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CHAPTER I 

INTRODUCTION 

The mathematics curriculum of high schools in the 

United states is today experiencing a revolution of thought, 

content, and presentation. In the area of presentation 

serious doubts are being raised about the value of the tra

ditional teacher centered procedure of the blackboard-lec

ture method. One of the methods thought to have certain 

advantages over blackboard-lecture is the use of programed 

materials. It will be the purpose of this paper by means of 

experimental research to evaluate one set of programed mate

rials, TEMAC, as the basic instructional program for stu

dents of first year algebra in grades ten, eleven. and 
1

twelve. The experimental study was conducted at Herbert 

Hoover high school of Des Moines, Iowa, and lasted for a 

period of one full school year. 

BEASON FOR STUDY 

The experimental research of this study was a result 

of the fact ,hat during the 1967-68 school year the mathe

matics department of Herbert Hoover high school in Des 

1J. E. and o. G. Forbes. Modern Algebra, TEMAC Pro
grammed Learning Materials (Chicago: Encyclopaeaia --
Britannica Press, 1964j. 
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Moines, Iowa, felt that its present method of blackboard

lecture was not fully meeting the eduoational needs of its 

first year algebra students. The senior high sehool stu

dents at Hoover, it was found, were not oovering several of 

the topics oovered by the junior high sohool ninth grade 

classes taking algebra I. In the succeeding course, geome

try, students were taught on the basis that they had had the 

ninth grade algebra I ourrioulum. Thus the students from 

Hoover's algebra I olasses were being placed in the diffi

cult position of not having the expected full background for 
1 

geometry. 

In the past this had not been a problem in the Des 

Moines Independent School District since algebra I taken at 

the senior high school level was oonsidered a terminal 
2 

course. During 1967-68 Hoover was a new school and its 

students in algebra I did not seem to consider algebra I at 

the high sohoo1 level as a terminal course. Registration 

for the 1968-69 school year showed that over two-thirds of 

Hoover's algebra I students planned to continue their mathe

1 Opinions expressed by members of the mathematics 
departments of Hoover high school, Meredith junior high 
school and Franklin junior high school of Des Moines. Iowa, 
in personal interviews. 

2
Opinion expressed by Dr. Donald Wetter, Principal, 

Hoover high sohool and former system coordinator for mathe
matics, in a personal interview. 
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matics education with geometry. At this point conversation 

within the Hoover mathematics department and with Mr. A. W. 

Goodwin, the Des Moines school district's mathematics coor. 

dinator, led to consideration of programed learning materi· 

als as useful in alleviating this problem. Programed mate

rials with their stress on individual development might 

allow some of Hoover's algebra one students to obtain the 

full background for geometry, but at the same time not 

penalize the terminal students by forcing them to work at a 

rate beyond their ability. 

RESEARCH HYPOTHESIS 

It was the purpose of this project to test by experi

mental research the research hypothesis that TEMAC programed 

instructional materials provide an adequate method of 

instruotion for first year algebra students in grades ten, 

eleven, and twelve. Test soores on a standardized algebra I 

posttest were used to measure how adequate the method of 

instruction was. 

DEFINITIONS 

In order to insure uniformity of thought between 

author and reader of this study it is essential that the 

I 
Figures given by the guidance department of Hoover 

high school, Des Moines, Iowa, personal interview. 
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following terms and phrases be defined as they will be used 

in this study. 

Blackboard-lecture. Blackboard-lecture in this study 

will mean instruction of the type in whioh the teacher 

presents a unit of study to the entire class by means of 

lecture and examples worked on the blaokboard. Instruction 

of this type is basioally teacher oriented and active stu

dent partioipation is limited to individual student ques

tions and possible teaoher-selected oral exeroises. Due to 

the physical limitation of a single teacher, the group of 

individuals that make up the class is taught as a single 

unit. In the experimental study of this paper the control 

group was taught by the blackboard-lecture method. 

Program and programed materials. A program defined 

by Robert Kalin in his article uTeaching Machines and Pro

gramed Learning" is: 

Subject matter arranged in a carefully planned
series of sequential items and involVing (a) con
trolled presentation of material (b) active response
of learner (c) use of cues (prompts) to elicit cor
rect responses in such a way as to enable individual 
learners to move ahead, independently and at their 
own pace, from familiar baokground to new and previ
ously determined terminal behavior. l 

A program as defined by Kalin is in line With the research 

lRobert Kalin, "Teaching Maohines and Programed 
Learning,tf The National Eduoation Assooiation Journal, LI 
(November, !9bl), IS. 
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F. Skinner.of experimental psyohologists suoh as B.

Skinner in the 1950 I s

value of small step by step learning,

published several papers shoWing the 

aotive participation 
1by the learner, and reinforcement of correct responses. 

Programed materials are a program produced in either book ar 

mechanioal form. 

Programed instruotion ~ programed learning. Pro

gramed instruction and programed learning are two terms used 

to describe instruction in Which the student learns by the 

use of programed materials. 

TEMAC. TEMAC is the commercia.l name given to the 

first year algebra I program by J. E. Forbes and O. G. 

Forbes. The program is published by Encyolopaedia Britannica 

Press, Inc., and is in book form. TEMAC materials consist 

of twenty-eight chapters in siX units and five programed 

texbooks. Each book has a "Supplement n of practice problems 

and tests. The set also contains a teachers manual and two 

sets of twenty-eight tests, two equivalent tests for each 

chapter. The program is written in the form used by Skinner 

and his followers. William A. Deterline describes such a 

program as having many small steps. Students construct 

1William A. Deterline, An Introduction to Programed 
Instruction (Englewood Cliff, New Jersey: Prentice-HaIf, 
Inc., f9b2~, pp. Il-lJ; and Benjamin Fine, TeaChi~ Maohines 
(New York: Sterling Publishing Co., 1962), pp. ~ -4S. 
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answers rather than seleot them from a list. There is a 

continual active response by the learner, and reinforcement 

of answers is immediate. Every effort is made to eliminate 

errors. The program provides for a wide range of student 
1

ability and allOWS each student to proceed at his own rate. 

The experimental group in this study was taught by programed 

instruction using TEMAC. 

1 
William A. Deterline, An Introduction to Programed 

Instruotion (Englewood Cliff, New Jersey: Prentloe:Hait. 
Inc., 19b2), p. 20. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

HISTORY 

Programed instruction is not something particularly 

new or different. The question and answer technique is 

thousands of years old. Socrates in Athens twenty-four 
1 

centuries ago was one of its advocates. As far back as 

1866 the United States government patented its first teach

ing machine. This machine, however, was not based on any 

scientific knowledge of learning and. its program would not 
2 

satisfy the present definition of a program. In 1912 

psychologist E. L. Thorndike in his book Education gave an 
3

outline for a programed learning device. In the 1920' s 

Sidney L. Pressey, a psychologist, developed and proved the 

workability of a mechanical teaching machine, the Pressey 

Drum Tutor. This device would be better described as a mul
4 

tiple choice testing device. From the 1920's until the 

1950's there was a lag in writings about programed 1nstruc

lBenjamin Fine, Teachir: ~~chines {New York: 
Sterling Publishing Co., 1962 , p. 20. 

2William A. Deterline, An Introduction to Programed 
Instruction (Englewood Cliff, New Jersey: Prentioe-Bali 
Inc., 1962), p. 9. 

3Fine, ££. cit •• p. 37. 



tion. During the 1950's Harvard psychologist B. F. Skinner, 

in studies with pigeons, developed the theories of knowledge 

and learning that made possible the present definition of 
1 

program and programed instruction. Skinner's ideas and 

programed learning have not, however, been accepted without 

question. Thus the late fifties and the sixties have been 

marked by numerous studies on the advantages and disadvan

tages of programed learning. 

CRITICAL REVIEW OF RELATED LITERATURE 

Dr. Benjamin Fine in his discussion of programed 

learning as it applies to students of various levels in 

intelligence refers to three separate studies. The studies 

were (1) on bright students at Syosset, New York, (2) on 

average students at Roanoke, Virginia, and. (3) a study by 

Professor Douglas Porter of Harvard University on below 

average students. 

In Syosset, New York, TEMAC materials were tested on 

bright students. Students were divided into two groups, 

each group With a median I. Q. of 126. One group was taught 

by the use of TElYiAC materials and the other by the black

board-lecture method. At the end of the test period 38 per 

cent of the TEMAC students ranked above the ninetieth per

1Ibid., p. 39.-
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centile while 21 per cent of the blackboard-lecture class 

ranked above the ninetieth percent11e. This was a statisti
1 

cally significant difference in favor of the TEMAC materials. 

In Roanoke, TEMAC programed algebra one materials 

were tested on average eighth grade students taking algebra. 

At the end of the test per10d 31 per cent of these students 

surpassed the national average for n1nth grade students 1n 
2

the same subject. In s lwmary Fine mad~ this statement: 

The average student will improve, but the teach
ing machine will not make him into a genius. What 
it does is remove the sense of inferiority • • • 
When you test an average student on a programed 
oourse, his scores may come quite close to those 
of a brighter student. The main difference 1s that 
he will be on frame 550 when the bright student is 
on frame 1000.3 . 

In his studies With the below average student Porter 

found that programed materials produced the greatest gains 

in spelling for students w1th the lowest I. Q. Programed 

learning aocording to Porter gave these students encourage
4 

ment they had never experienced before. 

The examples chosen by Fine for his endorsement of 

programed materials may be a little strong in their endorse

ment. Studies showing a statistical advantage for programed 

learning are in the minority. The overwhelming majority of 

all studies found programed mater1als ne1ther stat1stioally 

1llli., p. 83. 
3 
~., pp. 84-85. 
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superior nor inferior to blaokboard-lecture. Edward J. Z01l 

in the February, 1969, issue of Mathematics Teaoher reported 

studies by Biddle, Kellems and Spagnoli that showed no sig

nifioant differenoe in advantages or disadvantages of 

aohievement when programed instruction was compared to 
1

blackboard-leoture. 

Fine's premise that programed instruction is app1ica

ble to students of all levels of ability has been endorsed 

by the results of a study by Glazer. Glazer in his study 

used 173 fourth grade students With a mean I.Q. of 116.45 

(s = 10.91). Students With an I.Q. from 120 to 140 were 

placed in the high group and those With an I.Q. from 90 to 

110 were placed in the low group. At the end of the test 

period he found that intelligence as measured by the Otis 

test had little or no relationship to the learning which 
2 

occurred under programed instruction. 

Glazer in two additional studies found a definite 

statistically significant decrease in favorableness of atti

tude towards the use of programed materials as the study 

~dward J. Zo11, "Research in Programed Instruotion 
in Mathematics," The Mathematios Teaoher, LXII, No.2 
(February, 1969),-yn3-!o4. 

2
Robert Glazer and others, Studies of the Use of Pro

gramed Instruotion in the Classroom, areport-prepare~bY-
the University of Pittsburg, Learning Research and Develop
ment Center through the Cooperative Research Program of the 
Offioe of Eduoation, United States Department of Health, 
Eduoation and Welfare, (May, 1966), pp. 65-69. 
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progressed. The effect of a decrease in favorableness as 

documented by campbell, Bivens and Terry will be discussed 

following Glazer I s study. Glazer found in a study of four 

seventh grade classes using seventh grade general science 

materials a score of	 favorability of 41.37 during the first 

week. By the end of	 the semester this score of favorability 
1 

had dropped to 28.11. The second Glazer study in the area 

of favorability found a significant decrease in the favor

ableness of attitudes towards the subject from the beginning 

to the end of the year with the use of programed algebra 
2

materials. There is, however, reason to believe that the 

drop in favorableness is not totally related to programed 

instruction. Glazer in a study of sixty students in non

programed algebra classes found a significant decrease in 

favorableness of attitude during the course of a year. The 

loss for the non-programed student was less than for the 
3 

programed students, but it was still at the .05 level. 

The effect of a decrease in favorableness has been 

dooumented by campbell, Bivens and Terry. They found that 

With thirty-four ninth grade summer school algebra I stu

dents interest in the topic studied was a critical factor 

when stUdents directed their own study in a linear self

1 2 
~., pp. 101-103. Ibid., p. 107. 

3Ibid., p. 109 .. 
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directed program. 

Church. Brown and Twyford found programed instruetion 

to be the most effective of thirteen classroom activities. 

Two classes of thirty-two students were taught by a single 

teacher. The thirteen algebra classroom activities that 

were used for a period of at least one hour during the 

school year were evaluated as to effectiveness determined by 

the ratings of learning by students. The Church study 

showed programed instruction not only to be the most effec

tive activity. but 3.27 times as effective as questions by 

students. 2.30 times as effective as lecture. and 1.80 times 
2 

as effective as writing on the overhead. 

In the study by Church. Brown and Twyford programed 

instruction was used on a very limited scale. During the 

entire year only two full units and a few partial units were 

programed. Consequently the length of time for programed 

learning was insufficient for determining a possible 

decrease in favorableness as described by Glazer. 

lvincent N. campbell. Lyle W. Bivens. and Donald F. 
Terry. Effects .2!. Mathematical Ability. Pretraining. and 
Interest on Self-Direction in Programed Instruction. A 
Report prepare<iby the AmerICan Institute for Research. Palo 
Alto. california (Washington: Office of Education. United 
States Department of Health. Eduoation and Welfare. October, 
1963). p. 9. 

2 John G. Churoh. Robert M. Brown. and Loran C. 
Twyford. New Media for Improvement of Algebra Instruotion. 
The State~uoation-oepartment Bureau of Classroom Communi
cations (New York: June. 1964). pp. 19-22. 

I,~ 
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Several studies, though unable to show a. significant 

difference in test scores between programed instruction and 

blackboard-lecture, were able to show a valid benefit from 

the use of programed materials. McGarney in a six week 

summer period using TEMAC for an improvement course in 

algebra found a decrease in disciplinary problems as com

pared to regular teacher taught remedial classes. l 

Kalin in a study investigating the teaching of mathe

matical equalities and inequalities to fifth and sixth 

graders of I.Q. over 115 found that the programed group had 

a 20 per cent savings of time When compared to the teacher 
2 

taught group. A savings of time was also found by Great-

singer. He found that an experimental group of sixth grade 

pupils taught diVision of fractions by means of programed 

instruction spent only 49.1 per oent of the time used by a 

blackboard-lecture control group.) Greatsinger also found 

that since teachers were free from preparing daily lesson 

plans and assignments that they could have more time avail 

1
Paul MoGarvey, "Programed Instruction in Ninth-Grade 

Algebra, II The Mathematics Teacher, LV (November, 1962), 577
578.	 

2Robert Kalin, liThe Use of Programed Instruction in 
Teaching an Advanoed Mathematics Topic," The Arithmetic 
Teaoher, IX (March, 1962), 161-162. -- 

3Ca.lvin Greatsinger, "An Experimental study of Pro
gramed Instruction in Division of Fractions," Audio Visual 
Communication Review, XVI, No.1 (Spring, 1968), 89. 



14 

able to devote to the problems of individual students. l 

SCOPE OF USAGE 

Research and investigation of programed learning 

since Skinner has led to continual growth in the development 

and use of programed materials. By 1962 at least 630 pro
2

gramed courses had been developed. In 1962 a survey was I
I 

conducted for the United States Department of Health. Educa Ii 

tion and Welfare that mailed out questionnaires to 15.000 \ 

school superintendents. Two thousand of the superintendents ~ 
3

completed and returned the questionnaires. Sixty-one per 

cent of the reporting schools stated that they had used pro

gramed materials to teach mathematics during the school year 
4

1961-62. Of the schools reporting a use of programed mate

rials in any subject area. 43 per cent were used in regular 

instruction and 25 per cent in an experimental situation. 5 

The non-users expressed their interest in programed instruc

tion in the following manner: (a) 30 per cent said they 

planned to use it for remedial work. (b) 20 per cent said 

lIb· id· • it 392Ftne, ~ .2..- •• p. • 

3The Use of Programed Instruction in U. S. Schools, A 
report prepared bY the Research Division, The Center for 
Programed Instruction. Inc., for the United States Depart
ment of Health, Education and Welfare, Office of Education 
(Washington: U. S. Government Printing Office, 1962), p. 
viii. 

4
Ibid., p. 26. 5Ibid., p. 11. 
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they planned to use it for regular instruction,	 (0) 35 per 
1 

oent said they planned to use it for enriohment. Within 

the state of Iowa, Porter, in a survey of programed instruc

tional use during the 1962-63 school year, found that 

seventy-two Iowa schools indicated to the state of Iowa 

Department of Public Instruction that they were using some 
I 

type of programed materia1s. 2 

SUMMARY 

Educational research during the last twenty years has 

shown that programed materials can produoe a positive educa

tional change in the study of mathematios. There is still 

considerable doubt as to the extent of the advantages of 

programed materials. Many educational experts in the field 

of programed learning are convinced that programed materials 

provide a method signifioantly superior to blaokboard-lec

ture. However, the majority of educators in the field of 

programed learning believe that programed materials produoe 

an eduoational change in the student not signifioantly dif

ferent from blaokboard-leoture. Advantages that programed 

materials have are in the area of indiVidualized rate of 

1 Ibid., p. 12.-
2Marie J. Porter, "Use of Programed Materials and/or 

Teaohing Machines in Seventy-two Iowa Sohools During 1962 
and 196)" (unpublished Master's Thesis, Dra.ke University, 
Des Moines, Iowa, 1964), p. 9. 



however. is not without fault. Programed material that runs 

for a period of several weeks, such as TEMAC. may be affected 

by student disinterest. The longer a program runs the 

greater the problems of disinterest and boredom. With dis

interest and boredom student failures increase. When advan

tages and disadvantages are considered together programed 

learning comes out as an educational tool that warrants test 

and evaluation in each individual circumstance. 

16 

development. economy of student time. and teacher avail

ability for individualized instruction. Programed learning. 



CHAPTER III 

RESEARCH METHODS 

The methods of experimental research on teaching were 

used to test the research hypothesis that TEMAC programed 

instructional materials provide an adequate method of 

instruction for first year algebra students in grades ten. 

eleven. and twelve. The criteria for measuring adequacy 

were test scores on a standardized algebra I posttest. 

PATTERN OF EXPERI1~NTATION 

The pattern of experimentation used for this study 

was based on a discourse by campbell and Stanley concerning 

experimental and quasi-experimental designs for research on 
1 

teaching. The pattern of experimentation used involves an 

experimental group and a control group, both given a pretest 

and a posttest. The control group was taught algebra one by 

the blackboard-lecture method and the experimental group was 

taught algebra one by programed instruction using TEMAC. 

CONTROL OF SELECTED FACTORS OF INTERNAL VALIDITY 

The factors of internal validity are described by 

lDonald T. campbell and Julian C. Stanley. IIExperl
mental and Quasi-Experimental Designs for Research on Teaoh
ing. II N. L. Gage, (ed.) Handbook of Researoh on TeaOhit: 
(Chicago: Rand r.1cNally and Company. 19b3). pP:- i7!-24~ 



18
 

Campbell and Stanley as fl ••• factors which by themselves 

could	 produce change which might be mistaken for the results 
1

of X.1I History, maturation, testing, instrumentation, and 

mortality are five factors of internal validity listed by 
2

Campbell and Stanley. 

The general effects of history were oontrolled in 

this study by having both the oontrol and the experimental 

group come from the student body of a single high school. 

Also, the two groups experienoed their respective methods of 

instruotion during the same school year. These Bame condi

tiona were used to control maturation. Both the control and 

the experimental groups experienced their algebra one 

instruction for an identical period of one complete school 

year. 

Testing and instrumentation were controlled by having 

both groups take the same standardized written pretest and 

posttest. Neither the administration nor the correction of 

either of these tests required or allowed for subjective 

tester evaluation of subjeot answers. 

Subject mortality during the periods of instruotion 

was oontrolled by including in the study only those subjeots 

that took both the pretest and the posttest. Mortality 

inoluded not only those subjects who dropped the oourse but 

1Ibid •• p. 186.	 
2
Ibid., pp. 18]-185. 
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those subjeats who changed groups and those subjects who 

entered a group after the pretest. 

SAMPLE SELECTION AND DESCRIPTION 

The sUbjects of this study were the members of two 

algebra I classes at Herbert Hoover high school of Des 

Moines. Iowa. The majority of the SUbjects registered in 

the spring of 1968 to take algebra I during the school year 

1968-69. They were computer assigned to either section two 

or section three. Seation two met period one from 8:31 A.M. 

until 9:26 A.M. five days a week. Seotion three met period 

six from 2:04 P.M. until 3:00 P.M. five days a week. Sec

tion one which also met period one was the only other 

algebra I class at Hoover during the year 1968-69. Section 

one did not take an active part in this study. The 

researcher of this study had no control over subject assign

ment to sections one. two, or three. The researcher, how

ever, did arbitrarily pick seotion two as the experimental 

group and seotion three as the control group. 

The control group. after allowing for mortality, was 

composed of twenty-eight subjeots, twenty-six tenth graders 

and two eleventh graders. In the oontrol group girls out

numbered boys by fifteen to thirteen. Examination of stu

dent files showed a ninth grade Lorge-Thorndike non-verbal 
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to 120. On the quantitative test of the 

Eduoational Development taken in the fall of 

I.Q. range of 83 

l2!! I!!! ~ 

1968 the oontrol group, acoording to national norms, had a 

range from the eleventh percentile to the seventy-third per
2

oentile. 

The experimental group, after allowing for mortality, 

was composed of twenty-seven SUbjects, twenty-four tenth 

graders, two eleventh graders and one twelfth grader. Again 

girls outnumbered boys, this time by fourteen to thirteen. 

Examination of student files showed for the experimental 

group a ninth grade Lorge-Thorndike non-verbal I.Q. range of 

90 to 118. 3 
On the Iowa ~ .2f. Eduoational Development, 

quantitative thinking test, taken in the fall of 1968 the 

range aocording to national norms was from the seoond per
4 

oentile to the eighty-ninth percentile. 

PRETEST 

During the first week of the 1968-69 sohool year both 

the oontrol and the experimental groups were given the l2!! 
Algebra Aptitude Test, Revised Edition by H. A. Greene and 

lInformatlon obtained from student files maintained
 
by the guidance department of Herbert Hoover high school,
 
Des Moines, Iowa.
 

2Ibid • 
~ 

4 Ib1d • ---.... 
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and A. H. Piper. David Segel, Specialist in Tests and 

Measurements, U. S. Office of Education, Washington, D. C., 

described the 12!! Algebra Aptitude ~, Revised Edition 

as: 

One of the best tests for prognosis of success in 
algebra. The relationship between the scores on this 
test and success in algebra is sUbstantially higher 
than that existing between success and any intelli
gence test using comparable test time. 2 

The test consists of 105 questions divided into four 

parts and takes thirty-five minutes. The revised edition 

was copyrighted in 1942. In general, the test covers arith

metic problems, abstract computation, numerical series, and 

a test for the understanding of the relationship of parts of 
:3 

an equation. The copyright date of 1942 in all probability 

outdates and invalidates all norms for 1969 students. How

ever, in this study only raw scores were computed and com

pared. Pretest scores and an analysis of their results are 

presented in Chapter IV and the AppendiX. 

1
H. A. Greene and A. H. Piper, Iowa A1gebra Aptitude 

Test, Revised Edition (Iowa City: Bureau-of Educations! 
aesearch and Service, Extension Division, 1942). See 
Appendix for a copy of the pretest. 

20scar Krisen Buros (ed.), The Third Mental Measure
ments Yearbook (New Brunswick: Rutgers University Press, 
1949), p. 418. 

3Ibid • 
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ADMINISTRATION OF THE TEACHING-LEARNING EXPERIENCES 

At the completion of the pretest the experimental 

group, section two, was taught algebra I by programed 

instruotion using TEMAC materials. The first two days were 

spent explaining the oonoept, advantages, and prinoiples of 

programed instruotion. Each student was given a short mim

eographed desoription of programed learning and asked to 

have his parents read the description. 1 Each student and 

his parents were invited to contact the instruotor of the 

programed oourse if there were any questions. This proce

dure was followed up and repeated for the parents at the all 

school open house approximately one month later. The third 

day after the pretest the instructor and the entire experi

mental group went through the first section of chapter one, 

unit one of TEMAC. This completed group instruction and 

from this point on all members of the control group worked 

independently. 

Working independently each student proceeded through 

the TEMAC materials at his own rate and With a minimum of 

teacher aSSistance. At the completion of each chapter the 

student took one of the TEMAC'S two eqUivalent 100 point 

tests over the chapter. The test was corrected and evalu

lSee the Appendix for a oOPY of the explanation. 
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ated by the instructor. The instructor then returned the 

test to the student and. individually With that student dis

cussed problems missed and suggested remedial exercises. At 

the completion of the remedial exercises the student had the 

option of taking the second equivalent test aver the chapter. 

The student's grade for a chapter was determined by his 

highest test scare. 

Sohool district grading policy required that each 

student be graded four times a year. District policy also 

required that the parents of students in danger of failing 

be notified prior to eaoh grading period. In order to comply 

With these policies, to reduce the problem of students not 

working at or near their capacity, and to be consistent With 

grade notification Within the control group. grade standards 
1 

were posted every two or three weeks. Also, any student 

not completing at least one chapter in a two week period was 

individually contacted and the reason for lack of advance

ment was discussed. 

Programed instruction was terminated at the end of 

the 1968-69 school year by the administration of the post-

test. 

While the experimental group was going through the 

experience of programed learning, the control group was 

1See the AppendiX for the grade standards for first, 
seoond. third, and fourth nine week periods. 
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being taught algebra one by the blaokboard-leoture method. 

The textbook used was Modern Algebra Struoture ~ Method by 
l

Doloiani, Berman and Freilioh. All prooedures of testing 

and grading were at the disoretion of the instruotor. Sinoe 

members of the oontrol group were made aware of their grade 

by a test or quiz approximately every week, no system of 

posting standards was used. The methods of blaokboard-Ieo

ture were terminated at the end of the 1968-69 sohool year 

by the administration of the posttest. 

FooTTEST 

At the oompletion of programed instruotion and the 

use of the blaokboard-leoture method both the control and 

the experimental groups were given as a posttest the Lankton 
2 

First-Year Algebra Test, Revised Edition. The test oon

sists of fifty multiple ohoioe questions that are to be 

answered in a forty minute period. The test was designed to 

blend traditional algebra ooncepts with the new content of 

modern algebra instruotion as prepared by the School Mathe

lMary P. Dolciani, Simon L. Berman, and Julius 
Freilich, Modern A~ebra Structure and Method (Boston: 
Houghton Mifflin an Company, 1962). 

2
Robert S. Lankton, Lankton F'irst-Year Alsebra Test, 

Revised Edition (New York: Harcourt, Bra"C"e'ind World,-rno.,
1965'. See the Appendix for a copy of the posttest. 
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1matics Study Group and others. Item-tryout and standardi

zation were carried out during the spring of 1964. Experi

mental forms of 110 items were administered to 5,040 first 

year algebra students in twenty-eight public high schools 
2 

and sixteen states. 

STATISTICAL METHODS 

The statistical methods of this study were based on 

Statistical Concepts by Celeste McCollough and Loehe Van 

Atta. 3 A t-test for testing the differenoe between means of 

uncorrelated samples was applied to the pretest results. 4 

The t-test was used to determine if "these samples were just 

two sl.ightly varying samples drawn from the same popula
5

tion." The effect of teaohing algebra I by use of TEMAC 

versus the blackboard-lecture method was tested by applying 

the same type of t-test to the posttest results. The t-test 

for the posttest was used to determine if the samples were 

still two not signifioantly different samples drawn from the 

same population. 

1Robert S. Lankton, Lankton First-Year Algebra ~, 
ReVised Edition Manual (New York: Harcourt, Brace and 
World, Inc., 1965), p. ~. 

2Ibid • 
~ 

3Ce l este McCollough and Loche Van Atta, Statistioal
 
Concepts (New York: MoGraw-HiII Book Co., Inc., 1963~.
 

4 Ibid., pp. 2J8-242. 5Ib1d •• p. 238. 



26 

SUMMARY 

During the 1968-69 school year two olasses of algebra 

I students from Hoover high school in Des Moines, Iowa, were 

used to test the value of TEMAC materials for algebra I. 

Both groups were administered the l2!! Algebra Aptitude 

Test, Revised Edition at a pretest. At the completion of-
the pretest a set of twenty-seven students, the experimental 

group, was taught algebra I by the use of TEMAC materials. 

The other class, a control group of twenty-eight members was 

taught algebra I by the blackboard-leoture method. Both 

groups were given the Lankton First-Year Algebra ~, 

ReVised Edition as a posttest. A i-test for testing the 

difference between means of uneorrelated samples was used on 

the results of the pretest and the posttest to determine if 

the groups before and after instruction were two not signif

ioantly different samples drawn from the same population. 



CHAPTER IV 

ANALYSIS OF RESULTS OF EXPERIMENTATION 

The findings of this study indicated that the experi

mental group taught by TEMAC materials experienced no sig

nificant learning difference in first year algebra when com

pared to the control group taught by the blackboard-lecture 

method. 

The results of the t-test for the difference between 

means as shown by the pretest is presented in Table I. The 

experimental group was found to have a mean of 51.96 

(8 = 10.07) on the pretest. The oontrol group mean was 

found to be 2.97 points higher at 54.93 (s = 7.73). These 

scores resulted in an insignificant !-score of 1.207. Thus, 

prior to algebra one instruotion the experimental and the 

oontrol groups were two not significantly different groups 

drawn from the same population. 

The results of the t-test used to determine the dif

ference between means as shown by the posttest is presented 

in Table II. Again the experimental group had a slightly 

lower mean than the oontrol group. The experimental group 

had a posttest mean of 23.96 and the control group had a 

posttest mean of 25.39. The difference however, was not 

found to be significant. The t-score was 0.99. It oan be 

stated that after algebra I instruction the experimental and 
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TABLE I 

RESULTS OF SIGNIFICANCE FOR THE PRETEST 

Group Mean Standard Deviation d.f. 

Experimental 51.96* 10.07 26
 

Control 54.93* 7.73 27
 

Difference in means 2.97 

Combined degrees of freedom 53 

"t"# 1.207 

TABLE II
 

RESULTS OF SIGNIFICANCE FOR THE POSTTEST
 

Group Mean Standard Deviation d.f. 

Experimental 23.96* 5.66 26
 

Control 25.39* 4.81 27
 

Difference in means 1.43 

Combined degrees of freedom 53 

IIt"# .99 

*For a more oomplete breakdown of sUbjeot soores see 
Table VI 1n the Appendix. 

#Not signifioant aooording to Table III of R. A. 
Fisher and F. Yates, Statistical Tables for Biologioal 
i\grioulture and. ~1edloaI Researoh {Edinbuii'h: Oliver and 
Boyd, Ltd., 1963~f p. 46. 
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the oontrol groups were two not signifioantly different 

groups drawn from the same Population. 

Though the experimental and control groups showed no 

signifioant differenoe, individual student comparisons 

showed some possible differenoes. All members of the oon

trol group taught by the blaokboard-Iecture method. oovered 

exactly the same topics. The oontrol group in completing 

chapters one through nine plus sections 10-1, 10-2, and 10-3
 

in the test I"1odern Algebra, Structure .!:!!!! Method by
 

Dolciani, Berman, and Freilioh was introduced to the follow


ing topios: (a) the number line, (b) equality and inequality,
 

(c) sets and subsets, (d) variables and open sentenoes, (e) 

properties of real numbers, (f) solving equations and 

inequalities, (g) polynomials, (h) polynomial products and 

factoring, (i) algebraio fractions, (j) graphs of open sen

tences in two variables, (k) graphio solution of two equa
l

tiona in two variables. As in teaohing to any heterogeneous 

group there was a Wide range in the suocess whioh individual 

students experienced. Testing showed that some students 

understood every topic, some students understood most of the 

topics, and some students understood very few topics. But 

no member of the oontrol group covered any topio other than 

l~~y P. Doloiani, Simon L. Berman, and Julius 
Freilich, Modern Algebra, Struoture ~ Method, Teaohers 
Manual (Boston: Houghton Mifflin Company, 1962), PP. 3-33. 
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those covered by the entire class. Thus. learning differ

ences within the control group were limited to a depth and 

understanding of common topics. In the experimental group 

there was. however. a range in the topics covered. A formal 

breakdown of the topics a student could cover is presented 

in Table III. The table shows that each chapter of the 

TEMAC materials does not necessarily mean a new topic but 

the greater the number of chapters covered the greater the 

number of topics covered. Table IV shows the distribution 

of chapters covered by the experimental group. Tables III 

and IV together show that factoring is an example of a topic 

that not all students using TEMAC were able to cover. 

According to Table III factoring was introduced for the 

first time in chapter twenty of TEMAC. As Table IV shows 

only fourteen of the twenty-se~en students in TEMAC covered 

chapter twenty. Thus. programed instruction using TElfiAC 

allowed for a range in the topics covered by indiVidual stu

dents. Since the experimental group was heterogeneously 

grouped it. like the oontrol group. had a range of student 

success on indiVidual topics. Programed instruction using 

TEI~C allowed for both a difference in depth on common 

topics and for a range in the number of topics covered. 
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TABLE III 

ORDER OF TOPIC PRESENTATION FOR TEI~C*
 

Topics Chapters Covering Topics 

Number Systems 

Properties of Operations on 
Numbers 

Fractions and Rational 
Expressions 

Simplification of Expressions 

Exponents and Radicals 

Gra.phs 

Arithmetic of Expressions 
Containing Variables 

Language of Sets 

Verbal Problems 

Inequations 

Absolute Value 

RatiO, Proportion & Variation 

Functions 

Systems of Open Sentences 

Factoring 

1-6, 26 

1-9, 14, 15, 19-22, 26 

4, 5, 10, 20, 23-25 

7-10, 14, 15, 18-20, 24-26 

18-20, 23, 24, 26, 27 

Solution Sets of Open Sentenoes 6-10, 12-14, 17, 21, 24, 27, 
28 

6, 12-15, 17, 25, Appendix 

7-10, 14, 15, 19, 22-26 

6, 12, 13, 15, 17, 21, 22, 
24, 27 

11, 16, 21, 22, 25 

5, 12, 17 

1, 5, 9, 12, 27 

5, 25 

Appendix 

15, 17, 25 

20, 28 

*J. E. and O. G. Forbes, Modern Algebra, ! First 
Course, TE¥~C, Teachers Manual {Chicago: Encyclopaedia 
Britannioa. Press, !964" p. 6. 
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TEMAC CHAPTERS COVERED BY THE EXPERIMENTAL GROUP
 

Chapter Number Number of Subjects 
Finishing the Chapter 

14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 

27 
26 
26 
26 
24 
21 
14 

6 
4 
4 
3 
3 
1 
o 
o 

The average number of chapters covered was 19.8.5 chapters. 

SUMMARY 

Evaluation of pretests and posttests by use of 

!-tests shows that there is no significant difference 

between a group taught by the blackboard-lecture method and 

a group taught by programed instruotion. Possible differ

ences noted were on an individual basis. The blackboard-

lecture method allowed only for a depth of learning on 

oommon topios While programed instruction allowed for both a 

depth on common topics and for a range in the number of 

topios covered. 



CHAPTER V 

RECOMMENDATIONS AND CONCLUSIONS 

Analysis of the statistioal data of this experimental 

study indioated that programed materials did not produoe a 

signifioant difference between the control and the experi

mental groups of tenth, eleventh, and twelfth grade students 

taught algebra I. Based on i-test evaluations of pretest 

and posttest scores it was found. that the group taught by 

means of TEMAC and the group taught by blackboard-lecture 

were just two slightly varying samples drawn from the same 

population. However. examination of indiVidual student 

progress indicated that programed instruction allowed for a 

greater range of topics covered by individual students. 

Based on the research and the results of this study 

1t is recommended that large scale studies. in which pro

gramed instruotion is used in the teaching of algebra I to 

high school students, be undertaken. Almost all studies on 

the use of programed materials for algebra I have been on 

junior high students of grades eight or nine. Algebra I 

students of grades ten. eleven. and twelve have different 

eduoational problems than students of grades eight or nine .. 

These students. for some reason. chose in ninth grade to 

deViate from the standard prooedure and not take algebra I 

until a later date. There must be an explanation for this 
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deviation and it would seem logical that it would have some 

effect on how they learn algebra I. 

Factors about the use of programed materials for 

grades ten, eleven, and twelve that would be worthy of large 

scale studies would be as follows: 

1.	 Research should be undertaken that measures the 

effect of programed instruction on the individual. 

Studies to date have put their stress on the group 

rather than on the individual. Thus, very little 

is known about the effect of programed learning on 

the indiVidual. Studies putting stress on the 

indiVidual could answer questions such as (a) What 

are the effects of indiVidual student ability, 

motivation, and personality on the learning of 

algebra one by progra.med instruction? (b) What is 

the effect of programed instruction on the whole 

child? That is, not only how it affects mental 

ability, but how it affects characteristics such 

as personality and soolal development. (0) Does 

programed instruction actually allow every student 

to learn at his own rate? 

2.	 Studies should be conduoted on how teacher interest 

affects student learning by means of programed 

instruction. There are indioations that teacher 

interest can be as important as student interest. 
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3.	 A study should be conducted to measure the effect of 

learning under foreed,pacing versus a freely 

chosen pace. Forced pacing is the intentional or 

unintentional result when instructors set comple

tion standards and dates. Forced pacing is a con

dition in almost every study conducted in an 

actual classroom condition. Parents and school 

boards require grades and course completion by a 

set date. Thus, no student really is allowed to 

work freely at his own rate. 

4.	 A financial evaluation of programed instruction 

should be conducted. In this era of ever rising 

eduoation costs educators have an obligation to 

the tax payers to provide an efficient educational 

system. A financial evaluation could include the 

cost of produoing a program and ideal olass size. 

5.	 Short term and long term follow up studies should be 

undertaken. A learning situation is of value only 

if the student is able to retain the basic con

oepts after the learning experience. Very few 

algebra I students will become mathematicians but 

every algebra I student will have a need for the 

basic number conoepts of algebra. If programed 

instruction is a worthwhile method of instruction 

it will hold up under long term evaluation. 
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The results of this study on programed instruction, 

even without completion of the recommended research, show 

that programed instruction is a seemingly valid method. of 

teaching algebra I to students of grades ten, eleven, and 

twelve. There was no significant differenoe in learning 

experience by the group taught by the blackboard-lecture 

method and the group taught by programed instruction. The 

group taUght by programed instruction using TEMAC, however, 

did experienoe a range in topics covered by indiVidual stu

dents. This range in topics covered was in contrast to the 

experience of the group taught by the blackboard-lecture 

method. Every student in the blackboard-lecture group 

oovered exaotly the same topics. At worst, the study would 

indioate that statistioally programed instruction is equiva

lent to the blackboard-lecture method. 

The range in topics oovered by the experimental group 

using TEMAC could be considered as an advantage for pro

gramed instruction. The study showed that this range was 

obtained Without creating a signifioant differenoe between 

the two total groups. A worth-While goal in education is to 

eduoate every student to his fullest oapacity. The indiVid

ual, howe~er, cannot be educated to his fullest oapaoity 

when he is forced to conform to the aohievement of the 

group. At the same time the learning aooomplishments of the 

group oannot be sacrifioed merely to allow a few indiViduals 
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to learn to their capacity. This study has indicated that 

programed learning can allow indiVidual students to learn 

beyond the range of the group and that this learning need 

not be at the expense of the group. 

The author of this study, as instructor of both the 

control and the experimental groups, observed several con

ditions that indicated possible additional advantages for 

programed instruction. (1) Since daily lesson plans are not 

needed there is a definite reduction in the amount of out of 

classroom work required from the teacher. This saved time 

can be used to prepare enrichment materials for algebra one 

or to improve preparation for other classes. (2) The 

teacher, since he is freed from large group instruction, can 

spend his time on indiVidual and small group instruction. 

Many teachers and students find this type of instruction 

more worth-While and rewarding than large group instruction. 

(3) The individualized instruction just mentioned in many 

cases allows for a closer teacher and student relationship. 

This closer relationship can allow the teacher to work 

closer With the gUidance department in the solving of stu

dent problems. (4) The fact that all students are not 

studying the same material means that neighboring students 

have very little reason to converse during class time. 

Thus, many of the minor discipline problems resulting from 

student to student oonversation are eliminated. (5) Since 
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programs are written to provide a minimum number of chances 

for failure both the student and the teacher are less often 

plagued by a feeling of failure. Experience has shown that 

in a blackboard-lecture high school algebra I class the 

feeling of failure can be very prevalent in both the stu

dents and the teacher. (6) Since each student works inde

pendently the effect of student absences is minimized. The 

program taught student never misses a lecture, film, or 

presentation. Thus, he never has the problem of making up a 

missed learning activity. 

John D. McNeil in his book, Curriculum Administra

tion, very adequately describes the philosophy one should 

have in his search for a perfect program of instruction. 

l"1cNeil says: 

It should be remembered that one will never find 
a perfeot program. The goodness of a program depends 
upon the objectives held, the population of learners, 
and the oonditions in whioh it will be offered. It 
looks as if programed material will be subjeot to 
higher standards of appraisal than any other instruo
tional media. If textbooks and teachers themselves 
had to pass the proposed standards, schools would be 
paragons of Virtue or olosed for lacklof qualified 
instruction - most likely the latter. 

Programed instruction 1s a revolutionary method of 

instruction. It is a method in instruction that progressive 

educators must evaluate and use When the circumstances war

rant its usage. 

1John D. McNeil, Curriculum Administration (New York: 
The MacMillan Company, 1965), p. 19 • 



BIBLlOORAPHY
 



40 

BIBLIOGRAPHY 

A. BOOKS 

Buros, Oscar Krisen (ed.). The Third Mental Measurement 
Yearbook. New Brunswick:--Hutgers University Press, 
I949. 

Deterline, William A. An Introduction to Programed Instruc
tion. Englewood clIff, New Jersey:-Prentice-HaIl,
'i'ii'C:', 1962. 

Dolciani, Mary F., Simon L. Berman, and Julius Freilich. 
Modern Algebra Structure and Method. Boston: Houghton
Mifflin and Company, 1962:-

Fine, Benjamin. Teaching Machines. New York: Sterling
Publishing Company,-r962. 

Fisher, R. A. and F. Yates. Statistical Tables for BiOlogi
cal, Agricultural and Medieal Research. Edinburgh:
Oliver arid Boyd, Ltd7, 1963. 

Forbes, J. E. and o. G. Modern Algebra, A First Course 
Teacher's Manual. Chicago: EncycIopaedia Britannica 
Press, I964. 

• Mod.ern Algebra, TEMAC Pr0f5ramed Learning Materi
---a"'1-8-. Chicago: Encyclopaedia Britannica Press, 1964. 

Gage, N. L. (ed.). Handbook of Research on Teaching.
Chicago: Rand McNally andCompany, 19b3. 

McCollough, Celeste and Loche Van Atta. Statistical Con
cepts. New York: McGraW-Hill Book Company, Inc.:-I963. 

r1cNeil, John D. Curriculum Administration. New York: The 
Macmillan Company, 1965. 

Willoughby, Stephen S. Contemporary Teachipg ~ Secondarl 
School Mathematics. New York: John wiley and Sons, 
Inc., 1967 • 

• 



41 

B. FIELD STUDY
 

Porter, Marie J. "Use of Programed Material and/or Teaching 
Machines in Seventy-two Iowa Schools During 1962 and 
1963." Unpublished Master's field study, Drake Univer
sity, Des Moines, Iowa, 1964. 

C. PERIODICALS 

Belcastro, Frank P. "The Effect of Arithmetic Achievement 
on Learning Programed Algebra, It Science Education, LI 
(December, 1967), 449-454. 

Greatsinger, Calvin. nAn Experimental Study of Programed 
Instruotion in Division of Fractions, tI Audio Visual Com
munication ReView. XVI (Spring, 1968), 87-90. ---

Kalin. Robert. "Teaching Machines and Programed Learning," 
The National Education Association Journal, LI (Novem
ber, 1961), 15-30. 

• uThe Use of Programed Instruction in the Teaching
---o~f-an Advanced Mathematics Topic. It The Arithmetic 

Teacher. IX (March, 1962), 160-162.---

Lackner, Lois M. "Current Research on Programed Texts and. 
Self-Instruotional Learning 11'1 Mathematics and Related 
Areas," Audio Visual Communication ReView, XV (Summer, 
1967), 181-198. 

McGarvey, Paul. "Programed Instruction in Ninth-Grade 
Algebra." The Mathematics Teacher, LV (November, 1962), 
576-579. -- 

Weiss. Sol. "Innovations and Research in the Teaching of 
Mathematics to the Terminal Student,lt The Mathematics 
Teacher, LX (october, 1967), 611-618. ---

ZOll. Edward J. "Research in Programed Instruotion in Math
ematics," The Mathematics Teaoher, LXII (February, 
1969), 103-109. 

m 



42 

D.	 PUBLICATIONS OF THE GOVERNMENT, LEARNED SOCIETIES, 
AND OTHER ORGANIZATIONS 

campbell, Vinoent N., Lyle W. Bivens, and Donald F. Terry. 
Effeots of Mathematioal Ability, Pretrainipg, and Inter
~ ~ Self-Direotion in 'f0sramed Instruotlon:--A 
report prepared by the American Institute of Besearch, 
Palo Alto, California. Washington: Office of Educa
tion, United States Department of Health, Education and 
Welfare, October, 1963. 

Church, John G., Robert M. Brown, arid Loran C. Twyford. New 
Media For Im~ovement of Algebra Instruction. The NeW
York state E~cation Department Bureau of Classroom Com
munications. New York: June, 1964. 

Glazer, Robert, and others. Studies of the Use of Prggramed
Instruction in the Classroom. A report prepared by the 
University or-PIttSburg, Learning Research and Develop
ment Center through the Cooperative Research Program of 
the Office of Eduoation, United States Department of 
Health, Education, and Welfare, May, 1966. 

United States Department of Health, Education and Welfare, 
Office of Eduoation. The Use of Programed Instruction 
in the U. S. Sohools. -X-repor~prepared by the Researoh 
DIvISIon, The Center for Programed Instruction, Inc., 
Washington: Government Printing Office, 1962. 

E. TESTS 

Greene, H. A. and A. H. Piper. ~ Algebra Aptitude Test. 
Iowa City: Bureau of Eduoati onal Research and Service, 
Extension Division, 1942. 

Lankton, Robert S. First-~ Algebra Test Revised Edition. 
New York: Haroourt, Brace ana. Worlcr:-rnc., 1965. 

• Lankton First-Year Algebra Test Revised Edition 
--":':Ma--n-ual. New York: Hi'rOOurt, Brace and Wor1d. Inc., 

!9b5. 



APPENDIX
 



APPENDIX A 

COpy OF THE PRETEST 



IOWA ALGEBRA APTITUDE TEST 
By 

45 
Revised 
edition 

H. .A. GREENE AND .A. a PIPER 

Name 

Name of School 

)U.Ft 

.............................................................. .Age 
fi,..! 

...................................................................................................................... 

years 

Grade 

mos. 
. 

. 

Name of City .. . State __ . 

Have you ever taken first year algebra. before? Yes No ." 

TEST RECORD 

, Part 1 I Part 2 I Part 3 ! Part 4 i, Total i 
Perlect Scores !~)--!--25--I---;w--I--l-o-- --~105--i, 

Pupil's Scores 1- ii' 
Percentile Scores I I I 1-------

, I I I 

Part 1. ARITHMETIC 
Time nlli.)wanC{..·--l~ minutes 

Directiom: Work each ari~hmetic example as ,lireetcd. Do your wOl'k Oil this sheet or on other paper. Com· 
pare yuur answers with thuse given in the llumoered answer spaces at the right. For each example, three 
pm;.,;i"le answers are given, only one of which is 

Samples Answersright. Place a cross (X) in the circle directly over 
\ hc answer that agrees with yours. If no allswer A. Add; 286 
agrees with yours, place the X in the circle over 475 
.. :--Iut Uiven." You will rc,'eh'e no credit for a cor· o ® 0 0 

761 A. 75t 761 771 Not Ginn 
rCd answer unless it is marked in the correct answer 
spaee. The snmples at the right an: answere,l o o 0 

B. 4 5 Not GiHncorrectly. 

1. ,\<ld 
7 
9 
H 
4 
:1 
;) 
6 

2. 

Chc"k yuur answer here 

Sub! raet 
978 
249 

3. Di"iLle; 8; 424 

..... 1. 

2. 

3. 

0 
40 

0 
729 

0 
G2 

ANSWERS 

0 0 
41 42 

0 0 
iJ9 1227 

0 0 
J4 f)6 

0 
Not Ginn 

0 
Not Given 

0 
Not Given 

Turn to page 2 and go right on working. 

e(lpyti~ht. H)42, t.IY the authors. AU rights teiH"l'"yetL 

published by Bun'au of Eclu("utioulil H"gelirch aDJ Service, E~tep.ion Divisio~. 

{Jni"cnity of Iowa, Iowa City 

-1
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Part 1. ARITHMETIO-(Continued) 

4. Multiply	 ANSWERS 
934 

29 000 o 
Check your answcr here	 4. 27,086 26,996 27,096 Not Given 

5.	 Add
 
75
 
98
 

468
 
976
 o	 0 0 0 

5. 1597 1607 1617 Not Given 

o	 0 0 0 
6. Write the fraction %0 as a per cent.	 . 6. .3 3% 30% Not Given 

o	 0 0 0 
7. What is the product of seventy·two and zero? .. 7. o 1 72 Not Given 

8. Subtract 
15434 

7970 000 o 
8. 8564 7464 7460 Not Given 

0	 0 0 0 
9. Divide: 9/347U4	 .. 9. 3805 3850 3856 Not Given 

0	 0 0 0 
10.	 Add 10. 2336 2526 2535 Not Given 

743 
594
 
764 11. Solve
 0	 0 0 0 

~. .	 4/ _ 121 16./ 
_._-~.435	 ,', -.- ..... 11. /5 % /35 Not Given/~ ~ 

0	 0 0 0 
•••••••••• __ ••• _ •• ___ ._•• __4" ~.12.	 Write the decimal .34 as a per cent. _ 12. •.34 01 3.4% 34% Not Given/0 

0	 0 0 0 
13.	 Change this per cent to a fradion: 120% _ ..._---_ ..._-_.• , ... 13. lY3 115 1% Not Given 

0	 0 0 0 
14.	 Five Hundred Twelve Dollars Ics.'l $104.76 = 14- 407.24 408.34 616.76 !\ot Uiven 

0	 0 0 0 
15.	 What must be added to 537 to make 11951 _ ........ ~._ ..... 15. 537 GUb 1732 !\ot Ui\t~n
 

o	 0 0 0 
16.	 Multiply _............... 16. 15,J7~ 13U)6~ l;lU,66~ !\ot (Jiven 

427 
306 

o	 o o o 
17.	 What is 15% of 80Y'~__ ................. 17. t\ 12 15 f'ot Givell
 

Turn to page 3 and go ~l1t QU working. 
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Part 1. ABITHMETIC-(Continued) 

ANSWERS 

o o o18.	 Subtract 18. 5% 5% Not Given
15
 
9% 19. Di vide and point off:
 

0 0 0 034j2D5.02 .......... __........_--.- .. __ ._--_ ....._._~_.----. 19. 6.03 6.3 60.3 Not Given
 

20.	 Solve 
3 5 0 0 0 0 
T X i2 = ....._--- 20. 3% 1% 51. Not Given/8 

21.	 Add 
3712 o
9	 ...........................-....................................... 21.
 Not Given 
5% 

o o o o 
11/22.	 What is 120% of 15 I __ 22. /5 18 60 Not Given 

o o o o 
23.	 Divide and point off: .:J.4/ .51432 __ __ .. 23. 21.43 2.143 .2143 Not Given 

0 0 0 o 
54!24. Solve: 8Y3 - 3% = _ _ ..... -- ..........._---_ ....._----------. __.._...... 24- /9 4% 3% Not Given
 

0 0 0 o 
25.	 What per cent of 20 is 4? _ ........ -._-.,... _---_ ...... __ ........._--- .... 25. 5 8 25 Not Given
 

0 0 0 o 
26. Solve: % + 1.2 = _ __ ••• ••_.'•• ····._••·.·4______·••••••• _.· . 26. 3 2YJ.2 Y3 Not Given 

0 0 0 o 
27.	 Solve: % X 15 = _ ........... _......__ ....__ ...•............. 27. 11l/ 20 Not Given
14 Y20 

28. Multiply and point off: 20.73	 0 0 0 0 
40.3. __	 28. 835.419 8354.19 89.049 Not Given 

29.	 Copy and add 
.003 + 4.2 + 7.65 + .17 

29. 
o 

12023 
o 

12.23 
o 

Not Given 

30. Goods mnrkl'd at 125'70 of 
eost sl'll at $;.50. What 1.'1 o o o o 
the cost? 30. 6.00 :U.,3 5.62 Not CiiH'B 

Score on Part 1 c-= SumlJf! ngllt Co,' _ 

End of Part 1. 

Do not turn to the next page until told to do so. 
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Part 2. ABSTRACT COMPUTATION
 
Time allowance-Jl minutes
 

Directions: T~c a?swers to these problems al'e obtained by adding, subtracting, multiplying, dividing, or by 
making combmahons of these processes. Study each problem carefully and make up your mind what the 
answer i'l to the question asked in each problem. Pind this answer in the answers at thc right ()f the question 
and make a cr088 (X) in the circle above the correct answer. If you find no answer that agrees with yours 
place the X in the circle over "Not Given." The sample is answered correctly. 

Answers
 

Sample. A. How many pencils would I have jf I bought k
 o ® 0 0 
pencils and some one gave me m pencils more ~ A. k-m k +m k+ffi Not Given 

The correct an.~wcr is found by adding thc k and the m. The answer is k + m, 80 the space over this response 
is marked with an X. 

ANSWERS 

1.	 Monday I read a pages of a oook, Tuesday I read b pages, Wednc,,- 000 o 
day I l-cad c pages. How many pages did I read altogetherY .' 1. abe a+b+c 3abc Not Gi"en 

2.	 Ray wants to buy a gun which costs x dollars. lIe has y dollars, o o o o 
but that is not enough. How many more dollars does he need T 2. x+y xy x-y Not Uiven 

3.	 What IS the volume of a room which L'l r feet wide, s feet long o o o o 
and t feet high T 3. rst r+s+t r+st Not Uiven 

4.	 John and James have x marbles betwccn them, and each has as o o o o 
many as the ot her. How many has each? 4. 2x ~ x Not Gi"en 

It 2 
5.	 If one load of coal costs c dollars, what will be the cost of b o o o o 

load.., of such coal ~ 5. b---e b+c b Not Ui,ell 
c 

6.	 A man 4;') years old has a SOil who L., y years younger. Indicntc o o o o 
the age of the SOil. 6. y-45 4i'J.-y 45y Kot Uiven 

o o o o 
7.	 Indicate the number of days in r wl,'eks. 7. 71' r-r-7 Kot Uinm 

7 

8.	 lIow much money III Joe's bank aeeoullt whell y dullars lire 
deposited and .L dollul's withdrawn if the jH'C\'lOUS balance \\'a..~ o 0 0 0 
Ii dollurs1 8. y-xk k+y-x y-k+x Kot Uiwl1 

'-...-!9.	 11 Ii certain number be represented by I and we gi\'e I a value o o o {\

10 5x+2 I :'\Oi t;IH'lloi ;', what would be the vullle of x + 21	 9. 

10.	 The inten:st 011 s dollars for one )'Cur amounts to d dollal'S. How o o o 0 
dy ~ s Not Uive!l lIlueh will he the simple intel'.,,,t ~t the elld of y yt'Ul's! 10. sd 

o o 0 
12 1um NOL li lie!!11.	 Indieate the Illllllbt'r of I){,lllli.,s ill m dimes and;2 pennies. 11. 

12.	 Olle day 11 boy cauvht f fish, tht'n gan' away a of them. The next 
Jay he "l!Ught b lllun" but suld hal f of th.·m. How muny fish o o 0 0 

fa-b fab f-tl~ l;~b N'ot Givenhad he leit !	 12. 

Turn to page I) and go right on working. 
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Pa.rt 2. ABSTRAOT OOMPUTATIOH'-(Oontinued) 

Alfswns 
18.	 If the product of two numbers is 24, and one of them is m, o o 0 oindicate the other number. ...	 13. 24+-m 24m 24-m Not Given 

14.	 If the quotient of two numbers L"l y and the divisor is m, represent o o o othe dividend »..............	 14..
 y-;-.m my m-;-.y Not Given 

15.	 How many hours will it take a person to go 1n mih~"l, if he goes o o o o r miles in one hond........................... 15.
. nll r-;-.m m-;-'r Not Given 

o o o16.	 Represent the integer next larger than the one represented by m... 16. III I-m Not Given 

17.	 A man has y dollars. Indicate how much he has left after spending 0 o o oone-third of his money.. ,............ . 17. y+% Yay y Not Given
 

18.	 I bought m 2-eent stamps, and three times as many l-eent stamps. 0 o o
How many stamps did I buy altogetherT	 18. 3m 4m Not Given 

19.	 If!! represents an even number, represent the next larger even o o
number.	 19. Y1-1 Not Given 

20.	 A book, a pencil, and a tablet together cost y cents. If the pencil 
cost m cents, and the tablet twice as much as the pencil, what did 0 o o o 
the book cost'	 .. 20. y-3m 2m-y 3m Not Given 

21.	 One roll of telephone wire will reach f feet. How many rolls of 0 o o o 
such wire are needed to reach t feet' . 21. t-I H-f ti Not Given 

22.	 Three boys decide to run a refreshment stand. The equipment 
costs r dollars. The father of one of the boys gave them $20.00. 
Indicate how much each boy will have to pay, if the remaining o 0 o o 
expense be divided evenly among them. 22. 1'+20+3 20r-;-3 r-20 Not Given 

3 

23.	 A horse rUllS m miles In c minutes. How manr miles will it run 0 0 0 0 
III one-fifth of a minute 1 23. m-+-5e m-7-~c 5mc Not Given 

24-	 A man has 4 bins each eapable of holding a bushels of grain. 
These bins are empty. 1Ie buys b loads of grain, e~ch load con· 
tRining c bushels of gl-aill, which his present bins will not hold 
Indieate the capacity of the new bin he will need to build in 0 0 0 0 

-~order to have sufficient room for the grain. -~ _. _.. .. " _. . 24- bc-4a 4a-bc 4a+bc :\ot Given 

25.	 A newspaper eharged $8.00 for the first insertion of an advertise
ment, and $4.00 for each following insertion. Expre.ss the cost o 0 0 0 
of 7t insertions.	 25. 4(n-2) 4(1l-1) 4(11-;-1) ;\ot Given 

Score on Part 2 = Number right ='-' ----- 

End of Pn.rt 2.
 

Do not turn to next page until told to do 80.
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Part a. 1lfWdJlJOAL SDIIS 

Time o.llowanee--12 Jninutea 

DirectioIUl: Each of ~h? .following m~mber seri~8 ~ made :Ip according to 80me rule. Addition, subtraction, 
multiplication, and diVI8Ion, and varIOUS combl!1ations of these processes are used in forming the different 
series. Discover the t;U1e for each example, decI~e what, the n~xt term Would be, and write it on the blank 
line following the serI~s. Then place a cross (?<) m t~e CIrcle d~ectly ~ver ~~e aDJJW~r that agrees with ,yours. 
If no answer agrees wIth yours place the X ill the cmlle over Not GIven. You will receive no credit for a 
correct allBwer unless it is marked in the correct answer space. The sample is answered correctly. 

.Answers 

0 ® 0 0 
Sample: 1 2 3 4 5 6 7 8 .-. -_......~. -.. ..... , ._._.....,. '.'." _.. ,. --..-... ---- 7 8 9 Not Given
~ 

ANBWEXS 

0 0 0 O. 
8 10 . .........._...-. 1. 11 12 13	 Not GIVen
1.	 2 4 6
 

0 0 0 0
 
6 5 2. 5 3 2	 Not Given 72.	 9 8
 

0 0 0 0
 
5 9 9 3. 11 12 13	 Not Given 3. 1 1 5 

0 0 0 0 
16 32 ... -.-.-.-....-...- ... 4- 48 64 96	 Not Given 4.	 2 4 8
 

0 0 0 0
 
8 11 14 17 .._-_.- .......-_ .... 5. 20 21 23 Not Given
 5.	 5
 

0 0 0 0
 
8.5	 6. 8.3 7.4 6.5 Not Given 6.	 12.9 11.8 10.7 9.6
 

0 0 0 0
 
4 7 10 13 .......__..-....-....... 1. 19 17 15 Not Given
 7.	 1
 

0 0 0 0
 
1'6 61' 1'5 51' 1'4 -.- ... _._ .... -. 8. 1'5 41'5 41' Not Given 8.
 

0 0 0 0
 
10 0 8 0	 9. ti 4 0 Not (Jiven 9.	 12 0
 

0 0 0 0
 
10 15 10. 20 21 22	 Not Given 10. 1 3 6 

0 0 0 0 
Not Given ... - _._.~-,. -~ .... ' . 11. 22 23 2411.	 42 37 32 27
 

0 0 0 0
 
0 6 4: Not Given12.12. 128 64 32 16 8 

0 0 0 0 
13. 4 5 / 8 10 .... '-..__ ..-- 13.	 12 10 11 Not Given '" 

0 0 0 0 
Not Given til	 ...... -._~_ ....... _...... 14- %2 h5 %5
14. ,0 o/io Yll ~h 

0 0 0 0 
;) 4 Not Given Hi. J 2 4 3 G 4: 15. 6
 

0 0 0 0
 
25 Not Given16.	 2 I) 9 14 20 16. 27 26
 

0 0 0 0
 
6 Not Given 17. 4 517. 17 17 \3 9 9 

'l'um to page 7 and go right on working. 
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Part a.-NUMERICAL SElUES-(Continued) 
ANBWDS 

0	 018. 2 4 6 7 9 11	 0 018. 14 ]2 11 Not Given 
0 019. ab	 4589 2ab 458 3ab •.... 0 0

.~~.~~.-.~_._ 19.	 45 58	 4ab Not Given 

20.	 24 23 22 20 19 18 0 0 0 0-----.. 20. 14 15 16 Not Given 
0 021.	 n+4 a+l0 a+16 ... _- .......__ .......-.--_..•_-....•... 0 0
21. a+IB a+20 a+22 Not Given 

~~ 8a ~	 ~ --rra 
0	 0 022.	 243 81 27 9 ................•....•...- ...-- ...-.". 22. 6 4, 2 

0
 
Not Given 

0 0 0 023. 2 6 10 11 15 19 ..•..•.. - 23. 20 21 24 Not Given 
0 0 0 024.	 25 28 29 33 36 ...... _-- .. --- .•...  24.	 37 41 43 Not Given 

0 0 0 025.	 56342 xy2 5634 x 2y 3 563 x 3y4 .... 25. X4y5 6 3 Not Given 
0 0 0 026.	 y48 y24 y12 -- .. _---- ..._----. 26. y6 y3 Y Not Given 

a+b+c+d b+c+d c+d d d 

0	 0 0 0
27. 0 % 17fs 1% 2% ....... -- ........ 'no 2% -

.) ..,.
/5 ;3 Not (liven
 

0	 0 0 0
28. 4 5 10 11 22 2;3 ...---_.- 28. U 46 47 Not Given II

.' 

0	 0 0 0
29. 2 4 8 14 22 ..............._-- 29. 4,4 ;U 32 Not Given
 

0	 0 0 0 
30.	 4y8 5y1 4y 6 7.r J 4y4 -'.- .... 30. 4y 2 9y 3 ] l y 2 Not Uivcn 

0	 0 0 0 
31. 1 3 7 ]5	 31. 31 Ju 29 Not Given 

0	 0 0 0 
_I32. 3 8 13 18 23	 _.- ... 32. 31 29 .)- Not Uiven 

0	 0 0 0
6 .)33.	 41Hl8 24.04 ]2.02 .. 33. til 6.01 Not Uiven 

'-..i0	 0 " 0 
34. 3 7 8 ]l 18 26 34. 3~{ 37 3!J Not Given 

0	 0 0 0 
35. ]II	 35. J J I. ~ Not Given~4t 2 %6 % /4 2% 

0	 0 0 0 
-.)36. 1 2 6 24	 sa. ,- 120 144 r\ot Given 

0	 0 0 0 
ltiy ltL-24 Not Uiven37.	 2y3~10 6y!l~16 lOy 13_22 - - y - "'¥~"'~ _ •• 37. 14y l'-28 Liy l'-2ll 

0	 "v 0 0 
38. I'

/IG % %	 .... _ .. --.. _ .. -----"...•.•-.._.-- 38. 7'~ (1--, I G Kot Uiven 
~-

0	 0 0 0 
-;)39. 2 4 ]2 36 .... -........... 39. ,- IuS 144 Not Given
 

0	 0 0 "v 
110. %Uij (}ue ~~2 5 

/4 
f 

3~~	 40. ~J-j4 II ~'4 12 Not Given 

Scure utI Part 3 S limber riyh i =

End of Part 3. DQ not turn to next page until told to do so. 
.. -- I 
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52Part 4. DEPENDENCE AND VARIATION 
Time IIl1owance--3 minotes 

DirectionB: Each of the following exercises can be answered by one of the four numbered b • 
each question. Study th~ ex~mple Rnd the question bRsed upon the example. Decide which :n:ases gIVen below 
phras('s below the ques.tIOn IS the corre~t answer. Note the number of this phrase. Find this nu:.btbe numbered 
'\IlSwer spaces at the rIght of the qucstlOn and make a cro8B(X) in the correct circle Tb I e~ among the 
, . . I	 . e samp e 18 allBweredcorrect y. 

Ss.mple: X -7 = 10	 ]f the 7 werc made larger, what change would need to be
 
made in the value of X 80 that the answer 10 would still
 
be correct 1
 

(1) remain the sa.me (2) become larger (3) become	 (1) (2) (3) (4)
smaller (4) cannot tell.... .. ..
 

0000 
1.	 X=y If y were made larger, what change would be made in the (1) (2) (3) (4)

value of X? 
(1) remain the same (2) become larger (3) become smaller 
(4) ca.nnot tell................................................................... 1. 0 0 0 0
 

2.	 X=y+m If y were made smaller, what change would be made in the
 
value of X Y
 
(1) remain the same (2) become larger (3) become smaJler 
(4) cannot tell 2. 0 0 0 0 

. m If m were made smaller, what change would be made in the
3. X=y+ "Value of X Ys 

(1) remain the same (2) become larger (3) become smaller 
(4) cannot tell	 3. 0 0 0 0 

4.	 X=y+m If y were to be made 1 larger, and m were to be made 1
 
smaller, what change would be made in the value of XY
 
(1) remain the same (2) become larger (3) become sma1ler 
(4) cannot tell	 4. 0 0 0 0 

1 If the value of y were made larger, what change would be 
5. X=y- made in the value of X fY 

( I) remain the same (2) become larger (3) beoome sma1ler 
(4) cannot tell .	 ~. 0 0 0 C 
Uiven that y and m are always equaL What change would 6. X=L 

m	 be made in dIe value of X if 1I and m would he made larger 
in t he same proportion f 
( I ) remain the same (2) become larger (3) become small.r 
(4) cannot tell	 &. 0 0 0 0 

7.	 X=y-m I f til were made larger, what change would be produced in the
 
yulue oj X,
 
( 1) remain the same (2) become larger (3) become mWler 
(4) cannot tell	 1, 0 0 0 C 

8.	 X=y +rn-n I f II, 111, and n were all given the same value, what cnangll
 
wol11<.1 be produced ill the value of XV
 
( I ) remain the same (2) become larger (3) become smaller 
(4) cannot tell	 8. (.) 0 0 
If S W('fl' made smaller, what change would be made ill the 
\alul' of X, 
{I \ remain the same (2) become larger (3) btloome tlma.l1er ,r, J'''~ 

( 4) cannot tell	 9. 0 \.-,1 \"j 

10.	 X=y +m If m were made larger, what ehlmge would ni'('d to be made 
in he ndul' of !I so tllllt X would not change in valui' r 
(1 remain tbe same (2.l become wger become smaller 

10.(4 ca.nnot tell 

End of Wilt; elolle your paper 
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APPENDIX B
 

COpy OF THE POSTTEST
 

The test copy included in this study 1s a copy o~ the 

questions and answers in the posttest. The posttest admin

istered was the published copy o~ the Lankton Algebra ~ 

Revised Edition. 
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LANKTON FIRST-YEAR ALGEBRA TEST-FORM E
 

:1, 4.
If 1 ') the value of 1 IS 

[ a] 4
 

[bl 2
 

I ,) 1
 

, ell- 1
 

[DK I
 

2	 I n t he :l"rea"fcJ!'mlll'i"", "4 = 11 2, if it is 144, then d is 

[ c' J 28."1 

[	 fl 72 

I II. I :\6
 

I hi 12
 

IDKI
 

3	 If "~f = 12. then f l'quals 

[ al ; 

[ " ] ~ 
I" J%
 
[ Ii 120
 

IDK]
 

4	 One of the faclol',; of 36 r' is 

10 fe'flt ITlOr(f t h.;:~n ~:,~ 

r"~~l~;oT-ei~,ef~H the \\'idlh 'G-f dH:' 

--d 

7 From the equation 2x - 6 '" 6, the equivalent 
equation 2x '" 12 is obtained by 

[ a ] multiplying both sides of the first equation 
by 2 

[ b ] subtracting 6 from both sides of the first 
equation 

[ (~ J dividing both sides of the first equation by 2 

[ d ] adding 6 to both sides of the first equation 
[DK] 

8	 Which of the following equations has (5, 2) as a 
member of its solution set? 

[e]x-y"'3 

[ f ] x - y '" -3 

[ g ] x + y'" -3
 

[h]x+y=3
 

[DK] 

9	 The multiplicative inverse of 5 is 

[ a ] -5 

[ b ] -~ 

[ t'] k
 
[ tI I
 



17 It ~J" =F 1) "" tI, thf'n ~x ~ 

r .. };) l~}l tOM n
ft~1f1-8 

f h J [i mort' tnMJ n
rfjfl- 4
 

f t' J ~! aii !<!r~€ [~ 'it
 

[ d J t ;u; !arg~ ~ 'flfbja+4
 
[DK]
lOKI 

H~	 In Hw fOtftHlb H =:: 12 ~ 20. if 
ii, H vari!.!f; from 

13 \V'filcn ~~_ph reJ}ft?sent~ t}lt~ S.o8titinn £~t the equa [ejlto4
 
tion 3rt - n '= !t!
 [f]lOtoZO
 
[ a , ! • -. =1	 

I 11 j• "! 5' -~ 7 r g 1 10 to g
 
, t
I h J • • •	 [hJlOtoi~f	 .it J if S ~ l' ,	 ., , ..! t, I • , •	 [DK]
f	 :l ~ 5' f> 7 , , • , •I d 1 ! 1 j ~ 5 ~ 7 

19 The absolute value of any nurntYi:t ,;0 ",,--
{DK]
 

r a } ,/k
 

r b 1 It
 

f e } -k
14 The aV€IT~'" of +3, t\ -2, -7, i" 
[ d J kf .. 1-2
 
[DK}
[ f J -~
 

hd t1
 
20 If a is not an element of thf' C:.,,{
 

[ h J 4
 
~ .. "," a --t- 1 a - 1

QUOdent ....- .. .:.
[DK] . a
 

[ {' J -(1
 

[ f J a 

15 If m = -17 and 11 e -22, how much	 [ I't ! IlW .,,-. 1) 
a _.

III than n? 

[ a I -Ii	 I h 1 
11 

[IlJ,-:)	 IDK] 

[ f' ] ;/ 

21 Th~' :-kt~lem'e. .J. a "",,,h._
f ,I J :19 

75," rnay tM? \tT:tt('n as 
[Dh J 

!. b ] r ,,~ 7;l 

[ell">.;) 

[ l' 1 Ii 
1'1 

.} 

I fIn 
(J/! 

I/.!I (l 211 
36 

I II ] f1 
;;h 

! ltl.; I	 " ! ' 

:2',[ 
:H, 

[tilI 

IDh} 

.\ 

3l 
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56LAN KTON FIR ST- YEA R ALGEBRA TEST-F0 RM E 

23 The srt o( real numbers n. repi'csen:ed in the gr,:ph 

I".'. (.'(Iuivalenl lo whleh 01 the fol1owmgI] 'Je ow 
inequalities'! 

I I I • I I , I I I I II 

I ;1	 I II > -4 

r II! I/.e:; 2 

r ('j 4 <II < 2 

[ d I -'f '-'./. ?< il 

[IlKI 

24	 A number is \ as large as another number and also 
1 less than the other number, If n is the larger 
numher. ~1l1 equation h\' which 11 may hp found is 

r ('	 ] :l1l = 11 -\ 1 

r f	 ] J,n = n ,+ 1 

[ I!	 ] "n - 11 -' 1 

[ h ] :311 = 11 - 1 

[DK] 

25	 \\'hich of the following is a frill' statement? 

I a ] 9  ;) ? 2 

f Ii ] 7 -i '7 < 14 

[ ,. ] S -1 :~ > ]2 

I d ] 10 

[DK] 

26 
.r 

If 6 <0 

3Ric)' t hpn J is 

[ " ! ,02 

I f J 18 

I l.! 1 [,() 
I It I K<J 

fIJK I 

'1.7 rr 1" ls an i-j\>IYH'f1: of i ht' ,-~~l; 'n. 1, ,) ;lnd If '!.u 
tfh'n 11 i~ ;".n VI("lnC'nt ~\! he ..... ll\ 

! II I '(). 2. it, tl , 

r 1. I :(), I. 2 

I ' I .D.~. I: 

I " 1 :(), ~, 1. 

[DK] 

28	 The solution set of the equation Ix - 3 I = 3 is 

[ e ] 10. 61
 

[fJfO,3}
 

[ g] 13,6} 

[ h] 1-3, 3J
 

[DK]
 

29	 The difference 57i7'2 - "I" equals 

[ a ] 47rr2 

[ b ] 41T 

[ c J 4
 
r d ] 5
 

[DK]
 

30	 The graph below shows that each change in x of 
1 unit corresponds to a change in 1J of 

[ t' ] 1 unit
 

[ f J n units
 

r i! ] 2 units
 

I Ii J 3 \lnit~
 

[DK]
 

31	 The inefjualin' :r +:l < 1 i~ transformed to the 
equivale~t ioequalic\' ,r < -2 by 

' J ,!,l)''-''c"'j'ng' i3 from both sides of the iir~~l io
. equality 

1 ·,(I(!'\'o'·' -1 to both ,ide" of tIlt' fir~t inequality 

I d ~ ...... ~ I.. L.. t '_ 

[ I)	 I (.~ - 'f-, 

( " J adding 3 to both "idp3 of the fiL.;t inequalit,I' 

. :J from both sides of I he firstr d ] ,-u htn:rctlng 
inequality
 

(DK] 

32	 If d "" () )[1 the fract ion ~! and if d is lllultlplied h\ 2, 

the I'alue of the fractlOo b
 

I c I multqJ!i('d by 2
 

I f I divided by 2
 

I b ,)I Il I del'rC'as0, y

[ h I dl,,:I'ea3C'd by' ~
 

(ll!~ 1 GO ON TO THE NEXT PAGE .... 
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'} ., ,the gnDh of the solution set. of the two33	 \\ ]l(il l1i , , 

equations below:
 

2x ,.,. II ~. 4
 

x - 2!1 = S
 
..;

3 I mmiW [
h J mmm~ 

[ (I ](' 1 

.r
34 The product x·~ 4 i) ] i equal, 

f
I t' J 7jl 
A'
 

I f 1x .r -- 4 

Xi 
~l.r - 4i !.! ] 4 

T'
! h 1 'J .r - ·i 

35 \',h:, 
4./ ,j 10/' 

36 Wh "';1Ii 

IT!t'quallllP> 

i , 
0	 (,5 

,i f 
~'0 e 

t ..... 
~ " i 0	 ; 6 

It 
c	 5 to 

jl1h I 

•
 
37	 The expres..<;ion k +2 is a negative ll'Ulnber for all 

values of k less than 

[ It 1-2 

r II ] -1 

[ e] 0 

[ d] 2
 

[OK]
 

38	 If p varies directly as sand p = 8 when s = 4, what 
is the value of p when s = ~? 

[ e ] 8
 

If] 4
 

I g ] 2
 

[ h 11
 

[01'1
 

39	 The equation ,:1 ..;. y) ,1,:1" iT, 4! 1, an 
instanc(' of a prineiplE' calied 

[ a I reciprocal 

[ h ] commutativE' 

I t' 1 assotiat ive
 

[ d 1distributivE'
 

[Ot: J
 

40 The solution set of (T - 4 i(1 - yi (J !, 

[ I.' I :4, -I t 

I f J : 4 1\
 

I !.! I :-4, -I:
 

[ h) : -4, 1:
 

iUi\ j 

- .... ',- ;) - :r In which both41 The iIT~lph ot the ft'lauon I, - 3 

y and 1i are positive integ(Oj'; is 

I b 1 o:I:t+====[u]. 

57
 

l d r (' ) ---.......,.-r-r-n
 

[DKI 
tJ 
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42	 Which of the following is an instance of the distrib
utive principle? 

~ c	 ] (x - 1I)(x +- 1/) = !x - y)x +- (x - 1/)y 

[ f ] 7 +- x+-5 = 12 + x
 

[/!.]8+x=x+-R
 

[ h ] (x +- y)(x - y) = (x - y)(r + 11) 

[OK] 

43	 The smallest integer greater than - 11 is 

[ a	 ] -2 

[ h ] -1 

[ c ] -~
 

I tl] 0
 

[OK]
 

44	 In the formula y = 50 - 10.0, t~e set of all th,e 
replacement numbers for z for whIch 1/IS posltlve 1S 

r c ] inumbers greater than 51 
I fl Inumbers greater than 01 

[ /!. ] 1num bers les,.; than 0 i 

[ h ] : numbers less than 51
 

[OK]
 

45	 The ,.;haded portion of the graph below and its 
boundan" line "('present the open ,.;('ntence 

It ]	 II 

I· !!
 

I d 1 1/
 

IIlK]
 

46	 Th.· "\(I,!('s>lon \ ~O'I 

I "	 I 4u\ 

I	 I ~i/ \ (10 

Il i 2<1 \
 

I II I 1l1!1 \ ~!1
 

IIlKI
 

47 What is the solution set of the two equations below? 

3x - 11 ; 1 
x - 3y; 1 

raJ r(0, -1) I 
[ b ] ((0, -All 
[ c ] I(~, m 
[d 1 let, -t)1 
[OK] 

48 The !,rraph below shows that 1/ is greater than 0 for 
all values of x which are 

--T 
f'li'l" 

~.._
I 

I I 
I I 

[ ('	 ] greater than 0 

[ f ] less than 3
 

[ /!. ] greater than 3
 

[ h ] less than 4
 

[OK]
 

o	 ? /. < 649	 The solu\ ion set of the open sentence _ <--, _ 

where: is an integer is 

[ a 1 13.4,5,6\ 

[ h] 13, 4, 5 f 

[ c	 ] !3. 4i 

[ d 1 :31
 

iDK]
 

I <' I 1~ 

f 1 l:1 

i II 1 III 

iPh: i 



59 
APPENDIX C 

A COpy OF A MIMEOORAPHED DESCRIPTION 0 
INSTRUCTION"GIVEN TO ALLSTIlD!:NTs iNP~~HAMED 

EXPERIMENTAL GROUP . 

What is programed instruction? 

Programed. instruction is not something new or differ

ent. The basic id.ea of programed instruction 1n the United 

States goes as far back as 1866. However, the concept of 

teaching with programed instructional materials was not 

widely held until the 1950's when B. F. Skinner, a Harvard 

University psyohologist, olinical1y established the value of 

programed instruction. The use of programed instruotion has 

grown to such an extent that by the early 1960's over 630 

different oourses were available by programed instruction. 

flProgramed instruction is simply anew, better way of 
1wri tlng a textbook, If a textbook based on the latest prin

oiples of quality education. Under programed instruction 

every student is treated as an indiVidual - an individual 

with a private tutor. The student is given information in 

small steps" Putting these steps together the individual 

bUilds from a limited souroe of information the ooncepts of 

the course. However. unlike using a oonventional text, in Ii 

lWl111aM A. Deter1ine, An Introduction 12 Pr°Eed 
· ff -New Jerse~: Prentioe- , ...I nstruo.t1on (Englewood Cli , t1 

Ino., 1'9b2), p. 55 .. 
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programed text the student does not just r d 

ea and. bUild 1n 
his mind. Programed materials atter every 8"'''11 

.,.,..... amount of 
1nformation require an aotive response fr"'m th t yes udent. 

The correctness of the response is immediately establ1shed 

by the textbook. The reason I say the correctness of the 

response, and not the error of the response, is that pro

gramed materials make every effort to eliminate errors and 

as such under many programs students should experience SUc

cess over 90 per cent of the time. 

Advantages of programed instruction. 

1. Programed instruction allows for a breadth of 

understanding and not rote memoriZation as the main objec

tive. 

2. Programed instruction is capable of providing for 

a Wider range of student ability than the normal classroom 

Situation. Thus each student as an individual is able to 

proceed at his or her own speed. 

3. 3ince eaoh student takes the course as an indi

Vidual rather than as a member of a class the student is not 

bogged down with group aotiVities whioh are of little value 

to h1m. The result of this 1s a more efficient learning 

the amount of outprooess, a prooess that may even 1'eduee 

Of-olass homework for many students. 

""........ her 1'" n·ot eYlQ"aged in olass presen4. Sinoe the t ...,ov <:> ,'C) 

tat10ns for one-half to three-fourthS of every period he 1s 
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alwayS available for individual or small group work. This 

can be either remedial work for a student having probleIl1S or 

enrichment topics for students haVing questions beyond. the 

scope of the textbook. 

Disadvantages of programed instruct ion. 

The one major problem With programed instruction is 

that it puts a tremendous burden on the individual student. 

The student learns at his rate and it is difficult if not 

impossible for anyone else to determine this rate. Thus, 

the lazy. immature student may decide to go at a rate well 

below his level of ability and not cover the reqUired mate

rial. Also. since a. student works on his own, some students 

try to cheat the system and loaf for several periods at a 

time. 

n 
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APPENDIX D 

TABLE V 

TEMAC AWEBRA ONE GRADE STANDARDS 

Grade Average Chapters Finished 

First nine weeks 

Second nine weeks 

Third nine weeks 

Fourth nine weeks 

1 
2 
3 
4 

1 
2 
3 
4

1 
2 
3 
4

1 
2 
3 
4

95 
91 
84 
77 

95 
90 
80 
70 

95 
90 
80 
60 

95 
87 
75 
60 

7 
6 

4
 
12 
11 
10 

8 

19 
16 
13 
12 

24 
21 
19 
17 

Grade of 1 is an A, 2 1s a B, 3 is II C, and 4 is a D. 

These standards were used to determine the grades of 

all students taught by means of programed instruction using 

TEMAC. They are a listing of the minimum test averages and 

the minimum number of ohapters covered by the end of the 

grading period. For example, in order for a student to 

receive a grade of 3 for the seoond nine weeks he m.ust have 

.overed at least ten .hapters with "n "verage test soore of 

80. 

g 
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APPENDIX E
 

TABLE VI
 

RAW SCORES ON THE PRETEST AND POSTTEST 

EXFERIMENTAL GROUP 

Pretest FosttestStudent 
Score Haw ScoreNumber Raw 

E 1 
E 2 
E :3 
E 4 
15 5 
E 6 
15 7 
E 8 
E 9 
E 10 
E 11 
E 12 
E I) 
E 14 
E 15 
E 16 
E 17 
E 11:5 

19E 
E 20 
E 21 
E 22 
15 23 
E 24
E 25 
E 26 
E 27 

37 
4-9 
51 
47 
45 
49 
59 
57 
51 
48 
64
60 
38 
54 
54 
59 
79 
46 
60 
42 
40 
59 
54 
28 
62 
51 
60 

17 
23 
21 
24 
24 
18 
18 
28 
18 
16 
25 
)2
24
21 
26 
19 
37 
29 
30 
23 
18 
27 
23 
17 
32 
24
27 

Total 

-X 

s 

::: : 

1403 

51.96 

10.07 

647 

23.9 6 

5. 66 

Student
 
Number
 

c 1 
c 2 
C 3 
c 4 
c 5 
c 6 
c 7 
c 8 
C 9 
C 10 
C 11 
C 12 
C 13 
C 14 
C 15 
C 16 
C 17 
c 18 
C 19 
C 20 
C 21 
c 22 
C 23 
C 24 
C 25 
C 26 
c 27 
C 28 

CONTROL GROUP 

Pretest Posttest 
Raw Score Raw Score 

54 15 
2154 

52 25 
70 37 
54 29 
43 20 
48 20 

2854 
2953 

58 30 
2252 

47 23 
2750 
2851 
2)58 

66 32 
2664 

46 19 
60 30 

)271 245° 2265 
2952 
2355 2962 
1941 
2463 
2845 

7111538 

25.3954·93 
4.817.73 

= 


