement. 

Chi Squ.are was used to determi.ne if there was a significant dif

ference in the choice of teaching methods at the end of the instruc

tional period. This method of statistical analysis was also used to 

determine if there was a significant change in the attitude or students 
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tcn,rard m..!'!th~~ma.tios. Chi Square contrasts the d1.ff e:r•ence between ob~ 

served or obtained results with those results· theoretically expected. 

This technique uses ordinal or nominal level of measurement and is non

parametr:i.c,, 



CHAPTER IV 

RESULTS OF THE STUDY 

Report From the Diary 

The teacher kept a daily diary in which he made observations con

cerning the attitudes of students' progress in the three classes. The 

students in the class using programmed materials enthusiastically ac

cepted the program and the idea of program teaching. The reports from 

parents and students were favorable to the use of Ternac in the approach 

to the learning of algebra. 

In the first four weeks of the school term all students made sat

isfactory progress and were working with enthusiasm. It was observed 

by the teacher that programmed material had an important advantage when 

students were absent. It was easier for them to make up back work or 

to be up with the other students when they returned to class. 

During the sixth week of instruction the students in· the class 

us:i.ng programmed materials were having trciuble with signed numbers. At 

this time it was observed that the other classes are farther along in 

the eourse than the program class, Another observation was that a few 

students using the program were losing their initial enthusiasm. 

At the end of the seventh week the range in frames completed was 

from 1489 to 3156. The slow students had a tendency to work a't a still 

slower pace. Competition seemed to be missing in the programmed class, 

44 



45 

and some students were having difficulty in remembering what had previ

ously been presented. This was not an exclusive characteristic of the 

class using Temac, but was more pronounced than in the conventional 

classes. The conventional classes were having better success than the 

experimental class in solving equations involving fractions. Mr. Lewis, 

the teacher, was of the opinion that the conventional classes had cov

ered more material. He believed his work with the program had improved 

his teaching of the regular algebra classes. 

At the end of the nine weeks' grading period the letter grades 

given by the teacher were considerably higher in the program class. It 

was observed that the tests that cru:ne with Temac were probably easier 

than the teacher-made tests used in the conventional classes. The stu

dents using the program were observed to be slowing their pace. This 

was possibly due to the problems becoming more difficult. Many stu

dents in Group A were having difficulty with substituting polynomials. 

This was not observed in Groups Band C. The range of work covered by 

individual students was getting greater in the programmed class. The 

teacher stated that ungraded papers had become a problem. 

In the eleventh week of the instruction period the parents attend

ed 11 Ba.ck-to-Schoo~' Night. All of the parents who were present seemed 

to accept the use of the program. However, it was observed that no 

parent presented an opinion if the program was good or bad. At this 

time the range in frames completed by students ranted from 1,971 to 

4, 500. Subtraction, multiplication, division of exponents were giving 

Group A more than the usual amount of difficulty. Approximately twenty 

per cent of Group A was behind the progress of students in Groups B 

and c. 



During the thirteenth week one student using Temac completed the 

semester's work. He took the semester test at this time and made a 

standard score of 1;4. This was a gain of thirty-eight points over 

his pre-test score. To complete the first semester's work, a student 

was to complete successfully the first fifteen tests that come with 

Temac. In contrast to the one student who had completed all of the 

tests during the thirteenth week. there was one student who had not 

completed Test 6 and four students who had not completed Test 7. In 

this week of instruction three students took Test 11 and. one student 

took Test 12. 

One half of the students had completed Test 11 by the fifteenth 

week. During this week.a student who had made the most progress in 

algebra was assigned to work with two slower students. This was an 

attempt by the teacher to help the slow student. Mr. Lewis observed 

that ,the programmed material gave a good explanation in regard. to 
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graphing. The eonventional classes had completed the work on sim.ulta-
' 

neous · equations. . and. that one half or the students using the program 

had reached this point. 

At the end of the.Christmas holidars several students in Group A 

were ready to take two or three additional tests. It was observed that 

the students using the program had worked more on algebra during the 

vacation period than the students in the conventional classes. The 

grouping or students in small study groups was a help to both the slow 

and fast student. Groups were observed as being in competition with 

each other, and more materia.i was being covered. 
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During the last week of the semester the students in Group A were 

having difficulty with factoring. At this time many of the slower stu-. 

dents using the program were getting discouraged and were in need of 

encouragement from the teacher to continue the work. There were days 

'When the teacher would have been glad to have discarded the program 

approach to the teaching of Algebra I. Mr. Lewis stated that there is 

not a sense of reward or self-appraisal for the teacher0s benefit even 

if the student does a gopd job in a particular area. 

Three students in the programmed class completed the first semes

ter's work before the scheduled time. The spread of frames completed 

by students at the end of the semester was from J,655 to 5,700 or a 

difference of 2,045. 

At the end of the semester the teacher preferred the conventional 

method of teaching Algebra I. The use of the program created much more 

work for the teacher in the grading of papers and in providing more in

dividualized instruction. Mr. Lewis stated that he was in need of a 

grader or a secretary if he were ·to do quality teaching. Slow students 

using the program had a tendency to get slower and lose interest when 

they realized that they were not keeping up with the progress made by 

classmates. The program was criticized for not being consistent in the 

coverage of important information~ Some topics received much attention 

-while others were given only a brief treatment. The good student was 

observ;~ to get bored with needless repetition of information after he 

had received all of the necessary instruction. However, this repetition 

is desirable for the slower student. The better students had the im

pression that they repeated much work that was not necessary. 
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Tests of Stated Hypotheses 

Hypothesis I, There will be a difference in the achievement level 

of Groups A, Band Cat the end of the first semester. 

Table II shows the mean gain score in each group, mean I.Q.'s and 

mean scores on the Orleans Prognosis Test. As a criterion the first 

semester gain scores as measured by the Seattle Algebra Test were 

used. Since the academic ability and the ma:thematical ability could 

conceivably influence each student's response to the criterion, these 

individual differences were controlled by obtaining the Henmon Nelson 

I.Q. scores as a measure of academic ability and the scores made on 

the Orleans Prognosis Test as a ~easure of mathematical ability for 

each student in the sample. By using these scores as control variables 

in the analysis of covariance, the possible bias introduced by indi

vidual differences was removed in so far as those factors adequately 

represent the differences in question. The information in Table II 

indi.cates that each group experienced a gain in achievement. The group 

using programmed. materials had a mean gain of 17.46 standard scores. 

The groups using conventional procedures in the study of' Algebra I had 

mean standard score gains of JL 86 and 22. 92. The mean gain of the 

three groups of' students was 24·. 08 standard scores. The mean LQ. of 

the eighty=four students in the study was 110.89 and the mean standard 

score on the Orleans Prognosis Test was 64.29. 
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TABLE II 

SUMS AND MEANS OF THE CRITERION AND CONTROL VlRIABLES FOR 

ALGEBRA.I 'STUDENTS 
' 

Gain in -Achievement. 
Number Algebra I I.Q. Orleans Prognosis 

····-··-- ·-···- - fy ... ..... y ··£x1··· X1 . ·····-z.12· f2 N 

Group A 28 489 17.46 :nos 111 18:33 65.46 

Group B 28 892 31.86 3127 111.68 17.52 62 • .57 

Group c g§. 642 22.92 :3080 110 1815 64.82 

Total 84 2023 24.08 9315 110.89 .5400 -64.29 

Table III presents a summa.ry'.of the data relative to aehievement 

in algebra during one semester. The sums of squares and the sum of 

all possible crossproducts are necessary for the oomputatian and are 

shown in the following·table. These values were found .tor the entire 

sample and not for the three groups individually. 

TABLE III 

SUMMARY OF EXPERIMENTAL DATA FOR STUDENTS. IN ALGEBRA;! 

Sceres 

Given in Algebra I 

Henmori Nelson I.Q. Scores 

Symbols 
·- For $nti-re 

Sample 

.57,923 

1, 0)9, 231 

Orleans Prognosis Test for Algebra I z. Xi :,60, 364 
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- - - - - • ~ - ~ - - - - - -· - - - ·- -·~ - - ~ - - ·-· - ~ m - ~ - ~ - -

Crossproducts zx y 
l 

z.x2 Y 

~x1 x2 

22.5,840 

131,6'.3'.3 

60;,470 



Table IV shows the variation in the subgroups when the first semester's achievement is con-

sidered. The values in Table II and Table III were used to compute the sums of squares and the 

sums of crossproducts in deviation form for the total sample and for within subgroups. 

Source of 2 
"- ..... -~Y-

Variation 

Total 

Within 

9.202.4166 

Subgroups 6,246.2501 

TABLE IV 

SUMS OF SQUARES AND CROSSPRODUCTS IN DEVIATION 

FORM FOR BOTH SUBGROUPS 

-----£.xf-·--··----~x~ ---- -·~Xr-Y:-----··-··£x2 }F· £~x:f_ .. 

6,264.035 13,.221.1428 1.503. 7500 l, 583. 0000 4, 648. 5715 

1, 769. 8215 13, 091. 92.86 . 1, 323. 7142 2,191:a92s ·4,696.1429 

Vt 
0 
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Table V shows the test :for signif'ieanoe after the regression 

equations are calculated, and adjustments have been made in the sum of 

squares. A test of significance was made of the null hypothesis that 

there was not a significant difference in achievement of Groups A, B 

and Cat the end of the first semester. The analysis of covariance is 

shown in Table V. The F-value of 80. 7819 wlth two and seventy nine 

degrees of freedom is significant beyond the .01 level of confidence. 

The null hypothesis was rejected. Therefore, when the criterion means 

of the three groups were adjusted for individual differences in I.Q. 

and scores on the Orleans Prognosis Test, the difference was so large 

that it was not caused by a sampling accident. Presumably the dif~ 

ference in achievement can be attributed to the teaching procedures. 

TABLE V 

TEST OF SIGNIFICANCE OF INFLUENCE OF TF..ACHINO METHOD ON 

ACHIEVEMENT IN ALGEBRA I 

So-qrce of .Iariation Degrees of.Freedom Sum of Squares Mean Sguares 

Total 81 8,819.1017 

Within Subgroups 79 2,896.1551 36.6601 

Dif'ferenee 2 5.922.9466 2961.4733 
F = 80.7819, p < .01 

Table VI demonstrates the t test for significance of differences 

among means after the criterion means have been adjusted for differ

ences that cannot be attributed to the teaching method. To have a 

significant difference at the .05 level of confidence there must be 



a dif.ferential of at lea.st J. 22. A different1.al of 4'. 26 must be :reached 

at the .01 level to have a significant difference. 

TABLE VI 

SIGNIFICANCE OF DIFFERENCES AMONG ADJUSTED Y MEANS 

s D y x ~ V36.66 
SE my x = 6,05 

''{2.8' 

= 6.05 

~ 6.05 - 1,14 
5.292 

S Ed between any two adjusted means= 6.05 

= 6.05 X .2672 = 1.62 

For df = 79, t.05 = 1.99. t.01 = 2.63 

V~s + l 
28 

Significant difference at .05 level= 1.99 X 1.62 = 3.22 

S:l.gn:tficant._gifference at .01 kvel = 2.63 :X l.,2,2 = 4.26 

Table VII i.llustrates the significance of the differences between 

adjusted group means. The two groups that studied algebra using con-

ventional teaching procedures experienced achievement, that was superior 

to the group using programmed material.sat the .01 level of corlfidenc:e. 

There was a significant difference between the groups using conventional 

teaching procedures at the • 01 level o:f confidence. 



TABLE VII 

SIGNIFICANCE OF ACHIEVEMENT AMONG GROUPS IN ALGEBRA I 

Group Adjusted Mean Ye -To Ye - Ya Th - Ya 

c 29. 36 5.8'.3** 

B 23. 53 4.28** 

A .. 19. 25 10.11** 

** Indicates significance at the .Ol level 

Hy:pothesis 2. There will be a difference in favorable attitudes 

toward mathematics, as exemplified by the students in each group at 

the end of the instructional period. 

Table VIII indicates the attitude ohange toward ma.thematics of 

the eighty-four fi.rst-year algebra stu.d.ents as measured by the atti

tude scale. In the group using programmed materials the att:ttudes 
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of twenty stu.dents changed to unfavorable toward ma.thematics. There 

were eight favorable changes in this group. In the groups using con

ventional teaching procedures there was a total of twenty seven stu

dents whose attitude change -was unfavorable and a total of twenty-nine 

students whose attitude change was favorable. Using chi square as a 

statistical procedure to test the si.gnificanee of the attitude change 

the null hypothesis was not rejected. The chi square value of 4.154 

with two degrees of freedom is not significant at the .05 level of 

confidence. It cannot be presumed that the attitude change found in 

students ,;,ms ca.used by the teaching procedures. 



TABLE VIII 

ATTITUDE CHANGE TOWARD MATHEMATICS AT THE 

END OF THE FIRST SEMESTER 

Unfavorable Favorable 

Group A 20 FEo 8 FEo 28 
15.7 12.J 

Grrmp B 14 14 28 

Group c 13 1.5 28 
47 

,,...,,.,=...-,,,r,;:,...,,.... 

84 37 

7 ___ 2 - /.j, 0 151+ P. > • 0.5 

Hypothesis .:1,, There will be a signific:.ant difference i.n the 

ab:i.lity to understand algebraic: vocabulary at the end of the .first 

semester. 

Table IX provides the mean gain ir1 aehievement as mea.sured by 

the Seattle Test on voeabula:cyo The criterion used was the gain scores 

as measured by the Seattle Algebra Test on vocabulary. The scores made 

by studenrts on the Henmon Nelson l. Q. Test and the Orleans Prognosi.s 

Test were used as ccmtrol. variables. In the analysi.s of covariance, 

the possi.bla bias introduced by indi.vid.u.al diff'e:renees will be removed 

in so far as those factors adequately represent the differences in 

question. Each group experienced achievement in the mastery of alge= 

b:raie vocabulary. The group using programmed :materials experienced th(!;J 

lowest achieirement score as measured by the test. 
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TABLE IX 

SUMS AND MEANS OF THE CRITERION AND CONTROL 1f !RIABLES 

FOR ALGEBRA I STUDENTS I VOCABULARY 

Number Gain in Achieveme1:1t LQo Orleans Prognosis 
in Voca,2B1ary .......... ~ ~~· 

N -z,Y y z.x X1 '.Z 1\~ x2 
...,_ =z:z,:az:..,. r:=m"ctte"l"II ™™"~ ====--=nm:= 

Grcmp A 28 362 12,93 3108 11.1 183:, 65.46 

Group B 28 373 13/32 3127 lll.68 1752 62,57 

Group c 28 368 !,1014 lQ§Q 110 d·fil2 §4.§g 

Tt,tal 81r l!,03 1.11.1 . .23Um 110. 82 5400 64·.~=~ ' -::IW'fllr:= :d'h: -= "' 

Table X gives a surr.uri.ary of' the data obtained from the voeabula.ry 

test, The sums of squares and the sum of all pc,ssi.ble crossprc:d.uc"t,s 

are necessacy for the computation and are shmm :i.n the f.ollcrw:lng tableQ 

These values were fotmd for the entire sample and ncrt for either of 

the th:r~ei groups individually. 

TABLE X 

SUMMARY OF EXPERIMENTAL DATA FOR STUDENTS IN ALGEBRA I VOCABULARY 

~~~~~~~~--~~~~~~~~~--~--~~·~~~~ 

Scores Symbols Total .for 

Henmon Nelson I.Q. Scores 

Orleans Progn.osis Test for Alge.bra I 
- - - = - = - - - - ~ -

Crossproc;lucrt:.s 

Ent:i.ra SamE.,le !:Y~ 14,?;97 _ .. 

z xf 1., 039, 231 

t.x~ :360, 36l} 
= = = = = = = = = = ~ = = ~ = 

ZX1 Y 

£x2 Y 

.tx:1 x2 

122,'.341 

71,185 

603,470 



Table XI illustrates the data obtained from the vocabulary test in deviation fo:rm. The values 

in Table IX and Table X were used to compute the sums or squares and the sums of crossproducts in 

deviation form for the total sample and for within subgroups. 

TABLE XI 

SUMS OF SQUARES AND CROSSPRODUCTS IN DEVIATION FORM 

FOR BOTH SUBGROUPS VOCABULARY 

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

Scn1ree of 
L.,2 ,t.; 2 LY---··----· - _________ z__xl-_ " t~;. £x1 .... ";t ..... . . .. 'Z:;1\rY- ,,,c, si? --Zc.X1.: "2 

Variation 

Total 213.5595 6;264.035 13;221.1428 26.1785 277.8571 4,648.5715 

Within 
Subgroups .... ····· ·21i~39j~f-- --- ----T,-76§:8-215_____ if 091. 9286 22,8929 293._5000 4,696.1429 

VI 

°" 



Table III demonstrates the test for significance in aohiievament 

in algebraic vocabulary due to teaching method after the regression 
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equations have been calculated, a.nd adjustments have been made in the 

sum of squares. A test of significance was made of the null hypothesis 

that there was not a significance difference in the ability to under= 

stand algeb:r.ai.c vocabulary at the end of the instructional period. 

The analysis of covariance is demonstrated. in Table XII. The F~value 

of 25.67 with two and seventy nine degrees of freedom is significant 

beyond the • 01 level of confidence. The m1ll hypothesis was rejected. 

Therefore. when the criterion means of the three groups were adjusted 

for individual differences in I.Q. and scores on the Orleans Prognosis 

Test, the difference was SQ large that it was not caused by a sampling 

aceident. Presumably the difference in the understanding of algebraic 

vocabulary was caused by the teaching preoeidures. 

TABLE XII 

TEST OF SIGNIFICANCE OF INFLUENCE OF TEACHING METHOD 

ON ACHIEVEMENT IN ALGEBRA I VOCABULARY 

Source of Degrees of 

Var~tion Freedom 
Total 81 

Within Subgroups 79 

·Residuals 

Sum of 

Sguares 
206.61.52 

12.5. 2307 

Mean 

1 • .5851 

Difference 2 81.3845 40.6922 
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Table XIII illustrates the t test for significance of differences 

among vocabulary means after the criterion means have been adjusted for 

differences that cannot be attributed to the teaching method. To have 

a significant difference at the .05 level of confidence there must be 

a differential of at least 066. A differential of .87 mu.st be obtained 

at the .01 level to have a significant difference. 

TABLE XIII 

SIGNIFICANCE OF DIFFERENCES AMONG ADJUSTED Y MEANS 

S. D. x. = "./ 1.5851 

s. E. m = l~ 25 = • 23 

V28 

= 1.25 

S Ed between any two adjusted means 

= 1.25 X .2672 = .33 

For di'= 79, t .05 = 1.99~ t .Ol ~ 2.63 

+ 

Significant d~fference at 005 level~ 1.99 X .33 = .66 

Significant differenG'Je at , 01 level = 2. 63 X • J:3 = • 8? 

1 
28 

Table XIV demonstrates the significance of the differences between 

adjusted group means. Oroup B, using eonventiona.1 teaching procedures, 

experienced achievement that.was superior to the other eonventiol'l.al 

group and the programmed group at the ,01 level or confidence. There 

was not a significant difference between the group using programmed 

materials and Group C. 



-TABLE XIV 

SIGNIFICANCE OF ACHIEVEMENT AMONG GROUPS IN ALGEBRAIC VOCABULARY 

Group Adjusted Mean Yb = Ya Th ... To Ya ... To 

B 14.72 2.12** 

A 12.60 .51 

-C 12 •. 09 2.63** 

** Indicates significance at the .01 level. 

Hypothesis 4·. There will be a significant difference in the 

ability to use fundamental processes. 

Table XV gives the mean gain in achievement as measured by the 

Seattle Test on fundamental processes. The mean gain in achievement 

or the three groups was 16.71 standard scores. Group A, using pro= 

gra:mmed materials, had a mean gain of 14.93. Groups Band C, the 

groups using conventional procedures to study algebra, had mean gains 

of 18.71 and 16.50 standard scores. The control variables are the 

scores made on the Henmon Nelson I.Q. Test and the Orleans Prognosis 

Test. By using these scores a.s control variables in. the analysis of 

covariance, the possible bias introduced by individual differences 
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was removed in so far as those factors adequately represent the differ= 

enoes in question, academic ability and mathematical ability. 



TABLE XV 

SUMS AND MEANS OF THE CRITERION AND CONTROL VARIABLES 

FOR ALGEBRA I STUDENTS IN FUNDAMENTAL PROCESSES 

Number Gain.in Achievement I.Q. Orleans 

.. -·· -·-- ····-··· . N·.-- -· ---Z;Y -- ---Y-·-· zX1- - - ---··-X1·· fX2-

Group A 28 418 14.93 :3108 111 183'.3 

Group B 28 ;24 18.71 ;127 111.68 1752 

Group c 28 462 16.50 3080 110 1815 
-84 1404 .. -16. 71 9:315 110.89 .. 5400 
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Prognosis 

·····-· X---
2 

65.46 

62.57 

64.82 

64.29 

Table XVI gives a summary of the data obtained. from the test on 

fundamental processes. The sums of squares and the sum or all possible 

crossproducts that are necessary for the computation are shown in the 

following table. These values were found for the entire sample and. 

not for the three groups individually. 



TABLE XVI 

SUMMARY OF EXPERIMENTAL DATA FOR STUDENTS IN ALGEBRA I 

FUNDAMENTAL PROCESSES 

Scores Symbols. 

Gain in Algebra I 

Herm1on Nelson I.Q. Scores 2.. Xi 

Orleans Prognosis Test for Algebra I £.x: 
Crossproducts f X1 Y 

£x2 Y 

Z:..xi x2 

Total for 
Entire Sample 

24,;88 

1, 039. 2jl 

J60, 364 

155.900 

90, 368 

60J,470 
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Tiiblti: XVII illustrates the data obt.dne..i from tE;Jst ein fundamental in deviation 

fo:rm. The values in Table XV and Table XVI wer® used to c:ompute the sums of squares and the 

sums of crossproducts in deviation form for the total sample and for within subgroups, 

TABLE XVII 

SUMS OF SQUARES AND CROSSPRODUCTS IN DEVIATION FORM FOR 

BOTH SUBGROTJPSu FUNDAMENTAL PROCESSES 

Source of 

Variation 
___ f Y~ . Z. xf _____ -- Z J~~-- _zx:1.:v: ... ·· &_x2 y -~·-·Yj_:.X2 

Total 1,121.1428 6,264.035 13;221.1428 206.4285 110.8571 4,648.571.5 

Within 

SubgPoups ··918.5715----1/769.-B-21:5 lJ, 091.9286. 162.4286 26-9.0000 4,696.1429 

°' (',j) 
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Table XVIII demonstrates the test for significance in achievement 

in the :f'u.n.damental precesses or algebra after the regression equations 

have been calculated and adjustments have been made in the sum of 

squares. A,test of significance was made of the null hYJ?othesis that 

there was not a significant difference in achievement in the fundamen

tal processes. The analy~;i.s of. o~varianoe is shown in Table XVIII. 

The f-value of 10.89 with two and seventy degrees ef freedom is signi

ficant beyond the .Ol level of confidence. The null hypothesis was 

rejected. Therefore, when the criterion means of the three groups 

were adjusted for individual differences in I.Q. and scores on the 

Orleans Prognosis Test, the difference was so large that it was not 

caused by a sampling accident. Presumably the difference in.,achieve

ment can be attributed to the teaching procedures. 

TABLE XVIII 

TEST OF SIGNIFICANCE OF .INFLUENCE OF TEACHING METHOD ON 

ACHIEVEMENT IN ALGI!:BRA. I FUNDAMENTAL PROCESSES 

Source of 

Variation 

Total 

Within Subgroups 

Difference 

Residu.al.lJJ 

· Degrees of Sum ef 

Freed.0111 . Squares 

81 1,118.8134 

79 876.968J 

Mean 

Square 

11.1008 



64 

Table XIX demonstrates the t test for significance of differences 

among mean scores in the use of fundamental processes after the cri

terion means have been adjusted for differences that cannot be attri

buted. to the teaching method. To have a significant difference at 

the .05 level of confidence there must be a differential of at least 

1.77. A differential er 2.'.34 mu.st be reached at the .01 level to have 

a significant difference. 

TABLE XIX 

SIGNIFICANCE OF DIFFERENCES AMONG ADJUSTED Y MEANS 

S. D. y. x. = 

S.E.m 

y ll.1008 

·'.3.33 

~ 
S Ed between any two adjusted means 

= 3. 33 X • 2672 = • 89 

= 3. :n , I 1 
v 28 

For df ~ 79, t.o; = 1.99; t .01 = 2.6'.3 

+ 

Significant difference at .o; level =.1.99 X .89 = 1.77 
' .... """ H ''°"' •••••••••• .. --,-· •, 

Signif'ioant dif':f."erenoe at ·• 01 level· = 2. 61 I • 89 ::· 2~ Jlt · . 

1· 
·~ 

Table XX illustrates the significance of the differences between 

the adjusted group means. The groups that studied. algebrau:sing can ... 

ventional teaching procedures experienced achievement tha.t was superior 

to the group using programmed materials. There was not a significant 

difference between the two conventional groups. Group C had aehieve-

ment that was significant at the .Oj level of confidence when compared 

with Group A, the group using programmed materials. The achievement 



6.5 

of Group B was significant at the .01 level when contrasted. with Group 

A. 

...... 

B 

0 

A 

TABLE XX 

SIGNIFICANCE OF ACHIEVEMENT AMONG GROUPS IN COMMAND 

OF THE FUNDAMENTAL PROCESSES OF ALGEBRA I 

Group- -- ... -Adjusted mean - To - To Th - Ya 

17.73 .49 

17.24 

15.17 2.56** 

* Indicates significance at the • 05 level 

** Indicates significance at the .01 level 

To.-.;,, . fa 

2.07* 

Hypothesis 5. There will be a significant difference in the 

ability to solve equations. 

Table XX! gives the mean gain in ~chievement as measured by the 

Seattle Sub Test on equation solving. The criterion used was the gain 

scores as. measured. by .·the.··seattle. Algebra· Test _-.on .equ.a.tion solving·~

Each group experienced achievement in its ability to solve algebraic 

equations. Group A, the group using programmed materials had the 

lowest achievement score as measured by the test. The scores ma.de by 

students on the Hamnon Nelson I.Q. Test and the Orleans Prognosis Test 

were used as control variables. In the analysis of covariance, the 

possible bias introduced by individual differences was removed inso 

far as those factors adequately represent the dif'ferenees in question. 



TABLE IXI 

SUMS AND MEANS OF THE CRITERION AND CONTROL VARIABLES FOR 

ALGEBRA I STUDENTS 1 EQUATION SOLVING 
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..... Number ... -Gain in Achievement ....... .. I.Q. Orleans Prognesis .. 

N f_y y i._x1 x:i £x2 x 
2 

Group A 28 339 12.11 3108 111 1833 65.46 

Group B 28 400 14.28 3127 111.68 1752 62.57 

Group c 28 371 13. 2.5 3080 110 1815 64.82 
84 llli 13.21 9315 110.89 5400 64.29 

Table XXII gives a summary of the data obtained from the test on 

equation solving, The sums of squares and the sum of all possible 

~rossproducts are necessary for the computation and are shown in the 

following table. These values were found for the entire sampler and 

not for either of the three groups i.ndivi.dually. 



TABLE XXII 

SUMMARY OF EXPERIMENTAL DATA FOR STUDENTS IN ALGEBRA. I 

EQUATION SOLVING 

Scores 

Gain in·. Algebra I 
2 Henmon Nelson I.Q. Scores f.X1 
2 .. Orelans Prognosis Test For Algebra I zI2 

Total for 
Entire Sample 

1s.e14 

1, OJ9. 2:31 

:,00, 364 -- --- ~ ---------- - - - - - - - - - -- ---- ---- -
Crossproducts £x1 Y 

ZX2 Y 

.· .. £.xl ,X2 

123,388 

71,854 

.603,470 



Table XXIII illustrates the data obtained from the test on equation solving in deviation form. 

The values in Table XXI and Table XXII were used to compute the sums or squares and the sums or 
crossproducts in deviation f'orm for the total sample and for within·subgroups. 

TABLE XXIII 

StmS OF SQUARES AND CROSSPRODUCTS IN DEVIATION FORM FOR 

BOTH SUBGROUPS EQUATION SOLVING 

Source or 
,;;1~i1d~-- -~- ~ 1-2 -- ---------:z~--~:, -~--- --:-~---zx~- _ -~xi--:,;1- .. -----~---· -----z.~ ~--- -- . -. -- z.xr.x2------· -

Total 346.1428 6,264.035 13, 221.1428 290.928.'5 496.8.571 4,648 • .571.5 

Within 

Subgroups ___ --- -279 •. 6429,------- -----l,-7.69-• ..82l.j- ---l.;,,.091."9286----'"'- -2-7-7~5-715---- -------·:584.--28§tl- - -- --4, 696.--1429-- ---- -··· 

°' O> 



Table XXIV demonstrates the test fo:r. significance in achievement 

in the solving of equations after the regression equations have been 

calculated and adjustments have been made in the sum of squares. A 

test of. significance vtas made of the null hypothesis that there was 

not a significant difference in the ability to solve algebraic equa-

tions at the end of the instructional period. The analysis of co-
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variance is demonstrated in Table XX:IV, The [-value of 24. 7:3 with 'two 

and seventy nine degrees of freedom is significant beyond the .Ol level 

of confidence. The null hypothesis was rejected. Therefore, when the 

criterion means of the three groups were adjusted for individual dif= 

ferences in I.Q. and scores·on the Orleans Prognosis Test, the differ-

ence was so large that it was not caused by a sampling accident. Pre= 

sum.ably the difference in the a.bility of students to solve equations 

was caused by the teaching procedures. 

TABLE XXIV 

TEST OF SIGNIFICANCE OF INFLUENCE OF TEACHING METHOD ON 

ACHIEVEMENT IN AI.GEBRA I EQUATION SOLVING 

Source of Degrees of 

,Yariat:l.on F:t!edom 
Total 81 

Sum of 

Squares 
324.2128 

199.3755 
124. 8373 

Residuals 

F = 24. 73, p < . 01 

Mean 

Square 

2. 5237 
62.4186 



70 

Table XXV demonstrates the t test for significance of differences 

among mean scores derived from tests on equation solving after the 

criterion means have been adjusted for differences that cannot be 

attributed to the teaching method. To have a significant difference 

at the .05 level of confidence a. di:f:ferentia.l of at least .86 is re-

quired. A di.ff erentia.l of l. l'.3 must be obtained at the • 01 level for 

the difference to be significant. 

TABLE XXV 

SIGNIFICANCE OF DIFFERENCES AMONG.ADJUSTED Y MEANS 

S, D. y. x = -'12, 5237 = 1,60 

S. E. m. y.x. = 1.60 = 1.6 = 

"28 
S Ed between any two adjusted means. = 1. 6 , Tl 

V23 
= 1.6 X .2672 = .43 

For d.f = 79, t .05 = 1.99; t .01 = 2.63 

Significant difference at the .05 level= 1.99 X .42 = .86 

Significant difference at the .Ol level= 2.63 X .43 = 1.13 

Table XXVI gives the significance of the differences between the 

adjusted group means. There was not a significant difference between 

the two groups using conventional teaching procedures. There was a 

significant difference between Group Band Group A at the .05 level 

of e0nfidence. There was a significant difference between Group C 

and Group A at the .01 level of confidence. The groups using conven= 

tional teaching procedures experienced achievement in equation solving 

that was significantly greater than that of the group using the program. 



c 
B 

A 

TABLE XXVI 

SIGNIFIONACE OF ACHIEVEMENT .AMONG GROUPS IN THE SOLUTION 

OF ALGEBRAIC EQUATIONS 

14.09 

l'.3.24 

12. 30 

.e; 

1.79** 

.94* 

* Indicates significance at the .o; level 

** Indicates significance at the .01 level 

H:vpothesis·6. There w.i.11 be.a significant difference in the 

ability to represent relationships algebraically and to set up equa-

tions for given problems. 
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Table XXVII gives a summary of the data obtained from the test on 

representing relationships algebraically and in the formation of 

equations. The criterion used was the first semester gain scores 

as measured by the Seattle Algebra Test on Ability to represent rela

tion.1hips algebraically.and to .formu.late equations~ The academic 
. . ' . . . . . ' . . . : . . . . . . . . 

ability and the mathematioal·a.'bilityoould oonoeivably influence each 

student's response to the .criterion, these individual differences were 

controlled by the Henmon Nelson I.Q. scores as a measure of aeade1').io 

ability and. the scores on the Orleans Prognosis Test a.s a measure of 

mathematical ability. Using these scores as control variables in the 

analysis o! covariance, the possible bias introduced by individual 

differences was removed in so far as those factors adequately represent 

the differences in question. The information in Table IXVII indicates 
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that each group experienced a gain in achievement. Group A, using pro .. 

gr~ed materials, had the lowest mean gain score of the three groups. 

TABLE XXVII . 

SUMS .AND MEANS OF THE CRITERION AND CONTROL VARIABLES FOR 

ALGEBRA I STUDENTS TESTING THE. ABILITY TO REPRESENT 

RELATIONSHIPS ALGEBRAICALLY AND TO SET UP EQUATIONS 

Number Oairf'in Achievement 

.. i, · ....... ____ zi .. ·.· ............ x: .. :.z1i ···-.-.-

Group A 28 ''' 11.89 :3108 ill ·18;3 

Group B 28 367 1:, •. 11 '.3127 111.68 1752 

Group c 28 :,42 12.21: ;080 110 ·, 1815 - - -.84 .. 1042 -12.,40 .931.5 110~89 .5400 

6;.46 

62 • .57 

64. 82 

64.29 

Table XXVIlI gives a summary. of the data obtai11ed from the test on 

algebraic relationships amd. equation formation. The sums c,f squares 

and the sum of a·11 possible crossproducts are neoessacy £or the oom-
' ' 

putation and al"., s1:iown i~;-thij. tollewtng .t~bl;•· : Tl?.•s,. 'V'.~;ues cw:ere .. 

. found for the enti;e sample and not for the three grO'llps individually. 
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TABLl!lXXVIII 

SUMMARY OF EXPERIMENTAL DATA FOR STtJDENTS IN ALGEBRA I 
. . : . . . . 

CONSIDERING 'l'HE ABILITY TO REPRESENT RELATIONSHIPS 
. . .. ·· .. 

ALGEBRAICALLY AND IN °THE FORMATION .. OF EQt1ATIONS 
.. .. . . - . 

.. ,,_ -· ....... . 

... Soores. -•Symbols.· . ·. For- Entire 
Sample · 

Scores in Algebra I 

Henmon Nelson I.Q. Scores 

Orleans ·Prognosis 'rest for Algebra I 

1:,.166 

· 1, 039, 231 

360, :,64 

------------~--~------~---~-----~---
C:rossproduets ._ · 11;,680 

67,193 

603,470 

Table XXIX demonstrates the da:ta obtained £rom the test on 

algebraic relationships and equation formation .in deviation form •. 
. . . . . . . . . .. ' 

The values in Table XXVII anf Table XXVII!I were used to compute the 

sums -·of, sqt.tares.and. ;,the;:S~S :o,;tt·:,ero~~pr~t1.cts::i,nfde~atton •. ·•·f6rm ~O~.' 

the total sample and f'or within subgroups.' 



TABLE xxrx 
SUMS OF SQUARES AND CROSSPRODUCTS IN DEVIATION l?ORM 

FOR BOTH SUBGROUPS 

~'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~"-~~~~~~~~~~~~~~~~-

Source of 

z y2 £ x~ 
? 

'z_xl y .f_x2 y ZX1 x2. zx2 
Variat:ton 

Total 240.2380 6, 264. 035 13, 221.1428 129,6428 207.2857 4, 6Li,8. 5715 

Within 

Subgroups 21£l,0715 l. 769. 821.5 13.091.9286 110. 9643 260.7500 4, 696 ~ 14-29 

---:} 
+:' 
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Table XXX demonstrates the test fcir significance in achievement in 

algebraic relationships and. equation formation after the regression 

equations have been calculated and adjustmentshave been ma.de in the 

sum of squares. A test of significance was made of the null hypothesis 

that there was not a significant difference in the ability to represent 

relationships algebraically and to set up equations to solve problems 

at the end of the instructional period. The analysis of covariance 

is shown in Table XXX. The !-value of 5.09 with two and seventy nine 

degrees of freedom is significant beyond the .01 level of confidence. 

Therefore, when the criterion means of the three groups were adjusted 

for individual dif'fe:rences :1.n I.Q. and scores on the Orleans Prognosis 

Test, the difference was so large that it wa.s not caused by a sampling 

accident. The difference in achievement can be attributed to the in= 

fluence of the teaching procedures. 

TABLJll XXX 

TEST OF SIGNIFICANCE OF INFLUENCE OF TEACHING METHOD ON 

ACHIEVF.:MENT IN ALGEBRAIC RELATIONSHIPS AND ~UATION FORMATION 

Residuals 
Source or Sum of Mean 

yaria.tion Sg_uares_ ... Square 

Total 81 236. 2922 

Within Subgroups 79 209.'.3154 2.6496 -
D:U.'f erence 2 ·26~9768 1,.4884 

F = _5.09, p <.. • 01 
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Table XXXI demonstrates the t test for significance of di.fferences 

among means after the criterion means have been adjusted for differences 

that cannot be attributed to the teaching procedure. To have a sig-

nifieant difference at the .05 level of confidence it was necessary to 

have a differential of at least .88. A differential or 1.16 must be 

reached at the .01 level to have a significant difference. 

TABLE XXXI 

SIGNIFICANCE OF DIFFERENCES AMONG ADJUSTED Y MEANS 

s. D. y. x = y 2.64% = l.6J 

s. E. M. y. x= 1.6J = l.6J = . J08 

'{2S 5.292 

S Ed between any two adjusted means = 1.6'.3 ,/ 1 
V 28 

= 1.63 X .2672 = .44 

For df = 79, t .05 = 1.99; t .01 = 2.63 

+ ·1 
28 

Significant difference at the .05 level= 1.99 X .44 = .88 

Significant difference at the .01 level= 2.6J X .44 = 1.16 

Table XXXI! illustrates the significance of the differences 

between adjusted group means. There was not a significant difference 

between the two groups using conventional teaching prooedureso Group 

B, a conventional group 9 differed significantly from the group using 

the programmed materials at the .05 level of confidence. There was 

not a significant difference between Group C, a conventional group, 

and Group A. 



TABLE XXXII 

SIGNIFICANCE OF A:HIEVEMENT AMONG GROUPS IN THE ABILITY 

TO REPRESENT RELATIONSHIPS ALGEBRAICALLY 

AND TO SET UP EQUATIONS 

Group · Adjusted Mean Ye= Ya 

B 

c 

A 

12.86 

12.42 

11.93 

.44 

.49 

• 93* 

* Indicates significance at the .05 level 
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HyPothesi~. There will be a significant difference in the 

©hoice of teaching methods in the experimental class a.t the end of the 

:tnstru.ctional period. 

Table XXXIII provides the data concerning the choice of method in 

the ~lass using programmed materials. At the end of the instructional 

period the students were given a.n opportunity to make a choice relative 

to the teaching procedure they would prefer for the second semester. 

Nineteen students made the choice to continue ·the u.se of programmed 

materials. Nine students indicated that they would prefer a. change 

to comrent:i.onal procedures of instruction. Chi Square was the 

statistical method used to determine the si.gnificanoe of the stu

dent's preference, The Chi Square value of :;. 571 was not significant 

at the . 05 level of confidence, The null hypothesis was not rejected. 

It cannot be presumed that the teaching procedures influenced the 

choice of students, 
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CHOICE OF PROGRAM OR CONVENTIONAL TEACHING METHODS IN GROUP A 

G:r011p A 

Do Not Prefer Change 

Favorable 

19 

fe=14 

SUMMARY 

Prefer Change 

Unfavorable 

9 

f.e =: 14 

• 05 
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Seven hypotheses were stated for this study. On 'the basis of the 

:results cibtained from the stati.sti.cial analyses, t.he null hypotheses 

were rejected or not rejected at the • 05 level of cor1fidence. 'I'he 

single classif'ioation analysis of cova.r:1.ance as developed by James 

E. We:r.t :tn his book ~i~ta&~o~ethods iri. Educatienal a.nd Ps .9119..,,, 

!Qgi,c?,l_Res~Q.h was used to determine the si.gnifioanoe of achieve~ 

mmrt in Algebra I: when di.fferent tea.thing methods were utilized., and 

allowances were made for dif±'erenoes i.n ability tha:t wa.:s found in 

each group. The t t.est as developed by Henry E. Garrett in his text 

Statistics in Psychology_an.s!._Ed_!:'lcation was used to determine the 

significance of the difference in the adjusted mean scores. 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

Review of the Study 

The major objective of this study was to compare a.ehievement in 

Algebra I when different teaching methods were used. The minor objec= 

tive was to determine if there was a significant change in attitude 

toward mathematics due to methods of instruction. The study was 

ltmited to one school and a small population. Inferences are limit

ed to the population that was sampled. 

Conclusion of the Study 

On the basis of this research and subject to the specified 

limitations, the following cone.lus:i.cms were ma.de: 

1. Students in all groups achieved in Algebra I. A significant 

! value was found on the test of si.gnificaneei of' influence of' the 

teaching method on achievement. There.fore, the difference in achieve ... 

ment can be presumed to be the result of the teaching method and not 

the result of I.Q. or the Orleans Prognosis Test. In the test for 

significance of differences among adjusted means, it was concluded 

that groups B ~nd C differed significantly from group A at the .Ol 

level and that group Chad a significant difference from group Bat 

the • 01 level. The groups taught by the conventional method of 

instruction experienced achievement that was significantly gr~ater 
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than that of the group that u.sed programmed materials. The null 

hypothesis was rejected. 
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2. The null hypothesis was not rejected when the test for signi

fi.eance of the difference in favorable attit.udes toward mathematics 

was ma.de. In the group using the program the attitude of twenty stu= 

dents changed to unfaverable while eight changes were favorable. In 

the ecinventional classes there were twenty-seven unfavorable changes 

c~mpared to twenty=nine favorable changes. The assumption cannot be 

made that the a.tti.tude ehange was the result of the teaehing methods. 

3. The null hypothesis was rejected when the !, test was made for 

signifieanc:e of influence or the teaching method i.n algebraic vocabu= 

lary. Achievement can be presumed to be due to the teaching method. 

The t test was applied to the adjusted means. Group B di.ffered 

significantly from Group A and Cat the .01 level. There was not a 

signif'ic~.nt difference between Group A a.nd c. Group B taught by 

conventional. instructional methods, had a significant gain in achieve= 

ment over the programmed group and the other group taught by conven

tional methods. 

4. Student achievement 1.n the .fundamental processes of algebra. 

can be attributed to the teaching method. A significant! was com,.. 

puted, and the null hypothesis was rejected.. The t, test for sig= 

n:tficanc~ of the difference among adjusted means provides a basis to 

assume that the gain experienced by the conventional classes over the 

programmed class was significant at the .o; level. There was not a 

significant di.ffe:rence between the classes taught by conventional 

methods. 
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5. The F "lfalue was significant beyond the • 0.5 level of confidence 

when stati.stieal methods were applied to the data obtained from the 

test fer achievement in equation solving. When the criterion means 

of the group were adjusted for indi~vidual. differenees in I. Q. and on 

scor.es made on the Orleans Test, the difference can be presumed to be 

due to the teaching methods. The null hypothesis was rejected. The 

conventional groups_ experi.enced better mean achievement scores than 

the group using the program. The difference was significant at the 

• 05 level. There was not a. significant difference between t_he con= 

ventional groups. 

6. Teaching proc:edures had a significant i.nf'luence on achieve

ment in equation formation and in the understanding of algebrai.c re= 

lationships. The! value was significant beyond the .05 level of' 

confidence and the null hypothesis was rejected. The conventional 

groups had greater mean gain scores than the group using programmed 

materials. However, only one of' the conventional groups had a gain 

that was: signi:f'ic.int at the • 05 level of conf'idenae when compared 

with the ex.pe:rimenta.l group. 

7. At the and of the first semester nine students in the group 

u.sing the program :ma.de a. pre.ferenoe to change to conventional methods 

of instruction. Nineteen preferred to continue to use the program 

materialso The null hypothesis was not rejected. We eannot presume 

that the students preferred one method or instruction over the other. 

Su.mmary 

It was found in the study that the teaching methods had a signi~ 

f'icant influence on achievement in first=year algebra. The results 
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f'rc,m th.Ell study i.ndi.c:ate that the classes usi.ng con:ve:ntional methods of 

instruction achleved at a significantly higher level than the class 

using program materlals" There was not a. sigr1ificant change in the 

attitud,3s o,f st..:iderrt.s toward ma.thematics due to methods of i.nst:ruction. 

The method of. :lnstru.c:tlon did not have a significant influence in de

fa~rmi.ning the tea.ch:'Lng method that stude:r:ts preferred. 

The writer m,,;,kes the follcw:Lng :recommendations as the result 

of this studyg 

lo Mc):re studies should be conducted comparing achievement when 

different methods of inst:.ruction are 1J_s1'irl. 

2. More studies shou.1.d be conducted to determine the sign.ifi- v/ 

o:ant. taetors tha.t influence studantsu attitudes toward teaching 

mf:rthods and subject. matter. 

'.3. Addi t:lona.l studies shc!Uld be made to determ:i.ne wha.t are the 

best ways to u.se program materials. 

4·. More re,~HJ)aroh is needed to determine at what grade levels 

can programmed mate:r'ials be used to the best adv·ant.age :for students 

5. Research should be conducted to dete::r:'Taine more adequately 

the type tif student that can use a program to the best advantage. 

6. More programs using the modern concepts of algebra should 

be develop@d. 

7, '.t'eachers and school e,d111inistrators should ccm.tirmed to evalu= 

ate program materials and to experiment with their use to determ:i.ne 

their proper place in the instructional program.. 
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OfNflAl fOITOI, WALTH N. DUI OST, SCHOOi Of EDUCATION, 10$TON UNIVERSITY 

SEATTLE ALGEBRA TEST 
For End of First Half Year 
n HAROLP 8. JEFFERY, EARL E. KIRSCHNER, PHILLIP STUCKY, 

JOHN R, RUSHING, OTIE P. VAN ORSDALL, DAVID SCOTT 
SfATTlf rUlllC SCHOOLS FORM AM 

DIRECTIONS, 

Do not open this booklet until you are told to clo so. 

This is a test of your knowledge of algebra. For each question there are five possible answers. You are 
to read each question and determine which answer is correct; then record the answer on the answer sheet. 
You may answer a question eveq when you are not perfectly sure that your answer is correct, but you should 
avoid wild guessing. Do not spend too much time on any one question. 

Study the sample questions below, and notice how the answers arc to be marked on the separate answer 
sheet. 

Sample A, 2 + S equllls 
•• 9 
I>, 8 
c. 6 
d. 5 
e. none of the above 

For Sample A the answer, of course, is "5," which is answer d. Now look at your answer sheet. At the 
top of the page in the left-hand column is a box marked SAMPLES. In the five answer spaces after Sample A, 
a heavy mark has been made filling the space (the pair of dotted lines) marked d. 

Sample B. If 5 x .. 15, then x equals 
f. 75 
g. 20 
h. 3 
I. -3 
j. none of the nbove 

The correct answer for Sample B is "8," which is answer h; so you would answer Sample B by making a 
heavy black mark that fills the space under the letter h. Do this now. If the correct answer had not been 
given, you would have chosen answer j, "none of the above." 

Read each question carefully and decide which one of the answers Is best. Notice what letter your choice is. 
Then, on the separate answer sheet, make a heavy black mark in the space under that letter. In marking 
your answers, always be sure that the question number in the test booklet is the same as the question number 
on the answer sheet. Erase completely any answer you wish to change, and be careful not to make stray marks 
of any kind on your answer sheet or on your test booklet. When you finish a page, go on to the next page. 
If you finish the entire test before the time is up, go back and check your answers. Work as rapidly and as 
acC'urately as you can. 

When you are told to do so, open your booklet to page 2 and begin. The working time for this test is 40 
minutes. 

Published by World Book Company, Yonkers-on-Hudson, New York, and Chicago, Illinois 
Copyright .'951 by World /look Company. Copyright in Great Britain. All rig/its reserved 

Pftl XTt.:D IS 1). 1,4 . IUT I 4.M-9 
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Part A. Vocabulary 
1, In 3 a2c, the c is 

i, a term. 
2. a binomial. 
3, an exponent. 
4. a factor. 
15. a numerical coefficient. 

2. Which expression is a binomial? 
G, 3y 
'I. 5x + 10 
-a: 3(x - 2) + 5 y .,..: 2 z 
9. a2 

10. none of the above 

·3. In 6.a•m + 3 'I/, the 6 and 3 are 
1, terms. 
2. exponents. 
3. binomials. 
4. coefficients. 
6, Jiter11l factors, 

4. In the algepraic expression 7 a•, the 2 is 
6. a coefficient. 
7, a subt1·ahend. 
8. a binomial. 
9, a monomial. 

10. an exponent. 

s. In 3 x - 5 y, 3 x is a 
1. factor. 
2. term. 
3. coefficient. 
4, binomial. 
IS. root~ 

6 The fraction 7 Y expresses • · 5x 

6. an equation.· 
'I. a product. 
8, a sum, 
9. a quotient; 

10. a difference. 

7, In the equation x + 2 = 5, 3 is 
1, a root. 
2. afactor. 
3. the left member. 
4. a literal term. 
6. the degr~e. 

l!. The expression I = prt is called 
6. a binomial. 
7. a formula. 
8. a root. 
9. a trinomial. 

10. none of the abo,;-e. 

89 

Seattle : Alc~A11 

9. In the formula d = rt, the rate (r) may be expressed in 
1. miles. 
2. hours. 
3. miles per hour. 
4. hours per mile. 
6. none of thti above. 

Part B. Fundamental Processes 
10. (-2)(-2)(-2) equals 

a. -8 · 
b. -6 
c. +6 
d. +s 
e. none of the above 

11. 8 + 2 x 3 - 8 + 2 equals 
f. 11 
g. 10 
ll. 3 
i, -3 
j. none of the above 

12. 3 x + 4 x equals 
a: 7 x. 
b. 7 x• 
C, 12:ll 
d. 12 x2 e. none of the above . 

13, 3 a + 4 b equals 
f. 12 ab 
g. 'lab 
ll. 3 a+ 4 b 
i. 'l(a + b) 
j. none of the above 

14. (5 a~)(-a) equals 
a. 4 a• 
b, · 5a·• 
c. 5a3 - a 
d. -5 a4 

e. -16a4 

15, 15 xy + 5 xy equals 
f. 10 xy 
g. 3xy 
h, -3xy 
i. -8 
j. none of the above 

16. 21 - ( -5) equals 
a. -26 
b. -16 
c. 16 
d, 26 
e. none of the above 

I 2 I Gq on to the next pa11e. 



17, (-42) + (--'6) equals 
f. -48 
I• :-36. 
h. 36 
I, 48 
j, none of the above 

18, (32118) + {-211) equals 
a, so ri' 
b, 16111 

C, -16t/7 
d, -so y7. 

. e. none of the above 

19, Ga equals 
f. 15 . 
g. 25 
h, 125 . 
i, 625 
j: none of the tibove 

20. ( -S 112) 8 equals 
a. 27yil 
b, -27 'It 
C, -3 Y6 

d, -27 y6 
e, 11one of the above 

21, 5(a - 2) - 4 a equals 
f, -15a -10 
g. a - 2 
!i,. Oa - 10 
i, a-io 
j .. none ot the above 

22, 42 y - (10 - 2(8 y ..,.. 4) - 2} equals 
a, 48y + 16 
b; 4,8y -16 
c, 361/..;,, 20 

.. d~ 36 ti - 16 
e. 181/ + so 

23. :-24 n~ -: n: + lG 71' equals 
..... n· 

f. 3ni + n -2 
g, 3n2 - n - 2 
h. -sn~.;;. n + 2 
J. 8 11,2 - 1 n . ..., 2 
j, none of tile aix>ve 

Z<t, 5 W + 2 t - W - 8 (; equab, 
8,, 4 W + at, 
b. 4 W -10.t 
e. 6W - 6L 
d. -4W -6L 
e. none of the above 
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. 2S, If a ... 3 and b • 2, then 6 a1 - 2 ab + 3 ~ equals . 
f, 36 . . 
g. 54 · 
h. 78 

.. I, 324 

. j. 348 

26, In the fonnula A "" LW - 3 82, find A if L • 16, 
W "'5,.andS •.4, . . 
. •• 224· 
b. 122 
c. 78 
d; -64 
e. none of the above . 

27, If a ":' 2, b = -3, then 2 a(a + 2 b) equals 
f, 82 ' 
g. +16 
b. -l6 
i. -48 . . 
j, noµe of the 11bove 

is: In the temperature fonn~la, C • f(F -. 82~) •. find 
C j! F.., 50°. . · '. · · . 

a. 45t° 
b, 18° 

. C, 1()0 

4. -10° 
e, none of the a\love .. 

20. From -19a+ 5b - 100 t11ki> - ea+ 10 b;... a c. 
f, -10 a - 5 b - 7 o ' 
g; 10.a + 15b + 18!) . 
Ii.. -28 a + 15 b - 13 c .· 
i, ..-lOq + 15 b ..... 7 c 
j. none of the above . 

30. (8 :i: + 2)(x - 1) equals 
· a.3x'-5x-2 · 

b. sx2+h-a 
c, 4x+ 1 

· .. ctSx'-a:·...,2 
e, Sxi-·· 2 · 

Part C. Equation$ 

31. tf I = 6; then x equals 

a .. 3 
b •• 
¢. 8 
d. 12 . 
· e. none <if the ab(>\l'e 

az. U 5. = 2 + t. then t equals 

l 

:: ~;. . 

Ii. a 
i; ·· 10 
j. noile of ~he a:bo:v!!. 

~- on to the next pagi\i. 



. 33 •. If 3 c + 12 = 6, then c equals 
a. 6 
b. 2 
c. -2 
d. -6 
e. none of the above . · 

34, If i x = 2, then :,; equals 
f. 3 
g. ,! 
b. 1 
i. -! 
j. none of the above 

35. If 6 + 3 :,; = :t ... 4, then :,; equals 
a. 5 
b. 2! 
c. 1 
d, -21 
e. none of the above 

36. If 3 s - 1 = 2(s + 3), then s equals 
f. -7 
g. 1 
h. 4t 
i. 
j. 7 

37. lf t x + 5 = :,; + 8, then :,; equals 
a. 6 
b, it 
c. t 
d. -! 
e. -:6 

38. If ~ - i = 6, then :,; equals 

f, 27 
g. 18 
h. 3 
i. 0 
j. none of the above 

39. The value of z which satisfies both of the equations 

. {3:,; +.2y = -2}. is 
2x + 2y .=-4 

· a. -6 
b. -2 
C, 2 
d. 6 
e. none of the above 

Part D. Algebrpic: Representation and Problems 
D1:iiECTIONS, In the following questions, read eack problem 
and decide wkick of tke five given algebraic expressioni; or 
equations is correct. D() NOT SOLVE TUE EQUATIONS. 
40, If n represents an odd number, the 11ext higher con:· 

secutive odd number j:;, 
a. 2n 
b. 'Ii+ 1 
c, n+2 
d. n +s 
e. n2 

Sea, tie ; Alg.-A,. 

41, The area ofa rectangle whose length is Land whose 
width is W is · 

f. L + JV g. 2 LW h. 2 L + 2 W 
i. LW j .. (UV)2 

42. A line 6 inches long is divided into two parts. If the 
shorter part is S inches, the longer part is. 

a. S :... 6 inches. b. 6 - S inches. 
6 . 

c. S inches. d. S + 6 inches. 

e. none of the above. 

43. One angle is three tiines a smaller angle. Their sum 
is 180°. Find the number of degrees in each angle. 
(Let a equal the number. of degrees in the smaller 
.angle.) 

f. a +. 3 = 180° 
g. 3 a= 180° 
h.2a+3=180° 
i.a+3a=180° 
j. none of the above 

44. Mr. Randall in Everett and Mr. Moore in Tacoma 
decide to hike toward each other until they meet, 
Everett is 60 miles from Tacoma. If Mr. Randall 
averages 3 miles per hour and Mr. Moore averages 4 
miles per hour, in how many hours will they meet? 
(Let t equal the number of hours until they meet.) 

a.41-31=60 
b, 31 +4 t"" 60 

c. ! !..-. ! = 60 
4 3 . 
t d.7=60 

e. none of the above 

45, Helen's age is one third of her mother's age. The dif
ference between their ages is 24 years, How old is 
each? (Let M equal the mother's age.) · 

f. M _ M = 24 . 3 
g. 3M,= 24 
h.}M=24 
i.M-!=24 
j. none of the above 

46, A picture is 4 inches long~r than it is wide. If w is the 
width, the perimeter is 

· a. P = 2(w + 4) 
b. P = 2(2 w + 4) 
e, P = w(w + 4) 
d. P = 2w + 4 
e. none of the above 

47, The price of pork increased 10% in one. month. If 
it now sells for 66 cents per lb., what was the price 
before the increase? (Let P equal· the price before 
the increase.) 

f. P .:... 0.10 = 66 
g.P + 0.1 = 66 
ll, P + 0.1 P = 66 
i. P -- 0.1 P == 66 
j. none of the above 

( 4 l Go back and check your answers. 
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GENERAL EDfTOR, WALTER N, DUROST, SCHOOL OF EDUCATION., BOSTON UNIVERSITY 

SEATTLE ALGEBRA TEST 
For End of First Half Year 
BY HAROLD B, JEFFERY, EARL E. KIRSCHNER, PHILLIP STUCKY, 

JOHN R, RUSHING, OT!E P. VAN ORSDALL, DAVID SCOTT 
SEATTLE PUBLIC SCHOOLS FORM BM. 

DIRECTIONS: 

Do not open this booklet until you are told to do so. 
This is a test of your knowledge of algebra. For each question there are five possible answers. You are 

to read each question and. determine which answer is correct; then record the answer on the answer sheet.· 
You may answer a question even when you are not perfectly sure that your answer is correct, but you should 
avoid wild guessing. Do not spend too much time on any one question. . 

Study the sample questions below, and notice how the answers are to be marked on the separate answer 
sheet. 

Sample A. 2 + 3 equals 
11,. 9 
b. 8 
c. 6 
d. 5 
e. none of the above 

For Sample A the answer, of course, is "5," which is answer d. Now look at your answer sheet. At the 
top of the page in the left-hand column is a box marked SAMPLES. In the five answer spaces ll(ter Sample A, 
a heavy mark has been made filling the space (the pair of dotted lines) marked d. 

Sample B. If 5 x = 15, then x equals 
f. 75 
g. 20 
h. 3 
i. -3 
j. none of the above 

The correct answer for Sample Bis "3," which is answer h; so you would answer Sample B by making a 
heavy black mark that fills the space under the letter h. Do this now. If the correct answer had not been 
given, you would have chosen answer j, "none of the above." 

Read each question carefully and decide which one of the answers is best. Notice what letter your choice is. 
Then, on the separate answer sheet, make a heavy black mark in the space under that letter. In marking 
your answers, always be sure that the question number in the test booklet is the same as the question number 
on the answer sheet. Erase completely any answer you wish to change, and be careful not to make stray marks 
of any kind on your answer sheet or on your test booklet. When you finish a page, go on to the next page. 
If you finish the entire test before the time is up, go back and check your answers. Work as rapidly and as 
accurately as you can. 

When you are told to do so, open your booklet to page 2 and begin. The working time for this test is 40 
minutes. 

Published 1952 by World Book Company, Yonkers-on-Hudson, New York,.and Chicago, Illinois 
Copyright 1951 by World Book Company. Copyright in Great Britain. All rights reserved a 

PRINTBD IN 1,J,S,A, SAT:BM·l 
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Part A.' Vocabul~ry 
1. In 7 ~. the b is . :. • · 

1. an exponent. 
~ a subtrahend, 
a. a factor. 

. ._ a term. · . 
&. none of the abov.e: 

2. I~ aa•, the 2 ii! 
8. a polynomlal; . 

· . 'I, a literal f®tor, a. a.tenp. ·· · 
9, a cioefficient. 

· ;LO. none of the above. 
. . . 

3, The expre!!!!ion :iii+ S Z11+ b~ is · 
1, a binomhll.- · · 
J; a term.·· 

. a. a monomial. 
4, · a· polynomial. 
,;~ none of the above,· 

•. Jn'the equation, :i;..,;. 8 "'7, 10 is 
· 8; a root, · 
if, a check; 
8, the degree. . . 
9, a numeric!ll factor. 

10. an identity. . 

5, 111 5atl' + 8 Cl2l + 4 ab, the I is 
i; a· polynomlal. 
,. a factor.· 
a. a, coefficient; i 
4, a monomial. . .. 
6, none of the above: · 

. ·- ·. _.· . . . ,' .. · 

6 •. tn the expreal!ion 9-~ ~ 5 x, G z is i'i · 
6. f11Ctor. . . 
7, dU.feren~. 
8. sum. · 

· · 9. · coefficient. · 
. · 1!>, literal term,. . 

·. 7, In ·th; expression (7).(4) "'". '28, 28 is , 
1. a qqi)tient, a. a factor; . 
· 3-· 3n JU}dendi 
t. a prod.uct, 
6, :iiot1e of the above, 

8, The expression A == IW is called ·_ . . 
6, a binomial. 
t; .a formula. ·. 
8. a root. 
· &. · a trinomiat 

10. · none of the above1 
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. '; .. S..Ule I 4l,.-8ii 

· 9, ln ihe formula I ..;. 'prt, the interest Cl) may be ex· .. 
pressed in · < · .. · ·. , . · o, 

1. per cent. ·. . , • .. 
· 8, raw. 
.a; years; 
'- doli~; · .. 
Ii, no~e of the above. 

Part B •. Fundamental Processes 
'10; ( :...a)(..-SH-8) equals 

·· a; -27 · 
b, .,.;.9 
0, +9 
cl. +27 
e. none of the above 

. . . . . 

11, 6+4 + 2 '." a x:aequals 
f,. 4 

•· 2 b, i 
I, -1 
J. ncme Qt the above 

1.a. 4 m. + 7 'Ill eqlJlls 
.,,.2am1 
.a,, llm• 
C, llm · 
d, ll(m + m) 
e; none of the above 

13, 5 :e + 8 ti eql$ls 
.f. 1~ ZJ1 
J• 8~ ·. 
~- ht811 
l; 8(:t + 11> . 
I· none of the above 

... (4 b)( ~8 b1) equals 
. •• -12b' 

b. 4b .:...3Jp. 
c. 112 
4; 12 fll · 
e, none Qfthe al>ove . 

15, 20 cd + 4 cit equals 
· .f. 5 c!P 

,. 6cd 
h, -6 
•. 5 . . 
j. none of the above 

16 • . '1 - ( ... s) eqlU'ls 
•• 21 
bi lO 

. c •. 4 . 
d, -10 . 
e, none of the above ,, 

l 21 . Go on tp· the ne!Ct po~~ 



17. (-12) + (-6) equals 
f. -18 
I• -2 
h. 18 
i. 72 
j. none of the above 

18. 15 x6 + ( ..:..3 x) equals 
a. -5 x• 
b • ..:..5z, 
c;. -18 z1 

'd, .5z• 
e. none of the above 

19. 31 equals 
f. 6 
g. 9 
h. 27 
i. 33 
j. none of the· above 

20: ( ...:2 b2) 1 equals 
a. 8 b1 

b. -6 b6 

c. ,-8 b6 
d. -8 b1 

e, none of the above 

21. 5(2 - a) - 8 equals 
· f, - 5 a:... 80 

I• -a+ 2 
h. -85a 
i. -5a - 50 
J. none of the above 

22. 8 y - (7 - 2(3 y - 5) ,... 41 equals 
a. 9y + 7 
b. 9y --13 
C, 11 Y 
d. Sy+ 2 
e. no:ne of the above 

23, 15 a• --~~ :a.+ 5 a equals 

f. -3 a8 + 2 a2 ... 1 
g. 3 a3 ..:. 2a + a 
b.. --8 a3 + 2 a• 
i. --3 a3 - 2.a - 1 
j. none of the above 

24, 6 h+ 2 w -- )!, + '110 equals 
a. 14hw 
b. 9 w .... 5h 
C, 5h + 9w 
d. 9h2 + 6w2 

e. 11one of the above 
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S..ttle I AJ,.-8'11, 

2S. It z • S and 'II • 1, then 4 z1 - S :r + 2 'II' equals 
f. 139 
I• 29 X'/1 
h, 29 
i. -29 
j. none of .the above 

26, In the formula A • 2 S• ,... LTV, find A if S == 10; 
L = 4, and W = 2. 

a. 892 
b, 208 
C, 192 
d. 82 
e. none of the above 

27. If a = 2 and b = --4, then 3 a(a + b) equals 
f. --48 
g. --12 
h. +12 
i. +36 
j. none of the above 

28. ln the temperature fonnula C .., i (F - 82°), find C 
if F= 70°. 

a. 6(>4-° 
b, 21!0 

C, 20&0 

d, ~o . . 
e. none of the above 

211, (-h + 5'11 - z) - (-h - 671 + z) equals 
. t. x - ti +h . 

g, :ll - 2 I 
h, x + 10 11 - 2 z 
l. -:i: 
j. none of the above 

30. (2 x -- 8)(:i: + l) equals 
a.2:&--:i:--8 
b. 2 :i:2 -- 3 
c. 2:i:2 --5:r+S 
d. 2 x• _:_ 5 x -- 3 
e. none of the above 

Part C. Equations 
31, If x + 3 == 15, then x equals 

il, 3 
b. 12 
c. 18 
d. 45 
e. none of the above 

32. If p a = --30, then. a equals 
f, "'.""150 

[ s I 

g. --35 
h. --25 
j, 6, 
j. none of the above 

Go !)II to the next pagie. 



33. IC g .;. -16, then :i: equals 

a. -80 
b. -21 
c. -11 
d. -31 
e. none of the above . . . . " r . . . . . 

34. If 8. - 2 = 1, then r equals 

f, 9 
g. 7 
b. 6 
i. -6 
j. none of the above 

35. If 3 c. - 2 =; 10 - c, then. c equals 
a. l · 
b. 2 
C, 3 
d. 8 
e, none of the above 

36. If 2(10 - 3) = 12, then w equals 
. . f. 3 · . 

g. 4! 
h~ 7} 
i, 9 
j. none of the above 

37. If 9 = 3 x - 15, then :i: equals 
a. -8 
b. -2 
c .. 8 
d. .21 
e. none of the above 

38. If i - ~ == 9, then :i: eq~ls 

f. 54 
g. 24 
ii. 3 
.i. 0 
j. none of the above 

39, The value of :i: which satisfies both the · equations 

{3:i:+2y=7Jis ... · ·. 
5:i:-2y=9 . 

a. -2 
b. -1 
c. 1. 
d. 2 
e. none of the above 

Part D. Algebraic Repres~ntati~n and Problems 
DIRECTIONS. In the following questions, read each problem· 

· and decide which of the five given algebraic expressions or 
equationsiscorrect. DO NOT SOLVE THE EQUATIONS. 

40. If n represer.ts an even number, the next higher con
secutive even number is 

a. 2n t,, n + 1 c. n + 2 
d. n + S e. n2 

· S.altle: Al&,~811 

41. The perimeter of a rectangle W feet wide and L feet 
long is 

f. LTV g. L+W h. 2L+W 
i. 2W+L j; 2 lV + 2L 

42. The difference between two .·numbera is . S. If the 
larger number is L, the smaller number is 

a.SL b.L-S c.3-L 

d. L + 3 · e. t. . 
43. The sum of three times a number and .one fourth of 

the same number is 13. What is the number? (Let 
n equal the number.) 

f. 3n + n = 13 
. 4 . 

g. 3(n + l) = 13 
h.Sn+}=13 

i,Sn+'.!!=18 4 . 
j. none of the above 

. . 

44. A rectangle is 3 feet longer than it is wide. If its 
perimeter is 26 feet, what are its dimensions? (Let 
w equal the width.) 

.a,.4w+6=26 
b: 210 + S = 26 
c.w+4w=26 
d.4w+3=26 
e. none of the above 

45. A pair of skates sells for 10% more than . it did six 
months ago. The present selling price is $2.20. 
What was the selling price six months ago? (Let :i: 
eq1.1al the selling price six mo11ths ago.) 

.f. 0.1 x = $2.20 
g. :i: + 0,1:i: = $2.20 
h. 2:i: + 0.1 = $2.20 
i. :i: - 0.1 x = $2.20 
j. none of the above 

46. The complement of an angle is twice the given angle. 
Find the. number of degrees in each angle. (Let a 
equal the n1.1mber of degrees in give~ angle.) 

a.2a=180-a 
b. a+ 2a = 180 
c.2a=180 
d.a+2a=90 
e. none of the above 

47. Two trucks traveling in opposite directions pass each 
other in Capitol City. The northbound truck aver
ages 25 miles per hour and the southbound truck 
averages 30 miles per hour. In how many hours will 
they be 200 miles apart? (Let t equal the number of 
hours.) 

f. 25 t + 30 t = 200 
g. 25 t + 200 = 80 t 
h.5t=200 
i. 30(t + 10) = 200 
j. none of the above 

[ 4] Go back and check your answers. 
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ATTI'fUDES SCALF~ TOWARD MATHEMATICS 

We:i.ght 

1. 1.17 I think mathematics is an excellent subject, and it 
commands my highest loyalty and respect. 

2, 5,01 I am neither for or against mathematics, but I do not be
lieve that to require mathematics for graduation wi.11 do 
anyone any harm. 

3, 7.95 I feel the good done by taking mathematics is not worth the 
time and energy spent on :i.t, 

4. 9.01 I regard mathematics as a written memorial to human 
ignorance. 

5. 7.18 I believe that mathematics will lose ground as more elec
tive subjects are added to the school program. 

6, 3.21 I feel mathematics is t.rying to adjust itself to a world 
more and more concerned with social problems and de= 
serves support. 

7, 8.49 The material taught :i.n mathematics is altogether too super= 
ficial to be of i.nterest to me, 

8, ,44· I feel mathematics is the greatest means for increasing 
the knowledge of the world. 

9. . 94 I think mathematics is the most. 1.rnportant influence i.n the 
development of' critical think1.rig and good work habUs. 

10. 4. 01 I believe that ma.thema:t:l.cs ls necessary, but like all othe:r 
school subjects it has its fault. 

11, 10.09 :r regard mathematics as a. harmful subject, slowing a 
person's reading rate, and making a person hah'l sehool. 

12, 8.01 Mathematics is too theoretical for me, and so I stay- away 
from it. 

13, 5. Jl} I believe in the good of mathematics, but I am not able to 
put it to much practical use so don't <Jare for it, 

14. 1.24 I believe that mathematics furnished the stimulus for the 
best scholarship of our school. 

15, 6. 28 I am not much against mathematics, but i.f I do not like 
the teacher I do not take the course. 



Weight 

16. 10.61 I regard mathematics as hopelessly tied up with old
f~ishioned ideas. 

17. 2. 45 I believe that mathematics forces me to stick to a. job 
fairly well and has a. consequent good influence on the 
work in tither school subjects. 

18. li. 75 I am interested. only to the extent of taki.ng mat,he:m.a.tics 
courses occasionally. 

19. 9.51 I feel mathematics is ridiculous for it does not help a 
person solve everyday problems. 

20. 5. 33 Sometimes I feel taking ma.thematics is worth 'While, and 
sometimes I doubt it. 
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21. 1.71 My ability in mathematics is the primary guiding influence 
in planning my school program and my life's work, 

2~. 3,78 I like the good feeling I get from working on mathematics. 
but I do not agree with the idea that it makes me better 
i.n other school subject. 

2;. 7, 02 My attitude toward mathematics is one o.f neglect due to 
lack of respect. 

24. 8, 95 I believe mathematics is a pet subject of the teachers and 
the principal and does not have any appeal to students. 

2.5. 4.84 I am sympathetic towal'd mathematics, but I do not encourage 
others to take it. 

26. 9.55 I regard mathematics as a subject that should not be taught 
in high school. 

27. 6.23 I know too little about mathematics to express an opinion. 

28. ,60 I regard mathematics as the most important subject in 
school. 

29. ? . .51 I am slightly against ma.thematics and intend taking only a 
little of it. 

JO. 9.02 I do not think a man is honest in his thinking if he says 
he takes mathematics fer any reason other than that he 
has to. 

31. 3. 78 There is much that is too hard in mathematics, but I feel 
it is so important, that it is my du.ty to help others 
when they have trouble with it. 
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Weigf,• 

32. 2.29 I 
undr2.rst t:t nd, 

33. lo. 5.5 1 thi.nk maths"1mati,cs ls wit.hon..t quest1.on stupid and futile • 

. Y+. 2. ~~9 I re.el t.hie number of peopl~ who take mathematlcs is a good 
tnd:'!.cat:lcm of how many peop1e tM.nk tJtra:tght. 

3.5. 9.:36 I feel that mathematics is petty, and interested in too 
many things c,f little i.mportance. 

36. 2.65 In ma.thematlc3 l do very good wo:rk and exl)ress myself well. 

J?. 8. 89 1 believe mathematlcs is really not of' much good dopanding 
f'or tts intlueince upon teachers who keep insisti.ng 
mathematics i.s useful. 

38. .5, 01 I :'l:rrLe.nd taking niathematics myself, but I believe its i.n-
flnence :i.s on the decline. 

39. 9. 76 It seems absurd to me :f'c:r. anyone to be interested in 
mathematics. 

40. 6. 98 My at'Htuda toward mathemat:i.cs :ls best. described as 
i.nd:i..!'f."rence. 

4·1. 3. 00 I believe that anyone who will work at mathem.'lt,ios will 
app:r.ecia.t.e it. 

4-2. 8. 69 Mathema.ti.c?s is dull and nothing much can be done about it. 

43. 7.12 My attitude toward mathematics i.s I can take it or leave 
:l..t, with a slight tendency to disfavor it. 

44. 4. 45 I have a casual interest in :mathemat:i.cs. 

45. 10. 84 I have nothing but cHmtempt for mathem1.atics. 
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