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Dealing with the college laboratory program in general

chemistry, this study compares the effects of exercises based

on current national problems with the effects of traditional

laboratory exercises. The study has been prompted by the

recent emphasis on topics of national interest in the under-

graduate chemistry curriculum. These topics include air and

water pollution, drug addiction and analysis, tetraethyl-lead

additives, insecticides in the environment, and recycling of

wastes. The relevant experiments are taken from recent issues

of the Journal of Chemical Education. The traditional exer-

cises, from the laboratory manual Chemistry in the Laboratory,

by Watt, Hatch, and Lagowski (New York, Norton, 1964), deal

with such topics as chemical composition, gas laws, solutions,

and acids and bases.

The study used eight laboratory sections of freshman

chemistry, all composed of students not majoring in a science.

In these eight sections, 138 students took part in the experi-

ment: sixty-seven in the control group, seventy-one in the
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experimental group. Three examinations were given as pre-

tests to both groups: The American Chemical Society-National

Science Teachers Association Cooperative Examination in High

School Chemistry, Form 1971, the Watson-Glaser Critical

Thinking Appraisal, Form YM, and the Hand Scale of Attitudes

Toward College Courses. There were no significant differences

in the performance of two groups at the outset of the experi-

ment.

The three examinations were given again at the close of

the semester, and the three pre-tests used as covariants in

an analysis of covariance to determine if any significant

differences existed after the experimental treatment. No

significant differences were found on the criteria of achieve-

ment when achievement was measured by the ACS-NSTA Cooperative

Examination in High School Chemistry, Form 1971, nor on the

criteria of critical thinking ability as measured by the Watson-

Glaser Critical Thinking Appraisal, Form YM. A significant

difference (0.05 level) was found when the criteria of attitude

toward the course was measured by the Hand Scale of Attitudes

Toward College Courses. The mean attitude score of the control

group was significantly lower at the end of the experiment

than was the mean attitude score of the experimental group.

The control and experimental groups were subdivided into

those who had taken high-school chemistry and those who had not

taken high-school chemistry, and an analysis of covariance was
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again performed. When the control-group members who had

taken high-school chemistry were compared with those in the

experimental group who had taken high-school chemistry, no

significant differences were found on any of the three

criteria. There was no difference when those in each group

who had not taken high school chemistry were compared. How-

ever, those who had not taken high school chemistry and who

experienced the traditional laboratory exercises had the

lowest mean attitude score of any sub-group.

It was concluded that the introduction of current-problem-

oriented laboratory exercises into the non-science-major

chemistry course was not superior to the inclusion of tra-

ditional laboratory exercises in increasing student achieve-

ment or critical-thinking abilities. The inclusion of current-

problem-oriented laboratory exercises did significantly improve

the student's attitude toward the chemistry course.

It is recommended that the laboratory work of non-science

majors continue to encompass problems of current national

concern, and that the relevant exercises be subjected to com-

parison in higher-level courses of undergraduate chemistry.
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CHAPTER I

INTRODUCTION

The teaching of nonscience majors' freshman chemistry is

currently a less-rigorous version of the course offered for

science majors, and many describe the course as science

majors' chemistry without mathematical sophistication.

There is almost universal agreement among scientists and

science educators that laboratory experiences should be an

essential part of the educational plan in chemistry (2, 5,

12). Recently newer and perhaps more relevant experiments

for chemistry students have appeared in the literature of

chemical education. These experiments are different from

presently used laboratory exercises in that they are centered

around problems of current national concern, such as drug

addiction and drug analysis, air and water pollution (in-

cluding detergent phosphates and tetraethyllead from gaso-

line), insecticides and herbicides in the environment, the

recycling of wastes, and much more. These topics, in the

form of laboratory exercises for nonscience majors, are

being introduced with the hope that their inclusion into

the curriculum will make chemistry more relevant to the

nonscience major.
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According to Eblin, the current concern over the nature

of science for the nonscience major can be expressed as

follows:

How can we conquer chemical illiteracy? How can
we make chemistry relevant for the nonscience major?
Or, if we fail to meet these goals, how can we at least
design courses that won't leave the nonscientists with
an abiding dislike--if not distrust--of everything
scientific? Both high school and college chemistry
have become steadily more difficult over the years.
Many students don't take chemistry courses unless
they have to, simply because they are afraid of them.
We will never conquer chemical illiteracy by dropping
requirements, nor by putting more emphasis on molecular
orbital theory, ligand field theory, or the Carnot cycle.
We must make chemistry relevant to the nonscience major.
Current social problems might be the answer (9, p. 41).

Eblin's statement above was made in July, 1971. Since

that time, the term "relevant" has appeared in almost every

issue of science education publications such as the Journal

of Chemical Education and seems to be interpreted by science

educators as that which pertains most to the world and its

complex problems of national concern, some of which are

mentioned above (31, 16).

Eblin's statement summarizes the feelings toward edu-

cation for the nonscience major that were prevalent in the

summer of 1971. Prior to 1971, most textbooks for nonscience

majors in the field of chemistry were simply textbooks for

science majors with a reduced amount of mathematics and an in-

creased amount of descriptive chemistry. In the spring of

1971, however, Kieffer (17), former editor of the Journal of
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Chemical Education, published a book called Chemistry: A

Cultural Approach, which attempted to present chemistry in

the light of current social problems; ecology, conservation,

population problems, pollution, and the advancements made in

the space program. The textbook was widely adopted, and others

soon followed. In the spring of 1972, as this study was in

progress, Jones, et al. (18) published Chemistr Man and

Society, a book for nonscience majors along the same general

theme as the Kieffer book. In the preface to that text, the

authors state the following:

Chapters 19 through 25 represent an innovative
approach to the problem of teaching students something
about the chemical processes which touch upon their
daily lives. In these chapters are discussed the
chemical aspects of (1) toxic substances, (2) water
pollution, (3) air pollution, (4) foods, (5) drugs,
(6) beauty aids, (7) cleaning agents, (8) surface
coatings, (9) photography, and (10) nuclear processes.
We believe that it is possible to bring the student's
appreciation of chemistry to a new level of illus-
trating a few of the many ways in which it enters his
daily life. The examples we have selected are not
those typically found in freshman chemistry texts;
they are much closer to the daily life of the average
person (18, p. vi).

Both the Kieffer and the Jones textbooks emphasize that

chemistry is an experimental science and suggest that the

topics that are to receive emphasis should be made a part of

the laboratory portion of the course. Jones, et al. (18)

published a laboratory manual as a supplement to their text-

book and suggested the following experiments: the prepar-

ation of an aluminum compound from an aluminum can,
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determination of the chemical oxygen demand of polluted water,

the determination of trace amounts of mercury in solution by

spectrophotometry, and the preparation of a face cream, to

mention just a few.

The list of textbooks and laboratory manuals which try

to incorporate current problems of national concern grows

larger every day. In the past several months many textbooks

for science majors have undergone extensive revision, so that

they too now include relevant topics. A more detailed dis-

cussion of these trends will be given in Chapter II.

Statement of the Problem

The problem of this study was to compare the effects of

introducing current problem oriented laboratory exercises

into the general chemistry laboratory program with tra-

ditional laboratory exercises.

Purposes of the Study

The specific purposes of this study were the following:

1. To determine the relative effectiveness of the

current-topic-orientation and the traditional-topic-orientation

of laboratory content on student achievement in chemistry.

2. To determine the relative effectiveness of the current-

topic-orientation and the traditional-topic orientation of

laboratory content on student ability to think critically and

reflectively.
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3. To determine the relative effectiveness of the

current-topic approach and the traditional topic approach

of laboratory content on student attitude toward the chemis-

try course.

4. To determine if the relative effects of the current-

topic approach and the traditional-topic approach of labora-

tory content are dependent upon the student's prior ac-

quaintance of chemistry.

Hypotheses

The hypotheses tested in the study were as follows:

1. Students in the current-problems section (experi-

mental) will score significantly higher on the American

Chemical Society-National Science Teachers Association

Cooperative Examination in H School Chemistry than will

students in the traditional (control) sections.

2. Students in the experimental section will score

significantly higher on the Hand Scale of Attitudes Toward

College Courses than will students in the control sections.

3. Students in the experimental section will score

significantly higher on the Watson-Glaser Critical Thinking

Appraisal than will students in the control section.

4. Students who have had high school chemistry and are

enrolled in the experimental sections will score signifi-

cantly higher on each of the three examinations mentioned
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above than those students who have had high school chemistry

and experience the traditional approach.

5. Students who have not had high school chemistry

and receive the experimental treatment will score signifi-

cantly higher on the three examinations than will those

students who have not had high school chemistry and who

experience the traditional approach.

Background and Significance of the Study

The idea of trying to make chemistry relevant is not

a new one. Chemistry instructors have been trying for years

to make their subject relevant, and have long talked of

synthetic polymers, better gasolines, plastics, wonder

drugs, and a host of other products.

However, only gradually do chemical educators ever

rise above simply talking about these things. Textbooks

are filled with references to applications of chemical

principles. Instructors mention them almost daily in their

lectures. Still, the laboratory work associated with

college-level nonscience majors remains outdated and tra-

ditional. A look at any of the recent laboratory manuals

in freshman chemistry (10, 11, 24, 34) reveals a set of

experiments designed simply to illustrate chemical principles.
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A typical example of this type of experiment will be found

on page 96.

In recent months laboratory exercises giving emphasis

to current topics of national concern have appeared in the

chemical education literature. Kriz (19) published an experi-

ment designed to analyze the phosphate content of detergents

and thus get the student to think about a problem of national

concern. Lieu (21) published a paper on the analysis of APC

(aspirin, phanacetin, caffeine) tablets by thin-layer chroma-

tography. These are only two examples of many that can be

found in the current literature.

Why this sudden emphasis on relevant chemistry? A

search of the literature revealed many comments that help to

answer the question. Cook (7) reports on a conference on

the teaching of chemistry for nonscience majors which had as

its theme the development and teaching of socially relevant

chemistry. Several (5, 8, 13) have proposed new courses.

West describes his views as follows:

Some courses of this kind begin with consider-

ations of important problems--nuclear warfare, air

pollution, or drug abuse for example--and bring in

chemistry and other sciences only as they appear to

be necessary to the particular problem under study.

These courses can be extremely successful (35).

According to a report in the July, 1971, issue of

Chemical and Engineering News ,
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Chemistry in the last quarter of the 20th century
approaches the dream of the alchemy of the Middle Ages.
The illusive search for a process for conversion of
base metals into precious ones has almost become reality
in the application of chemical knowledge to the exploi-

tation of nature's abundance. Advancing biochemical
knowledge and pharmaceutical chemistry have brought the

philosopher's stone and elixir of life not far from our

grasp. However, all is not well. Public attitudes and

support have declined, and many view the future with

anxiety and pessimism. Clearly, there must be a change
from this attitude of exploitive chemistry to a new

humanistic chemistry (9, p. 41).

Humphreys expresses his viewpoint with regard to the

nonscience major and relevant laboratories as follows:

It should be possible to teach a good science course

organized around environmental problems. The energy
problem involves geology, physics, and chemistry.
Water and air pollution offer similar opportunities.
The chemistry of detergents and alternatives to their
use, or their chemical modification, constitutes what
I have in mind. Colleagues will claim that science
has been watered down and degraded. These are risks

that must be run. Relevant does not necessarily imply
sloppy or inaccurate or superficial. For example, the
addition of laboratory experiences should be encouraged
even though relevant ones might be quite difficult to
develop and manage. In today's world it is certainly
better to go beyond teaching a lot of science to a few
and try to teach some science to the many who are either
untouched or turned off by existing courses (16).

The President of Rice University, Norman Hackerman, sums

up the foregoing comments as follows:

What should the goals of chemistry instruction in
the 70's be? The nonscience undergraduate major consti-

tutes the largest group of users of college chemistry.
Whether these people have had high school chemistry or
not, the treatment should be via familiar objects, e. g.,
a course based on the automobile such as has been given
by W. H. Wade at the University of Texas, or one on the

chemist and his activities, or on problems of general
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concern such as environment, ocean, food, energy, health.

Their purpose might be served by a semester of familiar-

ization of the field plus one on science and government.

Such new approaches may help overcome the two world idea.

Their worth is still to be proved (12).

As previously stated, it was the purpose of this study

to try to answer the challenge put forth above by Hackerman.

As many have noted, relevant experiments are finding their

way into the chemical curriculum for nonscience majors, and

most chemical educators feel that this is a step in the right

direction. But their value has yet to be tested. The intro-

duction of relevant experiments based upon current social

problems represents an almost overnight change in the practice

of teaching chemistry. One cannot go to a chemical convention

without being impressed with the displays by manufacturers

concerning the introduction of relevant topics into the curricu-

lum. At the December, 1971, Southwest Regional American Chemi-

cal Society Convention in San Antonio, Texas, there were at

least five papers presented that used the word "relevant" in

their title, and in addition, there was a symposium empha-

sizing relevant topics in chemical education (25).

A search of the literature revealed only one research

study that tested the use of relevant topics , and this was at

the junior high level. In that study, involving a general

science class, Cossmann found that attitudes were improved,

but that knowledge of science was not significantly raised by
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treating the entire course as a "Science and Culture" course.

Cossmann concludes that " . . . it is possible to design a

course to bring about broad changes in literacy of students

with respect to attitudes" (7, p. 72).

Ramsey and Howe (26) point out that variability in

teacher characteristics may be more significant in experi-

mental results than in any imposed external arrangement.

Since it was realized in the present study that teacher

enthusiasm or lack of enthusiasm, experience or lack of

experience, and variability in the teacher characteristics

were critical variables, every effort was made to insure the

success of both the control and the experimental groups.

McKeachie states that " . . . new approaches are not

usually tested except by a teacher who is enthusiastic about

them. Consequently, we may be comparing student reactions to

a new approach and an enthusiastic teacher with reactions to

an old approach taught unenthusiastically" (23, p. 1125). On

the other hand, Williams (36) relates that a new approach to

a course may be at a disadvantage because it originally may

be in an immature and crude state; also, teachers who use the

new materials may not have had sufficient experience with them.

Definition of Terms

For the purposes of this study, the following definitions

were used.
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1. Achievement is defined as the score on the American

Chemical Society-National Science Teachers Association Co-

operative Examination in High School Chemistry, Form 1971,

hereafter called the ACS examination.

2. ACSPR is the abbreviation used for the ACS examination

given as a pre-test.

3. ACSPT is the abbreviation used for the ACS examination

given as a post-test.

4. Attitude, for purposes of this study, is the student's

attitude toward the Chemistry 131 course as determined by the

score attained on the Hand Scale of Attitudes Toward College

Courses: A Scale to Study Attitudes Toward College Courses,

hereafter called the HA examination.

5. Control grou was comprised of approximately half of

the students who took Chemistry 131 during the spring semester

of 1972. This group experienced a traditional approach to

laboratory content, as subsequently defined.

6. Critical thinking ability, as used in this study, was

the ability of a student to think critically and reflectively,

as determined by the score on the Watson-Glaser Critical

Thinking Approaisal, Form YM, hereafter called the WG exami-

nation.

7. Current problems content is defined as a set of labo-

ratory exercises designed to give the students instruction in

chemistry while at the same time integrating problems of
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current national concern. Some of these problems are water

pollution (including detergent phosphates and water fluo-

rides), drug addiction and analysis, tetraethyllead and

insecticides in the environment, thermal pollution from

nuclear reactors, and the recycling of wastes, to name just

a few. Only some of these lend themselves to the chemistry

laboratory, for the objective is to teach chemistry. Thus

it would have been difficult to design a laboratory exercise

on noise pollution or the pro and con of generating electrical

power by nuclear energy and at the same time keep the material

simple enough for a beginning course in chemistry. It was

believed that in this content the student would find ample

illustration of physical and chemical principles and at the

same time begin to think about scientific solutions to the

current problems. The relevant experiments were taken from

the current chemical education literature, most of them coming

from recent issues of the Journal of Chemical Education (19,

21).

8. Experimental Group was comprised of approximately

half the students who took Chemistry 131 during the spring

semester of 1972. This group was exposed to a laboratory pro-

gram rich in current-problem content, as previously described.

9. HAPR is the abbreviation for the Hand Scale of Atti-

tudes Toward College Courses: A Scale to Study Attitudes

Toward College Courses given as a pre-test.
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10. HAPT is the abbreviation for the HA examination

given as a post-test.

11. Nonscience majors Ichemistry is Chemistry 131, a

three-hour course of introductory college chemistry at North

Texas State University. The course encompasses the basic

principles of inorganic chemistry without the mathematical

sophistication of the science majors' course.

12. Relevant, as used in this study, is defined as

pertaining to those topics listed under Current Topics Content,

and previously defined. These are topics which have current

national interest, and have been selected by a panel of

authorities on chemical education for their desirability as

material for nonscience majors' courses.

13. Traditional laboratory content is defined for pur-

poses of this study as laboratory procedures designed only to

illustrate chemical and/or physical concepts, without making

specific references to applicability in today's complex world.

Thus the students may do a laboratory exercise on the melting

and boiling points of compounds which illustrated the fact

that melting and boiling points are indeed physical properties,

and can be easily determined in the laboratory. The labo-

ratory exercises have been used for a number of years, and are

to be found in many currently adopted freshman laboratory

manuals. The source of the traditional laboratory exercises

used in this study was the laboratory manual by Watt, Hatch,

and Lagowski, Chemistry in the Laboratory (34).
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There are many physical and chemical concepts that may

be easily illustrated in the laboratory. These include,

in addition to the ones mentioned above, the use of a balance,

conservation of mass, constant composition laws, gas laws,

and solubility.

14. WGPR is the abbreviation for the Watson-Glaser

Critical Thinking Appraisal, Form YM, given as a post-test.

Limitations of the Study

1. This study was limited to the laboratory sections

of Chemistry 131 at North Texas State University in the spring

semester, 1972. The control sections were comprised of a

total of sixty-seven students; seventy-one students comprised

the experimental section.

2. The study was limited to the relative effects of the

two approaches to laboratory content on student achievement,

attitude, and critical-thinking ability, and whether the

results of the study were dependent upon students' prior know-

ledge of chemistry.

Basic Assumptions

1. It was assumed that the attitude inventory was truth-

fully answered.

2. It was assumed that the students in the eight laboratory

sections were representative of the students at North Texas

State University who ordinarily enroll in Chemistry 131.
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3. It was assumed that the use of two different lecture

instructors and six different laboratory instructors would

tend to negate the effect of any one single instructor upon

either viewpoint or preference for one laboratory content

over another.

4. It was assumed that factors (other than the controlled

factors) encountered in class, laboratory, and out-of-class

would have no significant effects on the results of the study.

Description of the Instruments

Three instruments were employed to obtain data for com-

parative purposes. They were the American Chemical Society-

National Science Teachers Association Cooperative Examination

in High School Chemistry, Form 1971, the Watson-Glaser Critical

Thinking Appraisal, Form YM, and the Hand Scale of Attitudes

Toward Collee Courses:A Scale to Stud Attitudes Toward

College Courses.

1. The ACS-NSTA Cooperative Examination in H School

Chemistry, Form 1971, is a multiple-choice examination con-

sisting of seventy questions which have been designed for

advanced placement courses to meet the demand for a higher-

level, more difficult test (1). The examination is recom-

mended by the ACS to universities as a placement test for

entering students. The reliability coefficient estimated by

the Kuder-Richardson Formula No. 21 is 0.90.
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It was not possible to locate a standardized examination

specifically for the purpose of evaluating only the first

semester of college chemistry. Correspondence with the ACS

and the NSTA strengthened the belief that such a standardized

examination has not been published.

Justification for using the instrument was derived from

the recommendation, by the ACS, of the examination to uni-

versities as a placement test, and from inspection of the

examination.

2. The Hand Scale of Attitudes Toward College Courses:

A Scale to Study Attitudes Toward College Courses is a forty-

five item scale which was developed by Hand (13) to study the

attitudes of students toward any college course. Five hundred

eighty-six students were used in construction of the scale.

Hand reports a split-half reliability of 0.92 based upon a

sample of 100 subjects.

3. The Watson-Glaser Critical Thinking A2praisal can be

of assistance in comparison of methods of teaching or materials

which purport the ability to increase a student's ability to

think critically (14, 15). The appraisal measures five aspects

of the ability to think critically: drawing sound inferences

from a summary of facts; recognizing assumptions implied by a

statement; reasoning logically by deduction; reasoning logically

by interpretation; and discriminating between strong and weak
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arguments. A split-half reliability coefficient of 0.85 was

reported for Form YM, with 5,297 liberal arts freshmen as the

normative group. The standard error of measurement reported

for the group was 3.8 (33).

Procedures for Collecting Data

The subjects who were used in this study were the students

who completed Chemistry 131 at North Texas State University

in the spring semester, 1972. Three lecture and eight labora-

tory sections were necessary to accomodate the 138 students

who completed the course.

The control group was composed of sixty-seven students

in four laboratory sections; the experimental group was com-

posed of seventy-one students in four laboratory sections. A

flip of a coin determined that the four laboratory sections

meeting once a week in the afternoon on Monday, Wednesday,

Thursday, and Friday would be designated the control sections.

Of the four experimental sections, three of them met con-

currently on Wednesday nights, and the fourth met on Tuesday

afternoon. These designations were made just after the close

of regular registration and before assignment of laboratory

instructor by the Chairman of the Department of Chemistry.

The students were allowed to enroll in any section of

the course that their schedule would accomodate. There was
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little difference in the two groups in terms of sex and

classification. The control section was comprised of twenty-

seven males and forty females while the experimental section

had thirty-five males and thirty-six females. The control

group was made up of nine freshmen, thirty sophomores, twenty-

two juniors, and six seniors; the experimental group was made

up of eight freshmen, thirty sophomores, twenty-six juniors,

and seven seniors, consequently, in each group the order was

sophomore 7 junior freshman : senior.

Of the sixty-seven enrolled in the control group, thirty-

one had had high school chemistry, thirty-six had not. In

the experimental section, thirty-seven had taken high school

chemistry while thirty-four had not.

All laboratory sections were taught by graduate teaching

assistants under the direction of a faculty coordinator. Infor-

mation on the individual laboratory instructors, including

comments made by them concerning the laboratory approaches,

will be found in the Appendix on page 101.

In order to analyze the data by means of the covariance

technique, the following information was obtained for each

student in the laboratory sections, both experimental and

control.

1. Information was obtained from the registrar's office

as to whether the student completed high school chemistry.
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Written permission to obtain this data as well as permission

from the Chairman of the Department of Chemistry was obtained

in order to carry out this study.

2. Demographic data was gathered from each student in

Chemistry 131 who completed high school chemistry as to the

nature of the course, and whether relevant topics were dis-

cussed. In addition, an examination of the currently adopted

state high school chemistry textbooks was made to determine

the amount of relevant material they contained. This infor-

mation will be more fully discussed in Chapter II.

3. The scores on the ACS, WG, and HA examinations were

obtained during the first week of class.

4. The scores on the three examinations, given as post-

tests during the final week of the semester were obtained.

In order to clearly present detailed procedures, supple-

mentary information has been placed in the Appendix. Page 94

describes how the available laboratory periods were used;

page 95 contains a brief comparison of the similarities and

differences of the two approaches. Page 96 is a detailed

example of a traditional laboratory exercise while page 98

is a sample of a laboratory exercise based upon a current

topic of national interest.

Procedures for Treating Data

Analysis of covariance was the primary statistical method

for analyzing the data. This is a system of analysis which
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makes statistical control of experimental variables possible

when it is not feasible to experimentally control the subjects

(29).

For purposes of this study, the following data obtained

for each student were used as control variables:

1. The pre-test score on the ACS examination. This was

designated ASCPR.

2. The pre-test score on the WG examination. This was

designated WGPR.

3. The pre-test score on the HA examination. This was

designated HAPR.

The following were used as final criterion scores:

1. The post-test score on the ACS examination, desig-

nated as ACSPT.

2. The post-test score on the WG examination, desig-

nated as WGPT.

3. The post-test score on the HA examination, desig-

nated as HAPT.

The first step after obtaining all of the above scores

was to prepare a table representing the matrix of inter-

correlations among the variables. Standard correlation pro-

cedures were used. Then, by means of standard analysis of

covariance procedures which are applicable when intact groups

are used, the groups were compared on the three final criteria
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with the three pre-tests used as covariants. The final

step was to restate the hypotheses as null hypotheses. All

computations were done by the North Texas State University

computation center on an IBM 360 Model 50 computer, with

the 0.05 level of significance used for rejection of the

null hypotheses.
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CHAPTER II

SURVEY OF RELATED LITERATURE

Introduction

Throughout the history of science education there have

been many "ages" that have had their impact upon course

design, curricular materials and teaching methods. About a

decade ago science education was confronting challenges pre-

cipitated by the launching of Sputnik I; today, it is trying

to cope with the pervasive student disinterest in and antago-

nism toward science and scientific careers (68). Along with

the Atomic Age, which frightened man and the Space Age, which

showed man his potential has come the Age of Ecology and of

Social Concern which has awakened man to a greater awareness

of himself (37, p. 51).

In July, 1969, when Apollo 11 landed on the moon, the

President called it the greatest event in the history of man

(37, p. 52). And this was a historic landing, but the astro-

nauts brought back from the moon more than themselves, more

than a few billion-dollar rocks. They brought back a new

consciousness and a new awareness of man and of earth and of

man's place in the universe. The astronauts saw the earth

from a new perspective: that all men have common problems

25
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and the need to learn to live together on one sphere. They

saw this great blue-green-brown sphere as a living entity.

Further, they saw that all mankind is a part of that entity;

one living organism, interrelated and interdependent.

The first man to walk on the moon, Neil Armstrong, said:

"We the citizens of earth, who can solve the problems of

leaving the earth, can also solve the problems of living on

earth (37, p. 52)". It is in the context of this view of man

and of his planet that education must now be examined.

Literature Related to Social Relevancy

On April 22, 1970, the first national "Earth Day" was

held to focus attention on man and his role in society, in

his environment, and in the total ecosystem. Environmental

education became, almost overnight, a powerful force in to-

day's classroom.

For many years scattered individuals had been developing

the concepts of environmental education, but it was in 1970

that the concept came into sharp focus. In his State of the

Union Message in January, 1970, the President gave initiative

to the efforts of the few who were working on environmental

education by proposing an Environmental Education Act. In

October of that year, he signed into law the Environmental

Education Act which had been passed by Congress earlier that

month (37, p. 53).
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The Environmental Education Act was derived from a spring

and a summer of hearings in the Senate and House, with scores

of top educators, ecologists, and other experts testifying.

The act is a landmark piece of legislation affecting education.

The President, in calling for a new approach to education,

spoke to the need for environmental literacy, and this, he

said, " . . . was to come about through environmental edu-

cation as the means of reform of American society, of our

ways of thinking, and of the educative process itself (37,

p. 53)".

Lowe, Executive Coordinator of the Environmental Edu-

cation Studies Staff, U. S. Office of Education, said

Environmental education is not a new subject
to be layered into the curriculum; it is a way of
thinking. It is not just conservation education,
resource management, or even nature walks. It is
not just about population explosions or pollution.
It is all of these and much more. It is history,
economics, sociology, math, music, science, and
religion. It affects most everything; it is a
disciplinary.

Environmental education has to do with the
quality of life and the reason for life. It is
something we shall be learning, from preschool
through adult education. Most students in high
schools, junior colleges, and higher education
systems have already dedicated themselves to eco-
logical lifestyles (37, p. 53).

Thus sprang into action a major force in the shaping of

curricula. Science courses were among the first to answer

the call. The decade of the 60's had seen science education
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respond to its difficulties by providing new school science

programs such as CHEM Study, Chemical Bond Approach, Physical

Science Studies Committee, and others developed by national

curriculum projects (68). However, as Wilson points out,

The lack of impact of the programs is evident.
The new courses have patently failed at what was from
the outset their most explicit intention: to stimulate
and increase student interest in science and scientific
careers.

From the vantage point of hindsight, we can charac-
terize the national programs as ill-suited to the mood
of the 1960's. By then, our society was seeing some of
the unanticipated "fruits" of scientific progress; the
grim effects of an unfettered technology upon the quality
of our life were becoming all too clear and alarming.
Viewing the environmental crisis; the weapons of war,
and war itself as inevitable consequences of a burgeoning
science and technology, a student generation was forming
that began to turn from astronomy to astrology, from
chemical agriculture to organic farming.

Preoccupation with atoms and molecules should not
allow us to forget that the world of man is a social
one and lead us again to ignore the problems of man in
relation to his environment. In fact, if questions
about science and society are not included in the science
curriculum, they may well receive no attention elsewhere
in the school program (68, p. 187).

Chemical and materials suppliers, textbook publishers,

and science education publications such as the Journal of

Chemical Education, The Science Teacher, and Science Education

answered the call for a socially relevant slant to the teaching

of science. Literally hundreds of papers have appeared since

spring, 1970, proposing various ways to incorporate socially

relevant concepts into the science curriculum, particularly

in chemistry, biology, and geology.
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It was the recommendation of the Conference on Education

and the Environment in the Americas in October, 1970, that

1. Environmental study and socially relevant
problems should not be treated as a discipline itself,
but should be approached from the problem-solving
point of view and should utilize information and
skills from many disciplines.

2. Individuals should have at least one first-
hand experience with an environmental problem. For
example, he might study a water pollution, air pol-
lution, human pollution, or resource depletion problem
(59, p. 65).

Wilson adds that " . . . the proposals being made are hardly

novel, but their implementation has proved difficult. We

must develop courses with both relevance and substance" (68,

p. 187).

Hardy (23) states that the basic design for action in

the area of socially relevant education should be based on

human experience including the following dimensions:

1. Scientific-quantitative

2. Humanistic-ethical

3. Creative-aesthetic

4. Vocational-utilitarian.

As an example of the scientific-quantitative dimension, the

study of water pollution, detergent phosphates, and eutrophi-

cation (over-feeding) of lakes and other water supplies could

be undertaken in a chemistry laboratory.
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It is therefore that this study had as its purpose, as

stated in Chapter I, the comparison of the effects such a

relevant approach would have upon nonscience students, when

these relevant topics were made the laboratory portion of

the course. As was mentioned in Chapter I, the nonscience

majors'course is given to a wide variety of students who

presumably have little interest in science, and it is this

course that has been the initial target of chemical edu-

cators for the introduction of socially relevant concepts.

Operating upon the educational theory that students will

take interest in and be motivated by that which is most

meaningful to them personally, it seemed only natural to

make the nonscience majors course one which was no longer

simply a junior edition of the science majors course, but

which examined, at least in part, socially relevant problems

of national interest.

In the preface to the new (March, 1972) fourth edition

of an extremely popular chemistry textbook for science majors,

Nebergall states

Other special features of this new fourth edition
include a major emphasis on pollution and ecology, with
extensive sections on water and air pollution. Frequent
pertinent references are made throughout the text to
environmental problems. Whenever possible, pollution
problems related to chemistry are discussed (45, p. vi).

Environment itself has come to be acknowledged by most

nations as a topic of high priority (60, p. 6). That this
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is evident is demonstrated by the following listing of recent

textbooks that have as their strong selling point the in-

clusion of socially relevant topics of national interest. In

each case the quotation is from the preface to the book.

1. General Chemistry (Macmillan, 1972). Special emphasis
is placed on topics of current interest. The topics
of thermodynamics and biochemistry are treated and
then applied to significant environmental problems
(49, p. vi).

2. Chemistry, Man and Society (Saunders, 1972). This
timely text dramatizes chemistry's role in shaping
and reshaping man's environment. The laboratory
manual contains numerous experiments having large
measures of current interest. Included are experi-
ments on chemical oxygen demand, determination of
trace amounts of mercury, and the preparation of
an aluminum compound from an aluminum can (28, p. v).

3. Science, Man and Society (Saunders, 1972). This
supplemental text is intended for either science
or nonscience majors taking either biology or
chemistry. This book discusses aspects of pol-
lution from pesticides to noise (20, p. iv).

4. Ecology, Pollution, Environment (Saunders, 1972).
This unusual supplemental text is designed to show
the student how science and technology have shaped
today's society and how knowledge gained in the
laboratory can be applied to the solution of many
current social problems ranging from air and water
pollution to the development of nuclear energy (65,
p. vii).

5. Energy and the Environment (Merrill, 1972). This
book is printed on 100 per cent reclaimed waste-
paper. It is intended to show how man's production
and use of energy are affecting our climate and
environment (5, p. vi).

6. Fundamentals of Chemistry (Addison-Wesley, 1972).
This freshman text for science majors is designed
to relate chemical knowledge and practice to con-
temporary social problems. We will attempt to
explain the chemical reactions behind the front
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page stories on mercury and lead poisoning and
treat the chemistry of smog, ozone, detergent
phosphates and the Pill (9, p. v).

In the first three issues (January-March, 1972 of the

Journal of Chemical Education there were, respectively,

eighteen, sixteen, and eighteen advertisements representing

twenty-two different publications for freshman textbooks

and laboratory manuals which employed socially relevant con-

cepts as a strong selling point. Only one of the books adver-

tised carried a 1971 copyright date; all others were published

in 1972. A survey of the same journal for the same three

month period, January-March, 1971, revealed there was only

one advertisement for such textbooks, the one published by

Kieffer (32) in March, 1971.

The trend of incorporating socially relevant problems

into the high school chemistry course has been slower,

possibly due to the infrequency with which states change

textbook adoptions in any given field. In the state of Texas

there are currently five approved chemistry texts for Chemis-

try I and five for Chemistry II (62). A check was made of

the tables of contents and indexes of these texts to deter-

mine if socially relevant topics were mentioned. The topics

considered were: air pollution and smog, drugs and drug

analysis, mercury poisoning, detergent phosphates, herbicides,

leaded gasoline, nuclear power production, pesticides, popu-

lation explosion, recycling of wastes, thermal pollution,
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water pollution, and water fluorides. The textbooks examined

are listed below

Chemistry I

1. Choppin, Chemistry (8).
2. Metcalf, Modern Chemistry (41).
3. Smoot, Chemistry, A Modern Approach (59).
4. Cotton, Chemistry, An Experimental Science (12).
5. Parry, Chemistry: Experimental Foundations (48).

Chemistry II

1. Toon, Foundations of Chemistry (63).
2. Brown, General Chemistry (6).
3. Slabaugh and Parsons, General Chemistry (58).
4. Mahan, College Chemistry (39).
5. Sienko and Plane, Chemistry: Principles and

Properties (55) .

Of the books listed for Chemistry II, (a course which

none of the subjects of the study had taken), the Slabaugh

and Parsons text gave the structure for 2,4-D, a herbicide,

but made no mention of the environmental aspects of herbicides

themselves, and the Sienko and Plane textbook mentioned a

paragraph on smog and the oxides of nitrogen responsible for

it. None of the others mentioned any socially relevant con-

cepts of current national interest. That this was found is

not surprising. Four of the books (all except the first)

are college-level freshman textbooks, and all were published

before 1971.

Of the books currently adopted for Chemistry I in the

public schools of Texas, the texts by Cotton and Parry are
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revisions of the CHEM Study program developed by a national

committee about ten years ago, and are aimed at those students

who will continue their study of science in college. The

Cotton text mentions beneficial drugs, while the Parry book

does not contain any mention of the socially relevant topics

previously mentioned. The more traditional text by Metcalf

mentions air pollution and has a substantial discussion of the

production of electrical energy from nuclear processes. The

other texts by Choppin and Smoot are also of a traditional

outlook (that is in this case not revisions of one of the

national curriculum project textbooks), and make no mention

of any of the chemistry of the socially relevant problems of

current national interest.

Of the sixty-eight students who took part in the present

study and had taken high school chemistry (N = 31 for control

group and N = 37 for experimental group), thirty-three (49 per

cent) said that their course had made mention of relevant topics.

A frequency distribution of the topics mentioned will be found

in Chapter III. It is interesting to note here, however, that

of the thirty-three students, nineteen (or 58 per cent) of them

who said relevant topics were mentioned in their high school

course graduated from high school in either 1970 or 1971.

The conclusion can be drawn that evidently the topics are

being discussed even though high school texts have not yet
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been saturated with socially relevant materials as have

college-level texts.

Whitney sums up the foregoing comments as follows:

Textbooks and "packaged courses" do not yet offer
much, if anything, to teachers who want their students
to confront current scientific-societal problems and
to appreciate the immediate relationship of science to
daily living. The urgency of such matters as population
growth and environmental degradation seems sufficient,
however, to justify supplementing any science course
with these current topics. I have done this for the
past four years with pleasing results in high student
interest, creative work, critical and original thought,
increased use of scientific literature, and perhaps most
important, development of an awareness that science is
intimately connected to what is happening in the world
today (67, p. 63).

In a report of the International Conference on Education

in Chemistry sponsored by the Division of Chemical Education

of the American Chemical Society in July, 1970, the following

recommendations were made:

1. In the elementary schools emphasis should be placed
on stimulating curiosity and discovery, the partici-
patory "fun-and-games" aspect of science. The in-
born curiosity of elementary students should be
nurtured by providing an environment that encourages
experimentation and investigation.

2. For secondary schools, a program for producing
materials for the study of chemistry from a humanistic
point of view should be developed. A diversity of
new learning aids will enable teachers and students
to emphasize those aspects of the materials which
interest them most and need not impress upon them a
specific list of subjects.

3. In colleges and universities, experimentation should
be encouraged toward the development of humanistic,
in-depth science courses much less committed to
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complete coverage of chemistry than has been the
case in the past. The desire to be "relevant" in
some way is not the only legitimate motive for
research, but is a factor of sufficient signifi-
cance to warrant evaluation at this time (16, p. 40).

Following this conference, a variety of experiments

centered around social topics of national interest were

proposed in the various science education journals.

Some of the first appeared in the August, 1971 issue

of the Journal of Chemical Education. Corwin (43) reports

that "the continuing criticism offered by students of the

sciences that the present day courses are not relevant to

the problems can be answered in part by a laboratory program

based on environmental problems." In addition, this same

paper added a dimension to "relevancy" not previously

mentioned in this study: advertising pollution. According

to Corwin

Problems of qualitative analysis can be directed
toward the often found statement on cans and bottles
labeled "inert ingredients." Solid materials collected
in plastic buckets placed at strategic spots on campus
can offer a real problem of the application of quali-
tative analysis to the composition of the solid materials
deposited from the air.

An example of the effectiveness of such an approach
occurred in the laboratory when the students were allowed
to select "Rolaids" as their unknown for, analysis. Due
to the advertising that one tablet would neutralize 47
times its weight in excess stomach acid, 10 out of 18
students in the course selected to do this analysis. They

found the neutralizing ability of the tablets quite small
but when the wording of the advertisement was recalled--
"47 times its weight in excess stomach acid"--they found
the tablets to be as advertised. The students also ex-

hibited interest in "Tums" and "Bisodol" tablets. The
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products Vanish, Drano, Plunge and other highly adver-
tised materials were also analyzed. One girl found
that in the "New" cleaner containing blue crystals, the
crystals were colored crystals of common table salt (11,
p. 522).

Other papers followed quickly. Kriz introduced a paper

on the analysis of phosphates in detergents with the following:

Today's college student is increasingly concerned
that his course relate to current social problems. The
need for course materials which deal with these problems
extends to the physical as well as to the social sciences.
One area which can readily be dealt with in basic chemi-
cal laboratory courses is environmental pollution. The
experiment described here is a response to the need
mentioned above and is specifically concerned with water
pollution caused by phosphates in detergents. It is
designed to be a part of a laboratory course in general
chemistry for students whose primary interest is not in
the sciences, but who study chemistry as part of a broad
general education curriculum (35, p. 551).

Many papers followed in the chemical education literature.

The Journal of Chemical Education devoted the first third of

its January, 1972, issue to a collection of papers grouped

under the heading "Environmental Chemistry." Their cover

photograph that month was a color view of the entire Western

Hemisphere taken from the Apollo 8 Spacecraft. Klein (34) opened

his paper on environmental mercury contamination with a plea

to introduce the topic to undergraduates via the laboratory

and suggested a number of experiments. Fuller outlined a

complete course for nonscience majors dealing with environ-

mental concepts and made the following remarks:

If today's college student is to deal constructively
with tomorrow's social problems he must understand how
contemporary technology is transforming the quality of
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our lives. If he is to comprehend the inherent charac-
ter of technology he must be familiar with the nature
of the science from which it springs. The course
described here is designed to deepen the scientific
understanding of a student who has had no chemistry in
secondary school and who intends to take only one or
two science courses in college. Since principles endure
and problems change, the overall objective of the course
is to teach some of the fundamentals of chemistry. The
emphasis is on chemistry; environmental problems are
utilized to make the principles come alive (21, p. 11).

Mohrig (43) had still another paper on the analysis of

detergent phosphates while Sheehan (56) told how one might

relate pollution to thermodynamics. Dieteren (15) outlined

an experiment in which he described, on a laboratory scale,

the removal of crude oil from marine surfaces. McFarland

(42) outlined experiments involving the oxides of nitrogen

and their detection in automotive exhaust. Suplinkas spoke

of an entirely new course as follows:

Recently we have initiated a new freshman labora-
tory program to accompany a course entitled "Chemical
Cycles and the Environment. Briefly, the program
consists of experiments on water pollution, trace
analysis of mercury in food, air pollution on campus,
and identification of pesticide in seed corn involving
thin-layer chromatography.

It was our experience that the initial difficulties
in setting up the laboratory were amply compensated for
by pedagogic value and student interest and enthusiasm
(61, p. 25).

The University of Texas at Austin has instituted an entire

course at the freshman level for nonscience majors. Boggs in

describing that course summarizes many of the preceeding

comments concerning socially relevant chemistry centered around

contemporary social problems of national interest.
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The course is primarily concerned with the inter-
actions between science and society. The treatment is
perhaps the only one a scientist knows how to use--
observation and derivation of general principles. At
the beginning of the semester there is a basic dis-
agreement between the instructor and many of the students
in the class. The students think that science is irrele-
vant to most of the problems which concern them as
individuals while the instructor believes that science
is basic to nearly all of them.

The illustrations used vary from semester to
semester, but such areas as population growth and con-
trol, drugs, present and future availability of natural
resources, pesticides, food additives, chemical and
nuclear weapons and applications of computers are typi-
cally included. Students in this age group are quite
self-centered, and topics which relate to their own
personal problems are the most popular and possibly
of some importance in the individual development of
the student (3, p. 189).

Boggs concludes it is his conviction that " . . . the

interrelationship of science and society is a valid subject

for teaching in a science department to nonscience students"

(3, p. 189). Concerning the effects of the course, he states

that

Several questions have been raised about the course. Do
students learn as much chemistry as in a regular chemistry
course? Certainly not. The course is neither a course
in chemistry nor about chemistry, but about the relation-
ship between science and society. Nevertheless it is
possible to hope that five years later the students may
remember as much or more chemistry than they would five
years after a regular chemistry course. That hope is
fostered by a very pessimistic view of the retention
after a conventional course. It is also hoped that the
attitude of the students toward science and technology
will be based on a more solid foundation (3, p. 189).

That socially relevant problems of national interest have

become a major force in curricular development, particularly



40

for nonscience majors, cannot be over emphasized. Late in

1971, Educational Resources Information Center (ERIC) es-

tablished a comprehensive information acquisition program

for environmental education (2). The project, funded by

the U.-S. Office of Education, was originated to meet the

demands of students, educators, businessmen, and government

officials for education literature concerning our polluted

environment.

Literature Related to the Study of Attitudes

Numerous definitions and references to student attitude

appear in the literature. According to Anderson

There is, of course, no simple approach to
attitude formation. Only rarely do complex problems
have simple solutions, and solutions which work in

one area may cause additional problems in another
(1, p. 41).

A thorough study of the nature of attitudes was made by

Bradberry (4), who stated several definitions of attitude by

various authors. The definition which appeared to serve

Bradberry's purposes best was the one by Klausmeier which

said that " . . . attitudes are learned, emotionally toned

predispositions to react in a consistent way, favorable or

unfavorable, toward a person, object, or idea" (33, p. 24).
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Rhine (53) wrote of the relationship between concept

formation and attitude acquisition, and likewise mentioned

the many definitions of attitude. He stated that "the review

of the literature disclosed twenty-three definitions of

attitude" (53, p. 362). In utilizing the concept-formation

interpretation, he defined a concept by stating that " .

a concept is considered a mental principle through which an

individual can classify a number of objects in his stimulus

world" (53, p. 362). He clearly conveyed his belief in the

close relationship between concept-formation and attitudes

by the following statement: "A concept formation approach

to attitude learning also enables any systematic viewpoint

which can account for concept-formation to account at the

same time for attitude formation" (53, p. 362).

Woodruff (70) disclosed pertinent information based on

the writings of Gagne and Bolles as follows:

It is generally agreed among serious students of
learning and behavior that such things as attitudes
are not primary elements in learning. They are by-
products. Learning is not basically a process of
attitudinal change. It is a process of change in con-
cepts, motor abilities, values, habits, and symbolism.
When these things change, they produce changes in the
behavioral manifestations which we call attitudes,
appreciations, loyalties, and so forth (70, p. vii).

Another study reported by Woodruff (70) was a study of

the relationships among values, concepts, and attitudes. Two

important findings were reported:
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1. Attitudes of any strength were found only when

a subject's highest values were involved in the subject

of the attitudes, and when the individual possessed

meaningful concepts about the subject.

2. There is a high positive correlation between a

weighted score made up of one's highest positive values,

and his concepts of a given object combined, and a score

taken from an attitude test in which the same object is

the subject.

Woodruff further remarked,

This study provides the first clear evidence that

knowledge plays a direct and important role in the

determination of attitudes, by showing that one's

behavior tends to follow a line which the individual

believes will foster the things he cherishes most highly,
and that when his beliefs change his behavior will change
accordingly. Hence education which is intended to affect

behavior and attitudes should probably make its attack

on the conceptual patterns of individuals, by introducing
meaningful information in a way which provides the

student with understanding and which makes application
to one's daily living (70, p. 103).

The measurement of attitude changes comprised one aspect

of a study conducted by Popham and Sadnavitch (50). One part

of the experiment consisted of an evaluation of filmed chemis-

try courses in twelve public secondary schools in southeast

Kansas. The subjects included all students enrolled in chemis-

try during the 1959-1960 school year. The attitudes of both

the experimental (film group) and the control (non-film group)

classes declined, but it was found that the attitude decline

of the experimental group was to a greater extent than the

attitude decline of the control group. This difference in

decline was significant beyond the 0.05 level.
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The preceding information constitutes ample evidence to

corroborate the fact that attitudes are subject to rapid

measurable change. According to Combs, " . . . attitudes

do seem to be subject to rapid modification and change" (10,

p. 72).

Although it has been shown that attitudes may be altered

rapidly, it has been difficult to obtain correlations between

attitudes or attitude-changes and other variables. Thus, in

a general psychology class, Wofford and Willoughby (69) found

significant relationships between course grades and attitudes

toward the course. On the other hand, Neale, Gill and Tismer

(45) found very little relationship among sixth-graders be-

tween school achievement and attitudes toward school subjects.

They stated, "Despite a widely-held belief that favorable

attitudes toward school and school subjects contribute to

learning, no substantial body of empirical knowledge has been

developed to document this belief" (45, p. 233). In their

study, attitudes toward school subjects were of no assistance

in predicting school achievement. The results led to the con-

clusion that attitudes toward school subjects may play only a

limited role in school achievement.

Myers (44) used 407 introductory college chemistry students

for the investigation of the relationship between students'

attitudes toward science and scientists and pertinent variables.
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The students' attitudes were not favorably changed during

the progress of the course, but instead declined. There were

significant correlations between post-attitude scores and the

final examination grade. Also significant was the correlation

between the final grade and the pre-attitude score. The

instrument used by measuring the attitudes was developed by

Myers.

In their analysis of research on instructional procedures

in secondary school science, Ramsey and Howe (52, p. 56) cited

two pertinent studies related to attitude change. Davis (14)

attempted to produce a change in attitude toward race. He

found that student attitudes could be changed through in-

structional procedures and that intelligence level was im-

material in producing those changes. Also reported by Ramsey

and Howe (52, p. 66) was a study by Kahn (29) who found that

reading level was not an important factor in producing signifi-

cant changes in attitude. In his class, as in the present

study, he utilized current problems as a basis for teaching

attitudes.

One of the ten conclusions of Ramsey and Howe was "a

desirable attitude change can be taught by carefully designed

instructional materials; this applies to all ability groups"

(52, p. 68).

In a recent book, Mager (38) made the following statement:

"If I do little else, I want to send my students away with at
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least as much interest in the course as they had when they

arrived." This statement, it seems, echoes the sentiments

of the vast majority of teachers today. However, it appears,

from a study of the literature, this goal is being accomplished

in far too few cases.

Literature Related to Critical Thinking

One of the most important goals in education is the

development of the ability to do critical thinking. Many

studies have been focused on this aspect of learning, but

methods used for the improvement of critical thinking have

produced inconsistent results. Edwards stated that

It appears that ability to do critical thinking is a
valid objective of the schools in that it is possible
to isolate techniques of critical thinking and test
for the acquisition of skill in the use of these tech-
niques (18, p. 271).

Watson and Glaser developed one of the most widely used

instruments for the purpose of determining critical thinking

ability. They stated:

In developing the Critical Thinking Appraisal, the

authors have viewed critical thinking as a composite
of attitudes, knowledge, and skills. This composite
includes: 1) attitudes of inquiry that involve an
ability to recognize the existence of problems and an

acceptance of the general need for evidence in support
of what is asserted to be true; 2) knowledge of the
nature of valid inferences, abstractions and generali-
zations in which the weight or accuracy of different
kinds of evidence are logically determined; and 3)
skills in employing the above attitudes and knowledge
(66, p. 10).
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Other than the viewpoint expressed by Watson and Glaser,

many other definitions and traits of critical thinking have

been forwarded. Watson and Glaser have reprinted in their

Manual (66) a list of five critical thinking abilities which

were proposed by the Cooperative Study of Evaluation in

General Education (17). This list is similar to the Watson

and Glaser listing given above, however.

Good alternately defined critical thinking as "thinking

that proceeds on the basis of careful evaluation of premises

and evidence and comes to conclusions cautiously through the

consideration of all pertinent factors" (22, p. 570).

Ennis, in his study of critical thinking, listed twelve

aspects of critical thinking as follows:

1. Grasping the meaning of a statement.
2. Judging whether there is ambiguity in a line of

reasoning.
3. Judging whether certain statements contradict each

other.
4. Judging whether a statement is specific enough.
5. Judging whether a conclusion follows necessarily.
6. Judging whether a statement is actually the appli-

cation of a certain principle.
7. Judging whether an observation statement is reliable.

8. Judging whether an inductive conclusion is warranted.
9. Judging whether the problem has been identified.

10. Judging whether something is an assumption.
11. Judging whether a definition is adequate.
12. Judging whether a statement made by an alleged

authority is acceptable (19, p. 84).

A number of possible causes of the failure of various

methods and materials to produce increased critical thinking

ability have been offered. According to Edwards (18), a lack
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of suitable measuring devices coupled with slow improvement

in thinking ability has been partially responsible. Marshall

and Burkman have substantiated this feeling with the following:

No present day testing expert has stated with much
confidence how one goes about devising a test to
measure critical thinking. Unfortunately, terms
such as critical thinking are often defined in terms
of "that which a certain test measures" (40, p. 103).

Hill, however, has stated in his evaluation of the Watson-

Glaser Critical Thinking Appraisal, that "the five subtests

which have been retained are clearly pertinent to most defi-

nitions of critical thinking" (26, p. 796). He further con-

cluded that " . . . the Watson-Glaser Critical Thinking

Appraisal is one of the useful instruments for this purpose"

(26, p. 797).

Helmstadter (25), while admitting there may be some

flaws in the test, praised the test-makers for their reports

concerned with test standardization, reliability, and validity.

Ruane (55) classified the Watson-Glaser Critical Thinki

Appraisal as one of the better testing instruments, and Troxel

and Snider issued the following statement concerning the Test

on Understanding Science, the Watson-Glaser Critical Thinkinj

App2raisal,and the ACSCoo e native Examination in General

Chemistry, Form 1963:

Certainly, all teachers do not have as all of the
objectives in the science courses they teach what these
examinations measure. For those who do have at least

some of the objectives, as well as for professional
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researchers in science education, these examinations

may be valuable assets (55, p. 76).

Although the ability to think critically has often

been a goal in science education, there have been very few

specific conscious attempts to increase the thinking ability

of students (13, p. 9). Hollenbach and DeGraaf attested

that

. . . the development of better abilities and habits
of thinking is a part of the responsibility of every
college teacher, perhaps more important in some courses
than in others, but never completely absent from any
course (27, p. 128).

They offered eight conclusions for the improvement of in-

struction, and each of these conclusions pointed out a

deficiency in most of the existing educational systems.

Most of the deficiencies pointed out were those that could

be alleviated by the teachers through the alteration of

present teaching methods.

Confidence in the ability to train teachers how to teach

critical thinking was expressed by O'Neill (47). He voiced

the opinion that in order to succeed in teaching critical

thinking, special efforts must be made in that direction.

An experiment conducted by Rickert provided evidence that

critical thinking abilities could be significantly changed in

the course of a semester. He hypothesized that "the ability

to think critically is improved significantly by a physical
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science course that gives students opportunities to analyze

problems, examine assumptions, collect and organize data,

and test hypotheses" (54, p. 27). Also, according to Ramsey

and Howe "certain studies have indicated that critical

thinking abilities can be and are improved when the teacher

makes a special effort to emphasize these abilities" (51,

p. 12).

Though some of the above studies have indicated the

possibility of significantly increasing critical thinking

ability with special efforts, many other experiments have

failed to produce significant changes in this respect. Lee

(36), in utilizing 155 high school chemistry students in

six classes, compared the increase in critical thinking

ability of students taught in a conventional manner with

the increase in critical thinking ability of students taught

by a problem-solving method. He found no significant differ-

ence in change of critical thinking ability due to method

when the experimental group was compared to the control group.

Hardy (23) utilized the Watson-Glaser Critical Thinking

Appraisal in his comparison of CHEM Study students with

traditionally taught students. Upon finding no significant

differences he concluded "chemistry students taught by the

CHEM Study approach do not differ significantly from the
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students of traditional chemistry in level of general criti-

cal thinking" (23, p. 275).

In another study, Brown (7) administered the Cornell

Critical Thinking Test, Form X to two groups, one of chemis-

try students and one of non-chemistry students to try to

obtain a correlation between critical thinking ability and

attitude toward science. The chemistry students did out-

score the non-chemistry students in critical thinking ability,

but the differences were not significant.

Kemp showed that open-minded college students tended to

excell in criteria involving critical thinking. His conclusion

was that

The low dogmatics are more successful than the
high in critical thinking. The high dogmatics have the
greater percentage of errors in those problems which
require the study of several factors or criteria for
decision and the deferring of a conclusion until each
factor has been judiciously considered (30, p. 318).

Kemp's study presents an interesting factor which may merit

consideration in attempts to increase critical thinking ability.
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CHAPTER III

COLLECTION AND TREATMENT OF DATA

Introduction

In order to treat the data statistically, demographic

information from each student who completed high school

chemistry was taken. Data on sex, year of graduation from

high school, major field of study, classification, and the

nature of the high school course taken was collected. Table

I is a frequency distribution of the topics covered in the

various high school courses. The test scores of the HA

WG, and ACS examinations, as well as other information on

each student used in the study and the scores on the three

post-tests, given during the final week of the semester, will

be found in the Appendix on page 103.

Data Related to Hypotheses 1, 2, and 3

The 138 students, distributed among eight laboratory

sections, were divided almost equally into control and experi-

mental sections, and the experimental treatment (laboratory

materials involving relevant social problems of national

57
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TABLE I

RELEVANT TOPICS COVERED IN

HIGH SCHOOL COURSES

Control Experimental
Group Group

Topic (N = 31) (N = 37)

Air pollution 3 3

Water pollution 5 6
Water fluorides 4 5
Nuclear power 8 5

Leaded gasoline 4 5

Mercury poisoning 6 3

Detergent phosphates 5 6
Pesticides and herbicides 10 11

Drug addiction 5 5
Other 0 1*

Total responses 50 50

*Advertising claims

interest) given to four of the laboratory sections. A listing

of the laboratory exercises given to both groups, experimental

and control, is found in the Appendix on page 94.

It is interesting to note that of the thirty-one students

in the control group that had had high school chemistry, only

sixteen (51 per cent) of them mentioned that their course had

discussed relevant problems. In the experimental section, the

responses cam from only eighteen (49 per cent) of the thirty-

seven who had taken high school chemistry. One of the students

in the experimental section who said that air pollution and

water fluorides were discussed had taken his high .school



59

chemistry in South Vietnam in 1970. All others were from

American high schools.

The arithmetic means and standard deviations of all the

variables will be found in Table II. The values in Table II

were computed by the North Texas State University Computing

Center on an IBM 360-50 computer, and the computations (means

and standard deviations) upon which all other calculations

were based were checked with a desk calculator.

TABLE II

ARITHMETIC MEANS AND STANDARD DEVIATIONS
OF ALL VARIABLES

Control Experimental Combined
(N = 67) (N = 71) (N = 138)

Variable Mean SD Mean SD Mean SD

HAPR 6.70 30.54 0.03 30.07 3.27 30.37
WGPR 67.00 9.04 64.89 10.62 65.91 9.91
ACSPR 1.27 3.89 3.24 8.01 2.28 6.41
HAPT -4.30 39.22 3.97 38.41 -0.04 38.89
WGPT 65.75 10.00 66.01 10.91 65.88 10.44
ACSPT 37.01 23.05 34.08 23.10 35.51 23.03

The negative means for the attitude examination are possi-

ble because the attitude scale ranged from from -50 to +50.

Table III contains a brief analysis of the means and

differences in order to clearly visualize the trends within

each group of students.

Several trends are evident in Table III. The mean of

the Watson-Glaser score dropped 1.25 for the control group

while that of the experimental group rose 1.12. The ACS

chemistry examination mean rose in both groups: +35.74 for
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the control group; +30.84 for the experimental group. That

this is evident is not surprising considering the ACS exami-

nation probably tests more of the traditional type of chemis-

try than it does relevant chemistry as defined in this study.

Neither group knew an appreciable amount of chemistry at the

outset of the experiment.

TABLE III

MEANS AND DIFFERENCES OF VARIABLES

Control (N = 67)_Experimental (N = 71)

Variable -Pre PostDif erence Pre Post Difference

HA + 6.70 - 4.30 -11.00 + 0.03 + 3.97 + 3.94
WG 67.00 65.75 -1.25 64.89166.01 1.12
ACS 1.27 37.01 +35.74 3.24 34.08 +30.84

The greatest differences are noted in the HA attitude

examination. The control group, while starting with a higher

positive attitude (+6.70) fell to a -4.30 on the post-test,

which is a net loss in mean score of 11.00. The experimental

group, on the other hand, while starting with a mean attitude

score near zero (0.03), rose to a final score of +3.97, a gain

of +3.94. A more complete look at why the attitude test scores

changed can be made with an examination of Table IV.

Since the attitude examination showed the greatest change

and because data had been collected on the classification of

the students, a plot was made from the data in Table V, which

gives a breakdown of the attitudes by classification.
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TABLE IV

CHANGES IN ATTITUDE TOWARD THE CHEMISTRY COURSE

ConrolGroup (N = 67) Experimental Group (N = 71)
Pre Post Difference Pre Post Difference

Students
with
negative
attitudes 29 41 + 12 36 29 - 7

Students
with
positive
attitudes 38 26 - 12 35 42 + 7

Total 67 67 0 71 71 0

TABLE V

MEAN ATTITUDE SCORES VS CLASSIFICATION

Control Experimental
N Pre Post N Pre Post

Freshman 9 +13.90 + 0.88 8 - 2.75 +13.30

Sophomore 30 +11.00 - 1.00 30 - 0.50 - 3.60

Junior 22 - 5.10 -15.00 26 - 0.15 + 8.30

Senior 6 +16.00 +10.60 7 + 6.30 + 0.60

Total 67 71
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Fig. 1--Mean attitude vs classification control section.
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Fig. 2--Mean attitude vs classification experimental
section.
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While no consistent pattern is evident from the plot of

mean attitude vs classification in the experimental section,

it is interesting to note the pattern of the plot with the

control section. As shown in Figure 1, the post-test curve

lies below that of the pre-test curve and is similar to it

at all points. Furthermore, while one might expect the atti-

tude (especially on the pre-tests) to show a decline pro-

portional to the classification (assuming the upper classmen

have postponed the course as long as possible out of fear,

dislike, etc.), this was not the case with the seniors, as

their attitude on both the pre- and post-tests were the highest

of all, as indicated in Figure 2. Two reasons for the pattern

of the curve are suggested: possibly some of the seniors were

taking the course as an elective, rather than as a required

course, or, more probably, since the seniors were few in

number, the statistics were affected as a result of the sample

sizes.

An analysis of variance, one-way design, was run on the

pre-test scores of both groups to determine if they were of

the same population at the outset of the experiment. Table

VI gives the results of this computation which was performed

on the IBM 360-50 with program NTSU-ST-001. None of the

F-ratios was significant at the 0.05 level.
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TABLE VI

ANALYSIS OF VARIANCE OF PRE-TESTS

Sum Degrees of Variance
Source Squares I-Freedom IEstimate Ratio] P

Variable No. 1, HA Attitude Examination

Between 1 1535.1062 1. 1535.1062 1.7721 0.1981

Within 124857.9735 136. 918.0733

Total 126393.0797 137.

Variable No. 2, WG Critical Thinking
Examination

Between 1 5 3 .8 5 7 9  1. 153.8579 1.5748 0.2116

Within 13287.0986 136. 97.6993
Total 13440.9565 137.

Variable No. 3, ACS Chemistry
Examination

Between 1338845 1. 1133.8845 3.3130 0.0709

Within 5496.0938 136. 40.4125
Total 5629.9783 137.

A correlation matrix was made for all of the variables

in the study, for both the experimental and the control groups

and for all 138 students in the study. The Pearson Product

Moment Correlation coefficients are reported in Table VII.

These were computed with program NTSU-ST-006.
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TABLE VII

CORRELATION MATRIX FOR ALL VARIABLES

HAPR WGPR ACSPR HAPT WGPT ACSPT

Correlation Coefficients, Control Group N = 67

HAPR 1.0000 -0.0242 0.0743 0.5980* 0.0546 0.1752

WGPR -0.0242 1.0000 0.0013 0.0356 0.6395* 0.0087
ACSPR 0.0743 0.0013 1.0000 0.1574 -0.0796 0.0285
HAPT 0.5980 0.0356 0.1574 1.0000 0.0637 0.2595
WGPT 0.0546 0.6395 -0.0796 0.0637 1.0000 0.0262
ACSPT 0.1752 0.0087 0.0285 0.2595 0.0262 1.0000

Correlation Coefficients, Experimental

Group, N = 71

HAPR 1.0000 -0.0333 0.0517 0.3639* 0.0391 0.1812

WGPR -0.0333 1.0000 0.1561 -0.0711 0*5747* 0.1853
ACSPR 0.0517 0.1561 1.0000 0.0026 0.1294 -0.0628
HAPT 0.3639 -0.0711 0.0026 1.0000 -0.1090 0.2180
WGPT 0.0391 0.5747 0.1294 -0.1090 1.0000 -0.0093
ACSPT 0.1812 0.1853 -0.0628 0.2180 -0.0093 1.0000

Correlation Coefficients for Both

Groups N = 138

HAPR 1.0000 -0.0170 0.0375 0.4622* 0.0446 0.1838

WGPR -0.0170 1.0000 0.0907 -0.0341 0.5969* 0.1125

ACSPR 0.0375 0.0907 1.0000 0.0645 0.0660 -0.0418
HAPT 0.4622 -0.0341 0.0645 1.0000 -0.0265 0.2296
WGPT 0.0446 0.5969 0.0660 -0.0265 1.0000 0.0063
ACSPT 0.1838 0.1125 -0.0418 0.2296 0.0063 1.0000

*0.01 level.
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An examination of the correlation matrix for the control

group gives significant (0.05 level) correlations between the

HA pre- and post-tests, the WG pre- and post-tests, and the

post-test attitude score and the post-test chemistry score.

For the experimental group, the same correlations are

observed except for the correlation between the post-test

attitude and the post-test ACS score (1, p. 30).

Standard t-tests for correlated means were run with

program NTSU-ST-003. The results are reported in Table VIII.

Examination of Table VIII reveals that the ACS chemistry

examination for both the experimental and control groups had

a significant change (significant at least to the 0.0001

level), and that the attitude test scores on the control

section were significantly lower (at the 0.01 level) at the

end of the experiment than they were at the beginning.

In order to more clearly see the differences between

the two groups, an analysis of covariance with each of the

three pre-tests as covariants, was performed, utilizing the

NTSU-ST-014 program and the IBM 360-50 computer. The results

of the covariance analysis are shown in Table IX. The only

significant difference in Table IX is that of the attitude

scale. The F value is significant to the 0.04 level. Neither

of the other two examinations (WG and ACS) showed any signifi-

cant differences.
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Concerning Hypothesis 1, that students enrolled in the

experimental section would score significantly higher on the

ACS examination, the conclusion that was drawn from the above

data and computations (F = 0.4574, p = 0.5000) did not warrant

acceptance of this hypothesis, and thus it was rejected. The

null hypothesis that there was no difference between the groups

was accepted. Students in the experimental sections did not

learn any more chemistry, as measured by the ACS examination,

than did students in the control sections.

Hypothesis 2, as stated in Chapter I, said that students

in the experimental sections would score significantly better

on the HA attitude examination than would students in the

control sections. Students in the experimental sections did

not have a significantly more positive attitude toward the

chemistry course after exposure to relevant laboratory materials.

The control group, however, which experienced a traditional

approach to their laboratory, did have a significant decrease

in attitude as measured by pre- and post-tests. An analysis

of covariance utilizing the pre-tests as covariates in each

group revealed a significant difference at the end of the

experiment. On the basis of the F value of 4.4598 (significant

to the 0.04 level) this hypothesis was accepted, or the null

hypothesis of no difference was rejected.

Hypothesis 3, that students in the experimental section

would score significantly better on the Watson-Glaser Critical

Thinkin2i Apraisal was not supported by the data of the experi-

ment. The null hypothesis of no difference between the groups
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was accepted. The F-value of 1.2607 was only significant

to the 0.26 level, not the 0.05 level as needed for rejection

of the null hypothesis.

Data Related to the Fourth and
Fifth Hypotheses

Hypotheses 4 and 5 dealt with whether a student's prior

acquaintance with a chemistry course was a factor in the

experiment.

Since about equal numbers of students who have and who

have not had high school chemistry enroll for the nonscience

majors course, it was decided to determine whether a prior

course in chemistry at the high school level was a factor

affecting student attitude, critical thinking ability, or

achievement in chemistry.

The means and standard deviations of all variables used

in the study are reported in Table X, which differs from

Table III only in the separation of the students into two

classifications (credit or no credit in high school chemistry)

within each group, both experimental and control. Standard

t-tests for correlated means are also reported as computed

on the IBM 360-50 with program NTSU-ST-003.

It is interesting to note some of the changes and their

direction from Table X. Within the control section, those

who took high school chemistry and those that did not differed
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little in the changes of means, from pre- to post-test on

any of the instruments: -10.42 and -11.50 for the attitude

score; -1.71 and -0.86 for the critical thinking score;

+35.81 and +35.69 for the chemistry examination score.

In the experimental section, however, those that did

take high school chemistry had a net average attitude score

gain during the course of the semester of +3.37 while those

students who did not take high school chemistry showed a net

gain in mean attitude of +4.55, the largest of any group.

On the other hand, students in the experimental section who

did not take high school chemistry had, on the average, a

greater gain on the ACS chemistry examination score than did

the students who had taken high school chemistry. Possibly

the students who had prior exposure to chemistry found the

traditional chemistry course, as it is now structured,

repetitious and boring and did not make any attempt to excell

in the course.

An analysis of variance, one-way design, was run on

the pre-tests to determine if there were any significant

differences in the groups at the outset of the experiment.

The results of these computations are in Table XI.
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TABLE XI

ANALYSIS OF VARIANCE OF PRE-TESTS
EXPERIMENTAL VS CONTROL

SUm DEGREES OF VARIANCE
SOURCE SQUARES FREEDOM ESTIMATE RATIO P

(I || ,"| l'| |HS CHEM = YES

Variable No. 1 = HA

Between 1 119.7387 1 1. 119.7387 0.1327 0.7168
Within 59561.7908 66. 902.4514
Total 59681.5294 67.

.... _._... Variable No. 2 = WG

Between 65.8917 1. 65.8917 0.6691 0.4163
Within 6499.7995 66. 98.4818
Total 6565.69267.

Variable No. 3 = ACS

Between 203.6031 1. 203.603112.8675 0.0951
Within 4686.2058 66.1 71.0031
Total 4889.8088 67.

HS CHEM NO

Variable No. 1 = HA

Between 1825.3972 1. 1825.3972 1.9234 0.1700
Within 64533.8742 68. 949.0276
Total 66359.2714 69.

Variable No. 2 = WG

Between 635.3278 l. 635.3278 6.9290 0.0105
Within 6234.9722 68. 91.6908
Total 6870.3000 69.
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The only significant difference between mean scores at

the outset of the experiment was on the Watson-Glaser instru-

ment. The F-ratio of 6.9290 is significant to the 0.01 level.

Since the means and standard deviations of the ACS chemistry

examination scores for those who did not take high school

chemistry was zero, in both the control and the experimental

group, an analysis of variance was not computed, and it is

concluded that no significant differences existed between

these two groups at the outset of the experiment.

A correlation matrix was prepared for all variables in

the study, separating those who took high school chemistry

from those who did not in both the experimental and the

control sections. The Pearson Product Moment Correlation

coefficients are reported in Table XII. These were computed

with program NTSU-ST-006.

An examination of the correlation matrix for those who

took high school chemistry and were in the experimental group

shows significant (0.05 level) correlations between the pre-

and post-test attitude scores, and the pre- and post-test

critical thinking ability scores.

For those in the control group who took high school

chemistry, significant correlations (0.05 level) were found

between the pre- and post-test attitude scores., the pre- and

post-test critical thinking ability score, and between the
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TABLE XII

CORRELATION COEFFICIENTS

Experi- _HS Chem Yes
mental 1 2 3 4 5 6

1 1.0000 -0.1481 0.0719 0.5824* 0.0183 0.1059
2 -0.1481 1.0000 0.1428 -0.0344 0.5571* 0.3148*
3 0.0719 0.1428 1.0000 0.0063 0.2051 -0.1053
4 0.5824 -0.0344 0.0063 1.0000 -0.0631 0.0930
5 0.0183 0.5571 0.2051 -0.0631 1.0000 0.0371
6 0.1059 0.3148 -0.1053 0.0930 0.0371 1.0000

HS Chem = Yes
Control 1 2 3 4 5 6

1 1.0000 -0.0954 0.1774 0.5711* -0.0181 0.1955
2 -0.0954 1.0000 0.1282 0.0804 0.7286* 0.3196
3 0.1774 0.1282 1.0000 0.2607 0.0185 0.0106
4 0.5711 0.0804 0.2607 1.0000 0.1072 0.2289
5 -0.0181 0.7286 0.0185 0.1072 1.0000 0.4124*
6 0.1955 0.3196 0.0106 0.2289 0.4124 1.0000

Experi- HS Chem No
mental 1 2 3 4 5 6

1 1.0000 0.0670 0.0 0.1276 0.0544 0.2795
2 0.0670 1.0000 0.0 -0.1111 0.5976* 0.0240
3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.1276 -0.1111 0.0 1.0000 -0.1521 0.4012*
5 0.0544 0.5976 0.0 -0.1521 1.0000 -0.0591
6 0.;2795 0.0240 0.0 0.4012 -0.0591 1.0000

HS Chem = No
Control 1 2 3 4 5 6

1
2
3
4
5
6

1.0000
-0.0075
0.0
0.6268
0.0847
0. JL739

-0. 0075
1.0000
0.0

-0.0619
0.4451

-0.2676

0.0
0.0
0.0
0.0
0.0
0.0

0.6268
-0.0619
0.0
1.0000

-0.0466
0.3060

*001 level

0.0847
0.4451
0.0

-0.0466
1.0000

-0.3846

0.1739
-0.2676
0.0
0.3060

-0.3846
1.0000
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post-test critical thinking ability score and the post-test

chemistry score.

For those students in the experimental group who did not

take high school chemistry, significant (0.01 level) corre-

lations were found only between the critical thinking ability

pre- and post-test scores and between the chemistry pre- and

post-test scores. In the control section, those students

who did not take high school chemistry had significant corre-

lations between the pre- and post-test critical thinking

means, and a significant negative correlation between the

post-test attitude and the post-test chemistry examination

means.

In order to more clearly see the differences between

those who took high school chemistry and those who did not,

an analysis of covariance with each of the three pre-tests

as covariants was performed utilizing the NTSU-St-014 program

and the IBM 360-50 computer. The results of the covariance

analyses are shown in Table XIII.

None of the differences in Table XIII is significant to

the 0.05 level. Therefore, the fourth hypothesis that students

who have had high school chemistry and experience the relevant

approach would score significantly better on the three exami-

nations than would the students who have had high school
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chemistry and experience the traditional approach was not

supported. The F-values of 2.5174, 1.1688, and 0.2435 for

the HA, WG, and ACS scores respectively are not significant

at the 0.05 level. The null hypothesis of no difference

was acceptable.

Furthermore, the fifth hypothesis of this study that

students who have not had high school chemistry and received

the experimental treatment would score significantly higher

on the three examinations than would those students who have

not had high school chemistry and experience the traditional

treatment was not supported. Restated in null form, the

hypothesis of no difference between the groups was acceptable

The F-values of 1.5788, 0.2217, and 0.2093 for the HA, WG, and

ACS scores respectively were not significant at the 0.05

level. Hence it was concluded that prior knowledge of chemis-

try was not a determining factor in this study.
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CHAPTER IV

SUMMARY, FINDINGS, CONCLUSIONS, AND

RECOMMENDATIONS FOR FURTHER STUDY

This chapter presents a brief summary of the study,

conclusions drawn as a result of the analyses, and recom-

mendations for further study.

Summary

Eight laboratory sections of Chemistry 131, a three-

hour introductory course in general college chemistry for

nonscience majors were selected for this study. Four of

the laboratory sections were given traditional laboratory

exercises during the spring, 1972, semester, These exer-

cises were drawn entirely from the laboratory manual

Chemistry in the Laborator (1) which has been the officially

adopted textbook in Chemistry 131 laboratory at North Texas

State University for several years. The other four labor-

atory sections performed contemporary exercises emphasizing

problems of current national concern such as drug analysis,

detergent phosphate studies, air pollution exercises, and

water pollution and leaded gasoline analyses. These labor-

atory exercises were selected from recent issues of the

Journal of Chemical Education.

82
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Seven different laboratory instructors were utilized;

the students were concurrently registered for any one of

the three lecture sections of the course employing two

different lecture instructors. The control group was com-

posed of sixty-seven students in four laboratory sections;

the experimental group was composed of seventy-one students

in four laboratory sections.

Comparisons were made of the two groups at the outset

of the experiment by means of an analysis of variance to

determine if the groups were of the same population. The

variables were (1) the score on the Hand Scale of Attitudes

Toward College Courses: A Scale to Stu Student Attitudes

Toward College Courses, (2) the score on the Watson-Glaser

Critical Thinking Appraisal, Form YM, and (3) the score on

the American Chemical Society-National Science Teachers

Association Cooperative Examination in High School Chemistry,

Form 1971. These comparisons revealed no significant differ-

ences in the two groups. Table VI gives the results of the

computations.

Correlation matrices for both groups as well as the

combined total of students in the study were computed, and

the significant correlations found are listed in Table XIV.

Standard t-tests for correlated means were run and the

results revealed that the attitude scores decreased signifi-

cantly for the control group, and that both groups had a
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TABLE XIV

SIGNIFICANT CORRELATIONS OF ALL VARIABLES

Experimental Group, N = 71

Correlation r

HAPR with HAPT.... ...... . 0.36
WGPR with WGPT. . ... ..... 0.57

Control Group, N = 67

HAPR with HAPT. . ..... ... 0.59
WGPR with WGPT.................0.63

Combined Groups, N = 138

HAPR with HAPT.......... . .... 0 .46'
WGPR with WGPT..... . .. .... 0.59

*Level of significance = 0.01 for all correl

*

39
47

80
95

22
69
nations.

significant change (0.0001 level) in their knowledge of

chemistry, due to the fact that neither group had a large

knowledge of chemistry at the outset of the experiment.

An analysis of covariance was then performed, utilizing

the three pre-tests as covariants. Only the attitude test

showed any significant differences, as the F-ratio of 4.4598

was significant at the 0.04 level. The significant differ-

ence in attitude was not due so much to the experimental

group having a more positive attitude at the end of the experi-

ment as it was to the significant drop in mean attitude scores

of the control group.
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From the results of the covariance analysis, the first

and third hypotheses of this study were rejected. The students

in the experimental section did not score significantly better

in critical thinking ability as measured by the Watson-Glaser

Critical Thiki Appraisal, nor score significantly better

in knowledge of chemistry as measured by the score on the

American Chemical Society-National Science Teachers Co-

operative Examination in High School Chemistry. The second

hypothesis, that the students in the experimental group would

score significantly better on the Hand Scale of Attitudes

Toward College Courses was supported by the data and analyses

of this study.

The groups were then split into two factions, depending

upon whether they had taken high school chemistry. Once

again, an analysis of variance was performed to determine if

the groups were of the same population at the outset of the

experiment. The only significant difference was found in the

scores on the Watson-Glaser Critical Thinking Appraisal,

between those students in the control section who had not

taken high school chemistry and the students in the experi-

mental section who had not taken high school chemistry.

A correlation matrix was again computed and the signifi-

cant correlations found are listed in Table XV.
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TABLE XV

SIGNIFICANT CORRELATIONS BASED ON PRIOR
KNOWLEDGE OF CHEMISTRY

Correlation r Level

HS Chem = yes HAPR with HAPT 0.5824 0.01
Experimental WGPR with WGPT 0.5571 0.01

HS Chem = yes HAPR with HAPT 0.5711 0.01
Control WGPR with WGPT 0.7286 0.01

HS Chem = no WGPR with WGPT 0.5976 0.01
Experimental HAPT with ACSPT 0.4012 0.01

HS Chem = no HAPR with HAPT 0.6268 0.01
Control WGPR with WGPT 0.4451 0.01

WGPT with ACSPT -0.3846 0.01

The correlation coefficients are measures of the degree

of correspondence between two variables, and the significance

of the coefficients is a function of sample size. In Tables

XIV and XV, the level of significance of 0.01 is a measure of

the probability that there is a relationship between the

variables indicated, and that the chances of this relationship

not occurring are only one in a hundred.

An analysis of covarance was performed to more clearly

see the differences between the experimental and control

groups. No significant differences were found. Therefore,

the fourth and fifth hypotheses of this study, that students

in the experimental section, regardless of whether they have

had high school chemistry, would score significantly better

on the three criteria than students in the control section,

were not supported by the data and analyses of this study.
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Findings

The following findings are based upon the data and

analyses of this study.

1. When the criterion of student attitude toward the

chemistry course was measured by the Hand Attitude Scale

Toward College Courses, the scores of the students in the

experimental group were significantly higher than the scores

of the students in the control section.

A. There was no significant difference in attitude

when the students in the control section who had taken high

school chemistry and the students in the experimental section

who had taken high school chemistry were compared.

B. There was no significant difference in attitude

when the students in the control section who had not taken

high school chemistry and the students in the experimental

section who had not taken high school chemistry were compared.

2. When the criterion of critical thinking ability was

measured by the Watson-Glaser Critical Thi Apraisal, no

significant differences were found between the experimental

and the control groups.

A. There was no significant difference in critical

thinking ability when the students in the control section who

had taken high school chemistry and the students in the

experimental section who had taken high school chemistry were

compared.
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B. There was no significant difference in critical

thinking ability when the students in the control section who

had not taken high school chemistry were compared with the

students in the experimental section who had not taken high

school chemistry. It was between these two groups (control,

no high school chemistry and experimental, no high school

chemistry) that the only difference at the outset of the

experiment was found. The scores on the Watson-Glaser Criti-

cal Thinking Appraisal differed significantly (0.01 level) at

the outset of the experiment.

3. When the criterion of achievement in chemistry was

measured by the American Chemical Society-National Science

Teachers Cooperative Examination in High School Chemistry, no

significant differences were found between the control and

the experimental groups.

A. There was no significant difference in achieve-

ment in chemistry when the students in the control section

who had taken high school chemistry and the students in the

experimental section who had taken high school chemistry

were compared.

Conclusions

The findings and analyses of the data of this study

appeared to justify the following conclusions:
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1. Neither approach to the laboratory is superior in

increasing the level of critical thinking as measured by the

Watson-Glaser Critical Thinking Appraisal.

2. Neither approach to the laboratory is superior in

increasing the level of achievement in chemistry as measured

by the American Chemical Society-National Science Teachers

Association Cooperative Examination inHigh School Chemistry.

3. The approach to the laboratory utilizing relevant

materials emphasizing problems of current national concern is

superior in affecting student attitudes in a positive direction

when compared with the traditional approach. The attitudes

were measured with the Hand Scale of Attitudes Toward College

Courses.

4. Prior knowledge of chemistry in the form of a high

school course is not a significant factor in affecting student

achievement, critical thinking ability, or attitude toward the

course in either of the two approaches. The students who did

not take high school chemistry and experienced the traditional

approach had the greatest decrease in attitude of any group

throughout the semester.

Recommendations

Based upon the conclusions of this study, the following

recommendation is made: An effort should be made to continue

to introduce topics of current national concern into the
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laboratory work of the nonscience majors freshman chemistry

course.

Recommendations for Further Study

The results of this study, together with the analyses

and conclusions seem to warrant the following recommendations

for further study:

1. A similar study should be undertaken in a different

setting to see if the results of this study are applicable to

other populations of students. For instance, a similar study

could be carried out at a much larger university which attracts

its students from a much larger geographical area and thus may

have a more heterogeneous student population. In a like

manner, a similar study could be carried out in a junior

college, where smaller classes are the rule rather than the

exception.

2. Attention should be given to whether the approach

tested in this study is educationally meaningful over a long

period of time, or whether it is merely a passing fad. As

was pointed out in Chapters I and II, the field of science

education is quickly responsive to new ideas. Sputnik I

ushered in an era of increased emphasis and strengthening

of programs that has all but been forgotten. Now the trend

is toward the solving of current national problems. Is it

just a fad? The following quotation by Walter seems to
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suggest additional experimentation: "The current student

demand for relevance cloaks a great deal of harmful faddism.

However, to the extent that it conveys a need for connecting

classroom teaching to the students' experience it is a con-

structive request which must be faced seriously in our

teaching" (1, p. 323). It would be interesting to repeat

the study in several years to determine the results as a

function of time.

3. It is recommended that undergraduate classes other

than nonscience majors be tested for the effects of intro-

ducing relevant topics of current national interest. Does

the approach show the same effects on other groups of students

who take various levels and types of chemistry courses?
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LABORATORY SCHEDULE

SPRING 1972

Control Group

Check in, pre tests

Pre tests (ACS)

Conservation of mass

Constant composition

Determination of a
formula

Diffusion of gases

Melting and boiling
points

Fractional distillation

Metals and acids

Holiday

Rates of solution

Neutralization

Post -tests

ACS post-test, check in

Experimental Group

Check in, pre tests

Pre tests (ACS)

Viscosity of oils

F~ ions in toothpaste

SO2 in air

VPC of gasolines

Alkalinity of water

Chloride of water

Detergent phosphates

Holiday

TLC of barbiturates

TLC of alkaloids

Post-tests

ACS post-test, check in.

Week

1

2

3

4

5

6

7

8

9

10

11

12

13

14
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SIMILARITIES AND DIFFERENCES

1. How the experimental and control laboratories are similar:

A. Both approaches stress the taking of data in the

laboratory.

B. Both stress chemistry as an experimental science.

C. Both serve to illustrate the principles of chemistry.

D. The same lecture textbook will be used for both

approaches.

E. All classes will take the same examinations.

F. Both will involve some demonstrations and some work

where the students, in pairs, do the manipulations.

G. All laboratory sections will be taught by graduate

teaching assistants. A faculty member will coordinate

their work.

H. Neither laboratory approach will have a text. Mimeo-

graphed exercises will be given to all students.

I. All laboratory periods will be two hours long.

II. How the experimental and control laboratories are different:

A. Two different lecture instructors and five different

laboratory instructors will be utilized.

B. The experimental laboratories are open-ended and revolve

around problems of current concern.

C. The control laboratories will experience exercises that

are closed and' serve only to illustrate chemical and

physical principles.
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Traditional Laboratory Exercise

THE DIFFUSION OF GASES

Borrow from the storeroom one glass tube about 70 cm. in
length and two No. 1 rubber stoppers. The glass tube must be
clean and dry. By means of clamps attached to two ring stands,
support the tube in a horizontal position.

Place about 10 ml. each of HCl and NH40H solutions in
separate test tubes and stopper. These tubes must be kept
stoppered except when in actual use.

Prepare two plugs of absorbent cotton that will fit the
glass tube snugly. Transfer about 5 drops of the concentrated
HCl to one of the cotton plugs and about 5 drops of the con-
centrated NH40H to the other. At the same time, insert the
cotton plugs into opposite ends of the glass tube, and stopper
the tube with the No. 1 rubber stoppers.

After several minutes, a faint white ring will appear
somewhat nearer the end containing the cotton plug saturated
with HCl. Using a meter stick, measure the distances (in cm.)
from the end of each stopper to the middle of the white ring.

Remove the stoppers, wash the tube with water, rinse the
inside of the tube with acetone, and finally dry the tube with
compressed air. Repeat the experiment using new cotton plugs
and record a second set of data.

Calculations

Graham's law of diffusion may be stated as follows: "The
rates of diffusion of gases are inversely proportional to the
square roots of their densities." On the basis of this law,
there may be written the following relationship between the
rates of diffusion of NH40H and Hcl gases and their molecular
weights:

(rate NH )2-M. W. HCI
(rate HCl)2 ~ M. W. NH3

Now, if the molecular weight of one gas is known, the data make
it possible to calculate the molecular weight of the other.
Assume that the molecular weight of NH3 gas is 17, and solve
for the M. W. of the HCl. Since a rate is a distance divided
by a time, and since the time required for the HCl gas to
diffuse was the same as that for the NH3, the relative dis-
tances the gases travelled may be substituted for the rates
in the above equation.
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Data

1. Distance traveled by NH3

2. Distance traveled by HC1

3. M. W. of HC1 (calculated)

4. M. W. of HCl (average)

5. Percent of error

Questions

1. Why is it necessary that the glass tube be absolutely dry?

2. Why is it necessary to support the tube in a horizontal

position?

3. List the most probable sources of error in this experiment.
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CURRENT PROBLEMS LABORATORY EXERCISE

The Thin-Layer Chromatography of Drugs, Part I: Alkaloids

In this laboratory exercise, you will be given a liquid
sample known to contain certain drugs called alkaloids alone
or in various combinations. Through a relatively modern pro-
cedure called thin-layer chromatography (TLC), you will sepa-
rate the various components of your mixture to determine what
it contained, and measure the Rf value for each component.

Introduction

Chromatography is a technique for separating mixtures of
similar materials. There are many kinds of chromatography,
some of which you may have heard of: gas, paper, column, and
thin-layer are some of the more important. The process was
discovered by a Russian botanist, Tswett, in 1903. The leaf
pigment that Tswett worked with was separated into various
colored components in a chromatographic process, consequently,
he called the process chromatography after the Greek Chroma
(color) and graphos (to write.) In scientific terminology,
the word has come to mean the separation of various components
of a mixture, whether colored or not.

Chromatographic separations are based on physical proper-
ties such as adsorption rather than chemical changes. All
chromatographic methods involve a mobile phase and an immobile
phase. In thin-layer work, the immobile phase is usually some
kind of silica gel bound firmly on a glass plate with an ad-
hesive. The mobile phase is some solvent that will cause
separation, by differential migration, of a mixture of components
placed on the immobile phase.

As the mobile phase moves up the thin-layer plate by
capillary action, the various components of the mixture placed
upon the silica gel move with the solvent, each moving at its
own particular rate, depending upon how firmly the substance
is adsorbed onto the silica gel. When the solvent has trans-
ported the components of the mixture, the leading edge of the
solvent is marked, and the components of the mixture identi-
fied by some chemical or physical means. The ratio of the
distance the component traveled compared with the distance
that the solvent traveled up the plate is called the Rf value.
Rf factors are characteristic of the substance and the con-
ditions under which the separation is performed and can be used
to identify substances if the conditions are reproduced.
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Procedure

1. Rinse a clean Hamilton 50 microliter syringe 3 times with
methyl alcohol.

2. Draw into the syringe about 50 microliters of a solution
supplied by the instructor. This solution will contain
methadone hydrochloride, quinine sulfate, and morphine
sulfate in various combinations.

3. Spot this solution about 3/8 of an inch from the bottom
edge of a thin-layer plate, following the example of the
instructor. Make sure that the tip of the syringe does
not actually come into contact with the silica gel on the
plate. Between drops, the spot may be air-dried if a
stream of air is available in the laboratory. This will
hasten the operation. If no air jet is available, the
process will be lengthened somewhat.

4. When the entire 40 ul of sample has been spotted on the
plate, place it in a tank that has been previously lined
with absorbent paper (to keep the atmosphere saturated with
solvent) and filled to a depth of about 1/4 inch with
solvent. Be sure that the level of solvent will not come
up above the spot on the plate when it is placed into the
tank.

5. Allow the solvent to rise 3/4 the way up the plate. Remove
the plate from the tank, mark the leading edge of the
solvent, and allow to dry.

6. When the plate is thoroughly dry, spray it lightly with
0.5% H2SO4 and read it immediately under UV light. If
quinine is present, there will appear a blue fluorescent
spot mid-way up the plate. With a pencil, mark the position
of the spot (not visible without UV light) so that the Rf
for quinine can be calculated.

7. Immediately spray the plate heavily with iodoplatinate
solution. Methadone will appear as a heavy brown-purple
spot with a rather high Rf value, near the leading edge
of the solvent front. Morphine, if present, will appear
as a dark blue spot (more readily seen if the plate is
air-dried at this point) near the bottom of the plate.
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8. Measure the distance the spots of methadone and morphine
traveled so that the Rf values can be calculated. Next
saturate the area where the morphine spot is located with
ammonical AgNO3 and heat on a hot plate. The morphine
will cause reduction of the silver, and a black spot will
form. In actual drug situations, this final test with
ammonical silver nitrate is proof that the spot that
gave a blue reaction with iodoplatinate was indeed mor-
phine, and not some other drug that has a similar Rf
value to morphine.

9. Discard the plate (which will undergo a slow darkening as
the final spray of AgNO3 reacts with light) and clean
your work area.

Report

1. Chromatography of your unknown revealed it to contain

2. The Rf value for the three drugs are calculated to be:

a) b) c)

(If your sample did not contain all three, consult with
others in the laboratory who may have had the drugs you
did not.)

Questions

1. From a reference source, determine the structure of mor-
phine, methadone, and quinine. Draw these structures.

2. Determine the structure of hydromorphone. Compare this
with that of morphine and make a prediction as to how you
think these two might behave if a mixture of them was
subjected to chromatographic treatment.

3. Morphine is the metabolite of heroin. In the body, heroin
is broken down to morphine which is then excreted in the
urine. How might such a procedure as the one you performed
in the laboratory be used to monitor the intake of drugs?

4. What is methadone? How is it used?

5. What function does quinine play in the problem of drug
addiction? What medical use does quinine have?



101

No. Age

LABORATORY INSTRUCTORS

Experience as
BS MA Lab Teacher

Lab
Field Taught

27 1967 1971 2 semesters

22 1971

27 1971

23 1971

23 1971

26 1971

-- 1 semester

-- 5 semesters

-- 1 semester

-- 2 semesters

-- 8 semesters

Organic

Inorganic

Biochemistry

Inorganic

Organic

Physical

30 1961 1963 4 semesters Inorganic C

None had ever been employed full-time as a teacher for any
institution. All were male except No. 7.

Comments:

No. 1: The material should
experiment. Some questions
beyond the knowledge of the

be covered in lecture prior to the
at the end of the lab write-up were
students. Not all, but most of the

experiments were interesting. The ones on thin-layer chromo-
tography and air pollution were among the best.

No. 2: The topics were relevant to today and interesting, but
as far as knowledge gained by the students, I don't think much
was there. However, since these were non-science majors, they
could care less whether they learned chemistry or not, there-
fore, I suppose their lab was successful. The students were
most interested in the thin-layer chromotography. The air
pollution experiment and the alkalinity of water did not work
out for my section. These two experiments should probably be
modified. They (the students) really liked the experiment on
the detection of Fluoride ions by UV light.

No. 3: The experiments were "out of reach" of the students;
too complicated for 131 students.

No. 4: I taught the traditional section. The experiments
were very easy and clearly stated, however, I think 90% of the
class was more interested in leaving than in observing and
hence, most wasted valuable chance to learn. Perhaps chemis-
try 131 should be optional. I feel it should.

1

2

3

4

5

6

E

7

E

E

C

C,C

E
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LECTURE INSTRUCTORS

Years of experience
teaching college
chemistry

Highest degree

Field of Interest

BS degree

MA degree

Ph.D. degree

Publications

Number of lectures
taught

Number of students
taught

2

36

Ph.D

Nonscience majors

North Texas State

North Texas State

California
Technological

2

2

8

MA

Chemical Education

University of Texas

Southwest Texas State

20

1

73 65
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INFORMATION FORM

Please answer the following. Your responses will be used in
an evaluation program of the Chemistry 131 program at North
Texas State University, and WILL NOT AFFECT YOUR GRADE IN
THIS COURSE IN ANY MANNER.

1. Social security number sex

2. Year graduated from high school

3. Which high school did you attend?

4. Did you take high school chemistry?

5. Major Classification at NTSU?

6. If you have had a course in high school chemistry, to the
best of your knowledge, did the course make mention of,
or discuss in any way, either in lecture or in laboratory,
any of the following "current topics"

A. air pollution

B. water pollution

C. water fluorides

D. Nuclear power production

E. Leaded gasoline controversy

F. Mercury poisoning

G. Detergent phosphates

H. Pesticides and herbicides

1. Drug and drug addiction

J. Other (specify)
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DATA

HS Chem*

HAPR WGPR ACSPR

-26
-28
19
70
49

-04
-04
-33
-06
57
41
36
08

-29
-40
32
43
34

-49
-13
13
23
03

-18
16
31

-27
-17
11

-16
63

-17
-09
20

-22
42

-02
-06
-49
-60
-51
14
0

34
-11

71
52
63
79
57
62
73
69
72
64
63
81
56
59
70
70
68
60
69
56
68
71
67
71
73
76
63
66
76
52
52
71
80
70
60
82
60
81
65
67
65
70
88
52
65

0
0
0
0
0
0
0
5
0

18
0
0
0

19
0
9
8
0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14
6
0

HAPT WGPT ACSPT

-58
-31
-10
63
35
24
07

-34
-38
88
25
73
36

-61
-33
51
44
22
07

-29
-09
-24
-16
-41
71

-03
-34
11
11

-47
-28
-37
-12
-07
56
43

-59
-37
-15
-63
-47

0
-07
62

-58

66
69
57
63
55
67
68
65
66
65
74
72
63
49
49
62
70
70
64
62
78
77
61
64
73
69
71
71
61
37
38
70
82
67
58
81
52
77
58
57
57
77
82
50
66

15
50
90
75
65
40
55
35
35
45
30
55
60
45
35
25
65
45
10
10
10
40
50
10
10
10
20
35
50
50
10
10
80
85
40
30
10
15
90
15
20
65
25
40
15

Control

0
1
0
0
1
0
0
1
1
1
0
1
0
1
0
1
1
0
0
1
0
0
0
0
0
0
0
1
0
1
1
1
1
1
1
0
1
0
0
1
1
0
1
1
0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
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HS Chem*

HAPR WGPR

13
-13
12
29

-30
66
16
06
33
21
17
58
12
15

-06
09

-16
-06
62
0

-09
38

74
52
50
69
59
58
75
77
78
77
67
60
63
55
75
81
75
66
60
67
77
49

ACSPR HAPT

0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
-06
-35
-02
-30
67

-09
-63
01
45
31
31
45

-05
-54
-39
-06
-21
08

-44
-37
-45

WGPT ACSPT

66
44
54
72
78
65
73
77
70
70
68
56
60
75
80
79
73
62
65
72
76
60

35
10
35
50
30
70
65
70
15
15
50
45
15
50
20
15
75
30
10
25
10
20

[ Pre test I I Post test I

*1 = yes, high school chemistry
0 = no, high school chemistry

Control

0
1
0
I
0
0
0
1
0
0
0
I
1
1
0
0
I
1
0
1
0
1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
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Experimental HS Chem

HAPR WGPR ACSPR HAPT WGPT ACSPT

52
35

-11
-27
02

-19
41

-12
-21
09

-32
-23
-41
20
0

-63
09
38

-16
-63
-11
-12
-37
02

-06
08
05

-29
-54
-32
45

-09
-14
38

-23
03

-03
-30
58

-04
41
01

-09
20

72
58
65
72
64
88
62
74
70
81
64
66
50
73
52
52
48
79
68
61
54
73
67
67
71
56
44
76
45
81
70
68
61
65
70
76
61
70
50
63
66
45
73
66

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5

32
0
0
0
0

19
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0

46
16
15
33
53
21
34

-03
32

-22
31

-63
-68
46
42

-48
-68
-34
18

-65
34

-10
-30
22
42
20

-38
-41
60

-30
-68
05
29
58

-59
-31
-26
-46
43
19

-18
19
03
30

77
68
69
67
60
94
73
77
84
64
58
67
59
68
56
52
69
86
72
80
39
70
65
62
74
51
63
71
51
62
69
58
64
70
52
73
81
71
52
69
81
50
72
69

75
80
20
15
20
55
65
50
15
65
45
60
10
45
0

35
0

20
60
30
25
55
35
45
90
30
25
20
15
30
05
35
35
10
55
0

05
25
25
50
50
0

25
35

1
0
0
0
1
0
0
1
0
1
1
1
1
0
1
0
1
0
0
0
0
I
1
0
1
1
0
1
0
1
0
0
1
1
1
0
1
1
0
1
0
1
0
0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
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Experimental

HAPR WGPR ACSPR HAPT WGPT ACSPT

-23
-18
49
06
49

-15
01
01

-51
-03
22
29

-27
27
78

-43
-04
30

-36
38
32
08
08

-13
18

-11
25

73
87
52
63
65
35
76
67
68
53
72
54
64
47
62
69
70
83
76
75
63
74
65
60
60
54
63

0
18
0
0
0
0

27
0
0
0

15
14
04
0

17
13
0
0

06
0

38
0
0
0
0
0

20

-03
-37
36
11

-04
39
34
71

-31
38
34
10

-53
17
52
41

-17
52

-15
42
07

-18
45

-65
23

-48
18

51
82
37
66
64
70
68
59
73
54
79
66
65
48
64
65
83
75
69
72
66
72
63
56
58
47
76

50
25
75
25
50
20
0

65
20
35
0

30
15
55
25
35
0

75
50
15
40
45
15
0

60
25
80

HS Chem

0
1
1
0
0
0
1
0
0
0
1
1
1
0
1
1
0
1
I
I
1
1
1
0
0
0
1

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
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