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ABSTRACT 

Despite efforts nationally to upgrade the high school 

chemistry curricula, recent findings indicate that (l) science 

achievement is declining, (2) the supply of chemical engineers, 

chemists and chemistry teachers is relatively low, and (3) less 

than one to 1.5% of those students who take a course in high 

school chemistry will obtain a college or university degree in 

chemistry. 

Because a relatively high positive correlation between 

achievement in chemistry and mathematics has been shown to exist, 

investigation into this area seemed to be indicated as a possible 

factor for declining achievement and ultimately the other results 

mentioned above. Also, the general consensus of the literature 

would seem to emphasize a widespread difficulty of students of 

both chemistry and mathematics in applying mathematics in a prac

tical sense. It also has been suggested in the literature that a 

high school student's attitude toward a chemistry course may be 

more important than his understanding of the principles of the 

course, since attitudes may well determine how he will use his 

knowledge. 

This study then sought to determine in what ways will in

struction in certain math skilis, given along with the regular 
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chemistry instruction in a high school chemistry course, relate 

with students' attitude toward, and achievement in, the chemistry 

course, and their change in attitude and achievement during the 

course. 

Three groups of high school chemistry students at two 

different high schools taught by two different teachers were in

volved in this study. There were 42 students in the control 

group, 46 in the treatment group, and 75 in a comparison group. 

Tests of math skills, chemistry achievement and attitude 

toward chemistry were administered to all three groups both at 

the beginning and end of the school year. The treatment group 

received a special 21 hour program in math skills instruction 

along with their regular chemistry instruction. 

Five null hypotheses were formulated which dealt with the 

relationships between special instruction in math skills and 

(1) scores on a teacher-constructed math skills test, (2) scores 

on the 1973 ACS-NSTA chemistry achievement test, (3) scores on a 

chemistry attitude inventory scale, (4) changes in attitude toward 

chemistry, and (5) changes in chemistry achievement. All five 

hypotheses were tested and found not statistically significant at 

the .OS level of confidence. It was therefore concluded that the 

special 21 hour math skills instruction program did not have a 

significantly different effect on either the attitude or achieve

ment of two classes of high school chemistry students in a Dis

trict Number One high school, Tucson, Arizona. 



In addition, however, it was observed that there was a. 

positive relationship between the amount of time spent in giving 

math skills instruction to the chemistry students in the eight 

chemistry classes in the two schools involved in the study and 

their mean scores on the teacher-constructed math skills test. 

X 

Significant gains were made by the control, treatment and 

comparison groups on the math skills and chemistry achievement 

tests. Mean scores for all three groups declined on the chemis

try attitude inventory scale. The treatment and control· groups 

showed a significant decline. The difference between these two 

declines was significant at the .1 level of confidence, but not 

at the .05 level, indicating a more positive attitude for the 

treatment group at this level. 

It is felt that additional study is needed into the prob

lem of the relationships between attitude, achievement and the 

use of math skills instruction in the high school chemistry pro

gram, particularly as it relates to such factors as: amount of 

abstract material in a chemistry course, relevancy to student in

terests and inequities in grading scales. 



CHAPTER 1 

INTRODUCTION 

A recent study shows that, 18 years after the launching 

of Sputnik I, which prompted a major push for science education 

in the United States, the nation's students are declining in 

science test achievement. The National Assessment of Education 

Progress, a project of the Education Commission of the United 

States, reported that the results from a second round of science 

testing shows that: (1) on most exercises measuring science 

knowledge and skills, achievement declined at all three school 

ages assessed--9, 13, and 17 years; (2) on exercises used at ages 

9, 13, 17 in both assessments, national performance improved on 

about one-third of the exercises and declined on about two-thirds 

of the exercises; and (3) at the three school age levels the size 

of the decline in overall performance was between one and two 

percentage points (Ahmann et ·al. 1975). 

Robert H. McBride (in Maeroff 1974), Chairman of this 

project and President of the Delaware Board o£ Education, indi

cated that 100,000 children were tested in this second science 

assessment. Half of the questions were repeated from the first 

assessment in 1969-1970, and it was from those questions that 

the findings of declining achievement were made. 

1 
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"What this means," said Dr. J. Stanley Ahmann (in Maeroff 

1974, p. 32c), Staff Director of the National Assessment, "is 

that thousands of students in 1972 could not answer what was 

answered in 1969. 11 Dr. Ahmann remarked that a major change in 

terms of attitude toward science had taken place, one of a nega

tive nature. 

The results are striking, National Education Project of

ficials said, because they appear to show that the sweeping re

forms of science teaching that began in the early 1960's have had 

little impact on the level of scientific know~edge of school-age 

children, or that previous increases now show decreases 

(Morganthau 1974). 

Since science involves both the qualitative and quantita

tive aspect of nature, mathematics has been an integral part of 

most science courses. Most science courses, however, exist in

dependently of the mathematics instruction; in fact, in most 

schools and colleges they exist as separate departments. There 

are some teachers who teach in both the science and mathematics 

areas, of course; and, on occasion, as certain math topics arise 

within a science course, some mathematics instruction may be in

volved. It would be the exception rather than the rule, however, 

that a science class would systematically and regularly involve a 

program of mathematics instruction. Much less frequently would 

you expect to find science topics being utilized in the instruc

tion of math concepts in a mathematics class. 
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It has been shown that there is a relatively high posi-
I 

tive correlation between achievement in chemistry and achievement 

in mathematics (Denny 1970, Lawrence 1971, and Penna 1973). 

Perhaps this relationship would lead one to explore the 

possibility that students who have lower ability or skill in 

mathematics would have difficulty in science courses that rely 

heavily on the use of mathematics for their mastery. It has also 

been suggested that two of the reasons biology has a greater en-

rollment and popularity than either physics or chemistry are that 

it is essentially non-mathematical and .has a greater link with 

reality (Swain 1974). 

In addition, it has been the experience of this author, 

and others (Dence 1970, Denny 1971, and Finlayson 1972), that a 

student's completion of one or more math courses even with high 

grades, is no guarantee of the student's understanding of, or 

ability to apply, the math concept in his chemistry work. It is 

not new for chemistry teachers to complain about the inability of 

their pupils to handle modest mathematical requirements in school 

chemistry syllabuses. Booth (1974, p. 61) added that, 

At the other end of the scale, chemists are beginning 
to appreciate that what may be simple arithmetic to their 
pupils in mathematics lessons is not simple at all in 
chemistry. There is, after all, a very great step be
tween being able to answer correctly 7.95- 6.35 and to 
relate the problem; mass of copper oxide= 7.950 g, mass 
of copper= 6.350 g. What is the mass of oxygen in 
3.955 g of copper oxide?" 



Upon studying the contents of numerous high school chemistry 

texts, it was discovered that on the average about a dozen rela

tively simple mathematical skills are involved in the average 

high school chemistry course (Denny 1971). 

How does one go about bridging this alleged gap between 

theory and practice in the use of mathematics in a high school 

chemistry class? Is it possible that the key to this problem 

might lie in the student's attitude toward his chemistry class 

as determined by his ability or facility in applying math skills 

in the chemistry class? 

Statement of the Problem 

In what ways will instruction in certain math skills, 

given along with the regular chemistry instruction in a high 

school chemistry course, relate with students' attitude toward, 

and achievement in, the chemistry course, and their change in 

attitude and achievement during the course? 

Significance of the Study 

4 

-Tolpin (1971, p. 64) stated that "High school chemistry 

must have been an unhappy experience for many students." A study 

done in 1969 indicated that approximately one million students 

were enrolled in high school chemistry courses in the United 

States. One hundred thousand students were enrolled in various 

chemistry courses in colleges and universities at the same time. 

Yet, with all this exposure to the science of chemistry, only 



15,400 people would receive degrees in chemistry that year. 

About a third of that amount received degrees in chemical engi

neering. Of the 15,400 chemists, only 75% received bachelor de

grees. The remaining 25% were split between master's and Ph.D. 

degrees (Eisbree 1969). 

5 

Tolpin (1971, p. 66) added: "A student's attitude toward 

the science of chemistry may well be more important than his un

derstanding of the principles of chemistry, at the high school 

level, since attitudes determine how well he will use his 

knowledge." 

Additional studies (Hechinger 1973) also indicate that 

there is a corresponding decrease in engineering enrollment in 

colleges and universities across the nation. Figures released 

by the Engineers Joint Council reveal that the 1972 college 

freshman class of 52,100 engineers represent an 11% drop below 

the class that entered in 1971; and the 1971 freshman class was 

18% below the 1970 total. As a result, conservative forecasters 

are predicting an average annual shortage of 10,000 engineers 

for the next few years. 

In addition to a shortage of chemists and chemical engi

neers there also is a critical shortage of science teachers at 

all levels of education (Pafford 1969). James (1975) has sug

gested that one of the reasons that chemistry is so unpopular is 

because there is a lack of good chemistry teachers due to the 



fact that they are offered more money and prestige in research 

and industry. 
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Arthur Humphrey (in Hechinger 1973), Dean of the Engi

neering and Applied Sciences at The University of Pennsylvania, 

suggested that most of society's pressing problems, including 

pollution itself, as well as urban rebuilding, transportation, 

delivery of medical services to the poor, population control, 

peace-keeping efforts, energy sources, and a host of other social 

and economic problems, can be solved only through engineering 

skills. 

Many engineering educators are particularly alarmed be

cause the reduction in enrollment (coinciding with heavy enroll

ment in other fields such as law and medicine) comes at a time 

when university administrators are looking for ways to cut costs. 

Other problems involve a lack of guidance in the engineering col

leges as to career opportunities and undoubtedly the fact that 

engineering does require extensive work in the "hard" subjects of 

mathematics and science. 

The engineering shortage is especially severe for engi

neers with a chemical background, as indicated by the spread be

tween starting salaries offered chemical engineers and other 

college graduates. The highest salary offers ($945/month) are 

again going to graduate chemical engineers, according to a recent 

college placement council report (Reiser 1973). 



With the expenditure of hundreds of thousands of dollars 

for the improvement in secondary chemistry curriculum develop

ment (CHEM Study and the Chemical Bond Approach Programs), it 

would seem then that some factor or factors are missing in the 

existing approaches in upgrading high school chemistry instruc

tion. And, if the present high demand for chemists and chemical 

engineers is any reflection of a negative attitude of students 

for chemistry in general, then the need for this study is 

indicated. 

7 

There are possibly those who either do not take a course 

in high school chemistry or drop out or do poorly because of hav

ing difficulty with the math skills which are involved. It is 

hoped that, by doing something constructive about this problem, 

more students will develop a more positive attitude toward chem

istry and will ultimately succeed in mastering the concepts of 

chemistry and its application in such fields as: engineering, 

medicine, architecture, ecology, biology, metallurgy, physics, 

diatetics, etc. 

The British Committee on Chemical Education has set up a 

study group to look at this problem of improving math skills in

struction in the chemistry curriculum (Booth 1974). It was de

cided that the group would not only try to pinpoint the 

weaknesses in mathematics, which are thought to hinder the un

derstanding of chemistry, but would also try to discover what 



techniques and processes taught in "modern" math could bring new 

possibilities to the chemist. 
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If this and other investigations into the problem of how 

to best integrate the teaching of math skills and chemistry suc

ceed in bringing teachers of mathematics and chemistry into a 

closer working relationship, it will have achieved an important 

goal. As each better understands the problems and processes of 

the other, the probability of finding the most effective solution 

will be greatly enhanced, and the student of high school chemis

try should be the beneficiary. 

It is interesting to note that a national television pro

gram for children ages 8-11, similar to Sesame Street is being 

planned by the Education Development Center which was founded by 

Dr. Jerrold Zacharias, noted physicist of the Massachusetts In

stitute of Technology (Gehret 1974). This program which was to 

begin in January, 1975, has subsequently been postponed to the 

summer or fall of 1976. Developers hope to create a sense of how 

mathematics can reflect and represent aspects of the world at 

large. 

Mr. Leroy Colquitt (in Gehret 1974, p. 3), managing di

rector of the project, stated that "one purpose of this T.V. 

series in particular, which should find favor with teachers, is 

that of changing students 1 attitudes toward math. We want kids 

to turn to math with new insights. Often they don 1t see the 

application of what they 1 ve learned.rr 
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It is hoped that this investigation will achieve a simi

lar result--that of providing students with a high degree of suc

cess in understanding the fundamentals of chemistry, both 

qualitatively and quantitatively. 

Hypotheses Tested 

1. There is no significant difference between scores on a 

teacher-constructed test of math skills for high school 

students who have had special instruction in math skills 

along with their regular chemistry instruction and for 

those who have had none. 

2. There is no significant difference between scores on a 

chemistry achievement test for high school students who 

have received special instruction in certain math skills 

along with their regular chemistry instruction and those 

who have not. 

3. There is no significant difference between scores on an 

attitude inventory scale for students who have had spe

cial math skills instruction along with their regular 

chemistry instruction and those who have not. 

4. There is no significant difference in the change in the 

attitude of high school students in either treatment or 

control group toward chemistry as a subject and a course 

during the school year. 
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5. There is no significant difference in the change in the 

test scores of either treatment or control group on a 

chemistry achievement test between the beginning and end 

of the school year. 

Assumptions Underlying the Problem 

This study was based on the foJ.lowing assumptions: 

1. The instruments used to measure attitude toward chemis

try, math skills, and chemistry achievement are valid 

and reliable. 

2. Students involved in the study will perform equally well 

on the test instruments regardless of the time during the 

school day that they are administered. 

3. The students in the control group will be of comparable 

ability, aptitude, and background as those in the treat

ment group. 

Limitations of the Study 

The results of this study were limited in the following 

ways: 

1. There were only four chemistry classes at one high school 

in District Number One, Tucson, Arizona. The results 

could not be safely generalized beyond this population. 

2. Generalization was limited by any interaction that might 

have occurred between students in the control group and 

in the treatment group. 



Definitions of Terms 

1. Attitude--an internalized feeling or feelings based on 

past and present experiences which causes an individual 

to either like or dislike, approve or disapprove. 

11 

2. Mathematical skill--the abili·ty to analyze, organize, and 

perform quantitative calculations correctly. 

3. Special math skills instruction--instruction in correctly 

analyzing, organizing, and performing quantitative calcu

lations in excess of what is normally given in a high 

school chemistry class. This will include: addition, 

subtraction, multiplication, division, ratios and propor

tions, percent, scientific notation, logarithms, raising 

to a power, extracting roots, first order equations, and 

quadratic equations. 

4. Chemistry achievement--an index of one 1s understanding of 

chemistry concepts and ability to use them in solving 

problems as measured by the ACS-NSTA standardized chemis

try achievement test, 1973 edition. 

Summary 

Chemistry has generally been regarded as one of the more 

difficult subjects in the high school curriculum. It involves 

the application of mathematics in solving problems of a quantita

tive nature. While many students perform exceptionally well in a 

chemistry program, there are also many who experience a measure 
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of frustration, particularly in the parts of the course which in

volve the application of mathematical skills. 

Much planning and money have gone into the development of 

programs for the improvement of high school chemistry in the past 

decade and a half. Despite their contributions in upgrading the 

chemistry curriculum, results seem to indicate that they have not 

brought about any permanent radical changes. Also, the demand 

for personnel who are qualified in chemistry is quite high, in

dicating that there is a shortage in this area. 

If future needs for trained chemists, chemical engineers, 

and chemistry teachers are to be met, something must be done now 

·to reverse the present trend. If one's positive attitude about 

a subject is any indication of his desire to pursue it further, 

then every means which will tend to promote a more positive atti

tude should be considered. 

This study was an attempt to investigate an area which 

may have an effect on the chemistry students' attitude and 

achievement; that of providing additional math skills instruction 

along with the regular chemistry curriculum. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

Literature relating to improvement programs in both chem

istry (Ameduri 1971, Eshiwani 1973, Weinstock and De Primo 1972) 

and mathematics (Macarow 1970) have been quite numerous in the 

past decade. The CHEM Study, Chern Bond Approach and Nuffield 

Programs have been predominant in most of the discussions. The 

controversy between the old and the new math still creates con

siderable debate (Swartz 1973). 

There likewise has been much written about attitudes and 

their effects in learning. Little has been recorded regarding 

the application of mathematics as it relates to the teaching of 

chemistry and even less when attitude toward chemistry is 

concerned. 

The study of the related literature will be organized 

around t.he following outline: 

1. Problems involved in applying math in chemistry 

instruction. 

2. Attitudes and their relationship to learning math 

and chemistry. 

13 



3. Studies of cases in which the combining of math and 

chemistry have been attempted. 

Problems Involved in Applying Math 
in Chemistry Instruction 

14 

The age-old problem of attempting to reconcile theory and 

practice is repeated in many chemistry classrooms when teachers 

expect their students to apply the math they have supposedly 

learned in their math classes. Boeck (1972, p. 35) reiterates 

this when he stated that: 

• • • a problem of long-standing among teachers is 
that of making courses in the sister disciplines of 
science and math make more sense together. The inabil
ity or lack of desire on the part of teachers in these 
fields to communicate with each other or work together 
would indeed suggest that these sibling-like subjects 
are strangers. 

Thorpe and Lindblad stated that a general reaction 
among science teachers was that there was either a real 
deficiency in mathematical competence or that the 
mathematics was learned in such a restricted atmosphere 
that the student was unable to generalize it to useful
ness in science situations. There should be a greater 
acceptance of the view of Perry, who in 1901 complained 
that too much mathematics was being taught as though 
all pupils were to be mathematicians. 

It might be said that both science and math courses 
are being taught all too frequently as first courses 
for the prospective Ph.D. in the discipline. In so do
ing there was emphasis on the subjects for their own 
sakes, without practical applications or applications 
between the disciplines. In many instances the result
ing courses appear to be intellectual puzzles which are 
worked by only a few from among the most capable pupils. 

Pribnow (1969, p. 591) re-echoes a statement of many 

mathematics students: "I like algebra ••• except for the word 

problems." (Most chemistry calculations involve word problems.) 



I have heard many teachers express their displeasure 
over the lack of success they have had at teaching this 
type of material [word problems]. The most pressing 
question seems to be to identify the reason or reasons 
for this inability on the pa.rt ... ..of their students to mas
ter the solving of word problems. Initially it appears 
the key is to organizing and analyzing the problem. And 
the real key lies in how this is done. However, they 
must have help in doing this (Pribnow 1969, p. 591). 
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Finlayson (1972) found that the problem of applying math 

in a course he has taught as part of an adult education program 

(Math Preparation for the Biochemical Lab) is little different 

than at any other level. The range of students in the class was 

from high school dropouts to M.D. Most had a·B.S. degree, how

ever. Finlayson (1972, p. 498) remarked that, "He [the instruc

tor] may be unwilling to accept the fact that a practicing 

chemist, at any level, could fail to understand what an exponent 

means." 

James (1975) suggested that another important factor in 

explaining why chemistry is so unpopular, in that in the past 

20-30 years it has become more intellectually demanding than it 

was, particularly with regard to the math skills. While the new 

approaches to teaching chemistry have hopefully been designed 

with making the course more popular and meaningful, it has been 

reported by Rogers (1971) that the CHEM study approach is more 

mathematically oriented than the traditional approach. 

Eshiwani (1972, p. 32) added: 

Anyone who attempts to evaluate any curriculum in 
terms of its math requirements is always in for a shock. 
Quite often he will find out there are more mathematical 



requirements than were anticipated by those who devel
oped the curriculum. The new curricula in chemistry 
are no exception. In CHEM study there are at least 25 
mathematical demands made of the students, and in 
Nuffield chemistry there are at least a dozen such 
demands •••• 

In Nuffield chemistry the demands are gradual, 
while in CHEM study the demands are made rather fast 
• • • • It has been suggested that the requirement for 
mathematical competence in chemistry and physics is a 
major factor which influences so many high school stu
dents to drop their sciences. If there are many mathe
matical demands made simultaneously, as is the case of 
CHEM study, the student's failure is hard to diagnose. 
If the demands come one by one, it is possible to be 
fairly certain of student capacity. 

Considerable controversy has arisen as a result of the 

new or modern math courses which have been taught in our public 
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schools. What effect have they had on the teaching of chemistry? 

Grimer (1970, p. 159) related: 

In modern mathematics courses, pupils get much less 
opportunity to practice mathematical manipulation than 
in older-style courses. As a consequence, they find it 
more difficult to cope with science courses and the 
maintenance of high standards in scientific education 
is threatened. 

No chemistry teacher will dispute the need to base 
his teaching on practical experiment. However, his 
basic concern with mathematics is not how the subject 
is taught but with the results achieved. As long as a 
child can add and subtract with speed and accuracy, the 
science teacher is not too worried whether it is done 
in the head, or on the fingers. The comparatively sim
ple mathematical processes required in elementary sci
ence should be second nature to most children. 
Unfortunately, to those taught modern maths, they are 
not. 

I first noticed the problem when pupils seemed to 
be having difficulty in teaching problems in chemistry 
courses which required the use of mathematics. Yet 
pupils with a traditional background had taken the same 



problems in their stride. Enquiries revealed that the 
necessary techniques had been taught but the pupils 
lacked facility in their use. 

To achieve facility in mathematical methods or in 
anything else, a good deal of practice is needed, but 
this seems to be anathema to modern mathematicians. 
Yet in my own teaching experience, I have found that 
children love routine and find great satisfaction in 
mastering a technique and then applying it to examples 
and problems. Indeed they find it frustrating to dis
cover something and_then move on to something else be
fore really getting to grips with it. 

Attitudes and Their Relationship 
to Learning Math and Chemistry 

The term attitude is coming to be widely used in psy-
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chology for those characteristics of the mental context which de-

termine the response; or, in other words, a readiness to respond 

or as some aspect of the individual's organization which leads 

him to behave in one way rather than another. Allport (in 

Vinacke 1952, p. 317) has defined an attitude as a mental and 

neural state of readiness, organized through experience, exerting 

, a directive or dynamic influence upon the individual's response 

to all objects and situations with which it is related. 

The term attitude as used in the literature on science 

education has multiple meanings. The majority of studies on 

"attitude toward science" have been concerned with affects or 

feelings, like versus dislike, or approval versus disapproval. 

Aiken (1972, p. 229) stated that, "it is sometimes forgotten 

that, in addition to learning principles, facts and methods in 
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school, children learn attitudes, values, and appreciations 

there, and it is hoped develop a desire for further learning." 

Neale (1969, p. 631) added that, ''Mathematics educators 

are troubled because many students have mistaken impressions 

about mathematics and dislike math activities. More than that, 

many students seem to fear--even hate--mathematics." 

In any case, Husen (in Aiken and Aiken 1969) found that 

achievement was positively correlated with interest in mathemat-

ics at all levels in all 12 countries that he studied. In a 

similar study, Aiken (1972) reported that attitude toward mathe-

matics is positively correlated with grades in arithmetic and 

mathematics. Also, attitude toward math is related to students' 

perceptions of the attitudes and abilities of their teachers and 

parents. 

Aiken and Aiken (1969, p. 303) concluded: 

It may be observed that teachers of science, at 
least to a greater extent than teachers of mathematics, 
seem to recognize that the teaching of attitudes is a 
part of their task. Although the average student shows 
a greater preference for science than for math and cer
tain other school subjects, the growing impact of sci
ence on our daily lives necessitates continued study of 
ways in which to assess and improve these attitudes. 

Alvord (1972) conducted a study to determine whether re-

lationships between science achievement and attitude toward 

school varied when viewed in terms of such variables as sex, 

race, grade level, and parent educational level. Subjects were 

selected from all Iowa public school pupils in grades 4, 7, and 

12, excluding pupils enrolled in special education classes and 
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nonpublic school pupils attending public schools on a shared-time 

basis. The total number sampled was 3,162, drawn at random from 

83 school districts. Sampling rates were based proportionately 

on the percentage of black and non-black pupils enrolled in Iowa 

public schools. 

The instruments used in conducting the investigation were 

criterion referenced measures. They were administered through 

the use of pre-taped audio instructions to keep them standardized. 

The results of the experiment indicated that there were 

significant correlations between science achievement and attitude 

toward school for the categories; grade level, sex, and race, 

except for black pupils in grade 7. Significant correlations 

were also found at all three grade levels except for pupils whose 

parents had less than an eighth grade education and for pupils in 

grade 12 whose parents had education beyond high school. 

In most instances, coefficients ranged from .01 to .25. 

It was concluded that a low positive relationship between science 

achievement and attitude toward school is one which exists 

throughout a pupil's formal public school career regardless of 

sex, a pupil's home background and socioeconomic status. While 

most of the correlations were found to be statistically signifi

cant, the question of their practical significance is open to 

interpretation. 

Studies regarding attitudes toward high school chemistry 

were nearly non-existent. Tolpin (1971, p. 66), however, 
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reported that, "a student's attitude toward the science of chem

istry may well be more important than his understanding of the 

principles of chemistry, at the high school level, since atti

tudes determine how well he will use his knowledge." 

Kempa and Dube (1974) have carried out a study in Britain 

relative to the attitudes of o-level Nuffield and non-Nuffield 

chemistry students as regards science interests and attitude 

traits. They were also interested in the dependence of students' 

affective behavior on their academic attainment. The test popu

lation consisted of 284 first-year sixth-form (approximately 

grade 11) male students selected from 13 different schools at 

random. 

All students had previously completed o-level courses in 

chemistry and had taken the appropriate terminal examinations. 

The published examination grades were made available to the in

vestigators. Four subgroups were formed to divide all students 

into different achievement levels, based on their test results. 

The test of scientific interests and attitudes that was 

used, was developed by Meyer (1969) and involves the subjective 

rating of Likert-type items in three areas: (1) interest in 

science as a leisure activity, as a method of solving problems 

and as a source of factual information; (2) scientific thinking 

or attitudes; and (3) attitude toward the teaching of science 

at school level. 
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The results obtained indicated that non-Nuffield students 

show a significantly higher overall interest in science than 

their Nuffield counterparts. This was fairly evenly distributed 

over the three main components of variable number one and three. 

Only in variable number two did the two groups appear equivalent. 

The results also verified other studies which indicate 

that science interest and attitude profiles vary with academic 

attainment. Their analyses for achievement categories showed a 

strong positive relationship existing between affective measures 

and achievement in chemistry regardless of curricular 

differences. 

A conclusion was drawn that academically weak students 

who are not fully capable of coping with a program which is most

ly mathematical (i.e., problem solving) and discovery learning 

such.as the Nuffield program, derive at least some satisfaction 

from acquiring factual material. Therefore, any reduction in 

this factual content is likely to have an adverse effect on the 

morale and attitude of these students. 

One study by Weinstock and Watters (1970) made an attempt 

to obtain feedback about the relative worth of chemistry and 

biology courses in high school from a comparison of student at

titudes. Attitudes of 65 students enrolled in chemistry were 

compared. The relationship between their attitudes and chemistry 

grades, Differential Aptitude Test scores, and grade point aver

ages were also studied. 
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The questionnaire used in the study was based upon six 

identified areas of student 'interests regarding biology and chem-

istry: (1) the laboratory experience, (2) the lecture, (3) 

teaching methods, (4) teacher-pupil relationships, (5) subject 

matter, and (6) student interest and achievement. 

Results of the study indicated that students felt that 

chemistry should be begun in junior high school, and that student 

interest in the study of chemistry might be enhanced during their 

earlier biology course work. 

Some inferences drawn from the study were: (1) biology 

and chemistry teachers should provide a means which could enable 

students to evaluate their own progress in the course; should 

encourage regular usage of library facilities; and should keep 

the materials used in their courses as current as is practical; 

(2) students in biology and chemistry should be taught how to 

study effectively; should be encouraged to utilize an adequate 

amount of time for study; (3) students in biology should be en-

couraged to do more individual research; (4) students in general 

should be introduced to the study of chemistry at the junior high 

level; and (5) students and teachers both should cease to view 

chemistry as serving solely a college preparatory function. 

Studies of Cases in Which the Combining of 
Math and Chemistry Has Been Attempted 

While the vast majority of math and science classes have 

not become integrated, either in a function sense or a 
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theoretical one, there is evidence of some actual progress in 

this area. Swartz (l973), Editor of The Physics Teacher, noted 

that in some colleges there is a current swing back toward link-

ing math studies with application. 

Also, some inroads have been made in an attempt at teach-

ing mathematics as a laboratory science. Sixty years ago, E. H. 

Moore (in Johnson 1972, p. 39) said: 

As a pure mathematician I hold that by emphasizing 
steadily the practical side of mathematics, i.e., 
arithmetic computations, mechanical drawing, and graph
ical methods generally in continuous relation with 
problems of physics and chemistry and engineering, it 
would be possible to give every student a great body 
of essential notions of trigonometry, analytical geom
etry and the calculus. 

The planners of the new Secondary Mathematics Project of 

the School Science Math Study Group (SMSG) are apparently in 

agreement with this need to emphasize the practical side of 

mathematics (Johnson 1972). 

One study by Clewell (1964) made an attempt to show that 

the integration of intermediate algebra and chemistry in the 

eleventh grade would result in greater achievement in both fields 

with respect to total content mastery and to depth of learning. 

The quantitative results were essentially negative; however, it 

was felt that those in the integrated group had a greater depth 

of understanding. 

Sears (1969) has incorporated the use of algebra in solv

ing chemical equations (Balancing Oxidation-Reduction Equations) 

at the high school level. He (1969, p. 78) remarked: 



The balancing of oxidation-reduction equations always 
causes a great deal of frustration among beginning chem
istry students. The procedure is by far more complex 
than the inspection method to which they have become ac
customed in the balancing of simple chemical equations. 
I have found that, once a class has mastered this new 
technique, the students take great pride and pleasure in 
balancing some of the more complex equations. 
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Nechamkin (1975, p. 43) stated that, 11mathematical terms 

and symbols often have little or no basis in reality for the 

student. Thus the ratio rr, a trigonometric function such as a 

cosine, an irrational number such as J2 are at best memorized 

concepts with litt~e or no relation to experience. 11 

Nechamkin proposed to make the above math concepts take 

on reality for the student by measuring out lengths of magnesium 

ribbon to correspond to, say the real length of the adjacent side 

and hypotenuse of a 30° angle to determine the cosine of the 

angle. Then, the two pieces of magnesium ribbon are rolled up 

into a compact ball and reacted with concentrated hydrocholoric 

acid in two separate eudiometer tubes. 

The volume of hydrogen gas produced by the chemical re-

action is measured in each tube and a ratio is calculated, which 

then corresponds to the numerical value of the cosine of 30°. 

A study somewhat related to this section by Kolb (1968) 

attempted to answer the question--Will an instructional sequence 

in mathematics directly related to selected quantitative science 

behaviors facilitate the acquisition of the quantitative behav-

iors more than an instructional sequence in mathematics not 



directly related to the science behavior that happens to be 

occurring at the same time? 
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While Kolb's experiment involved fifth grade students, 

its results may be significant also at the secondary level. He 

determined that there was a significantly greater achievement in 

the science objectives when a carefully prepared mathematics se

quence precedes a quantitative science exercise. 

The results of this investigation suggests that science 

learning can be facilitated without introducing science topics 

into the mathematics instructional sequence. 

Summary 

Efforts in making chemistry more easily understood have 

been made by educators for some time. Attention has been di

rected toward finding a sequence of topics and concepts which 

will assist the student in learning the material with a minimum 

of difficulty. Also, emphasis on the laboratory approach of 

learning by doing has gained wide acceptance. The development 

of such programs on a national level, the CHEM Study and Chern 

Bond Approach in this country and the Nuffield Program in 

·England, have made a definite contribution to the chemistry 

teacher's arsenal of ideas and materials. 

In the majority of the literature, however, little em

phasis has been made in solving a problem which seems to have 

been ·recognized but not very widely attacked--the problem of 

applying mathematics in solving problems in the chemistry 
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curriculum. Part of the problem seems to be a lack of articula

tion and cooperation between the math and science departments 

within schools. The other part is possibly the lack of a con

certed effort on the part of the individual chemistry and math 

teacher in diagnosing especially difficult chemistry-math rela

tionships and then attempting a meaningful solution, from the 

student's point of view. 

Scattered accounts do occur in the literature of promis

ing ideas and innovative ways to make mathematical solutions to 

chemistry problems both simple and useful and meaningful to the 

student. However, while many chemistry teachers do make some ef

fort in their instruction to give .help in learning and applying 

math skills, little if any literature indicated a widespread ef

fort toward making it a primary project in the chemistry 

classroom. 

Many social and physical scientists agreed that a major 

problem is the lack of cooperation between physical and social 

sciences in helping to solve many of ?Ur most pressing problems, 

such as pollution, food supply, population control, energy sup

ply, etc. The expertise of chemists and chemical engineers is 

vital to each of these areas. Also, it seems that the study of 

attitudes is an extremely important factor in learning why many 

students do not either begin or continue a career in chemistry. 

Here is an opportunity for combined cooperation and study for a 

common goal--the enhancement of people's welfare through science, 

both social and physical. 



CHAPTER 3 

METHODS AND PROCEDURES 

Introduction 

The methods and procedures used in the collection of the 

data for this research project, the sample and the instruments, 

are discussed in this chapter. Information concerning the re

search design and statistical treatment of the data concerning 

the project are also presented. 

The Setting 

This study was conducted in School District Number One, 

Pima County, Tucson, Arizona. At the time, this was the largest 

school di~trict in the state of Arizona. During the school year 

(1974-75) in which the study was done, there were approximately 

62,000 students enrolled in nine high schools, 17 junior high 

schools, and 72 elementary schools (Tucson Public Schools 1974). 

Of this number, approximately 20,000 students were enrolled in 

the nine high schools. 

Two east side high schools in School District Number One 

were chosen for this study, hereinafter designated as high 

school X and high school Y. The approximate enrollment for the 
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school year 1974-75 was 2,400 for high school X, and 1,400 for 

high school Y. 

Selection and Description 
of the Sample 

Students from four chemistry classes in one high school 

(school X), taught by tl1e author, and students from four other 

chemistry classes taught by another teacher at a different high 

school (school Y), were selected as the sample for this study. 

It was originally planned to select two classes at high 

school X and two classes at high school Y, as a control group, 

and two classes at high school X and two classes at high school 
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Y as a treatment group. Because the statistical analysis of the 

initial testing data indicated that the two different groups, 

i.e., four chemistry classes at school X and four chemistry 

classes at school Y, were not statistically comparable at the 

.05 level, the testing results from all students at school Y were 

decided to be used as a comparison group only. 

Four chemistry classes at school X were then paired as 

closely as possible on the basis of the initial test given and 

total number of students in each of the two groups. 

One group of 54 students at school X from the middle of 

the school schedule were ultimately designated as the treatment 

group and 52 students from the beginning and end of the daily 

schedule, school X, comprised the control group. Both treatment 

and control groups were statistically comparable at the .05 level 



29 

for all tests given at the beginning of the school year, Septem

ber 1974. 

The treatment group at the beginning of the school year 

consisted of 33 male students and 21 female students for a total 

of 54 students. The control group contained 36 male students and 

16 female students for a total of 52 students. The total number 

of students jn both treatment and control groups was 106, 65% 

being male and 35% female. 

Attrition due to students dropping out of school, moving 

to anothe~· school either in or out of the district, changing 

classes from either control group to treatment group or vice 

versa, cr from any of the four classes in the study to chemistry 

classes in the school which were not involved in the study, and 

failure ~o take tests at the end of the school year amounted to 

18 students. This represented a 17% loss over the nine-month 

period of the study. 

The end of year counts were: treatment group, 27 (59%) 

males, 19 (41%) females; control group, 30 (71%) males, 12 (29%) 

females, for a total N at the end of the school year of 88. The 

percentages of the total remained, male 65% and female 35%, or a 

ratio of one female to 1.86 male students. 

The average age of students at the beginning of the year, 

who were retained in the study for the entire year, was approxi

mately 15 years, 7.5 months. The control group age average was 

15 years, 7.2 months; the treatment group, 15.years, 8.4 months. 
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Research Techniques 

Design of the Study 

This study was designed to measure the relationships, in 

terms of attitude and achievement, between high school chemistry 

students who had a specially planned 21-hour program of mathemat-

ical skills instruction in their high school chemistry classes, 

and those who had only an average amount of incidentally included 

math skills instruction. 

A survey was conducted of all chemistry teachers in the 

Tucson metropolitan area in order to determine what constituted 

an average amount of mathematical skills instruction given in a 

high school chemistry class. The survey included all teachers 

who taught three or more classes of high school chemistry in each 

of the nine high schools in Tucson District Number One, Sunnyside 

High School, Flowing Wells High School, Canyon del Oro High 

School, Salpointe High School, and Amphitheater High School. 

Questionnaires (see Appendix A) were mailed to 20 chemis-

try teachers. Seventeen questionnaires were completed andre-

turned, amounting to 85% of the total number mailed. This return 

represented a total of 69 chemistry classes taught by those par-

ticipating in the survey or an average of four classes per 

teacher. 

Twelve separate mathematical skills were listed on the 

survey. Each participant indicated whether he gave instruction 



in those skills or not, and if so, to what extent regarding the 

amount of time involved in the instruction. The average amount 

of time given to all mathematical skills instruction from the 

survey was 9.5 hours per class, per school year. 
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A series of four tests were adiT.inistered to each student 

in both the treatment and control groups during the first four 

weeks of the 1974-75 school year. The same tests were also given 

during the same time period to all students in the four chemistry 

classes at school Y, as a comparison group. The four tests were: 

(1) a teacher-constructed math skills test, (2) a standardized 

arithmetic test, (3) the 1973 ACS-NSTA standardized chemistry 

achievement test, and (4) an attitude inventory scale. 

The control group (two classes of chemistry students at 

school X) and the comparison group (four classes of chemistry 

students at school Y) received the regular chemistry instruction 

during the school year which included whatever mathematical 

skills instruction their teachers felt might be considered neces

sary for the course. The actual amount of time spent in teaching 

math skills for the school X control group was eight hours per 

class, per year. For the school Y comparison group it was four 

hours per class, per year. 

The treatment group at school X received a program of 

special mathematical skills instruction along with their regular 

chemistry instruction. The special mathematical skills instruc

tion involved 21 hours per class, per school year. 
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The special mathematical skills instruction program con

sisted of the use of nine television tapes, written and produced 

by the author in cooperation with Dr. Robert Hoehn, Audiovisual 

Director at Sahuaro High School in Tucson, under an ESEA Title 

III grant; a series of nine lectures and discussions on selected 

mathematical skills topics; and numerous work sheets, practice 

and drill sessions (see Appendix B). 

Duringthe last four weeks of the 1974-75 school year, 

three of the four tests given at the beginning of the school year 

were repeated to all students at both schools--X andY. The 

standardized arithmetic test was not repeated since its main 

function was primarily to check the validity of the teacher

constructed math skills test. The correlation between scores on 

the standardized arithmetic test and the teacher-constructed math 

skills test was .61. 

The following ch~rt (Figure 1) summarizes the design of 

the study. 

Treatment of Data 

After the test data had been collected they were statis

tically analyzed in order to meet with the conditions of the hy

potheses that are restated below: 

1. There is no significant difference between scores on a 

teacher-constructed test of math skills for high school 

students who have had special instruction in math skills 
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r 
School X School Y 

Treatment Group Control Group Comparison Group 

Beginning of School Year 

A. Teacher- A. Teacher- A. Teacher-
Constructed Math Constructed Math Constructed Math 
Skills Test Skills Test Skills Test 

B. Standardized B. Standardized B. Standardized 
Arithmetic Test Arithmetic Test Arithmetic Test 

c. ACS-NSTA Chemis- c. ACS-NSTA Chemis- c. ACS-NSTA Chemis-
try Achievement try Achievement try Achievement 
Test Test Test 

D. Attitude D. Attitude D. Attitude 
Inventory Inventory Inventory 

Regular Chemistry Regular Chemistry Regular Chemistry 
Instruction Plus Instruction Instruction 
Special Math Skills 
Instruction 

End of School Year 

A. Teacher- A. Teacher- A. Teacher-
Constructed Math Constructed Math Constructed Math 
Skills Test Skills Test Skills Test 

c. ACS-NSTA Chemis- c. ACS-NSTA Chemis- c. ACS-NSTA Chemis-
try Achievement try Achievement try Achievement 
Test Test Test 

D. Attitude D. Attitude D. Attitude 
Inventory Inventory Inventory 

Figure 1. Design of Study Summary 



along with their regular chemistry instruction and for 

those who have had none. 
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2. There is no significant difference between scores on a 

chemistry achievement test for high school students who 

have received special instruction in cerain math skills 

along with their regular chemistry instruction and those. 

who have not • 

3. There is no significant difference between scores on an 

attitude inventory scale for students who have had spe

cial math skills instruction along with their regular 

chemistry instruction and those who have not. 

4. There is no significant difference in the change in the 

attitude of high school students in either treatment or 

control group toward chemistry as a subject and a course 

during the school year. 

5. There is no significant difference in the change in the 

test scores of either treatment or control group on a 

chemistry achievement test between the beginning and end 

of the school year. 

A Pearson Product-Moment Correlation coefficient (Downie 

and Heath 1970, p. 93) was calculated between scores on the 

teacher-constructed math skills test and the Standardized Arith

metic Test (Form B, Cooperative Mathematics Test). This was done 

as an attempt to establish the validity of the teacher-constructed 



test. Scores from the treatment and control groups at school X 

were used to make this calculation. 
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The means and standard deviations of all test scores for 

the treatment and control group at school X and the comparison 

group, school Y, were computed. 

The significance of the difference between the means were 

computed for the treatment and control groups at school X for all 

tests at the beginning of the year and again at the end of the 

year (t-test, uncorrelated data, Downie and Heath 1970, p. 185). 

Computations were also made of the significance of the 

difference of the means between control group test scores from 

the beginning to the end of the year, and for the treatment group 

test scores from the beginning to the end of the year. Also, the 

significance of the difference between mean scores were calculated 

for tests from the beginning of the year to the end of the year 

for the comparison group, school Y (t-test, correlated data). 

Finally, the significance of the difference in the change 

of mean scores for the treatment and control groups on the atti

tude and chemistry achievement test from the beginning of the 

year to the end of the year were made for school X (t-test, 

uncorrelated data). 

The .as level of confidence was adopted for all tests. 

Instruments for Collection of Data 

A search of the literature did not result in finding a 

test which adequately measured the 12 mathematical skills which 
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are commonly involved in a first year high school chemistry 

course. Thus, a teacher-constructed math skills test was devel

oped by the author. It was named the Brown Chemistry Math Skills 

Test. It consisted of 25 problems. The student's calculations 

for each problem were required as well as the answer to the prob

lem, on the test answer sheet (see Appendix C). 

In order to check the validity of the above test, a stan

dardized arithmetic test was given and a computation of the cor

relation of the scores was made. The Cooperative Mathematics 

Test (Form B), Berkeley, California, was used for this purpose. 

It consisted of 50 multiple choice arithmetic problems. Relia

bility data for.this standardized arithmetic test was based on an 

N of 300. A reliability coefficient of .89 was calculated based 

on the Kuder-Richardson Formula No. 20. The standard error of 

measurement was 2.97. The correlation between the teacher

constructed math skills test and the standardized arithmetic test 

was r = .61. 

A survey of the literature for a suitable instrument for 

measuring the attitudes of high school chemistry students was not 

fruitful. Several attitude inventories for the measurement 

of attitudes in mathematics were located, however. Aiken (1974) 

was instrumental in the development of an attitude inventory for 

mathematics which seemed to meet the general requirements for the 

type of study described in this chapter. 
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After consulting with several colleagues in the area of 

high school chemical education, a Likert type modification of the 

Aiken inventory scale was developed by the author to measure the 

attitudes of students regarding chemistry as a subject and as a 

course. The test consisted of a total of 45 statements. Twenty

five of the statements were based on items and issues regarding 

chemistry. Twenty other items relative to education in high 

school in general were interspersed throughout the entire inven

tory. It was felt that this arrangement might tend to give a 

more valid measure of one's attitude for a specific course if at 

the same time they were allowed to compare and reflect on a 

broader area in general. Also, this arrangement would allow for 

a comparison of attitudes for education in general with that for 

chemistry in particular. 

Five responses were involved in the scale: Strongly 

Agree, Agree, Undecided, Disagree, and Strongly Disagree. The 

responses were scored by assigning a value of 5 for Strongly 

Agree down to 1 for Strongly Disagree if, in the author's judg

ment the statement reflected a positive attitude. The scoring 

was reversed if in the author's judgment the statement reflected 

a negative attitude. The scale was named the Brown Chemistry 

Attitude Inventory Scale (see Appendix D). 

The assessment of achievement in chemistry was accom

plished by use of the 1973 American Chemical Society-National 

Science Teacher's Association Standardized Chemistry Achievement 
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Test. Part 1 of the test was used which consisted of 40 multiple 

choice questions. 

Reliability data for this test was based on scores of 

5,689 high school students completing two semesters of chemistry 

in 105 high schools. A reliability coefficient of .903 was cal

culated for this test (estimated by the Kuder-Richardson Formula 

No. 21). 

Summary 

This study was designed to investigate the effects of 

special mathematical skills instruction on the attitude and 

achievement of high school chemistry students. 

In order to accomplish this, three groups of high school 

chemistry students at two different schools were given a series 

of tests pertaining to attitude and achievement of chemistry at 

the beginning of the school year. Only one group received spe

cial mathematical skills instruction along with their regular 

chemistry instruction. The other two groups did not. At the end 

of the school year all students were tested again. 

Computations were made of the significance of the differ

ence of the means for treatment, control and comparison groups at 

the beginning and end of the school year and from the beginning to 

the end of the year within each group. Also, the significance of 

the difference in the change of mean scores for treatment and con

trol groups on the attitude and chemistry achievement test from 

the beginning of the year to the end of the year was computed. 



CHAPTER 4 

PRESENTATION OF DATA AND 
STATISTICAL ANALYSIS 

Introduction 

This chapter presents the findings of this research. It 

is divided into two sections: (l) the results of the initial 

testing data and (2) analysis of data pertaining to the five 

hypotheses in the study. 

Results of Initial Testing Data 

Initial testing was done at both schools X and Y, to de-

termine whether or not they were statistically from the same popu-

lation. The results, shown in Table 1, indicated that the null 

hypothesis of no difference between the mean scores for three of 

the four tests (i.e., Standardized Arithmetic Test, ACS-NSTA 

Standardized Chemistry Test, and the Chemistry Attitude Inven

tory) would be rejected at the .05 level of confidence. Only the 

results from the Teacher-Constructed Math Skills Test data could 

be accepted at the .05 level. 

It was thus determined that the two groups from the two 

different schools were not statistically similar. Because of 

this it was decided to use the four chemistry classes at school Y 
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Table 1. Statistical Summary for the Beginning of the Year Data (Schools X and Y), 
September 1974 

Significance of the Difference 
Between Means 

Test School Mean N S.D. z Value Accept H0 .05 Level 

Teacher-Constructed X 11.00 109 3.55 2.39 Yes Math Skills Test y 9.88 119 3.47 

Standardized X 40.93 107 6.08 3.56 No Arithmetic Test y 37.59 117 7.84 

ACS-NSTA Standard- X 11.27 108 3.08 2.88 No ized Chemistry Test y 10.02 121 3.46 

The Chemistry Atti- X 87.00 106 9.13 4.61 No tude Inventory y 79.57 119 14.50 
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as a comparison group rather than part of a treatment or control 

group. 

The results from the beginning of the year were involved 

in designating a treatment and control group within school X. 

Test data from four chemistry classes at school X were used in 

designating the treatment and control groups on the basis of the 

least difference between the mean scores for the four tests given 

and total number in each group. 

Table 2 shows that, in each case, the null hypothesis of 

no difference between the means of the four tests was accepted 

at the .05 level for the control and treatment groups. A total 

of 52 chemistry students in two classes at the beginning and end 

of the daily school schedule were designated as a control group. 

A total of 54 chemistry students were selected from the middle 

of the daily school schedule for the treatment group. 

The results of the Pearson Product-Moment Correlation 

coefficient calculation between scores on the Standard Arithmetic 

Test and scores on the Teacher-Constructed Math Skills Test was 

r = .61. The significance of this correlation coefficient was 

then tested. The null hypothesis of r = 0 was rejected beyond 

the .001 level. 



Table 2. Statistical Summary for the Beginning of the Year Data Only (School X), 
September 1974 

Significance of the Difference 
Between Means 

Test Group Mean N S.D. z Value Accept H0 .05 Level 

Teacher-Constructed Control 11.17 52 4.00 .684 Yes Math Skills Test Treatment 10.84 57 3.08 

Standardized Control 40.54 52 6.03 
.659 Yes Arithmetic Test Treatment 41.32 55 6.10 

ACS-NSTA Standard- Control 11.15 52 2.90 .386 Yes ized Chemistry Test Treatment 11.38 56 3.24 

The Chemistry Atti- Control 87.27 52 9.52 .296 Yes tude Inventory Treatment 86.74 54 8.73 
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Analysis of Statistical Hypotheses 

Hypothesis Number One 

Hypothesis number one stated that there is no significant 

difference between scores on a teacher-constructed test of math 

skills for high school students who have had special instruction 

in math skills along with their regular chemistry instruction and 

those who have not. 

Statistical results of the descriptive data (Appendix E) 

for this hypothesis are shown in Table 3. A comparison of final 

mean scores indicated mean scores of 15.05 for the control group 

and 15.63 for the treatment group. A graphic summary of the data, 

in Figure 2, shows that the computed t-test ratio of z = .549 was 

well below the value of 1.96 necessary to achieve a significant 

difference between these means. Thus, the hypothesis was accept-

ed at the .OS level of confidence. 

Table 3. Statistical Results of Data for Teacher-Constructed 
Math Skills Test 

Beginning of Year End of Year 
School Grou12 J.VJ:ean N s .J:i. He an N s .ii. 

X Control 11.43 42 4.19 15.05 42 5.07 

X Treatment 11.07 46 3.07 15.63 46 4.70 

y Comparison 9.92 75 3.44 10.97 75 3.56 

Gain 

3.62 

4.56 

1.05 
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Comparison 

M1 = 9.92 

.61 z = 3.01 r = .63 

There is a 
significant 
difference. 
(.01 level) 

....... [/ 

M2 = 10.97 

Figure 2. Teacher-Constructed Math Skills Test Data Significance 
of the Difference Between Means 
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It is shown in Figure 2 that there were significant posi-

tive differences, comparing mean scores at the beginning of the 

year with end of year means for the Teacher-Constructed Math 

Skills Test, in each of the three groups. The greatest positive 

difference occurred in the treatment group, the least positive 

difference in the comparison group. 

Hypothesis Number Two 

Hypothesis number two stated that there is no significant 

difference between scores on a chemistry achievement test for 

high school students who have received special instruction in 

certain math skills along with their regular chemistry instruc-

tion and those who have not. 

Table 4 presents the statistical results of the data rel-

ative to the testing of this hypothesis. The final mean score for 

the control group was 17.79 and the treatment group 16.93. In the 

graphic summary of the significance of the difference between 

means data in Figure 3, it was concluded that with a z score of 

.769 the H
0 

at the .05 level of confidence could be accepted. 

Table 4. Statistical Results of Data for the ACS-NSTA Chemistry 
Achievement Test 

Beginning: of Year End of Year 
School Grou:12 Mean N S.D. Mean N S.D. Gain 

X Control 11.07 42 2.86 17.79 42 5.06 6. 72 

X Treatment 11.39 46 3.35 16.93 46 5.30 5.54 

y Comparison 10.53 75 2. 75 16.64 75 6.03 6.11 
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Comparison 

M1 = 10.53 I 
/ " 

z = 8.23 r = .096 

There is a 
significant 
difference. 
(.01 level) 

M2 = 16.64 

Figure 3. ACS-NSTA Chemistry Achievement Test Data Significance 
of the Difference Between Means 
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In this case there was a greater positive, significant 

gain, from the beginning of the year to the end, in the control 

group (z = 9.42). The least gain was made by the treatment group 

(z = 7.27) and the comparison group had the intermediate gain 

(z = 8.23). 

Hypothesis Number Three 

Hypothesis number three stated that there is no signifi-

cant difference between scores on an attitude inventory scale for 

students who have had special math skills instruction along with 

their regular chemistry instruction and those who have not. 

Table 5 contains the data for the testing of this hypoth-

esis. All three groups had a decline in mean scores from the be-

ginning of the year to the end of the year. The greatest drop, 

8.33 points, occurred in the control group. The least drop, .27 

points, was exhibited by the comparison group. The treatment 

group showed a drop of 3.14 points. 

Table 5. Statistical Results of Data for the Chemistry Attitude 
Inventory 

Beginning of Year End of Year 
School Group Mean N S.D. Mean N S.D. Gain 

X Control 87.69 42 8.64 79.36 42 16.28 -8.33 

X Treatment 86.57 46 8.88 83.43 46 11.68 -3.14 

y Comparison 81.44 75 14.39 81.17 75 17.44 -0.27 
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Figure 4 presents the t-test data which supports the ac

ceptance of this hypothesis. The z score of 1.32 was less than 

1.96, which was necessary to reject the null hypothesis of no dif

ference between the two means, 79.36 for the control group and 

83.43 for the treatment group, at the .OS level of confidence. 

Hypothesis Number Four 

Hypothesis number four states that there is no signifi

cant difference in the change in the attitude of high school 

students ·in either treatment or control groups toward chemistry 

as a subject and a course during the school year. 

' Table 6 includes the comparison of the attitude change 

scores for the control and treatment groups. Figure 4 shows 

that both groups were statistically from the same population at 

the beginning of the year (control mean 87.69, treatment mean 

86.57) with at-test ratio of .593. At the end of the year, the 

difference between the control (79.36) and treatment mean (83.43) 

was considerably greater, z ~ 1.32, yet not great enough to ex

ceed the t-test value of 1.96 which is necessary to reject the 

H0 at the .OS level. 

Guilford (1965, p. 194) sugges·ted a method for testing 

the significance of the difference of the change in mean scores 

in an experimental design such as this one. In this method the 

difference between the control means from the beginning and end 
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Control Treatment 
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Table 6. Significance of the Difference in the Change of Mean Scores Data (School X) 

Significance of the 
Difference in Change 

First of End of of Mean Scores 
Year Year Significant 

Test Group N Mean Mean Gain Change z Value at .OS Level 

The 
Chemistry Control 42 87.69 79.36 -8.33 
Attitude 5.19 1.69 No 
Inventory Treatment 46 86.57 83.43 -3.14 

ACS-NSTA 
Chemistry Control 42 11.07 17.79 6.72 
Achievement 1.18 1.056 No 
Test TreatmEnt 46 11.39 16.93 5.54 

Teacher-
Constructed Control 42 11.43 15.05 3.62 
Math Skills .94 .889 No 
Test Treatment 46 11.07 15.63 4.56 

U1 
0 



of the year are treated statistically as a single mean. Like

wise, the treatment means are subtracted and treated similarly. 
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Table 6 reveals a -8.33 change in chemistry attitude mean 

scores for the control group and a -3.14 change in chemistry 

attitude mean scores for the treatment group. This represented 

a difference in mean change scores of S.l9 points. At-test 

value of 1.69 indicated that this was not a significant differ

ence and thus null hypothesis number four was accepted at the 

.OS level. This difference was significant at the .10 level, 

however. 

Hypothesis Number Five 

Hypothesis number five stated that there is no signifi

cant difference in the change in the test scores of either treat

ment or control group on a chemistry achievement test between the 

beginning and end of the school year. 

Table 6 presents the data for the statistical analysis of 

this hypothesis. The change in the mean scores for the control 

group on the chemistry achievement test was 6. 72 points. The 

change in treatment mean scores for the same test was only S.S4 

points. Calculation of at-test ratio for the significance of 

the difference, 1.18 points, between these two change scores, re

sulted in a z value of l.OS6, considerably below the .OS level of 

confidence value of 1.96. Null hypothesis number five was thus 

accepted. 



52 

Summary 

This chapter presented the statistical data necessary to 

select and analyze the treatment and control groups for the 

study. Results of the analysis of data pertinent to the five 

hypotheses were also reported. 

The test for hypothesis one revealed no significant dif

ferences between scores on a teacher-constructed test of math 

skills for high school students who have had special instruction 

in math skills along with their regular chemistry instruction and 

for those who have had none. 

The analysis for hypothesis two also showed that there 

was no significant difference between the treatment and control 

groups on test scores for the chemistry achievement test. 

The test for hypothesis three did show that differences 

of attitude did exist between the treatment and control groups. 

The difference between the final control mean and the final 

treatment mean were not statistically significant at the .OS 

level, however. They were significant at the .2 level. This was 

the largest difference for the three tests given at the end of 

the year. Both treatment and control differences from the begin

ning to the end of the year were negative. The treatment group 

exhibited a less negative, or more positive attitude, change than 

the control group. 

Testing for hypothesis four indicated that the difference 

in the attitude changes was not a significant one at the .OS 



level. It was statistically significant at the .10 level, 

however. 

And finally, testing for hypothesis five revealed that 

there was no significant difference in the change in chemistry 

achievement test scores of the treatment and control groups be

tween the beginning and end of the school year. 
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CHAPTER 5 

SUMMARY, CONCLUSIONS, IMPLICATIONS, 
AND RECO~~NDATIONS 

This chapter is divided into four sections: (1) a sum

mary of the study, (2) conclusions, (3) implications, and 

(4) recommendations for further study. 

Summary 

Results of national testing in several academic areas 

have shown a decline in test scores of high school students. The 

study being done by the National Assessment of Educational Prog-

ress has underscored this fact in the area of science achieve-

ment in general. Numerous reasons have been suggested to explain 

this declining trend. Thus far, few conclusive answers have been 

offered, however. 

Improvement programs in high school chemistry have been 

in operation for a number of years at the national level and 

still seem to indicate somewhat less than the expected results. 

This study has focused attention on the inherent problems 

encountered in high school chertlstry achievement relative to the 

utilization of certain math skills and their accompanying atti-

tudes and changes in attitudes. Since there is a relatively high 
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positive correlation between achievement in chemistry and 

achievement in math, it was felt that the development of a more 

positive attitude and greater achievement in chemistry might re

sult if the student were able to perform math skills with greater 

ease and understanding. 

Three groups of high school chemistry students at two 

different high schools taught by two different teachers were in

volved in this study. There were 42 students in the control 

group, 46 in the treatment group and 75 in the comparison group. 

Tests were administered at the beginning and end of the 

school year to measure math skills, chemistry achievement and 

the attitudes of students toward chemistry. The treatment group 

received a special 21 hour program in math skills instruction 

along with their regular chemistry instruction. 

The major problem of this study was to determine in what 

ways instruction in certain math skills, given along with the 

regular chemistry instruction in a high school chemistry course, 

will relate with students' attitude toward, and achievement in, 

the chemistry course, and their change in attitude and achieve

ment during the course. 

Five hull hypotheses were formulated which dealt with re

lationships between special instruction in math skills and: 

(1) scores on a teacher-constructed math skills test, (2) scores 

on a chemistry achievement test, (3) scores on an attitude in

ventory scale, (4) changes in attitude toward chemistry, and 
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(5) changes in chemistry achievement. All five of the hypotheses 

were tested and found not statistically significant at the .OS 

level and were therefore accepted. Statistical analyses involved 

the use of correlation coefficients and t-tests of the signifi

cance of the difference between means. 

While the results of the study were essentially negative 

with respect to the five hypotheses tested, certain pertinent re

lationships were observed. 

There were significant differences between beginning and 

end mean scores on the teacher-constructed math skills test for 

all three groups--treatment, control, and comparison. The great

est gain was for the treatment group who had the special 21 hour 

math skills instruction program. The next highest gain was in 

the control group which received a total of eight hours of in

cidentally included math skills instruction. The least gain was 

for the comparison group which received a total of four hours of 

incidentally included math skills instruction. 

All three groups experienced a significant difference be

tween beginning of year and end of year means for the chemistry 

achievement test. Here the greatest positive gain was shown by 

the control group and the least by the treatment group. The com

parison group had an intermediate gain. These results may have 

been biased by the fact that the treatment group had 21 hours 

less instruction in chemistry. Provision was made for the treat

ment group students to receive additional help during conference 
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periods if they so desired, however. The difference in gains on 

the chemistry achievement test for the treatment and control 

groups was not significant at the .05 level. Thus, the treatment 

group achieved as well as the control group with 21 hours less 

time being spent on chemistry instruction. 

All three groups showed a drop in means for the attitude 

inventory scores. The control drop was greater than the treat

ment drop, indicating a more positive attitude toward chemistry 

in the treatment group. The comparison group drop was least. 

The significance of the difference between the changes in atti

tude means of the control and treatment groups was statistically 

significant at the .1 level, but not at the .05 level of 

confidence. 

The control, treatment, and comparison means for the 

chemistry attitude inventory were above the average score possi

ble for the scale at the beginning of the year. The three means 

respectively were: 87.69, 86.57, and 81.44. The average score 

possible being 75 if all 25 chemistry attitude items had been 

marked "undecided • 11 The comparison group mean score at the be

ginning of the year was approximately five to six points below 

the control and treatment means. 

During the course of the year, the highest mean score 

of 87.69 (control group) dropped to 79.36. This was about two 

points below that of the end of year comparison mean score which 

was 81.17. The treatment group mean at the end of the year 
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83.43, dropped to within two points of the comparison group mean 

score. Thus, at the end of the year the treatment group had the 

most positive attitude toward chemistry, the comparison group was 

next, and the control group had the least positive attitude. 

It might be rationalized that drops in attitude scores 

occurred partially because chemistry is a course in which one 

concept builds upon the preceding one and the concepts become in

creasingly more abstract and difficult as the year progresses. 

Also, the general atmosphere at the end of a school year is 

usually somewhat more hectic than at the beginning of a school 

year. In addition, hopes and expectations prevalent at the be

ginning of the year have generally been diminished by the reality 

of grades, exams, and hard work at the end of the year. 

The only study on attitudes of chemistry students which 

was located in the literature was done by Cangemi (1972). It 

involved general chemistry students at four different colleges. 

The results showed that in some schools there were significant 

correlations between student attitudes toward the course and stu

dent achievement, and between student attitude toward the teacher 

and student achievement. There tended to be a less favorable at

titude toward the course and toward the teacher at the end of the 

term than at the beginning. 



Conclusions · 

Based on the findings of this study, the following con

clusions were drawn: 
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1. Twenty-one hours of special math skills instruction did 

not have a significantly different effect upon either the 

a·(;titude or achievement of two classes of high school 

chemistry students in a District Number One high school, 

Tucson, Arizona. 

2. There was a positive relationship between the amount of 

time spent in giving math skills instruction to chemistry 

students in eight chemistry classes in two District Num

ber One high schools and their mean scores in a teacher

constructed math skills test. 

3. Attitudes of students relative to chemistry dropped in 

both schools in the study during the course of the school 

year. The largest drop occurred in the control group. 

The treatment group had the next largest drop while the 

least drop in mean attitudes scores was exhibited by the 

·comparison group. At the end of the year then, the 

treatment group had the most positive attitude toward 

chemistry, the comparison group was second, and the con

trol group had the least positive attitude. 
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Implications 

It must be noted that the population represented in this 

study was basically limited to four chemistry classes at one high 

school in District Number One, Tucson, Arizona. Implications 

then will be primarily applicable to this population but may be 

suggested in the teaching of high school chemistry in general, 

merely as a conditional recommendation. 

Current trends in chemistry education, including the 

Chemical Bond Approach and CHEM Study programs, have involved 

more abstractions and mathematical calcula·tions than ever before 

(Eshiwani 1972). Studies by Kempa and Dube (1974) link an in

crease in the amount of problem solving and abstract material 

with a decrease in positive attitudes toward science. They also 

found a strong positive relationship to exist between affective 

measures and academic achievement in chemistry. Basically, those 

students who did well in chemistry had high attitude scores and 

those who did less well in chemistry achievement scored lower on 

attitude measures. 

If the decrease in positive attitudes in this study is at 

all related to this factor (abstractness), then steps should be 

taken to either reduce the amount of abstract material and mathe

matical calculations or provide more additional help in making 

the abstract more concrete and assist in improving the students' 

math skills, or both. There seems to be growing evidence that 

many high school students function at the concrete level more 
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than at the abstract or formal level of mental development 

(Kolod iy 1975). 

It has been suggested by Tolpin (1971) that many chemis-

try student s lose their enthusiasm for the subject because in-

stead of organizing the course in terms of life's problems of 

today, i t is organized in terms of intellectual discipline. If 

the students are to form positive rather than negative attitudes, 

he suggest ed that the chemistry instruction must be made relevant 

to their interests. Tolpin (1971, p. 65), stated that: 

The way to teach our students to think creatively 
and critically about science; the way to imbue in these 
students the emotions and attitudes that are necessary 
to kee p them interested in science, particularly chem
istry, is not to emphasize the facts and principles of 
chemistry but to emphasize the rising tide of applica
tions of chemistry to social problems. Our society is 
.faced with urgent, almost desperate social problems-
housing, crime, transportation, the environment, pollu
tion and health. If we can bring about a feeling in 
the student that if he enters the field of chemistry as 
a life 's work, he can help in his small way, to con
tribute solutions to these social problems, we will 
have changed the attitudes of thousands of students 
toward science. We may increase the number of under
graduate students specializing in chemistry. 

Unfortunately, at least from the author's point of view, 

some stud ents have been discouraged from taking a course in 

chemistry because he fears his grade point average will suffer. 

In all too many cases it has been observed that even though the 

course is considered to be more difficult than the average, the 

grading scale does not relfect this factor. Granted, grades are 

a highly variable reflection of one's achievement from course to 

course, and school to school. They nevertheless do involve 
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students' attitudes and hence are an important part of not only 

assessing one's achievement in the course but also his incentive 

and motivation toward the course. 

If more students are to be attracted to the study of 

chemistry and continue in it either as a career or vocationally 

related career, then it would seem that much must be done to help 

promote a more positive attitude toward the course. Some possi

bilities which might be incorporated into a chemistry program for 

this purpose are: 

1. Include more organic chemistry (less abstract). 

2. Include a unit on qualitative analysis (less abstract). 

3. Include more demonstrations to stimulate curiosity. 

4. Provide chemistry applications relevant to student 

interests. 

5. Include field trips of chemistry in action in the 

community. 

6. Involve topics pertinent to consumer chemistry. 

7. Modify one's grading scale to reflect the fact that chem

istry is generally more difficult than the average 

subject. 

It is implied also that a more positive attitude toward 

chemistry might be developed if more of the basic fundamentals of 

chemistry were introduced earlier, both in junior high school 

science and in biology. 
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Possibly the greatest implication of this study would be 

that science and mathematics teachers need to work together in 

coordinating and articulating the two programs to a greater 

extent. 

Recommendations 

The following recommendations were drawn from this study: 

1. Because of a lack of research related to other factors 

which may influence attitudes and achievement of high 

school chemistry students, further studies should be 

conducted in other high schools and colleges. The in

dividual and collective effects of amount of abstract 

material, relevancy of the chemistry program to student 

interests, and grading scale inequities along with math 

skills instruction would be of particular interest. 

2. It is recommended that a follow-up study be done on the 

subjects of this study to see how many students take 

another course in chemistry at the college level, and 

how many enter fields in which chemistry is a requisite 

to determine if those who had higher positive attitudes 

did in fact take more chemistry courses or enter more . 

chemistry related fields. 

3. Future studies should measure attitudes at the end of the 

first semester as well as at the beginning and end of the 

year to determine if the attitude profile is similar for 

both semesters. 
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4. Replication of this study with different instruments for 

measuring chemistry achievement, attitudes and math 

skills should be done in order to verify the hypotheses 

which were tested in this study. 

5. Replication of this study should be done in which the 

special math skills program be done outside of chemistry 

class time to give an equal amount of time for chemistry 

instruction for both control and treatment groups. 



APPENDIX A 

CHEMISTRY TEACrlliR SURVEY 

Please indicate which of the following mathematical skills you 
give special instruction in (to your chemistry classes) and to 
what extent. Special instruction will refer to instruction 
which might be similar to that given in a mathematics class. 

1 2 3 4 5 
I presently teach ~1~1--J-~--Li~l chemistry classes 

If Yes, to What Extent in Periods 

I I 
More 

Than 2 
Special Instruction I Yes 

Less More Less 
Given No Than 1 1 Than 1 Than 4 

Addition i 
Subtraction I 
Multiplication I 
DJ.vision ! 

RatJ.os & Proportions; 
Percent ' ! 
Scientific Notation ' I 

' 
Logarithms i j 
Raising to a Power ; I i 
Extracting Roots ( 

1st Order Equations i ' I ! 

Quadratic EquatJ.ons i I I ·-Others ( lJ.st) 

I I l 
This information will be useful in a study I am currently doing 
at The University of Arizona. Thank you for your assistance. Do 
not include your name or school unless you so desire. 

Please return to: Dick Brown, Chemistry Instructor 
Sahuaro High School 
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APPENDIX B 

SPECIAL MATH SKILLS INSTRUCTION* 

A. Television tapes (for closed-circuit operation in the class
room) written and produced by the investigator in cooperation 
with Dr. Robert Hoehn under an ESEA Title III grant. A total 
of 19 tapes were produced. 

1. Percent 
2. Percent error 
3. Percent of water of hydration in a salt 
4. Scientific notation 
5. Significant figures 
6. Introduction to slide rule 
7. How to read the slide rule 
8. Multiplication and division 
9. Empirical formulas 

These tapes will be used in the classroom to introduce topics, 
as a review, and by students individually or in groups as 
they feel the need for extra reinforcement. 

B. Lectures and discussion topics (by the instructor in the 
classroom to the class as a whole and to selected small 
groups of students upon demand--conference periods, etc.). 

1. The meaning and dynamics of percent 
2. Significant figures and their origin 
3. Understanding computational problems (factor label) 
4. BB 's marbles and beads (division of the mole concept) 
5. Ratios and proportions 
6. Exponents, logarithms, antilogs 
7. Quadratic equations 
8. Combination multiplication and division and placing "L:he 

decimal on the slide rule 
9. Squares, cubes, square roots and cube roots 

C. Many practice and drill sessions, plus work sheets. 

*Given to the treatment group in addition to the regular 
chemistry instruction. 
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APPENDIX C 

THE BROWN CHEMISTRY MATH SKILLS TEST* 

Do not use a slide rule, calculator or log tables for this 
exam. 

1. A laboratory technician removed 5.079 grams of a substance 
from an evaporating dish. If the weight of the substance in 
the dish previously was 7.333 grams, how much should the sub
stance in the dish now weigh? 

2. Seven and three-tenths grams of a certain very soluble solid 
chemical will dissolve in 27 ml of water. How much water 
will be required to dissolve 5.7 grams of this substance? 

3. The correct answer to a problem was 7.36 grams. If a student 
submitted an answer of 9.11 grams, what would be his percent 
error? 

4. A chemist placed the following weights of various solid chem
icals in a beaker: 1.3 g, 6.03 g, 5 g, and 3.007 grams. 
What was the total weight of all the solid in the beaker? 

S. The weight of 187 test tubes was 87 grams. How much does 
each test tube weigh? 

6. Out of 32 chemicals in a laboratory, only 5 were labelled "Do 
not inhale the vapors." What percent of these chemicals 
should not be inhaled? 

7. Another laboratory had a total of 137 different chemicals. 
How many would have to be labelled '~o not inhale the vapors" 
in order to have 37% which should not be inhaled? 

B. A certain forrr~la in an experiment called for 73.54 ml of a 
certain liquid. If the researcher wanted enough liquid to 
repeat the experiment 13.6 times, how much liquid would be 
required? 

*A teacher-constructed math skills test. 
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9. If 18.36 g of a certain chemical costs 39 cents, how much 
could you get for $1.77? 

10. In a titration experiment a student allowed the following 
volumes of an acid to react with a base: .06 ml, 3.2 ml, 
1.007 ml, and 5.05 ml. What was the total amount of liquid 
which was reacted with the base? 
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11. A bottle of potassium chloride contained 454 grams. 
certain experiment calls for 3.75 grams of potassium 
per student, how many students can do the experiment 
all of the 454 grams)? 

If a 
chloride, 
(using 

12. The accepted weight of a certain oxidizing agent was 11.372 g. 
If the weight were recorded as 10.876 g, what would be the 
percent error involved? 

13. While adding a chemical to a flask, a student slipped and got 
more in the flask than he had planned. If the weight of the 
substance in the flask were 16.273 g and he was supposed to 
have 13.673 g, how much would have to be removed? 

14. The cost of a certain chemical has increased by 4.37 times 
what it was last year. If a bottle of it cost $3.72 last 
year, how much does it cost now? 

Solve problems 15, 16, and 17 using scientific notation only. 
Give your answers in scientific notation also. 

15. 43100000 X .000083 = 

16. 170000 .;. 3820000000 = 

17. .00053 .;. 3820000000 = 

18. The log of 10
4

•1 is 

19. The antilog of 3.0 is 

20. 35 = 

21. 3J64 = 

22. 53 = 

23. 2JT44= 

24. (1-X) (3) = (4) (2-3X) X= 

25. 2x2 + 3x-4 = 0 X= 
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Answer Sheet 

Name School Matric No. 
Date ------=p:-e-r.,...io-a...--- Year in School Se_x __ _ 

1. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 
. 16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 
24. 

25. 

Calculations (not scratch work) Answer 

1. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

9. 
10. 

11. 

12. 

13. 

14. 

15 • 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 
24. 

25. 



APPENDIX D 

THE BROWN CHE~1STRY ATTITUDE INVENTORY SCALE* 

School Matric No. ________ Age Sex ------------------ ----
Year in School Period 

NOTE: This survey is entirely voluntary--you do not have 
to participate if you do not wish to. Your answers will 
be kept strictly confidential, however, and your coopera
tion will be greatly appreciated. It is hoped that the 
combined results of this survey will assist in better 
planning and organization of the curriculum. Do not put 
your name on this survey. Your matric number will be re
ferred to in order to correctly process the data. Thank 
you. 

INSTRUCTIONS: Please respond to all items. The following state
ments represent a wide range of issues relating to feelings about 
education in high school in general, and to chemistry in particu
lar. Please read the following statements and express your 
opinion on the following five-point scale: 

SD = strongly disagree, D - disagree, U = undecided, 
A = agree, and SA = strongly agree 

Circle the one which best indicates how you feel about the state
ment as it concerns you. 

1. I would prefer to be educated and poor than to be rich and 
uneducated. 

SA A u D SD 

2. What I am learning in high school will not really benefit me 
very much later in life. 

SA A u D SD 

3. I enjoy reading reference books and magazines about 
chemistry. 

SA A u D SD 

*A chemistry attitude inventory scale. 
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4. I am taking chemistry basically because I need it to get 
into college or because it is required. 

SA A U D SD 

5. I am generally happier when I am in school than when I am 
not. 

SA A U D SD 

6. My attendance record is below the average in our school. 
SA A U D SD 

7. I strongly dislike doing chemistry laboratory work. 
SA A U D SD 

8. I feel chemistry will help me in my future vocation. 
SA A U D SD 

9. I don't think that education has much to do with changing 
people's social behavior. 

SA A U D SD 

10. I enjoy chemistry class more than most of my other classes. 
SA A U D SD 

11. I feel that I have a positive attitude toward education. 
SA A U D SD 

12. My parents strongly urged me to take chemistry even though 
I would have preferred not to. 

SA A U D SD 

13. If I had the choice, I would prefer attending some other 
high school. 

SA A u D SD 

14. I would recommend that my friends sign up for chemistry next 
year. 
SA A u D SD 

15. High school serves an important function in the education of 
the vast majority of society. 

SA A u D SD 

16. I wish I could drop this course (chemistry). 
SA A u D SD 

17. I feel that I have a basically negative attitude toward 
education. 

SA A U D SD 
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18. High school is not that important in determining how much 
one gets out of his life's total education. 

SA A U D SD 

19. I like the way our chemistry class is operated. 
SA A U D SD 

20. I have not found very much in my every day life that in
volves chemistry that interests me. 

SA A U D SD 

21. I feel that what I am learning in high school will be of 
tremendous use to me later on. 

SA A U D SD 

22. I see education as a means of bringing about desirable social 
change. 

SA A U D SD 

23. I will discourage any of my friends from taking a course in 
chemistry. 

SA A u D SD 

24. I would spend more of my free time (after school, etc.) ex-
perimenting in the chemistry lab if it were available. 

SA A u D SD 

25. Most of the ti'Ile I have spent doing chemistry has been 
wasted. 

SA A u D SD 

26. I dread coming to the chemistry class. 
SA A u D SD 

27. I am quite well-satisfied with the way our high school is 
operated. 

SA A u ' .. D SD 

28. I usually feel better when I am not attending school. · 
SA A u D SD 

29. Most of my friends who have taken chemistry advised me to 
sign up for chemistry. 

SA A u D SD 

30. I generally do more than is assigned in my chemistry class 
because I am interested in knowing what makes things "tick." 

SA A U D SD 

~""'..,__,,_ .. - ..... -----·----··· ---··--:-··~--- ····--·----·-· ---..-.-------·--------- -·-
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31. I would rather be rich and have little education than to be 
poor and be highly educated. 

SA A U D SD 

32. I have a better than average attendance record in high 
school. 

SA A u D SD 

33. I don't feel that anything I have learned or will learn in 
chemistry will ever do me any good in my later life. 

SA A u D SD 

34. I have a better attendance reco:rd in chemistry than most of 
my other classes. 

SA A u D SD 

35. Education is important in o:rder to get the most out of life. 
SA A u D SD 

36. I generally do not agree with the way our high school is 
operated. 

SA A u D SD 

37. If I had it to do over again, I would not have signed up for 
this course (chemistry). 

SA A U D SD 

38. I enjoy doing chemistry because it helps me develop my abil
ity to think, reason, and solve problems logically. 

SA A U D SD 

39. I would prefer attending this high school to any other. 
SA A U D SD 

40. Education is not very important in getting the most out of 
life. 

SA A U D SD 

41. The thing I like best about chemistry is the lab work. 
SA A U D SD 

42. I will probably not take any more chemistry courses (in col
lege or technical school, etc.). 

SA A U D SD 

43. Chemistry will probably be, or is, my most enjoyable class. 
SA A U D SD 
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44. When I finish this chemistry course I will probably forget 
everything I have learned in it. 

SA A U D SD 

45. I know many people who have benefitted from taking 
chemistry. 

SA. A U D SD 
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Answer Key 

A. Chemistry Items B. General Education Items 

3. 5 4 3 2 1 1. 5 4 3 2 1 

4. 1 2 3 4 5 2. 1 2 3 4 5 

7. 1 2 3 4 5 5. 5 4 3 2 1 

8. 5 4 3 2 1 6. 1 2 3 4 5 

10. 5 4 3 2 1 9. 1 2 3 4 5 

12. 1 2 3 4 5 11. 5 4 3 2 1 

14. 5 4 3 2 1 13. 1 2 3 4 5 

16. 1 2 3 4 5 15. 5 4 3 2 1 

19. 5 4 3 2 1 17. 1 2 3 4 5 

20. 1 2 3 4 5 18.· 1 2 3 4 5 

23. 1 2 3 4 5 21. 5 4 3 2 1 

24. 5 4 3 2 1 22. 5 4 3 2 1 

25. 1 2 3 4 5 27. 5 4 3 2 1 

26. 1 2 3 4 5 28. 1 2 3 4 5 

29. 5 4 3 2 1 31. 1 2 3 4 5 

30. 5 4 3 2 1 32. 5 4 3 2 1 

33. 1 2 3 4 5 35. 5 4 3 2 1 

34. 5 4 3 2 1 36. 1 2 3 4 5 

37. 1 2 3 4 5 39. 5 4 3 2 1 

38. 5 4 3 2 1 40. 1 2 3 4 5 

41. 5 4 3 2 1 

42. 1 2 3 4 5 

43. 5 4 3 2 1 

44. 1 2 3 4 5 

45. 5 4 3 2· 1 



APPENDIX E 

GROUP DATA 

Treatment Groul2 (School X) 

ACS-NSTA 
Teacher- Standardized The 

Constructed Standardized Chemistry Chemistry 
Math Skills Arithmetic Achievement Attitude 

Sub. Test Test Test Inventory 
Age Sex No. A ... B"':l':~·: A ... A·'· B~h'<' A~': B~':"':l': .. .. .. 

17 F 1 7 11 29 14 14 79 61 
15 M 2 9 13 36 12 12 78 71 
15 F 3 9 12 33 7 7 107 84 
15 M 4 12 20 43 16 22 98 98 
17 M 5 10 13 50 14 20 84 77 
15 F 6 15 17 43 13 14 87 88 
15 F 7 12 14 42 20 16 96 79 
15 M 8 7 11 38 13 13 102 105 
17 F 9 14 22 44 18 23 87 89 
15 F 10 5 8 29 11 12 101 94 
15 M 11 15 16 46. 14 16 100 85 
15 M 12 10 21 38 12 13 86 69 
15 F 13 12 20 45 7 11 89 83 
16 F 14 9 11 34 6 15 73 79 
16 F 15 6 12 35 8 10 98 90 
16 M 16 9 4 26 6 12 71 74 
17 F 17 10 12 46 7 14 78 92 
16 M 18 7 12 37 14 7 82 72 
15 M 19 13 20 50 14 22 100 105 
15 F 20 7 10 46 13 20 71 79 
16 M 21 10 9 28 7 11 95 80 
16 M 22 13 21 45 13 17 77 64 
15 M 23 7 15 36 9 11 84 84 
15 M 24 12 23 47 13 23 84 81 
15 M 25 12 22 49 18 29 85 90 

*Beginning of 
-.h"'End of year. 

year. 
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' .. 
ACS-NSTA 

Teacher- Standardi :;ed The 
Constructed Standardized Chemistry Chemistry 
Math Skills Arithmetic Achievement Attitude 

Sub. Test Test Test Inventory 
Age Sex No. A~': B~':~': A ... .. A ... .. """" B·'···· A*:t': B·'···· .. ...... 

15 F 26 15 20 46 12 19 87 93 
15 F 27 13 16 43 7 16 87 97 
16 M 28 12 16 44 13 17 82 60 
16 M 29 8 13 36 7 20 84 70 
16 M 30 12 15 37 9 22 93 89 
15 M 31 13 15 44 10 25 88 74 
17 F 32 12 23 48 10 24 93 95 
15 M 33 17 22 48 13 26 103 101 
16 M 34 11 18 43 11 22 86 91 
17 F 35 11 6 45 9 14 89 87 
15 F 36 10 19 45 12 11 77 60 
15 M 37 15 .21 49 10 22 77 79 
16 F 38 14 19 47 10 18 81 81 
16 F 39 14 11 38 7 18 78 90 
15 M 40 15 18 45 13 27 92 93 
16 F 41 9 14 38 9 15 91 99 
16 M 42 11 19 47 9 11 81 91 
15 M 43 17 22 47 15 13 78 77 
16 M 44 15 15 38 12 15 76 63 
17 M 45 7 13 32 11 19 85 81 
16 M 46 6 15 39 16 21 82 94 

Control Group (School X) 

16 M 1 13 23 44 11 25 91 90 
16 M 2 16 5 40 11 9 81 54 
16 M 3 2 1 18 11 1"' ~) 105 79 
17 M 4 9 8 39 8 14 74 55 
15 M 5 9 24 46 10 27 81 89 
16 F 6 11 17 40 10 19 95 117 
16 F 7 10 16 44 12 20 81 50 
16 F 8 17 14 45 13 19 83 71 
15 M 9 17 18 47 9 22 90 91 
16 M 10 10 11 39 11 24 82 79 
15 M 11 8 18 41 9 22 97 87 
15 F 12 6 8 33 8 15 b 89 
16 M 13 14 12 39 8 14 8.) 79 
16 M 14 11 13 33 6 15 82 86 
16 M 15 7 8 42 9 9 84 91 
15 M 16 13 12 37 15 16 93 83 
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ACS-NSTA 
Teacher- Standardized The 

Constructed Standardized Chemistry Chemistry 
Math Skills Arithmetic Achievement Attitude 

Sub. Test Test Test Inventory 
Age Sex No. A·'· B·'··'· A·'· A·'· B'"4~~": A '"4': B~':'"4': .. ~~ ..... .. .. 

15 F 17 10 17 37 8 13 89 75 
16 M 18 11 8 43 8 9 79 57 
16 M 19 15 15 42 14 14 81 83 
15 M 20 8 18 39 11 14 94 95 
15 M 21 15 12 41 11 13 83 98 
16 M 22 10 15 44 11 18 100 89 
15 M 23 16 22 41 10 21 91 69 
15 M 24 11 16 32 12 16 101 86 
15 F 25 10 17 42 12 18 93 72 
16 F 26 7 13 35 8 12 92 85 
15 M 27 16 21 43 7 11 85 89 
15 M 28 13 16 42 8 14 84 65 
16 M 29 11 13 30 16 19 75 66 
16 F 30 3 9 29 10 17 100 79 
15 M 31 18 21 47 14 24 76 61 
16 F 32 6 15 28 7 18 99 86 
15 M 33 6 16 42 17 18 72 76 
16 F 34 8 15 40 13 13 88 90 
16 M 35 11 11 35 10 19 77 39 
16 M 36 10 13 43 13 22 85 100 
16 M 37 21 21 49 16 30 98 103 
16 M 38 17 20 48 15 23 94 52 
16 F 39 11 21 43 12 19 85 96 
15 F 40 13 19 46 10 19 109 98 
14 M 41 11 19 49 18 23 81 75 
16 M 42 19 21 46 13 27 86 59 

Comparison Group (School Y) 

16 M 1 12 12 31 12 12 73 81 
17 F 2 11 12 33 6 15 61 65 
14 M 3 12 11 44 13 29 89 96 
16 M 4 10 10 45 13 14 91 94 
15 F 5 10 12 41 11 17 83 81 
17 M 6 8 12 36 10 15 77 81 
16 F 7 10 15 44 15 15 70 70 
17 F 8 10 14 42 10 17 62 57 
16 F 9 8 13 49 13 32 105 102 
14 F 10 10 10 35 13 12 87 70 
15 F 11 10 10 45 11 17 97 96 
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ACS-NSTA 
Teacher- Standardized The 

Constructed Standardized Chemistry Chemistry 
Math Skills Arithmetic Achievement Attitude 

Sub. Test Test Test Inventory 
Age Sex No. A~·: B·'···· ........ A·'· .. .. A ••• .. _, .. B·'··'· .. A·'· ........ B·'··'· 

18 M 12 6 9 33 9 8 73 61 
16 F 13 10 13 37 12 14 67 70 
15 M 14 11 16 41 9 18 105 100 
15 M 15 8 14 43 14 18 101 113 
16 F 16 10 11 36 10 16 83 84 
16 M 17 11 13 43 8 12 78 77 
15 F 18 5 9 33 8 13 84 91 
15 M 19 8 10 40 11 20 82 88 
17 M 20 7 10 37 8 7 54 59 
17 M 21 9 8 33 10 8 105 65 
15 M 22 10 5 17 7 8 108 104 
16 M 23 3 5 16 8 9 69 36 
16 M 24 14 12 42 7 16 75 84 
16 M 25 10 10 32 10 15 75 89 
15 F 26 11 10 35 13 15 76 74 
17 M 27 6 10 35 11 20 97 95 
15 M 28 11 14 41 7 18 94 84 
16 M 29 9 6 25 10 12 73 104 
16 F 30 8 6 30 13 11 58 91 
16 F 31 11 9 40 9 16 76 88 
16 M 32 13 14 48 8 15 66 61 
16 F 33 8 12 37 12 15 92 93 
15 F 34 13 16 41 12 22 99 107 
15 F 35 8 10 38 6 15 60 83 
15 F 36 11 13 46 13 29 107 115 
15 M 37 7 7 33 5 14 65 58 
17 M 38 4 4 17 10 10 94 84 
16 M 39 9 16 43 10 9 89 72 
16 F 40 5 4 23 11 11 103 82 
15 F 41 10 8 45 8 24 79 91 
15 F 42 6 4 36 9 16 79 81 
17 M 43 6 10 19 5 18 95 117 
14 M 44 16 18 50 7 35 95 98 
16 F 45 6 10 41 14 22 68 61 
16 M 46 9 14 36 9 9 90 78 
16 M 47 16 13 43 12 10 83 67 
16 M 48 10 8 32 9 13 74 54 
15 F 49 4 6 22 12 33 69 67 
16 M 50 9 14 29 10 29 91 113 
15 M 51 10 11 35 10 17 77 80 
15 F 52 17 19 47 11 25 87 94 
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ACS-NSTA 
Teacher- Standardized The 

Constructed Standardized Chemistry Chemistry 
Hath Skills Arithmetic Achievement Attitude 

Sub. Test Test Test Inventory 
Age Sex No. A ... B·'···· A ... A ... B·'···· A ... B-.':-.': .. ~ ...... .. .. ... ...... .. 

14 M 53 13 11 41 11 24 85 89 
16 M 54 11 11 41 8 26 75 78 
16 F 55 12 7 11 17 60 69 
16 M 56 4 8 28 9 9 64 41 
16 F 57 7 8 41 9 14 71 67 
16 M 58 18 16 47 14 16 63 50 
15 F 59 10 11 37 20 14 84 84 
17 F 60 9 9 41 11 11 70 68 
16 F 61 20 18 50 13 25 66 68 
15 M 62 15 8 40 19 11 105 97 
16 M 63 7 14 47 10 22 87 95 
17 M 64 9 8 44 8 17 59 69 
16 F 65 9 18 38 9 17 120 107 
16 F 66 11 11 41 11 16 96 110 
16 M 67 19 17 45 12 16 77 85 
18 F 68 9 8 36 9 15 76 77 
17 M 69 9 13 44 14 21 91 89 
15 M 70 8 8 48 9 16 78 60 
16 M 71 11 10 41 9 16 75 63 
16 M 72 6 8 15 17 95 98 
16 F 73 14 10 14 14 77 75 
15 F 74 16 18 12 19 83 65 
16 M 75 11 11 45 9 15 61 78 
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