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This study was precedented on a concern about compar-

atively low means for students on nationally standardized 

achievement tests for the computational skills in arithmetic, 

It was designed to evaluate two instructional materials 

as they affected the computational scores of pupils in grade 

five and grade seven. The materials were the Cyclo-Teacher, 

a device using programed materials, and Mental Compu.'tation, 

a workbook designed to develop the pupil's ability to solve 

arithmetic problems without using paper and pencil. The 

materials supplemented the regular instructional program 

in randomly chosen classes in a major school system in the 

southwest region of the United States. The materials were 

used for 15 weeks during the spring of 1969. 

The subjects were in class groups from throughout the 

school system. They were stratified into three groups (low, 

middle, high) according to the mean achievement scores in 

arithmetic for each school in the system. 

The classes were chosen at random and placed into 

three groups: 

1. Experimental Approach #1 (Cyclo-Teacher materials) 
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2. Experimental Approach #2 (Mental Computation 

materials) 

3. Control 

Five chapters are inlcuded: . Introduction; Overview 

of related Literature; Methods and Procedures; Presentation 

of Findings; Summary, Conclusions, and Recommendations. 

Six hypotheses, each with three subdivisions, were tested, 

based on pretest and post-test data using the Newman-Keuls 

procedure. 

Conclusions and Recommendations 

T^-e Cyclo-Teacher materials are effective with 

grade five pupils. The gains in arithmetic computation were 

significant for the total group, with no significant changes 

occurring in the arithmetic concepts or in the arithmetic 

applications. However, no significance occurred for any 

of the strata. It is recommended that the Cyclo-Teacher 

materials be used to supplement the regular program of 

arithmetic instruction at gra,de five. 

2. The Cyclo-Teacher materials are doubtful for use 

with 'grade seven pupils. The trends definitely favored 

the pupils using the Cyclo-Teacher materials, but no signif-

icant differences occurred. It is recommended that the 

Cyclo-Teacher materials not be used to supplement the 

regular program of arithmetic instruction at grade seven 

unless further testing of the materials over a longer 



period of time proves the favorable trends observed in 

this study to be significant differences. 

3. The Mental Computation materials are not effective 

with grade five or grade seven pupils when used to supple-

ment the regular program of arithmetic instruction. It 

is recommended that the materials not be used for supple-

menting the regular program of arithmetic instruction if 

computational skills are deficient. 

4. The Cyclo-Teacher materials are more effective 

with the grade five pupils than with the grade seven pupils. 

This implies that the sooner materials designed to individ-

ualize instruction are introduced, the more likely it is 

that they will be effective. Therefore, it is recommended 

that methods for individualizing instruction be introduced 

as early as possible in the instructional program. 

5. It is recommended that the publishers of textbooks 

strive for a better balance between the presentation of 

computational, concept, and application skills in arith-

metic textbooks. 

6. It is recommended that the publishers of standard-

ized tests give critical review to the tests that are being 

used by the schools in this nation. There is widespread 

concern on the part of many educators that the tests may 

be outdated and that the standardization procedures may 

not be representative of our urban society. 
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CHAPTER I 

INTRODUCTION 

The computational skills in arithmetic have throughout 

the history of mathematics been recognized as being impor-

tant. In fact, it was the need for computation (counting) 

that caused man to invent mathematics (8, p. 242) . These 

skills are still recognized as important and essential even 

in the modern mathematics programs that have emerged within 

the past twelve years. And yet the results of achievement 

tests, as reported by numerous directors of instruction for 

large city school systems at the 1968 conference of the 

Association for Supervision and Curriculum Development, 

indicate that the scores on arithmetic computation are sub-

stantially below the national norms. 

Since modern mathematics has been introduced, the 

"discovery" and the "understanding why" aspects of modern 

mathematics have been highly emphasized. Drill has been 

de-emphasized, and it is assumed that this lack of practice 

(reinforcement) is the most likely cause for the faltering 

scores in computation. One example of the low computation 

scores is that of a large metropolitan school system (75,000 

to 100,000 pupils) in the southwest region of the United 

States. On the Stanford Achievement Test, the average score 



for beginning eithth-grade pupils was only 5.9 (5 years, 9 

months), or in other terms, more than two years below the 

national norm of 8.2 when the test was administered. Within 

this school system, the individual school that had the 

highest average achievement on the entire battery of tests 

had an average of only 7.6 on arithmetic computation. By 

contrast, the scores on arithmetic concepts (understandings) 

was 9.0,. which was the highest score on any of the eight 

sections of the test. The computation score was the only 

section of the test that was below the national norm. 

Another example is that of the Los Angeles City School 

District. In a report dated November, 196 8, this comment 

is includedJ "Judging by the intelligence quotient level, 

the achievement test results are a bit lower than would be 

expected, especially in arithmetic fundamentals" (7). One of 

the sets of scores to which this statement refers is that of 

the median scores for the eighth-grade pupils in arithmetic 

fundamentals. The median score for one group of pupils was 

the 30th percentile and for another group it was the 18th 

percentile. The median scores for arithmetic reasoning were 

14 percentile points higher in each case. 

It seemed evident that an investigation of several 

approaches to the improvement of pupils1 ability to comp\ite 

was highly in order. Computers, calculators, and adding 

machines are increasingly used in the business world, but 

Willoughby (14, p. 10) reasoned that even though a prominent 



mathematics educator suggested with a perfectly straight 

face that in the future .each child will be issued a small 

pocket computer upon entry into school and will not have to 

be taught arithmetic—only how to-use it, that this is not 

a widely accepted point of view. He felt that people still 

believe that one legitimate goal of a mathematics program 

should be to teach children to compute accurately and with 

reasonable speed. 

Determining ways for increasing the ability of pupils 

to compute accurately and with reasonable speed was the 

principal objective of this study. 

Statement of the Problem 

The problem was to evaluate two approaches of teaching 

arithmetic to pupils m grades five and seven. 

Purposes of the Study 

The purposes of this study were 

(1) to determine the effect upon the arithmetic compu-

tation,; concepts, and application skills of pupils when the 

regular instructional program in arithmetic at the fifth- and 

seventh-grade levels was supplemented with the Cyclo-Tea ch er 

(2) programmed materials; 

(2) to determine the effect upon the arithmetic compu-

tation, concepts, and application skills of pupils when the 

regular instructional program in arithmetic at the fifth- and 



seventh-grade levels was supplemented with the Mental Compu-

tation (6) materials. 

Hypotheses 

The following hypotheses were investigated: 

I. The mean gain in arithmetic computation of subjects 

whose regular instruction is supplemented with the' Cyclo-

Teacher (2) materials (Experimental Approach #1) will sig-

nificantly exceed that of the control subjects at each grade 

level. 

A. The mean gain of the experimental subjects 

from the low stratum will significantly exceed 

that of the control subjects from the low stratum. 

B. The mean gain of the experimental subjects 

from the middle stratum will significantly exceed 

* that of the control subjects from the middle stratum. 

C. The mean gain of the experimental subjects 

from the high stratum will significantly exceed 

that of the control subjects from the high stratum. 

II. There will be no significant difference in arith-

metic concepts at each grade level between the mean gain of 

the subjects whose regular instruction is supplemented with 

t h e Cyclo-Teacher (2) materials (Experimental Approach #1) 

and that of the control subjects. 



A. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the low stratum and the gains made by 

the control subjects from the low stratum. 

B. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the middle stratum and the gains made 

by the control subjects from the middle stratum. 

C. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the high stratum and the gains made 

by the control subjects from the high stratum. 

III. There will be no significant difference in arith-

metic applications at each grade level between the mean gain 

of the subjects whose regular instruction is supplemented 

with the Cyclo-Teacher (2) materials (Experimental Approach 

#1) and the control subjects. 

A. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the low stratum and the gains made by 

the control subjects from the low stratum. 

B. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the middle stratum and the gains made 

by the control subjects from the middle stratum. 



C. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the high stratum and the gains made by 

the control subjects from the high stratum. 

IV. The mean gain in arithmetic computation of sub-

jects whose regular instruction is supplemented with the 

Mental Computation (6) materials (Experimental Approach #2) 

will significantly exceed that of the control subjects at 

each grade level. 

A. The mean gain of the experimental sub-

jects from the low stratum will significantly 

exceed that of the control group from the low 

stratum. 

B. The mean gain of the experimental sub-

jects from the middle stratum will significantly 

exceed that of the control group from the middle 

stratum. 

C. The mean gain of the experimental sub-

jects from the high stratum will significantly 

exceed that of the control group from the high 

stratum. 

V. There will be no significant difference in arith-

metic concepts at each grade level between the mean gain of 

the subjects whose regular instruction is supplemented with 

the Mental Computation (6) materials (Experimental Approach 

#2) and the control subjects. 



A. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the low stratum and the gains made by 

the control subjects from the low stratum. 

B. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the middle stratum and the gains made 

by the control subjects from the middle stratum. 

C. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the high stratum and the gains made 

by the control subjects from the high stratum. 

VI. There will be no significant difference in arith-

metic applications at each grade level between the mean gain 

of the subjects whose regular instruction is supplemented 

with the Mental Computation (6) materials (Experimental 

Approach #2) and the control subjects. 

A. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the low stratum and the gains made by 

the control subjects from the low stratum. 

B. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the middle stratum and the gains made 

by the control subjects from the middle stratum. 



C. There will be no significant difference 

in the mean gain made by the experimental sub-

jects from the high stratum and the gains made by 

the control subjects from the high stratum. 

Background and Significance of the 
Problem 

The introduction of modern mathematics into the public 

schools began in a few schools in 1956 and 1957 and has 

steadily increased until the present. In the schools of 

Texas, state-adopted textbooks reflecting the modern mathe-

matics program were first introduced at the seventh- and 

eighth-grade levels in the fall of 1964 and at the first-

through sixth-grade levels in the fall of 1965. The accep-

tance of modern mathematics as being an improvement in 

method and in content was reasonably widespread in the 

beginning and steadily gained momentum through 1965. 

Muellar (9, p. 620) reported that the middle eight years of 

the 1956-65 decade were the happy years for new mathematics 

insofar as it was reflected in the widely-read popular 

magazines. He indicated that as these years passed, less 

and less was said about mathematics being a highly disliked 

subject and that more and more was said about the brightness 

of the future along these new mathematical tracks. 

It appears now that the honeymoon for modern mathematics 

is over. The evidence is mounting that the modern mathe-

matics pendulum may have swung too far toward understanding, 



to the detriment of a balanced program. Muellar (9, p. 621) 

referred to Max Beberman, one of the pioneers in the develop-

ment of modern mathematics, as being troubled about the 

possibility that we may have gone, too far with new mathe-

matics in the elementary grades at the cost of ability to 

compute. Fehr (3, p. 666) says it this way, "There has 

been a shift of emphasis toward the conceptual or meaningful 

learning of the subject, with a corresponding de-emphasis of 

the development of computational skills, the latter a change 

we may live to regret." 

Glennon (5, p. 70) sounded cause for caution in another 

way when he suggested that after ten years of rapid educa-

tional innovation we must now take inventory, because elemen-

tary school personnel cannot afford to plunge ahead with 

more untested innovations without first assessing past 

progress and future goals. 

He reported that elementary school mathematics programs 

like other curriculum programs, have been studied by workers 

ranging from the sincere to what Stanford psychologist 

Crombach has called the "pied pipers" and "panacea mongers." 

He felt that the rationale given by the latter groups often 

rests on no better grounds than "It's good because I say it 

is good." 

Glennon at another point looks askance at the discovery 

method, an approach that is a basic component in modern 

mathematics: 



10 

Today's debate on process or method stresses 
a second theory---the importance of discovery, 
thus minimizing the role of telling or didactic 
methods. A definitive summary is provided by 
the University of Illinois professor of educa-
tional psychology, David P. Ausubel. "Actual 
examination of the research literature allegedly 
supportive of learning by discovery reveals that 
valid evidence of this nature is virtually non-
existent . . . " (5, p. 71). 

Muellar furthers the evidence that modern mathematics 

is on a decline in popularity by quoting a May 10, 1965, 

Newsweek article: 

The . . . article was published . . . under 
the title "New Math—Does It Really Add Up?" 
Here for the first time in nearly ten years among 
the magazines reviewed is an article on balance, 
the article suggests "no" as the answer to the 
question in its title. 

Writers of popular magazine pieces usually 
make their case through quotations and supposedly 
characteristic events. In this article an im-
pressive parade is formed by the words of a 
frustrated parent to his son's teacher ("Lady, 
for God's sake, tell me what a frame is . . ."), 
those of Professor Morris Kline ("The first two 
years of one course asks students to learn 700 
precise definitions. This is pure pedantry.") 
and Alexandra Calandra, a physics professor at 
Washington University, St. Louis ("Textbook 
promoters who make more dollars than sense . . ."). 
Selected quotations from persons such as Profes-
sors Edward Begle, Max Beberman, Carl Allendoerfer, 
and Jerrold Zacharias contribute to the pervading 
somber tone of misgiving (9, p. 621). 

In his concluding remarks, Muellar (9, p. 622) expressed 

a feeling that the public is going to require of us more 

concrete forms of assurance that what we are teaching today 

under the label of new mathematics is right for their chil-

dren. He felt that we no longer will be able to calm their 
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misgivings by invoking the magic spell that once was con-

tained in the words "new math." 

Travers identifies another possible weakness in our 

modern mathematics program: 

Revolutions usually do not come lightly, 
and indications are that the current upheaval 
in mathematics education will provide no ex-
ception to the rule. But we may be winning 
battles and losing the war. As many persons 
have pointed out, present curriculum reform 
movements have introduced no fundamental 
changes in school mathematics programs, since 
they are directed at the top students in select 
schools rather than at the masses of pupils in 
the country as a whole (13, p. 591). 

In this regard, most pupils from large systems are 

terminating their education at or before high school gradua-

tion. In the school system for which the achievement test 

scores were previously indicated and in which school system 

this study was conducted, the percentage of pupils in grade 

seven who eventually graduate from high school is approxi-

mately 65 percent. Of these pupils, approximately 52 per-

cent attend college. Combining these statistics, we find 

that of the pupils who enter the seventh grade, only 34 

percent of them enter college. Considering the type of em-

ployment that is available to those who do not enter college, 

the need to compute with accuracy and with reasonable speed 

is evident. Adding restaurant checks, checking grocery 

bills, reconciling check balances, figuring interest costs, 

preparing cost estimates for construction materials, and 
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preparing income tax reports are only a few of the possible 

demands that can be made on an individual. All require 

accurate computation. 

Raphael sounds another cautipus note about modern mathe-

matics : 

We are beginning to have small doubts as 
to the real success of the "new math" revolu-
tion. Do the students really know more mathe-
matics better? and, if not, why not, since 
everyone seems to be teaching the new programs 
with a ferocious enthusiasm (11, p. 20)? 

Raphael (11, p. 20), after sounding this alarm, goes on 

to support the new mathematics but suggests that it may fail 

unless we recognize that traditional methods must give way 

to improved methods because the greatest facility with terms 

such as set, operation, function, etc. is of no use whatso-

ever if these terms are approached in an a priori manner, 

relying on memorization and lecture. 

Willoughby continues to identify the computation prob-

lem: 

There is evidence from psychological studies 
that if a child understands before he practices 
he will be better both in computation and in 
knowing for which problems which operations are 
appropriate. Therefore, there has been much 
emphasis on understanding in most of the newer 
programs. However, when understanding has been 
stressed to the complete exclusion of practice 
(or drill), the results have generally been quite 
disappointing (14, p. 10). 

Fergusen (4, p. 63), while summarizing the Newton, 

Massachusetts schools mathematics program, takes a look into 

the future and in the process identifies one of the major 
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problems in today's programs—individualization. He sug-

gests that if we are not careful, teachers may get into a 

rut and teach the new mathematics in as sterile a way as 

they taught the traditional mathematics. He feels that it 

is quite clear that teachers must make efforts to provide 

even better for individualized instruction and provide the 

opportunity for students to proceed at more nearly the 

speeds that are best suited for them and that different 

media must be explored. 

Glennon touches on still another problem—the subject 

matter specialist versus the methods specialist: 

Whereas it has often been stated that we 
cannot separate what we teach from how we teach, 
the very obvious fact is that we have been 
attempting, perhaps largely unsuccessfully, to 
do so. The curriculum innovators, in the main, 
have had little training in or sympathy for 
"methods," and hence have had a limited percep-
tion of the whole problem. The methodizers on 
the other hand have maintained the centrality 
of process and have been equally unable to see 
the whole problem (5, p. 365). 

This dichotomy may account for part of the imbalance 

that seems to be emerging in modern mathematics. 

Crowder (1, p. 29) adds another note of doubt about the 

success of new mathematics and reports that since most of 

the public school teachers of Texas have had experience with 

modern mathematics, there seem to be some doubts, frustra-

tions, and confusion concerning it. He further reports that 

some teachers and principals, too, are wondering if they 

have been sold a bill of goods and concludes that classroom 
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teachers will probably be better satisfied with their teach-
I 

ing results if a gradual transition is made from traditional 

mathematics. This transition implies that not only must the 

subject content be changed but also the method of teaching 

it. If Crowder is correct, it is further support, again, 

that educators may have let the pendulum swing too far too 

i 
fast and in the process have lost the desired balance in 

both content and method. 
i 
i 
Phillips states succinctly the case for computation: 

Children have to acquire the ability to 
compute correctly, and they must support this 
skill by a knowledge of why a computation scheme 
works out as it does. Furthermore, they need 
to develop computations skills that are almost 
automatic for whole numbers and all forms of 
fractions by the end of the sixth grade. Don't 
let anyone tell you this isn't important. Even 
if every child had a personal electronic com-
puter, his progress in learning and applying 
mathematics would be seriously impeded if he were 
unable to find for himself correct answers to 
computations appropriate to his level (10, p. 35). 

Smart (12, p. 85) again affirms the intent of modern 

mathematics to teach arithmetic better but he emphasizes the 

need for practice. He suggests that a primary reason why 

modern mathematics was introduced into the elementary schools 

was so arithmetic would be taught better. He feels that 

modern mathematics is a tool, not an end in itself and that 

the ideas of speed and correct answers are as important as 

ever. He thinks that teachers should expect children to 

develop speed in getting answers and that right answers 

should be expected. 
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Smart continues by rejecting the idea that memorization 

is no longer needed: 

For some years it has been unfashionable 
to use the word "memorize." As a result, many 
children have gone through the arithmetic pro-
gram without memorizing the multiplication facts 
or formulas for area, for example. This is a 
mistake. Children should be expected to memorize 
the facts they will need latert and drill is 
essential to help them and to make sure that they 
do not forget. . . . Prior to this memorization 
come understanding and the use of intuition (12, 
p. 86) . 

Summary Statement 

Modern mathematics is comparatively new. Its early 

supporters assured educators and parents that mathematics 

would be taught better and that it would be learned more 

easily if it were put into use in the schools. This idea 

was accepted for the most part and modern mathematics was 

introduced in most schools. But now the evidence is mount-

ing that the strong emphasis on "understanding" and on the 

"discovery method" may have taken an inordinate amount of 

class time, to the detriment of drill and practice. As a 

result, the ability of pupils to compute at a satisfactory 

level has suffered. The problem is one that needs attention, 

but it is also one that, hopefully, can be solved without 

serious difficulty. How? Most authorities are advocating 

a better balance between the time spent on concepts and the 

time spent on drill and practice. When this balance is 

achieved, perhaps then the dreams of the "new math" advocates 
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will be realized—that children will know not only "how" 

but they will also know "why." 

Definition of Terms 

Terms which have special meaning in this study are 

listed below. 

Modern mathematics: This is the study of mathematics 

with emphasis on the structure, the properties, and the 

precise language of mathematics. Increased emphasis is 

also placed on the "why" aspects of mathematics. 

New mathematics: This term is synonymous with modern 

mathematics. 

Traditional mathematics: This is the study of mathe-

matics with emphasis on drill, practice, and rules. The 

"how" aspects are given more emphasis than the "why." 

Old mathematics: This term is synonymous with tradi-

tional mathematics. 

High stratum: This is the group of pupils from schools 

that are ranked in the top one-third within the school 

system according to achievement in arithmetic. 

Middle stratum; This is the group of pupils from 

schools that are ranked in the middle one-third within the 

school system according to achievement in arithmetic. 

Low stratum: This is the group of pupils from schools 

that are ranked in the lowest one-third within the school 

system according to achievement in arithmetic. 
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Basic Assumptions 

Since the samples were drawn as heterogeneously grouped 

classes, it was assumed that each subject was a randomized 

sample from the total population.. 

Although the teeichers included in this study had dif-

ferent experience backgrounds and were of different ages, 

personality, and sex, it was assumed that these factors had 

little effect on the results of this study, due to the 

randomized manner in which the teachers were selected. 

Limitations of the Study 

1. The study included students from only one metro-

politan school system. 

2. The study was concerned only with the achievement 

in arithmetic. 

3. The study included only fifteen weeks of instruction, 

A study involving a longer period of time would conceivably 

produce different results. 
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CHAPTER II 

OVERVIEW OF RELATED LITERATURE 

The literature related to the instructional approaches 

used in this study is very limited. No mention at all is 

made of the experimental materials. Neither is there docu-

mentation of the disparity suggested earlier in this study 

between the computation scores and the scores for concepts 

and applications on achievement tests beyond those reported 

in Chapter I. There is a great deal of literature related 

to programmed learning. That portion of the literature that 

seems most closely related to this study is briefed in the 

paragraphs that follow. 

The first article is by Suppes, well-known for his work 

with programmed learning via computer-assisted instruction 

(CAI). Suppes (9, p. 304) affirmed the value of programmed 

learning when he reported that most studies indicate that 

students using well-written programmed materials, whether in 

a text or a machine-like device, will be able to master some 

material as well as students in a regular class, in somewhat 

less ti.tie. Suppes (9, p. 304) also states, "The dangers of 

teaching by drill methods alone were pointed out in a later 

study by Brownell and Chazel. It was emphasized that effec-

tive teaching must precede drill, if the drill is to have 

20 
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the desired results." Suppes (9, p. 304) also found that 

young children, who overtly corrected incorrect responses, 

performed significantly better than a noncorrection group on 

a concept-formation task. The Cyclo-Teacher (2) provides 

for such correction. 

Part of this study includes some randomly-selected 

pupils from the seventh grade. An interesting study by 

Meadowcraft (5, p. 616) involves a follow-up of pupils in 

the eighth grade who had used programmed instruction in the 

seventh grade. The summary offered the following: 

It is interesting in examining the table 
of data that the t-scores in each case from the 
sixth to the eighth grade with the slow and the 
average sections slowly grow smaller and the 
sections become closer in means. All the sec-
tions seemed to be approximating their counter-
parts in the other group. Certainly it cannot 
be said that the utilization of programmed 
materials in the seventh grade had any adverse 
effects upon eighth grade achievement. On the 
contrary, it compared very favorably with the 
control method in all aspects. When it is 
remembered that the experimental method proved 
48 percent more efficient than the control method 
in the seventh grade, the case for using pro-
grammed materials becomes more secure. Also, 
had all pupils of the experimental section not 
been required to begin at the same frame in the 
seventh grade, the final results might have 
favored the experimental group even more. 

It certainly seems that educators can in-
sert programmed materials in one grade without 
necessarily following it up in the next grade 
without anticipating dire results. However, 
the success of any program remains with the 
design of the materials and equipment and the 
utilization of these instructional devices (5, 
p. 616). 
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In an article written by Houston (3, pp. 42-43), pro-

grammed instruction " . . . earned high marks" in Medford, 

Massachusetts. Of most significance, however, are the things 

that they learned in the three-year program. The list fol-

lows : 

1. Programmed instruction places the em-
phasis on learning rather than on teaching. 

2. Course acceleration allows for more 
mathematics or time for other subjects that 
would not otherwise be available. 

3. Students allowed to go at their own 
pace will allow many to bog down. The teacher 
must set a pace for many, crack the whip for 
some, and make sure that each student is putting 
out energy and applying it to his work. 

4. At the junior high school level, team 
learning is employed more than at the senior 
high school level. In the senior high school, 
students generally like to work alone. The 
junior high school student apparently has a 
greater need for socializing than does his 
counterpart in high school. 

5. Ironically, academic pressure is re-
duced, because homework assignments are not 
demanded daily, but weekly with exams. This 
allows the student to concentrate his homework 
time on whatever subject is in greatest demand 
for the next day. We find that the students 
adjust their programmed instructions homework 
around other subjects to suit their convenience 
(3, pp. 42-43). 

Another study somewhat related to this study is that by 

Traub (10, p. 54). In exploring the effect of homogeneous 

versus heterogeneous grouping of problems in programing, 

Traub used different kinds of problems to provide experience 

with the subtasks of a more complex task. The task was 

graphical integer addition. It was taught by a learning 

program to 294 sixth-grade children who were divided into 
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three groups matched for arithmetic ability. The program of 

one group contained 20 heterogeneous subtask problems. 

Another group got 20 homogeneous problems, and a control 

group got 20 irrelevant problems. After finishing the pro-

gram, all students worked 26 graphical integer-addition 

problems. These were performed best by the heterogeneous-

problems group, and this result was found to be independent 

of student aptitude. Other results suggest that the hetero-

geneous subtask problems were better because they reduced 

the probability of making stereotyped or omitted-response 

errors. 

Orr (7, p. 11), in studying retention, concluded that 

his study further substantiated the idea that programmed 

instruction merits consideration as a beneficial and prac-

tical instructional method. His study was designed to com-

pare the retention of material presented by programmed 

instruction and the conventional lecture method. Subjects 

were divided into two matched groups: one received pro-

grammed instruction; the other received the conventional 

lecture method of instruction. Subjects were retested at 

intervals of one day, one week, and two weeks. There were 

no significant differences between the two groups at any 

time. In view of some practical advantages of programmed 

instruction, and the results of this study, Orr felt that it 

deserves careful attention as an effective teaching method. 
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Interesting but not too surprising is the fact that not 

all of the literature is in praise of programmed instruction. 

Meyer says, 

After years of trial, the verdict is in: 
Programmed learning isn't everything it's cracked 
up to be. 

Today there's reason to doubt when you look 
at these bursts in the programmed learning bubble. 

Programmed learning was extensively promoted 
long before adequate programs had been designed. 
Slow development of programs with carefully 
arranged sequences, identifiable ranges of objec-
tives , and personally structured rewards plagued 
programmed learning from the start. Following 
introduction, a lot of the programs didn't live 
up to predictions for rapid learning and meaning-
ful assimilation of information by those who used 
them. 

Programmed learning devices, in themselves, 
won't solve the problems of the learner. Even 
Harvard's B. F. Skinner, father of the educational 
technology-psychology that grants an immediate 
reward for a correct classroom response, has con-
ceded that perhaps traditional classroom teaching-
methods (including direct teacher-student com-
munication) are better adapted to standard subject 
matter. 

Machines are educationally neutral. They 
only channel information. They can't and don't 
do what only the learner can do: learn. 

Many programmed learning materials are down-
right boring to students. Common complaint among 
students: It's a dull way to learn. More 
imaginative uses of programmed materials currently 
are being sought by designers (6, pp. 26-27). 

Meyer (6, pp. 26-27), after describing "education's 

turkey," becomes rather paradoxical, however, and sounds an 

encouraging note. "In spite of these drawbacks, don't cross 

programmed instruction off your blackboard. It's a young 

and growing field, and many authorities believe the trend 

toward its acceptance, while irregular, is irreversible." 
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He also reported that new and better programs—many in text-

book form—are manufactured every day to supplement more 

than 500 programs currently available. He felt that, although 

programmed instruction won't surp.ass conventional teaching 

methods or be effective with all students, it can effectively 

complement the regular curriculum. 

Caplan (1, p. 483) also takes somewhat of a reserved 

position but does give an optimistic note. "The teaching 

machine is not the perfect answer, not the total panacea. 

It is however, new and promising. This device when fully 

developed will certainly prove to be more than a gimmick, or 

a device to entertain students." He further indicated that 

teaching machines have the most potential for supplementing 

individual needs in education on our horizon. He felt that 

the self-instructional devices, the programmed text, and the 

teaching machine, can help make the Utopian goal of individ-

ualizing instruction a reality. 

Contrary to the abundance of literature regarding pro-

grammed instruction, that pertaining to mental arithmetic or 

mental computation is extremely limited. Pigge does, however, 

give a good history of mental arithmetic: 

In tracing the use of in-the-head arith-
metic from the time when society first put 
arithmetic into the schools to the present 
time, one discovers that the pedagogical in-
terest in mental arithmetic had varied greatly. 

Throughout the 1800's, mental arithmetic 
flourished. The few textbooks that were pub-
lished emphasized rapid and accurate mental 
calculations. This was pre-determined through 
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the influence of mental discipline or the 
faculty-psychology theory of learning. 
Another factor influencing the great interest 
in mental arithmetic at this time was the 
social uses of arithmetic. The shopkeepers 
and shoppers needed to be quick and accurate 
in mental numerical calculations. 

The teachers and pupils' were forced to be 
skilled in mental arithmetic. Men serving in 
positions somewhat comparable to our present-
day board members examined teacher applicants 
in mental arithmetic. A proficiency in mental 
arithmetic was considered to be highly indica-
tive of later teaching success. Also, these 
school officials examined pupils in the area 
of mental calculations in order to evaluate the 
teachers' performances in teaching. Smith wrote 
the following, concerning mental arithmetic in 
the nineteenth century: 

"About the middle of the last century (19th) 
mental arithmetic underwent a great revival 
largely through the influence of Pestolozzi in 
Europe and Warren Colburn in this country, in 
each case as a protest against the intellectual 
sluggishness, lack of reasoning, and slowness 
of operation of the old written arithmetic. 
For a long time the oral form was emphasized, 
in America doubtless unduly so; and "this was 
naturally followed by such a reaction that it 
lost practically all of its standing." 

As the above quotation implies, mental 
arithmetic began to lose a great deal of its 
status toward the latter part of the nineteenth 
and early part of the twentieth century. Smith 
implied (and undoubtedly correctly so) that the 
overdependence upon that one method of teaching 
caused a strong reaction against it. Besides 
this public reaction, psychological research 
about the turn of the century began to discredit 
the theory of mental discipline. As this theory 
diminished in popularity, a concomitant loss of 
mental arithmetic practices became apparent. 

Toward the middle of the twentieth century, 
roughly 1935-40, literature on mental arithmetic 
started to reappear. Elementary textbooks pub-
lished in the 1930*s and ' 40's gave some atten-
tion to solving problems and examples without 
the use of pencil and paper. However, these 
problems and examples were fairly realistic, 
i.e., it was possible to find examples like these 
in daily living. This was an attribute that the 
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mental examples and problems of the 1800's, for 
the most part, did not have. Consider this un-
realistic nineteenth century "mental" problem: 
"A lady, being asked the hour of the day, replied 
that 2/3 of the time past noon equaled 4/5 of the 
time to midnight, minus 4/5 of an hour; what was 
the time?" 

Arithmetic textbooks published after 1935-
40 have given increased attention to solving 
realistic exercises mentally. The reason for 
including mental problems in modern instructional 
materials is not to provide "exercises for the 
brain," but to include a facet of arithmetic that 
truly contributes to meaningful learning. It has 
often been stated that reliance on paper and 
pencil solutions alone can lead to automatic 
computation without requiring much thinking. 
On the other hand, it is believed that the thought 
processes required in mental arithmetic enable 
the children to better understand the numerical 
relationships (8, pp. 588-589). 

Results of nationally used achievement tests in arith-

metic seem to be unpublished. It is hoped that the pub-

lishers themselves will release this information in the 

future. In the meantime, however, it is interesting to note 

that at least one writer seems to think that the art of 

testing the computational skills is good. Specifically, 

Madden (4, p. 379) says, "The current status of the measure-

ment of computation and the diagnosis of deficiencies seems 

to be very good. The measurement of children's overt per-

formance with concepts and problem solving is quite good." 

He felt that the primary challenge for new directions at the 

elementary school level is to analyze the deeper mental 

processes of children and to map the possibilities and 

judicious limits for stimulating maturation in these deeper, 

mathematical, mental structures. 
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Again, this is an overview of the related literature. 

It is by design limited to the literature especially per-

tinent to this study. 
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CHAPTER III 

METHODS AND PROCEDURES 

This study involved, from grades five and seven, experi-

mental subjects for a period of fifteen weeks beginning on 

February 10, 1969, and ending on May 29, 1969. Two experi-

mental approaches involving materials, Cyclo-Teacher (1) and 

Mental Computation (3), that were new and supplemental to 

the regular program in arithmetic were used at each grade 

level. Table I gives a tabular description of the number 

and placement of the pupils in the study. 

TABLE I 

NUMBER AND PLACEMENT OF PUPILS 

Stratum 

Group Low Middle High Total 

Grade Five 

Experimental Approach #1 63 65 67 195 
Experimental Approach #2 54 58 54 166 
Control 48 63 61 172 

Total 165 186 182 533 

Grade Seven 

Experimental Approach #1 67 60 64 191 
Experimental Approach #2 63 57 68 188 
Control 53 63 62 178 

Total 183 180 194 557 

30 
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Experimental Approach #1 featured the use of the Cyclo-

Teacher (1). The following is an excerpt from the descrip-

tive literature provided by the publisher: 

T^ e Cyclo-Teacher, employing the techniques 
of programmed instruction, enables the teacher 
to provide more individualized instruction, thereby 
encouraging a pupil to concentrate on his work, 
to build his self-confidence, and to experience 
success. The program is typified by the follow-
ing : 

Active participation—Learner directly par-
ticipates by individually responding to the subject 
matter in the program. 

Greater freedom—Pupil is free to proceed 
through the programs at his own rate without 
tension or distraction. 

A personalized approach—Subject matter 
can be tailored to fit individual pupil's inter-
est, needs, and ability level. 

Experimental Approach #2 featured the Mental Computation 

(3) materials. The publisher has included the following in 

the Teacher's Guide, Mental Computation (4, p. v) as an 

introduction to the concept of mental computation: 

A program of mental computation is much 
more than extensive calculation without paper 
and pencil. It develops skills that should 
enable the pupil to perform the fundamental 
operations without using the standard algorisms. 
It will help the pupil to understand relation-
ships between numbers. It should enable him to 
judge the reasonableness of his answers in 
written computation. And it will increase his 
speed in finding answers to simple number ques-
tions. 

The emphasis on mental computation has 
vacillated during the past century, mainly 
because in the field of mathematics different 
theories of learning have been accepted at dif-
ferent times. During recent years the method 
of teaching that emphasizes meaning has been 
popular. Unfortunately, this method was at 
first interpreted by many people to mean that 
drill should be de-emphasized. Now that some 
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of the newness has worn off this method, people 
are coming to understand that pupils must be 
able to compute accurately and rapidly if they 
are to be capable of discovering mathematical 
principles, which is an important educational 
goal of modern mathematics programs. 

In writing the introduction to Teaching 
the Third R (a Council for Basic Education pub-
lication) , Max Beberman, director of the Univer-
sity of Illinois School Mathematics Study Project, 
observed: 

"Mental arithmetic (that is computing with-
out pencil and paper) is one of the best ways of 
helping children become independent of techniques 
which are usually learned by strict memorization. . . . 
My experience in teaching children in secondary 
school indicates that the child who must carry 
out even the simples mathematical operations by 
using pencil and paper and following a memorized 
algorism is at a real disadvantage when it comes 
to following a blackboard presentation or more 
than a dozen lines of textbook exposition. More-
over, mental arithmetic encourages children to 
discover computational short cuts, and thus to 
gain deeper insight into the number system. 
Mental arithmetic also makes possible the learn-
ing of mathematicax concepts at a very early age, 
since the child is not burdened by the intricacies 
of written symbolism.11 

Mental Computation is designed to complement 
the pupils' regular mathematics program. Its 
primary purpose is to guide pupils in acquiring 
the skills of mental computation so that they can 
operate with maximum efficiency in applying mathe-
matical principles (4, p. v). 

The succeeding paragraphs contain a description of the 

steps that were followed in conducting this study. As far 

as possible, they are arranged in chronological order. 

1. The schools were stratified into three groups and 

classified as high stratum, middle stratum, and low stratum. 

In the elementary schools (for grade five) this was deter-

mined by the total arithmetic scores on the Iowa Test of 

Basic Skills given to grade five pupils in the fall of 1968. 
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In the junior high schools, it was determined by the compu-

tation scores on the Stanford Achievement Test (for grade 

seven) given to the pupils in the fall of 1968. 

More specifically, the schools were ranked according to 

the above tests and those ranked in the top one-third became 

the high stratum, those ranked in the middle one-third. 

became the middle stratum, and those ranked in the lower one-

third became the low stratum. 

2. Each heterogeneously grouped arithmetic class in 

school was assigned a number. Three sets of numbers were 

used for the grade five classes and another three sets for 

the grade seven classes. For each grade level, the numbers 

were placed in three containers according to the stratifica-

tion previously described. Six classes were drawn for each 

stratum, which, in the drawing for grade five, totaled 

eighteen classes. The first two classes from the high 

stratum were assigned to the control group, the next two to 

the Experimental Group #1, and the last two to Experimental 

Group #2. The assignment of the middle stratum classes and 

those of the low stratum classes was then done in the same 

manner. The entire procedure was then repeated for the 

grade seven classes. Referring to Table I, the above 

described procedure filled each cell with the number of 

pupils from two classes until all cells were filled. 

3. As a way of proofing the randomization procedure 

and thereby affirming that the pupils came from the same 
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population as it relates to mental ability, the mean and 

standard deviation of the intelligence scores (£.R.A. Mental 

Abilities Test) for the experimental procedure pupils in 

each cell were compared for statistical equality with the 

intelligence scores for the; control pupils in the cells in 

the same column and same grade as shown in Table I. For 

example, the intelligence scores for the Experimental Ap-

proach #1 pupils in the low stratum were compared with the 

intelligence scores for the control pupils in the low stratum 

for the same grade. Continuing this procedure, a total of 

twelve comparisons were made. 

In cases where the mean scores were significantly dif-

ferent, individual pupils were withdrawn from the study but 

not from the assigned class, i.n order to bring about statis-

tical equality. Table II shows the number of pupils that 

were actually included in the statistical analysis of the 

study. An examination of Table I and Table II shows that 

eighty-three pupils were dropped from the study in grade 

five and^that sixty-four pupils were dropped from the study 

in grade seven. 

4. The same teacher that taught each of the selected 

classes prior to the beginning of this experiment continued 

to teach the same class for the duration of the experiment. 

Substitute teachers, replacements for resignations, and re-

quests for permission to be absent from duty were handled by 
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TABLE II 

NUMBER OF SUBJECTS INCLUDED IN STATISTICAL ANALYSIS 

Stratum 

Group Low Middle High All 

Grade Five 

Experimental #1 45 54 52 151 
Experimental #2 45 53 51 149 
Control 43 55 52 150 

Total 133 162 155 450 

Grade Seven 

Experimental #1 55 49 59 163 
Experimental #2 53 52 60 165 
Control 48 58 59 165 

Total 156 159 178 493 

the principal and the personnel department in the same 

manner as usual. 

5. A meeting of the teachers of both experimental and 

control groups was held in a single location on a single day, 

The purposes and the procedures of the study were explained 

to the teachers. By including the teachers of both the ex-

perimental and control groups, the stimulation and mot.iva~ 

tion resulting from the meeting was equated for both groups 

of teachers. Therefore, the Hawthorne Effect was minimized 

as a contributing factor to the results of the study. 

6. A pretest using the Stanford Arithmetic Test, Form 

X, was administered immediately preceding the experiment to 



36 

both the experimental and control subjects. The Intermediate 

II level test was given to the subjects in grade five and 

the advanced level was given to the subjects in grade seven. 

The working time for the tests was one hour and thirty-five 

minutes. The test measured arithmetic computation, concepts, 

and applications. 

7. The experimental materials were introduced to the 

experimental classes on February 10, 1969, and were used for 

fifteen weeks, ending on May 29, 1969. 

The teachers of the control groups continued the in-

struction of their classes in the same manner as usual, 

making sure that no new materials, procedures, or time allot-

ments were introduced that would invalidate the usefulness 

of the control group. 

The teachers of the groups using the Cyclo-Teacher (1) 

(Experimental Approach #1) continued to teach their classes 

as usual, including the drill and practice exercises normally 

assigned, except they had each pupil use the Cyclo-Teacher 

for ten to fifteen minutes each day. No other new materials, 

procedures, or time adjustments were introduced. The 

teacher, based on her knowledge of the pupils' ability and 

skill in arithmetic, assisted each pupil in determining the 

proper level to begin in the materials. From that point 

forward, the pupil worked at a rate in keeping with his own 

interest and ability. Since each classroom had only ten of 



37 

the machines, the pupils were not permitted to take these 

materials home. 

The teachers of the groups using the Mental Computation 

(3) materials (Experimental Approach #2) continued to teach 

their classes as usual, including the drill and practice 

exercises normally assigned, except they had each pupil 

use the Mental Computation materials for ten to fifteen min-

utes each day. No other new materials, procedures, or time 

adjustments were introduced. Each pupil was placed in the 

series of materials at the grade level indicated by the 

pretest previously described. From that point forward, 

the pupil worked at a rate in keeping with his own interest 

and ability. Each pupil had one of the Mental Computation 

workbooks, but he was not permitted to take these materials 

home. 

8. Each teacher kept a day-to-day record of the amount 

of time the pupils in the experimental groups used the ex-

perimental materials. These are shown for the Experimental 

#1 group in Table III. This table indicates that all of the 

pupils used the experimental materials for an average of ten 

to fifteen minutes each day as planned. 

Table IV indicates for the Experimental #2 group that 

all of the pupils used the experimental materials for an 

average of ten to fifteen minutes each day as planned. 
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TABLE III 

AVERAGE NUMBER OF MINUTES PUPILS USED EXPERIMENTAL #1 
MATERIALS EACH DAY 

Class Total Minutes Number' of Days Average Per Day 

Grade Five 

A 870 75 11.6 
B 870 75 11.6 
C 930 75 12.4 
D 1140 75 15.2 
E 825 75 11.0 
F 780 75 10.4 

Total 5415 450 12.0 

Grade Seven 

G 942 75 12.6 
H 788 75 10.5 
I 835 75 11.1 
J 831 75 11.0 
K 9C8 75 12.1 
L 1010 75 13.5 

Total 5314 450 11.8 

9. A posttest using the Stanford Arithmetic Test, Form 

W, was administered to both control and experimental sub-

jects at the conclusion of the experiment. The data given 

for the Form X test in paragraph 6 above was equally appli-

cable for the Form W test. 

10. The pretest and posttest data were statistically 

analyzed as described hereafter. 
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TABLE IV 

AVERAGE NUMBER OF MINUTES PUPILS USED EXPERIMENTAL #2 
MATERIALS EACH DAY 

Class Total Minutes Number of Days Average Per Day 

Grade Five 

M 750 75 10.0 
N 900 75 12.0 
0 827 75 11.0 
P 870 75 11.6 
Q 945 75 12.6 
R 845 75 11.2 

Total 5137 450 11.4 

Grade Seven 

S 1050 75 14.0 
T 840 75 11.2 
U 826 75 11.0 
V 880 75 11.7 
W 1020 75 13.6 
X 960 75 12.8 

Total 5576 450 12.4 

Treatment of Data 

After the pretest and posttest scores were obtained, 

the gain or loss in achievement was calculated for each sub-

ject and each gain or loss, expressed in years and months, 

was treated as a raw score. (Negative scores were recorded 

as such.) The data were recorded on keypunch worksheets 

with each line representing the score for one pupil in the 

study. There were a total of 943 subjects. The format for 

these sheets is shown in Figure 1, with the scores for sub-

ject #1 and subject #943 given as examples. 
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Raw Scores Code 

Compu-
tation 

Con-
cepts 

Appli-
cations Subject Group Stratum Grade 

2 0 9 1 3 1 5 

36 34 6 943 2 3 7 

Fig. 1—Example of data on keypunch worksheets 

Interpreting, the above means that subject #1 gained 

two months in computation, zero months in concepts, and nine 

months in applications. Subject #1 was a part of group 

three (Control), in the low stratum, and in grade five. 

Similarly, subject #943 gained three years and six 

months in computation, three years and four months in con-

cepts, and six months in applications. Subject #943 was a 

part of group two (Experimental #2), in the high stratum, 

and in grade seven. 

The data were then transferred to keypunch cards for 

computer analysis. The scores were organized by the com-

puter into three sets for grade five, as shown in Tables V, 

VI, and VII. 

TABLE V 

NUMBER OF SCORES FOR COMPUTATION, GRADE FIVE 

Group 

Stratum 

Group Low Middle High All 

Experimental #1 45 54 52 151 
Experimental #2 45 53 51 149 
Control 43 55 52 150 



41 

TABLE VI 

NUMBER OF SCORES FOR CONCEPTS, GRADE FIVE 

Group 

Stratum 

Group Low Middle High All 

Experimental #1 45 54 52 151 
Experimental #2 45 53 51 149 
Control 43 55 52 150 

TABLE VII 

NUMBER OF SCORES FOR APPLICATIONS, GRADE FIVE 

Group 

Stratum 

Group Low Middle High All 

Experimental #1 45 54 52 151 
Experimental #2 45 53 51 149 
Control 43 55 52 150 

The scores were also organized by the computer into 

three sets for grade seven, as shown in Tables VIII, IX, and 

X. , 

TABLE VIII 

NUMBER OF SCORES FOR COMPUTATION, GRADE SEVEN 

Group 

Stratum 

Group Low Middle High All 

Experimental #1 55 49 59 163 
Experimental #2 53 • 52 60 165 
Control 48 58 59 165 
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TABLE IX 

NUMBER OF SCORES FOR CONCEPTS, GRADE SEVEN 

Group 

Stratum 

Group Low Middle High All 

Experimental #1 55 49 59 163 
Experimental #2 53 52 60 165 
Control 48 58 59 165 

TABLE X -

NUMBER OF SCORES FOR APPLICATIONS, GRADE SEVEN 

Group 

Stratum 

Group Low Middle High All 

Experimental #1 55 49 59 163 
Experimental #2 53 52 60 165 
Control 48 58 59 165 

For each of the six sets of data, a two-way analysis of 

variance with no repeated measures for unequal n's as 

described by Winer (5, pp. 228-244) and Guilford (2, pp. 268-

302) was calculated to determine if any of the main effects 

were significantly different at the .05 level. This was 

followed by the Newman-Keuls procedure described by Winer 

(5, pp. 80-85) in order to test for simple effects between 

the individual cells and to determine trends even though 

significant differences were not indicated by the analysis 

of variance. For example, the cell containing the low 

stratum scores for the Experimental Group #1 was compared to 
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the cell containing the low stratum scores for the control 

group. Similarly, the cells for the middle stratum were 

compared, the cells for the high stratum were compared, and 

the cells for all strata were compared. In all there were 

forty-eight pairs of cells to be compared: (four strata) X 

(two experimental-control groups) X (three areas of arith-

metic tested) X (two grade levels). 

Each research hypothesis was tested using the above 

procedure. Significance depended upon the probability of 

chance differences occurring five or fewer times out of 100 

times (.05). When this level of confidence was obtained, 

the relevant null hypothesis that the samples were drawn 

from identical populations was rejected and it was concluded 

that, at the indicated probability level, the groups did 

differ on the variable in question. 

The results of these statistical procedures are re-

ported in Chapter IV. 
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CHAPTER IV 

PRESENTATION OF FINDINGS 

Hypothesis I 

Hypothesis I asserted that the mean gain in arithmetic 

computation of the subjects in Experimental Approach #1 

whose regular instruction was supplemented with the Cyclo-

Teacher (1) materials would significantly exceed that of the 

control subjects at each grade level, grade five and grade 

seven. It further asserted in parts A, B, and C of Hypoth-

esis I that significant gains would also be attained for 

each of the achievement strata (low, middle, high) at each 

of the two grade levels. 

The analysis of variance procedure for grade five arith-

metic computation indicated that there were significant dif-

ferences in both the rows and the columns. Table XI shows 

that the rows (comparison of experimental groups with control 

group) had an F ratio of 3.50, which, when converted to 

probability, gave only 3 out of 100 (.03) times that the 

differences in the means would occur by chance. 

The results of the columns (comparison of achievement 

strata) were also significant, but this dimension of the 

analysis of variance has no bearing on this study although 

the results are included in the table for information only. 
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TABLE XI 

RESULTS OF ANALYSIS OF VARIANCE, ARITHMETIC COMPUTATION, 
GRADE FIVE 

Sum of Degrees o'f Mean F 
Squares Freedom Squares Ratio Probability 

Rows 709.24 2 354.62 3.50 .03 

Columns 672.60 2 336.30 3.32 .04 

Interaction 272.34 4 68.09 0.67 .61 

Within 44,669.68 441 101.29 

The analysis of variance procedure for grade seven com-

putation indicated that there were no significant differ-

ences for either the rows or columns. Table XII shows that 

the rows (comparison of experimental groups with control 

group) had an F ratio of 2.32, which, when converted to 

probability, gave 10 times out of 100 that the differences 

in the means would occur by chance. 

TABLE XII 

RESULTS OF ANALYSIS OF VARIANCE, ARITHMETIC COMPUTATION, 
GRADE SEVEN 

Sum of Degrees of Mean F 
Squares Freedom Squares Ratio Probability 

Rows 675.72 2 337.86 2.32 .10 

Columns 55.75 2 27. 88 0.19 . 83 

Interaction 1,082.75 4 270.69 1.86 .12 

Within 70,571.85 484 145.81 
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The results of the columns, again, are given in the 

tables for information only and are not used in the study. 

Following the analysis of variance, the Newman-Keuls 

procedure was used to explore the_ specific differences in 

the means. 

For grade five, the mean for all strata combined for 

arithmetic computation of the Experimental Approach #1 sub-

jects was 2.72 months, as compared to only .31 months for 

the control group. The difference of 2.41 months exceeds 

the range product requirement of the Newman-Keuls procedure 

at the .05 level of significance. (See Table XIII.) There-

fore, Hypothesis I for grade five was accepted. 

Significance was not attained, however, for any of the 

individual strata. The data for each of .the strata are also 

shown in Table XIII. The low stratum had a mean difference 

of only .55 months. Since it would have taken a mean dif-

ference of 4.20 months to have been significant, Hypothesis 

I-A for grade five was rejected. 

The middle stratum was inclined more in favor of the 

Experimental Approach #1 subjects; however, the 2.37 months 

difference in the means was substantially below the 5.49 

months required for significance. Therefore, Hypothesis I-B 

for grade five was rejected. 

The high stratum produced the largest mean difference 

and favored the Experimental Approach #1 subjects. However, 

the 3.90 months was below the 5.62 months required for 
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TABLE XIII 

COMPARISON OF EXPERIMENTAL #1 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC COMPUTATION AT GRADE FIVE 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#1 

Control 

45 

43 

4.13 

3.58 
0.55 4.20 

Middle 
Exp. #1 

Control 

54 

55 

1.33 

-1.04 
2.37 5.49 

High 
Exp. #1 

Control 

52 

52 

2.92 

-0.98 
3.90 5.62 

All 
EIXP . # 1 

Control 

151 

150 

2.72 

0.31 
2.41** 2.27 

*Exp., Experimenl >•*1. 

**.05 level of significance. 

significance. Therefore, Hypothesis I-C for grade five was 

rejected. 

For grade seven, the mean for all strata combined for 

arithmetic computation of the Experimental Approach #1 sub-

jects was 8.81 months, as compared to 5.9 8 months for the 

control group. The difference of 2.83 months did not exceed 

the 3.12 range product requirement of the Newman-Keuls pro-

cedure at the .05 level of significance. (See Table XIV.) 

Therefore, Hypothesis I for grade seven was rejected. Sig-

nificance was not attained for the individual strata. The 
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TABLE XIV 

COMPARISON OF EXPERIMENTAL #1 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC COMPUTATION AT GRADE SEVEN 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#1 

Control 

55 

48 

8.15 

6.13 
2.02 6.12 

Middle 
Exp. #1 

Control 

49 

58 

9.90 

7.05 
2.85 6.01 

High 
Exp. #1 

Control 

59 

59 

8.53 

4.81 
3.72 6.34 

All 
Exp. #1 

Control 

163 

165 

8.81 

5.98 
2.83 3.12 

*Exp., Experimental, 

data for each of the strata are also shown in Table XIV. 

The low stratum had a mean difference of only 2.02 months. 

Since it would have taken a mean difference of 6.12 months 

to have Ipeen significant, Hypothesis I-A for grade seven was 

rejected. 

The middle stratum also was inclined to favor the Ex-

perimental Approach #1 subjects. However, the 2.85 months 

difference in the means was substantially below the 6.01 

months required for significance. Therefore, Hypothesis I-B 

for grade seven was rejected. 



50 

The high stratum produced the largest mean difference 

and favored the Experimental Approach #1 subjects. However, 

the 3.72 months was below the 6.34 months required for sig-

nificance. Therefore, Hypothesis I-C for grade seven was 

rejected. 

In summary, significance at the .05 level occurred in 

favor of the Experimental Approach #1 subjects for all 

strata combined in grade five, but significant differences 

did not occur for the individual strata in grade five nor in 

any of the comparisons for grade seven. The results, how-

ever, did favor the Experimental Approach #1 subjects in all 

cases. Accordingly, Hypothesis I was accepted and Hypoth-

eses J.-A, I-B, and I-C were rejected for grade seven arith-

metic computation. 

Hypothesis II 

Hypothesis II asserted that there would be no signifi-

cant difference in arithmetic concepts at each grade level 

between tvhe mean gain of the Experimental Approach #1 sub-

jects whose regular instruction was supplemented with the 

Cyclo-Teacher (1) materials and the mean gain of the control 

subjects. It further asserted in parts A, B, and C of Hy-

pothesis II that no significant differences would be found 

between the mean gain of the Experimental Approach #1 sub-

jects and the mean gain of the control subjects for each of 

the achievement strata (low, middle, high). 
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The analysis of variance procedure for grade five arith-

metic concepts indicated there were no significant differ-

ences in the rows but did exist in the columns. Table XV 

shows that the rows (comparison of experimental groups with 

control group) had an F ratio of .70, which, when converted 

to probability, gave 50 out of 100 times (.50) that the dif-

ference in the means would occur by chance. 

TABLE XV 

RESULTS OF ANALYSIS OF VARIANCE, ARITHMETIC CONCEPTS, 
GRADE FIVE 

Sum of Degrees of Mean F 
Squares Freedom Squares Ratio Probability 

Rows 154.30 2 77.15 .70 .50 

Columns 3,198.46 2 1,599.23 14.43 

O
 
o
 • 

Interaction 411.35 4 102.84 .93 .45 

Within 48,878.28 441 110.84 

The results of the columns (comparison of achievement 

strata) were highly significant, but this dimension of the 

analysis of variance has no bearing on this study, although 

the results are included in the table for information only. 

The analysis of variance procedure for grade seven 

arithmetic concepts indicated that there were no significant 

differences for either the rows or columns. Table XVI shows 

that the rows (comparison of experimental groups with control 

group) had an F ratio of .53, which, when converted to 
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TABLE XVI 

RESULTS OF ANALYSIS OF VARIANCE, ARITHMETIC CONCEPTS, 
GRADE SEVEN 

Sum of 
Squares 

Degrees of • 
Freedom 

Mean 
Squares 

F 
Ratio Probability 

Rows 175.69 2 87.84 .53 .59 

Columns 6.99 2 3.50 .02 .98 

Interaction 2,649.43 4 662.36 4.01 .00 

Within 80,007.47 484 165.30 

probability/ gave 59 times out of 100 that the differences 

in the means would occur by chance. 

The results of the columns, again, are given in the 

tables for information only and are not used in the study. 

Following the analysis of variance, the Newman-Keuls 

procedure was used to explore the specific nature of the 

differences, although not significant, in the means. 

For grade five, the mean for all strata combined for 

arithmetic concepts of the Experimental Approach #1 subjects 

was 4.58 months, as compared to 4.23 months for the control 

subjects. The difference of .35 months did not exceed the 

range product requirement of the Newman-Keuls procedure at 

the .05 level of significance as indicated in Table XVII. 

Therefore, Hypothesis II for grade five was accepted. 

Significance also was not attained for any of the indi-

vidual strata. The data for each of the strata are also 

shown in Table XVII. The low stratum had a mean difference 
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TABLE XVII 

COMPARISON OF EXPERIMENTAL #1 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC CONCEPTS AT GRADE FIVE 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#1 

Control 

45 -

43 

1.07 

-1.72 
2.79 4.40 

Middle 
Exp. #1 

Control 

54 

55 

6.06 

6.33 
.27 4.72 

High 
Exp. #1 

Control 

52 

52 

6.08 

6.92 
.84 4.83 

All 
Exp. #1 

Control 

151 

150 

4.58 

4.23 
.35 2.38 

*Exp., Experimental, 

of 2.79 months. Since it would have taken a mean difference 

of 4.40 months to have been significant, Hypothesis II-A for 

grade five was accepted. 

The middle stratum had negligible differences. The 

control subjects scored .27 months higher than the Experi-

mental Approach #1 subjects, but this was far below the 4.72 

months required for significance. Therefore, Hypothesis 

II-B for grade five was accepted. 

The high stratum had only slightly higher differences 

and these favored the control subjects. The .84 months was 

much less than the 4.83 months required for significance. 

Therefore, Hypothesis II-C for grade five was accepted. 
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For grade seven/ the mean for all strata combined for 

arithmetic concepts was 6.85 months gain for Experimental 

Approach #1 subjects and 5.98 months gain for the control 

subjects. The difference of .87 months favored the experi-

mental subjects, but was considerably less than the 2.78 

months range product requirement of the Newman-Keuls pro-

cedure at the .05 level of significance. This is shown in 

Table XVIII. Therefore, Hypothesis II for grade seven was 

accepted. 

TABLE XVIII 

COMPARISON OF EXPERIMENTAL #1 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC CONCEPTS AT GRADE SEVEN 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#1 

Control 

55 

48 

5.09 

2.90 
2.19 6.52 

Middle 
Exp. #1 

Control 

49 

58 

7.94 " 

6.34 
1.60 5.84 

High 
Exp. #1 

Control 

59 

59 

7.59 

8.11 
.52 5.54 

All 
Exp. #1 

Control 

163 

165 

6.85 

5.98 
.87 2.78 

*Exp., Experimental 
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Significance also was not attained for the individual 

strata. The data for each of the strata are also shown in 

Table XVIII. The low stratum had a mean difference of 2.19 

months in favor of the Experimental Approach #1 subjects. 

Since it would have taken a difference of 6.52 to have been 

significant, Hypothesis II-A for grade seven was accepted. 

The middle stratum also favored the Experimental Approach 

#1 subjects. However, the 1.60 months difference in the 

means was well below the 5.84 months difference required for 

significance. Therefore, Hypothesis II-B for grade seven 

was accepted. 

The high stratum produced minimal differences that 

favored the control subjects. The .52 months difference was 

less than the 5.54 difference required for significance. 

Therefore, Hypothesis II-C for grade seven was accepted. 

In summary, significance at the .05 level did not occur 

in any of the comparisons of the means for either the grade 

five or the grade seven groups. Therefore, all of the hy-

potheses (II, II-A, II-B, II-C) for both grades for arith-

metic concepts were accepted since it was hypothesized that 

no difference would occur. 

Hypothesis III 

Hypothesis III asserted that there would be no signifi-

cant difference in arithmetic applications at each grade 

level between the mean gain of the Experimental Approach .#1 
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subjects whose regular instruction was supplemented with the 

Cyclo-Teacher (1) materials and the mean gain of the control 

subjects. It further asserted in parts A, B, and C of 

Hypothesis III that no significant differences would be 

found between the Experimental Approach #1 subjects and the 

control subjects for each of the achievement strata (low, 

middle, high). 

The analysis of variance procedure for grade five 

arithmetic applications indicated that there were no sig-

nificant differences in the rows but did exist in the 

columns. Table XIX shows that the rows (comparison of ex-

perimental groups with control group) had an F ratio of .21, 

which, when converted to probability, gave 81 out of 100 

times (.81) that the difference in the means would occur by 

chance. 

TABLE XIX 

RESULTS OF ANALYSIS OF VARIANCE, ARITHMETIC APPLICATIONS, 
GRADE FIVE 

Sum of Degrees of Mean F 
Squares Freedom Squares Ratio Probability 

Rows 55.83 2 27.92 .21 .81 

Columns 2,008.00 2 1,004.00 7.64 .00 

Interaction 1,013.13 4 253.28 1.93 .11 

Within 57,940.56 441 131.38 
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The results of the columns (comparison of achievement 

strata) were highly significant, but this dimension of the 

analysis of variance has no bearing on this study although 

the results are included in the table for information only. 

The analysis of variance procedure for grade seven 

arithmetic applications indicated that there were no sig-

nificant differences for the rows but did exist in the 

columns. Table XX shows that the rows (comparison of ex-

perimental groups with control group) had an F ratio of 1.94, 

which, when converted to probability, gave 15 times out of 

100 that the differences in the means would occur by chance. 

TABLE XX 

RESULTS OF ANALYSIS OF VARIANCE, ARITHMETIC APPLICATIONS, 
GRADE SEVEN 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Squares 

F 
Ratio Probability 

Rows 851.71 2 425.86 1.94 .15 

Columns 3,774.60 2 1,887.30 8.59 .00 

Interaction 2,853.82 4 713.46 3.25 .01 

Within 106,343.78 484 219.72 

The results of the columns are given in the tables for 

information only and are not used in the study. 

Following the analysis of variance, the Newman-Keuls 

procedure was used to explore the specific nature of the 

differences, although not significant, in the means. 
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For grade five, the mean for all strata combined for 

arithmetic applications of the Experimental Approach #1 

subjects was 4.33 months, as compared to 3.87 months for the 

control subjects. The dif ference_ of .46 months does not ex-

ceed the range product requirement of the Newman-Keuls pro-

cedure at the .05 level of significance, as indicated in 

Table XXI. Therefore, Hypothesis III for grade five was 

accepted. 

TABLE XXI 

COMPARISON OF EXPERIMENTAL #1 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC APPLICATIONS, GRADE FIVE 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.* #1 

Control 

45 

43 

4.38 

- .98 
5.36 6.67 

Middle 
Exp. #1 

Control 

54 

55 

2.33 

4.25 * 
1.92 4.30 

High 
Exp. #1 

Control 

52 

52 

6.37 

7.48 
1.11 4.40 

All 
Exp. #1 

Control 

151 

150 

4.33 

3.87 
.46 2.59 

*Exp., Experimental 

Significance also was not attained for any of the 

strata. The data for each of the strata are also shown in 

Table XXI. The low stratum had a mean difference of 5.36 
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months, which neared significance but was below the 6.67 

range product requirement. Therefore, Hypothesis III-A for 

grade five was accepted. 

The middle stratum had a difference in favor of the 

control subjects. The control subjects scored 1.92 months 

higher, but this was substantially less than the 4.30 months 

required for significance. Therefore, Hypothesis III-B for 

grade five was accepted. 

The high stratum had a slightly smaller difference that 

also favored the control subjects. The 1.11 months differ-

ence was below the 4.40 months required for significance. 

Therefore, Hypothesis III-C for grade five was accepted. 

For grade seven, the mean for all strata combined for 

arithmetic applications was 4.40 months for the Experimental 

Approach #1 subjects, as compared to 2.74 months for the 

control subjects. This is shown in Table XXII. The differ-

ence of 1.66 months was less than the 3.21 months required 

for significance. Therefore, Hypothesis III for grade seven 

was accepted. 

Significance also was not attained for any of the indi-

vidual strata. The data for each of the strata are also 

shown in Table XXII. The low stratum had a mean difference 

of 3.36 months in favor of the Experimental Group #1. Since 

it would have taken a difference of 5.73 months to have been 

significant, Hypothesis III-A for grade seven was accepted. 
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TABLE XXII 

COMPARISON OF EXPERIMENTAL #1 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC APPLICATIONS, GRADE SEVEN 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.* #1 

Control 

55 

48 

5.53 

2.17 
3.36 5.73 

Middle 
Exp. #1 

Control 

49 

58 

7.76 

6.90 
.86 5.63 

High 
Exp. #1 

Control 

59 

59 

.58 

- .88 
1.46 5.35 

All 
Exp. #1 

Control 

163 

165 

4.40 

2.74 
1.66 3.21 

*Exp., Experimental 

The middle stratum also favored the Experimental Ap-

proach #1. However, the .86 months difference; was far less 

than the 5.63 months required for significance. Therefore, 

Hypothesis III-B was accepted. 

The high stratum produced a slight difference in favor 

of the Experimental Approach #1. However, the 1.46 months 

was not adequate to reach the 5.35 months required for sig-

nificance. Therefore, Hypothesis III-C was accepted. 

In summary, significance at the .05 level did not occur 

in any of the comparisons of the means for either the grade 

five or the grade seven groups. Therefore, all of the 



61 

hypotheses (III, III-A, III-B, III-C) for both grades were 

accepted since it was hypothesized that no differences would 

occur. 

Hypothesis 'IV 

Hypothesis IV asserted that the mean gain in arithmetic 

computation of the subjects in Experimental Approach #2 

whose regular instruction was supplemented with the Mental 

Computation (2) materials would significantly exceed the 

mean gain of the control subjects at each grade level. It 

further asserted in parts A, B, and C of Hypothesis IV that 

significant gains would also be attained for each of the 

achievement strata (low, middle, high). 

The analysis of variance procedure for grade five arith-

metic computation, as previously reported in the discussion 

of Hypothesis I and as shown in Table XI, indicated that 

there were significant differences in both the rows (com-

parison of experimental groups with control group) and 

columns. 

The grade seven analysis of variance, as reported in 

the discussion of Hypothesis I and shown in Table XII, indi-

cated no significance in either the rows or columns. 

The columns were of no particular interest because this 

dimension of the analysis of variance had no bearing on this 

study, although the results are included in the table for in-

formation only. The .rows compared the experimental groxips 
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with the control group and indicated the need for further 

analysis using the Newman-Keuls procedure to explore the 

specific differences in the means. 

For grade five, the mean for/all strata combined for 

arithmetic computation of the Experimental Approach #2 sub-

jects was -.18 months, as compared to .31 months for the 

control group. The difference of .49 months is much less 

than the 2.28 months required for significance, as indicated 

in Table XXIII. Therefore, Hypothesis IV for grade five was 

rejected. 

TABLE XXIII 

COMPARISON OF EXPERIMENTAL #2 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC COMPUTATION, GRADE FIVE 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#2 

Control 

45 

43 

.42 

3.58 
3.16 5.51 

Middle 
Exp. # 2 

Control 

53 

55 

- .96 

-1.04 
.08 4.53 

High 
Exp. #2 

Control 

51 

52 I 

•
 

•
 

00
 

O
 

1.08 4.64 

All 
Exp. # 2 

Control 

149 

150 

- .18 

.31 
.49 2.28 
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Significance also was not attained for any of the indi-

vidual strata. The data for each of the strata are also 

shown in Table XXIII. The low stratum had a mean difference 

of 3.16 months in favor of the control subjects, which was 

reasonably near the 5.51 needed for significance. However, 

since it was less, Hypothesis IV-A for grade five was re-

jected. 

The middle stratum had a negligible difference in favor 

of the Experimental Approach #2 subjects. It is worthy to 

note that both groups had negative means. The Experimental 

Approach #2 subjects had a mean of -.96 months and the con-

trol subjects had a mean of -1.04 months. The .08 months 

difference was not significant. Therefore, Hypothesis IV-B 

for grade five was rejected. 

The high stratum favored the Experimental Approach #2 

subjects with a difference of 1.0 8 months. This difference 

was below the 4.64 months required by the Newman-Keuls pro-

cedure for significance. Therefore, Hypothesis IV-C for 

grade five was rejected. 

For grade seven, the mean for all strata combined for 

arithmetic computation was 7.30 months for the Experimental 

Approach #2 subjects, as compared to 5.9 8 months for the 

control subjects. The difference of 1.32 months, shown in 

Table XXIV, favored the experimental subjects but was less 

than the 2.60 months range product requirement of the 



64 

Newman-Keuls procedure at the ,05 level of significance. 

Therefore, Hypothesis IV for grade seven was rejected. 

TABLE XXIV 

COMPARISON OF EXPERIMENTAL #2 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC COMPUTATION, GRADE SEVEN 

Stratum Group 

Number 
in 

Groups 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#2 

Control 

53 

48 

7.04 

6.13 
.91 4.71 

Middle 
Exp. #2 

Control 

52 

58 

4. 33 

7.05 
2.72 6.29 

High 
Exp. #2 

Control 

60 

59 

10.10 

4.81 
5.29 6.72 

All 
Exp. # 2 

Control 

165 

165 

7.30 

5.98 
1.32 2.60 

*Exp., Experimental. 

Significance also was not attained for any of the indi-

vidual strata. The data for each of the strata are also 

shown in Table XXIV. The low stratum had a mean difference 

of .91 months in favor of the control subjects. Since it 

would have taken a difference of 4.71 months to have been 

significant, Hypothesis IV-A for grade seven was rejected. 

The middle stratum also favored the control subjects. 

However, the 2.72 months difference in the means was less 
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than the 6.29 months required for significance. Therefore, 

Hypothesis IV-B for grade seven was rejected. 

The high stratum came close to producing significant 

differences in favor of the Experimental Approach #2. The 

experimental subjects had a mean of 10.10 months, as com-

pared to 4.81 months for the control subjects. However, the 

5.29 months mean difference failed to meet the 6.72 months 

required for significance. Therefore, Hypothesis IV-C for 

grade seven was rejected. 

In summary, significance at the .05 level did not occur 

in any of the comparisons of the means for either the grade 

five or the grade seven groups. Therefore, all of the hy-

potheses (IV, IV-A, IV-B, IV-C) for both grades for arith-

metic computation were rejected, since it. was hypothesized 

that the Experimental Approach #2 subjects would do sig-

nificantly better than the control subjects. 

Hypothesis V 

Hypothesis V asserted that there would be no signifi-
\ 

cant difference in arithmetic concepts at each grade level 

between the mean of the Experimental Approach #2 subjects 

whose regular instruction was supplemented with the Mental 

Computation (2) materials and the mean gain of the control 

subjects. It further asserted in parts A, B, and C of Hy-

pothesis II that no significant differences would be found 

between the Experimental Approach #2 subjects and the 
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control subjects for each of the achievement strata (low, 

middle, high). 

The analysis of variance procedure for grade five arith-

metic concepts, as previously reported in the discussion of 

Hypothesis II and as shown in Table XV, indicated that there 

were no significant differences in the rows (comparison of 

experimental groups with control group) but that there were 

significant differences in the columns (comparison of achieve-

ment strata). 

The grade seven analysis of variance, as reported in 

the discussion of Hypothesis II and as shown in Table XVI, 

indicated no significance in either the rows or columns. 

The columns (comparison of achievement strata) were of 

no particular interest because this dimension of the analy-

sis of variance had no bearing on this study, although the 

results are included for information only. The rows com-

pared the experimental groups with the control group. Even 

though significance was not indicated, the Newman-Keuls 

procedure'was used to explore any trends that existed in the 

differences between the means. 

For grade five, the mean for all strata combined for 

arithmetic concepts was 4.58 months gain for the Experimen-

tal Approach #2 subjects and 4.23 months gain for the con-

trol subjects, as shown in Table XXV. The difference of 

.35 months in favor of the experimental subjects was much 
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less than the 2.38 months required for significance. There-

fore, Hypothesis V for grade five was rejected. 

TABLE XXV 

COMPARISON OF EXPERIMENTAL #2 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC CONCEPTS, GRADE FIVE 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#2 

Control 

45 

43 

2.87 

-1.72 
4.59 5.25 

Middle 
Exp. #2 

Control 

53 

55 

5.85 

6.33 
.48 5.20 

High 
Exp. #2 

Control 

51 

52 

7.10 

6.92 
.18 4.06 

All 
Exp. #2 

Control 

149 

150 

4.58 

4.23 
.35 2.38 

*Exp., Experimental. 

Significance also was not attained for any of the indi-

vidual strata. The data for each of the strata are also 

shown in Table XXV. The low stratum had a mean difference 

of 4.59 months, which favored the experimental subjects and 

which came close to the 5.25 months required for signifi-

cance but nonetheless was below the range product require-

ment of the Newman-Keuls procedure. Therefore, Hypothesis 

V-A for grade five was accepted. 
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The middle stratum had a very small difference in the 

means of .48 months, which favored the control subjects. 

Since this was far below the 4.06 months required for sig-

nificance, Hypothesis V-B for grade five was accepted. 

The high stratum had a mean difference- of only .18 

months that favored the Experimental Approach #2 subjects. 

This was far short of the 4.06 months required for signifi-

cance. Therefore, Hypothesis V-C was accepted. 

For grade seven, the mean for all strata combined for 

arithmetic concepts was 5.38 months gain for the Experimen-

tal Approach #2 subjects and 5.98 months gain for the con-

trol subjects. The difference of .60 months favored the 

control subjects and was considerably less than the 2.77 

months range product requirement of the Newman-Keuls pro-

cedure at the .05 level of significance, as shown in Table 

XXVI. Therefore, Hypothesis V for grade seven was accepted. 

Significance also was not attained for the individual 

strata. The data for each of th'e strata are also shown in 

Table XXVI. The low stratum had a mean difference of 7.02 

months gain in favor of the experimental subjects. This was 

very near the 7.95 months required for'significance. How-

ever, it was below the requirement, and Hypothesis V-A was 

accepted. 

The middle stratum had a mean difference of 2.76 months 

that favored the control subjects. This was also below the 

range product requirement for the Newman-Keuls, which was 
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TABLE XXVI 

COMPARISON OF EXPERIMENTAL #2 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC CONCEPTS, GRADE SEVEN 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#2 

Control 

53 

48 

9.92 

2.90 
7.02 7.95 

Middle 
Exp. #2 

Control 

52 

58 

3.58 

6.34 
2.76 5.75 

High 
Exp. # 2 

Control 

60 

59 

2.93 

8.12 
5.19 6.95 

All 
Exp. # 2 

Control 

165 

165 

5.38 

5.98 
.60 2.77 

*Exp., Experimental, 

5.75 months. Therefore, Hypothesis V-B for grade seven was 

accepted. 

The high stratum produced noticeable differences that 

favored the control subjects. The 5.19 months difference 

was less than the 6.95 difference required for significance. 

Therefore, Hypothesis V-C for grade seven was accepted. 

In summary, significance at the .05 level did not occur 

in any of the comparisons of the means for either the grade 

five or the grade seven groups. Therefore, all of the hy-

potheses (V, V-A, V-B, V-C) for both grades for arithmetic 

concepts were accepted since it was hypothesized that no 

difference would occur. 
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Hypothesis VI 

Hypothesis VI asserted that there would be no signifi-

cant difference in arithmetic applications at each grade 

level between the mean gain of the Experimental Approach #2 

subjects whose regular instruction was supplemented with the 

Mental Computation (2) materials and the mean gain of the 

control subjects. It further asserted in parts A, B, and 

C of Hypothesis VI that no significant differences would be 

found between the Experimental Approach #2 subjects and the 

control subjects for each of the achievement strata (low, 

middle, high). 

The analysis of variance procedure for grade five arith-

metic applications, as previously reported in the discussion 

of Hypothesis III and as shown in Table XIX, indicated that 

there were no significant differences in the rows (comparison 

of experimental groups with control group), but that there 

were significant differences in the columns (comparison of 

achievement strata) . 

The grade seven analysis of variance, as reported in 

the discussion of Hypothesis III and as shown in Table XX, 

indicated that there was no significance in the rows (com-

parison of experimental groups with control group) but that 

there were significant differences in the columns (compar-

ison of achievement strata). 

The columns were of no particular interest: because this 

dimension of the analysis of variance had no bearing on this 
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study, although the results are included for information 

only. The rows compared the experimental groups with the 

control group. Even though significance was not indicated, 

the Newman-Keuls procedure was used to explore any trends 

that existed in the differences between the means. 

For grade five, the mean for all strata combined for 

arithmetic applications was 4.46 months gain for the Experi-

mental Approach #2 subjects and 3.87 months gain for the 

control subjects, as shown in Table XXVII. The difference 

of .59 months in favor of the experimental subjects was much 

less than the 3.10 months required for significance. There-

fore, Hypothesis VI for grade five was rejected. 

TABLE XXVII 

COMPARISON OF EXPERIMENTAL #2 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC APPLICATIONS, GRADE FIVE 

Stratum Group 

Number 
in 

Groups 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#2 

Control 

45 

43 

1.02 

- .98 
2.00 4.79 

Middle 
Exp. #2 

Control 

53 

55 

5.75 

4.25 
1.50 5.16 

High 
Exp. # 2 

Control 

51 

52 

6.16 

7.48 
1.32 5.29 

All 
Exp. # 2 

Control 

149 

150 

4.46 . 

3.87 
.59 3.10 

*Exp., Experimental, 



72 

Significance also was not attained for any of the indi-

vidual strata. The data for each of the strata are also 

shown in Table XXVII. The low stratum had a mean difference 

of 2.00 months in favor of the experimental subjects, which 

was well below the 4.79 months required for significance. 

Therefore, Hypothesis VI-A for grade five was accepted. 

The middle stratum had a difference in the means of 1.50 

months, which also favored the experimental subjects. Since 

this was well below the 5.16 months required for signifi-

cance, Hypothesis VI-B for grade five was accepted. 

The high stratum had a mean difference of only 1.32 

months that favored the control subjects. This was below 

the 5.29 months required for significance. Therefore, Hy-

pothesis VI-C was accepted. 

For grade seven, the mean for all strata combined for 

arithmetic applications was 1.25 months gain for the Experi-

mental Approach #2 subjects and 2.74 months gain for the 

control subjects. The difference of 1.49 months in favor of 

the control subjects was less than half of the 3.20 months 

range product requirement of the Newman-Keuls procedure at 

the .05 level of significance, as shown in Table XXVIII. 

Therefore, Hypothesis VI for grade seven was accepted. 

Significance also was not attained for the individual 

strata. The data for each of the strata are also shown in 

Table XXVIII. The low stratum had a mean difference of 5.70 

months gain in favor of the experimental subjects. This was 
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TABLE XXVIII 

COMPARISON OF EXPERIMENTAL #2 GROUP WITH CONTROL GROUP FOR 
ARITHMETIC APPLICATIONS, GRADE SEVEN 

Stratum Group 

Number 
in 

Group 
Ranked Means 
in Months 

Mean 
Difference 
in Months 

Range Product 
Newman-Keuls 

Low 
Exp.*#2 

Control 

53 

48 

7.87 

2.17 
5.70 8.06 

Middle 
Exp. # 2 

Control 

52 

58 

- .98 

6.90 
7.88 8.07 

High 
Exp. #2 

Control 

60 

59 

-2.67 

- .88 
1.79 6.36 

All 
Exp. #2 

Control 

165 

165 

1.25 

2.74 
1. 49 3.20 

*Exp., Experimental. 

a substantial difference but not significant, since it was 

below the 8.06 months required for significance. Therefore, 

Hypothesis VI-A was accepted. 

The middle stratum had a mean difference of 7.88 months 

in favor of the control subjects. This difference was almost 

significant, but lacked .19 months of reaching the 8.07 

months required for significance. Therefore, Hypothesis VI-B 

was accepted. 

The high stratum produced a comparatively minor differ-

ence in the means that favored the control subjects by 1.79 

months. Of interest is the fact that both the experimental 
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and control groups had negative mean gains. The difference 

was less than the 6.36 months required for significance. 

Therefore, Hypothesis VI-C for grade seven was accepted. 

In summary, significance at .the .05 level did not occur 

in any of the comparisons of the means for either the grade 

five or the grade seven groups. Therefore, all of the hy-

potheses (VI, VI-A, VI-B, VI-C) for both grades for arith-

metic applications were accepted, since it was hypothesized 

that no differences would occur. 
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•CHAPTER V 

SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

Summary 

This study was based on a concern about comparatively 

low means for students on nationally standardized achieve-

ment tests for the computational skills in arithmetic in a 

major school system in the southwest region of the United 

States. Similar low scores were prevalent in many school 

systems in the nation and were of much concern to many edu-

cators. It seemed important to bolster the scores in the 

computational skills without diminishing the gains that had 

been made by the "modern math" programs in the areas of 

"discovery" and "understanding why." In other words, a more 

balanced program was the goal. As often is the case, the 

pendulum had swung from the point where computation was 

highly emphasized and concepts and understandings were given 

practically no attention, to the point, when modern mathe-

matics came into prominence, that concepts and understandings 

were highly emphasized and computation was de-emphasized. 

It seemed desirable to bring the pendulum nearer to the 

middle, and a method for doing this was the ambition of this 

study. 

76 



77 

More specifically, this study was designed to evaluate 

Cyclo-Teacher (1) materials and the Mental Computation 

(2) materials and their effects on the computation, concepts, 

and application skills of pupils at the fifth and seventh 

grade levels. The materials supplemented the regular in-

structional program and were used for fifteen weeks during 

the spring of 1969. 

Table II is repeated below since it summarizes how the 

943 pupils were placed in the study. 

TABLE II 

NUMBER OF SUBJECTS INCLUDED IN STATISTICAL ANALYSIS 

Stratum 

Group Low Middle High All 

Grade Five 

Experimental Approach #1 45 54 52 151 
Experimental Approach #2 45 53 51 149 
Control 43 55 52 150 

Total 133 162 155 450 

Grade Seven 

Experimental Approach #1 55 49 59 163 
Experimental Approach #2 53 52 60 165 
Control 48 58 . 59 165 

Total 156 159 178 493 

The subjects were fifth-grade and seventh-grade pupils 

in class groups from throughout the school system. They 

were stratified into three groups (low, middle, high) 
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according to the mean achievement scores in arithmetic for 

each school in the system. 

The classes were chosen at random and placed into three 

groups: 

(1) Experimental Approach #1 (Cyclo-Teacher (1) mater-

ials) , 

(2) Experimental Approach #2 (Mental Computation (2) 

materials), 

(3) Control. 

There were six hypotheses, each with three subdivisions. 

They are given in abbreviated form below. 

I. On arithmetic computation, the Experimental Approach 

#1 subjects will score significantly higher than the control 

subjects. . 

A. Low stratum. 

B. . Middle stratum. 

C. High stratum. 

II. On arithmetic concepts, there will be no signifi-

cant differences between the Experimental Approach #1 sub-

jects and the control subjects. 

A. Low stratum. 

B. Middle stratum. 

C. High stratum. 

III. On arithmetic applications, there will be no sig-

nificant differences between the Experimental Approach #1 

subjects and the control subjects. 
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A. Low stratum. 

B. Middle stratum. 

C. High stratum. 

IV. On arithmetic computation, the Experimental Ap-

proach #2 subjects will score significantly higher than the 

control subjects. 

A. Low stratum, 

B. Middle stratum. 

C. High stratum. 

V. On arithmetic concepts, there will be no signifi-

cant differences between the Experimental Approach #2 sub-

jects and the control subjects. 

A. Low stratum. 

B. Middle stratum. 

C. High stratum. 

VI. On arithmetic applications, there will be no sig-

nificant differences between the Experimental Approach #2 

subjects and the control subjects. 

A. Low stratum. 

B. Middle stratum. 

C. High stratum, 

A summary of the findings of the study for grade five 

as they relate to the hypotheses concerned with Experimental 

Approach #1 is given in Table XXIX. 

Hypothesis I was accepted because significance was ob-

tained in favor of the experimental approach on arithmetic 
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TABLE XXIX 

SUMMARY OF STUDY AS RELATED TO HYPOTHESES, EXPERIMENTAL 
APPROACH #1, GRADE FIVE 

Hypothesis 
Number 

Mean Difference 
in Months Gain 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 
Hypothesis 
Number Exp.*#1 Control 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 

I 2. 41 2.27** - Accepted 
A .55 4.20 Rej ected 
B 2.37 5.49 Rejected 
C 3.90 5.62 Rej ected 

II . 35 2.38 Accepted 
A 2.79 4.40 Accepted 
B .27 4.72 Accepted 
C .84 4.83 Accepted 

III .46 2.59 Accepted 
A 5. 36 6.67 Accepted 
B 1.92 4.30 Accepted 
C 1.11 4.40 Accepted 

*Exp., Experimental. 

**.05 level of significance. 

computation. Significance was not obtained for the indi-

vidual strata; therefore, Hypotheses I-A, I~B, and I-C were 

rejected. No significance occurred on arithmetic concepts 

or on arithmetic applications; therefore, the null hypoth-

eses (II, A, B, C and III, A, B, C) were accepted. 

A summary of the findings of the study for grade five 

as it relates to the hypotheses concerned with Experimental 

Approach #2 is given in Table XXX. 

Hypotheses IV, A, B, C were rejected because no sig-

nificant differences occurred on arithmetic computation. 
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TABLE XXX 

SUMMARY OF STUDY AS RELATED TO HYPOTHESES, EXPERIMENTAL 
APPROACH #2, GRADE FIVE 

Hypothesis 
Number 

Mean Difference 
in Months Gain 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 
Hypothesis 
Number Exp.*#2 Control 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 

IV .49 2.28 Rejected 
A 3.16 5.51 Rejected 
B .08 4.53 Rejected 
C 1.08 4.64 Rejected 

V .35 2.38 Accepted 
A 4.59 5.25 Accepted 
B .48 5.20 Accepted 
C .18 4.06 Accepted 

VI .59 3.10 Accepted 
A 2.00 4.79 Accepted 
B 1.50 5.16 Accepted 
C 1.32 5.29 Accepted 

^Exp., Experimental, 

No significance occurred on arithmetic concepts or on arith-

metic applications; therefore, the null hypotheses (V, A, 

B, C and VI, A, B, C) were accepted. 

A summary of the findings of the study for grade seven, 

as it relates to the hypotheses concerned with Experimental 

Approach #1, is given in Table XXXI. 

Hypotheses I, A, B, C were rejected because no sig-

nificant differences occurred on arithmetic computation. 

No significance occurred on arithmetic concepts or on arith-

metic applications; therefore, the null hypotheses (II, A, 

B, C and III, A, B, C) were accepted. 
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TABLE XXXI 

SUMMARY OF STUDY AS RELATED TO HYPOTHESES, EXPERIMENTAL 
APPROACH #1, GRADE SEVEN 

Hypothesis 
Number 

Mean Difference 
in Months Gain 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 
Hypothesis 
Number Exp. *#1 Control 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 

I 2. 83 3.12 Rejected 
A 2. 02 6.12 Rejected 
B 2. 85 6.01 Rejected 
C 3.72 6.34 Rejected 

II . 87 2.78 Accepted 
A 2.19 6.52 Accepted 
B 1.60 5.84 Accepted 
C .52 5.54 Accepted 

III 1.66 3.21 Accepted 
A 3. 36 5.73 Accepted 
B . 86 5.63 Accepted 
C 1.46 5.35 Accepted 

*Exp., Experimental, 

A summary of the findings of the study for grade seven, 

as it relates to the hypotheses concerned with Experimental 

Approach #2, is given in Table XXXII . 

Hypotheses IV, A, B, and C were rejected because no 

significant differences occurred on arithmetic computation. 

No significance occurred on arithmetic concepts or on 

arithmetic applications; therefore, the null hypotheses 

(V, A, B, and C and VI, A, B, and C) were accepted. 
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TABLE XXXII 

SUMMARY OF STUDY AS RELATED TO HYPOTHESES, EXPERIMENTAL 
APPROACH #2, GRADE SEVEN 

Hypothesis 
Number 

Mean Difference 
in Months Gain 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 
Hypothesis 
Number Exp.*#2 Control 

Range Product 
Newman-Keuls 

Disposition 
of 

Hypothesis 

IV 1.32 2.60 Rejected 
A .91 4.71 Rejected 
B 2.72 6.29 Rejected 
C 5.29 6.72 Rejected 

V .60 2.77 Accepted 
A 7.02 7.95 Accepted 
B 2.76 5.75 Accepted 
C 5.19 6.95 Accepted 

VI 1.49 3.20 Accepted 
A 5.70 8.06 Accepted 
B 7.88 8.07 Accepted 
C 1.79 6.36 Accepted 

*Exp., Experimental. 

Conclusions 

1. The Cyclo-Teacher (1) materials are effective with 

grade five pupils. The gains in arithmetic computation were 

significant for the total group with no significant change 

occurring in the arithmetic concepts or in the arithmetic 

applications. However, no significance occurred for any of 

the strata. 

2* T^e Cyclo-Teacher (1) materials are doubtful for 

use with grade seven pupils. The trends definitely favored 

the pupils using the Cyclo-Teacher materials but no signifi-

cant differences occurred, 
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3. The Mental Computation (2) materials are not effec-

tive with grade five and grade seven pupils when used to 

supplement the regular program of arithmetic instruction. 

4. The Cyclo-Teacher (1) materials are more effective 

with the grade five pupils than with the grade seven pupils. 

This implies that the sooner materials designed to individ-

ualize instruction are introduced the more likely they will 

be effective. 

Recommendations 

1. It is recommended that the Cyclo-Teacher (1) 

materials be used to supplement the regular program of arith-

metic instruction at grade five. 

2. It is recommended that the Cyclo-Teacher (1) 

materials not be used to supplement the regular program of 

arithmetic instruction at grade seven unless further testing 

of the materials over a longer period of time proves the 

favorable trends observed in this study to be significant 

differences. 

3. It is recommended that the Cyclo-Teacher (1) 

materials be tested in a controlled experimental situation 

for grade seven and other grade levels for a full academic 

year. 

4. It is recommended that the Mental Computation (2) 

materials not be used for supplementing the regular program 

of arithmetic instruction if comoutational skills are 
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deficient. The Mental Computation materials have a use in 

restricted or selective situations (pupils entering number 

sense contests) but their use with all pupils is not recom-

mended . 

5. It is recommended that the publishers of textbooks 

strive for a better balance between the presentation of com-

putational, concept, and application skills in arithmetic 

textbooks. 

6. It is recommended that the publishers of standard-

ized tests give critical review to the tests that are being 

used by the schools in this nation. There is widespread 

concern on the part of many educators that the tests may be 

outdated and that the standardization procedures may not be 

representative of our urban society. 

7. It is recommended that methods for individualizing 

instruction be introduced as early as possible in the in-

structional program. 



CHAPTER BIBLIOGRAPHY 

Cyclo-Teacher, San Francisco., Field Educational Publi-
cations, 1964. 

2. Kramer, Klass, Mental Computation, Series A-F, Chicago, 
Science Research Associates, 1965. 

8fi 



BIBLIOGRAPHY 

Books 

Guilford, J. P., Fundamental Statistics in Psychology and 
Education, New York, McGraw Hill Book Co., 1965. 

Winer, B. J., Statistical Principles in Experimental Design, 
New York, McGraw Hill Book Co., 1962. 

Articles 

Caplin, Morris, "Programmed Instruction: Book for the 
Teacher," The Clearing House, 42 (April, 1968), 483. 

Crowder, Alex B., Jr., "The Pox on New Math," Texas Outlook, 
51 (April, 1967), 28-29. 

Fehr, Howard F., "Mathematical Education for a Scientific, 
Technological, and Industrial Society," The Mathematics 
Teacher, 61 (November, 1968), 665-671. 

Ferguson, Eugene W., "Mathematics in Newton," The Continuing 
Revolution in Mathematics, Washington, D.C., The 
National Council of Teachers of Mathematics, 1968, 
pp. 55-64. 

Glennon, Vincent J., "Is Your Mathematics Program on an Even 
Keel?" The Instructor, 76 (February, .1967), 70-71, 76. 

Houston, John, "Programmed Math Passes Three-Year Test," 
Nation's Schools, 76 (August, 1965), 40-43. 

Madden, Richard, "New Directions in the Measurement of Mathe-
matical Ability," The Arithmetic Teacher, 13 (May, 1966), 
375-379. ~ 

Meadowcraft, Bruce A., "The Effects on Conventionally Taught 
Eighth-lrade Math Following Seventh-Grade Programmed 
Math," The Arithmetic Teacher, 12 (December, 1965), 614-
6i5. ; • — 

Meyer, James A., "Programmed Learning: Education's Turkey?" 
The American School Board Journal, 156 (October. 1968) . 
26-2 7. ~ 

87 



88 

Muellar, Francis J., "The Public Image of New Mathematics," 
The Mathematics Teacher, 59 (November, 1966), 618-622. 

Orr, William C., "Retention as a Variable in Comparing Pro-
grammed and Conventional Instructional. Methods," Journal 
of Educational Research, 62 (September, 1968), 11-13. 

Phillips, Jo, "Teaching New Math," The Instructor, 77 
(February^ 1968), 33-40. 

Pigge, Fred L., "Frequencies of Unwritten Algorisms," The 
Arithmetic Teacher, 14 (November, 1967), 588-589. 

Raphael, Brother L., F.S.C., "The Return of the Old Mathe-
matics," The Educational Digest, 32 (March, 1967), 20-
22. 

Smart, James, "Are You Providing Enough Practice?" The In-
structor, 76 (February, 1967), 85-86. 

Suppes, Patrick, Jerman, and Groen, "Arithmetic Drills and 
Review on a Computer-Based Teletype," The Arithmetic 
Teacher, 13 (April, 1966), 303-309. 

Traub, Ross E., "Importance of Problem Heterogeneity to 
Programmed Instruction," Journal of Educational Psy-
chology , 57 (February, 1966) , 54--6"0. 

Travers, Kenneth J., "Through Clouds of Failure into Orbit," 
The Arithmetic Teacher, 15 (November, 1968), 591-59 8. 

Willoughby, Stephen S,, "What is the New Mathematics?" The 
Continuing Revolution in Mathematics, Washington, D.C. , 
The National Council of Teachers of Mathematics, 1968. 

Reports 

Los Angeles City School District, Auxiliary Services Divi-
sion, Results of Mathematics Testing Program, Report 
No. 326, Los Angeles, November, 1968. 

Encyclopedia. Articles 

"Mathematics," WorId Book Encyclopedia, Chicago, Field Enter-
prises Corporation, 1960. 



89 

Ins tructi ona1 Ma teri a1s 

Cyclo-Teacher, San Francisco, Field Educational Publications, 
1964. 

Kramer, Klass. Mental Computation, Series A-F, Chicago, 
Science Research Associates,.1965. . . .. 

Teacher' s Guide, Mental Computation, Series 
A-F, Chicago, Science Research Associates, 1965. 


