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The problem of this study was to measure, to compare, 

and to analyze the amount of stress, as indicated by heart-

beat rate, experienced by students during teaching-learning 

activities in sixth-grade mathematics in a regular class-

room. The bases for comparison were the heartbeat rates of 

selected students as recorded by a cardiotachometer and 

achievement scores on pretests and posttests dealing with 

verbal problems. All data were analyzed using the t-tests 

for the significance of the difference between the means. 

The population for the study was composed of the entire 

sixth-grade class of 463 members in one middle school of a 

large urban school district. A matched-pairs sample of 

twenty-four students was selected and was used in a pretest-

posttest control group design. 

A nine-day instructional period was utilized to conduct 

the study. On the first day, the mean base or normal heart-

beat rate was determined for each student. The pretests 

were administered the second day. Days three through eight 

involved teaching-learning activities with the control group 

taught by the standard approach and the experimental group 



taught by the realistic approach. On the ninth day, the 

posttest was administered. 

In the standard approach, the students participated 

in teaching-learning activities which included only 

problems with the exact information needed for the solution 

given in the proper order. In the realistic approach, the 

students participated in teaching-learning activities which 

included verbal problems with the exact information needed 

for the solution as well as problems which had both addi-

tional and missing information. 

The daily lesson of both groups was divided into three 

major parts. These parts included activities with the 

teacher making an explanation of solving verbal problems; 

students working independently solving verbal problems; and 

a teacher-led discussion of the solutions of the verbal 

problems. 

Findings of the study showed that students did 

experience increased heartbeat rates while solving verbal 

problems in sixth-grade mathematics. Also, during the 

teaching-learning activities, students who solved verbal 

problems using the realistic approach did not experience 

more stress than students who solved problems using the 

standard approach. The standard group did not perform 

significantly better than the realistic group on the stan-

dard pretest-posttest. However, students who were involved 

in the realistic method achieved better on all types of 
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problems than did students who were taught by the standard 

method. 

On the basis of the findings of this study, it is 

recommended that teachers be made aware that students feel 

stress when working with verbal problems; that teachers 

observe and study the learning activities which appear to 

cause excessive stress and low achievement in students; 

that students studying verbal problems in sixth-grade 

mathematics be taught by the realistic approach; and that 

textbook authors include the three types of verbal problems 

used in the realistic approach in writing sixth-grade 

mathematics textbooks. 

For further research, it is recommended that other 

studies be done to determine students' levels of stress 

while involved in learning activities in additional mathe-

matical areas as well as in other subject areas. Also, it 

is recommended that future studies relate the topic, the 

type of mathematics activity, and the degree of stress to 

the amount of achievement produced to determine optimal 

learning conditions. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES V 

LIST OF ILLUSTRATIONS vi 

Chapter 

I. INTRODUCTION 1 

Statement of the Problem 
Purposes of the Study 
Hypotheses 
Background and Significance of 

the Study 
Definition of Terms 
Limitations of the Study 
Basic Assumptions 
Organization of the Report 

II. REVIEW OF RELATED LITERATURE AND RESEARCH . . 14 

Stress and Anxiety 
Verbal Problem Solving 
Summary 

III. .METHODS AND PROCEDURES 3 5 

Design of the Study 
The Population 
Control Procedure 
Selection of the Sample 
Instruments Used 
Collection of the Data 
Procedures for Treating the Data 

IV. PRESENTATION AND ANALYSIS OF THE DATA . . . . 53 

Introduction 
Data Relating to Hypothesis One 
Data Relating to Hypothesis Two 
Data Relating to Hypothesis Three 
Data Relating to Hypothesis Four 

i n 



Chapter Page 

V. SUMMARY, FINDINGS, CONCLUSIONS, 
AND RECOMMEND AT IONS 64 

Summary 
Findings 
Conclusions 
Recommendations 

APPENDICES 7 2 

BIBLIOGRAPHY 9 9 

IV 



LIST OF TABLES 

Table 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

Page 

Sample Characteristics of All Subjects . . . . 40 

Sample Characteristics of the Control Group . 41 

Sample Characteristics of the Experimental 
Group 42 

Summary of Means, Standard Deviations, and 
Correlations of the Pretests and 
of the Posttests 45 

Mean Base Rates of Students Involved in the 
Standard Approach 54 

Mean Base Rates of Students Involved in the 
Realistic Approach 55 

Comparison Between the Mean Base Heartbeat 
Rate and the Mean Heartbeat Rate During 
Teaching-Learning Activities 59 

Comparison of the Mean Heartbeat Rate of 
the Standard Group and the 
Realistic Group During 
Teaching-Learning Activities 60 

Pretest-Posttest Gain Scores on the 
Standard Test 61 

Pretest-Posttest Gain Scores on the 
Realistic Test 61 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Range of the Mean Heartbeat Rates for Each Day 
for Students Using the Standard and 
Realistic Approaches 56 

2. Comparison of the Mean Heartbeat Rate of the 
Students Involved in the Standard and 
Realistic Approaches During Three 
Different Student-Teacher Activities . . . 58 

vi 



CHAPTER I 

INTRODUCTION 

For many educators in the field of mathematics, learning 

to solve problems is the principal reason for studying mathe-

matics (13, p. 252). 

I think problem solving is the basic skill in 
mathematics. By problem solving I mean more than 
knowing what to do, in the sense of having knowledge. 
I mean having a kind of commitment to problem solv-
ing a willingness to tackle a problem even when one 
doesn't know right away what to do, and to keep 
plugging away at the problem until one finds a 
reasonable solution (19, p. 5). 

Dora Helen Skypek, in the November, 1977, issue of the 

Arithmetic Teacher devoted entirely to problem solving, 

cites this quote as being made by a Georgia state legislator 

in an annual statewide Quality of Life Conference. The theme 

of the conference was "Back to Basics—the Three R's." To 

persons who are cognizant of mathematical skills and the 

techniques of teaching these skills, this comment is not 

surprising. Considering this statement, the teacher must 

accept and face the importance of teaching problem solving 

as a major responsibility of day-to-day teaching in the 

classroom (20, p. 211). 

A part of this teaching is that the teacher must know 

and convey to the child the procedures which are basic to 



the art of mathematical problem solving. Several authors 

(12; 15, p. 16; 23) refer to these steps: 

1. understanding the problem, 

2. planning to solve the problem, 

3. solving the problem, and 

4. reviewing the problem and the solution. 

Inherent in this procedure is the teacher's ability to lead 

the child through these steps with as little frustration as 

possible (15, p. 16). 

Considering frustration as an element in problem solv-

ing, educators have recently turned to the domain of 

physiology for information and insight. It is reasonable 

that, in any learning situation, the physiological changes 

which the child undergoes must be considered (6). 

As one studies research that considers the physiological 

changes in a child as he learns, it becomes obvious that 

physiological processes change also within a child as his 

frustration level rises (17). Recent research shows that the 

physiological processes are indicators of drive, arousal, 

and activity (9, 17). Consequently, as the physiological 

processes change, the rate and efficiency of learning change 

(9, p. 19; 17; 18, p. 32). Therefore, one consideration of 

teaching techniques today should be what state of arousal is 

optimal for a satisfactory performance level on the part of 

the child. 



In considering the state of arousal or in determining 

the level of arousal, certain processes of the body must be 

taken into consideration. These include brain-wave activity, 

skin conductance, respiration state, heartbeat rate, and 

muscle tension. Researchers have used these together as well 

as independently. In considering degrees of stress, it is 

recognizable that the child's performance—as in problem 

solving varies and depends on the types of pressures which 

are involved as well as the child's individual frustration 

threshold (2, p. 181; 3, p. 785; 4, p. 354; 5, p. 22). 

One study has been done in a laboratory situation 

to measure, to compare, and to analyze the amount of stress, 

as measured by heartbeat rate, experienced by sixth-grade 

students during verbal problem—solving activities using 

two approaches—the standard and the realistic (7). The 

investigation in this study looked at the same relation-

ship of arousal to achievement in problem solving in 

mathematics through cardiac telemetry in a regular class-

room situation. 

Statement of the Problem 

The problem of this study was to measure, to compare, 

and to analyze the amount of stress, as indicated by heart-

beat rate, experienced by students during teaching-learning 

activities in sixth—grade mathematics in a regular classroom. 



Purposes of the Study 

The purposes of this study were 

1. to measure, to analyze, and to evaluate the arousal 

responses of sixth-grade students while learning to 

solve verbal problems in mathematics in a regular 

classroom; 

2. to determine if two different teaching-learning 

strategies for solving verbal problems in sixth-

grade mathematics in a regular classroom produce 

different levels of arousal responses; 

3. to determine the amount of learning produced by two 

different teaching-learning strategies for solving 

verbal problems in sixth-grade mathematics in a 

regular classroom; and 

4. to extend the body of knowledge for teaching mathe-

matics. 

Hypotheses 

The following hypotheses were formulated to achieve the 

objectives of this study. 

1. There will be a significantly greater amount of 

stress, as measured by heartbeat rate, beyond the 

normal level, during the teaching-learning activi-

ties involved in verbal problem solving in both the 

experimental and the control groups in a regular 

classroom situation. 



2. There will be no significant difference between the 

amount of stress, as measured by heartbeat rate, 

experienced by the control group and by the experi-

mental group during the teaching-learning activities 

in a regular classroom situation. 

3. There will be no significant difference between the 

pretest-posttest gain scores on the standard verbal-

problem test for the experimental group and the 

control group in a regular classroom situation. 

4. The pretest-posttest gain scores on the realistic 

verbal-problem test of the experimental group will 

be significantly greater than the pretest-posttest 

gain scores on the realistic verbal-problem test of 

the control group in a regular classroom situation. 

Background and Significance of the Study 

Teaching children to solve verbal problems is one of the 

major concerns of educators today, as it has been in the past, 

Because of this, some research throughout the years has 

focused on this consideration. Recent research has concen-

trated on problem solving, and researchers are beginning to 

look at what has made and is making problem solving difficult 

for students (23, p. 40). 

Specifically, researchers are looking carefully at what 

makes problem solving perplexing—what are the techniques of 

how children are taught that make this condition exist as 



well as what psychological and physiological conditions are 

present which exert influence on the child (16, p. 13). 

In reviewing past literature, it is noted that as early 

as 1927, the National Council of Teachers of Mathematics 

looked seriously at students' inabilities to solve verbal 

problems (14). This group asked for, even demanded, con-

centrated research in the area. Throughout the next forty 

years, many authors took up the study to attempt to make 

determinations of reasons for the difficulties (8, p. Ill; 

11, p. 308; 12, p. 4; 21, p. 177). Currently, in the Seven-

ties, the quest continues (1, p. 174). In 1970, the National 

Council of Teachers of Mathematics again indicated the need 

for additional knowledge in this area and pointed out that 

only 10 per cent of current research is devoted to the 

problem-solving dilemma (13, p. 252). 

In an attempt to analyze the situation, recent atten-

tions have been directed toward the components or steps 

called for in the processes of problem solving. As early 

as 19 25, educators were looking at how problem solving could 

be related to real-life situations (22, p. 103). Research 

continues to look at what the child does in the classroom in 

relationship to what he may need in real life (15, p. 16). 

John LeBlanc states that "the basic purpose of the typical 

textbook problem is to reinforce children's understanding 

of a concept or to use a skill learned earlier by presenting 



a 'real-world' situation that embodies that concept or skill" 

(15, p. 17) . 

Along with this interest in real-life situations, 

researchers have focused on the needs of three types of 

problems. The Twenty-First Yearbook of the National Council 

of Mathematics describes these three types of problems as 

(a) problems which give the exact information needed; (b) 

problems which contain information not needed for the solu-

tion; and (c) problems which cannot be solved because needed 

information is missing (10, p. 229). The experimental 

treatment in this study dealt with children working with 

these three types of problems. 

In considering the solving of the different types of 

problems, researchers have begun to consider other condi-

tions which may affect the child's success level. Two authors 

(10, p. 229) state that to be a verbal problem, three con-

ditions must exist. First, a goal is defined, and the child 

desires to obtain it. Second, the individual's usual 

patterns of behavior and responses are blocked causing, third, 

deliberation to take place. When blocking of the usual 

behavioral patterns and responses occurs, the normal reaction 

is for the child to feel stress and to experience a state of 

physiological arousal (9, p. 19; 18, p. 32). 

The research in this study measured, analyzed, and 

evaluated the state of arousal of the students while study-

ing verbal problems in sixth-grade mathematics. The arousal 
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state was determined by measuring heartbeat rate (2, p. 181; 

3, p. 784; 4, p. 353; 5). This study, as performed in a 

classroom situation/ was based on the premise that certain 

activities which cause students to write responses to a 

general question from the teacher cause students also to 

experience a significantly higher state of arousal as 

measured by heartbeat rate. The latter has been demonstrated 

in numerous laboratory settings involving various skills 

performed by the child in subject areas other than mathe-

matics (2, p. 181; 3, p. 785; 4, p. 354). While a great 

deal has been done in research on solving verbal problems, 

only in the past few years has interest been directed toward 

studies which involve state-arousal of physiological 

processes of the child as he solved verbal problems (16, 

p. 12) . 

Definition of Terms 

For the purposes of this study, the following defini-

tions were used. 

Arousal was defined as a measure of the heartbeat rate 

by a cardiotachometer. An arousal will occur when the heart-

beat rate increases at least ten beats per minute over the 

base rate. 

Stress and arousal were used synonymously. 

The base rate measure represented the rate of heartbeats 

per minute below which the rate did not go for an extended 

period of time. Ten minutes was used in this study. 



The heartbeat rate measured in beats per minute was 

defined as the physiological indicator of arousal. 

The definition of a verbal problem as developed by 

Henderson and Pingry (10, p. 233) was used for this study. 

A problem existed under the following conditions: A goal is 

defined, and the individual desires to obtain it. The 

individual's usual pattern of behavior and responses are 

blocked causing deliberation to take place. 

In the standard approach, the students in the control 

group participated in teaching-learning activities which 

included only verbal problems containing the exact informa-

tion needed for the solution given in the proper order. 

In the realistic approach, the students in the experi-

mental group participated in teaching-learning activities 

which included verbal problems with the exact information 

needed for the solution as well as problems which had both 

additional and missing information. 

Limitations of the Study 

This study was limited to an analysis of sixth-grade 

students in mathematics. The study was conducted in one 

school. The students in this school were above-average in 

academic achievement. Interpersonal interactions between 

students and between the teacher and students were not 

restricted. 
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Basic Assumptions 

It was assumed that each student in this study received 

equal exposure to any situation which might have caused a 

state of arousal outside of the treatment variables and that 

any significant findings were not negated by these situations. 

It was also assumed that the teacher was able to present the 

teaching-learning strategies with equal efficiency and success 

Organization of the Report 

Chapter I gives the statement of the problem, the 

purposes of the study, the hypotheses, the background and 

significance of the study, the definition of terms, the 

limitations of the study, and the basic assumptions. Chapter 

II summarizes a review of the literature and research related 

to stress and anxiety and verbal problem solving. Chapter 

III sets forth the methods and procedures followed in con-

ducting the study and in collecting the data. Chapter IV 

presents an analysis of the data, and, finally, in Chapter V, 

findings, conclusions, and recommendations are given. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE AND RESEARCH 

For purposes of organization, this chapter is divided 

into two sections: Stress and Anxiety, and Verbal Problem 

Solving. 

Stress and Anxiety 

Eric Caudry and Charles Spielberger (17), two authors 

currently doing research in the areas of stress and anxiety 

as it relates to the learning situation, point out that 

increasing demands are being made today on the classroom 

teacher to individualize instruction for each child. Con-

sequently, it is important to know how anxiety level is 

related to performance in various settings and also to 

determine how the learning situation is structured to allow 

students of different achievement levels to realize their 

full potentials. 

Authors (3, 42, 43) who have done extensive research in 

anxiety phenomena use the words stress, threat, and anxiety 

interchangeably. It is suggested that these terms denote 

different aspects of a sequence of events that result in 

the development of an anxiety state. In his studies, 

Spielberger (57, p. 14) refers to stress as the objective 

stimulus properties of a situation. Included in these may 

14 



15 

be variations in environmental conditions or circumstances 

that occur naturally, or even those which an experimenter 

introduces or manipulates. Basically, stress denotes some 

external stimulus conditions or situations that have as a 

characteristic some degree of objective danger. Most authors 

(3, 9, 13, 52, 55) agree that a situation that is objectively 

stressful will be perceived as dangerous or threatening to 

most people. At the same time, whether or not a stressful 

situation is perceived as dangerous by a person will depend 

upon the person's appraisal of the situation. An individual 

may perceive a nonstressful situation as stressful or threat-

ening. Thus, Spielberger (55, p. 30) concludes that stress 

refers to the objective stimulus properties of a situation 

while threat refers to a person's idiosyncratic perception 

of a particular situation as physically or psychologically 

dangerous. Thus, the appraisal of a situation as dangerous 

or even threatening will be determined in part by a person's 

disposition and past experience with similar situations (56). 

Lazarus (35, p. 45) continues this theory by concluding 

that in the psychological study of adjustment, it is seen 

that an individual focuses on two kinds of demands. One is 

primarily internal, arising from the biological makeup of the 

person. This makeup says that certain conditions must be met 

for survival and even comfort. The other kind of basic demand 

is external; that is, it arises from the external physical and 

social environment. Lazarus (35) believes that stress, in its 
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simplest and most general sense, occurs when there are demands 

on the individual which tax or exceed his adjustive resources. 

In other words, stress is not simply out there in the environ-

ment, but it may also originate there. 

Anxiety, according to many authors (33, 58, 59) refers 

to the complex emotional reactions that are produced in a 

person who interprets a specific situation as personally 

threatening. Appley and Trumbull (1, p. 72) believe if a 

person perceives a situation as threatening, irrespective of 

the presence of real danger, the person will respond to it 

with an elevation of anxiety. The individual will have an 

increase in the intensity of an emotional state with feel-

ings of tension and apprehension with elevated autonomic 

nervous-system activity. Levitt (38) summarizes by saying 

that anxiety refers to a complex emotional reaction evoked 

in a person who interprets a stressful situation as threaten-

ing. The intensity and duration will be determined by the 

amount of threat that is perceived and by the person's 

interpretation of the situation as dangerous. 

It is interesting to note that Freud (15) regarded 

anxiety as something felt or as an unpleasant affective state 

or condition. Specific symptoms of the latter included heart 

palpitation, disturbances of respiration, sweating, tremor 

and stuttering, vertigo, and numerous other physiological and 

behavioral manifestations. 
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Gaudry and Spielberger (17, p. 7) state that in every-

day life, a person is judged to be more or less anxious on 

the basis of reactions of the body in stressful situations. 

Certain signs such as tremor in the limbs, sweating of the 

hands and forehead, and flushing of the neck and face are 

considered to be indications of anxiety. In controlled 

laboratory situations, physiological measures of heartbeat 

rate, blood pressure, and sweating have been used to assess 

the extent of emotional response to stressful situations. 

It is with the extent of heartbeat-rate change that this 

study is concerned. 

Epstein (14) relates that if heartbeat rate is found to 

rise in anticipation of a threat, and the rise is propor-

tionate to the intensity of the threat, while all other 

conditions remain the same, it is not unreasonable to assume 

that the threat produced the rise. Therefore, the heartbeat 

rate serves as an index of stress or threat. Epstein (14) 

continues by stating that it has been well established that 

heartbeat rate exhibits a unique property of accelerating 

immediately preceding an anticipated stimulus and immediately 

following the anticipated stimulus. 

Berlyne (2, p. 214), writing about conflict and arousal, 

makes reference to an increased heartbeat rate when conflict 

and stress are introduced into a situation. In his studies, 

changes in heartbeat rate were determined by an electro-

cardiogram. The measures employed involved heartbeat rate 
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per minute and per experimental period. Further studies 

involving student response to non-signal tones and showing 

heartbeat-rate changes under stimulating conditions were 

made by Chase and Graham (6, p. 181). Edwards and Alsip (12, 

p. 41), in studies involving stimulus detection during 

periods of high and low heartbeat rate, conclude that 

increased heartbeat rate may well be an indication of 

increased sensory sensitivity due to stress. 

Gibson and Hall (18, p. 245), in a study involving 

cardiovascular change and mental tasks, conclude that per-

formance of mental tasks under noisy conditions which are 

stressful result in a significantly greater heartbeat-rate 

acceleration than does performance under a condition not 

noisy. Still further substantiation to these theories are 

given by Lang and Luertzman (34, p. 378) as they write of 

success and failure of students in task-oriented performances. 

Hebb, Spence, May, and Malmo (21, 54, 41, 40) suggest 

that an increased heartbeat rate comes within an activity 

during a judgment period. This judgment period may be when 

the subject must make a decision. 

In examining the relationship between anxiety and learn-

ing in educational settings, some studies (45, 53) show that 

anxiety facilitates performance. Gaudry and Spielberger (17, 

p. 80) note that academic attainment is an extremely complex 

matter and that it involves a multiplicity of skills and 

habits. They contend that some of the conditions that 
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facilitate the achievement of high-anxious students may have 

adverse effects upon low-anxious students. Consequently, a 

unitary educational strategy would not be the solution for 

teaching either high—anxious students or low—anxious students. 

Gaudry and Spielberger (17, p. 64) stress that the priority 

item is that teachers realize the important role of anxiety 

in the total learning process. They continue by stressing 

that learning should not only be restricted to the acquisi-

tion of knowledge and skills but also should be extended to 

including development within the student of a spirit of 

intellectual curiosity that stimulates and motivates him. 

Sarason (53) tells us that helping the student to 

achieve his goals must be done in an atmosphere where the 

teacher realizes that the student may become too upset to 

learn if placed into an unstructured situation where he must 

rely on his own resources. Thus, the anxious child needs a 

learning situation which requires gradual transitions and 

that involve moments of success in order to deal with complex 

and stressful learning situations (47). 

Verbal Problem. Solving 

In considering the effects of stress and anxiety on 

the child as he is engaged in solving verbal problems, it 

is well to look at the complex nature involved in the problem-

solving process. Lester (37, p. 12) states that anyone who 

has ever taught mathematics knows that problem solving is the 
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heart of doing mathematics. In fact, he continues by saying 

that mathematicians agree that doing mathematics is essen-

tially solving problems. Suppes (63) proposes that many 

teachers do not know what causes a student to succeed in 

problem solving or what techniques are best taught. Many 

authors (4, 5, 19, 62, 65), and especially Polya (46), give 

innumerable ideas to teachers for improving a student's 

ability to solve problems. 

A problem, according to John Dewey (ll)f is anything 

that perplexes and challenges the mind so that it makes 

belief uncertain. He continues by saying that the student 

faced with a problem must analyze the situation, gather facts 

that point toward a solution, decide which of those facts are 

pertinent to the problem, and then, by reasoning logically 

with these data at hand, make an intelligent choice that 

terminates his confusion. 

In examining the process of problem solving, Kramer and 

LeBlanc (31, 36) believe that there are definite steps in 

the process that can be identified. Kramer (31) says that 

first the problem is recognized, and a goal is set. Realiza-

tion of a difficulty follows, since the existence of a 

problem excludes an automatic process. The comparison is 

made of a person wanting to unlock a door without knowing 

what key to use. The process of deliberation begins, and 

the individual tries to decide which key is right to reach 

the goal. Henney (2 3) states that the teacher using the 
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drill method furnishes the correct key and lets the student 

try until the process becomes automatic. A teacher, accord-

ing to Monroe (44), who uses a more meaningful method 

encourages the student to size up the situation, gather and 

analyze the data that are available, perceive the relations, 

and decide upon a possible solution. Kramer (31, p. 350) 

would say that when the child has unlocked the problem and 

found the correct solution, he has pursued a meaningful 

learning process. Ideally, the student should repeat the 

meaningful process of unlocking various problems so that he 

will become skillful in organizing data, identifying rela-

tions, and testing tentative solutions. 

LeBlanc (36, p. 16) is concise in his statement involv-

ing the procedures inherent in problem solving. Several 

authors (25, 30, 61) agree with him that the process involves 

understanding the problem; planning to solve the problem; 

solving the problem; and reviewing the problem and the solu-

tion . 

Suggestions made by some authors (25, 26, 27) in helping 

the child to understand the problem include having the teacher 

use questions that focus the child's attention on the informa-

tion and conditions given in the problem. "Ann, how many 

cans were sold?" "How many cans are in a carton?" "What 

does a carton look like?" Then the teacher asks the child, 

"What does the problem ask for?" The child explains it in 

his own words. A thorough discussion of the information and 
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conditions of the problem helps the child to focus on the 

problem and to understand it. 

Researchers (7, 20, 22, 25, 60) agree that in the child's 

planning to solve the problem, the teacher must be alert to 

the different strategies that could be used in solving the 

problem. In the beginning, children may need suggestions for 

solving the problem; however, after a period of time, the 

child will begin to choose his own strategy. 

Studies (8, 29) also show that as the child solves the 

problem, he should be encouraged to solve the problem using 

a variety of plans if necessary. At this point, the teacher's 

role should be in an advisory capacity. 

Additional studies (32, 45) indicate that the review of 

the problem and the actual solving of the problem are the most 

important for the child. In working with children, LeBlanc 

(36) states that there are basically two steps at this point. 

The child is looking back over what he has done, and he is 

extending the problem situation to create new variations or 

an entirely new problem. 

Possible causes of poor performance by students in the 

solving of verbal problems have been the concern of several 

studies (28, 43, 48, 50, 51). These studies based on work 

with elementary children reveal that the teacher overempha-

sizes computation at the expense of problem solving. The 

wording of many verbal problems in textbooks does not 

encourage analytical thinking. Many students lack skills 
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needed to read and to interpret verbal problems. The time 

allotted for a student to solve a verbal problem in class 

may be insufficient. These studies continue by saying that 

some students lack knowledge of mathematical vocabulary. 

Also, the student may not be proficient in estimating answers. 

The student may not be able to perform simple computations 

mentally. The student may simply lack the ability to perform 

the required computations. Finally, the situations presented 

in many word problems are not appealing to the age level for 

which they are intended. 

In further study, Monroe (44) found that certain tech-

niques for the improvement of problem solving are available. 

These include applying a method of analysis; devising prob-

lems by interpreting pictures; solving verbal problems with 

the help of visual representations; solving simple problems 

by mental computation; estimating answers; identifying 

superfluous data in the problem; identifying additional data 

needed; translating the given problem situation into a 

mathematical sentence; and teaching reading skills that are 

essential in the solving of verbal problems. 

Robinson (49, p. 23) proposes that the acknowledged goal 

of any mathematics study is facility in problem solving. His 

studies involved distinguishing between two types of verbal 

problems. First is an exercise which is described as a 

verbal rendition of a mathematical sentence, and,second, 
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problems requiring creativity or originality which are 

descriptions of situations for which no routine process has 

been previously learned. They conclude that the aim of 

mathematics instruction should be that the student be able 

to solve problems whenever the need arises. Also, more 

attention should be given to problem-posing as a method of 

instruction. 

Recent studies by Wheatley (66, p. 36) indicate that 

brain research which reveals that man has two brains instead 

of one pertains to the student's problem-solving ability. 

Basically, the two hemispheres of a person's cerebral cortex 

are specialized for different modes of thought processing. 

Wheatley explains that problem solving can be examined from 

a perspective of hemispheric specialization. The author 

describes a study done by Bob Samples of Evergreen State 

College, Olympia, Washington, in which over 2,000 hours were 

devoted to working with children in problem-solving activities 

Conclusions made v/ere that the children went through three 

stages in the process. First, they seemed to play with the 

problem with no definite sense of direction. Second, they 

change by beginning to select a plan and to choose a given 

method, perhaps a learned set of rules. Finally, the third 

step involved sitting back and reflecting on the problem. 

Prior research by Galin (16, p. 38) indicates that the 

right hemisphere of the brain is more capable of synthetic 

and original thought. Therefore, it is of more value in 
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determining the method the child will use in his problem— 

solving process. For the second phase which concerns 

sequential tasks, the left hemisphere is better. 

From the above conclusions, Wheatley (66) believes that 

problem solving will be enhanced by a greater use of the 

right hemisphere of the brain. Indications are that problem-

solving activities should incorporate activities and tasks 

that are open-ended and require investigations. Students 

involved in the laboratory approach to mathematics and 

discovery teaching decide for themselves how to approach 

problems. Helpful to the student's growing ability would be 

an increased use of problems with multiple solutions and 

alternate methods of solutions. 

From their studies, Wheatley and Galin (66, 16) further 

conclude that it is important that students realize that 

problem solving is not simply the applications of rules. 

Consequently, to be certain that students understand the 

nature of problem solving, they need to be faced with prob-

lems in which the approach is not apparent and encouraged to 

take many alternative approaches. 

Suydam and Weaver (64) have focused their research on 

the strategies that children use in problem solving, that is, 

the process of problem solving. They agree that children 

are a little more successful at solving problems with 

familiar settings. They seem to have a little more diffi-

culty with problems with unfamiliar settings. However, from 
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a study made with black children from a lower socioeconomic 

environment, Suydam and Weaver (64) conclude that children 

achieved as well when solving problems from a textbook as 

when solving problems with familiar settings and people 

which were written by children. 

Suydam and Weaver (64, p. 40) agree with other researchers 

(8, 6 3) that the operation in problems that appears to be the 

easiest is addition, followed by subtraction, multiplication, 

and division. Cohen and Johnson (7) agree that problems which 

involve the fewest operations are the simplest for the child 

to solve. 

Herlihy (24), in still another study, looks at the 

success of students working in groups. Suydam and Weaver 

(64), in interpreting available research in this area, con-

clude that students working in small groups of two to four 

can solve more problems than students working alone. Group 

discussion leads to agreement on how a problem may be solved. 

In their research studies, Henderson and Pingry (22) 

deal with children solving problems with extraneous, irrele-

vant data. Children found these problems to be more difficult 

to solve. These authors believe, as a result of their study, 

that children also need the experience of trying to solve 

problems that have no solution. 

In further research, Maier (39, p. 14) found that sex 

differences do not appear to affect the ability to solve 

problems. Maier (39) also found that socioeconomic 
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conditions as a single factor do not appear to be a signifi-

cant factor. 

From studies done by several authors (25, 27, 36), 

certain factors stand out which may be characteristic of the 

student who does well at problem solving. These include 

the ability to visualize facts and relationships; the ability 

to determine irrelevant detail; the ability to estimate; the 

ability to understand mathematical terms; the ability to 

eliminate irrelevant material; the ability to generalize; 

the ability to select a proper method or procedure; and the 

ability to keep anxiety at a proper level in a testing 

situation. 

Summary 

Lester (37) reasons that the inability of mathematicians 

to deal successfully with the dilemma of problem solving has 

caused them to turn to the literature of psychology for 

assistance. He stresses that psychology and mathematics 

have enjoyed a close relationship. He laments that there 

is little unanimity of viewpoint regarding problem solving. 

Davis shares his opinion as he states, "Research in human 

problem solving has a well-earned reputation for being the 

most chaotic of all identifiable categories of human 

learning" (10, p. 36). 

A review of the literature and research in the area 

of solving verbal problems in mathematics and in the area 
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of the effects of stress and anxiety as it relates to the 

learning situation reveals that a relationship between the 

two does exist. However, as has been indicated, little 

research has been done in the public school classroom, 

especially in the area of mathematics instruction. There-

fore, in the past, any findings or conclusions have been 

made on an inferential basis. At the same time, research 

has established certain facts which educators must take 

into consideration as they help students to improve their 

problem-solving abilities. 
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CHAPTER III 

METHODS AND PROCEDURES 

Design of the Study 

The problem of this study was to measure, to compare, and 

to analyze the amount of stress, as indicated by heartbeat 

rate, experienced by students during teaching-learning activ-

ities in sixth-grade mathematics in a regular classroom. The 

pretest-posttest control group design described by Campbell 

and Stanley (2, pp. 3-24) was used to accomplish the study. 

The technical equipment employed was the cardiotachometer. 

Because of the high costs, limited resources, and other 

restrictions, only one cardiotachometer was available. Using 

the one cardiotachometer, only two students could be monitored 

simultaneously. This forced the use of a small sample in the 

study. According to Roscoe (3, p. 184), a small sample of 

ten to twenty in size may be used in experimental research 

with adequate experimental control. Roscoe (3, p. 184) sug-

gests matched pairs as an example. Therefore, a matched-pairs 

sample was used in this study. 

The Population 

The population for this study was composed of 46 3 

sixth-grade students enrolled in one middle school of a 

large urban school district. The time of the study was 

35 
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May of 1978. The school had the following characteristics: 

(a) quarter-plan organization, (b) above-average academic 

achievement by most of the students as measured by the Iowa 

Tests of Basic Skills, (c) location in a stable residential 

area which included a university, and (d) parental support 

of a strong academic program as evidenced by large parental 

participation in academically oriented activities sponsored 

by the school. 

Control Procedures 

The pretest-posttest control group design controls all 

sources of internal validity, according to Campbell and 

Stanley (2, p. 8). In addition, the interaction of testing 

and the experimental variable are usually not present or 

are greatly reduced with the use of regular classroom exami-

nations as a measure of achievement (2, p. 8). Campbell and 

Stanley (2, p. 18) claim that no undesirable interaction 

will be present. Regular classroom examinations were used 

in this study in a setting where testing is a regular 

occurrence. 

Students were randomly selected and were assigned either 

to the experimental or to the control group (2, p. 156). The 

main effect of the school itself was not a concern since the 

population of this study consisted of all sixth-grade 

students enrolled in a single school. 

In this study, each control group and each experimental 

group worked with the teacher in a regular classroom setting 
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with thirty students in the class. Any reactive arrangements 

that applied to the experimental group also applied to the 

control group (2, pp. 20-21). 

A special physical environment was a part of this study 

in that a small laboratory area adjacent to the classroom 

area was available to house the cardiotachometer which was 

used to monitor the changes in heartbeat rate of the students 

A window with one-way glass separated the laboratory area 

from the classroom area. The cardiotachometer and the 

operator were in the laboratory area. Having the cardio-

tachometer in a separate area from the teacher and the 

students was beneficial since the students were not aware of 

the cardiotachometer operation. This was possible since 

the cardiotachometer was wireless. 

It is noteworthy that the same teacher taught both the 

control group and the experimental group. This greatly 

reduced the possibility of treatment effects caused by 

different teachers. 

Selection of the Sample 

A matched-pairs sample consisting of twelve pairs was 

used. This procedure is described in detail by Campbell 

and Stanley (2, p. 49) and by Roscoe (3, p. 225). These 

pairs were made from the 463 members of the sixth-grade 

population. Pairing was made using the total mathematics 

percentile scores from Form 5 of the Iowa Tests of Basic 
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Skills, administered in October of 1977. In regards to the 

validity of the Iowa Tests of Basic Skills, content specifi-

cations are based upon forty years of continuous research in 

curriculum, measurement procedures, and interpretation and 

use of test results. The skills objectives represented in 

the test were determined through a systematic consideration 

of courses of study, statements of authorities in method, 

and recommendations of national curriculum groups (1, p. 481). 

Reliability data show reliability coefficients to vary from 

.80 to .93 across subtests and levels (1, p. 482). 

Following the pairing procedure, the pairs were assigned 

to four strata. The results were as follows: Quartile 1, 

41 pairs; Quartile 2, 42 pairs; Quartile 3, 63 pairs; and 

Quartile 4, 86 pairs. 

The pairs in each strata were numbered consecutively 

with the highest pair being numbered one. A table of random 

numbers from Roscoe (3, pp. 410-411) was used to select five 

pairs from each strata. The results of this selection were 

as follows: 

Quartile 1 Row 3 5, 17,22, 
Columns 10, 11 19, 36 

Quartile 2 Row 5 11, 22, 35, 
Columns 14, 15 29, 9 

Quartile 3 Row 36 38,20,21, 
Columns 24, 25 53, 41 

Quartile 4 Row 20 60, 45, 50, 
Columns 19, 20 7 8, 2 2 

The final pairs were ordered as selected. 
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Parental permission for a student to participate in a 

study of this nature is required by North Texas State Univer-

sity and by the cooperating school district. A copy of this 

parental permission form is in Appendix A. The parents of 

the first three pairs drawn in each strata were contacted. 

All parents were agreeable to their sons or daughters 

participating in the study. Therefore, the pairs which 

composed the sample were as follows: Quartile 1 5, 17, 22, 

Quartile 2—11, 22, 35; Quartile 3—38, 20 , 21; and Quartile 

4—go, 45, 50. Table I gives the sample characteristics of 

all students who participated in the study. 

The next step was the assignment of each member of a 

pair to either the control group or to the experimental 

group. Small pieces of paper were used for the name of each 

student. The papers were folded so that the names were not 

visible. In this manner, one member of each pair was 

selected and was assigned to the control group. The remain-

ing member of the pair was assigned to the experimental 

group. Twelve members were assigned to each group. 

As a result of this procedure, both the control group 

and the experimental group were formed. Table II shows the 

composition of the control group. 

Table III gives the sample characteristics of the 

students who participated in the experimental group. 
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TABLE I 

SAMPLE CHARACTERISTICS OF ALL STUDENTS 

Pair Sex Ethnic Background 
Total Mathematical 
Percentile Score 
of Iowa Tests of 

Basic Skills 

Ql-5 Boy Anglo 23 

Boy Anglo 22 

Ql-17 Girl Anglo 24 

Girl Anglo 24 

Ql-22 Girl Anglo 24 

Girl Black 23 

Q2-11 Girl Anglo 38 

Girl Mexican-American 38 

Q2-22 Boy Anglo 41 

Girl Anglo 47 

Q2-35 Boy Anglo 27 

Boy Anglo 32 

Q3-38 Girl Anglo 60 

Boy Anglo 63 

Q3-20 Boy Anglo 65 

Girl Anglo 63 

Q3-21 Boy Anglo 72 

Boy Anglo 70 

Q4-60 Boy Anglo 94 

Girl Anglo 94 
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Pair Sex Ethnic Background 

Total Mathematical 
Percentile Score 
of Iowa Tests of 

Basic Skills 

Q4-45 Boy Anglo 98 

Boy Anglo 96 

Q4-50 Boy Anglo 96 

Girl Anglo 96 

TABLE II 

SAMPLE CHARACTERISTICS OF THE CONTROL GROUP 

Pair Sex Ethnic Background 

Total Mathematical 
Percentile Score 
of Iowa Tests of 

Basic Skills 

Ql-5 Boy Anglo 22 

Ql-17 Girl Anglo 24 

Ql-22 Girl Black 23 

Q2-11 Girl Mexican-American 38 

Q2-22 Girl Anglo 47 

Q2-35 Boy Anglo 27 

Q3-38 Boy Anglo 63 

Q3-20 Girl Anglo 63 

Q3-21 Boy Anglo 70 

Q4-60 Girl Anglo 94 

Q4-45 Boy Anglo 96 

Q4-50 Boy Anglo 96 



42 

TABLE III 

SAMPLE CHARACTERISTICS OF THE EXPERIMENTAL GROUP 

Pair Sex Ethnic Background 

Total Mathematics 
Percentile Score 
on Iowa Tests of 

Basic Skills 

Ql-5 Boy Anglo 23 

Ql-17 Girl Anglo 24 

Ql-22 Girl Anglo 24 

Q2-11 Girl Anglo 38 

Q2-22 Boy Anglo 41 

Q2-35 Boy Anglo 32 

Q3-38 Girl Anglo 60 

Q3-20 Boy Anglo 65 

Q3-21 Boy Anglo 72 

Q4-60 Boy Anglo 94 

04-45 Boy Anglo 98 

Q4-50 Girl Anglo 96 

Instruments Used 

For testing Hypotheses One and Two/ the cardiotachometer 

was used for collecting heartbeat-rate data. In using the 

cardiotachometer, certain procedures were followed by each 

student. Prior to reporting to the operator of the cardio-

tachometer, the student reported to the nurse's office where 

the nurse attached the lead wires and electrodes. Proper 
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check was made also by the operator of the cardiotachometer 

to insure that all connections were in place. 

During the nonactive period, the iaean base rate was 

established while the twenty-four students were in a non-

active condition. In addition, the heartbeat rate of the 

twenty-four students was monitored during each of the six 

days of instruction which utilized classroom periods of 

thirty minutes per day. The mean arousals of the students 

these days were compared to the mean base rates. 

For Hypotheses Three and Four, teacher-made criterion 

referenced tests were used. Four forms for these tests 

were developed; one pretest for the standard approach; one 

posttest for the standard approach; one pretest for the 

realistic approach; and one posttest for the realistic 

approach. Eighteen questions were used for each form. The 

pretest and posttest for both the experimental group and 

the control group were parallel forms of the standard 

verbal-problem test and of the realistic verbal-problem 

test. Copies of the tests are included in Appendix B. 

The content validity of the tests was established by a 

seven-member panel which consisted of two supervisors of 

mathematics instruction and five sixth-grade mathematics 

teachers. One supervisor was from the cooperating large 

urban school district, and the other supervisor was from a 

neighboring smaller school district. The supervisor of 

mathematics instruction in the cooperating school district 
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selected five sixth-grade mathematics teachers from a total 

number of sixty-seven teachers. The panel was asked to deter-

mine if the questions on the four tests met the qualifications 

for verbal problems for the standard approach and for the 

realistic approach as described in this study. Favorable 

statements of five of the seven-member panel were accepted 

for the establishment of content validity. Six members of 

the panel rated the tests as acceptable. Therefore, both the 

standard and the realistic tests were accepted as valid. 

Two questions on the four tests were not acceptable to 

one member of the panel. One problem on the standard pretest 

and one on the standard posttest were changed as follows: 

Original problem in standard pretest: 

Jim bought a bike for $65.00 and sold it two years 
later for $32.50. He sold it for how much less? 

Revised problem in standard pretest: 

Jim bought a bike for $65.00 and sold it later for 
$32.50. He sold it for how much less? 

Original problem in standard posttest: 

Ed bought a tennis racket for $57.50 and sold it 
two years later for $26.00. He sold it for how 
much less? 

Revised problem in standard posttest: 

Ed bought a tennis racket for $57.50 and sold it 
later for $26.00. He sold it for how much less? 

The panel interpreted "two years later" as extraneous infor-

mation. Therefore, "two years later" was omitted from each 

one of the two problems. 
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The reliability of these tests was established using 

the parallel forms procedure as described by Roscoe (3, p. 133) 

The Pearson product moment correlation was used. Students 

were randomly selected from the same sixth-grade population 

which was used for the study. Fifty-seven students took the 

two forms of the standard verbal-problem test, and fifty-six 

students took the two forms of the realistic verbal-problem 

test. The results of the Pearson product moment correlation 

follow in Table IV. 

TABLE IV 

SUMMARY OF MEANS, STANDARD DEVIATIONS, 
AND CORRELATIONS OF THE PRETESTS AND OF THE POSTTESTS 

Test N Mean SD Correlation 
Coefficient 

Standard 

Pretest 57 11. 3 3.4 
.93* 

Posttest 57 11.8 3.7 

Realistic 

Pretest 56 9.3 

00
 • 

C
M
 

•
 
00
 
o
 *
 

Posttest 56 9.8 2.9 

•Statistically significant at the .05 level. 

Collection of the Data 

The time period for this study covered nine days from 

Monday, May 1, 19 78, through Monday, May 15, 1978. Monday, 

May 1, 1978, was used to determine the mean base rate of each 

student; Thursday, May 4, 19 78, was used for the pretest; 
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Friday, May 5, 1978, through Friday, May 12, 1978, was used 

for the teaching-learning activities; and Monday, May 15, 

1978, was used for the posttest. 

Prior to the beginning of the study, all of the students 

knew basically what was to happen. Before the first day, 

each student received a schedule of activities. Also, all 

of the parents were familiar with the purpose and plan of 

the study since this was explained to them at the time 

permission was requested for their sons or daughters to 

participate. In explaining the uses and purposes of the 

cardiotachometer, the instructor made clear to the students 

that it would be necessary for each one of them to wear a 

loose-fitting garment that buttoned down the front. This 

procedure enabled the nurse to attach the necessary equip-

ment to their chests. 

A summary of the list of daily activities for the 

control group using the standard approach is as follows: 

Day 1 Nonactive period to establish the mean 
base rate of the student's heartbeat (two 
students per period). 

Day 2 Pretest (total group). 

Days 3-8 Teaching-learning activities of solving 
standard verbal problems in sixth-grade 
mathematics. One teacher taught the two 
students with the other members of a 
regular class of thirty students each 
period. The heartbeat rate was monitored 
by the cardiotachometer. 

Day 9 Posttest (total group). 
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A summary of the list of activities for the experimental 

group using the realistic approach is as follows: 

Day 1 

Day 2 

Nonactive period to establish the mean 
base rate of the student's heartbeat 
(two students per period). 

Pretest (total group). 

Days 3-8 Teaching-learning activities of solving 
realistic verbal problems in sixth-grade 
mathematics. One teacher taught the two 
students with the other twenty-eight 
students each period. The heartbeat rate 
was monitored by the cardiotachometer. 

Day 9 Posttest (total group). 

With the exception of the day of the pretest and the 

day of the posttest, each class period was of thirty-minutes' 

duration. One point which should be noted is that the school 

where this study was held had a rotating schedule. Each day, 

beginning with Tuesday, the schedule moved forward one hour. 

Therefore, the following time schedule indicates the times 

the students reported on Monday, the first day of the week. 

The schedule moved forward one hour each day. 

Period 1 8: 50- 9:20 Control Group 1 
9: 30-10:00 Experimental Group 1 

Period 2 10 : 25-10:55 Control Group 2 
10 :55-11:25 Experimental Group 2 

Period 3 11 :35-12:05 Control Group 3 
12 :05-12:35 Experimental Group 3 

Period 4 12 :35- 1:05 Control Group 4 
1 :05- 1:35 Experimental Group 4 

Period 5 1 :35- 2:05 Control Group 5 
2 :05- 2:35 Experimental Group 5 

Period 6 2 :40- 3:10 Control Group 6 
3 :10- 3:40 Experimental Group 6 
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On Monday, May 1, 1978, the day for determining the mean 

base rate for the heartbeat rate of the student during a non-

experimental or nonactive period, the students reported to 

the nurse's office ten minutes before the scheduled class 

period time. The nurse attached the electrodes and lead 

wires. The student then reported to the laboratory adjacent 

to the classroom where the cardiotachometer was housed. The 

operator of the cardiotachometer checked the student to be 

certain the electrodes and lead wires were properly attached 

and then attached the data transmitter. The student watched 

the cardiotachometer record the heartbeat rate while seated 

quietly. The heartbeat rate was taken for a period of 

approximately ten minutes. The average of the heartbeat 

rates taken during this ten-minute period was the mean base 

rate which was used as a comparison for the mean heartbeat 

rate during the teaching-learning activities. At the close 

of this period, as on all days when the student was monitored, 

the student went to the nurse's office for removal of the 

equipment. 

On Thursday, May 4, 1978, the students reported for the 

pretesting. Approximately one hour was used for the testing 

procedure. Instructions were given for both the standard 

pretest and the realistic pretest. The standard pretest was 

then distributed. When a student finished this test, he 

gave it to the instructor who issued him a realistic pretest. 
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From Friday, May 5, 1978, through Friday, May 12, 1978, 

the subjects reported to the classroom for instruction in 

solving verbal problems. Each student participated in these 

activities in a class of thirty. During the six days of the 

teaching-learning activities, the students reported to the 

nurse's office ten minutes before the beginning of the class 

period and at the end of the class period to repeat the pro-

cedure used on May 1, 1978, for attaching the electrodes and 

lead wires. 

During the instruction of the two groups, the teacher 

used the same method of teaching. In both the standard group 

and the realistic group, three different activities took place 

each day. The first activity involved the teacher explaining 

the activity for the day. The students were allowed to ask 

questions if they wished to do so. 

In the second activity, the students were assigned 

verbal problems to work based on information the teacher had 

given them. The students worked the problems individually. 

However, the teacher was available to answer questions and 

walked around the room while the students worked. 

The third and final activity of the class involved a 

period of discussion between the students and the teacher. 

The teacher presented the solution to each problem, and the 

students were free to ask questions or to make comments. 

The students who were taught by the standard approach 

worked with verbal problems with only the exact information 
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needed for the solution presented. Solving this type of 

problem, the students were expected to find the correct 

solution to each problem. The standard verbal problems 

used for this control group are in Improving with Mathematics, 

published by American Book Company; Sets and Numbers, 

published by Random House, Incorporated; Mathematics Around 

Us, published by Scott, Foresman and Company, and Exploring 

Elementary Mathematics, published by Holt, Rinehart, and 

Winston, Incorporated. Appendix C contains a list of the 

pages in these books which were used in the standard approach 

and a copy of a worksheet used by the teacher. 

During the realistic approach, the teacher used problems 

of three types. These included problems with only the exact 

information needed for the solution; problems with additional 

information not needed for the solution; and problems with 

information missing, making the solution impossible. In the 

third type, students were asked to supply the information 

that was missing. All three types of problems may occur in 

real-life situations. Appendix D gives examples of problems 

used in the realistic approach. 

The posttest was given on Monday, May 15, 1978. As 

previously described, this was done with the same procedure 

which was used for the pretest. Each student was given a 

standard posttest, and when he completed it, he was given a 

realistic posttest. Each student was allowed as much time 

as he needed, approximately one hour. This was the final 

step for the students in this study. 
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Procedures for Treating the Data 

In this study, all data were analyzed using the t-tests 

for the significance of the difference between the means. 

For Hypothesis One, the mean heartbeat rate during the 

normal or nonactive period was tested against the mean 

heartbeat rate during the six days of teaching-learning 

activities. As defined by Roscoe (3, pp. 224-225), the 

t-test for two related samples was used with the .05 level 

of significance to accept the hypothesis. 

For Hypothesis Two, the mean heartbeat rate of the 

standard group was tested against the mean heartbeat rate of 

the realistic group. The t-test for two independent samples 

as defined by Roscoe (3, p. 217) was used with the level of 

significance as .05. No significant difference was expected. 

Since the groups were matched, the t-test for two 

related samples as defined by Roscoe (3, p. 224) with the 

.05 level of significance was used for Hypotheses Three and 

Four. No significant difference between the two groups was 

expected between the pretest-posttest gain scores on the 

standard test. However, a significant difference between 

the two groups was expected between the pretest-posttest 

gain scores on the realistic test. 
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CHAPTER IV 

PRESENTATION AND ANALYSIS OF THE DATA 

Introduction 

The problem of this study was to measure, to compare, 

and to analyze the amount of stress, as measured by heartbeat 

rate, experienced by students during teaching-learning 

activities in experimental and control treatments of solving 

verbal problems in sixth-grade mathematics. The purposes 

of this study were to measure, to analyze, cind to evaluate 

the arousal responses of sixth-grade students while learning 

to solve verbal problems in mathematics; to determine if two 

different teaching-learning strategies for solving verbal 

problems in sixth-grade mathematics produce different levels 

of stress; to determine the amount of learning produced by 

two different teaching-learning strategies for solving verbal 

problems in sixth-grade mathematics; and to extend the body 

of knowledge of mathematics instruction. The pretest-

posttest control group design was used to accomplish the 

study (1, pp. 3-24). 

The population for this study was 46 3 sixth-grade stu-

dents enrolled in one middle school, and the sample used was 

twenty-four in number. The Iowa Tests of Basic Skills, 

Form 5, total mathematics percentile scores, was used to 
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match the children so that they would be paired according to 

their respective levels of competence. Each of the twenty-

four students was monitored for the heartbeat rate during a 

nonactive period to establish the mean base rate in a non-

experimental period. Taken during this nonactive period, 

the mean base rate of the students who were to be involved 

in the standard approach is shown in Table V. 

TABLE V 

MEAN BASE RATES OF STUDENTS INVOLVED IN 
THE STANDARD APPROACH 

Mean Base Rate 

Student Heartbeats per Minute 

5 1 79.9 

5 2 90.4 

5 3 90.1 

5 4 100.6 

5 5 86.3 

5 6 84.5 

5 7 94.2 

5 8 93.3 

5 9 89.9 

51 0 95.8 

51 1 74.3 

51 2 66.6 

Average 87.2 
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Taken during a nonactive period, the mean base rate of 

the students who were to be involved in the realistic approach 

is shown in Table VI. 

TABLE VI 

MEAN BASE RATES OF STUDENTS INVOLVED IN 
THE REALISTIC APPROACH 

Mean Base Rate 

Student Heartbeats per Minute 

Rl 89.0 

R2 8 3.9 

R3 85.8 

R4 83.5 

R5 88.3 

R6 89.0 

R7 86.8 

R8 84.2 

R9 89.2 

RIO 85.8 

Rll 90.5 

R12 90.3 

Average 87.2 

The mean base rate for both groups was identical—87.2 

heartbeats per minute. 

On each of the six days of instruction, the heartbeat 

rate of each student was recorded. The range of the mean 

heartbeat rates for each day for students involved in the 
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standard approach and in the realistic approach is in 

Figure 1. 
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Fig. 1—Range of the mean heartbeat rates for each day 
for students using the standard and realistic approaches. 

It is of interest that the least amount of stress for 

the students involved in the standard approach occurred on 

the first day of instruction, Friday, May 5, and the greatest 

amount of stress for this group occurred on the second day 

of instruction, Monday, May 8. For the students involved in 

the realistic approach, the least amount of stress occurred 

also on the first day of instruction, Friday, May 5. However, 

for this group the greatest amount of stress occurred on 

the fifth day of instruction, Thursday, May 11. No day for 

either group showed a stress-level increase of less than 
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ten heartbeats above the average of the mean heartbeat rates. 

Therefore, arousal or stress was felt by each group on each 

of the six days of instruction. 

From the data collected, another comparison can be made. 

Each of the class periods during the six days of teaching-

learning experiences was divided into three different parts 

or activities. The first activity involved the teacher 

making an explanation of the day's work with the students 

listening. During the second activity, the students worked 

verbal problems independently. The third and final activity 

of the day was a teacher-student discussion of the verbal 

problems with the students listening and talking. 

A comparison of these three activities for the group 

involved in the standard approach is in Figure 2. The 

greatest amount of stress for both the standard group and 

the realistic group was felt by students listening to the 

teacher making the explanation at the first of the class 

period. The lowest level of stress felt by both groups 

occurred during the second activity while the students were 

working independently solving verbal problems. During the 

third and last activity, the stress level rose slightly dur-

ing the teacher-led discussion while students both listened 

and talked. 
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Fig. 2—Comparison of the mean heartbeat rate of the 
students involved in the standard and realistic approaches 
during three different student-teacher activities. 

Data Relating to Hypothesis One 

Hypothesis One was that there would be a significantly 

greater amount of stress, as measured by heartbeat rate, 

beyond the normal level, during the teaching-learning 

activities involved in verbal problem solving in both the 

experimental and the control groups in a regular classroom. 

The t-test for two related samples as described by 

Roscoe (2, pp. 224-225) was used to test this hypothesis. 

The data for both the standard group and the realistic 

group as well as for the total group follow in Table VII. 
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TABLE VII 

COMPARISON BETWEEN THE MEAN BASE HEARTBEAT RATE AND 
THE MEAN HEARTBEAT RATE DURING 
TEACHING-LEARNING ACTIVITIES 

Group N 
Base Rate 

Rate During 
Teaching-Learning 

Activities t-value Group N 
Mean SD Mean SD 

t-value 

Standard 12 87.2 9.6 115.9 7.6 11.8* 

Realistic 12 87.2 2.5 115.9 7.4 11.3* 

Total 24 87.2 6.9 115.9 7.3 16.7* 

*Statistically significant at the .05 level 

The t-value of 11.8 for the standard group and the 

t-value of 11.3 for the realistic group are both signifi-

cant at the .05 level of significance (2, p. 429). The 

t-value of 16.7 for the total group is highly significant 

also at the .05 level of significance (2, p. 429). There-

fore, Hypothesis One is accepted since each t-value is 

significant at levels higher than .05. 

Data Relating to Hypothesis Two 

Hypothesis Two was that there would be no significant 

difference between the amount of stress as measured by 

heartbeat rate of the standard group and of the realistic 

group during the teaching-learning activities. 

The t-test for two independent samples was used (2, 

p. 219). The data for Hypothesis Two follow in Table VIII. 
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TABLE VIII 

COMPARISON OF THE MEAN HEARTBEAT RATE OF THE 
STANDARD GROUP AND THE REALISTIC GROUP 
DURING TEACHING-LEARNING ACTIVITIES 

Group N Mean SD t-value 

Standard 12 115.9 7.6 
.02* 

Realistic 12 115.9 7.4 

•Statistically not significant at the .05 level. 

The t-value of .02 is not significant at the .05 level 

of significance (2, p. 429). Therefore, the hypothesis that 

no significant difference will exist is accepted. 

Data Relating to Hypothesis Three 

Hypothesis Three was that there would be no significant 

difference between the pretest-posttest gain scores on the 

standard verbal-problem test for the experimental group 

using the realistic approach and the control group using the 

standard approach. 

For Hypothesis Three, the t-test for two related samples 

was used (2, pp. 224-228). The data for Hypothesis Three 

are found in Table IX. 

For Hypothesis Three, the t-value of .30 is not signifi-

cant at the .05 level (2, p. 429). Therefore, the hypothesis 

that no significant difference would exist is accepted. 
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PRETEST-POSTTEST GAIN SCORES 
ON THE STANDARD TEST 

61 

Group N Mean Gain SD t-value 

Standard 12 1.6 2.0 
. 30* 

Realistic 12 1.4 1.3 

*Statistically not significant at the .05 level. 

Data Relating to Hypothesis Four 

Hypothesis Four was that the pretest-posttest gain 

scores on the realistic verbal-problem test of the group 

using the realistic approach would be significantly greater 

than the pretest-posttest gain scores on the realistic test 

of the group using the standard approach. 

For Hypothesis Four, the t-test for two related samples 

was used (2, pp. 224-228). The data for Hypothesis Four 

follow in Table X. 

TABLE X 

PRETEST-POSTTEST GAIN SCORES 
ON THE REALISTIC TEST 

Group N Mean Gain SD t-value 

Standard 12 1.6 2.5 
4.3* 

Realistic 12 3.8 

00 • 
1—1 

*Statistically significant at t he .05 level. 
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The t-value of 4.3 is significant at the .05 level of 

significance. Therefore, Hypothesis Four is accepted. 
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CHAPTER V 

SUMMARY, FINDINGS, CONCLUSIONS, AND 

RECOMMENDATIONS 

Summary 

The problem of this study was to measure, to compare, 

and to analyze the amount of stress, as measured by heart-

beat rate, experienced by sixth-grade students during 

teaching-learning activities of solving verbal problems. 

The bases for comparison were the heartbeat rates of selected 

students as recorded by a cardiotachometer and achievement 

scores on pretests and posttests dealing with verbal problems. 

Two hypotheses dealt with the comparisons of heartbeat 

rates taken during a nonactive period and during teaching-

learning experiences. Two hypotheses dealt with the com-

parisons of achievement scores on pretests and posttests 

based on a standard approach of teaching verbal problem 

solving and on a realistic approach of teaching verbal 

problem solving. 

The population for the study was composed of the entire 

sixth-grade class of 463 members in one middle school of a 

large urban school district. The characteristics of the 

school included a quarter-plan organization; above-average 

academic achievement; location in a stable community which 
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included a university; and strong parental support. The 

majority of the students came from a middle-income group. 

A matched-pairs sample of twenty-four students was selected 

and was used in the pretest-posttest control group design 

(1, p. 47; 2, p. 225) . 

A nine-day instructional period was utilized to conduct 

the study. On the first day, the mean base or normal heart-

beat rate was determined for each student during a nonactive 

period. The pretests were administered the second day. 

Days three through eight involved teaching—learning activities 

with the control group taught by the standard approach and 

the experimental group taught by the realistic approach. 

In the standard approach, the students participated in 

teaching-learning activities which included only verbal 

problems with the exact information needed for the solution 

given in the proper order. In the realistic approach, the 

students participated in teaching-learning activities which 

included verbal problems with the exact information needed 

for the solution as well as problems which had both additional 

and missing information. 

The daily lesson of both groups was divided into three 

major parts. These parts included activities with the 

teacher making an explanation of solving verbal problems; 

students working independently solving verbal problems; and, 

finally, a teacher-led discussion of the solutions of the 

verbal problems. During the six-day instructional period, 
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the heartbeat rate of each student was monitored continuously. 

On the final day, the posttests were administered. Each 

student had approximately one hour to take both the pretests 

and the posttests. 

Findings 

Four hypotheses were used to accomplish the purposes of 

the study. These hypotheses were tested using t-tests for 

differences between the means. 

1. Hypothesis One was that the amount of stress as 

measured by heartbeat rate during the teaching-learning 

activities would be significantly higher than during a non-

active or nonexperimental period. Data involving both groups 

during the teaching-learning period and during the nonactive 

period revealed the difference between the means to be 

significant at the .05 level. Hypothesis One was accepted. 

Therefore, the mean heartbeat rate of the students in both 

the standard group and the realistic group was significantly 

higher during the teaching-learning activities than during 

the nonactive period. Students in this study did experience 

increased heartbeat rates while solving verbal problems in 

sixth-grade mathematics. 

2. Hypothesis Two was that no significant difference 

between the amount of stress as measured by heartbeat rate 

would occur between the standard group and the realistic 

group during the teaching-learning activities. A t-test 



67 

for independent samples produced a t-value that was not 

significant at the .05 level. The hypothesis that no 

significant difference would exist was accepted. Therefore, 

during the teaching-learning activities, students who solved 

three types of verbal problems which included problems with 

the exact information needed for the solution given; problems 

which contained more information than was needed for the 

solution; and problems which could not be solved because 

information was missing did not experience more stress than 

students who solved only one type of problem which had the 

exact information needed for the solution given in the proper 

order. 

3. Hypothesis Three stated that no significant differ-

ence would occur between the pretest-posttest gain scores on 

the verbal-problem test which included only verbal problems 

with the exact information needed for the solution given in 

the proper order of the realistic group and of the standard 

group. The t-value from a t-test for two related samples was 

not significant at the .05 level. The hypothesis that no 

significant difference would exist was accepted. Therefore, 

the standard group did not perform significantly better than 

the realistic group on the pretest-posttest of the verbal-

problem test which included only verbal problems with the 

exact information given in the proper order. 

4. Hypothesis Four was that the pretest-posttest gain 

scores on the verbal-problem test which contained verbal 
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problems with the exact information needed for the solution 

as well as problems which had both additional and missing 

information of the realistic group would be significantly 

higher than the pretest-posttest gain scores on the same 

verbal-problem test of the standard group. The t-value 

resulting from a t-test for two related samples was signifi-

cant at the .05 level. Hypothesis Four was accepted. There-

fore, students who were involved in solving the three types 

of verbal problems used in the realistic approach achieved 

better in these types of problem solving than did students 

who had not been taught by the realistic approach. 

Conclusions 

The following conclusions were formulated from an 

analysis of the findings of the study. 

1. Since verbal problem-solving activities do cause 

significantly increased heartbeat rate in sixth-grade 

students, then verbal problem solving does cause stress. 

2. Since students taught by both the standard approach 

and the realistic approach feel significantly increased 

stress during teaching-learning activities involving verbal 

problems, then neither approach is more effective than the 

other approach in minimizing stress in students while solv-

ing verbal problems. 

3. Since students taught by the realistic approach 

achieve better in solving verbal problems which have addi-

tional information or missing information than students who 
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have not been taught by this method, then the realistic 

approach helps students to succeed in problem-solving 

activities. 

4. Since students taught by the realistic approach 

achieve better on verbal-problem tests and feel no more 

stress than students who are taught by the standard approach, 

then students can be taught by the realistic approach to 

problem solving with more positive results. 

Recommendations 

On the basis of the findings and conclusions of this 

study, the following recommendations are made for classroom 

teachers, curriculum specialists, and textbook authors. 

1. It is recommended that teachers be made aware that 

students feel stress when working with verbal problems; 

teachers should observe and study the learning activities 

which appear to cause excessive stress and low achievement 

in students. 

2. It is recommended that students studying verbal 

problems in sixth-grade mathematics be taught by the 

realistic approach. 

3. It is recommended that textbook authors include 

the three types of verbal problems used in the realistic 

approach in writing sixth-grade mathematics textbooks. 

The following recommendations are made for further 

research. 
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1. It is recommended that the cardiotachometer be 

used with this age of student in other studies involving 

stress since the students who participated in this study 

experienced no apprehension about the procedures and the 

equipment after it was explained to them. 

2. It is recommended that other studies dealing with 

specific areas of mathematics instruction other than verbal 

problem solving be done to determine students' levels of 

stress while involved in learning activities. Examples of 

topical areas that should be considered are per cent, metric 

measurement, and long division. 

3. It is recommended that in future studies involving 

the cardiotachometer that the students participate in addi-

tional learning activities such as working at a chalkboard 

or working in small groups. 

4. It is recommended that future studies relate the 

topic, the type of mathematics activity, and the degree of 

stress to the amount of achievement produced to determine 

optimal learning conditions. 

5. It is recommended that research done in relating 

teaching styles to learning styles include stress produced 

as one of the factors in matching teachers and students. 

6. It is recommended that future research be done in 

academic areas other than mathematics to determine student 

stress levels so that comparisons can be made of the stress 

produced between various academic areas. 



CHAPTER BIBLIOGRAPHY 

1. Campbell, Donald T. and Julian C. Stanley, Experimental 
and Quasi-Experimental Designs for Research, 
Chicago, Rand McNally, College Publishing Company, 
1963. 

2. Roscoe, John T., Fundamental Research Statistics for the 
Behavioral Sciences, Second Edition, Hew York, Holt, 
Rinehart and Winston, Inc., 1975. 

71 



72 

APPENDIX A 

Use of Human Subjects 

Informed Consent 

Name of Subject: ' 

I hereby give consent to NTSU Team to perform or supervise 
the following investigational procedure or treatment: 

I have (seen, heard) a clear explanation and understand 
the nature and purpose of the procedure or treatment; 
possible appropriate alternative procedures that would 
be advantageous to me (him, her); and the attendant 
discomforts or risks involved and the possibility of 
complications which might arise. I have (seen, heard) 
a clear explanation and understand the benefits to be 
expected. I understand that the procedure or treatment 
to be performed is investigational and that I may with-
draw my consent for my (his, her) status. With my 
understanding of this, having received this information 
and satisfactory answers to the questions I have asked, 
I voluntarily consent to the procedure or treatment 
designated in Paragraph 1 above. 

Date 

Signed: Signed: 
Witness Subject or 

Signed: Signed: 
Witness Person Responsible 

Relationship 

Instructions to persons authorized to sign: If the subject 
is not competent, the person responsible shall be the legal 
appointed guardian or legally authorized representative. If 
the subject is a minor under 18 years of age, the person 
responsible is the mother or father or legally appointed 
guardian. If the subject is unable to write his name, the 
following is legally acceptable: John H (His X Mark) Doe 
and two (2) witnesses. 
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APPENDIX B 

Pretest—Standard Approach 

Name Date 

Read each problem carefully. Solve them in the space pro-
vided . 

(1) Jim bought a bike for $65.00 and sold it later for $32.50 
He sold it for how much less? 

(2) Karen mailed 21 letters. She paid 13<? for postage to mail 
each letter. How much postage did she pay? 

(3) Mr. Green drove 336 miles in 7 hours. What was his 
average speed each hour? 

(4) Sally had 19 pencils, Anne had 15 pencils, and Trey had 
31 pencils. How many pencils did all three have? 

(5) Diane had 42C. She said to Cheryl, "If you give me 19C, 
we will have the same amount." How much money did Cheryl 
have? 

(6) There are 30 7 pages in a book Rosa is reading. She has 
read 198 pages. How many more pages does she have left 
to read? 
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(7) Jack's mother bought a cake for $2.79 and a dozen cookies 
for $ .69. She gave the clerk $4.00. How much change 
should she get back? 

(8) Blake was on floor 27 of a tall building. He went down 
19 floors and then up 29 floors. On what floor was he 
then? 

(9) Judy is thinking of a number. If you take the number and 
subtract 14, the result will be 21. What is the number? 

(10) Linda has a dozen pictures to put in her scrapbook. If 
she puts 2 pictures per page, how many pages will she 
need? 

(11) Sam and his family are driving to a city that is 1030 
miles away. On Thursday they drove 352 miles and 361 
miles on Friday. How far do they yet have to go? 

(12) If five Saturn rocket engines use 3333 gallons of fuel 
in one second, how many gallons would one engine use in 
one second? 

(13) In five years the combined ages of Kimberly and Kevin 
who are twins will be 26 years. How old are the twins 
now? 
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(14) Mr. Lambert is thinking of a number. If you take the 
number, subtract 41 and divide the remainder by 12 the 
quotient is 7. What number is Mr. Lambert thinking of? 

(15) A wild goose has been known to fly as fast as 88 miles 
per hour. If he flew an average of 9 hours a day, how 
many days would it take him to fly 3,9 60 miles? 

(16) Kathy's scores on mathematics tests were 85, 92, 100, 
65, 98, and 82. What was her average score? 

(17) Sixty-four square yards of land area support 576 tons 
of air. How many tons of air will 44 8 square yards of 
land support? 

(18) A train arrives in Dover from Trenton every 40 minutes 
and in Dover from Baltimore every 50 minutes. If both 
trains arrive at 1 p.m., what is the next time they will 
both arrive together? 
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Posttest—Standard Approach 

Name Date 

Read each problem carefully. Solve them in the space pro-
vided . 

(1) Ed bought a tennis racket for $57.50 and sold it later 
for $26.00. He sold it for how much less? 

(2) Janice mailed 23 letters. She paid 13C postage to mail 
each letter. How much postage did she pay? 

(3) Mr. Blue drove 424 miles in 8 hours. What was his 
average speed each hour? 

(4) Beth had 17 pencils, Debbie had 15 pencils, and Leslie 
had 37 pencils. How many pencils did all three have? 

(5) Emily had 45<£. She said to Mickey, "If you give me 23C, 
we will have the same amount." How much money did 
Mickey have? 

(6) There are 337 pages in a book Carlos is reading. He has 
read 258 pages. How many pages does he have left to 
read? 
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(7) Wade's mother bought a cake for $3.29 and a dozen cookies 
for $ .79. She gave the clerk $5.00. How much change 
should she get back? 

(8) Jan was on floor 32 of a tall building. She went down 
16 floors and then up 2 3 floors. On what floor was she 
then? 

(9) Michelle is thinking of a number. If you take the number 
and subtract 19, the result will be 28. What is the 
number? 

(10) Lori has 5 dozen pictures to put in her scrapbook. If 
she puts 2 pictures per page, how many pages will she 
need? 

(11) Harry and his family are driving to a city that is 947 
miles away. They drove 325 miles on Wednesday and 301 
miles on Thursday. How far do they yet have to go? 

(12) If seven Saturn rocket engines use 4662 gallons of fuel 
in one second, how many gallons would one engine use in 
one second? 
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(13) In five years the combined ages of Kimberly and Kevin 
who are twins will be 30 years. How old are the twins 
now? 

(14) Mr. Lambert is thinking of a number. If you take the 
number, subtract 37 and divide the remainder by 14. 
The quotient is 8. What number is Mr. Lambert thinking 
of? 

(15) A wild goose has been known to fly as fast as 83 miles 
per hour. If he flew an average of 8 hours a day, how 
many days would it take him to fly 4,648 miles? 

(16) Mary's scores on mathematics tests were 89, 100, 91, 80, 
63, and 95. What was her average score? 

(17) Four square yards of ocean floor support 146,016 tons of 
water. How many tons will 24 square yards of ocean floor 
support? 

(18) A train travels from Allentown to Billings every 24 
minutes; a train travels from Citadel to Billings every 
40 minutes. The trains from Allentown and Citadel just 
arrived at the same time. How long will it be before 
this happens again? 
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Pretest—Experimental Approach 

Name Date 

Read each problem carefully. Solve them in the space pro-
vided. 

(1) Scott bought some water skis for $8 9.9 5 and later sold 
them for $34.50. He sold them for how much less? 

(2) Gloria made a leather purse. It required 3 pieces of 
leather and 2 7 inches of leather lacing. How many inches 
of leather lacing would be required to make 4 purses? 

(3) Mr. Brown drove 312 miles in 6 hours. What was his 
average speed each hour? 

(4) Sally bought a pencil for 20C and a tablet for 69C. How 
much change should she get from the clerk? 

(5) Gloria works part-time at a drug store and earns $2.30 
per hour. Last week she worked 21 hours. How much did 
she earn? 

(6) Joel scored 8 field goals (2 points per goal) and 7 free 
throws (1 point each) during the last basketball game. 
How many points did he score? 
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(7) Any had two guinea pigs, Sam and Roscoe. Sam eats 1 cup 
of food each week and weighs 3 ounces. Roscoe weighs 
7 ounces and eats 3 cups of food each week. How much 
food will Amy need for both guinea pigs for 10 weeks? 

(8) A steam car can travel 35 kilometers in 20 minutes and a 
high speed train can travel 65 kilometers in 30 minutes. 
How far can the train travel in 1H. hours? 

(9) Some snails can travel about 51 yards per hour. How many 
hours would it take the snail to travel 306 yards? 

(10) A spaceship travels 330 miles in 55 seconds. How many 
miles will it travel in one hour? 

(11) A high speed train can transport passengers every 30 
minutes. How many passengers can it transport in 3 hours? 

(12) New telephones are packed in wooden racks with 170 phones 
on each rack. How many racks are needed for 3400 
telephones? 
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(13) The drama class purchased 6 red spotlight bulbs, 4 
yellow bulbs, and 5 blue bulbs. Red bulbs cost 69£ 
each and blue bulbs cost 58<: each. How much did all 
of the bulbs cost? 

(14) A steam car needs 36 liters of water to travel 720 
kilometers. How many kilometers can it travel on 
15 liters of water? 

(15) Mrs. Rayel has 14 girls and 16 boys in one class. 
Twenty of the class members ride the bus. What could 
be the least number of boys to ride the bus? 

(16) In an adult the heart beats an average of 20 times in 
15 seconds. The heart of a child exercising will beat 
35 times in 15 seconds. How many times will the child's 
heart beat if he exercises for 5 minutes? 

(17) During a series of downs the Dallas Cowboys gained 5 
yards, lost 4 yards, and gained 19 yards. At the end 
of the series at what yard line was the ball put in 
play? 

(18) At exactly 1 a.m. flights from Seattle, Los Angeles, 
and Las Vegas arrive in San Francisco. Every hour a 
plane arrives in San Francisco from Los Angeles; every 
2 hours a plane arrives in San Francisco from Las Vegas; 
and every 5 hours a plane arrives in San Francisco from 
Seattle. What is the next time at which these flights 
will arrive together? 
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Posttest—Experimental Approach 

Name Da"te 

Read each problem carefully. Solve them in the space pro-
vided. 

(1) Rene bought a pair of ice skates for $76.50 and later 
sold them for $32.25. She sold them for how much less? 

(2) Mark made a leather pouch for his tennis balls. It 
required 3 pieces of leather and 32 inches of leather 
lacing. How much lacing would Mark need to make 5 
pouches for his friends? 

(3) Mr. Black drove 423 miles in 9 hours. What was his 
average speed each hour? 

(4) Andy bought a cake for $2.98 and a dozen cookies for 98$ 
How much change should he receive from the clerk? 

(5) Victoria works part-time at the branch library and earns 
$2.40 per hour. Last week she worked 23 hours. How much 
did she earn? 

(6) Jim scored 6 field goals (2 points per goal) and 5 free 
throws (1 point each) during the last basketball game. 
How many points did he score? 
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(7) Sue had two guinea pigs, Felix and Oscar. Felix eats 
2 cups of food each week and weighs 5 ounces. Oscar 
weighs 6 ounces and eats 3 cups of food each week. How 
much food will Sue need for both guinea pigs for 8 weeks? 

(8) A high-speed train travels 62 kilometers in 30 minutes 
and a steam car can travel 32 kilometers in 20 minutes 
How far can the train travel in three hours? 

(9) Some snails can go 55 yards in one hour. How many hours 
would it take the snail to travel 440 yards? 

(10) A spaceship travels 315 miles in 50 seconds. How many 
miles will it travel in one hour? 

(11) A high-speed train can transport passengers every 30 
minutes. How many passengers can it transport in 2 hours? 

(12) New telephones are packed in wooden racks with 180 phones 
on each rack. How many racks are needed for 3600 tele-
phones? 

(13) The drama class purchased 7 red spotlight bulbs, 5 yellow 
bulbs, and 6 blue bulbs. Red bulbs cost 79<? each and 
yellow bulbs cost 6 6C each. How much did all of the 
bulbs cost? 
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(14) A steam car needs 36 liters of water to travel 720 
kilometers. How many kilometers can it travel on 12 
liters of water? 

(15) Mrs. Rayel has 15 girls and 12 boys in her class. 
Twenty-one of the class members ride the bus. What 
could be the least number of girls to ride the bus? 

(16) In an adult the heart beats an average of 20 times each 
15 seconds while the heart of a child exercising will 
beat 35 times in 15 seconds. How many times will the 
child's heart beat if he exercises for 4 minutes? 

(17) During a series of downs the Dallas Cowboys gained 3 
yards, lost 5 yards, and gained 27 yards. At the end 
of the series at what yard line was the ball put in play? 

(18) At exactly 4 a.m. flights from Seattle, Los Angeles, and 
Las Vegas arrive in San Francisco. Planes arrive in 
San Francisco on the following schedule: every hour 
from Los Angeles, every 2 hours from Las Vegas, and every 
5 hours from Seattle. What is the next time at which 
these flights will arrive together? 
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APPENDIX C 

Materials Used in the Standard Approach 

Day One 

Exploring Elementary Mathematics, page 56. 

Day Two 

Mathematics Around Us, pages 31 and 49. 

Day Three 

Exploring Elementary Mathematics, pages 13, 14, 15, and 51; 
Improving with Mathematics, pages 1, 8, 13, and 33; 
Mathematics Around Us, pages 3, 5, 10, 37, and 59. 

Day Four 

Sets and Numbers, pages 32, 62, and 81. 

Day Five 

Mathematics Around Us, pages 54-55. 

Day Six 

Improving with Mathematics, pages 80, 81, 83, and 86 
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Day 3 

Worksheet 

(Standard Approach) 

1. The city museum received $209,350 from the city council 
and $345,425 from contributions. What was the total 
amount of money received? 

2. There are 250 pages in the book Rosa is reading. She 
has read 138 pages. How many more pages does she have 
to read? 

3. Twenty-one boxes of mustard packs. Twenty-five mustard 
packs in each box. How many mustard packs? 

4. The factory made desk phones in different colors. They 
made 250 phones in each color. They made 2750 phones in 
all. How many colors were made? 

5. In one year 23,428 cars were junked in a large city. 
The year before, 21,898 were junked. How many cars were 
junked in the two years? 

6. At a game, Pete sold 36 sacks of peanuts and Hank sold 
4 8 sacks. How many sacks of peanuts did they sell in all? 

7. The factory made 55 push-button phones. Each phone had 
the same number of parts. In all, 33,000 parts were 
used. How many parts were used in each phone? 

8. Forty-nine boxes of fish patties. Twelve patties in each 
box. How many fish patties? 

9. There are 8 departments, with 975 workers in each depart-
ment. How many workers are there in all? 

10. A school class plans to sell 300 tickets for a game. So 
far they have sold 170. How many more tickets do they 
need to sell? 

11. In one week, Mrs. Jenson spent $25.30 for groceries, $8.50 
for dry cleaning, and $2.50 for shoe repairs. Find the 
total amount spent by Mrs. Jenson. 

12. Sixty-five boxes of straws. Seventy-five straws in each 
box. How many straws? 



87 

APPENDIX D 

SOLVING PROBLEMS 

There are four main steps for solving a problem. 
This lesson deals with the first step. 

O o 
\o 

Which operation should I use? 

TRY THESE 

Add when joining 
sets of any size. 

There are 15 
There are 19 
How many are 

boys, 
girls, 
there in all? 

There are 5 teams. 
16 girls are on each team. 
How many girls are there? 

THINK 

THINK 

Multiply when joining 
sets of the same size. 

5 sets of 16 each 
Join the sets. 

Add or multiply? 
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Subtract when comparing sets 
or when separating a set into 
sets of different sizes. 

Divide when separating a 
set into sets of the same 
size. 

3. John had 28 cars. 
He lost 7. 
How many does he have left? 

4. Bill had 28 cars. 
He made rows of 4 each. 
How many rows did he make? 

5. Peter has 28 cars. 
Rosa has 7 cars. 
Who has more cars? 
How many more? 

r^\ 
I THINK 1 

28 cars: remove 7. 
Subtract or divide? 

separate 

Subtract 

compare 
Subtract 

ON YOUR OWN 

Decide which operation to use. 
Write add, subtract, multi-ply, or divide. 

1. She had 18 stones. 
She found 10 more. 
How manv does she have now? 

Ted drove 110 miles. 
He went 55 miles each 
hour. How many hours 
did he drive? 

Mary won 14 games. 
Deb won 8 games. 
Who won more games? 
How many more? 

Ann earned $18 a month, 
She worked 8 months. 
How much did she earn? 

Jon earned $18. He spent $4, 
How much does he have left? 

6. Sid had 36 stamps. He 
put 8 stamps on each 
page. How many pages 
did he use? 
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There are 8 rows of chairs. 
Each row has 52 chairs. 
How many chairs are there? 

Use these last two steps to solve the problem. 

Which operation? 

Write a math sentence. 

Solve the sentence. 

Answer the problem. 

Multiply. 

8 x 52 

52 
x 8 
416 

416 chairs^ 

TRY THESE 

Use the four steps to solve each problem. 

1. There are 50 states. 
5 states have no sales tax. 
How many have a sales tax? 

There are 9 pupils on each 
team. One class has 198 
pupils. How many teams can 
the class have? 

3. A state park has 528 trees. 
There are only 49 pine trees. 
How many are not pine trees? 

It takes 15 minutes to 
paint a model plane. How 
long will it take to paint 
5 model planes? 



ON YOUR OWN 
90 

Solve each problem. 

1. The test has 100 problems. 
There are 25 questions on 
each part of the test. How 
many parts are there? 

Amy had 63 out of the 
100 problems correct. 
How many problems did 
she miss? 

3. Jody missed 8 problems. 
Wilbur missed twice as 
many problems as Jody. How 
many problems did he miss? 

Sandy had a score of 68. 
Candy had a score of 89. 
Find the difference in 
their scores. 

5. How many foos would a cola 
and a candy bar cost? 

6. Toni has 92 foos. If he 
spends 83, how many foos 
would he have left? 

7. Meg ate 2 orders of french 
fries. How many foos did 
the french fries cost? 

8. How many candy bars can 
you buy for the price 
of a hamburger? 

9. The boys earn 836 foos. 
Each boy gets 76 foos. How 
many boys are there? 

10. How many foos would it 
take to buy a hamburger, 
a cola, and a candy bar? 
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EXTRA INFORMATION 

Each penholder takes 
2 pieces of leather arid 
36 inches of lacing. 

How much lacing is needed to make 7 penholders? 

Mul t ip ly . 

36 x 7 = 

Watch Out! 
"2 pieces of leather" 
is extra information. 
I t is not needed to 
solve the problem. 

C 252 inches 3 
TALK IT OVER 

How many pieces of leather are needed for 7 penholders? 

Now what is the extra information? 

TRY THESE J 
Solve each problem. Watch out for extra information. 

1. Carlos earned 60<J. He spent 
50<t on 2 books. How much did 
he pay for each book? 

2. Paula walked 11 blocks and 
ran 9 blocks in 30 minutes. 
How many blocks did she go? 
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ON YOUR OWN 

Solve each problem. Watch out for extra information. 

1. Each wallet takes 3 pieces of 
leather, 48 inches of black 
lacing, and 15 inches of brown 
lacing. How much lacing is 
needed to make one wallet? 

2. Each comb case uses 2 pieces of 
leather and 24 inches of lacing. 
How many pieces of leather are 
needed to make 16 comb cases? 

At the zoo it costs 15<t for 
children and 35<t for adults 
to ride the train. How much 
will it cost for 6 children 
to ride the train? 

In one day the train had 
1088 passengers. The train 
made 16 trips that day. 
Find the average number of 
passengers on each trip. 

In 5 days 3592 children and 
2840 adults rode the train. 
How many people rode the 
train in those 5 days? 

The train travels an 
average of 100 miles each 
month. How many miles 
will the train travel 
in a year? 
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Cheryl is a forest 
ranger in a state park. 
Part of her job is to 
keep records. 

Number of animals seen 

Last month This month 

Bear 26 42 

Deer 53 

How many bears did she see in the las t two months? 

Add. 

26 + 42 - • 

th ianq 

WPiTZ) 

msu/iA 

26 
+ 42 

68 

68 bears 

How many deer did she see in the las t two months? 

t l 
\ wine) 

* o 

Add. 

53 + ? = Q 

Do not know. 
This question cannot be answered. 
Something is missing. 
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TRY THESE 

Solve each problem. 
If a problem cannot be solved, tell what is missing. 

1. Len jogs 15 minutes a day. 
How many blocks will he jog 
in 5 days? 

2. A girl jogs 6 blocks each 
day. How many blocks will 
she jog in 14 days? 

ON YOUR OWN 

Solve each problem. 
If a problem cannot be solved, tell what is missing, 

1. The children need some boards 
for the walls and 3 more for the 
floor and the roof. How many 
boards do they need in all? 

Each child agreed to pay an 
equal part of the cost. How 
much should each child pay? 

Nails cost 3<t each, 
cost of 27 nails. 

Find the 

They gave the clerk 90<t for 
paint. It costs 82<fc. How much 
change should they get back? 

They cut a 45-inch board in 2 
pieces. One piece was 26 inches 
long. How long was the other piece? 

6. They sawed another board 
into 3 pieces. How long 
was each piece? 
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i 

•A ' ; • 

9 g i r l s and 7 boys played vo l leyba l l . The 2 teams each had 
the same number of players. How many players on each team? 

TRY THESE 

Operations 

Math sentence 

Do what is in 
( ) f i r s t . 

Answer the question. 

Add, then div ide. 

' 2
 - • 

16 x 2 = 8 

8 players 

1. 15 chi ldren each made 12 
cookies. They ate 30 cookies, 
How many cookies are l e f t ? 

2. 3 chi ldren shared 36t equally. 
Then each chi ld spent 5<£. How 
much does each chi ld have l e f t ? 
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There are 18 boys and 12 
girls. Each team needs 5 
players. How many teams 
can they have? 

Each pupil wrote 2 long 
poems and 4 short poems. 
There were 18 pupils. How 
many poems were written? 

Pedro had scores of 88, 
78, 99, and 90 on his 
tests. Find his average 
score for those tests. 

7 girls and 3 boys shared 
marbles equally. How many 
marbles did each child get? 

« - c ^ 

Field Goals—2 points Free throws—1 point 

On each team there are 5 
starting players and 7 
substitutes. How many 
players are on 2 teams? 

One basketball team made 
13 field goals. They also 
scored 8 points on free 
throws. How many points 
did they score? 

In a contest each player 
shoots 10 free throws. Tim 
made 3 and then missed 4. 
How many free throws does 
he have left to shoot? 

Tom scored 2 points on 
field goals and 2 points 
on free throws. Bev 
scored 3 times as many 
points as Tom. How many 
points did Bev score? 
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Someone left the cage door open. 
All but 7 of the gerbils got away. 
How many are left in the cage? 

2. A doctor gave Kevin 6 pills 
and told him to take 1 pill 
every half hour. How long 
will they last? 

3. How much dirt is there in a 
hole that is 10 inches deep 
and 12 inches square? 

4. An animal went 1 mile south, 
1 mile east, and 1 mile 
north and was back where it 
started. Was it a penguin 
or a bear? 

If you took 6 oranges from 
9 oranges, how many would 
you have? 

Two men played 5 games of checkers. 
Each man won the same number of 
games. There were no ties. 
How can that be? 

6. Do they have a July 4th 
in England? 

8. How far can a dog 
run into the forest? 
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CHECK OUT FOR CHAPTER 6 

Solve each problem. 

1. A dress costs $14. How 
much will 4 dresses cost? 

A suit costs $58. A hat 
costs $17. How much 
will both cost? 

3. There are 180 doodads. 
There are 12 doodads in 
each box. How many boxes 
of doodads are there? 

The Bigga Cattle Ranch 
had 3192 horses. Rustlers 
stole 1203 horses. How 
many horses were not stolen? 

Kay Bryan 

Number of turns 16 ( I1' "1 -Z. — 

Points scored 176 156 

Together they had 35 turns. 
How many turns did Bryan get? 

Find the total number 
of points scored. 

Find Kay's average score 
on each turn. 

How many more points did 
Kay score than Bryan? 

Solve each problem. If the problem cannot be solved 
tell what is missing. 

Des Moines Omatia 

Kansas City 

Laura made 3 stops for gasoline. 
She bought 10 gallons of gasoline 
at each stop. How much did she 
spend on gasoline? 

Laura drove 45 miles each hour. 
How long did it take her to go 
from Kansas City through Omaha 
and on to Des Moines? 
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