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ABSTRACT

THE DEVELOPMENT AND EVALUATION OF
EUMANISTICALLY-ORIENTED SCIENCE CURRICULUM MATERIALS

by Robert C. Morris

Originally, science courses on the high school level
had been strongly influenced by a phllosophy which empha-
sized the acquisition of a number of essential facts,

This philosophy reigned supreme until the late 1950s when,
following Russla's launching of Sputnik, the National
Science Foundation's science curriculum projects emerged.
The creators of these projects saw science as a process of
discovery and sought to develop high school courses which
presented science in this manner.

By the mid-1960s, a number of critics began to ques-
tion the wisdom of the new courses. Many critics contended
that the new courses presented science as a subject devoid
of relationship to civilization, and thus failed to develop
realization of the value of science.

The purpose of this study was to determine the rela-
tive effectiveness of humanistically-oriented secondary

sclence curriculum materials which dealt with the same
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o
laboratory activities as did the National Sclence Founda-
tion sponsored Introductory Physical Science course. How-
ever, unlike the Introductory Physical Scilence course,
which made little attempt to relate these activities to
the course of clvilization, the humanistically-oriented
curriculum materials created as part of thls study were
designed to i1llustrate the value of these activities to
civilization.

To access the relative effectiveness of these
materials, a research instrument, the VOS Opinion Poll, was
created, This instrument was designed to determine the
relative value students attached to the laboratory activ-
ities which both the Introductory Physical course and the
humanistically-oriented curriculum materials utilized in
common. The VOS Opinion Poll was administered to the treat-
ment group--five classes who subsequently received instruc-
tion in sclence using the humanistically-oriented curricu-
lum materials--and to nineteen classes who were instructed
in sclence using the Introductory Physical Sclence materials
or the Chemical Education Study Materials. Following treat-
ment, the VOS Opinion Poll was again administered to both
groups.

Although prior to treatment the grand mean of the
treatment and non-treatment groups had been comparable,
following treatment, the grand mean of the treatment group

exceeded that of the non-treatment group by 10.77, a figure

which greatly surpassed the value required for significance
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at the .995 confidence level.

As a result of this study, the following conclusions
were drawn:

(1) It is possible to bring about at least a temporary
change in the relative value which students attach to
specific laboratory activities through the use of cur-
riculum materials which have been designed with this
objective 1n mind.

(2) It i1s unlikely that exposure to sclentific information
of a technical nature or the performance of laboratory
activities will, by themselves, cause most students to
attach greater value to sclience.

(3) It may not be as difficult to bring about changes in
attltudes and values as is generally thought.

This study could be instrumental in changing the long
standing belief that when students attain factual knowledge
that the formation of good attitudes and values wlll auto-
matically follow. Further, this study questions the phil-
osophy of the process-orlented science courses; namely,
that what 1s taught 1s not as important as the method of
instruction. This study suggests that value formation
occurs most readily when carefully designed curriculum
materlals, whose major objective 1s to increase certain

values, are employed.
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CHAPTER 1

THE NATURE OF THE PROBLEM

An Introduction to the Problem

For as long as there have been schools, people have
argued about just exactly what should be taught within
these bulldings. This study is concerned with one aspect
of this age-o0ld questlion; namely, the present need for
improved curriculum materials for use 1n sclence classes at

the upper middle-school level,

The Historical Background of the Problem

Historically, the establishment of universities and
colleges preceded the high school as we know it today.
When the number of American high schools began to lncrease
in the years following the American Civil War, in many
instances less rigorous versions of the college courses of
the time were adopted as high school courses, For this
reason, it 1s necessary to examine the philosophical basis
of the earliest college science courses in order to deter-
mine the foundation of the high school prototype.

By the 13th century, many universities had been
established, and at least one, the University of Paris,

taught an impressive array of the sciences including



astronomy, botany, physiology, zoology, chemistry and

1 These courses were a curious mixture of fact and

physics,
superstition; they included most of what could be called
"scientific knowledge" at that time.

During these early years, some of the more important
of Aristotle's books had been rediscovered; Thomas Aquinas
sought to combine these works with Christian tradition.

The result was a blend of reason wlth falth--as seen by
authority--which tolerated no doubt or guestioning by its
adherents, This philosophy came to be known as Scholasti-
cism. Cruclal to a belief in Scholasticism was acceptance
of a system of "absolutes" which were not dependent upon or
relative to any external conditions. One educationally
significant absolute took the form of the following syllo-
gism: truth i1s an absolute good; knowledge 1s truth; hence
knowledge 1s unchanging and good for all men and for all
times.

Scholasticism utilized the teacher as a lecturer
relaying knowledge; 1t called for the memorization of sub-
Ject matter on a grand scale. Quite predictably, Thomas
Aqulnas looked upon science as an organized body of knowl-
edge; he had 1little falth in the experimental method and
most certainly did not see sclence as a process which could

be used to galn control over nature. Aquilnas divided

lFrederick Mayer, A History of Educational Thought,
(Columbus, Ohio: Charles E. Merrill Books, 1nc., 1966)
pp. 157-158.




science into three distinct areas: physical, metaphysical
and mathematical. He saw the metaphysical aspect as being
of the most value, possibly because sclentiflic procedures
suffer the distinct limitation of being unable to answer
the "important" questions since these fall in the realm of
philosophy, an area not well suited to exact measurement
and obvious, demonstrable concluslions.

One might wonder why Scholasticism became so wide-
spread, A brief study of educational history would suggest
that 1t owed much of its popularity to the fact that it was
the officlal philosophy of the strongest religlous organiza-
tion in Europe. Thus, Scholasticlism was furthered largely
because 1t was endorsed by a powerful group which, by the
thirteenth century, owned one-third of the land of Europe.2

From the thirteenth to the twentieth century, educa-
tional phllosophy was strongly influenced by a Scholasti-
cism which remained virtually unchanged. The fact that the
situation was static was by intent, rather than accident,.
As Robert Hutchins, present spokesman for Scholasticlism,
puts 1it:

But the funétion of a man as man is the same

in every age and in every society, since it

results from his nature as a man. The aim of

an educational system i1s the same in every

age and in every soclety where such a sygtem
can exist: 1t is to improve man as man.

24111 Durant, The Story of Philosophy, (New York:
Pocket Books, 1953) p. 104,

3Robert M. Hutchins, The Conflict in Education in a
Democratic Socliety, (New York: Harper Brothers, 1953)
p. 638.




Dr. Hutchins also provides more specific information
as to how to go about the task mentioned. According to
Hutchins, we are concerned with developing the intellectual
powers of men, This can best be done if we study the most
important subjects such as philosophy, history, literature
and art; these subjects give us significant knowledge on
the most significant 1ssues.4

By the start of the twentlieth century, socilo-economic
changes such as the mechanization of farming and industrial
reformation made it possible for more students to attend
high school than ever before., As a result, almost every
decade since 1890 has seen a doubling of the total high
school population.5 Not only were the actual numbers chang-
ing, but the characteristics of the group were also chang-
ing. U.S. high schools now held the sons and daughters of
the masses rather than only the children of the well-to-do.
While the parents of the new high school student knew that
educatlion was good because those they envied valued 1it,
they weren't qulte sure how it was to be of value to their
offspring. To the new student, the traditional education
of the time represented a world with which they weren't
famlliar; they saw little relevancy to their lives in what
they were learning, and their parents were unable to explailn

this paradox with any degree of success,

41bid., p. 71.

5u.s. office of Education, Vitallzing Secondar
Education, Bulletin 1951, No. 3 (WashiIngton: U.S. ice
of Education, 1951) pp. 1-5.




Against thls background, another alternative to the
choilce between a Scholastic educatlion and no education at
all began to make 1ts appearance., In the sixteenth century,
Francis Bacon had written in pralse of a "scientific method"®
which respected thought, even though this thought was dif-
ferent from established dogma, so long as such thought had
basis 1in observation or experimental results. In Italy,
Galileo had shown the advantage of such an attitude when he
had proven that dissimilar weights fall at the same velocity
using demonstration techniques rather than by pretentiously
erudite argument.6 This spirit would successively infuse
itself in the writings of Locke, Hume, M11ll and Spencer; it
would reach educational culmlination with John Dewey.

Dewey wrote of an educational philosophy which
re jJected static authoritarian dogma. He saw the student as
an active learner taking part in a series of valuable
experiences which began with the student's own interests
and resulted in the development of a person who was inter-
ested in and able to solve the problems of the present. For
the first time, how a student felt about something was
equally as lmportant as what he knew about 1it.

Dewey's philosophy has had a greater impact on soclal
science courses than on science courses; perhaps the way to
improve science courses was less clear., Generally, tradi-

tional sclience courses simply sought to justify their

6H. G. Wells, The Outline of History, (Garden City,
N. Y.: Garden City Books, 1949) pp. 764-765.




existence in terms of the new aims advocated by Dewey., One
national study carried out during 1941 disclosed that, while
most sclence teachers professed to endorse Dewey's aims,
most of these same teachers used teaching and testing pro-
cedures far more appropriate for the accomplishment of
Scholastlic aims.7

Oon Oct., 7, 1957, the Russians launched the first
earth satellite, Sputnlik; soon this event would focus
national attention on U.S. education. Several weeks later,
President Eilsenhower made the American schools the offliclal
scapegoat, when, in connection with the problem of training
scientists, he provided a comparlison of U.S. and Russian
schools which placed U.S. schools in a poor light. Salid
Eisenhower:

This 18 National Education Week--it should be

National Education Year. No matter how good

your school is--and we have many excellent

ones--I wish that every school board and every

P.T.A. would this week and this year make one

single project thelr special order of business:

to scrutinize your school's curriculum and

standards; then decide for yourselves whether

they meet _the stern demands of the era we are

entering.

President Elsenhower finished by repeating a descrip-
tion of Russlan schools which had been furnished by the U.S.

Office of Education; this descriptlion characterized Russian

7George W. Hunter and Leroy Spore, "The Objectives of
Science 1n the Secondary Schools of the United States,"
No. 43: 633-647, School Scilence and Mathematics, Oct. 1943,

8y.5. News and World Report, Vol. XLIII, No. 21,
Nov 22, 1957, p. 11%.




schools as being very demanding. According to this report,
Russian students spent more time in school than their U.S.
counterpart, and most of them took five years of physics,
four years of chemistry and 10 years of mathematics, This
comparison placed U.S. schools in a very poor light, 1lndeed.
At that time, only about one U.S. student out of five took
one year of physics; one out of three took chemistry, and
advanced mathematics fared even more poorly.9
Unfortunately, this was eilther a poor analysis of
the situatlon, or a misgulded attempt to place the blame on
someone else's shoulders, There is little doubt that the
public schools--good or bad--were not responsible for our
fallure to be first in space; 1t was a clear cut hilerarchy
of priorities established by the government which had let
the Russlians enter space first. An investigation carried
out by the U.S. Senate in November and December of 1957
revealed that the Russians had begun working very hard at
the development of a missile system as soon as the war had
ended. PFurther, it was evident that the U.S, administration
had not been convinced that a space shot was worth the price.
Major General John Medaris presented testimony before the
investigating committee to the effect that at one point he
had recelved speciflc orders not to launch a satellite.1l0

9U.8. 0ffice of Education, Education in the U.S.S.R.,
Bﬁlletig 1957, Washington: U.S. Offlice of Education, No.
14, p. 67.

10y.S. News and World Report, Vol. LXXX, No. 26,
Dec. 27, E57o P. OH,




Clearly, our failure to be first 1in space was not in any way
due to the shortcomings of the science curricula of American
schools.

Somehow or other, the belated vindication of American
schools provided by the Senate investigation falled to daunt
the newly developed critics of education; it became a popu-
lar pastime to criticlze American schools. Both Life and
Look, two of the more widely read weekly publications,
carried lengthy articles which compared U.S. and Russian
schools. Look sought to compare what it called the soft,
non-intellectual school day of a Chicago high school senior
with that of a Russian student of like age.11 Look pointed
out the lighter load and greater status enjoyed by Russian
teachers, but the general implication was that U.S. schools
needed to "get down to business" if we were to be competi-
tive with Russla.

Life's serlies on the "Crisis in Education" spanned a
number of 1issues and probed the problem to a greater depth.
The first of the series took the same approach that Look
had, as Sloan Wilson wrote, "It's time to close our carnival.®
The central theme of this article was that the U.S. schools
had "kowtowed to the mediocre" for too long a tlme.12 The
March 31st 1ssue of Life told of the overwhelming load

111, c. Derthick, "The Frightening Challenge of
Busséan Schools," Look, Vol. 22, No. 21, Oct. 14, 1957,
p. 3

12ucrisis in Education, Part I," Life, Vol. bk,
No. 12, March 24, 1958, p. 35.



carried by an Oregon physics teacher, describing his class-
room teaching, "moonlighting," and chaperon duties.l3 Sub-
sequent 1ssues dealt with the “Waste of Fine Mlnds,"lu and
"Tryouts for Good Ideas.n15

By comparison, Life and Look were two of the milder
critics, Exceedingly caustic critics included Arthur

Bestor, who had previously written The Restoration of learn-

325.16 and Rear Admiral Hyman Rickover, who, in Education

for Freedom, made a plea for a national high school diploma.

Sald Rickover:

If the local school continued to teach 'Life
Ad justment' and 'How to know when you are
really in love,! instead of trigonometry,
French and physics, 1ts diploma, for all the
world to see, would be inferior.l

In referring to the U.S. Office of Educatlon's 226

page report, Education in the U,S.S.R.,, Henry Hazlitt of

Newsweek rubbed the ultimate salt in the wound when he wrote,
"Wake up the Educators," an article which pointed out that
the U.S. 0ffice of Education in 1951 had endorsed the trend

toward decreasing enrollments in algebra, geometry, physics

13ncrisis in Education, Part II," Life, Vol. 44, No.
13, March 31, 1958, p. 94.

1hucrisis in Education, Part III," Life, Vol. 44,
No. 14, April 7, 1958, p. 89.

15ncrisis in Education, Part IV," Life, Vol. 44, No.
15, April 14, 1958, p. 122,

16prthur Bestor, The Restoration of Learning, (N.Y.:
Alfred A, Knopf, 1955, p. 111).

17Hyman G. Rickover, Education for Freedom, (N.Y.:
E. P. Dutton and Co., Inc., I939), p. 22T.
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and Latin., Hazlitt quoted the report as describing the
trend in this manner:

For the most part, the changes (diminishing

enrollment in algebra, etc.) are in the

direction of more functional education.

They represent efforts to meet 1life needs

of increasingly diverse bodies of puplls.l8

Basically, the cry of most of the critics centered
about increasing enrollments in home economics, shop, typ-
ing, business arithmetic and similar courses; in a similar
veln, they decried the decreasing enrollments in traditional
subjects such as foreign languages, mathematics and science,

In theilr evaluation of these critics, the public
tended to forget that vocational course offerings such as
home economics and industrlal arts had been added to the
curriculum as a result of public criticism to the effect
that the schools were overly concerned with the preparation
of all of thelr students for college,

Thus, in the confusion of the moment, a series of
collosal misunderstandings, coupled with some highly vocal
critics, allowed the blame for the U.S. faillure to be first
in space to be equated with supposed shortcomings in the
science and math curricula of the American public schools.
Fortunately, the abuse heaped on U.S. education was counter-
balanced by some encouragement for improvement. With govern-

mental help, school districts throughout the country set

about to study and redesign their curricula in terms of

18Henry Hazlett, "Wake up the Educators," Newsweek,
Vol. L, No. 22, Nov. 25, 1957, p. 1l1l.
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current and future expectations.

On the National level, one of the more significant
developments was the passage of the Natlonal Defense Edu-
cation Act in 1958, This billl made it possible for elemen-
tary and secondary schools to obtaln federal grants or
matching funds for the acquisition of equipment needed to
strengthen instruction in science, mathematics, modern
foreign language, history, civics, geography, and Engllsh.19

Through the National Science Foundation, a series of
college institutes were established for the purpose of
improving science instructlion. Teachers fortunate enough
to be selected to attend one of these institutes recelved
$75 a week plus $15 for each dependent while attending
school. Thousands of teachers took advantage of the chance
to improve or upgrade thelr academic skillls at Government
expense.20 Additionally, the Natlional Science Foundation
set about to encourage a reorganization of secondary school
science programs., Teams of outstanding sclilentists and
writers were assembled for the purpose of creating new,
modern sclence courses. Later, institutes were established
to ground sclence teachers in the new courses at public
expense., From 1956 to 1967, the National Science Founda-
tion contributed approximately $100,000,000 toward the

19A1vert P11tz, "National Defense Educatlon Act,"
Science and Children, Vol. 2, No. 7 (April, 1965) p. 9.

20Kkenneth Brown and Ellsworth Oburn, Offerings and
Enrollments in Science and Mathematics, Washington:
Govermment Printing Office, 1957, p. 1.
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support of major curriculum projects in mathematics and
science.21

While Sputnik undoubtedly caused a tremendous accel-
eration in curriculum revision, many revisions had been
started long before Sputnik was launched. For example, in
1951, work was begun by the University of Illinois Commit-
tee on School Mathematlcs.22 Typlical of the new curriculum
projects was that of the Physical Science Study Committee,
Started in 1956 with the support of the National Science
Foundation, the Alfred P. Sloan Foundatlion and the Ford
Foundation, this project involved several hundred people
including college and high school physics teachers, artists,
and equipment designers, Six hundred teachers were involved
in the classroom trial of the materials.?3

In 1961, a number of outstanding chemists and chem-
istry teachers gathered with the hope of repeating the
success of the Physical Sclence Study Committee. This
project was dubbed "The Chemical Bond Approach," and was
ultimately published by McGraw-H1ll and Co. However, Chem-
lcal Systems, the text produced by this committee, was to

prove to be too difficult for the average student; as a

21Joe L. Evins, Hearings Before a Subcommittee of
the Committee on_ApproprIaEions House of Representatives,

ongress, Independent Offices-Appropriations for
967. National Science Foundation. Document #6-4%
(WashIngton: U.S. Government Printing Office, 1966)

pp (] 234"235 .

22John I. Goodlad, Renata von Stoephasius and M.
Francis Klein, The Changi School Curriculum (N.Y.: The
Fund for the Advancement o ucation, 1966), p. 1l.

23physics (Boston: D.C. Heath and Co., 1960).
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typical example of its limited acceptance, by 1965, only
3% of the secondary schools in Minnesota were using this
book.zu A second project almed at improving high school
chemistry, the Chemical Educatlion Materials Study, fared
somewhat better, and by 1966, approximately 350,000 secon-
dary students were using these materlals.25

Other national projects followed., One study indi-
cated that from 1960 to 1967, 90% of both urban and sub-
urban school systems had made "significant" revisions in
thelr sclence and mathematics currlcula.26

Most of the new curriculum projects represented a
significant departure from traditional materials., With
their final product almost certain of publication, the
committees working on these projects undoubtedly felt 1less
bound to the long-prevalling doctrine of "essential facts"
which had been implanted centurles earlier by Scholasticism.

Many of the new programs were influenced by psychol-
ogist Jerome Bruner who felt that one of the really unique
contributions that instruction in science had to make to
education centered upon application of sclentific methods

of thought to a wide assortment of problems. Bruner saw

2bpobert Collins, "A Hard Look at Traditional
Science," Minnesota Journal of Education, Vol. 45, April,

1965, p. 29.
25Goodlemd, von Stoephasius and Klein, op. cit., p. 47.

26Donald W. McCurdy, "Has the National Science Foun-
dation Widened the Gaps in Science Education Among Urban,
Suburban and Rural Schools?" Science Education, Vol., 52,
No. 4, Oct., 1968, pp. 368-37T.
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science as a "process of discovery," in which the factual
end of things became of secondary importance. Of prime
importance, according to Bruner, was the development of a
student who could think and reason.27

Although Bruner was one of the more recent spokes-
men for an approach to sclence teaching which placed greater
emphasis on the scientific method of solving problems, he
was by no means the first to proclaim this as an important
objective of sclence teaching. As John M. Mason put it in
an unpublished doctoral dissertation written in 1951:

In the past thirty years, leaders in the field

of science education have contlnually called

attention to the need and importance of empha-

sizing scientific methods and attitudes in

teaching procedures, A review of the litera-

ture with respect to the objectives for science

instruction substantiates this fact. Prac-

tically every major report since 1920 has

either directly or indirectly indicated the

value of sclence instruction for deve%gplng

the attitudes and methods of science.
Mason continued to build a firm case for his point by quot-
ing over three dozen important committees and individuals,
all of whom concurred concerning the necessity of develop-
ing the sclentific method as an objective of science educa-
tion. This belief stands in stark contrast with those who

would place all of the emphasis on factual subject matter.

27Jerom.e S. Bruner, The Process of Educatilon,
(Cambridge: Harvard University Press, 1961).

2870hn M. Mason, "An Experimental Study in the Teach-
ing of Scientific Thinking 1n Biologlical Science at the
College level," (Unpublished Doctoral Dissertation, Michigan
State College of Agriculture and Applied Science, East
Lansing, 1951) p. 1.
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Some of the commlttees and authorities Mason quoted include:
The Commission on the Reorganization of Secondary Education
(1920); The National Society for the Study of Education
(1932); The American Assoclation for the Advancement of
Science, Committee on the Place of Science in Education
(1928); The Committee on Secondary School Science of the
National Association for Research in Science Teaching (1938);
The Progressive Education Association (1938); The National
Committee on Science Teaching of the American Council of
Science Teachers (1942); The Educational Policies Commis-
sion of the Natlional Education Association (1944); The
National Soclety for the Study of Education (1947); James
B. Conant (1947); John Dewey (1934); Victor H. Noll (1939);
Ira C, Davis (1942); and Earl James McGrath (1950). Mason
concluded his argument by citing numerous other authorities
to the effect that, at the time, little attention was belng
pald to the development of the scientific method as an
objective of science teachlng.29

During the early part of the 1960s, the science cur-
riculum changes which had begun in the high schools crept
down to the middle and elementary schools.30 The new pro-
grams on these levels were even more strongly influenced by
Bruner's phllosophy, and they became even more process-
orlented than their high school counterparts, As the des-

ignation implies, these courses had as a major objective,

291b1d., pp. 1-18.

30Goodland, von Stoephasius and Klein, op. cit., p. 53.
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development of the mental attitudes or thought processes
which are characteristic of the process of sclence, These
programs hoped to develop reserved judgment, critical think-
ing and the other intangibles which we usually associate
with the process of science. 1In the following section,

some of the characteristics of a typlcal process-oriented

science course will be described in greater detail.

A Description of a Typlcal Process-Oriented
Scilence Course

Representative of the process-oriented science

courses 18 Introductory Physical science.3l aAn eighth or

ninth grade science course which departs drastically from

the traditlonal, Introductory Physical Sclence begins by

asking:

In what ways are things simlilar and what makes
them similar?32

With this, and with other questions which it subsequently

railses, Introductory Physical Sclence avolds providing a

direct answer. Instead, it directs the student to a series
of laboratory experiments from which the student is to draw
his own answer,

The remainder of the text follows much the same
pattern., It shows 1little concern for having the student
memorize facts, or the results of experiments, but hopes

instead to raise and answer questions such as:

311ntroducto;xﬁ?h sical Science, (Englewood Cliffs,
New Jersey: Prentlice-Ha Inc., 1964).

321v14., p. 1.
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How can we compare amounts of solids, liquids
and gases?33

Evidently, to the creators of the Introductory Physical

Science program, acquisition of factual subject matter by
the student 1is not of prime educational importance.

Not only does Introductory Physical Science minimize

the memorization of factual information, but 1t also makes
little attempt to point out the larger significance of the
experimental work which the student performs. For example,
in Chapter 2, the student carries out five experiments
which are intended to prove that mass 1s conserved during
physical and chemical changes, At the end of this task,
the law of conservation of mass is formulated, and the lim-
itations of the laws of nature are discussed, but no men-
tion 1s made of the fact that this 1s one of the most
lmportant, far-reaching laws of nature. Indeed, the

entire structure of chemistry has been erected on the foun-
dation provided by the law of conservation of mass. Nor

is this important point brought out in Chapter 6 when the
law of constant proportions, which depends on the law of
conservation of mass,1s discussed.

If the Introductory Physical Science program tends

to 1gnore the opportunity to develop student awareness of
the significance of science to civilization, and also mini-
mizes the acquisition of factual information, what objec-

tives do the program deem important? A brief epilogue

331b1d., p. 5.
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presented at the end of the text attempts to clarify what
objectives the student should have attained. According to
this epilogue, the program has attempted to famillarize
the student with some of the basic facts and ideas of
physical science, the evidence for the facts, and the use-
fulness of the ideas. The epilogue also discusses some
aspects of the process of science; it points to the inherent
limitations of sclence due to the inaccuracy of measurement,
and to the laws or generalizations which have been developed
as a result of these measurements. The epllogue ends with a
plea for the student takling care in accepting facts and gen-
eralizations 1n everyday life. The closing note asks:

Do you ask for evidence to support what you

read and hear? If your introduction to science

has made you a more critical reader, a more

careful observer, and a sharper thinkir, your

work during the year was worthwhile,3
To weigh the emphasis placed on the objectives as listed in
the epllogue, 1t 1s necessary to review the treatment
accorded them by the text, First of all, despite the claim
that 1t attempts to familiarize the student with some of

the basic facts and 1deas of physical science, Introductory

Physical Sclence makes 1little attempt to develop the facts

and concepts of science other than those which play a part
in the laboratory experiments presented. Further, because
of the emphasis on laboratory development of nearly all the

facts and concepts presented, less than approximately

341p14., p. 207.
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one-half to one-third as many facts and concepts appear as
would usually be presented in a traditional course. Plalnly,
the acquisition of facts 1s of secondary importance to the

creators of the Introductory Physical Scilence program.

Only a very limited attempt 1s made to demonstrate
the application of the facts and concepts which are developed.
Any demonstration of the usefulness of the concepts which
are developed, as claimed in the epllogue, must center
about what the concept leads to strictly in terms of the
experimental work performed. For example, the usefulness
attached to the fact that mass 1s shown to be conserved 1in
the several experiments performed is that it leads to the
generalization that mass is always conserved in both
physical and chemical changes, However, a use of greater
significance--that this law 1s the foundation upon which
modern chemistry has been erected--is not discussed. Agaln,
as with the facts developed, the usefulness of concepts 1is
limited to the contribution that they can make to the experi-
mental program.

In fact, characteristic of Introductory Physical

Science 1s the feature that, except in a very limited num-
ber of instances, 1t falls to discuss the application of

the facts and concepts to any problem other than the experi-
mental work at hand. The course work remains as pure
sclence apparently completely divorced from the mainstream
of civilization.

Since Introductory Physical Sclience has minimized the
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acquisition of factual subject matter and made only a very
limited attempt to demonstrate the application of this sub-
Ject matter, some other objective must claim the lion's
share of 1ts attention.

As indicated by the final statement in the epilogue,
the major objective of the course is that of developing the
mental attitudes or thought processes which are character-
istic of the process of science; other objectives are rele-
gated to a distant second place, and recelve attention only
in instances where they can offer support to the major

objective,

Proof That a Problem Exists

By the m1d-1960s, a number of critics began to ques-
tion the wisdom of the new science courses. Since most of
the criticism of these courses centered about the emphasis
placed on the single objective previously described, rather
than the technlcal competency of these courses, it 1s neces-
sary to look briefly at the objectives of science education
as set forth by authorities in the field.

Although many statements of the objectives of science
teaching are to be found in the literature, for the present
purposes, a summary of these objectives as provided by Dr.
Eric M. Rogers, Associate Professor of Physics at Princeton

University, will suffice.35

35Eric M. Rogers, "The Research Scientist Looks at
the Purposes of Science Teaching," Rethinking Sclence Educa-
tion, Fifty-ninth Yearbook of the Natlonal Soclety for the
Study of Education, Part I. (Bloomington, I1l: Public
School Publishing Co., 1960) p. 19.
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According to Dr. Rogers, almost all of the objec-
tives of science teaching which are usually proposed by
most educators fall into one of the following three cate-
gories:

(1) Teaching facts and principles.

(2) Inculcating higher virtues such as those atti-
tudes and thought processes which we might
assoclate with problem solving.

(3) Developing an understanding and appreciation of
sclence,

Most of the criticism directed to the process-oriented
courses centered about the fact that they over emphasized
objective number two--problem solving--to the near exclu-
sion of objectives from the other two categories., 1In "An
Odyssey Among the Projects," Ellsworth Tompkins describes
his convictlion that "something 1s missing" from many of the
national curriculum projects. With reference to a new set
of earth science materials, Tompkins says:

« « o the erosive forces of Nature were por-

trayed very nicely in terms of cutting down

mountains ., , . but never in terms of ruining

a cornfield.36

In the same article, Tompkins states that 1t seems
to him that most of the new projects are more concerned

with technical training in that they offer the subject in

1ts pure, abstract form, devoid of application and

36E11sworth Tompkins, "An Odyssey Among the Proj-
ects," NASSP Spotlight, No. 67, March-April, 1965, p. 1.
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relationship to civilization. Tompkins asks:

When every discipline has followed out its

own internal logic, will the pleces make a

pattern? . . . and will that pattern make

a complete education?
Tompkins goes on to say that a liberal education 1s more
than a calculated dosage of technical instruction in a
variety of subjects., Says Tompkins:

The disciplines are essentilal, but a liberal

education lies in their use for human pur-

poses. They are powerful engines; but they

stand useless if they are not hitched to the

train of human affalrs,.38
He continues:

« « « My protest 1s not against the over-

valuation of the disciplines, but precisely

against the undervaluation of thelr power

in human 1life, when that power 1s consclously

used, )9

In addition to the omission which Tompkins describes,
other critics question whether it is possible for the
process-oriented courses to accomplish the single objec-
tive which they do emphasize. As pointed out earliler,
most process-oriented courses hope to help the student
learn to approach problems in the same way that a sclen-
tist would; they hope to help the student develop such
higher virtues as critical thinking and reserved judgment.
However, a number of educators question the possibility

that those higher virtues which might be developed in a

371b1d4., p. 2.
381bi1d., p. 5.
391b1d., p. 5.
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science course will transfer, or carry-over, into other
aspects of the student's 1life. To this point, Eric M.
Rogers says:

The attainment of higher virtues would,
indeed, be wonderful. But science-teaching
cannot confer these benefits on pupils
unless the tralning glven 1in science
classes can somehow be transferred to other
fields of study and to 1life 1n general., 1Is
this transfer easily made?

Early in the century experimental inves-
tigations by psychologists indicated that

there 1s no transfer, Later studles showed

that transfer can occur to some extent, but

certainly not as easily as educat&rs and

the general public would believe, 0
Dr. Rogers goes on to say that while the habit of careful
weighing in physics will probably carry over to chemistry,
it is less likely to carry over to weighing in the kitchen,
and very unlikely to have further influence in areas less
closely related.

D. P. Ausubel also echoes Rogers' criticism. Like
Rogers, Ausubel doubts whether higher virtues such as using
the sclentific method will transfer across disciplinary
lines., With regard to this lack of transfer, Ausubel says:

This principle has been confirmed by countless

studies and is 1llustrated by the laughable

errors of loglc and judgment committed by dis-

tinguished scientists nho wander outside of
their own disciplines,*l

kORogers, op. cit., p. 19.

41pavia P. Ausubel, "An Evaluation of the Concep-
tual Schemes Approach to Science Curriculum Development,"
Journal of Research in Science Teaching, Vol. III, (Issue
4) p. 258.
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Ausubel also attacks another aspect of the process-
oriented courses:

The development of problem solving ability

1s,of course, a legitimate and significant

educational objective in 1ts own right,

Hence, it 1s highly defenslble to utilize a

certain proportion of classroom time 1n

developing appreciation of and facility in

the use of scientifilc methods of inquiry

and of other empirical, inductive and deduc-

tive problem-solving procedures., But this

is a far cry from advocating that the

enhancement of problem-solving abllity 1is

the major function of the school. The goals

of the student and the goals of the scien-

tist are not identical. Hence students can-

not learn science effectively Eg enacting

the role of junlor scientists,

Another objective commonly stated by the process-
oriented courses 1s that of helping students to acqulre an
understanding of the nature of scilence. 1In recent years,
however, several studies have been reported whose results
seem to refute the claim that the process approach is
better able to help students become acquainted with the
nature of science., In "Understanding the Nature of Science:
A Comparison of Sclentists and Science Teachers," Merritt E.
Kimball describes the result of a careful study in which the
knowledge possessed by science majors, science teachers and
philosophy majors concerning the nature of sclience is com-
pared.l"3 According to Kimball's study, philosophy ma jors

s8how a significantly better understanding of the nature of

H21p14., p. 259.

43Merritt E. Kimball, "Understanding the Nature of
Sclence: A Comparison of Scientists and Science Teachers,"
The Journal of Research in Science Teaching, Vol. 5, Issue
-1968) p. 110,
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science than do either science teachers or science najors,
This raises the interesting question as to whether it is
posslible for students to obtailn a good understandinz of the
nature of sclence simply by carryinz on scientific experi-
ments., Since philosophy majors seldom perform scientific
experiments, yet apparently acquire thls understandinz to

a greater degree than do sclence majors, perhaps the attain-
ment of this objective does not necessitate use of the lab-
oratory.

Serving to underscore the criticism of the process-
oriented science courses was the sober fact that at least
one study provided statistics which showed that, on a per-
centage basls, enrollment in all science courses on the
high school level in one state had dropped about 7% from
1958 to 1967, a period of time closely correspondinz to the
Ll

rise of the process-orlented sclence courses.

Statement of the Problen

From the precedins criticism, it seems obvious that
both traditional and process-oriented sclence courses have
certain deficiencies which make them less than completely
acceptable to all educators,

The purpose of thils study is to: (1) Develop secon-

dary school science curriculum materials designed to illustrate

”“V. A, Troxel and R. E. Yaegzer, "The Sclence Cur-
riculum Effects Enrollments in Sclence?" School Science and
lathematics, Volume IXVIII, No. 6 (June, 1I3968) p. 5iZ.
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the value of sclence, an objective which apparently is
neglected by both process-orlented and traditional science
curriculum materials; and, (2) To determine the effective-
ness of these materials in the instruction of ninth,
eleventh and twelfth grade high school students,

An instrument will be devised to determine the rela-
tive value which this group of students attaches to certain
scientific activities as compared to the value placed on
these activities by groups of students having taken tradi-

tional or process-oriented science courses,

The Hypothesls to be Tested

The hypothesis to be tested follows: Groups of
students who are instructed in science using the humanis-
tically-oriented curriculum materials devised as part of
this study wlll place relatively greater value on certain
specific scientific activities than do groups of students
having taken certain process-oriented or traditional
sclence courses which deal with the same scientific activ-

ities,

Limitations of the Study

Since only one school will be involved in the study,
certain limitations must be accepted. For example, the
study will be carried out in a suburban high school, so an
attempt to extend the conclusions to an inner-city high
school may not be wise, Similarly, no attempt will be made

to determine whether the values formed persist over a long
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period of time, or whether they fade quickly; hence predic-
tions as to long-term value formation will be of limited

value.



CHAPTER II

A BEVIEW OF THE LITERATURE
CONCERNING THE PROBLEM

An Overview of the Chapter

In Chapter I of this thesis evidence was presented
to the effect that modern science courses have not galned
complete acceptance by all educators, The initial section
of this chapter will probe more deeply into the criticism
directed at these courses with the hope that such scrutiny
will help provide guidelines for the curriculum materials
to be designed as a later part of this study. This proce-
dure 1s in accord with the feeling expressed by N. D.
Anderson, Chalrman of the National Science Teachers Cur-
riculum Committee, that future efforts in curriculum
reform should be based on a consideration of past efforts:

Recent articles on sclence curricula often

begin with an acknowledgment of the effort

during the past decade to improve sclence

teaching. This 1s appropriate when one con-

slders the size of the human and financial

effort that has been applied to the task.

However, there appears to be agreement that,

although many gains have been made, much

also remains to be done., Our future efforts

should be based on a thorough_assessment of
our past efforts and results,

INorman D. Anderson, "Curriculum in Science," The
Science Teacher, Vol. 35, No. 8, Nov. 1968, p. 17.

28



29

The subsequent sections of this chapter will deal
with the many suggestions for the improvement of science
curricula with which the literature abounds. Flnally,
with due consilderation given to the sources mentioned, a
set of guldelines will be presented for the selection and

development of scilence curriculum materials,

A Survey of the Criticism of Existing
Science Courses

Much of the criticism of the process-oriented

science courses centered about four closely related aspects

of present courses:

(1) The fallure of these courses to increase student enroll-
ments in sclence,

(2) Indicatlions that these courses might be unable to accom-
prlish their major objective,

(3) The suspicion that these courses were designed with the
wrong educational objectives in mind.

(4) The opinion that these courses neglect educational
objectives which are of great importance to the average
student.

We shall discuss the literary evidence for each of
these points in detaill in the sectlions which follow,

(1) The Process-Oriented Courses Have Not
Increased Science Enrollments

Of thils point, Fletcher G. Watson of Harvard's Grad-

uate School of Education says:
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Since 1946 l1little effort has been given to
the careful analysis and implementation of
a science program appropriate for all
puplils. Yet these are the pupils who fill
our schools and who are faced dalily by
most teachers--- As is starkly clear in the
urban schools and quite apparent elsewhere,
the current sclence program has falled a
large fractlion of the puplls. They tell us
so clearly by not electing science courses.

2

In support of Watson's allegation was data which
indicated that in the years since the first national
sclence curriculum project--the physics course produced by
the Physical Science Survey Committee--percentage enroll-
ments in high school physics had decreased, while the
nation's need for physiclists had actually 1ncreased.3

While it would be unfair to hold the process-
oriented sclence courses solely responsible for decreasing
enrollments in science at the secondary level, they cer-

tainly must accept some of the responsibility for this

trend,

(2) Indications That the Process-Oriented
Courses May be Unable to Accomplish
Their Major Objective

In connection with this possibility, Paul F. Brand-
weln questioned whether the process-oriented courses were
carrying on experiments of the true inqulry type, as they

purported to do. On the basis of over two hundred and

2Fletcher G. Watson, "Teaching Science to the
Average Pupll," The Science Teacher, Vol. 34, No. 3, March,
19670 P 250

3"Physlcs Education Crisis," School and Soclety,
Vol. 92, No. 2247, Oct. 17, 1964, p.” 301.
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fifty personal observatlions, Brandwein claimed that:

In the vast majority of all cases (95-99%)

the laboratory was carried on using labor-

atory materials which were prepared in

advance so that a satisfactory conclusion

would be reached at the end of that time--

in the vast majority of schools, not one

experiment was wholly planned or completed

by high school, students., True 1lnquiry was

not practlced.u

Brandweln cites several reasons why inquiry teach-
ing isn't being carried on in the high schools: (1) school
bulldings lack the holding space to allow all experiments
to remain set-up for more than one period; (2) the usual
public school teacher's load is too heavy for carrying on
inquiry teaching; (3) to lecture 1s easier; (4) examples
set by colleges do not emphasize the art of 1nvestlgation.5

Other teachers and researchers sought to investigate
the effectiveness of the process-oriented sclence courses,
J. E. Sherman probed the relative effectiveness of a dif-
ferent method of utlilizing the laboratory activities called
for in the process-oriented Introductory Physical Science
course.6 In this investigation, one group of students per-

formed the usual laboratory activities in the customary

manner, while a second, comparable group, never entered the

%Paul F. Brandweln, "Observations on Teaching: Over-
load and Methods of Intelligence," The Sclence Teacher,
Vol. 36, No. 7, Feb., 1969, p. 38.

51bid., pp. 38-40.

6Jack Eugene Sherman, "The Relative Effectiveness
of Two Methods of Utllizing Laboratory-Type Activities in
Teaching Physical Science," (unpublished Doctoral Thesis,
The University of Wisconsin, Madison, Wisconsin, June,
1969) 209 pages.
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laboratory. The second group viewed 2" x 2% colored slides
showing the same laboratory activities that were being
carried on by the control group. At the end of the semes-
ter, the Watson-Glaser Critical Thinking Appraisal, Form
ZM, the Test on Understanding Sclence, Form JK, the Kuder
General Interest Survey and the Introductory Physical
Science Achievement Test, Chapters 1-3, were given to both
groups., Sherman's conclusions: There were no significant
differences 1n the two groups in critical thinking, under-
standing of science, knowledge of the Introductory Physical
Sclence course or expressed interest in sclence,

In a related study, Oscar J. Broulllette compared
the ability to carry on critical thinking as attalned by
students having had college scilence courses and those
recelving no instruction in this field.’ The Watson-Glaser
Critical Thinking Appralsal, Forms X and W, was adminis-
tered as both a pre- and post-test to both groups. Not
only were no differences detected in the attainment of
critical thinking on the part of the two groups, but
Broulllette concluded that the abllity to carry on critical
thinking seemed not to be assocliated with those in any par-
ticular field. Further, Broulllette declded that the

ability to sustain critical thought was not improved to a

70scar Jason Brouillette, "An Interdisciplinary
Comparison of the Critical Thinking Objective Among Science
and Non-Sclence Majors in Higher Education" (unpublished
Doctoral Thesis, The University of Southern Mississippi,
Hattlesburg, Mississippi, 1968) 128 pages.
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greater extent by the natural sclences as compared to any
other discipline. From his review of the literature,
Broulllette also concluded that there was little evidence
in support of the superlority of elther process or content-
centered blology courses. This same conclusion was also
reached independently by another investigator, Richard T.
Tanner, who contrasted the effectiveness of content and
process-centered physical science courses.8

What implications may be drawn from the studies
described? These studies strongly indicate that the
process-centered courses may be unable to accomplish their
ma jor objectlive, that of developing the attitudes and
thought processes which we ordinarily assoclate with the
process of problem-solving. This 1s indeed a serious
implication because the process-oriented science courses
sacrifice many of the other important objectives of science
teaching in order to emphasize the objective described. It
may be that the process-oriented science courses not only
are gullty of putting all of their eggs in one basket, but,
in additlion, the basket itself may be unsound.

(3) The Process-Oriented Science Courses
May Have Been Designed with the Wrong
Educational Aim in Mind

Other educators voiced the suspicion that the

process-oriented courses were designed with the wrong

8R10hard Thomas Tanner, "Expository-Deductive versus
Discovery-Inductive Programming of Physical Science Prin-
clples," (unpublished Doctoral Thesis, Stanford University,
Palo Alto, California, 1968) 183 pages.



34

educational objective in mind.
Claude Gatewood of the Educatlonal Research Council
of America wrote:

In the main, the highly selective infusion
by NSF of many millions of dollars into
school science ilmprovement, particularly at
the secondary-school level, has resulted in
the regeneration of a modern, up-to-date
version of the elite science curriculum that
existed during the latter part of the nine-
teenth century. Further, much of the excel-
lent scientific material thus created is
essentially irrelevant to the needs of a

ma jor portion of the students whom, accord-
ing to both the philosophy and laws of our
nation, it should now serve.,9

Morris Kline, professor of mathematics at New York
University, volced quite similar feelings at the Natlional
Educatlion Association Representative Assembly:

What I am urging is a reform of science
and mathematics education. I cannot con-
demn too strongly the curriculums of the
past and am deeply saddened by the nature
of current reforms.

Later, Dr., Kline explalned the basis for hils feel-
ings:

But the reforms of sclence and mathematics
education have made matters worse. The
curriculums have been taken over by pro-
fessionals whose aim, judged by the cur-
riculums they have produced, is to train
professionals, These reformers assume

9Claude Gatewood, "The Sclence Curriculum Viewed
Nationally," The Science Teacher, Vol. 35, No. 8, Nov. 1968,
p. 19.

10Morris Kline, "The Liberal Educational Values of
Mathematics, Science and Technology for Youth," National
Education Association, Addresses and Proceedings (Washing-
ton, D.C., 1965) National Education Association of the
United States, Washington, D.C., pp. 50-67.
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that mathematics and sclence are ends in

themselves, that students are automatically

motivated, and that the goal is to rush

education so that 17-year-olds can start

writing research papers,

It 1s worth noting that over fifty years earlier, in
1916, John Dewey had made essentially the same criticism of
the science courses of that decade, After polinting out the
fact that most of the puplls were not golng to become sci-
entific speclilalists, Dewey went on to say that traditional
science courses were too concerned with imparting scien-
tific information as an end in itself; the result was that
the connections between the information and everyday living
were hidden; all that the student actually accomplished was
to acqulire a technical body of information and a peculliar
vocabulary.12

It 1s also worthwhile to speculate concerning Dewey's
feelings about the laboratory activities of the process-
oriented courses. These laboratory activities are defi-
nitely concerned with what Dewey called "the problems of
science." Regarding laboratory work of this sort, Dewey
maintalned that while contact with laboratories represented
an improvement over learning science out of a textbook, all

too frequently the problems pursued were the '"problems of

science," and as such, students falled to see the applications

111p1d., p. 65.

1250hn Dewey, Democracy in Education, (New York:
The Free Press, 1916) pp. 220-250,
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and relationship of these problems to 1ife,13

(4) The Process-Oriented Courses May Neglect
Educational Objectives Which Are of Most
Value to the Future Non-Scilentlst

Closely related to the accusation that the process-
oriented science courses were overly concerned with the
technical training of future sclentists was the belief
that these courses neglected educational objectives of
science teaching which were of greatest lmportance to the
future non-scientist,

Speaking to this point, Milton 0. Pella of the
University of Wisconsin described the nature of the
neglected objective:

It is obvious that a society that has evolved

to its present level due to science and that

will continue to develop only with more

science must be literate in science., This

opinion has been expressed by many scien-

tists, phllosoERers. historians, soclologlists

and educators,

Later, Pella clarifies what he means by the phrase,
"literate in science," when he explains that the scien-
tifically literate person 1s one who understands the inter-
relationships between science and soclety. Furthermore,

says Pella, the sclentifically literate person understands

that the soclal consequences of science come about as a

13John Dewey, Lectures in the Philosgpgg of Educatlion:
1899, (New York: Random House, 1966) pp. 288-29L,

14M11ton 0. Pella, "Sclentific Literacy and the H. S.
Curriculum," School Science and Mathematics, Vol, IXVII,
No. 4, Whole 391, April 1967, p. 346,
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result of the interaction of sclence and soclety.l5
Another prominent educator, Morris Kline, also
endorses much the same objective advocated by Pella.
Kline suggests that science teachers should teach the
"broader cultural values of science." Says Kline:

Not to teach the larger cultural signifi-
cance of sclence while teaching science
1s like asking students to swallgw food
but not letting them digest 1it.l

Further on in the same address, Kline amplifies his

statement:

Knowledge is a whole. Life 1s not segre-
gated into mathematlics, physics, chemistry,
and so forth and into distinct values
which these subjects offer. If our sub-
jects have cultural values we cannot omit
them and trust that elther the student
will see them himself or will ultimately
in some unspecified way fit them into the
picture. We cannot present him with some
pleces of a Jigsaw puzzle and trust that
the pileces wlll some day and somewhere be
handed to him and that he willl fit them
into the proper place.l?

The preceding section is a representative survey of
the criticism directed toward the process-oriented courses.
It 1s now appropriate to center attention on those educa-
tors who suggest that sclence teaching must take a new

direction if it 1s to be relevant to all students.

151p14d.

16K1ine, op. cit., p. 64,
171pid.
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Suggestions For the Improvement of
Science Curricula

The most concrete suggestions for the improvement of
science curricula initially took the form of new courses,
In England, the Nuffield Foundation Science Teaching
Project sought to develop a sclence course which, hope-
fully, would prove to hold greater significance for the
average student. Of the Nuffield project, the coordinator
Kevin W. Keohane, wrote:

If any course of study 1s to be successful

for them (the average student), it is most

necessary that there should be a cohesion

and pattern running through the entire

teaching and aimed particularly at realiz-

ing in the chlildren a significance 1n the

sclence they have learned. "Significance"

has been taken as the cornerstone of our

philosophy, and on its achievement will

depend the success of the work,l

Examination of the Nuffield materials indicate that
they place greater emphasis on the integration of the
scliences with each other than they do on the integration
of the sciences and humanities.

Equally concerned with the significance of science,
the University of Iowa Science and Culture Project (ISCP)
sought to develop a sclence course which placed greater
emphasis on the cultural interactions of sclence.19 This

project utilized specific examples of the way in which

18Kevin W. Keohane, "Toward an Integrated Teaching
of the Sciences," The Science Teacher, (Oct, 1968) p. 41,

19;. Doyle Casteel and Robert Yager, "The Univer-
sity of Iowa Sclence and Culture Project," School Science
and Mathematices, Vol. IXVI, No. 9, Part II of II, Whole

R ay, ) pp. 4122415,




39

science and sclentists 1nfluehce, and are influenced by,
the culture in which they 1live,

Individual school systems also saw a need for the
improvement of science curricula. In June of 1964, David
E. Newton reported concerning a course which was somewhat
similar to the University of Iowa project.20 Developed by
the teachers at Ottawa Hills High School in Grand Rapids,
Michigan, this course sought to describe the nature of
science, to show how sclence has developed, and to 1llus-
trate i1ts ilmpact on our culture,

Both the Ottawa Hills project and the University of
Iowa project were unique in that they were among the first
projects to attempt the integration of science and the
humanities,

The History of the Thrust Toward the
Integration of Science and the Humanltles

As early as 1920, various individuals and certain
groups had protested the fact that sclence courses had
pald 1little attention to the relevancy of their subject
matter, For example, in 1920, the Science Committee of
the Commlission on Reorganization of Secondary Education
suggested that science educatlion concern itself with
things more closely related to human activities rather

than being overly concerned with subject matter which

20pavid E. Newton, "The Role of Sclence in General
High School Education," School Science and Mathematics,
Vol. IXIV, No. 6, Whole 566 (June 1946) pp. 550-552,
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seemed unrelated to the student's eXperience.21

Throughout the 1930s and early 1940s, science educa-
tors responded to these suggestions by incorporating such
topics as "Qur Water Supply" and "How Do Automobile
Engines Operate?" 1nto the upper middle school sclence
texts, Whille the treatment of these topiles did not do much
to 1llustrate the interrelationships of science and civi-
lizatlion, these toplcs were more relevant to the everyday
life of the student than many of the topics covered by cer-
tain present process-oriented courses,

In 1945, the Harvard Report on General Education
repeated the suggestlon that science be integrated with the
humanities:

« o o Scilence instruction in general educa-

tion should be characterized mainly by broad

integrative elements--the comparison of sci-

entiflc with other modes of thought, the

comparison and contrast of the individual

sciences with one another, the relations of

science with its own past and with general

human history, and of sciencezgith the prob-

lems of human society . . . .

One year later, the National Society for the Study
of Education echoed this suggestion, pointing out that

developments produced by science have had an impact on

21Commission on Reorganization of Secondary Educa-
tion, Reorganization of Sclence in Secondary Schools,
U.S. Bureau of Educatlion Bulletin, No, 26, Washington:
Government Printing Office, 1920, p. 62.

22Gen.eral Education in a Free Society. Cambridge:
Harvard University Press, 1945, p. <267.
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man's thought as well as on his way of 11fe.23

In 1960, the National Society for the Study of Edu-
cation agaln stressed this same theme when it devoted the
first chapter of its Fifty-ninth Yearbook to a considera-
tion of the significance of science to our civilization.zu

These suggestions were the first part of a gather-
ing wave which was to reach much greater proportions by
the late 1960s. In 1968, the theme of the National Science
Teachers Conventlion was "Sclience in the New Humanism."
The speakers, and their toplcs follow:

Jacob Bronowski, Senior Fellow, The Salk

Institute for Blological Studles: "Sclence

in the New Humanism."

Phillip Morrison, Professor of Physics,

M.I.T., "Human Values Under the Impact of

Science."

George Wald, Professor of Blology, Harvard
University: "Sclence and the Human Endeavor,"

Arnold Arons, Professor of Physics, Amherst
College: "Cultivating Humanistic Perspec-
tives Toward Science in Our Future Teachers."

Raymond J. Seeger, Senior Staff Associate
for Research, National Scilence Foundation:
"The Role of the History of_Science in
Teaching the New Humanism, "25

23"Science Education in American Schools," Forty-
8ixth Yearbook, Part I. National Soclety for the Study of
EaucazIon. Chlcago: University of Chicago Press, 1947,

p. 306.

2lupetninking Science Education," Fifty-ninth Year-
book, Part I. National Socilety for the Study of Education,
BToomIngton, I1l.: Public School Publishing Co., 1960,
P. 1.

25Programs for the National Sclence Teachers Conven-
tion, Washington, D.C., March 29 to April 2, 1968,



L2

In October of 1968, the editors of The Science

Teacher selected Vincent N, Lunetta as recipient of their
annual Science Teacher Achievement Recognition Award. 1In
connection with his award-winning entry, Lunetta had
written:

If the educational process is to be effec-
tive in a technological culture, the layman
must understand in some depth the relation-
ships existing among the social sciences2
the humanities and the natural sclences., 6

Lunetta also clalmed that while secondary schools are mod-
erately successful in providing the background needed by
the future scientist, little was being done to demonstrate
the relationships previously mentioned, and as a result,
present courses lacked relevance for most secondary stu-
dents.27 Others added their volces to the same point,
Former ambassador to Russia Foy Kohler suggested similar
modification of current science courses, Sald Kohler:

The introductory courses in the natural
sciences continue to be subject-matter
oriented; they tend to be encylopedic in
nature., I do not belileve that such courses
are of great value to the majority of stu-
dents who do not follow scientific or
sclence-related careers, Students prepar-
ing for careers in forelgn affairs, for
example, do not need to know how to dis-
sect a specimen, the differences in the
molecular structure of substances nor the
details of atomic structure. . . . I would
far rather see young people preparing for
careers 1n foreign affairs provided with
an appreciation of the principles and

26Vincent N. Lunetta, "Science and Man," The Science
Teacher, Vol. 35, No. 7, Oct., 1968, pp. 33.

271b1d., p. 33.




43

achievements of science and technology as

they relate to the American civilization

and international affairs. They should

gain an understanding of the ways in which

sclence and technology operate to alter

our lives and how these forces of our time

can afggct the tenor and character of our

world,

Two other educators pursued the possibility that
courses in the history of science might 1llustrate the
interrelationships of science and socliety. Willard
William Korth developed a test for determining the student's
concept of the soclal aspects of sclence, then used this
instrument to determine if a sclence unit dealing with the
history of sclence could favorably affect this concept.
Korth found that the experimental treatment did have an
effect in promoting an understanding of the soclal aspects
of science, but he also found that certain student miscon-
ceptions were resistant to change.29

Another researcher, Kendall Wight Baxter, studied
the relative effectiveness of three methods of teaching
physical science, Baxter compared a subject matter cen-

tered approach, a historical approach which emphasized

social and cultural interrelationships, and a historical

28Foy D. Kohler, "The Non-Sclentist Speaks on Science
for a Liberal Education," The Sclence Teacher, Vol. 35,
No. 4, April, 1968, p. 13.

29Willard William Korth, "The Use of the History of
Science to Promote Student Understanding of the Social
Aspects of Sclence," (unpublished Doctoral Thesis, Stanford
University, Palo Alto, California, 1968) 65 pages.
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approach with laboratory eXperiments.30 All three
approaches were taught by the same person. Baxter used

the Test on Understanding Science, Form W, and his own sub-

Ject matter tests to measure the relative effectlveness of
each approach, Baxter's concluslions: No approach was
significantly better in imparting subject matter. The
historical approach which emphasized social and cultural
interrelationships was the most effective in developling an
understanding of scientific endeavors.

Matthew J. Brennan, Director of the Pinchot Insti-
tute for Conservation Studies, suggested that science
teachers might include conservation as a worthy topic.
Brennan wrote:

We have reached the poinmt in science educa-

tion where fourth graders are talking about

DNA molecules, but thelr own environment is

still unknown to them. A change is due. .

« o Population 1is the greatest problem fac-

ing man., All other resource problems can be

traced to man's increased needs for food, fiber

and 1living space., An understanding of popula-

tion should be the greatest problem facing

science education, %t i1s the greatest problem
facing conservation. 1

Certaln sections of the Wong-Dolmatz Ideas and Inves-

tigations in Sclence text which was published in 1971 dealt

30Kendall Wight Baxter, "A Comparative Study of the
Effectiveness of Three Methods of Teaching a General Educa-
tion Physical Science Course," (unpublished Doctoral Thesis,
Colorado State College, Greeley, Colorado, 1968) 142 pages.

31Matthew J. Brennan, “"Conservation As An Area of
Studi Appropriate to Science," The Science Teacher, Vol, 34,
No. &4, April, 1967, p. 17.




ks

with the problems Brennan described.32 Eowever, what was
really noteworthy about the VWong-Dolmatz text was the exten-
sive effort to make scilence seem mrore relevant by dealing
with the sclentiflc aspects of familiar thinzs in a very
pictorial manner., Alimed at the hizh school student who 1is
a poor reader, the Wonz-Dolmatz text has found acceptance
in many inner-city schools,

Later, other texts followed this saxre pattern. 1In

I1fe Science Investizations: lkan and the Environment,

Holobinko, Showalter and Rassmussen dealt with such ecolos-
ical problems as the death of Lake Erle.33

Thus far a survey of the literature has 1ldentified
some of the shortcomings of the process-oriented courses
and has described the move toward science courses having
closer ties with the humanities, It 1s now appropriate to

examine the philosophical foundation of such courses,

The Ratlionale for Science Courses Which
Emphasize the Humanistic Aspect of Science

As I'il1ton 0. Pella34 and the late Harold E,. w1se35

have pointed out, in a democracy 1t 1s especially important

32Ka1v1n S, Dolmatz and Harry K. Wong, Ideas and
Investizations in Science, (Englewood Cliffs: ~Prentice-
all, Inc., 1971).

33pauml Holobinko, Fredrick A. Rasspussen and Victor
F. Showalter, Life Sclilence Investlzations: Man and the
Environment, (Boston: Eoughton Lifflin Co., 1971).

bpella, Op. Cit.

353aro14d E. Wise, "Sclence and Civic Responsibility,"
Sclence Education, Vol. 49, No. 3, April, 1965, p. 156,
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that all citizens as well as clvic leaders understand the
effect of scientific developments. Without this understand-
ing, it is extremely difficult to make intelligent decisions
regarding complex problems, A chilling example of this is
provided by Ritchle Calder, who describes Clement Attlee's
comment on his part in the 1945 decision to drop the atomic
bomb on Hiroshima:

All I knew was that it was a bigger bomb.

I knew nothing at all about fall-out, nor
the genetic effects., And as far as I know
President Truman and Winston Churchill
knew nothing of those things eilther,
Whether the scientists directly concerned
knew, or guessed, I do not know. But, as
far as I am aware, they said nothing of

i1t to those who had to make the decision.36

It 1s worth noting that scientists had known about radia-
tion-produced mutations since 1927.

Paradoxically, desplite the fact that the average
layman cannot claim to be knowledgeable about scientific
affairs, the public is now clamoring for a greater volice
in decislons involving science., In "Science in Human
Affalirs," Rene' J. Dubos describes this thrust:

After World War II, and especlially after
Sputnik I, scientists were given almost
carte blanche with regard to the utiliza-
tion of funds approprlated by Congress for
sclentlfic research, It was then taken for
granted that only scilentists were competent
to determine how the scientific enterprise
should be managed. A striking contrast to
this lalssez-failre attitude has come to
light during recent public debates on sci-
entific policy. Numerous members of the

36R1tchie Calder, "Common Understanding of Science "
Impact of Science on Society, XIV, 1964, p. 187.
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executlive branch of Congress have emphat-
ically stated that public bodies must have
a dominant volce in deciding which scien-
tific problems are of greatest social im-
portance, and, therefore, which ones de-
serve priority and greatest public support.
In fact, several congressional committees
are attempting to formulate an overall
strategy for the scilentiflic effort--leav-
ing to scientists, of course, the task of
developlng the tactlics best sulted to thils
strategy. 7

The public's thrust for a greater role in decision-
making in sclentific matters makes it even more imperative
that sclence education concern itself with developing an
understanding of the interrelationships of science and
soclety,

How can educators best go about developing this
understanding? Originally it was thought that if the
student simply took several courses in the "basic sci-
ences," 1,e,, chemlistry, blology and physics, that he
would galn an understanding of the place of science in
civilization. Unfortunately, even though this belief 1is
still held by many people, an increasing number of educa-
tors now agree that simply taking these courses does not
help one to develop such an understanding. Speaking to
this point, Eric Hutchlinson says:

That chemistry or physics 1s a necessary

component of a liberal education 1s a prop-

osition that needs no lengthy justification

in American society in the middle of the

twentieth century. I shall argue in this

paper, however, that the presence of chem-
istry and physics in a college curriculum

37Ren.e' J. Dubos, "Science in Human Affairs," The
Science Teacher, Vol. 34, No. 5, May, 1967, p. 11-12,
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is not a sufficient condition for a liberal
education unless the subjects are carefully
taught, 38

Later, Hutchinson suggests what he means by the phrase
"carefully taught."

I should like to propose an enlargement of
educational goals., We can agree on the
necessity of providing a liberal educatlon
in the sclences, emphasizing the human
activity of science even if we are obliged
to dip selectively, and perhaps shallowly,
into the body of knowledge. The common
good and democratic evaluation of science
as a gsmponent of the common good demand
this.

Addressing much the same problem, J. A. Battle says:

Today the American child 1s being drowned
in knowledge, new and old. When he most
needs a lifeline to keep from sinking in
thls "raw" knowledge, he 1s glven still
more "raw" knowledge, Instead of only
handing out more knowledge it 1s our task
as teachers to help the young to integrate
knowledge with values, thought, and behav-
lor. Only when there 1s such an integra-
tion will education be made relevant to
life. To offer educational programs that
are 1rrelevant to llfﬁ i1s to reduce educa-
tion to an absurdity,*0

Battle's point concerning the integration of knowl-
edge with values 1s an important one. Although Morris
Kline makes use of different terms, what he says conveys

essentlally the same meaning. Kline says that what counts

38grie Hutchinson, "Science: A Component of Liberal
Education," Journal of Chemical Education, Vol., 44, No, 5,
May, 1967, p. 261.

391bid., p. 265.

qu. A, Battle and Robert L. Shannon, The New Idea
in Education (N.Y.: Harper and Row Publishers, 1968),
P. 90-91.
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is an awareness of the significance of knowledge, or wis-

dom.ul

A Summary: The Philosophlical Foundations
of Courses Which Emphasize the Humanistic
Aspect of Science

One can conclude that there 1s a basic foundation
upon which the humanistically-oriented science courses
stand: That 1s, in a democracy, all citizens must be aware
of the significance of scientiflc knowledge if they are to
intelligently participate in the decision-making process,

However, both the traditlional science courses, which
tend to be collections of scientific facts and concepts,
and the current process-oriented sclence courses, which
emphasize laboratory problem solving, seemingly fall to
develop this awareness because they present sclence as a
subject having little connection with human affairs,

When sclence 1is presented 1n this manner, students
fall to see how sclence 1is related to human affairs and
hence are unable to place it in their own particular hier-
archy of values, When this happens, students say that the
subject "lacks relevance" for them, and enroll in other
courses, The humanistically-orlented science courses

represent an attempt to solve this problem.

YlMorris K1line, "The Liberal Education Values of
Sciggce," The Science Teacher, Vol. 32, No. 8, Nov., 1965,
P. .
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Developing Some Guldellines for
Humanistically-Orilented Science Courses

Having observed the trends in sclence education and
having examined the rationale for these trends, it is now
appropriate to consider the development of guldelines for
the curriculum materials to be created.

It is increasingly evident that modern curriculum
materials in sclence cannot be an encyclopedic compilation
of sclentific facts and concepts which are basic to further
study in the fleld. Such curricula really contribute more
to "technical trailning" than they do to the objectives of
a liberal education.

Likewise, modern curriculum materials in scilence
cannot be so oriented to laboratory experimentation and
activities involving problem solving that they neglect
other educational objectives., In order to galiln wider
acceptance, modern curriculum materials must meet a wide
range of objectives, Most important of all, these curricu-
lum materials must bring about an awareness of the signifi-
cance of sclence to civilization.

In order to develop an understanding of the value
of sclence to cilvilizatlion, scilence must be presented as
an integral part of civilization. This means that modern
sclence courses will be more ecologically and humanistically
oriented, Most of the toplcs covered should be developed
in terms of how they affect the human sphere of interest.

The review of the literature reveals several types
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of science courses that are capable of presenting science
as a part of civilization. The first of these courses
places heavy emphaslis on the history of science, It 1is
likely that the sclence materials utilizing thls approach
willl cut across several boundary lines, dipping selectively
into history, economics and sociology. Thils suggests that
such courses will contain materials and concepts formerly
considered to be the exclusive property of the fleld of
social studlies., Such action 1s of necessity, because in
order to 1lllustrate the effect of sclence on soclety, 1t

is necessary to describe the lives of people, the condl-
tions of the time, and the changes brought about by advances
in sclentific knowledge.

A second type of course which may help educators to
present sclence as a part of civilizatlion emphasizes the
sclentific aspect of present problems. For example, with
approximately one-half of the people of the world hungry or
malnourished, the contributions of the science of genetics
to the problems of crop improvement assume greater propor-
1:fl.ons.""2

Lastly, as mentioned previously, modern science cur-
riculum materials should be aimed at teaching students
something about the role of science in civilization rather
than presenting a more limited technical type of course.

Implementing this philosophy, modern science curriculum

uzGeorge Borgstrom, The Hungry Planet, (New York:
Collier Books, 1967) p. xi.
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materials need not be as technical; 1.e., they need not
emphasize mathematics and nomenclature as they have in the
past; instead modern sclilence materials need take pailns to
relate science to the activities and problems of past and
present times, Science should be presented in its proper
setting if the student is to see it in the proper perspective.

As a result of experlencing curriculum materials
developed along these guldelines, it 1s possible that stu-
dents may command less scilentific knowledge, but, as adults,
will hopefully show greater wisdom in their reactions to
scientific matters,

In the final analysis, what this philosophy advocates
is giving students a new viewpoint of the gzoals of science
teaching. Origlnally, sclence courses led students to see
science as a body of information to be learned., Later,
with the rise of the process-oriented courses, students
saw sclence as a method of solving laboratory problems,
Hopefully, the humanistically-oriented sclence courses will
be successful in presenting science as one of the more

important ways 1n which man can improve his 1life on earth.

The Humanistically-Oriented
Seclence Curriculum katerials

For teachers interested in preparing and utilizing
humanistically-oriented curriculum materials, the units
appearineg in Appendix C may be of sicnificant value,
Although these materials were specifically desiened and

developed for this research effort, the physical bulk of
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the materials necessitate thelr separation from the more

succinct sections of this study.

Organlization of the Thesis

The first sectlion of this chapter was concerned
with the suggestions of educators regarding curriculum
materials in sclence. The second section attempted to
draw some guldelines for the materials to be created as
part of this study. These guldelines took into consider-
ation the suggestions described in the first section.

Chapter three will be devoted to a dilscussion of
the design of the study. In chapter four the results of
the evaluation and an analysis of the data collected will
be presented. In chapter five a summary, conclusions and

recommendations for further study will be discussed.



CHAPTER III

DESIGN OF THE STUDY

An Overview of Chapter III

As discussed in the review of the literature, 1t
seems obvious that both traditional and process-oriented
science courses have deficlencies that make them less than
completely acceptable to all educators., Apparently, many
critics seem to feel that neither type of science course
does an adequate Jjob of 1llustrating the value of sclence.
Agreement with this criticism led to the construction of
the humanistically-orlented science curriculum materials
which are presented in the appendix of this thesis. These
materials make a strong effort to increase the value which
students attach to scientific endeavors by dealing with
some scientific activities in terms of thelr contribution
to civilization., Many of the scientiflic activities des-
cribed in these materlals are also common to both process-
oriented and traditional science courses,

During the 1972-1973 school year, these humanis-
tically-oriented sclence curriculum materials were used to
instruct several groups of high school students in science.

To access the relative effectiveness of these materials, a

sk
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research instrument was designed to determine the relative
value which this group of students attached to certain
scientific activitlies as compared to the value placed on
the same activitles by groups of students having taken
traditional and process-oriented courses. In this chapter,

the details of the study will be described.

Development of an Instrument

The humanistically-oriented sclilence curriculum
materials presented in the appendix were designed so that
they dealt with six scientific activities that were also
covered by both the Introductory Physical Sclience course
and the Chemical Education Materials Study Program. These
six activities were:

(1) The determination of the melting point of solids.

(2) The use of fractional distillation to separate one or
more liqulds from a mixture.

(3) The use of fractional crystallization as a means of
separating dissolved solids.

(4) The separation of a mixture of solids through the use
of a varlety of solvents,

(5) The use of spectral analysis as a means to the ildenti-
fication of substances,

(6) The determination of the density of substances,

As expected, no existing research instruments were
avallable which dealt with student value formation with
regard to these specific six activities., To fill this void,
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an instrurent was developed., Llsts of several hundred
scientific, technoloxical and historical events were drawn
up. Examples of such events follow:
(1) Enzineers complete construction of the Golden Gate

Bridge,
(2) The planet Pluto is discovered by astronorers.
(3) Gold is discovered at Suttert's }Mill in California.
The six activities dealt with by the humanistically-oriented
sclence curriculum materials, The Chemical Education hater-
jals Study, and the Introductory Physical Science course
were also put in the form of a series of events, By
rephrasing the form of these six statements, a 1list of
thirty of these events was developed.

Next, a serlies of twenty-five items was constructed,

Each item consisted of four events chosen from the lists
previously described. Cf the four events making up an
item, one event was always selected from the listlwhlch was
drawn from the scientiflc activities which the Introductory
Physical Sclence course, the Chemical Education laterials
Study and the humanistically-oriented science curriculum
materials had in comron. The remaining three events needed
to complete the item were drawn from the lists of scien-
tific, technological and historic events, Later students
would be asked to arrange the four events making up each
item 1n order of greatest to least valuable contribution to
civilization.

Careful selectlon of events was employed so that in
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some items most of the events were historical, while in
other items, most of the events were scientific or tech-
nological. The four events making up the varlious items
were also selected so that 1n some ltems a well-informed
person might select the historical event as being the most
valuable, while in other items, a better selection would
be a scientific event, technological event, or one of the
events taken from the Introductory Physical Science-
Chemical Education Materials Study-humanistically-oriented
science curriculum materials list.

The list of twenty-five items was analyzed by a
panel of seven experlenced science teachers, On the basis
of this panel's analysis, the 1list was revised and a pilot
instrument was constructed. This instrument and the over-
all design of the study. were then submitted to the O0ffice
of Research Consultation at Michigan State University.
After suggestions from this office, a pilot instrument was
developed. The pilot instrument was then administered to
thirty-one students selected at random from a ninth grade
class grouping. Data obtalned from the pllot instrument
was tabulated, and each of the thirty-one ninth grade stu-
dents involved in the testing of the pllot ilnstrument was
interviewed regarding his or her responses., On the basis
of these student interviews, the instrument was further
refined, and twelve items were selected on the basis of
greatest validity. The final polished instrument appears
in Appendix A; hereafter, this instrument is referred to
by the abbreviation VOS.
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Responses were to be scored in the following manner:
In each of the twelve items the event drawn from the Intro-
ductory Physical Science-Chemical Education Materials
Study-humanistically-oriented sclence curriculum materials
list was identified. If a student selected this event as
being of "greatest value," four points were scored; a rat-
ing of this event as being of "second greatest value"
recelved three points. Ratings of "third greatest value,"
and of "least value" recelived two points and one point
respectively. Thus, if the student rated all twelve of
the events drawn from the Introductory Physical Sclence-
Chemical Education Materials Study-humanistlcally-oriented
sclence curriculum materlals list as belng of greatest
value, the result would be a score of twelve times four,
or forty-eight., A score of thirty would result from ran-
dom selection, and the lowest score possible, resulting
from twelve responses of "least value," would be a score
of twelve, 1In all, a student would make forty-eight value

judgments regarding the events listed.

The Sample

Samples were drawn from the freshman, junlior and
senior classes of a large high school located 1n the sub-
urban area west of Chlcago. This suburb contains a mixture
of blue and white collar workers, but the per capita
income 1s somewhat above the average for the United States,

However, the level of educational aspiration is below the
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national average, with only about thirty percent of the
1972 graduating class enrolling in a four year collecge,

In the high school in question, one year of science
is required for graduation. As a result of this require-
ment, almost all freshmen take a science course, Virtu-
ally the oply freshmen not enrolled in science are those
in speclal programs for the educable mentally handicapped.
On the basis of past achlevement, I.Q. scores, and tests
taken during the elghth grade, freshmen students enrolling
in science are placed in either Introductory Physical
Science or Science 9, Roughly the top two-thirds of the
freshman class are placed in the Introductory Physical
Science course, while the academically less talented lower
one-third of the freshman class take Science 9., Scores on
the Scholastic Testing Services I,Q. Test show that the
students taking the Introductory Physical Science course
have an average I.Q. of 115, while those taking Science 9
have an average I.Q. of 90. On this particular test, the
I.Q. of the average high school student 1s 108,

The sample also included all the juniors and seniors
who were enrolled in chemistry during the 1972-1973 school
year. The average I1.Q. of these students, as measured by
the Henmon-Nelson I.Q. Test was approximately 120, There
were slizhtly more boys than girls in these classes and
about four times as many juniors as seniors. Some of the
most academlec students in the school were in these classes,

The treatment croup, who received instruction using
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the humanistically-oriented science curriculum materials
which appear in the appendix, consisted of two Science 9
classes and three chemlistry classes. There were a total
of 38 students in the Science 9 classes and 61 students in
the chemistry classes., The non-treatment group recelived
instruction in sclence using the Introductory Physical
Science materials, or the Chemlical Education Materials
Study program. This group consisted of two chemistry
classes and seventeen Introductory Physlcal Science
classes, Thirty-one students were enrolled in these chem-
istry classes and 421 students were enrolled in the Intro-
ductory Physlcal Sclence classes, Thus, the treatment
group consisted of five classes and 99 students, while the
non-treatment group consisted of nineteen classes and U452

students.

Treatment

The different classes making up the non-treatment
group were taught Introductory Physical Sclence or chem-
istry by seven different teachers. Some of these teachers
felt that student realization of the value of science was
an lmportant objective, while others were barely aware of
this objective. As a group, these teachers were very well
prepared. Four of the seven teachers possessed masters
degrees, and the other three were nearing completion of
thelr masters degrees. The average number of years of

teaching experience for this group approximately was five
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years, ranging from three years to ten years. All of the
teachers teaching the Introductory Physical Science course
had taken special training for the teaching of this course
and with the exception of one teacher, had previously
taught the Introductory Physical Sclence course at least
twice. The chemistry classes in the non-treatment group
were taught by a teacher having an undergraduate major in
chemlstry and a masters degree in physics teaching, The
treatment group was also taught by one teacher, This
teacher had a masters degree, nearly twenty years of teach-
ing experience, and felt strongly that student realization
of the importance of science was an important objective.
The different classes making up the treatment group
were instructed in sclence using the humanistically-oriented
science curriculum materials which appear in Appendix C of
this thesis, For the two classes of Science 9 students,
approXimately ten weeks were required to cover these
materials, It was necessary to give superficial coverage
to many of the more mathematical sections of these materials
with these classes, For example, section 2.5 of the human-
istically-oriented materials discusses molecular weight
determinations. Whlle average or above average students
could be expected to master the mathematics involved in
this section, 1t was considered sufficient if the low level
Sclence 9 students were able to see that molecular weights

may be determined by studying the freezing point of solutions.
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The three chemistry classes involved in the treat-
ment group contained students of much hizher ability than
the Science 9 classes and, for thils reason, were able to
cover the same material in somewhat less time., All classes
met for a forty-eight minute perlod five times a week.

Througshout the unit, short qulzzes were given.
Approximately one-half of the quliz items were of a general,
factual nature; the remainder dealt with the value of the
activity. For example, in a quiz dealing with section 2.2,
the questions used were:

(1) Wwhat 1s the density of a solid which has a mass of 18
grans and a volume of 2 cubic centimeters?

(2) Why 1s 1t important that mankind have knowledge of the
densities and melting points of the known substances?

The approximate time schedule and the activities
which were utllized with the Science 9 classes appear in

Appendix C.

Evaluatlion Procedures

Prior to treatment, all groups involved in the study
were glven the VOS Opinion Poll as a pre-test, The mean
score of each class on the VOS Opinion Poll was computed
and recorded for future reference. Following the pre-test,
treatment was administered as previously outlined., At the
conclusion of the treatment period, the VOS Opinion Poll
was again administered to all of the groups involved in

the study.



63

Analysis of the Data

The hypotheses to be tested follow:

(1) Prior to treatment, the mean score of the VOS Opinlon
Poll made by classes in both treatment and non-treat-
ment groups will be the same,.

(2) Following treatment, the mean score on the VOS Opinion
Poll made by classes in both treatment and non-treat-
ment groups will be the same.

Should the test of the latter hypothesis fall, the follow-

ing alternate hypothesis will be examined:

Following treatment, the mean score on the
VOS Opinion Poll made by classes which are
part of the treatment group will exceed
that of the classes which are part of the
non-treatment group.

These hypotheses wlll be tested by computing t scores to

determine whether differences exist between the treatment

and non-treatment groups at the .95 level of significance.
The declslion to analyze the data using classrooms as

a unit was based on the fact that students received instruc-

tion as a class and that interaction between students

occurred within the classroom. Under these conditions, it
was deemed inappropriate to use the mean scores of students

in the treatment and non-treatment groups as the unit of

analysis.

Summarz
In Chapters I and II of thlis thesis, the need for

more humanistically-orlented science curriculum materials
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was discussed., Subsequently, such materials were developed;
they appear in Appendix C of thls theslis, These materlals
were designed so that they covered six activities that were
also covered by the Chemical Education Materlals Study, and
by the Introductory Physical Sclence course, These humanis-
tically-oriented scilence curriculum materials were later
used to instruct five classes of students in science for a
ten week period of time,

To assess the effectiveness of these materials as
compared with the Introductory Physical Scilence course or
the Chemlcal Educatlion Materials Study program, an instru-
rment was developed. Lists of scientific, technological,
and historical events were drawn up. The six activitiles
which were common to the Introductory Physical Sclence
course, the Chemical Educatlion Materials Study program ancd
the humanistically-oriented science curriculum materials
were also put 1n the form of a 1list of events, From these
lists, a series of twenty-five items, each of which con-
talned four events, was constructed. Each item consisted
of one event drawn from the list of activities shared by
the three sclence courses and of three events drawn from
the 1lists of historic, scientific and technological events,
This 1list of items was analyzed by a panel of seven experi-
enced sclence teachers, On the basis of suzggestions by
these teachers, the list of items was revised and organ-
1zed into the form of a plilot instrument. The pilot instru-

ment was administered to thirty-one ninth srade students,
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DPata obtained from the pilot instrument was analyzed, and
each of the thirty-one students was interviewed rezarding
his responses, On the basis of these interviews, the
instrument was further revised and twelve items were
selected on the baslis of greatest wvalidity. Thls revision
was named the "VOS Opinion Poll.* The filnal, polished
instrument was administered as a pre-test to both treat-
ment and non-treatment groups.

Treatment conslsted of ten weeks of instructlion us-
ing the humanistically-oriented science curriculum materials
previously developed., During this same period of time, the
non-treatment group continued to receive instruction in
science using either the Introductory Physical Science
materials or the Chemical Education LKaterials Study progranm.
Following treatment, the VOS Cpinion Poll was again admin-
istered to both treatment and non-treatment groups.

In planning the analysls of data, it was decided to
test the hypothesls that:

Following treatment, the mean score on the

VOS Opinion Poll made by classes in both

treatment and non-treatment groups will be

the same.

This hypothesis, and possibly the alternate hypothesis,
were to be tested by computing t scores to determine whether
or not differences existed in the means of the two groups at

the .95 level of significance,.



CHAPTER IV

ANALYSIS OF DATA

Data Collected - Pre-Test

The following datawere collected prior to treatment.

Table 1. Mean scores made by treatment and non-treatment
groups on the VOS Opinion Poll prior to treat-
ment.

Part I. Mean scores made by classes making up the treat-

ment group.

Science 9 Classes Chemistry Classes
28.43 30.21
29,17 31.17

32,04

Part II. Mean scores made by classes making up the non-
treatment group.

Introductory Physical Chemistry Classes Using the
Science Classes Chemical Education Materials
Study Program

26.21 28,06 28.94 29,65 30.85
27.38 28.68 29.20 29.67 31.57
27.80 28.73 29.35 30.01
27.97 28.86 29,43 30.23

30.71

66
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The grand mean for the classes making up the treat-

ment and non-treatment groups is shown in Table 2,

Table 2. The grand mean of classes making up the treat-
ment and non-treatment groups.

Grand NMean for Grand Mean for
Pre-Test Classes in the Classes in the
Treatment Group Non-Treatment Group
VOS Opinion
Poll 30.20 29,12

Analysis of Pre-Test Data

The hypothesis to be tested follows:

(1) Prior to treatment, the mean score on

the VOS Opinlon Poll made by classes in

both treatment and non-treatment groups

will be the same,

Computation of the difference between these means
indicates that the grand mean of the treatment group
exceeds that of the non-treatment group by 1.08. When a
X score 1s computed using this data, the difference cited
1s found to be insignificant at the .95 confidence level;
thus the hypothesis stated must be accepted., HKHowever, the
difference 1s significant at the .90 confidence level,
While this indlcates that the treatment group places slightly
greater value on the scientiflc activities involved in the
study even before treatment, this difference was anticipated.
The treatment group consisted of three chemistry classes and

two Science 9 classes and seventeen Introductory Physical

Sclence classes, Since chemistry i1s a subject ordinarily
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selected only by those students who see a need for additional
science courses beyond the required one year of sclence,
students taking chemistry may place a greater value on
scientific activity than do other students. Since three

out of the five classes within the treatment group were
chemistry classes, compared to only two classes out of the
nineteen classes composing the non-treatment group, it was
assumed that the grand mean of the treatment group might be
hicher,

When the grand mean of the Introductory Physical
Sclence classes in the non-treatment group is compared to
the grand mean of the Sclence 9 classes, little cdifference
exists,

Table 3. A comparison of the grand mean made on the VOS

Opinion Poll by Science 9 classes and Introduc-
tory Physical Sclence classes prior to treatment,

—
——

Pre-Test, Grand Iean, Grand Mean,
Science 9 Classes Introductory Physical
VoS in Treatment Group Sclence Classes in
Non-Treatment Group
Opinion
Poll 28,80 28,87

These data may be used to test the following hypoth-
esis:

(2) Prior to treatment, the grand mean on
the VOS Opinion Poll made by Introcuctory
Physical Science classes which are part of
the non-treatment group, and Science 9
classes which are part of the treatment
group, will be the same,
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A difference of only .07 exists between these two
grand means., Computatlon of a t score for this data
reveals that this difference is not significant, even at
the .55 level of confidence. Thus, the hypothesis stated
may be accepted.

Similarly, when the grand mean of the chemistry
classes in the non-treatment group is compared to the
grand mean of the chemistry classes in the treatment group,
little difference is found to exist between these groups.

Table 4, A comparison of the grand mean of chemistry
classes in both treatment and non-treatment

groups.
Pre-Test, Grand Mean, Grand Mean,
Chemistry Classes 1n Chemistry Classes in
VoS Treatment Group Non-Treatment Group
Opinion
31.14 31.21
Poll

This difference, .07, 1s not significant, even at the .55
confidence level, Thus, the following hypothesis may be
accepted:

(3) Prior to treatment, the grand mean on
the VOS Opinion Poll made by chemistry
classes which are part of the non-treatment
group, and that of chemistry classes which
are part of the treatment group, will be
the same,

Data Collected - Post-Test

Followling treatment, the VOS Opinlon Poll was again

administered to both treatment and non-treatment groups and
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the following data was collected.

Table 5. Mean scores made by treatment and non-treatment
groups on the VOS Opinion Poll following treat-
ment.

4

Part I. Mean scores made by classes making up the treat-
ment group.

Science 9 Classes Chemistry Classes
37.75 4o.23
38.37 41,35
L2, 43

Part II. Mean scores made by classes making up the non-
treatment group.

Introductory Physical Chemistry Classes Using the
Science Classes Chemical Education Materials
Study Program

25,83 28.42 28.96 29.87 30.26
26.80 28.47 29.23 30.53 32.08
27.50 28.57 29.51 30.53
28.26 28.91 29.53 31.23

31.30

The grand mean for the classes making up the treat-

ment and non-treatment groups 1s shown in Table 6.
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Table 6. The grand mean of classes making up the treat-
ment and non-treatment groups.

— o— S ——————— ——— o— ——
—— —— — —

Grand Mean for Grand Mean for
Post-Test, Classes 1n the Classes in the
Treatment Group Non-Treatment Group
VOS Opinion
Poll Lo.o2 29.25

Analysis of Post-Test Data

The hypothesis to be tested follows:

(4) Following treatment, the grand mean on

the VOS Opinion Poll made by classes 1n

both treatment and non-treatment groups

will be the same.
Should a test of this hypothesis fall, the following alter-
nate hypothesis will be examined:

(4a) Following treatment, the grand mean

on the VOS Opinion Poll made by the treat-

ment group will exceed that of the non-

treatment group.
To test the null hypothesis, a t score was computed using
the grand means of the treatment and non-treatment groups.
This computation shows t = 13.72; since t = 2.82 at the
995 level of confidence, the null hypothesis must be
re jected. The alternative hypothesls, that the grand mean
of the treatment group exceeds that of the non-treatment

group must be accepted.

Further Considerations and Analyses

As was pointed out earlier, on the VOS Opinion Poll

pre-test, the grand mean of the treatment group exceeded
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the grand mean of the non-treatment group by 1.08, a
figure which was significant at the .90 confidence level.
Although the difference in the grand means of these two
groups on the post-test, 10.77, far exceeds the original
difference, it is worthwhile to examine the post-treatment
data from a slightly different viewpoint. The fact that
the treatment group had a higher mean score on the pre-
test was attributed to the fact that this group contained
a higher percentage of students who may have placed a
greater value on sclentific activity than did the treatment
group. Accordingly, the pre-test data for both the treat-
ment and non-treatment groups were broken down into groups
consisting of chemistry students, Introductory Physical
Sclence students, and Sclence 9 students., When this was
done, no significant differences in the pre-test scores
made by Introductory Physical Science students in the non-
treatment group and Sclilence 9 students in the treatment
group were present. Similarly, no significant differences
in the pre-test scores made by chemistry students in the
treatment group and chemistry students in the non-treatment
group were detected.

If the post-treatment data 1s broken down in the

same manner, these flgures emerge:
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Table 7. A comparison of the grand mean of various classes
in the treatment and non-treatment groups.

Post-Test, Grand Mean, Grand Mean,
Science 9 Classes Introductory Physical
VoS in Treatment Group Science Classes in
Non-Treatment Group
Opinion
Poll 38.06 29.02
Post-Test, Grand Mean, Grand Mean,
Chemistry Classes in Chemlistry Classes in
VoS Treatment Group Non-Treatment Group
Opinion
41.33 31.17
Poll

The hypothesis to be tested 1is:

(5) Following treatment, the grand mean on

the VOS Opinion Poll made by Introductory

Physical Science classes which are part of

the non-treatment group, and that of Scilence

9 classes which are part of the treatment

group, will be the same.
The difference between the grand mean of the Introductory
Physical Sclence classes in the non-treatment group and
Science 9 classes in the treatment group is 9.04. When a
t score for this data is computed, t 1s found to equal
9.55, a figure which far exceeds the value required for
significance at the .995 level of confidence. The hypothe-
sis previously stated must be rejected, and the following
alternative hypothesis must be accepted:

(5a) Following treatment, the grand mean on

the VOS Opinion Poll made by Science 9

classes which are part of the treatment

group will exceed that of the Introductory

Physical Science classes which are part of
the non-treatment group.
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Similarly, a second hypothesis may be tested:

(6) Following treatment, the grand mean on

the VOS Opinion Poll made by chemistry

classes which are part of the non-treatment

group and that of chemistry classes which

are part of the treatment group will be

the same,

The difference between the grand mean of the chemistry
classes in the non-treatment group and chemistry classes
in the treatment group is 10.16. For these data, t is
found to be 17.5, a figure which far exceeds the value
required for significance at the .995 level of confidence.
Thus, the hypothesis previously stated must be re jected,
and the following alternate hypothesis accepted:

(6a) Following treatment, the grand mean on

the VOS Opinion Poll made by chemistry

classes which are part of the treatment

group will exceed that of chemistry classes

which are part of the non-treatment group.

Lastly, it may be noted that the grand mean of the
Introductory Physlical Sclence classes in the non-treatment
group increased from 28.87 on the pre-test to 29.02 on the
post-test. Similarly, the grand mean for the chemistry
classes in the non-treatment group decreased from 31.21 on
the pre-test to 31.17 on the post-test. These data may be
used to examine the following hypotheses:

(7) The grand mean on the VOS Opinion Poll

made by Introductory Physical Science students

who were part of the non-treatment group will

be the same on both pre- and post-tests,

(8) The grand mean on the VOS Opilnion Poll

made by chemlstry students who were part of

the non-treatment group will be the same on
both pre- and post-tests.



75

When t scores are computed, it 1s apparent that the first
hypothesis may be rejected, but re jectlon can occur only
at the .55 level of confldence. The second hypothesis
must be accepted, even at the .55 level of confidence.
Plainly, only minimal or insignificant changes have
occurred in the values of these groups as measured by the
VOS Opinion Poll. This 1s not the case for classes 1in
the treatment group, however, The increase shown between
pre- and post-treatment grand means for Sclence 9 classes
was 9.26., Chemistry classes, which were also part of the
treatment group, showed an increase in pre- and post-treat-
ment grand means of 10.19. These data may be used to
examine the following hypotheses:

(9) The grand mean on the VOS Opinion Poll

made by Sclence 9 classes who were part of

the treatment group will be the same on

both pre- and post-tests,

(10) The grand mean on the VOS Opinion Poll

made by chemistry students who were part of

the treatment group will be the same on

both pre- and post-tests,
When t scores are computed using these data, the values
computed far exceed those required for significance at
the .995 level of confidence. Accordingly, both hypothe-
ses must be re jected, and the following alternate hypothe-
ses accepted:

(9a) The mean score on the VOS Opinion Poll

made by Science 9 classes who were part of

the treatment group will be higher on the
post-test than on the pre-test.
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(10a2) The mean score on the VOS5 Opinlon
Poll made by chemlistry classes who were
part of the treatment szroup will be hlgher
on the post-test than on the pre-test.
Clearly, a significant chanze has occurred in the values

of these grouvs as measured by the VOS Opinion Foll.

Summarz

Prior to treatment, the VCS Opinion Poll was admin-
istered to both treatment and non-treatment zrouvs.
Because of the probability of interaction between students
within each classroom, it was decided to use the classroon
as the unit of analysis. lean scores were computed for
each classroom in both treatment and non-treatment groups.
Using these data, the grand means for both treatment and
non-treatment groups were computed., The grand mean of the
non-treatment group, 30.20, exceeded the grand mean of the
treatment group, which was 29,12, by 1.08, This difference
was siznificant at the .90 confidence level, but this dif-
ference had been antlicipated, because the treatment grouvp
consisted of three chemlstry classes and two Sclence 9
classes, while the non-treatment group consisted of two
chenistry classes and seventeen Introductory Physical
Science classes, It was assumed that chemistry students
might place a greater value on scilentific activity than do
students who do not take chemlstry and therefore the higher
percentage of chemistry students in the treatment group was
possibly responsible for the slightly higher zrand mean of

the treatment zgroup.
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As a research precaution, the treatment and non-
treatment groups were broken up into Sclence 9 classes
and chemistry classes in the treatment group, and Intro-
ductory Physical Science classes and chemlstry classes in
the non-treatment group. When the grand mean of Science 9
classes in the treatment group was compared to the grand
mean of Introductory Physical Science classes in the non-
treatment group, the difference was .07, a value which
was not significant, even at the .55 confldence level.
Similarly, when the grand mean of chemistry classes in the
non-treatment group was compared to the grand méan of chem-
istry classes in the treatment group, the difference was
so slight as to be insignificant, even at the ,55 confi-
dence level, Thus, prior to treatment, the treatment and
non-treatment groups appeared to be quite comparable in
terms of values as measured by the VOS Opinion Poll.

Following treatment, the VOS Opinion Poll was again
administered to both treatment and non-treatment groups.
The grand mean of the treatment group, 40.02, exceeded
that of the non;treatment group, which was 29.25, by 10.77.
When a t score was computed using these data, this differ-
ence was found to be significant at the .995 level of con-
fidence, Thus, the alternate hypothesis, that following
treatment, that the grand mean of the treatment group
exceeds that of the non-treatment group on the VOS Opinion
Poll was accepted.
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The data collected following treatment was also
examined by comparing Sclience 9 classes in the treatment
group with Introductory Physical Sclence classes in the
non-treatment group. The grand mean on the VOS Opinion
Poll made by Science 9 classes following treatment was
38.06, while the grand mean of the Introductory Physical
Science classes in the non-treatment group was only 29.02,
The difference between these means was 9,04, When a t
score for these data was computed, the difference was
found to be significant at the .995 confidence level.

Similarly, the data collected following treatment
was also examined by comparing the grand mean of chemistry
classes 1n the treatment group with that of chemistry
classes not in the treatment group. The grand mean of the
treatment group was 41.33, while that of the non-treatment
group was 31,17, The difference, 10.16, was found to be
significant at the .995 level of confidence, This, and
the preceeding analysis, led to acceptance of the follow-
ing hypotheses:

(1) Following treatment, the mean score on

the VOS Opinion Poll of Science 9 classes

which are part of the treatment group will

exceed that of Introductory Physical Science

classes which are part of the non-treatment

group.

(2) Following treatment, the mean score on

the VOS Opinion Poll of chemistry classes

which are part of the treatment group will

exceed that of chemistry classes which are

part of the non-treatment group.

Lastly, the differences in the pre- and post-treat-

ment grand means of each of the following four groups were
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exanined: Sclence 9 classes, Introductory Physical Science
classes, chemistry classes which were part of the treat-
ment group, and chemistry classes which were part of the
non-treatment group. The slight increase and decrease in
pre- and post-treatment grand means shown by the Introduc-
tory Physical Science classes and the chemistry classes
which were part of the non-treatment group were, respec-
tively, insignificant at the .55 confldence level, and barely
significant at the same level, By contrast, the large
increases in pre-~ and post-treatment grand means shown by
Sclence 9 and chemistry classes which were part of the
treatnent group were significant at the .995 level of con-
fldence., These analyses indicate that 1little or no change
occurred 1n the pre- and post-treatment scores on the V0S
Opinion Poll made by the non-treatment group, but that
following treatment, significantly higher scores were made

on the VOS Opinion Poll by the treatment group.

Table 8, A Summary: Analysis of data collected.

Difference Significance Acceptance
Hypothesls Examlned in lean Level or
Scores Re jection

(1) Prior to treat-

ment, the grand mean

on the VOS Opinlon

Poll made by classes 1.083 .95 accept
in both treatment

and non-treatment

groups will be the

same,
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Table 8, Continued

——

—

—

—

—

Difference

Hypothesls Examined in Mean
Scores

Significance
Level

Acceptance
or
Re jection

(2) Prior to treat-
ment, the grand mean
on the VOS Opinion
Poll made by Intro-
ductory Physical
Science classes
which were part of .07
the non-treatment
group and Science 9
classes which are
part of the treat-
ment group, will be
the same,

55

accept

(3) Prior to treat-
ment, the grand mean
on the VOS Opinilon
Poll made by chemis-
try classes which
were part of the non- .07
treatment group, and
that of chemistry
classes which were
part of the treat-
ment group, willl be
the same.,

.55

accept

(4) Following treat-

ment, the grand mean

on the VOS Opinion

Poll made by classes 10.77
in both treatment and
non-treatment groups

will be the same,

.995

re ject
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Table 8, Continued

Difference

Hypothesis Examined in Mean
Scores

—

Significance
Level

——

Acceptance
or
Re jection

(5) Following treat-
ment, the grand mean
on the VOS Opinion
Poll made by Intro-
ductory Physical
Sclence classes
which are part of 9.04
the non-treatment
group, and that of
Science 9 classes
which are part of
the treatment group,
will be the same,

.995

re ject

(6) Following treat-
ment, the grand mean
on the VOS Opinion
Poll made by chemlis-
try classes which are
part of the treatment 10.16
group and chemistry
classes which are
part of the non-treat-
ment group willl be

the same,

.995

re ject

(7) The grand mean on

the VOS Opinion Poll

made by Introductory
Physlcal Science stu-

dents who were part 15
on the non-treatment

group will be the

same on both pre- and
post-tests,

.55

accept

(8) The grand mean on

the VOS Opinion Poll

made by chemistry stu-

dents who were part of .03
the non-treatment group

will be the same on

both pre- and post-tests.

55

accept
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e eee—————————— =

Hypothesis Examined

Difference Sisgnificance Acceptance

(9) The grand mean on
the VOS Opinion Poll
made by Sclience 9
classes who were part
of the treatment
group will be the
same on both pre- and
post-tests,

(10) The grand mean
on the VOS Opinlon
Poll made by chemis-
try students who
were part of the
treatment group will
be the same on both
pre- and post-tests,

in Nean level or

Scores Re jJectlion
9.26 .995 re ject
10.19 .995 re ject




CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

In order to evaluate and improve existing science
courses it is necessary to examine their origins. Orig-
inally, most sclence courses attempted to teach much of
what was then known about the various sclences., However,
as man's knowledge expanded, this became impossible, and
the scilence courses on the high school level became intro-
ductory or preparatory courses for the more advanced
science courses which were to follow on the college level.
Thus, secondary school science courses originally placed
heavy emphasis on mastery of the technical vocabulary and
factual‘content which would be utilized by the student in
subsequent, more advanced science courses,

Prior to 1900, the arrangement described was reason-
ably satisfactory because most of the students then enrolled
in secondary schools generally continued thelr education,
taking additional scilence courses on the college level.
However, beginning with the turn of the present century,
certain soclo-economic changes brought almost all children

of school age into the elementary and secondary schools.
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Educators soon found that sclence courses which emphasized
rastery of a technical vocabulary and extensive factual
content-=-which could be utilized only i1n subsequent collece-
level courses--to be less than completely appropriate for
the new, more heteroceneous group of students presently in
thelr classrooms, Ry 1920 many educators began to insist
that science courses be created which were more approvpriate
for the students then enrolled in U.S. schools., However,
as late as 1950, only limited prosress in thils direction
was evident.

In the late 1950s, spurred by the fear that Russia
had galned technolozical superiority over the U.,S., massive
revisions of U.S. secondary sclence programns were uncer-
taken, The new sclence courses, especlally those on the
upper-middle school level, rejected the traditional empha-
sis on vocabulary and factual content which had character-
1zed earller sclence courses, and moved in a direction
which had been previously indicated by psychologist Jerome
Bruner. Bruner saw sclence as a “process of dilscovery,"
and urced the development of science courses which utilized
this procedure.l lrany of Eruner's followers saw this pro-
cedure as a way to develop students who possessed the men-
tal attributes which were needed to carry on problem solv-
ing. As a major figure 1n the process-oriented Introcuctory
Physical Sclence Program put it:

In developing a program on the junior high
school level where sclence 1s usually

lpruner, op. cit.
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mandatory, we wanted to accomplish

several things., We wanted the course

to help the student to develop his

mind as a human belng--that 1is, to

learn how to learn, to learn how to

be critical, and to learn how to

accept or rejecE the views and data

of others . . .

By the mid-1960s, a number of critics began to ques-
tion the wisdom of the new sclence courses., The major
objections reported centered about the possibility that
such educational goals as critical thinking might be very
difficult to achleve, and that such courses did 1little to
teach the cultural significance of sclence. As a result
of the latter, claimed the critics, the process-oriented
courses falled to provide the student with an enlightened
viewpolnt regarding the significance of sclence to civili-
zation, At least one critic suggested that as a result of
having taken the process-oriented sclence courses, students
might come to vliew sclence as being "devold of application
and relatlonship to civilization,"3

The purpose of this study was to develop curriculum
materials for use on the high school level which provided
a more humanistically-oriented alternative to either tra-
ditional or process-oriented sclence courses and to evalu-
ate the relative success of these materials., The curricu-

lum materlals created were designed to illustrate the value

of certain specific scientific activities by placing these

2yri Haber-Schaim, "IPS Second Edition," Introduc-
tory Physical Sclence Newsletter, Spring, 1972, p. 1.

3Tompk1ns. op. cit., p. 1.
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activities in a humanistic setting., These humanistically-
oriented curriculum materials were subsequently used in
the instruction of ninth, eleventh and twelfth grade stu-
dents,

To assess the relative effectiveness of these mater-
ials, a research instrument, the VOS Opinion Poll, was
developed., The VOS Oplnion Poll was administered to five
classes who subsequently recelved instruction in science
using the humanistically-oriented curriculum materials
previously described, and to nineteen classes who were
instructed in science using the Introductory Physical
Science and Chemical Education Materials Study approaches,
Following treatment, the VOS Opinlon Poll was again admin-
istered to both groups. The mean score made by each of
the twenty-four classes was computed, and grand means were
computed for both treatment and non-treatment groups.

Although prior to treatment the grand means of the
treatment and non-treatment groups had been reasonably
comparable, following treatment, the grand mean of the
treatment group exceeded that of the non-treatment group
by 10.77, a figure which greatly exceeded the value required
for significance at the .995 confidence level. The null
hypothesis, that the mean score on the VOS Opinion Poll
would be the same for classes in both treatment and non-
treatment groups, following treatment, was rejgcted. More
detalled analysis indicated that sub-groups of the non-

treatment group had made essentially the same scores on
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both pre- and post-treatment tests, while the mean scores
of sub-groups of the treatment group were significantly

higher on the post-treatment test.

Conclusions

The data collected and the subsequent statistical
analysis carried out allow the following concluslons to be
drawn:

1. It is possible to bring about at least a temporary
change 1n the relative value which students attach to
specific scientific activities through the use of cur-
riculum materials which have been designed with this
objective 1n mind.

2, It 1s possible to bring about at least a temporary
change in the relative value which both high and low
achleving students attach to specific scientific activ-
ities.,

3. It is unlikely that exposure to scientific information
of a technical nature or the performance of laboratory
activities will, by themselves, cause most students to
attach greater value to science,

4, It may not be as difficult to bring about changes in
attitudes and values as is generally thought.

Discusslion and Implications

For years, teachers have felt that if students
attained factual knowledge that this gain in factual knowl-

edge would automatically be accompanied by the formation of



88

good values and attitudes. Then, in the early 1960s,
educators began to support a new approach to the attain-
ment of attlitude and value changes:

More recently a number of workers (e.g.,

Bruner, 1960) have felt that it is the

process of problem solving and discovery

in learning that will bring about

increased motivation for the subject and

all the appropriate interests and atti-

tudes. Thelr view is that it 1s not so

much what i1s learned, but how it is

learned, which will determine the affec-

tive objectives that will be attained at
the same time as the cognitive objectives,

b

The results of this study indicate that courses
which emphasize the attainment of factual knowledge and
courses which emphasize learning by discovery are both
ineffective in bringing about desirable attitude and value
changes., Since both of these methods attack the problem
of value formation in an indirect manner,~ expecting value
formatlion to take place automatically, 1t may be that a
more direct approach to this problem i1s necessary. This
suspicion is borne out by the study Jjust described which
indicates that value formation willl take place if care-
fully designed curriculum materials, whose major objective
18 to increase certain values, are employed.

These findings have far reaching implications. Edu-

cators have long malntained that the facts are, by themselves,

#David R. Krathwohl, Benjamin S, Bloom and Bertram
S. Masla, Taxonomy of Educational Objectives Handbook II
Affective Domaln (New York: David McKay Company, Inc.)
Pe. .
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unimportant. What 1is important, say educators, is the
attitudes and values which possession of the facts brings
about., However, i1f, as the study just concluded indlicates,
the attainment of factual knowledge 1s not necessarily
accompanied by desirable changes in attitudes and values,
then 1t may be that many of our present secondary sclence
courses should be completely redesigned if educators are
really concerned with attitude and value formation, as they
claim,

The curriculum materials utilized in this study were
unusual in that they placed science i1n a humanistic setting.
Because of this placement, these curriculum materlals con-
tain a much greater proportion of material which might
ordinarily fall into the realm of the humanities. The
success of thils approach in changing student values indi-
cates that, for the average student, perhaps a combination
of the humanities and the sclences may be better educa-
tionally than the present customary combination of mathe-
matlcs and the sciences., This suggestion has implications
for teacher tralning programs, because, at present, the
usual preparation of future science teachers includes few
or no courses in the humanities, Perhaps speclalized
courses dealing with the effect of sclence on civilization
need be developed. In fact, it 1is quite possible that all
introductory sclence courses on both high school and college
levels should follow thls theme. Interestingly, a course

simllar to the one proposed has already been recommended
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by at least one educator. Tracy M. Sonneborn, Professor of
Zoology at Indiana University says:

My first and major recommendation, the one
I have succeeded in activating at Indlana
University and belleve should be activated
in secondary schools, is that blology
courses should be designed with a view to
the educational needs of the students,
Platitudinous and obvious as that may
sound, the fact is that blology courses

in college have not in general been so
designed, and I daresay the same basic
criticism is not totally unfounded with
regard to secondary school courses,

Later, with regard to the belief that a course which is
best for the blology major is also best for the non-major,
Sonneborn says:

I am convinced that this principle 1is
fallacious and that the educational needs
of students cannot be satisfactorlly met
by courses desigged primarily to do jus-
tice to biology.

Sonneborn's recommendations follow:

What I recommend, however, for most stu-
dents 1s a complete reversal of prior-
1ties in the objectlives, and a fundamen-
tal extension of man-oriented blology to
include the soclal as well as the indi-
vidual aspects of human blology.7

Lastly, regarding the selection of factual material,

Sonneborn says:

5Tracy M. Sonneborn, "Secondary School Preparation
for Making Blological Decisions," Natlonal Assoclation of
Secondary School Principals Bulletin, Vol. 56, No. 360,
3&!1., 197<, p. 8.

61bid,
7Ibid., p. 9.
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. o the selection of material would be
guided by its relevance to the purpose,
not by 158 relevance to doing Jjustice to
bilology.

Recommendations for Further Study

Scrutiny of this study reveals a number of areas in
which further research is needed., First, in the study just
concluded, the post-treatment test was administered immedi-
ately following treatment. Do the values formed persist,
or do they fade with time? How much fading occurs over,
say, one year? Studies involving the retention of factual
information show that while fading occurs very rapldly,
reattalnment is quicker than the original acquisition: 1Is
this also true of value formation?

Secondly, is the increased valuation of certain
sclentific events accompanied by increased valuation of
all scientific events? One might expect this transfer to
occur, but the extent and distance of carry-over are uncer-
tain.

Lastly, is the increased value which a student
places on sclentific events accompanied by an increase in
the attainment of factual knowledge? For many students,
motivation to study sclence has been lacking. Does plac-
i1ng the sclences in a humanistic setting help supply the
missing motivation?

8Ib1a.
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A Closinz Note

Originally, a major objective of the study Jjust con-
cluded was to develop curriculum materials which would be
better able to 1llustrate the value of science than elther
process-oriented or traditional science curriculum materials,
For a long time, the attainment of factual information haé
been given the major portion of the teacher's attentlon,
Then, with the rise of the process-oriented courses, the
attention shifted to the development of the mental attributes
which accompany problem-solving, Neither of these types of
courses makes a direct attempt to deal with attitude and
value formation., There are probably many reasons for this
neglect. As numerous authoritlies have been quick to point
out, so little has been done in the area of attitude and
value formation, that even the very statement of objectives
dealing with these factors i1s apt to be meaningless.9 Pro-
cedures for measuring the attainment of values and attitudes
are equally poor.10 In fact, so little has been done in
this area, that one can easily become an instant ploneer
simply by choosing to work in thls area, There is no doubt
that the development of attitudes and values is far too
important educationally to allow this primitive condition

to prevall,

Kkrathwohl, Bloom and Nasia, Op. Cit., pp. 21-23.

10Richard J. Merrill, "National Assessment of Science
Educatlon--A Beglimning," National Assessment of Educational
Progress Report l--Science: National Results, (U.S. Govern-
ment Printing Offlce, washington, D.C.) 1970, p. 17.
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VOS OPINION POLL

Directions: This is an opinion poll, not a test.
Each item consists of a series of four events which are
listed as (a), (b), (¢) or (d). Your job i1s to read the
description of all four events, and then attempt to rank
these events in order of their value to cilvillzation.
Rank as first the event which, in your opinion, has done
the most to make life better for the most people. Rank as
second and third the next most valuable events., Rank as
last the event which, in your opinion, has done the least
toward making life better for the most people. Be sure to
consider what each event has led to when you evaluate 1it.
For example, if the event, "The first metal nall 1s manu-
factured," 1s listed, you should conslder the general,
overall effect that the use of metal nails has had rather
than simply considering the value of the first nail.

1. (a) The safety pin is invented.
(b) The East and West coasts of the United States are
connected by rail for the first time at Promontory
Point in Utah.
(c) Night baseball is played for the first time.

(d) Scientists study the phenomena of melting and
freezing.

2. (a) Engineers complete construction of the Golden Gate
Bridge.,

(b) Chemists learn how to measure the melting point of
solids,

(c) Work is completed on the Empire State Building.

(d) Scientists learn how to convert heat energy into
motion,
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Scientists learn how to use fractional distillation
to separate one or more liquids from a mixture.
An Austrian monk crosses garden pea plants and
makes a mathematical study of the kind of off-
spring produced by the cross.
The four-cycle engine is invented.

The planet Pluto 1s discovered by astronomers,

(a)

(b)

(c)

(d)

Scientists and engineers launch the first earth
satellite, Sputnik.

The Olympics are renewed and a large number of
countries take part in them.

Chemists find that some solids are more soluble in
hot water than in cold water.

E1ll Whitney invents the cotton gin.

(a)
(b)
(c)
(d)

Robert Koch studlies anthrax in sheep.
Scientists learn what makes it rain.
Engineers invent the transistor.

All elements are found to produce a characteristic
spectrum which enables chemists to identify them.

(a)

(b)
(c)

(d)

Sclentists learn that the metallic elements have
lower lonization potentials than do other elements.

The first night football game is played.

Scientists learn that some solids are more soluble
in one liquid than in another,

The first rock and roll record is cut.

(a)

(b)

(e)

Sclentists learn how wheat rust is spread from one
wheat field to another,

The earth's dilameter 1s estimated to be approxi-
mately 3,000 miles,

The relatlionship density = mass or weight/volume
1s recognized.
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Scientists galn an understanding of alr pressure.

8. (a) Chemists learn how to separate two substances from
a liquild mixture by the process of fractional crys-
tallization.

(b) The steam engine 1s perfected.,

(c) The first typewriter is patented.

(d) Millikan performs an experiment which reveals the
electrical charge carried by an electron.

9. (a) Abraham Lincoln is elected President of the United
States,

(b) Scientists learn how to measure the solubility of
sollds in certain liquids.

(c) Jack London writes Call of the Wild.

(d) Gold 1is discovered at Sutter's Mill in California.

10. (a) Talking motion pictures are perfected and shown to
the public.

(b) The ball-point pen is invented.

(c) The Chicago Cubs win the World Series,

(d) It is discovered that certaln substances are more
soluble in one liquid than in another.

11. (a) The laws of optics are discovered.

(b) Scientists learn how to separate solids from a mix-
ture by taking advantage of differences in their
solubility.

(c) Engineers complete construction of the Panama Canal.

(d) Galileo simultaneously drops heavy and light
objects from a height and finds that both objects
fall at the same speed.

12. (a) An English sclentist discovers that when a bar

magnet is thrust into a coil of wire, a feeble
surge of electrical current is produced.
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(b) Scientists discover that all substances have cer-
tain characteristic properties which make their
ldentification possible,.

(c) The wireless telegraph is invented.

(d) The first hockey game is played.
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APPENDIX B

ACTIVITIES EMPLOYED WITH
THE TREATMENT GROUP

This appendix contains a brilef description of the
activities carried on by the treatment group. Although
the time required for each activity varied from class to
class, an approximate time schedule has been included.
The complete time required for an activity is shown as a
solild block, but in many instances, it was necessary, or
pedagogically better, to extend some of these activities
over two periods or otherwise break them up.

45 minutes - Administration of VOS Opinion Poll.

10 minutes - Students read section 1.0.

30 minutes - Students observe mosquito larvae and pupae
in an aquarium and look at prepared slides of malaria
parasites at various stages in their 1life cycle,

30 minutes - Discussion of section 1.0.

5 minutes - Assignment of projects listed under "Things
to do" section. (There are approximately forty project-
type activities of various length scattered throughout
the reading materlal. Some projects require several hours
or more for completion.)

35 minutes - Students read sections 1.1-1.7.

30 minutes - Discussion of sections 1.1-1.7.

30 minutes - Project reports and assignment of projects.

30 minutes - View film, "Unseen Enemies." (Excellent film
dealing with world health problems including malaria.)

20 minutes - Discussion of film.

30 minutes - Students read sections 1.8-1.10.
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30 minutes - Discussion of sections 1.8-1.10.
30 minutes - Project reports and assignment of projects.

30 minutes - Students learn how to prepare permanent slides
of mosquito appendages using Canadian Balsam,

45 minutes - Students read sections 1.11-1.13.

40 minutes - Discussion of sections 1.11-1.13. (A sealed
five gallon bottle aquarium complete with plants and small
fish when compared to the planet Earth makes a provocative
starting point for a discussion.)

30 minutes - Project reports and assignment of projects.
30 minutes - View film, "Rival World." (Excellent film
dealing with threat posed by insects and problems associ-
ated with their control.)

30 minutes - Discussion of film.

30 minutes - Students read sections 1.14 and 1.15,

30 minutes - Discussion of sections 1.14 and 1.15.

30 minutes - Project reports and assignment of projects.
50 minutes - Students make models of various molecules
using styrofoam spheres and toothplcks. (Spheres of several
colors and sizes are required.)

30 minutes - Final report on projects.

L0 minutes - Test over work covered thus far,

20 minutes Discussion of test,

10 minutes

Introduction to the second part of the unit.

30 minutes Students read sections 2.0 and 2.1.

20 minutes - Superficial discussion of reading material.

240 minutes - Students learn how to carry out separation
techniques in the laboratory as described in the reading
materials, Part I, filtration techniques, requires about

50 minutes, including a brief pre- and post-lab discussion.
Part II, use of the separatory funnel requires about 20
minutes, Part III, fractional crystallization, requires

50 minutes or more, Part IV, the separation of the chlorides
of sodium, lead, mercury and $ilver requlres 60 minutes.

Part V, the distillation of an alcohol-water mixture requires
60 minutes,



URESERN S



105
40 minutes - Students do "Questions and Problems" follow-
ing section 2.1.
30 minutes - Discussion of items assigned.
10 minutes - Review and overview of unit. Periodically,

students were reminded of the point to the laboratory
work. The following "flow sheet" proved valuable:

Mankind learns that a ( humanistically-
naturally occurring oriented materlals
material contalns a Sections 1.0-1.15)

medically valuable sub-
stance, (i.e., cinchona
bark contains quinine)

Next, {:}

Chemlists separate the

medically valuable sub-

stance from the material (Sections 2.0-2.1)
in which it occurs.

(This is done by filtra-

tion, fractional crystal-

lization, distillation,

ete.)

Next, {;}

Chemlsts study the

physical properties of

the medically-valuable

substance so that they (Section 2.2)
can identify or duplicate

1t. (The density and

melting point of the sub-

stance are determined.)

Next O

Step

As each new sectlion 1s covered, this flow sheet may be
extended. If this 1s done, it may help the student to
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attach some value to his laboratory work, because they
can see how this work has been of value to civilization.
20 minutes - Students read section 2.2,

50 minutes - Students make laboratory determinations of the
densities of varlous substances.

50 minutes - Students make laboratory determinations of the
melting point of various substances.

20 minutes - Review density calculations.

30 minutes
2.2,

Students do "Questions and Problems," sectlon

20 minutes Discussion of previous assignment.

20 minutes - Quiz over sectlons 2,0-2,2,
20 minutes - Discussion of quiz.

40 minutes - Students read section 2.3.
20 minutes - Discussion of reading.

60 minutes - Students learn how to analyze an unknown for
the presence of lead, mercury and silver.

60 minutes - Students analyze several unknowns for the
presence of lead, mercury and silver,

30 minutes - Students do "Questions and Problems" follow-
ing section 2,3,

30 minutes - Discussion of previous assignment,
20 minutes - Quiz over section 2.3.

50 minutes - Students read section 2.4, (Much of this
section 1s too difflicult for low students and was simplified
for this group.)

20 minutes - Discussion of reading.

50 minutes - Students synthesize zinc chloride in the lab-
oratory and determine its formula. (While many low level
students have difficulty with the arithmetic associated
with this experiment, they can follow the procedure when
someone else performs it, For our purposes, this is all
that is necessary.)
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50 minutes - Students do items selected from "Questlons and
Problems," section 2.4,
30 minutes - Discussion of items assigned previously.

15 minutes - Overview, review of unit using extended flow
sheet.

15 minutes - Quiz on extended flow sheet.

40 minutes - Students collect laboratory data enabling them
to plot a freezing polnt curve for naphthalene.

50 minutes - Students collect laboratory data enabling them
to plot a freezing point curve for solutions of varilous
concentrations of sulfur in naphthalene. (From this data
it 1s possible to develop the ildea that the freezing point
of a solution depends on the number of solute molecules
present., Low students require much help with the mathe-
matics required.)

35 minutes - Students read section 2.5, (More difficult
sections were deleted for slower classes.)

30 minutes - Discussion of reading.

50 minutes - Students do selected items from "Questions
and Problems," section 2.5. (Again, more difficult items
were deleted for slower classes.)

30 minutes - Discussion of previous assignment.

15 minutes - Review of unit using extended flow sheet,
20 minutes - Students read section 2.6.

20 minutes -~ Discussion of reading.

60 minutes - Students carry out laboratory activities
designed to 1lllustrate that alkane and alkene families
have characteristic, but different, chemical properties.

606m1nutes - Students do "Questions and Problems," section
2.6,

30 minutes Discussion of assigned items.

20 minutes - Quiz over section 2.6.
10 minutes - Students read section 2.7.

10 minutes Discussion of reading.
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L0 minutes - Students were given fragments of molecular
models and were asked to assemble the fragments in accord
with information supplied them. (This activity attempts
to duplicate the chemist's mental reconstruction of a
molecule following chemical degradation.)

Lo minutes - Students do "Questions and Problems," section
2.7.

30 minutes - Discussion of previous assignment,

35 minutes - Students read section 2.8.

20 minutes - Discussion of reading.

60 minutes - Students carry out selected syntheses in the
laboratory. (Traditional syntheses such as soap making
and the Tollen's silver mirror test were employed.)

30 minutes - Discussion of the synthesis of organic com-
pounds. (The flow sheet shown in the reading material
should be treated as a "road map" rather than asking stu-
dents to memorize all of the reactions shown.)

40 minutes - Students do selected items from section 2.8
Questions and Problems.

30 minutes - Discussion of assigned 1tems.

20 minutes - Quiz over section 2.8,

10 minutes - Students read section 2.9,

30 minutes - Discussion of reading.

20 minutes - Students do items in 2.9 Questions and Problems.
20 minutes - Discussion of assigned items.

10 minutes - Students read section 2.10.

30 minutes - Discussion of reading.

20 minutes - Students do items in 2.10 Questions and Problems.
30 minutes - Discusslion of assigned items.

45 minutes - Administration of VOS Opinion Poll,

40 minutes - Written examination over entire unit.
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APPENDIX C

THE HUMANISTICALLY-ORIENTED SCIENCE
CURRICULUM MATERIALS USED TO
INSTRUCT THE TREATMENT GROUP

PART 1

An Cverview of This Section

This sectlion is devoted to the presentation of read-
inzg rmaterials for a humanistically-oriented science course.
Althourh these reading materials deal with many of the same
topics which are normally dealt with 1n either traditional
or process-oriented sclience courses, these materials make
a greater effort to place the subject matter in a social or
cultural setting and to illustrate the contribution the
sub ject matter can make toward lmproving man's life, Since
this section 1s concerned with "setting the stage" for the
nore technical material which follows in the next section,
it willl contaln more historical and less scientific subject
matter than elther traditional or process-oriented sclence
courses,

Reading Faterials for a Humanlistically-
Criented Science Course

On the Trall of Mankind's Greatest Killer

(The story which you are about to read 1s essentlally
true. The names are fictitious, but events like those de-
scribed have taken place. The time 1s 1940. The settineg 1is
an anclent Indian Villaze several hundred miles from kKexico
City. lNany of the people who 1llve here stlll speak the

lcertain 11lustrations which appeared in the orizinal
materlals have been cdeleted because of difficulties
encountered in reproduction.
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Indian dialect that was spoken here before the coming of
the Spanish Conquistadores. Few of the villagers can read
or write; superstition 1s widespread. Almost everyone 1n
the village makes their 1living by farming, and the simple
one-room adobe huts that they 1live in contain little fur-
niture or other material goods.)

1.0 The Farmer and the Mosquilto

When the clock in the plaza struck five, Juan Chavez
arose., His wife had already been up for more than an hour,
and she had a breakfast of tea, tortillas, and chile ready
for him. While he ate, his wife filled a hollowed-out
gourd with tea, and a hemp bag with his lunch. A half-
hour later, Juan was on the way to his fields. He walked
down the rutted road, past the church in the plaza, and
headed out of the village. An hour later, Juan reached
his flelds.

Earlier in the summer, Juan had planted corn, and
now i1t was higher than it ever had been before at this
time. Never had growing conditions been better; with each
passing day the corn neared maturity.

Throughout the day, as he weeded between the corn
plants, Juan thought: This year I shall pay off my debt
to Don Gomez, For as long as Juan could remember, he had
owed money to Don Gomez, the money-lender. Each year,
after the harvest, Juan had paid what he owed; but before
the next harvest, he had been forced to reborrow the money.
It simply took an unbellevably large crop to pay the debt
and keep hls famlly fed untll the next harvest, With the
promise of this year's exceptional crop, Juan thought that
he might be able to pay his debt.

Much later in the day, when the corn cast a shadow
that was longer than 1ts height, Juan left his fields.
Tired, but happy, Juan walked down the mountain road. The
day had been hot, and he had finished the tea that his wife
had packed many hours earlier, The heat of the day, plus
the chill and tortlllas that he had for lunch, had made him
very thirsty.

Soon Juan neared the stream which the villagers
called "Los Alres," or "the spirits of the air." Juan,
like most of the villagers, believed that this stream con-
tained spirits who could cause sickness or bad times to
befall those who offended them. When farmers who were going
to thelr flelds walked past the stream, they pulled their
blankets a 1little tighter about them and walked on the far
side of the road. Today, however, Juan was very thirsty:
so, after wrapping his blanket tightly about himself, he
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knelt beside the stream and fllled the gourd that had held
tea earlier in the day. Ordinarlly, as a precaution
against the spirits, Juan would have asked for permission
from the stream before taking the water; but today, the
danger posed by the spirits was simply not foremost in
Juan's mind.

Weeks earlier, the same stream had a different
visitor, Anopheles aztecus. Flylng low over the bank of
the stream, Anopheles aztecus had located a place where
aquatic vegetation sharply curtaliled the flow of water,
There, in the nearly stagnant water, she lald nearly 200
eggs. Each egg floated by itself on the surface of the
water.

Filgure 1, The life cycle of the mosquito, Anopheles
aztecus. The eggs appear at the left. The
wriggler, or larval stage, appears in the
center, The mummy-like pupal stage 1is shown
at the far right, and the mature adult is shown
at the upper right.

Forty-eight hours later, the eggs hatched and
minute wiggling creatures emerged. In a short time, these
wrigglers had suspended themselves just beneath the water's
surface. So that they might breathe from the air, each
wriggler thrust appendages called respiratory discs above
the surface of the water. At the same time, they began
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feeding voraclously by sweeping the water with brushes
which were attached to their mouth parts. Feeding contin-
uously, the wrigglers were able to strain out fantastic
quantities of algae and bacteria. They grew so fast that
they outgrew and shed their skin three times in only a
week, After the third molt, the wrigglers began to curl
up into a shrimp-like figure. Soon, they floated 1like
tiny grotesque mummies just beneath the surface of the
water., Although this mummy-like stage did not feed, 1t
could swim; and it did so whenever it became necessary for
it to escape from the numerous fish who fed upon 1it.

Two days after it had formed, a crack appeared in
the back of the mummy-like case., Through this crack an
adult mosquito emerged. The insect balanced briefly on
the remains of the mummy-like case, spread its wings, and
then flew to the stream bank.

Each day at dusk, the young mosquitoes came out to
feed, While the male mosquitoes were content to suck plant
julces, the females required a meal of blood.

Juan rested on one knee at the edge of the stream.
He drank from the hollowed-out gourd which he had just
filled from the stream. So intent on this pleasure was
Juan, that Anopheles aztecus was able to land on his ankle
without being noticed.

Using one of the many appendages on its head,
Anopheles aztecus probed, looking for a patch of skin which
was soft enough to puncture. As soon as it had found a soft
place, Anopheles aztecus used 1ts grooved lower 1lip to gulde
six sharp, hollow, needle-like tubes to this site. Through
one of these tubes flowed saliva. The saliva contained an
anticoagulant which prevented Juan's blood from clotting
before the mosqulito had finished its meal.

Had Anopheles aztecus' saliva contalned only the
anticoagulant described, Juan's life probably would have
gone on unchanged. However, sometime during the summer,
this particular mosquito had bitten someone whose blood-
stream contalined the microscoplc organism Plasmodium vivax.

As the mosquito had withdrawn its meal of blood,
many of these tiny organisms had accompanied it. Once in
the mosqultot's stomach, Plasmodium vivax had mated, bur-
rowed iInto the mosquito's stomach wall, and formed a cap-
sule-1like structure. Two weeks later, the now mature cap-
sule had burst, releasing a new form of Plasmodium vivax
into the mosquito's body cavity. Now fully 200,000 strong,
Plasmodium vivax gathered in the mosquito's salivary gland.
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As the mosquito bit Juan, over 20,000 Plasmodium
vivax organisms were in the drop of sallva which flowed
downward into the small puncture which had been made., Most
of these organisms entered Juan's bloodstream. Juan
swatted absent-mindedly at the point of irritation, crush-
ing the fragile mosquito. He rose and walked down the
dusty, rutted road toward home. Juan was completely
unaware of the thousands of Plasmodium vivax organisms
which swarmed about in his bloodstream.

An organism, such as Plasmodium vivax, which galns
its 1living at the expense of another organism 1s known as
a parasite., Throughout history, Plasmodium vivax has
proven to be one of the worst parasites with which man
must contend. 1In the 1940s, one-half of all of the deaths
in the world were caused by Plasmodium vivax or other
closely related organisms. However, Juan knew none of
these things. As he walked home, he thought only of his
beautiful corn and of the fact that finally, after many
years, he would soon be free of debt.

Within thirty minutes after thelr entry into Juan's
body, no parasites were to be found in hls bloodstream;
mysterlously, they had vanished. Seven days later, after
two changes of form, the parasites left the cells of the
liver where they had been hiding. They re-entered the
bloodstream and began to attack red blood cells, At this
stage, Plasmodium vivax looked like a microscoplc signet
ring; clrcular in shape, the center of the parasite was a
transparent bubble., At one edge, a dark, stone-like
nucleus was apparent,

Each parasite burrowed into a red blood cell., Once
inside the blood cell, the parasite began to feed. As the
parasite fed, 1ts nucleus split in two. Then, it divided
again and again. Forty-eight hours later, the dylng red
blood cell burst, and ten to twenty newly formed parasites
emerged, Each of these parasites promptly attacked a new
red blood cell. The plgments and waste products, which had
been left behind in the dead red blood cell, drifted about
in the bloodstream. Later, these fragments would be depos-
ited in the spleen, or under the skin, giving it a yellow-

sh cast.

While most of these things had been going on, Juan
had felt nothing. He had cultivated his corn and made
Plans to enjoy a religious holiday after the harvest. How-
ever, when the Plasmodium vivax parasites had burst from
the red blood cells upon which they had been feeding, Juan
became acutely aware that something was definitely wrong.

Tired from his long day in the field, Juan had gone
to bed about nine. Shortly after midnight, he had awakened.
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Even though the night was not cold, he shilvered and shook;
never, even i1n the middle of winter, had he ever been
colder. Juan insisted that his wife bulld a huge fire.
After this had been done, he trled to get out of bed so
that he could sit in front of the fire. However, when he
stood up, waves of dlzziness swept over him and the floor
seemed to tillt., He sat back down on the bed and continued
to shiver and shake; his teeth chattered loudly.

Throughout the hours that followed, Juan's chill
became so severe that the entire bed shook. He became
delirious and thrashed about in the bed. To his wife, it
appeared as though Juan was possessed by demons.

All the time that Juan was chilling and shivering,
his temperature was going up. Finally it peaked at 105°F,
almost 7°F above normal., With this burning fever came
complete weakness, nausea, and violent headache. Then,
the chills stopped and Juan was overcome by a dry, burning
heat; his skin felt as though someone had built a fire
beneath the bed., Juan became unbelievably dry and thirsty;
1t seemed imposslible for him to swallow.

Later, as the fever began to subside, Juan began to
sweat profusely. Both his own clothing and the straw-
filled mattress became soaking-wet. By elght o-clock the
next morning, seven and one-half hours after the onset of
the attack, Juan was resting quietly. He felt more dead
than allve.

Not until evening, almost twenty hours after the
onset of the first chills, did Juan begin to regain his
strength. The next day Juan got up and walked weakly
around the adobe hut., Tomorrow he would go to work in the
fields, he said.

After the evening meal, of which Juan partook spar-
ingly, he went to bed., He still felt weak, and he would
need all of his strength for the coming day's work, he told
his wife, However, just after midnight, Juan was again
awakened by a terrible chill, 1In the next eight hours that
followed, Juan experienced exactly the same ordeal that he
had suffered through two days previously.

For two weeks, Juan had similar feverish attacks
every other day., On the day following an attack, he was
simply too weak to even walk to his fields, let alone work
in them., After the second attack, both Juan and his wife
had agreed that the spirits of the alr, lLos Aires, were the
cause of Juan's attacks., It was obvious that he had
incurred their wrath by taking water from the stream with-
out first asking permission. Convinced of this, Juan's
wife made no attempt to get a doctor.
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Until the mid-1930s, many of those who lived in the
isolated rural areas had never seen a doctor. Few doctors
wished to live in the bush; there were few conveniences,
and they felt rejected by the deeply superstitious people
whom they were trying to help. 1In 1936, the Mexican govern-
ment attempted to remedy this situation by assigning medical
students to rural areas for a period of several months
ptrior to thelr graduation. Even an inexperienced medical
student would have instantly ldentified Juan's illness as
malaria, Juan had all the classic symptoms of malaria:
the periodic chills, the high fever, a yellowish cast to
his skin, an enlarged spleen and anemia.

At the age of 50, Juan was, as rural farmers go, a
worn-out old man, Had a doctor seen Juan, he would have
instantly glven him quinine, Thls drug had proven its
worth since the 1600s, and it might have saved Juan, as it
had saved millions of others., As 1t was, Juan had grown
weaker with each successive attack. The destruction of red
blood cells by the malaria parasites had left Juan more and
more anemic., Sometime during the night of the eighth
attack, Juan dled, The corn, whose sale was to have taken
Juan out of debt, was instead sold to pay for his funeral.

1.0 Things to Do

l. The farmer in the story, Juan Chavez, is poor. What
percentage of the earth's people would you guess spend
their lives on a similar economic level? Can the man-
ner in which these people live have a bearing on your
life?

2, Describe the 1life cycle of the mosquito Anopheles
aztecus., Why 1s it important that mankind has knowledge
of the life cycle of mosquitoes?

3. Make a series of drawings which shows the life cycle of
a typlcal mosquito. If possible, make your drawings
from living mosquitoes,

Lk, Collect different kinds of mosquitoes. Is it easy to
tell one kind from another?

5. How do you suppose that the superstitution that streams
could house "evil spirits" got started?

6. Is malaria a health problem in your area? Was it ever
a health problem here?
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1.1 A Brief History of Malaria:
Malaria and the Early Civilizations

Malaria has probably afflicted mankind for thousands
of years, Two thousand years ago, Rome was the dominant
country on earth; 1ts empire extended from England to
Egypt. However, desplte the military might of the Romans,
malarla became so firmly intrenched in the mosquitoes of
the Pontine Marsh just outside of Rome, that no one was
able to live there untll the present century. Historians
now believe that mosqultoes from the Pontine Marsh may
have helped to spread malaria throughout the city of Rome,
disabling the people, and thus hastening the decline and
subsequent fall of the Roman Emplre. In similar fashilon,
malaria may have played a role in the fall of the Greek
city-states. Although we cannot be certaln of the exact
extent of the role malaria played in the fall of Greece or
Rome, it 1s quite possible that the present ruins of these
civilizations stand as great monuments to the fact that
neither Greeks nor Romans were able to cope with malaria,

It 1s worth noting that the name "malaria" is Roman,
or Latin, in origin. The prefix "mal" means "bad," and the
suffix "aria" means "air"; hence, malarlia meant "bad air"
to the RBRomans, This name also indicates what the Romans
thought to be the cause of malarla. For centuries after
the Romans, many people still thought that night air was
"bad" and could cause malaria., As you may recall, this
feeling was expressed by the villagers in our previous
story: The spirits of Los Aires were "the spirits of the
air.,"

1.1 Things to Do

l. Have dlseases other than malaria had an effect on the
course of civilization? If thls question sounds inter-
esting to you, you might enjoy reading The P1lague
Killers, by Greer Williams, or Microbe Hunters by Paul
de Krulf.

2, In the mid-1800s, Napoleon's Grand Army of 500,000 men
invaded Russia, Months later, only 30,000 ragged sur-
vivors straggled out of Russia. Few major battles had
been fought, and Napoleon's worst enemy had been typhus
fever, How 1s typhus fever spread? In the past, has
it been an important disease?

1.2 Malaria During the 1800s

Today we think of malaria as a tropical disease, but
the fact is that less than 100 years ago, malaria was very
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widespread. When the Loulslana Purchase brought us the
western half of the Mississippl Valley in 1802, the terri-
tory acquired was described as "one huge malaria-infected

swamp."
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Figure 3. The worldwlde distribution of malaria. The
shaded areas on this map indicate the presence
of malarla at the beginning of the present century.

During the American Civil War, the Northern army under
General McClellan drove to the banks of the Chicahominy
River, only seven miles from the Confederate Capltol. There,
only miles short of his goal, McClellan stopped, his ranks
thinned by "Chicahominy Fever," or malaria. It was not
uncommon for some Northern regiments fighting in the deep
South to average four malaria attacks per man. Although
the South was more accustomed to malaria, it also was forced
to contend with the disease, of course.

Malaria also troubled other northern countries. From
1850 to 1860, one out of every twenty London hospital beds
was occupied by a victim of malaria, PFarther south, in
Italy, malaria was the number one health problem at the
beginning of the present century.

1.2 Things to Do

l, Consult local health authoritles or records to find out which

diseases have been serlous problems in your area in the
past.
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2, It is often saild that, "The mosquito 1s the most dan-
gerous animal alive." Carry out library research which
will support or refute this statement.

1.3 Malaria and the Panama Canal

In 1883, the French began excavation of a 52 mile
channel across the troplical Isthmus of Panama. When com-
pleted, this channel would link the Atlantic and Pacific
Oceans; 1t would cut thousands of miles from an ocean
voyage which once had forced ships to navigate the rough
waters off the southern tip of South America. Six years
later, however, the French abandoned the project. At the
construction site, they left thousands of dollars of earth
moving machinery to rust in the hot, moist troplcal air,
They also left behind almost 50,000 newly-filled graves,
It was saild that one could have burled a Frenchman beneath
each tie of the 52 mile long railroad which transversed
the Isthmus. Most of these deaths were due to malaria or
another mosqulto-spread disease, yellow fever.

In 1904, the U. S. sought to complete the project.
Less than a year later, the serious threat posed by malaria
and yellow fever became apparent. In the interim between
the French and American attempt, sclentlists had discovered
that both diseases were spread by mosquitoes. Laborers were
taken from the canal and set to work dralning and polsoning
swamps. As thelr breeding places were destroyed, the number
of mosquitoes decreased sharply, and malaria and yellow
fever ceased to claim their frightful toll. In less than
ten years time, in nearby Havana, Cuba, malaria diminlished
from 901 cases per 1000 people to only 19 cases per 1000
people per year,

1.3 Things to Do

1l. How did knowledge of the life cycle of the mosquito
help the Americans to fight malaria and yellow fever
in Panama?

2., Why were the Americans better able to control malaria
and yellow fever than the French?

1.4 The Conquest of Malaria in the U, S.

As the U, S. entered the present century, the spec-
tre of malaria posed a grim threat to most of the southern
part of the U. S. Malaria was especially dangerous to the
poor who were unable to afford good medical treatment. It
weakened and disabled thousands of tenant farmers and
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factory workers. Malarla came on Wwith the appearance of
the first mosqulitoes in April and lasted until the first
hard frost in the fall.

With the help of the Rockefeller Foundation, Southern
communities began to wage war on the malaria-carrying mos-
quito. During 1912, numerous programs of habitat destruc-
tion were initiated in several states. In most of these
programs, standing water was drailned or sprayed with kero-
sene., Next, pyrethrum, which had been found to be an
effective insecticide, was sprayed in houses, Malaria
victims were glven quinine, which helps to control the
malarial parasite itself.

By 1923, the attack on malaria had been extended to
15 states. Only four years later, in 1927, malaria was a
thing of the past in almost all U. S. towns and citles.
However, almost 20 years would pass before malaria would
be eradicated from all of rural United States. As late as
1935, the U, S. still had 900,000 cases and 4,000 deaths
from malarlia each year.,

1.4 Things to Do

1. To determine how serious a problem malaria actually was
in the U, S., try to find out the following facts:
(a) the number of cases of malaria in a given year;
(b) the number of deaths during this year; and
(c) the U. S. population during the same year. Next,
try to determine the same facts for any one of the
serious diseases which presently trouble the U. S.
How does the seriousness of malaria compare with the
disease selected?

2, The Bockefeller Foundation has long played a positive

role in the conquest of many diseases, What diseases
1s thls Foundation presently helping to combat?

1.5 Malaria During the 1900s

During the early decades of the current century,
many other countries also had trouble with malaria, By
1914, malaria was generally acknowledged to be the world's
number one health problem. In India, malaria had long been
known as "the king of disease." During World War I, Allied
and German Armies fought each other in the Balkans where
malaria had long been entrenched, Throughout the entire
campaign, both armies were forced to maintain huge fileld
hospitals to treat thousands of malaria victims. Malaria
often claimed more victims than did gunfire.
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In 1922, two million Italians--one out of every
twenty-~-had malaria., One year later, in 1923, Russia,
which was already beset with typhus fever and famine,
suffered 18 million cases of malaria.

The worst malaria epildemic that the North or South
American Continent has ever seen began in 1938, Seven
years earlier, malaria-carrying Anopheles mosquitoes had
been accidentally transported by French war-ships from
French West Africa to Brazil. Once off the boats, the
mosquitoes spread up and down the coast. In 1938, malaria
burst out all along the mosquito-infected Brazilian coast,
Over 100,000 cases of malaria were reported and at least
20,000 people died, Malaria touched almost every family
in the area.

1.5 Things to Do

1. Select any one country and see what you can find out
about the present or past effect of malaria in this
country.

2, Try to estimate the total number of deaths due to

malaria, Base your estimate on the facts which you
can find rather than simply making an unsupported guess.

1.6 Malaria During World War II

On December 7, 1941, the U, S. was plunged into a
war which was to be fought in the troplcal South Pacific
where malaria had long been a scourge. Malaria quickly
became the number one infectious disease among troops
stationed in this area. In the early stages of the New
Guinea campalgn, there were half-a-dozen malaria victims
for each casualty in battle. General Douglas MacArthur,
Commander-in-Chief in the South Pacific region, was quoted
as saylng that for each division in the field, he had two
divisions in the hospltal or convalescing from malaria,
In all, during World War II, there were 377,994 cases of
malaria in the U. S, armed forces.

World War II marked the beginning of all-out chem-
1cal warfare against both the Anopheles mosquito and the
malaria parasite. For the first time, such potent weapons
as dichloro-diphenyl-trichloroethane (DDT), atabrine, and
chloroquine were used. Until the advent of DDT, mankind
had no really practical way of killing adult mosquitoes
out-of-doors, Mid-way through the war, in 1943, the U. S,
Bureau of Entomology and Plant Quarantine showed that all
of the adult mosquitoes in an acre of swamp land could be
killed by spraying about three quarts of 5% DDT. Soon
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thereafter, army combat airplanes were adapted for spray-
ing DDT over large areas; and malarla was first brought
under control, and then virtually eliminated from much of
the South Pacifiec,

The army's success with DDT, plus field tests at
Tallahassee, Florida, Stuttgart, Arkansas, and other
places, proved conclusively that DDT was the most effec-
tive known killer of adult mosquitoes.

1.6 Things to Do

l., It is frequently said that "dlsease kllls more soldlers
than cannon and sword.," Carry out library research
which will support--or refute--this statement.

2., Why do you suppose malaria was such a serious problem
in the early stages of the war, and less serious a
problem later in the war?

1.7 Malaria From the End of World War II
to the Present

In 1948, the nations of the world joined together
to form the World Health Organization (WHO). This group
immediately placed malaria at the head of the list of
health problems for which it would seek a solutlion. Seven
years later, even though in the intervening years great
strides had been made against malaria, WHO said:

The truth 1s that malaria is a disaster,
and its terrible consequences (among the
third of the world's population which
already has more than its falr share of
disease and poverty) cannot be easily
visuallized in countrlies that are free of
it.

WHO began to organlze an army of 190,000 speclalists and
volunteers throughout the world to fight the disease,
Using the same techniques which had proven so effective
in the Stuttgart and Tallahassee field trilals, WHO forces,
working with government teams, scored an impressive number
of triumphs agalnst the disease. For example, in Ceylon,
the use of DDT caused the death rate to fall almost 50%--
from 22 to 12 persons per 1000--in only seven short years.
Earlier, it had taken England 70 years to lower its death
rate this much.

In the 1940s, there were 200 million cases of malaria
per year. Approximately one person out of every six on
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earth had malaria, Yearly, over 3 million people died of
malaria, The disease directly accounted for over one-half
of all the deaths on earth. Since malaria 1is primarily a
disabler rather than a killer, it probably played an
indirect role in the death of many more people. With the
help of DDT', by 1966, the death toll claimed by malaria
had been reduced to about one-third of the 1940 figure.
Originally, over one-half of the world's population had
lived under the threat of malaria., After the use of DDT,
80% of these people lived in areas which had been freed
of this threat.

Today, thanks largely to the chemical arsenal that
was developed to fight malaria, the disease remains a
serious problem only in those areas where man has not made
consistent use of these chemicals over a prolonged period
of time. Only in tropical Africa does conquest of the
disease remain an unsolved puzzle.

In terms of the total number of people whose lives
were affected, the conquest of malaria far surpasses man's
earlier victories over bubonic plague, cholera, and typhoid
fever,

1.7 Things to Do

1. Collect statistics which show that malaria has been a
more serious health problem than bubonic plague,
cholera or typhold fever,

2, Take an informal poll among your family and friends
who are not in this class to see how many people are
aware of the fact that malarla was once the number one
killer of men.

1.8 Man Discovers How Malaria is Spread

Two hundred and thirty years before mankind had any
inkling that mosquitoes and malaria were related, Jan
Swammerdam of Holland began to study mosquitoes. Later,
others also studied the fragile, winged insects; but these
early studles were usually confused collections of inac-
curacles, because no one seemed able to distinguish one
kind of mosquito from another. With over 2000 different
speclies of mosquitoes, all of which looked somewhat alike,
careful, systematic study of thelr body shape and appen-
dages was necessary before such distinction could be made.
The foundation for just such study was outlined by the
Swedish botanist, Carolus Linnaeus, in 1735. Less than
100 years later, the carrler of malaria--the Anopheles
mosquito--was described using the guldelines Linnaeus had
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developed. Although the fact that this mosquito carried
malaria was still unknown, at least it was now possible to
distinguish Anopheles from other kinds of mosquitoes.

Figure 4, The antennae of a varlety of different kinds of
mosquitoes. Seemingly unimportant studies must
be carried out if man 1s to be able to proceed
with the important business of distinguishing
one species of mosquito from another.

As the 1800s ended, several persons studied the
larval form of mosquitoes; from these studies came an
understanding of the way in which mosquito larva breathe.
By 1896, the 1life cycle of the Anopheles mosquito had been
described in great detall. Five years later, the impor-
tance of the Anopheles mosquito in the spread of malaria
had been recognized, and a large, complete book with many
pages devoted to classifying mosquitoes was published.
Now, man knew one of the antagonists which he'd have to
control if he was to stop malaria.

Complete knowledge of the other antagonist, the
malaria parasite, Plasmodium vivax, was also galned during
the first years of the current century. In 1877, Patrick
Manson saw microscopic filarial worms in the stomach of
mosquitoes which had bitten humans suffering from elephan-
tiasis. Although Manson was convinced that elephantiasis
was caused by the filarial worms, he was unsure of the mos-
quito's role in the disease. At the time, Manson believed
that humans contacted the disease by drinking water in
which fllarial infected mosquitoes had drowned. Today we
know that elephantiasis 1s spread in exactly the same man-
ner as malaria: The mosquito bites an infected person and
withdraws its meal of blood, which also contains the para-
site. Later, the same mosquito bites a healthy person and
passes some of the filarial worms on to this person.
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Three years later in 1880, a French Army doctor,
Alphonse laveran, was studyling the blood of malaria vic-
tims, under a microscope. Intent on a group of red blood
cells, Laveran saw the long, whip-llke flagella of a
malaria parasite extend itself from a red blood cell.
Five years later, Golgl noticed that the red blood cells
always ruptured and the parasites emerged at the same
time as the onset of the chills which marked the beginning
of a malaria attack. Following this discovery, two
Italian sclentists attempted to produce malaria in volun-
teers by injecting them with the blood of malaria victims.
Something was missing, however, and these experiments
falled. Seven years after this fallure, at least one
scientlst guessed the reason: The malaria parasite must
spend part of 1ts 1life in some organism other than man.
Thls guess was based on the previous fallure to transmit
malaria from sick to healthy people by direct injection
and on what had recently been learned about another unre-
lated parasite, the coccidia, which also spends part of
1ts 1life cycle in two different hosts.

Two years later, in 1894, Manson made the guess
that some specles of mosqulto carried malaria, He dis-
cussed this theory with Ronald Ross, of the Indian Medical
Service, who was on leave in England at the time. When
Ross returned to Indila, he began to devise experiments to
test Manson's theory. During the next two years, Ross
doused volunteers with water in which mosquitoes had
drowned, but none of the volunteers developed malaria,
Next, he allowed mosquitoes to feed on malaria victims;
however, when the same mosquitoes were subsequently allowed
to bite volunteers, no malaria resulted. Ross, unaware
that only Anopheles mosqultoes could carry malaria, had
used Culex and Aedes mosqulitoes in hls tests. While visit-
ing in the highly malarious Nilgiri Hill region, Ross
noticed a different, spotted winged mosquito. Using this
speciles of mosquito, Ross was able to transmit malaria to
sparrows, Later, Manson's own son volunteered to act as a
human guinea-pig: When bitten by a spotted winged mosquito
which had previously dined on malaria victims, he developed
malaria,

Meanwhile, 1n Italy, where Malaria was the number
one health problem, Glovannl Grassil identified the spotted
winged carrier of malaria as an Anopheles mosqulito. Using
funds supplied by the Italian Government, Grassi carried
out an experiment which seemed to indicate that malaria
must be spread by mosquitoes. In a malaria-infested area,
Grassl selected two groups of peasants, One group slept
in screened rooms and spent the evening hours inside
screened buildings., The second group did not have screened
sleeping quarters, nor did they spend the evening hours
inside., During the hot summer which followed, only 5% of
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the screened group contacted malaria; almost 100% of the
unscreened group were stricken, This experiment proved

that malaria was spread by the mosquitoes present in the
area,

After almost two hundred years of study, man had
finally galned enough knowledge so that he could begin to
mount an effective campalign against hls greatest enemy.
For the first time, the days in which mankind would be
forced to live in fear of malaria appeared to be numbered.

1.8 Things to Do

1., Collect as many different kinds of mosqulitoes as pos-
sible., Using a stereo-microscope or a hand lens study
the mosquitoes you have collected, Make dlagrams show-
ing the different features which might help you to dis-
tinguish one kind of mosqulito from another,

2, Some schools have slide collections which show the
malarla parasite at different times in its 1life cycle.
Study these slides, if they are available, and make
diagrams of them.

1.9 At War With the Mosqulto:
Man's First Efforts

Long before anyone suspected that the mosquito might
carry disease, mankind began chemlical warfare against this
pest. Over 100 years ago, coal oll was poured on pond
water in which larval mosquitoes were found. Later, in
1890, kerosene replaced coal oil. 1In 1905, the then famous
Panama Canal Larvicide was developed. This larvicide con-
sisted of 150 gallons of carbolic wood resin, 30 pounds of
sodium hydroxide, and 6 gallons of water. When diluted
81x-fold and sprayed on the surface of swamps, this mix-
ture killed almost all of the mosqulito larvae present,

Nine years later, when the canal was completed, the area
was almost free of mosquitoes. Originally, it was thought
that these olly materials klilled the wriggling mosquito
larvae by suffocating them. This belief appeared to have
sound basis: Not only did these olly materials spread out
over the water's surface in thin films, but mosquito larvae
were known to breathe by projecting breathing tubes, or
respiratory discs, into the air. However, in 1918, research
proved conclusively that mosquito larvae are poisoned--
rather than being suffocated--by layers of crude oil or
kerosene., Three years later, mankind took advantage of this
knowledge when Paris green--a compound containing copper
and arsenic--was used to poison mosquito larva., Within
less than ten years, almost all mosquito control was based
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on the use of this poison. 1In Brazil's devastating 1938
malaria epidemic, 260 tons of Paris green were poured into
larvae-infested streams and swamps.

1.9 Things to Do

1. During 1917 and 1918, research was conducted to find
out whether the application of such materials as the
Panama Canal Larvicide suffocated--or polisoned--mos-
quito larvae. Why was this research important? Why
does it make any difference how the mosqultoes dle, so
long as they are killed?

2, Can mosquito larvae live in home swimming pools which
are chlorinated? Place mosqulito larvae in a five
gallon aquarium and determine the maximum concentra-
tion of chlorine in which they can survive.

1.10 Killing Adult Mosqultoes

Killing adult mosquitoes proved to be a more diffi-
cult task. There are only two ways in which insecticides
can be developed. In the first, the chemist makes com-
pounds whose structure he belleves will prove toxic to
insects, These compounds are then tested for their kill-
ing power, and either discarded or put into use depending
on the outcome of the tests., In the second method of
developing insecticides, the chemist starts with a plant
extract or other material which is already known to be
toxlc to insects; he then attempts to determine 1ts molecu-
lar structure so that 1t can be duplicated and then manu-
factured on a large scale. An example of this type of
development 1s that of pyrethrum.

Sometime during the 1800s, people noticed that when
the dried flowers of Chrysanthemum cineriasefolium--a rela-
tive of the common marigold--were burnt, the fumes were
toxlc to insects. When dried and crushed to a powder,
these flowers became known as "pyrethrum." Soon, pyreth-
rum became a common household insecticilde; when dissolved
in kerosene, it became the ammunition used in millions of
"flit guns." In the early 1900s, when the importance of
being able to killl mosquitoes became more apparent, chem-
1sts tried to determine the molecular structure of the
active 1ingredient in pyrethrum. However, this task proved
to be quite difficult, and it was not accomplished until
1924, 1In the meantime, the demand for pyrethrum exceeded
several million pounds a year. Entire plantations in
Kenya, Africa, were devoted entirely to raising the tiny
flower, Untill the 1950s, these plantations supplied most
of the pyrethrum used by the world.
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In 1924, two Swiss chemists announced that they had
1solated and determined the active ingredients in pyreth-
rum, As it turned out, there were four active lngredilents
present, Chemists set out to try to duplicate the struc-
ture of the simplest of these four compounds. To put this
compound together from readlly available raw materials
required over a dozen separate steps. By 1951, these
problems had been solved, and 10,000 pounds of synthetic
pyrethrum--now called "allethrin"--were used in aerosol
insect bombs, ILater, we shall illustrate some of these
procedures, and the problems which accompany them.

1.10 Things to Do

1. Make a "light trap" to catch adult mosquitoes. Place
a light in back of some cheese cloth; then wait until
enough insects have landed on the cheese cloth to make
thelr capture worthwhile,

2, Pyrethrum and allethrin are often used on camping
trips. From a sporting goods store, purchase small
quantities of pyrethrum and allethrin and try to deter-
mine which 1s the better killer of adult mosquitoes.

1l.11 The Development of DDT

As you may recall, in 1942 the U, S. was at war with
Japan. Overnight, malaria became the U. S. Army's number
one health problem. In many sectors, malaria produced
more casualties than did Japanese gunfire. To add to the
problem, the supply of quinine (which had long been used
to control the malarla parasite) had been shut off by the
Japanese. The final blow came when the 1943 African
pyrethrum crop falled.

Years earlier, in 1874, Othmar Ziedler had synthe-
sized dichloro-diphenyl-trichloroethane, or DDT, from
chlorine, alcohol, and sulfuric acid. About sixty years
later, a Swiss chemist, Paul Muller, was working on the
problem of mothproofing clothes, Muller turned his atten-
tion to DDT, and began testing the compound. Tests involv-
ing DDT and house flies revealed that DDT had a residual
actlion: When sprayed on walls, the DDT film remained
lethal to flies for months, Soon thereafter, DDT was used
to check the Colorado potato beetle which was threatening
Swiss crops. Later, in 1941, when thousands of French
refugees fled across the Swiss border to escape the oncom-
ing Germans, DDT was used to delouse these refugees,
Encouraged by thelr success with DDT, the Swiss sold it to
the Germans who immediately put it to use on the Russian
front, Alerted to the German purchases of DDT, the U, S.
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field-tested DDT in Florida., The fleld tests indicated
that DDT might be the most effective insectlicide ever dis-
covered, Soon thereafter, DDT was used to control typhus
and malaria in Italy.

Next, DDT was brought to bear against malaria in
the South Pacific theater, Uslng army combat planes which
had been equipped for spraying DDT, large areas were
covered with a fine mist of DDT. Once the inside of
bulldings had been sprayed with DIDT, a thin film of the
insecticide remained on the walls, waiting to kill mos-
quitoes which might alight months after the spray had been
applied., With the help of DDT, malarla diminished rapidly
as the mosquitoes which carried the disease were killed.

After the war, DDT was applied to the walls of homes
and shops all over the world. In 1950, 800,000 rural homes
in the Southeastern part of the U. S. were sprayed with
DDT. By 1951, this area, like the rest of the U, S,.,, was
free of malaria,

As you may recall, in 1948, and then again in 1955,
the World Health Organlization proclaimed malaria to be the
world's number one health problem. At its peak, one person
out of every six on earth had malaria. One=half of all the
deaths on earth were due to malaria. On the average, some-
one on earth dled of malaria once every ten seconds, night
and day.

Using DDT as the principal chemlical weapon, the
World Health Organization and the governments of the
malaria-stricken countries mounted a vigorous campaign
against the Anopheles mosqulito. In less than twenty years,
the death toll clalmed by malaria was diminished by two-
thirds. By 1966, malaria was no longer the number one
killer of mankind.

1.11 Things to Do

1. The text says that ", . . someone on earth died of
malaria once every ten seconds, night and day." Yearly,
how many people would this amount to?

2, See If you can find out what disease is the present
number one killer of mankind.

1.12 DDT Buns Into Trouble

At first, after Paris green and the larvicides had
been discovered, many people talked about completely erad-
icating malaria. Twenty-five years later, though, no one
who had been active in the battle against malarla spoke of
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the possibllity of completely eradicating malaria: The
mosquito and the malaria parasite had simply proven to be
too tenaclious a combination. Following the discovery of
DDT, however, talk of completely eliminating malaria
agaln sprang up; 1t looked as though DDT might be able to
tip the battle agalnst malarla in favor of mankind,

As you know, when DDT first came into use, 1t scored
one lmpressive victory after another over the mosquito.
The Anopheles mosquito, which carried malaria, was killed
off or driven from many of its old haunts. Next, DDT was
applied to farmer's fields with the hope that it would
k11l the insects which often eat from one-fourth to one-
third of the growling crop. Again, DDT proved to be the
most effective insecticide man had ever produced.

Then, in the early 1950s, disturbing stories about
DDT began to circulate. Some of the occurrences reported
suggested that DDT was not really very selective: It not
only killed insects, but it killed birds, fish, and many
mammals as well,

In the late summer and fall of each year, salmon
leave the Atlantic Ocean and swim up New Brunswick's
Miramichi River to lay thelr eggs. Each spring, the eggs
hatch, giving rise to tiny, young salmon. Several years
later, these young salmon leave the river, enter the ocean,
and grow to their full slize, Years afterward, drawn by
some mysterious, little understood instinct, these same
salmon return to their place of birth to lay eggs. 1In
1954, however, the Canadian Fisheries Research Board
reported that none of the freshly-hatched salmon had sur-
vived the summer, Early in the summer, in an attempt to
stop balsam forest damage by the spruce budworm, the area
had been sprayed with one-half pound of DDT per acre. The
DDT had killed the budworm, but in addition, it had drifted
into the Miramichl River, where it had killed all of the
young salmon. Brook trout, the insects of the stream, and
many species of birds suffered a similar fate.

From Clear Lake, California, came a similar report:
In an attempt to kill gnats with DDT, a large number of
birds, mainly fish-eating western grebes, had died, Even
though DDT had been applied at a maximum concentration
which had not exceeded one-fiftieth parts per million,
these birds had over 1,500 parts per million of DDT in
thelr bodies., Subsequent research explained what had
happened, Minute plankton had absorbed DDT from the water,
concentrating it in their tissues. Next, small fish had
fed on the plankton, accumulating increasing quantities of
IDT with each meal., Then, larger predatory fish had eaten
the plankton-eating fish, further concentrating DDT in
thelr tissues., This food chain ended with the western
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grebe, which ate the larger predatory fish. At each stage
of the food chain, the concentration of DDT had increased
spectacularly as the DDT in many smaller organisms came to
rest within--rather than being excreted by--the larger
predators.

FISH EAT ING
BIRDS SucH

LARGER PREDATORY GREBE
FISH

Figure 5. The chain of events which led to the death of
hundreds of fish-eating western grebes. At the
left, DDT enters the food chain when it is
absorbed by microscopic plankton. Center: small
fish eat the plankton, concentrating DDT in their
tissues. These small fish are then eaten by
larger fish. Right: the food chain 1is completed
when the western grebe eats the larger fish, thus
further concentrating the DDT.

The discovery that the average person had between
5.3 and 7.4 parts per million of DDT stored in their tissues
caused many people to wonder 1if perhaps the time would come
when they, too, would build up lethal concentrations of
this poison in their tissues.

In November of 1969, the U. S. Federal Government
decided to gradually phase out many of the uses of DDT. The
government began this program by outlawing four uses of DDT
which accounted for 35% of all of the DDT used yearly. This,
in turn, set off a series of legal maneuvers: The U. S. Court
of Appeals for the District of Columbia ordered the Secretary
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of Agriculture to stop all interstate shipments of DDT
within thirty days. In a second legal move, the same court
ordered the U, S, Secretary of Health, Education and Wel-
fare to make public the maximum acceptable levels for DDT
in foods. The only alternative to elther of these courses
of action was for the manufacturers of DDT to prove that
specific levels of DDT in food were safe., Since earlier
tests with DDT had caused cancer 1in laboratory animals,
this alternative seemed unlikely; and, it appeared that
DDT might be off the market in the U. S. Meanwhile, the
U. S. Department of Agriculture was placed in the uncom-
fortable position of having recommended the use of DDT for
farmers only weeks before 1t was ordered to ban interstate
shipments of the insectlclde,

1.12 Things to Do

1. Are some of the 1insecticides which are currently 1in use
poisonous to fish? To answer this question, over a
long time period, add increasingly larger concentra-
tions of current insecticides to a fish tank contalning
several small fish,

2, What other chemlcals have upset our environment? Con-
sult Rachel Carson's prizewinning book, Silent Spring,
to answer this questlon.

3. In what other ways has man damaged his environment?
Many recent books have been written on this theme, but
Fairfield Osborn's Qur Plundered Planet, which was
written in 1948, stIIl remains a classic in the field.
Thousands of people have enjoyed this book.

L4, How polsonous are such substances as garden fertilizer
and laundry detergent? Set up a number of one gallon
bottles as aquaria by adding elodea and guppies to pond
water, After a week or so, begin adding small quanti-
ties of fertilizer or detergent. Do these substances
damage the balance which exists between plants and fish?

1.13 How Insects Have Developed Resistance to DDT

At about the same time that the problems described
were taking place, another ominous problem was also develop-
ing. In place after place, one lnsect after another was
becoming harder to kill with DDT. Somehow or other, insects
were developing an increasing resistance to polsoning by
DIT', As resistance to DDT became the most important single
problem faced by insect-control programs, it began to look
like DDT's initial victory over the mosquito might prove to
be very temporary, indeed.
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Gradually, scientists pileced together the puzzle of
how insects could develop resistance to DDT., DDT 1is more
irritating than other residual insecticides. As a result,
mosquitoes which alight on a wall which has been sprayed
with DDT may leave the wall before they acquire a lethal
dose. The irritated mosquitoes are not only more actlve,
but they usually head for light, a habit which causes them
to leave the house--and 1ts deadly DDI-covered walls,

Certain mosquitoes--perhaps only a small fraction of
all mosqulitoes--possess an enzyme which enables them to
chemically change DDT to another, less toxic form. If, by
chance, these mosquitoes receive less than a massive dose
of DDT, the enzyme will alter the DDT, enabling the mos-
quitoes to survive. When the surviving DDT resistant mos-
quitoes mate with one another, many of their offspring also
possess the DDT-changing enzyme. As an increasing percen-
tage of mosquitoes become resistant to DDT, the problem
intensifies, and most mosquito-control programs begin to
apply DDT in greater concentrations. However, having been
previously exposed to DDT, the mosquitoes have an increased
capacity to manufacture the DDT-changing enzyme, and so
many of them survive this treatment, too.

Laboratory studles with flies showed that if these
insects were gradually exposed to increasingly larger con-
centrations of DDT over a period of several generations,
it was possible to railse a generation of "super" flies
which were practically immune to almost any reasonable
concentration of DDT. Faced with these facts, plus the
knowledge that DDT could build up in the tissues of
higher organisms, many persons began urging that, hence-
forth, DDT be used only to fight a holding action until
better, safer insecticides could be developed.

At the same time that the shortcomings of DDT were
becoming apparent, other mosquito-spread epidemics under-
scored the urgent need for better insecticides. For
example, in 1959, there were over one million cases of
tropical onyongnyong fever, a virus disease spread by the
Anopheles mosquito. In 1960-1962, Ethiopia suffered the
worst yellow fever epldemic of all time. There were 200,000
cases and 30,000 deaths due to this mosqulto-spread disease.
This outbreak was hundreds of miles closer to Asia than
ever before. Asla has never had a yellow fever epidemic,
and it would be a woefully fertile field for such an epi-
demic should one ever get started,

In 1954, a new form of mosquito-spread dengue fever
made its appearance. Ordinarily, dengue fever is quite
painful, having earned the nickname "break-bone fever";
but, in the past it had seldom produced many deaths. Now
the new form of this disease caused hemorrhages and was
frequently fatal to children.
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In the early 1960s, filariasis, which is caused by
a microscoplc worm which 1s spread by certain flies and
mosquitoes, surpassed malaria, causing 200 million cases,
In 1952, another mosquito-spread disease, Chikungunya
virus, was detected in Tanzanla, Africa. Six years later,
in 1958, it produced the first Aslan epidemic ever observed.
Five years later, in 1963, in Calcutta, it produced over
400,000 cases.

Spurred by the sudden spread of these new diseases,
or by the alteration of the symptoms of older diseases
such as dengue, scientists began, as never before, to
study the genetics of the mosquito. Hopefully, this study
would yield information which would help to control these
dangerous pests., Additionally, it was hoped that the study
of mosqulto genetics would answer the question of whether
or not insecticides like DDT had somehow or other acciden-
tally produced these new diseases by altering the genetics
of the viruses involved. So diligently did scientists
throw themselves into this important endeavor that while
only 75 written pages had been required to tell all that
was known about mosquito genetics in 1953, by 1967, only
thirteen years later, over 800 pages were required to cover
the same topic.

As the 1960s ended, it was obvious to all concerned
that in order to stop the suffering caused by malaria and
other mosquito-spread diseases, the development of new,
safer, more effective insecticldes was a must,

1.13 Things to Do

1. See if you can develop "super-flies" which can with-
stand large doses of any of the common insecticides.

2. Make some recommendations regarding the wise use of all
Insecticides.

1.14 Fighting the Malaria Parasite

Down through the centurles, the malaria parasite has
probably killed more people than plague, cholera, typhoid
fever, smallpox, or tuberculosis. Furthermore, for each
person Who died from malaria, perhaps 100 people were
weakened and at least temporarily disabled by it. It kept
Africa "the white man's grave," and caused Rome to be
referred to as "the pestilential city." Yet, when a cure
for malaria was finally discovered, it was bitterly
rejected by the physicians of the time.
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High on the raln-soaked mountain slopes of Peru and
Bollvia grows the cinchona tree., At some unrecorded point
in the dim past, the Indlans living in the area discovered
that the cinnamon-colored bark of thls tree could be used
to cure malaria. The bark was crushed to a powder, added
to water, and taken as a medicine by those having malaria.
By 1633, news of this cure had made its way into the Span-
ish missions in Peru. However, when this information was
subsequently relayed to Spaln, it received a hostile recep-
tion from the medical profession.

Centuries earller, the Greek Father of Medicine,
Hippocrates, had listed four fluids, or humors, which were
present in the human body. These flulds were: blood,
phlegm, yellow bile, and black bile. Hippocrates, and the
disciples who followed him, falsely believed that all
disease came about as the result of an imbalance in the
quantities of these four fluids. Later, this bit of
ignorance gave rise to the dangerous practice of blood-
letting, or bleeding, the sick. For centuries, those
suffering from malaria had been further weakened by being
bled by thelr well-meaning, but ignorant doctors.

Even though the medlcal profession had rejected the
thought that the bark of the cinchona tree could be used
to cure malaria, within 70 years the bark became the stan-
dard, world-wide cure for malaria. As the demand for the
bark mounted, the source of supply became less certain.
Removal of the bark killed the tree, of course. As more
and more trees Wwere stripped of their bark, the Indians
who gathered bark were forced to go deeper and deeper into
the Jjungle to satisfy the demand.

Over the years, both the Dutch and the English had
established colonies in such malaria-ridden countries as
Java and India, With the bark of the cinchona tree to
help ward off malaria, Dutch and English administrators
and merchants had settled in these countries. By 1850, it
became uncomfortably apparent that the supply of Peruvian
and Bollvian cinchona bark was not dependable. This stim-
ulated frantic attempts to elther buy or smuggle cinchona
seedlings or seeds out of Peru or Bolivia., In 1854, the
Dutch sent 500 seedlings to Java. Only 75 of these seed-
lings survlived the ocean voyage, and these were planted in
mountainous western Java, Although two million trees were
ultimately grown from the seeds produced by the original
75 seedlings, the bark on these trees was of such poor
quality that the venture was considered to be a collosal
fallure. A similar English venture in India also failed
miserably. The bark of the trees grown by the English was
8o poor that the powder produced was given away at post
offices throughout India.
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In 1865, an English bark trader 1livi in Peru
received as a gift from his Indian servant 14 pounds of
cinchona seeds, Later, as punishment for having allowed
the seeds to fall into foreign hands, the servant was
thrown into prison, where he died., Meanwhile, the Englilish
bark trader attempted to give the seeds to the English
government., When the offer was rejected, the bark trader
tried to sell the seeds to the Dutch, who paid a miserly
100 francs for them. When planted 1in Java, a single
pound of seeds produced 12,000 seedlings. At maturity,
the bark from these seedlings turned out to be three times
as potent a malaria cure as had been the bark of earlier
trees, Ultlmately, a 50 million dollar industry resulted
from the single pound of seeds,

By 1940, there were 110 private cinchona plantations
in Java, all of which were started with the offspring from
the origlinal pound of seeds. Strangely enough, only the
Dutch succeeded in establishing cinchona groves. Attempts
to grow cinchona trees in California, Jamaica, Indo-China,
the Congo and India all falled miserably; and Java remalned
the only source of cinchona bark. When, in 1941, the
Japanese declared war on England and the United States,
one of the first countries to be overrun was Java.

ATTEMTS chonA DUTCH, ENGLISH
Yo TSTIGL ESTAS LISH

CINCHONA
ATATION TN IRVA AND
IN CALIFORNM IN JAVA AND
FAWS INDIA
CINCHONA
TREE
DISCOVERDD

W PERU

Flgure 6. Some of the places of significance in the long
history of the cinchona tree,

Just before war had been declared, the U. S. had
bought 40 tons of the processed bark, but this supply did
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>t last long. When the supply of processed bark ran out,
5% of the U. S. soldiers fighting in such malaria-infested
2gions as the Baatan Penninsula in the Phllippines had
ttacks of malaria, With the only source of cinchona bark
mut off for the duration of the war, England and the U. S.
irned to the organic chemist for help.

, 14 Things to Do

Be prepared to discuss the following questions:

, Mankind has always been quick to reject new ideas,
Just as the medical doctors of the 1600s re jected the
use of the bark of the cinchona tree as a malaria cure,
so scores of new 1deas which ultimately have proven
valuable were 1inltlally rejected., Can you think of
any other examples of this sort of rejection?

, What dangers are assoclated with the following:
(2) Immediate rejection of all new ideas.
(b) Immediate acceptance of all new 1ideas.

,  What should clvilizationt's attitude be toward all ideas?

,15 Developing Substitutes for Cinchona Bark

Natural sources are not always the best, most depen-
able sources for all substances., For example, in the case
® quinine, removal of the bark kills the tree. Further,
atural sources are often subject to Nature's whims: They
1st withstand drought and disease as well as man's demands.
»r this reason, man would much prefer to manufacture
1inine~-and other valuable substances--1in the laboratory,
3ing readily avallable raw materials,

As early as 1820, chemists were able to 1solate the
stive ingredient in cinchona bark which killed the malaria
arasite., These ingredients were promptly named “quinine"
1d "cinchonine." However, belng able to 1solate the active
1gredients of the bark proved to be easler than duplicating
> in the laboratory. Later, when the structure of the
1inine molecule was worked out, it was found to be so com-
lex that duplication in the laboratory initially appeared
> be lmpossible.
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Figure 7. The quinine molecule. Each letter represents
one atom of an element. The complexity of this
molecule makes it extremely difficult for the
chemist to duplicate it in the laboratory.

In the late 1800s, Paul Ehrlich noticed that certain
dyes willl stain one type of tissue while leaving a second,
different type of tissue unstained. To Ehrlich, this indi-
cated that it might be possible to synthesize a drug which
would prove toxic to the bacteria which cause disease, but
Wwhich would not be toxic to the human host. Later, Ehrlich
made the observation that the dye, methylene blue, was able
to stain the malaria parasite. Using this fact as the
starting point, the German chemlcal industry began an exten-
sive program aimed at producing a compound which could
replace quinine., This program resulted in the production
of plasmochin in 1926. While plasmochin was an effective
killer of the malaria parasite, 1t turned out to be too
toxic for many people. Four years later, in 1930, another
anti-malarial drug, atabrine, was put on the market. Like
plasmochin, atabrine was also an effective killer of the
malaria parasite; but, it also caused a number of undesir-
able slde effects., Only after the Japanese shut off the
supply of quinine did atabrine become widely used,

Plasmochin and atabrine were the result of programs
which tested over 12,000 compounds. Under the pressure of
war-time, in an attempt to produce a better anti-malarial
drug, 14,000 more compounds were tested. This crash pro-
gram resulted in the production of chloroquine, primaquine,
daraprim, and paludrine, Finally, !n 1944, the U. S.'s
Nobel prize-winning chemist, R. B. Woodward, produced syn-
thetic quinine. Unfortunately, the synthesis turned out to
be so involved that no synthetic quinine has ever been pro-
duced commercially.
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One might expect that the synthesis and subsequent
testing of over 26,000 compounds might have led to the dis-
covery of an antli-malarial drug. However, each of the
antli-malarials ultimately produced had at least one signifi-
cant defect. Even the original anti-malarial, quinine, was
unable to kill one of the several stages of the malaria
paraslte; and hence, it was unable to completely prevent
transmlission of the disease, Furthermore, as the unaf-
fected stages of the parasite mature, if the victim no
longer is taking quinine, he may suffer a relapse. Ata-
brine, which was synthesized during the 1930s, but which
was not widely used until the quinine supply was shut off
during the Second World War, suffered the same defect as
quinine, as well as causing a number of objectionable side
effects, Chloroquine, which came out of the crash program
which had been launched during the Second World War, also
simply suppressed the symptoms rather than completely cur-
ing malaria., It reduced the victim's fever within 24 hours,
and began to kill the malaria parasites within about twice
this time. However, chloroquine had to be taken continu-
ously for one to be protected from the disease,

Primaquine had an advantage over quinine, atabrine,
and chloroquine in that it was a more effective killer of
most specles of malaria parasites., Unfortunately, prima-
quine was not an effective kliller of one particular specles
of malaria parasite, Plasmodium falciparum. Since chloro-
quine was an effective killer of this parasite, the problem
was not a serlous one, However, in the late 1950s, chloro-
quine seemed to lose much of 1ts effectiveness against the
specles of malaria parasite known as Plasmodium falciparum.
This problem was doubly serlous since this particular para-
site inhablted Viet Nam, where first the French, and later
the Americans, were engaged in warfare in the parasites!
Jungle home,

In 1966, the U. S. Armed Forces in Viet Nam added
diamodiphenylsulfone to the treatment of its malaria vic-
tims., Although this drug had originally been developed to
fight leprosy, rather than malaria, 1t reduced the malaria
fatality rate by one-half, Untll this time, malaria had
accounted for well over one-third of all U, S. deaths in
Viet Nam,

As the all-out chemical campalgn against malaria
entered 1ts second decade, it became apparent that the
search for a safe, effective killler of the malaria para-
site was far from over. The World Health Organization
urged chemists on in their quest for a drug which would
kill all of the many stages of the parasite. Those who
set thelr sights higher hoped for the development of a
drug which could be taken easily, yet would confer immun-
ity from the disease for long perlods of time. While
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chemists struggled with the problems of synthesizing and
testing new compounds as possible anti-malarial drugs, the
parasite continued to kill a million people annually.

1.15 Things to Do

1. Make a model of the quinine molecule. Use styrofoam
spheres of various colors to represent the different
kinds of atoms in the molecule. Connect these spheres
to one another using toothpicks. '

2, Historians often make lists of the "one-hundred most
significant events in world history." Argue that
Ehlich'!s discovery that certaln dyes will staln one
type of tissue while leaving a second, different type
of tissue unstalned, should be included in this list.

3. Learn how to use blological stains. This technique 1is
outlined in many biology laboratory manuals, Even
common ink can be used to stain certain tissues, should
you lack access to other stains.



PART II

READING MATERIALS FOR A

HUMANISTICALLY-ORIENTED SCIENCE COURSE

An Overview of This Section

In Part I of this Appendix, curriculum materials were
presented which described the effect that malaria has had
on civilization. In Part II the way 1n which science has
contributed to mankind's efforts to eradicate malaria will
be discussed. By design, much of the material covered in
this section quite closely parallels some of the activities
pursued by the Introductory Physical Science Course dis-
cussed in Chapter I of this thesis.l However, while both
the Introductory Physical Science Course and the curriculum
materials presented as part of thls thesis utilize much the
same activities, there the similarity ends. The Introduc-
tory Physlical Science Course makes little attempt to point
out how, or where, these activitles relate to the mainstream
of civilization, while the materials developed as part of
this thesis use the same activities to 1llustrate the way
in which science attacked the problem of controlling the
parasite causing malaria. The shift in approach described
stems from the belief that in order for students to attach
proper value to scientific endeavors, science must be pre-
sented in terms of its contributlon to civilization.

Developing the Chemical Tools
Needed to Fight Malaria

2.0 Developing Drugs to Fight Disease

There are several ways in which chemists usually
beglin the development of the drugs and insecticides needed
to fight malaria. Historically, the first step in this

lpnysical Science Study Committee, op. cit.
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development was taken when the accldental discovery was
made that a naturally occurring material, cinchona bark,
was toxic to malaria parasites, Naturally, not all of the
substances in the bark were toxic, so the chemists' next
step was to separate the toxic substance from the inert,
non-toxic part of the bark., After this separatlon was
carried out, chemists studied the toxic substance which
they had 1isolated from the bark. Sometimes, this study
reveals that the toxic substance has been previously dis-
covered, If this i1s the case, the molecular structure of
the toxic substance will be known, and the chemist may be
able to duplicate it, However, in the case of the sub-
stance toxic to malaria parasites, research showed it to
be a new, previously unknown substance. Because of this,
chemlsts were forced to determine the unknown's molecular
structure before they could begin to try to duplicate 1it,

H H
A Ry oS
jr N M H-¢c=-¢—¢-e~0-N "
-cy ‘f\ =¢ IR 2 |
Vo AN TS S SRR
#-0-C — ,Q‘ W Ho M Wy vt
W, " . £ . Yoo ! | ) HoH
“’ \o‘cﬁes "*e’“ “ ‘9‘ 'c'/c*?/ ‘\c'/'
| \ LConbupysln o2C
“,cﬁe,'e‘\“gcx,, ove SN*¢ ¢t ~¢
H H H
Quinine Atabrin

carbon atom
hydrogen atom
oXxygen atom
nitrogen atom

20Ima
L T I 1}

Figure 8. The molecular structure of some of the compounds
which have been used in the fight against malaria.
As shown by the key, the letters stand for atoms
of the varlious elements. You can well imagine
the sclentific "detective work" needed to deter-
mine complicated structures such as these.

In the following sections, we shall take a closer
look at the processes just described. As you read these
sections, remember that procedures such as the ones out-
lined ultimately enabled mankind to mount a successful
campalgn against the minute, but deadly, malaria parasite.
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2,1 Developing Drugs to Fight Disease:
Step (1) Separation of the Substance
Which is Toxic to the Malaria Parasite

As you know, over four hundred years ago, the Peru-
vian Indians discovered that the bark of the cinchona tree
could be used to ward off malaria, Later, this discovery
reached Europe. However, within a few years, it became
apparent that the supply of cinchona bark was not depend-
able., This realization brought about attempts to estab-
1ish cinchona plantations in various parts of the world.
Unfortunately, most of these attempts were miserable fail-
ures. However, these fallures caused chemists to make
increased efforts to separate the toxic, malaria-parasite-
killing part of the bark from the inert, non-toxic part.
By 1820, this separation had been completed: The toxic
substances extracted from the bark were promptly named
"quinine" and "cinchonine." Almost two hundred years had
passed between the time that the curative powers of the
bark had been recognized and the separation of the active
ingredients, quinine and cinchoninet 1In order to better
understand some of the problems which accompany chemical
separations, we shall now look at several different separa-
tions.

MixTuRe or
SAND AND SALT

ON FILTER PAPER

!

FILT RATE-
CONTAINS DISSOLVED
SALT, BUT No SAND

FUNNEL LINED

WITH FILTER
PAPER

Figure 9. A simple one-step separation. A mixture of sand
and salt 1s placed on the filter paper lining
the funnel. Water 1s poured over the mixture.
The salt dissolves in the water, passes through
the filter paper, and drains into the beaker
beneath the funnel.
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Occasionally, separation is a simple matter. For
example, suppose you wanted to separate a mixture of common
table salt and sand. Past experience with these two sub-
stances indicates that water will dissolve salt, but not
sand. This indicates that 1f the mixture of salt and sand
1s placed on a fllter paper through which liquids, but not
solids, can pass, and water 1s poured over the mixture, the
salt, but not the sand, will dissolve and pass through the
filter. Later, the water which has collected in the beaker
may be evaporated and the pure salt recovered.

Unfortunately, few separations are as simple as the
one described., Sometimes, each of the s0lids present in a
mixture wlll dissolve in different solvents. For example,
suppose we wlshed to separate a mixture of salt and iodine.
Through experiment, we find that salt willl readily dissolve
in water, while 1odine 18 not very soluble in water. Fur-
ther, lodine will dissolve in carbon tetrachloride, but salt
will not. This information enables us to plan a separation
which utilizes a device known as a "separatory funnel.,"

LoOWeER LAYER

[} /cs DRAINED OFF

FIRST

Flgure 10, Using a separatory funnel. At the left: The
salt-iodine mixture, water and carbon tetra-
chloride are placed in a separatory funnel and
shaken, Right: By carefully draining off the
lower, carbon tetrachloride layer, which con-
tains only iodine, the separation may be com-
pleted.

First, we place a small quantity of the salt-iodine mixture
in the separatory funnel. Next, we add equal volumes of
water and carbon tetrachloride. Then, we stopper and shake
the separatory funnel until all of the mixture has dissolved.
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Since the two liquids have different densities, they form
two distinct layers. By opening the stopcock at the bottom
of the separatory funnel, it 1s possible to draln off the
lower layer--which contains carbon tetrachloride--without
disturbing the upper layer of water, All of the salt is
present in dissolved form in the upper, water layer. All

of the iodine has dissolved in the lower, carbon tetrachlor-
ide, layer.

Sometimes, two solids dissolve in the same liquid,

but their solubilities vary greatly with the temperature
of the liquid.
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Figure 1l1l. Solubility curves. These solubllity curves show
how the quantities of certain solids which will
dissolve in a given amount of water vary with
the temperature of the water. The weilght of the
s0lid which will dissolve in 100 grams of water
1s shown on the vertical axis, and the tempera-

ture at which this measurement was made is shown
on the horizontal axis,

Suppose we wished to separate a mixture which was
about 50% potassium chloride and 50% sodium chloride. We
can begin this separation by using a small amount of water
at 1009C to dissolve the mixture. Next, we cool the water
to 0°C. This causes much of the potassium chloride to
crystallize out of the solution, leaving most of the sodium
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chloride originally present still in solution., If you
study the preceding graph, the reason for this will become
obvious: While sodium chloride's solubllity is about the
same at both 100°C and 0°C, potassium chloride is far more
soluble at 100°C than it is at 0°C.

Sometimes, several methods of separation are conm-
bined together to separate a complex mixture: Not only 1is
the temperature of the solvent changed, but different
liquids are used as solvents as well, For example, suppose
we wished to separate a mixture of sodium chloride, lead
chloride, mercurous chloride and silver chloride, Labora-
tory work with these substances reveals that of the four
solilds, only sodium chloride 1s soluble in water at room
temperature., However, bolling water will dissolve lead
chloride, and concentrated ammonium hydroxide will dis-
solve silver chloride, liercurous chloride will not dis-
solve to an appreclable extent in any of these solvents,

Armed with this knowledze, we can devise a scheme
for the separation of the four solids: The mixture 1s
prlaced in a funnel which has been lined with a plece of
filter paver., First, water at room temperature is poured
over the mixture. Thils dissolves the sodium chloride, but
leaves lead, mercurous and silver chloride on the filter
paper, Next, bolling water 1s poured over the fillter
vaper, This dissolves lead chloride, but leaves mercurous
and silver chloride on the filter paper, Lastly, concen-
trated ammonium hydroxide 1s poured over the filter paper,
This solvent dissolves silver chloride, but merely darkens
mercurous chloride, It 1s worth noting that some liquids
react chemically with the solid which they dissolve. For
example, silver chloride reacts with concentrated ammonium
hydroxlide. However, when nitric acid is added to the
ammonium hydroxide solution, silver chloride again appears
in its origlnal, solid form.

Thus far, we have consldered separations which
involve sollds, Mixtures of liquids are usually separated
by a different method which takes adwvantage of the fact
that most liquids boil at different temperatures. MNixtures
of 1liquids are usually separated by a process known as dis-
tillation., Distillation is also an extremely important
industrial process. Huge quantities of crude oll are dis-
tilled yearly; they yield the casolines, motor oils and a
number of assorted substances without which no industrial
country could exist,

As we mentioned earlier, distillation depends on the
fact that most 1liquids have different bolling points. When
a liquid having a high boiling point is mixed with a liquid
having a lower bolling point, and this mixture is gradually
heated, most of the 1liquid having the lower boiling point
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boils off first, leaving the 1liquid with the hlgher boiling
point in the original container,

In industrial distillations, the apparatus used takes
the form of huge condensing towers, but in the laboratory,
the apparatus used in distillation 1s quite simple, An
ordinary test tube equipped with a two-hole stopper through
which a bent glass tube and a thermometer have been passed
serves as a heating chamber., The bent tubing serves as a
delivery tube, conveying the hot vapors from the test tube
being heated to a second test tube which rests in a cold
water bath, The thermometer shows the temperature of the
vapors, and indicates when a new higher boliling component
of the mixture begins to boll. Such distillations are known
as "fractional distillations" because they result in the
separation of the components--or fractions--which make up
the mixture.

THERNNM%CT!R"’Jr" )

D&LivERY

TEST TUBE . o
CONTAIN ING
JoLuTiond YO

8€C DISTILLED
CoLO WATER
S e
ot
CoOLED, CONDENSED
S K
TEST TuBtc Ssine
HEATED

Figure 12, A simple apparatus for the fractional distilla-
tion of a mixture of liquids.

For many separations, the apparatus just described
would be quite satisfactory. However, even if the 1liquids
making up the mixture have widely separated boiling points,
the vapors rising from the heated mixture will contain
traces of all of the liquids present. Usually, the liquids
having the highest boliling points will be more apt to con-
dense on the sides of the test tube being heated. Then,
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they will run back down the sides to the mixture, where they
will again be reheated. To insure that this 1s what actu-
ally happens, and thus insure a good separation, researchers
often use an apparatus which provides a fractionating column
which i1s more efficient than the sides of a test tube.
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Figure 13. A distillation apparatus which provides a longer
fractionating column than a simple test tube.
Cold water 1s circulated in the water jacket
which surrounds the fractionating column. The
short lengths of glass tublng with which the
column is packed serve to help condense the
small quantity of the higher bolling liquids
which do vaporize.

In our brief, incomplete look at separation procedures,
we have seen only two of the more common methods by which
mixtures may be separated. You need bear in mind that lab-
oratory separations are extremely important because they are
often the first step in the chaln of events which may end in
the laboratory production of important drugs which may have
a far reaching effect on the lives of millions of people.

As you may remember, the purpose of thlis section was
to show some of the ways in which the chemist might go about
the task of separating the active ingredient present in a
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naturally occurring drue, such as cilnchona bark, from the
inert incredients which accompany it. After the active
ineredients have been separated, the next step is to deter-
mine the molecular structure of the active ingredient,

This 1s done by following this procedure:

(1)

(2)

(3)

(%)
(5)
(6)
(7)
(8)

(9)

(10)

Determine the physical properties such as the melting
point and density of the substance separated.

Find out what elements are present in the compound
separated.

Find out how much of each element is present in the
compound.

DPetermine the molecular welght of the compound separated.
Determine the molecular formula of the compound.
Study the chemical properties of the compound,

Systematically break up the compound. (This process
is called "degradation'; 1t allows the chemist to iden-
tify the fracgments,)

Study the structure of the compound usingz instruments
such as the infra-red spectrometer,

Study the facts revealed by the preceding steps and
attempt to arrive at a "most probable molecular struc-
ture.m

Attempt to determine whether or not the most probable
molecular structure previously suggested is actually
the correct structure by synthesizing it in the labor-
atory and comparing the properties of the synthesized
compound with the one originally 1solated.

In the sectlons which follow, we shall consider each

of these steps in detall.

2,1 Questions and Problems

1.

2,

Suppose that a certaln kind of clay has been found to
have healing powers, How would chemlsts go about mak-
ing a healing drug similar to the one in the clay?

Why is 1t often necessary that chemists learn something
about the solubllity of the individual substances in a

mixture before they can separate the components of the

mixture?
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3. Explain how to separate a mixture of salt, sand and
lard, ILard will dissolve in carbon tetrachloride, but
neither salt nor sand will dissolve in carbon tetra-
chlorlide.

L, Explain how to partially separate a mixture which con-
tains 70 g of sodium nitrate and 70 g of potassium
nitrate dissolved in 100 g of water at 70°C. Consult
the solubility curves shown in section 2.1 for data
concerning the variation in solubility exhibited by
these substances at different water temperatures,

5. In question 4, the separation carried out was probably
not complete. How much of each substance crystallizes
out of solution at 0°C? How much of each substance
remains in solution?

6. How would you separate a mixture which contained
sodium chloride, lead chloride and sllver chloride?

7. Suppose that you were given a liquid mixture which con-
tained pentane (bolling point, 360C); heptane (boiling
point, 98°C); and octane (boiling point, 125°C), How
would you go about separating this mixture by fractional
distillation?

8. Why 1s 1t that after the chemist separates the active
ingredient from a naturally occurring drug, that he
then begins a thorough, systematlic study of 1it?

2,2 Developing Drugs to Fight Disease:
Step (2) Determining the Physical
Properties of the Active Ingredients

Once the active 1lngredients of a naturally occurring
drug such as cinchona bark have been separated from the
other substances which accompany it, the next step is to
determine the physical properties of the active ingredient.
If the physical properties of the active ingredient are the
same as those of another well-known compound, this may help
to identify the active ingredient. 1If, on the other hand,
the physical properties of the active ingredient are unlike
those of any known compound, then it must be a new, previ-
ously unknown compound. Thus, the process of determining
the physical properties of the active ingredient 1s a neces-
sary step 1n the production of valuable drugs.

One of the properties which can be used to character-
1ze a substance 1s its density. Density 1s weight (or mass)
per unit volume. For example, a pound of feathers and a
pound of lead both have the same welght, but since the
feathers occupy a larger volume, their density 1s less.
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This 1is easier to understand if we put the definition for
density in mathematical terms:

welght of substance
density = volume of substance

This expression directs us to divide the volume of a sample
of the substance into the welight of the sample if we wish
to determine its density. For example, suppose we wWere
given a sample of a metallic substance and were asked to
find its density. By welghing the sample, we are able to
determine that it has a welght of 44.5 grams. The metal is

not soluble in water, nor 1s it porous, so we can measure
its volume in this manner: First, we partially fill a grad-
uated cylinder with water.

Then, we tip the cylinder on its
side and slide the metallic sample into the water. As the

metalllc sample becomes immersed in the water, the water

level in the graduated cylinder rises by an amount equal
to the volume of the metalllc sample.

METALLIC
SAMPLE BFEING
ADDED TO
CYLINDER

\’@

g0 - < NEW
lw'nm._— = WATER
LE‘l\/I ELm . 2= LEVEL.
IoML /0 =] 35ML
/}-// 7 ‘\\
Figure 14,

Measuring the volume of a metallic sample. On
the left: 30 milliliters of water have been
added to the graduated cylinder. Center: The
sample 1s carefully added to the graduated
cylinder. Right: The new volume of the water,
35 milliliters, indicates that the volume of
the metallic sample is 5 milliliters.
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Suppose that our 44,5 gram sample has a volume of 5.0 milli-
liters., By substituting this data into the expression,
density = weight/volume, we can compute the density of the
sample:

density = %%%%ﬁg

|

LL,5 grams
5.0 ml

density

density = 8.9 g/ml

Since one milliliter (ml) is almost exactly the same size

as one cubic centimeter (cm3), this is the same as a density
of 8.9 g/cm3. To find out which metal this might be, we
turn to a table listing densities:

Table 9. The densities of some elements.

Substance Density, g/cm3
Osmium 22,5
Gold 19.3
Lead 11.3
Copper 8.9
Aluminum 2,7

This table reveals that our sample has exactly the same
density as that of copper. Thls leads us to conclude that
the metallic sample 1s copper rather than some other metal,

Another property which 1s even more frequently used
to ildentify a substance is its melting or bolling point. A
typical melting point determination may be carried out in
this manner: A small glass tube which has one open and one
sealed end is packed with the solid whose melting point 1is
to be determined. The remalining open end of the now nearly
filled tube is sealed by heating, and the tube 1s attached
to a thermometer. The thermometer and attached melting
point tube are placed in a ligquid which 1s warmed slowly
untll a temperature is reached at which the solid begins to
melt. This temperature 1s the melting point of the solid,
of course,
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Figure 15. A melting point determination. The small
sealed tube contains the solid whose melting
point 1s to be determined. The 1liquid in the
beaker 1s warmed slowly until the solid in the
small tube begins to melt. The temperature at
which this occurs is recorded as the melting
point of the solid.

Table 10. The densitles and melting points of several
carboxylic acids. Note that where the densities
are so similar as to make identification 4iffi-
cult, the melting points are sufficiently dis-
similar so as to make identification easy.

Name of Acid Density, g/cm3 Melting Point, ©C

Formic 1.220 8.4
Acetic 1.049 16.6
Proplonic 0.993 -20.8
Butyric 0.958 5.5
Valeric 0.939 -34.5
Caproic 0.936 - 3.9

There are, of course, many other physical properties which
can be used to identify a given substance.
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2.2 Questions and Problems

1. What is the density of a metalllic sample which has a
welght of 60 grams and a volume of 10 cubic centi-
meters?

2. Gold has a density of 19.3 g/cm3. 1Is a ring which
welghs 7.0 grams and has a volume of 0.5 cm” made of
gold?

3. A chemlcal company has just recelved a shipment of
what _1s supposed to be valeric acid, density 0.939
g/cm3. A 10 cm’ sample of the substance received has
a weilght of 9.3 g, and a melting point of -3.9°C. 1Is
the substance valerlc acid?

4, Once a relationship such as density = welght/volume 1is
known, 1t may also be used to compute elther weight or
volume, provided density ig known. For example, a cer-
tain fuel weighs 50 1bs/ftJ. When a 10,000 ft3 tank is
filled with fuel, what welght of fuel will be present?

2,3 Developing Drugs to Fight Disease:
Step (3) Finding Out What Elements
Are Present in the Active Ingredient

Suppose that the active ingredient of a naturally
occurring drug has been separated from the other substances
which accompany 1t, and that certaln physical properties of
the active ingredient have been determined. Further, sup-
pose that the properties revealed by this research do not
compare with those of any exlisting, previously known com-
pound. This indicates that the active ingredient is a new,
previously undiscovered compound. Under these conditions,
the chemist's next step 1s to determine what elements are
present in the active ingredient. Only after this has been
done, can he proceed to find out what the compound's molecu-
lar structure is actually like.,

Since most organic compounds contain carbon and hydro-
gen, these are often the first compounds which the chemist
tests for., This 1s done by placing a sample of copper oxide,
Cuz20, 1n a test tube which also contains the active ingre-
dient. When heated, if carbon is present in the active
ingredient, 1t will react wlth the oxygen in the copper
oxlde to form carbon dioxide, CO3:

Cu0 + CX ——--0021 + 2Cu + X0

copper active carbon copper remainder of
oxide ingredi- dlioxide active ingredl-
ent ent in oxide

form
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Carbon dloxide is a colorless, odorless gas, but its
presence may easlly be detected by passing the gas formed
during the previous reaction into a solution of barium
hydroxide, Ba(OH)2. If carbon dloxide is present, it will
react with barium hydroxide, forming white, insoluble
barium carbonate, BaCOB:

Co2 + Ba(OH)p —=» BaCOB‘ + H>0

carbon barium barium water
dioxide hydroxide carbonate

The arrow pointing downward which follows the formula for

barium carbonate indicates that this substance is insoluble
and settles out of solution. The formation of barium car-
bonate 1s taken as proof that the compound contains carbon.

To find out whether or not hydrogen is present in a
compound of unknown composition, a similar procedure is
used, Copper oxide 1s again heated in the presence of the
unknown., If hydrogen is present in the unknown, it will
react with the oxygen in the copper oxide to form gaseous
water vapor, HpO0. Usually the water vapor will cool and
condense on the cooler parts of the test tube where it can
be seen.,

To detect the presence of other elements, the unknown
18 heated 1n the presence of molten sodium. When this is
done, sodium will react with many of the elements present
in the unknown, forming a product whose presence is easy to
detect. For example, if sulfur 1s present in the unknown,
upon belng heated in the presence of molten sodium, it forms
sodium sulfide, NaS. To test for sodium sulfide, acetic
acid, CH3CO0H, i1s added; this results in the formation of
foul-smelling hydrogen sulfide, HpS:

NapS + 2 CH3COOH -——-HZS’ + 2 CH4COONa

sodium acetic hydrogen sodium
sulfide acld sulfide acetate

The formation of hydrogen sulfide may be confirmed by heat-
ing the mixture produced by the previous reaction, and pass-
ing the vapors over fllter paper which has been molstened
with lead acetate, (CH3CO00),Pb. Heating drives off hydro-
gen sulfide, H2S, whicg reacts with the lead acetate, pro-
ducing a black spot of lead sulfide:

H2S + (CH3COO)2Pb ——“"Pbs‘ + 2 CH5COOH

hydrogen lead lead acetlic
sulfide acetate sulfide acild
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By using simllar chemical tests, the chemist can detect
the presence of many other elements,

As you might guess, the chemical analyses which we
have described are difficult to perform and very time con-
suming. Despite these objections, for a long time, this
was the only way in which a chemist could analyze an
unknown. In more recent years, there has been a marked
increase 1n the development and use of sophisticated
instruments for analyzing compounds. Not only are these
instruments often faster than chemical analysis, but they
usually provide more reliable and more extensive informa-
tion regarding the molecular structure of the unknown.

One of the most lmportant instruments now used to
analyze compounds 1ls the spectroscope. The development of
the spectroscope began over three hundred years ago, when
Sir Isaac Newton and other scientists found that 1f sun-
light fell on a triangularly shaped plece of glass known

as a prism, the sunlight was spread out into the colors of
the rainbow,

> VIOLET
Nou‘ INDigO
/ 5!.064
GREE:
[
s R"" YELLOW
SUNLUISKT ORANGE
RED
PRISM THE SPECTRUM

Figure 16. One of the early experiments which led to the
development of the spectroscope. When sunlight
enters through the small hole at the left and
strikes the prism, it 1s dispersed, or spread
out into the colors of the rainbow.

In 1801, William Wollaston, a doctor, became inter-
ested in Newton's experiments with prisms. Wollaston added
several lenses and a slit to Newton's prism in order to
obtaln a sharper spectrum. The result was a device which
18 almost 1dentical to the modern spectroscopes now in use.
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Figure 17. Wollaston's device for studying the spectrum.
This arrangement is almost 1dentical to that of
the modern spectroscope. The collimating lens
simply enables the light passing through the
s81lit to travel in parallel lines,

When Wollaston turned his spectroscope on the sun, he not
only saw the rainbow-like spectrum which he expected, but
in addition, he saw a large number of dark lines which
crossed the spectral array of colors at various places.

SPECTRUM
vioter INpGo Sagg - TN YELLOW  ORANSE D NORMALLY OB3ERVED
[[]1 SeecTrum Proowcep
8Y THE SUN

Filgure 18. Wollaston's discovery of dark lines in the
sun's spectrum.

Unable to explain the presence of these lines, Wollaston
gave up his work with light and turned to other experiments.

Thirteen years after Wollaston's moment of frustra-
tion, a German optician named Joseph von Fraunhofer counted
and charted the lines which Wollaston had seen. Next,
Fraunhofer performed a very thought-provoking experiment:
He divided the spectroscope's slit into two halves. Then,
he passed sunlight through the top part of the slit.
Through the lower part of the slit, Fraunhofer passed
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light from a bunsen burner in which a sodium compound was
being stronegly heated. The spectrum produced by the bunsen
burner and the heated sodium compound showed yellow lines
at exactly the same place that certaln dark lines appeared
in the sun's spectrum,

For a number of years prior to Fraunhofer's experi-
ment, chemlsts had known that different elements produced
flames of different colors., This fact had long been util-
1zed by people making sky-rockets: For a red rocket,
lithium compounds were added to the propellent; for a
violet flame, votassium compounds were added. Furthermore,
not only did different elements produce differently colored
flames, but when the light coring from these flames was
passed through a spectroscope, each element had its own
characteristic spectrum or pattern of lines, Some elements
had yellow or green lines; some had red, blue and green
lines; but, no two elements had the same spectrum. The
spectrum produced by each element was as distinctive as are
the fingerprints of a person,

STRONTIUM  SPFcTYRUM

LITHIUM SPECTRUM

CALCIUM  SPECcTRUM

Figure 19. The bright line spectra of strontium, lithiunm
and calcium, The bright line spectrum is
produced when the elements shown are heated in
a flame and light from this flame 1s passed
through a spectroscope.

Later, other scientists proved that all of the dark
lines in the sun's spectrum corresponded exactly with the
position of bright lines which were produced by the various
elements, For a number of years scilentists were unable to
eXplain this phenomena. Then, in 1859, G, A. Kirchhoff, a
German physiclist, performed an experiment which solved the
mystery of the spectral lines. Kirchhoff took a source of
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white 1light and focused it on the slit of a spectroscope.
This produced the usual rainbow-1like array of colors known
as a continuous spectrum. Then, Kirchhoff placed a bunsen
burner between the source of white light and the spectro-
scope. Next, he placed a sodlum chloride-soaked cloth in
the bunsen burner flame. This produced a fluffy yellow
flame which chemists knew was due to sodium. When the
light coming from this arrangement was passed into a spec-
troscope, a palr of dark lines appeared superimposed on
the rainbow-1llke array at the exact place in which the
bright yellow lines of sodium normally would have appeared.

)=y,

LEN,
Sourer LENS \ * SPECTROSCOPE
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SOAKED WITH
Sopium CHLORIDE
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Figure 20. Kirchhoff's apparatus. The source of white
light is at the far left. Light from this
source passes through the sodium flame and 1is
focused on the spectroscope, which is viewed
by the observer on the far right.

Kirchhoff guessed the correct explanation for these
observations: The sodium 1n the flame absorbed the part of
the white light which corresponded to the yellow lines
usually produced by sodium,

Shortly thereafter, Kirchhoff realized that this
discovery opened up a new way for analyzing an unknown of
any composition. The first unknown which he sought to
analyze was the sun. With the help of his spectroscope,
Kirchhoff was able to discover which elements were present
in the outer regions of the sun., At the surface, the sun
1s exceedingly hot, reaching 6000°C, As white light from
the surface of the sun passes through the layers of cooler
gases which surround it, absorptlion of light by the ele-
ments making up the cooler gases takes place. This absorp-
tion of 1light produces the numerous dark lines first
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observed by Fraunhofer., Thus, whenever a dark line corres-
ponding to a certain element appeared, this indicated that
this element was present in the outer layers of the sun's
atmosphere. It was this discovery that helped found the
science which we know today as "absorption spectroscopy."

Later, careful study showed that a number of the dark
lines in the sun's spectrum could not be traced to any of
the known elements. This gave rise to the thought that
perhaps certaln elements existed on the sun which had not
been discovered on earth. In 1868, J. N. Lockyer suggested
that one of these spectral lines was due to such an undis-
covered element, and he proposed that the mis3ing element
be named "helium" after "hellos," for the sun. Twenty
years later, in 1888, the helium line was produced by
mineral samples. Six years afterwards, the element hellium
was extracted from mineral samples taken from natural gas
fields 1in Canada,

Other discoveries followed rapidly. By 1862, it was
known that in addition to the atoms of elements, groups of
atoms also produced a characteristic spectrum. Today, chem-
ists often determine the varlous groups of atoms which are
present 1n a compound by studying 1ts absorption spectrum.
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Figure 21. The absorption spectrum of the compound l-octene.
This compound has the structure shown in the
inset at the upper right. The numbers shown on
the vertical axis indicate the percent of light
which is transmitted. The numbers shown on the
horizontal axis refer to the wave length of the
light absorbed, or the spectral position at
which absorption takes place. To a tralined
spectroscopist, this spectrum 1s as readable as
a newspaper 1s to you.
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Each group of atoms which is present in a compound
causes absorption of light to take place at a certain
characteristic place on the spectrum. For example, when
oxygen and carbon atoms are bonded together in C = 0
groups, absorption of light takes place at 1690 to 1760
cem-L, Thus, since each of the following molecules contalns
a C = 0 group, each would absorb light at 1690-1760 cm-l:

H H
| H 20
C—H e
I I
H H

0
Il
c_

I
0=C=0 H—C—

l

H

The range, 1690-1760, is given rather than a single speci-
fic figure, because the exact point of absorption for a
certaln group may be shifted somewhat due to the presence
of other structural features,

Table 11. The spectral location or frequency at which cer-
tain groups of atoms will absorb light, or radi-
ant energy.

— —— —
— — —

Chemical Bond
Responsible for Type of Compound or Absorptiof Range,
the Absorptlion Other Features Present cm”™

-C-H Only carbon-carbon 2850-2960
single bonds present.

carbon-hydrogen

=C-H Carbon-carbon double 1350-1470
bonds are adjacent.

carbon-hydrogen

- Nearby carbon atoms
c>' are bonded together 3020-3080
in benzene-llke rings.

carbon-hydrogen
Cc=C Carbon-carbon double 1640-1680
bond.,
carbon-carbon
-C=0 Alcohol (-C=0H)
ether (-C-0-C-) or 1080-1300
carbon-oXxygen

0
acid (-¢-0H) bond.
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Little did Wollaston, Newton, Fraunhofer and Kirch-
hoff realize that their discoveries would some day play an
important role in the development of drugs essential to
mankind's health.

2.3 Questlons and Problems

1. Explain how a chemist might prove that an unknown com-
pound contained carbon or hydrogen.

2, What would you expect to see in each of the following
instances:

(a) Sunlight is passed through a prism.

(b) Sunlight is passed through a series of condensing
and collimating lenses, a prism, and then another
lens. .

(c) Salt, sodium chloride, is added to a bunsen burner
flame and the light comlng from the flame is studied
with a spectroscope.

(d) Sunlight is passed through a sodium flame, and then
viewed with a spectroscope.

3. Why 1s it that when viewed with a spectroscope, the
sun's spectrum contains a large number of dark lines?

4., A certain compound absorbs light or radiant energy at
the following frequencies: 1100 em-1; 1300 cm-1l; and
1670 cm~1. Which one of the following compounds 1is
probably responsible for this spectrum:

B oo

(a) B=C—C—0—H (b) ~c—c—c{  (c) ~C=0—H"
|| 0 H
H H H

2.4 Developing Drugs to Fight Disease:
Step (4) Determining the Simplest
Formula of the Actlve Ingredlents

Once chemists have learned what kind of elements are
present in an unknown compound, they can turn their atten-
tion to finding out how many atoms of each element are
present. This information can then be used to arrive at
what chemists call the "simplest formula" of a compound.

In order to fully understand this process, we will need to
know certain chemical concepts which we will now explore
briefly.

To the layman, the term "formula" usually means a
recipe or a set of directlons for making something. To
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the chemist, however, the term means something entirely
different. For example, the chemist's formula for common,
ordinary water 1s HyO. While this set of letters and num-
bers doesn't tell us how to make water, it does convey
several important facts. First of all, the letters shown
are known as "symbols." Symbols are used to represent
atoms of the various elements. As you know, elements are
substances which cannot be further subdivided chemically
into other substances. Atoms are the smallest particle
into which elements may be divided.

In the formula for water, Hy0, the symbol H stands
for hydrogen atoms and the symbol O stands for oxygen atoms.
The subscript 2, which follows the H indicates to the chem-
ist that two hydrogen atoms are present for each oxygen
atom.

Similarly, the formula for sulfurlc acid, H2S04,
tells the chemist that two hydrogen atoms, one sulfur atom,
and four oxygen atoms are bonded together. Groups of atoms
which, like H20 and Hgsoq. are bonded together chemically,
are known as "molecules.' Molecules are the unit particles
of many compounds.
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Figure 22, A device for separating the molecular compound
water, Hy0, into the gaseous elements hydrogen
and oxygen. Eleotriclity supplied by the battery
1s passed into the water to which a bit of sul-
furlic acid has been added. As the electricity
passes through the solution, it provides the
energy needed to break up the water molecules,
When the water molecules are broken up, they
release hydrogen and oxygen molecules which
cannot be further subdivided by the electricity.
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By applying ingenious techniques, the early chemists
were actually able to compare the weight of individual atoms
of the different elements, For example, chemists found that
an oxygen atom was sixteen times heavier than a hydrogen
atom. Since hydrogen was the lightest element of all, it

was originally used as the standard to which all other atoms
were compared.

Later, more sophisticated devices were developed
which enabled chemists to accurately weigh individual atoms
of the different elements. The weight of atoms relative to
one another is known as thelr "atomic weight." For example,
oxygen atoms, which are approximately 16 times heavier than
hydrogen atoms, have an atomic weilght of approximately 16.00,
while hydrogen atoms have an atomic weight of 1.00.
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Figure 23. The mass spectrometer, a modern device for
welghing individual atoms. At the far left:
The atoms whose welght is to be determined
acquire an electrical charge. These atoms are
then forced into an electrical velocity selec-
tor which insures that only atoms having a
certain velocity will enter the next chamber.
Right: The atoms pass between the poles of a
strong magnet which deflects the atoms through
a semicircular path., The amount of deflection
1s greater for lighter atoms and less for
heavier atoms, a fact which enables chemists
to determine their exact welght.

Having armed ourselves with these concepts, we can
now take a closer look at how chemists determine the simplest
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formula of the active iIngredients in such extremely valu-
able drugs as quinine., Once chemlists have learned what
kind of elements are present in an unknown compound, they
can turn thelr attention to finding out how much of each
element 1is present. This process 1is known as "quantita-
tive analysis." To 1llustrate the principles of quantita-
tive analysis, suppose we had a 10.00 gram sample of an
unknown. Further, suppose that our previous laboratory
work had revealed that the unknown was composed entirely
of carbon and hydrogen. When heated in the presence of
copper oxide, Cuz0, the carbon and hydrogen in the unknown
combine with the oxygen of the copper oxide to form carbon
dioxlide and water vapor:

C?H? + CUZO ——— C02T + H20

unknown copper carbon water
oxlide dloxide

The question marks following the symbols C and H in the
unknown compound simply indlcate that we are ignorant of
these subscripts., This 1s what we are trying to find out,
of course, The carbon dloxide and water vapor produced in
the previous reactlion can be passed into separate tubes
which contain substances which will absorb these products.
By welghing the absorbent-filled tubes before--and after--
the unknown compound has reacted with copper oxide, the
amount of carbon dioxide and water vapor formed during the
reactlion may be determined. Knowledge of the percentage
of carbon in carbon dloxide allows the chemist to deter-
mine the weight of carbon in the unknown compound. Simi-
larly, knowledge of the percentage of hydrogen in water
vapor allows the chemist to determine the weight of hydro-
gen in the unknown.

Suppose that our previous experiment with the 10.00
gram sample of our unknown produced the following data:

welght of carbon in unknown - 7.50 grams
welght of hydrogen in unknown - 2,50 grams

How many carbon and hydrogen atoms are present in these two
quantities? We do not know the answer to this question,
but we do have enough information to answer it., First of
all, we know that the approximate atomic weight of hydro-
gen i1s 1.00, and that of carbon is 12,00. If we divide

the weight of carbon in the unknown by the atomic weight of
carbon, and the welght of hydrogen in the unknown by the
atomic welght of hydrogen, we get the relative number of
atoms of carbon and hydrogen present:
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7.50 g (weight of carbon in unknown) - 0.625 carbon atoms
12,00 (atomic weight of carbon)

2.50 g (weight of hydrogen in unknown) = 2.50 hydrogen atoms
1.00 (atomic weight of hydrogen)

What this computation tells us is that there are 0.625 car-
bon atoms present in the unknown compound for each 2,50
hydrogen atoms. Since chemical formulas utilize whole num-
bers of atoms, we divide the smaller number (0.625 carbon
atoms) into the larger number (2.50 hydrogen atoms) in order
to get a simpler ratio:

2.50 hydrogen atoms _ i py3rogen atoms/carbon atom
0.625 carbon atoms

The result of this computation indicates that there are
four hydrogen atoms present for each carbon atom. This means
that the simplest formula for our unknown compound is CHy.

COMBUSTION FURNACE SUBSTANCE

To HEAT UNKNOWN SUBSSTANCE WHicH ABSORRS

AND COPPER OXIDE WHICH B0TH CARBON

To 800° AB3ORAS Dioxipe AND

WATER WATER FROM

‘// //'// //;////,//,// /// // AR

G- X R AT Ay XA = kA
ey SRR 1 o K 7!

4 /////77///

SUQSTANCE
UNKNOWN SUBSTANCE COPPER WHICH AB8SORBS
N *CoMBUST 10N OXIDE CARBON DI10XIDE

BoAT ¥

Figure 24, An apparatus which can be used to determine the
weight of carbon and hydrogen present in an
unknown., At the left: A large tube, which 1s
enclosed by a combustion furnace, contains the
unknown plus copper oxide. The two tubes to
the right of the combustion furnace contain sub-
stances which willl react with carbon dioxide and
water vapor. As these substances react, both
tubes will galn weilght, of course. The last
tube on the right contains a mixture of absor-
bents which prevent carbon diloxide and water
vapor present in the air from reaching the
absorbent-filled tubes which are nearest the
sample.
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As we shall see later, there is only one way in
which one carbon and four hydrogen atoms can be arranged
to make a molecule. Usually, there are many ways in which
the carbon and hydrogen atoms in a molecule can be arranged.
Since the properties of a compound depend not only on the
kinds and numbers of atoms which are present, but on the
way in which they are arranged as well, further study 1s
needed before the chemlist can reproduce the unknown in the
laboratory.

H H H H H H
Lo |
H—C—C—C—C—C—H H-C-H
[ T O
H BE E H H ? ?
H H—C—C—C—H
| I
H-C-H H H
H H H H-C-H
| | | |
H—C—C—C—C—K H
[ T |
E H H H

Figure 25, Some of the ways in which five carbon atoms and
twelve hydrogen atoms can be arranged, After a
chemist has worked out the simplest formula for
a compound, he can turn to the problem of deter-
mining the actual arrangement of the atoms in
the molecule,

Sometimes, the actual formula of the molecule will
be some multiple of the simplest formula. Suppose, for
example, that the simplest formula of an unknown was CH,.
No such molecule 1s possible, but a molecule with the fgr-
mula CoHg 1s quite possible. Thus, the actual formula simply
contains twice as many atoms as does the simplest formula.

Below: A sample problem which summarizes the procedure
used to determine the simplest formula of a com-
pound.

Out of the U.S. labor force of 71 million, perhaps
13 million people suffer from arthritis. Cortisone 1s an
extremely valuable compound in the treatment of arthritis.
Originally, cortlisone was obtailned from the pitultary glands
of sheep, but it takes 80 mlllion sheep to produce a pound
of cortisone. Today, cortisone 1is produced much more
cheaply in the laboratory. To see how the simplest formula
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for cortisone was worked out, consider the following sample
problem:

A 3.18 gram sample of cortisone is analyzed
and found to consist of 2.28 g of carbon;g
0.26 g of hydrogen and 0.64 g of oxygen.
What i1s the simplest formula for cortisone
indicated by this data?

Solution:

(1) Divide each of the weights given in the analysis by the
atomic weight of the element involved.

2,28 g carbon

0.19 carbon atoms
12.00

0.26 g hydrogen

= 0.26 hydrogen atoms
1,00

0.64 g oxygen

0.04 oxygen atoms
16.00

(2) Divide the relative numbers of carbon, hydrogen and
oxygen atoms just obtained (0.19, 0.26, and 0.04) by
the smallest of these three figures to further simplify
the numbers:

0.19 carbon atoms
0.04

= 4.75 carbon atoms

0.26 hydrogen atoms

= 0.65 hydrogen atoms
0.04

0.04 oxygen atoms

= 1.0 oxygen atom
0.04

(3) This gives us a formula of Cy neHg 5O, but since chem-
1sts prefer to use formulas hé@?ng'only whole numbers,
we must multiply all of the numbers shown in the formula
by some number until the formula has only whole numbers.
We begin by multiplying all the subscripts by 2:

The “C " part of the formula is not a whole number,
so we gééin multiply the last formula shown by 2:

2x C9.5H1302 = C19H40),

The last formula shown, C19H2¢0y, utilizes only whole
numbers, and therefore 1s gcceptable as the simplest
formula for cortisone.
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It is worth noting that the work which we have des-
dribed in thls section is based on the physical law which
chemists call "the conservation of matter." This law states
that significant quantities of matter are nelther created
nor destroyed during chemical reactions. To 1llustrate the
law of conservation of matter, suppose that 12,00 grams of
carbon reacts with 32,00 grams of oxygen. The product,
carbon dioxide, must welgh exactly 44.00 grams (12.00 +
32,00)--1t cannot welgh more--or less--than this unless
matter has elither been created or destroyed during the
reaction. This important law 1s the basis upon which the
sclence of chemlistry was originally erected.

2.4 Questions and Problems

1. The chemlcal formula for sugar 1s CgHjp204.
(a) How many carbon atoms does this formula show?
(b) How many atoms--of all kinds--are present in a
molecule of sugar?

2, Define the following terms:
(a) element; (b) atom; (c) compound; (d) molecule.

3. Do you think it would be possible to have:
(a2) A molecule of oxygen?
(b) An atom of water?

L, A chemist says that, “"Carbon has an atomic weight of
12,00." What does he mean by this?

5. An unknown compound known to contain only carbon and
hydrogen atoms 1s to be analyzed. How can a chemist
find out how many grams of each substance are present
in the sample? Draw a dlagram of the apparatus used in
this determination.

6. Years ago, sallors on long ocean voyages used to suffer
terribly from scurvy. Scurvy is caused by a lack of
vitamin C. When a sample of vitamin C was isolated and
then analyzed, it was found to be 7.20 g carbon, 0.80 g
hydrogen and 9.60 g oxygen. What is the simplest for-
mula for vitamin C?

7. One of the most lmportant medicines is penicillin,
which was accidently discovered by Alexander Fleming
in 1929. An analysis of a sample of penicillin showed
it to be 3.20 g sulfur (atomic weight 32); 3.20 g
oxygen; 1l.40 g nitrogen (atomic weight 14); 0.80 g
hydrogen; and 7.20 g carbon. What is the simplest for-
mula for penicillin?

8. What 1s meant by the phrase "the conservation of matter%?
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2,5 Developing Drugs to Fight Disease:
Step (6) Determining the Molecular
Welght of the Active Ingredients

As we saw in the preceeding section, knowing the
simplest formula of a compound doesn't necessarily mean
that a chemist has enough information to ldentify or dupli-
cate the compound. For example, acetic acld, CH3COOH,
formaldehyde, HCHO, and glucose, CgHy 20% all have exactly
the same simplest formula--CH 0--, yet these compounds are
completely unlike one another. Knowledge of the slimplest
formula, plus the molecular weight of each of these com-
pounds would allow a chemist to quickly identify them, how-
ever: The molecular weight of acetic acid is 60; formal-
dehyde has a molecular weight of 30; and the molecular
welght of glucose is 180.

If we know the actual formula of a compound, comput-
ing its molecular weight 1s easy. For example, to compute
the molecular welght of water, H0, all we need to do 1is
add up the weights of hydrogen and oxygen as shown by the
formula., The formula, Hy0, shows that there are two hydro-
gen atoms present, Each hydrogen atom has a weight of
1.00; so we multiply 1.00 x 2:

1.00x 2 = 2,00
Each oxXygen atom has an atomic weight of 16.00, and only
one oxygen atom 1s shown 1n the formula, so we multiply
16.00 x 1:
Lastly, we add these two products together:

2.00
+ 16.00

18.00

The total sum shown above, 18.00, is the molecular weight
of water. This indicates that a water molecule is 18,00
times heavier than a hydrogen atom, which has an atomic
welght of 1.00. However, in actual situations involving

an unknown, knowledge of the molecular weight almost always
precedes knowledge of the actual formula. Suppose, as in
our previous example, that we know that the simplest formula
of an unknown compound is CH>0. However, three known com-
pounds, acetic acid, molecular weight 60; formaldehyde,
molecular welght 30; and glucose, molecular weight 180, all
are consistent with the simplest formula of CH20. Which one
of these compounds 1s the unknown? The answer to this ques-
tion will depend on the chemist's determination of the
molecular weight of the unknown. If the unknown has a
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molecular weight of 30, it 1s most likely formaldehyde; but
if the unknown has a molecular weight of 60 or 180, then it
must be acetlc acld or glucose.

Below: The procedure for computing the molecular welght of
a compound from its actual formula. The formula
shown 1s that of glucose, CgH;204.

Number of Welght of
CgH120¢ Atomle x Atoms of = Element
Welight the Element Present
Weight of carbon
present = 12,00 x 6 = 72.00
Weilght of hydrogen
present = 1.00 x 12 = 12,00
Welight of oXygen
present = 16.00 x 6 = 96.00
Molecular welght of CgHq0¢4 = 180.00

There are many ways 1n which molecular welghts may
be determined. Some methods are applicable only to com-
pounds which are gases or easlly vaporized liquids. Other
methods utilize sophisticated pieces of apparatus such as
the mass spectrometer or the ultracentrifuge. We shall
take a close look at the freezing point depression method
of determining molecular weights, Thils is a simple labora-
tory procedure which requires a minimum of laboratory
apparatus, yet 1t may be used with a varlety of different
compounds,

The freezing point depression method for determining
molecular weights 1s based on sclentific research done in
1883 by Francols Raoult, a French chemist., Raoult found
that solutions always had lower freezing polnts than did
the 1liquids used to make them. For example, a solutlon of
sugar in water always has a lower freezing point than does
pure water, Incidentally, putting salt on an 1lcy street
1s a common application of this knowledge.

When Raoult continued to probe the phenomena of
freezing point lowering, he uncovered several other inter-
esting relationships: When the molecular welght, in grams,
of a substance was dlssolved in 1000 grams of water, the
resulting solution always froze at approximately -1,86°C,
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Furthermore, 1t seemed to make no difference what molecu-
lar substance was dissolved in water; the freezing point
was always lowered by the same amount,

Table 12, Tata which reveals that whenever the molecular
weigzht, 1in grams, of any molecular substance 1is
dissolved in 1000 grams of water, the freezing
point of the solution formed 1s always approxi-
nately -1.86°C. The freezing point of pure
water 1s, of course, 0°C.

Name and lolecu= Welght of

Weight of lar Welght of the Substance Approximate
Water Used the Substance Added to Freezing
to lake the Used to liake the 1000 g of Point of
Solution Solution Water the Solutilon
1000 g sugar, MW 180 180 ¢ - 1.86°C
1000 = urea, LW 60 60 g - 1.869cC
1000 < methyl glcohol. 32 g - 1.860C
MW 3

Raoult knew that the molecular weight, in grams, of
any substance must contain the same number of molecules,
From this knowledge, and from the data he had collected
concerning the freezing point of solutions, Raoult con-
cluded that 1t was not the kind of molecules present which
determined the freezing point lowerinz of a solution.
Instead, sald Raoult, what determined the freezing polnt
of a solution was the number of particles actually present.

Not long after Raoult made these discoveries, chem-
i1sts realized that they now had a reliable way to determine
the molecular weilght of certain substances., In order to
determine the molecular weizht of a substance, chemlsts
first prevared a solution which contained carefully welghed
amounts of both water and unknown. The freezing point of
this carefully prepared solution could then be comparede--
mathematically--to the freezing point of a hypothetical
water solution which contalned enough of the unknown to
lower the freezing point of 1000 g of water to -1.86°C,

The quantlity of the unknown required to do thils, of course,
would be the unknown's molecular weight, in grars,

For example, suppose 10 grams of a substance is dis-
solved in 100 grams of water, and that the resulting solu-
tion has a freezing point of =-0.93°C, First, we must com-
pute how much of the unknown would be needed to vprevare
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a solution of comparable concentration which would involve
1000 grars of water., This is done by using a mathematical
proportion:

1000 ¢ water x X _grans of unknown
100 ¢ water 10 grams of unknown

X = 100 g of unknown

What we have accomplished with this proportion 1s to increase
the quantity of unknown called for by the ratio, 1000 g
water/100 g water. Since 1000 g of water 1s ten times 100
grams of water, we need 10 times as much unknown as was
originally needed, or 100 g.

Now, we know that when 100 grams of the unknown 1is
dissolved 1n 1000 grams of water, the solution will freeze
at -0.93°C. Next, we can compute the welght of unknown
which will have to be dissolved in 1000 g of water in order
to produce a freezing point of -1.86°C, This quantity will
be the molecular welght of the unknown, in granms:

100 ¢ unknown/1000 g water _ - 0.93°C
X g unknown/1l000 g water - 1,86°C

X = 200 grams
The molecular welzht of the unknown is 200.

While these computations seem very distant from the
problem of stopplng a disease such as malaria, you pust
remember that without a reliable way to determine molecular
welghts, the 1ldentlity of the active ingredlent in a drug
such as quinine may remain a mystery: Untll mankind learned
how to look at sclentific phenomena--such as the freezing-
voint-lowering of solutions--from a mathematical standpoint,
hls scientific progress was very slow,

Not all unknowns are water soluble, of course, In
this event, solubllity tests are carrled out to determine
in which 1liquids the unknown will dissolve. Then, a solu-
tion using measured amnounts of one of these liquids and the
unknown 1s prepared., DNext, the freezing polnt of the solu-
tion 1s determined.

It 1s worth noting that each liquid has 1its own char-
acteristic freezing point lowerinz. For example, as you
know, when one molecular weight, in grams, of a substance
1s dissolved in 1000 grams of water, the solution freezes
at -1.,86°C. However, when one molecular welght, in grams,
of any substance 1s dissolved in 1000 grams of benzene, the
solution always freezes at 4.90°C below the normal freezine
point of benzene, The fact that most liquids also exhibit
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a regular freezing point lowering provides chemists with a
wide range of solvents which may be used in place of water.

o -uo’
THERMOMETER
‘ vERY PRECISE,
SHORT RANGE
THERMOMETER
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ACTS AS AN
INSULATOR
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1 X = —_ r‘( 1S To BF
- - W] emm—
Z =1 s TNSULATTION — &9 — DETERMINED
=\ ===

|
1

Figure 26. Laboratory apparatus for determining the freez-
ing point of a solution. At left: The chemist's
apparatus. The wire loops serve as stirring rods.
The multiple contalners serve to insulate the
solution of interest, which is in the innermost
contalner., With this insulation, cooling takes
place very slowly and an accurate freezing
point determination is possible. The thermometer
i1s an expensive adjustable-range instrument.
Right: A less sophlisticated apparatus. This
set-up utilizes an ordinary thermometer and has
less insulation, allowing a more rapld tempera-
ture change. Whlle less accurate, certain deter-
minations may be carried out with this device,
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Table 13. Some solvents and the freezing point lowering

which they exhibit when one molecular weight,
in grams, of any molecular substance 1is dis-
solved in 1000 grams of the solvent.

Freezing Point Lowering
Produced by Dissolving
Freezing Point of One Molecular Weight of

Solvent the Pure Solvent Any Molecular Substance

in 1000 g of Solvent

Acetic acid 17.0°C 3.90°cC
Benzene 5,60°C L,90°C
Camphor 180 ©¢ 40,0 °c

2.5 Questions and Problems

1.

An unknown substance appearing in a sample of crude
oill has a simplest formula of CH,. Which one of the
following compounds is most apt to be the unknown:
butane, CyH;gy; butene, CyHg; or octene, CgHig?

Suppose we learn that the unknown in question number
one has a molecular weight of 56. Which one of the two
compounds which fit the simplest formula data previously
presented is the unknown?

Which one of the followling compounds, all of whilch have
the same simplest formula, have a molecular weight of
b2: ethene, CpHy; propene, C4Hg; or heptene, CgHip?

One of the characteristics of water 1s that its solu-
tions display a regularity in their freezing points,
What 1s this regularity?

When 100 grams of a certaln unknown is dissolved in 1000
grams of water, the solution freezes at 0.93°C. What is
the molecular weight of the unknown?

20 grams of an unknown are dissolved in 100 grams of
water. The freezing polint of this solution is -3,72°C,
What 18 the molecular welght of the unknown?

10 grams of an unknown are dissolved in 100 grams of
benzene. The freezing polint of the solution is 3.15°C.
Pure benzene normally freezes at 5.60°C, and the freez-
ing point lowering which is produced when one molecular
weight, in grams, of a substance 1s dissolved in 1000
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grams of benzene is 4.90°C. What is the molecular weight
of the unknown?

2.6 Developing Drugs to Fight Disease:
Step (7) Studying the Chemical Properties
of the Active Ingredients

By 1970, chemists knew the formulas of several million
organic compounds., Further, there seemed to be no limit to
the number of new compounds which were prepared each year.,
With all these compounds to choose from, it might seem that
the 1identiflcation of an unknown compound would be extremely
difficult, if not impossible. However, the chemist can
greatly simplify the problem of identificatlon of an unknown
compound by studying its chemical properties,

The phrase '“"chemlcal properties" refers to the way
in which a substance will react chemically with other sub-
stances., Once the chemical properties of an unknown have
been established by laboratory work, it 1s usually possible
to place the unknown in one of about twenty different chem-
ical familles,

All of the members of a given chemical famlly always
contain the same group of atoms which cause the family to
have the properties which characterize it. For example,
all members of the chemical famlily known as the alcohols
contain an -0H, or hydroxyl group. The presence of this
group of atoms bestows certalin easily identifiable chemical
properties on the molecule. When alcohols react with potas-
sium dichromate, KgCr207, in the presence of sulfurlc acid,
elther an aldehyde or a'ketone forms. No other family of
compounds reacts in exactly this manner.

Instead of containing unique groups of atoms, some
chemical families are characterized by the presence of cer-
tain kinds of chemical bonds. In the most common kind of
chemical bonding, carbon atoms attach themselves to four
other atoms. Since each point of attachment is known as a
"chemical bond," we say that carbon atoms can form four
chemical bonds., Chemists usually show this in the follow-
ing manner:

\
-C=-
]

In this representation, the letter C stands for a single
carbon atom. Each line represents a single bond which car-
bon atoms can form with atoms of other elements., For
example, 1f carbon forms chemical bonds with four hydrogen
atoms, this molecule results:



The molecule shown is methane, or natural gas, which is a
commonly used fuel.

Most elements have a definite, fixed number of chem-
ical bonds which they may form. For example, hydrogen atoms
may form only one chemical bond with other atoms, and oxygen
may form two chemical bonds with other atoms.

Table 14, The number of chemical bonds which some of the
more common elements may form.

Number of Bonds

Name of Element Usually Formed Representation
Carbon four -C- or =C= or ~C=
Hydrogen one H-

Oxygen two 0= or -0~
Chlorine one Cl-
Nitrogen three \N, or =N= or N=

Unlike most other elements, carbon atoms may bond to
one another, When this happens, long chalns of carbon atoms
may result:

H EEHEHEHHEEH
[ R R N I A
H=C—C= C—C—=C—C—C—C—H
Pt
H HEHEHEHEEHEH

Thls molecule is "octane." Octane, CgHig, 1ls one of the
ingredients of most gasollines., As you might expect, there
are other ways in which the same number of carbon and hydro-
gen atoms may be arranged:
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H H H
l | I
H-C-H H-C-H H-C-H
H H H H H H H H
l I l || I
H—C—C—C—C—C—H H—C—C—C—C—C—C—H
I | 1 1 bl
H H H H H H H H H
H-C-H H-C-H
I l
H H

2,2,4-trimethyl pentane 3,4 dimethyl hexane

As a matter of fact, there are fifteen other ways in which
elght '+ carbon atoms and elghteen hydrogen atoms can be
arranged, Molecules like this, which contain the same num-
ber and same kinds of atoms, but which are arranged differ-
ently, are called "isomers." Even though they have the
same chemical formula, different isomers usually have some
properties which are dissimilar from their other isomers.

Under certain conditions, carbon atoms can form two,
or even three bonds, with one another, When this happens,
we say that the carbon atoms are doubly or triply bonded,
or simply that double or triple bonds have formed.

H
]
H-?-H
H H
>c=c—c=c_ H— C = C—H
H | \H
H
Isoprene Acetylene

Figure 27, The chemist's representation of double and
triple carbon-carbon bonds. Isoprene, a con-
stituent of natural rubber which has two double
bonds, 1s shown on the left. To the right:
Acetylene, a gas which 1s used in the oxyacetyl-
ene cutting torch, has a triple bond.

In addition to forming straight or branched chains,
carbon atoms may also form closed chains or rings.
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Figure 28, Some carbon compounds which contaln closed
chains or rings of carbon atoms. H
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CHLORIDE BENZENES

Figure 29. Some of the chemical reactions which character-
1ze the chemical family known as the alkenes,
All members of the alkene family have doubly
bonded carbon atoms as their major distinctive
feature. The presence of this bond causes the
members of this famlly to act as shown. The
chemical reagent needed to carry out each reac-
tion 1s shown above the arrow; the substance
produced when this reagent reacts with an
alkene 1s shown to the far right.
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with 211 the infinlte possibilities for different
molecular arrangements, 1t is little wonder that millions
of carbon compnounds exist, Fortunately, the task of iden-
tifying an unknown carbon compound 1s greatly simplified
by the fact that the presence of certain groups of atoms
and certain types of bonds between carbon atoms result in
a limited number of chemical families which have certain
characteristic cherlcal properties,

2.6 Questions and Problers

1. What does the term "chemical properties" mean?

2, Why 1s a study of the chemical properties of an unknown
essential to 1ts 1ldentification?

3. Craw representations of the followinzg molecules using
symbols to represent atoms and lines to represent
chemical bonds: methane, CHy; methyl chloride, CHACl;
water, E20; carbon dloxide, CO2; methyl alcohol, Cg E
ethyl alcohol, C2HgOH; propane, C3Hg; and acetic acid,
CH3CO0H. Remember” that carbon, hydrogzen and oxygen
have bondinz capacities of four, one, and two respec-
tively.

L, There are elghteen ways in which eight carbon atoms ang
elghteen hydrozen atoms may be arranged., DIraw as many
of these arrangements as you can.

5. Hesearch indicates that a certain compound 1s composed
entirely of carbon and hydrogen, and that there are
6.00 grams of carbon for every 1.00 gram of hydrogen
present, A molecular welght determination shows that
the compound has a molecular welght of 42.00. The chen-
lcal properties of the unknown indicate that it has one
carbon-carbon double bond. What is the actual molecular
structure of this compound? The atomic weight of carbon
1s 12,00 and that of hydrogen is 1.00.

6. An unknown 1s analyzed and found to consist of 6.00
grams of carbon, 1.00 grams of hydrogen, and 5.33 grams
of oXxygen. The molecular weight is found to be 74.00.
The chemical properties show that the unknown 1s an
organic acid, a family of compounds, all of which con-
tain the group shown below. What 1s the actual molecu-
lar structure of this unknown? Oxygen has an atomic
weight of 16.00.

y
-C28-&

7. Years aro, a very important compound was analyzed and
found to contain 12,00 grams of carbon for each 1.00
gram of hydrogen., Further analysls revealed that the
corpound had 2 molecular weight of 78.00. No other
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elements were present, After this.initial research hac
been done, chemists began to suspect that the compound
contained some carbon-carbon double bonds. However,
the chemical properties of the unknown compound were
not exactly the same as those of compounds known to
contain double bonds. Can you devise a molecular struc-
ture that 1s consistent with this information, yet
utilizes double bonds in a slightly different way?

8. Analysis of an unknown shows that 1t contains only car-
bon, hydrozen and oxygen. For each 1,00 grams of hydro=-
gen there are 10.00 grams of carbon and 13.33 grams of
oxygen, A study of the chemical properties of the
unknown shows that it has two acld groups and one ketone
group per molecule. The molecular weight is 146, What
is the actual molecular structure of this keto-acid?

0 0
Il i

acld grouo -C=0=E ketone group -C=

9. MNaohthalene 1s known to contaln only carbon and hydro-
men, For each 1.00 gram of hydrogen, there are 9,60
grams of carbon. The molecular weight of naphthalene
is 106, Its chemical properties are very much like
those of benzene., What 1s the actual molecular struc-
ture of naphthalene?

2,7 Develoning IPrugs to Ficht Disease:
Step (8) Degradatlon of the Unknown

lLet's briefly review what has taken place 1n our
attempt to reproduce in the laboratory naturally occurring
drugs such as quinine. Filrst, an accidental discovery 1is
made that a substance such as cinchona bark has curative
powers, Next, chemists attempt to separate the compound
which 1s responsible for the curative powers from the
accompanying inert lngredients, Once the compound respon-
sible for the curative powers--~the active ingredient--has
been isolated, the chemist begins a thorough study of 1it.
The chemist determines which elements are present in the
compound, the molecular welzht of the compound, and its
slmplest chemical formula. The chemist also determines
the physical and chemical properties of the compound.

Knowledge of the chemical properties of the unknown
compound often reveals the chemlical famlly to which the
unknown compound belongs., Suppose, for example, 211 the
data collected indicates that our unknown compound belongs
to the chemlcal family known as the "aldehydes." DNow, the
question which the chemlst must answer 1s, "What aldehyde
1s the unknown compound?" Armed with data concerning the
melting point, the density, and other physical properties,
the chemist turns to the chemical literature which lists
the properties of all of the known aldehydes,
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If his search of the literature reveals an aldehyde
whose physlical properties closely correspond to those of
the unknown compound, the chances are good that the two
compounds are the same., If this happens, the chemist has
been very lucky, because now all that he has to do to con-
firm the identity of the unknown compound is to carry out
a reaction which will convert the unknown compound into
another, similar compound., Then, the same reaction is
carried out with the aldehyde previously found in the
literature whose properties corresponded to those of the
unknown compound. If both reactions result in formation of
the same compound, the chemist accepts this as confirma-
tion that the unknown compound and the aldehyde found in
the literature are ldentical.

Now, what must the chemist do if his search of the
literature falls to reveal an aldehyde having the same
properties as our unknown? In thils case, the unknown must
be a new compound which chemists have never seen before.

To determine the structure of this new compound, the chem-
1st begins to carefully break the unknown molecule apart,
one group at a time, This 1s done chemically, of course.
Such a procedure is known as “"degradation." As each frag-
ment of the molecule is removed, the chemist tries to iden-
tify it. Later, when most of the unknown molecule has been
chemlically degraded, and the fragments have been identified,
the chemist trles to figure out what the structure of the
unknown must have been. When the chemist thinks he knows
the structure of the unknown, he attempts to verify his
previous guesswork by makine the compound in the labora-
tory in such a way that he can be sure of its structure.

If the compound which he makes has properties like those

of the unknown, this 1ls usually taken as proof that the

two molecular structures are identical.
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The quinine molecule

Filgure 30. The structure of quinine. The carbon-carbon
rings at the lower left were discovered in
early degradations, and the other structural
detalls were added over nearly a twenty-five
year perliod of time,
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Although quinine was isolated as early as 1820, its

structure was not worked out until 1908, The correct struc-
ture came about only after twenty-five years of degrada-
tive work by almost a dozen chemists.

2.7 Questions and Problems

50

What does the phrase, "degradation of the unknown,"
mean?

When is degradatlon necessary?
Laboratory work reveals that an unknown has the actual

formula CyyHpy. Degradative work indlcates that these
two groups of atoms are present in the unknown:

H H

l |
H-C-H H-C-H
H H H H H H
| . ||

H-C—C—C—C— -C—~C=C—C—C=C

[ | | | \g
H H H H
H-C-H H-C-H

| |

H H

What 1s the complete molecular structure of the unknown?

Degradative and other laboratory work reveals that an
unknown consists of the following groups of atoms:

H 0 H H 0
V4 I [
—N —C -C—C— and -C-
\ \ ||
H OH H H

Draw all of the molecular structures which are consis-
tent with this data.

In question 4, you found that more than one molecular
structure was possible, What might chemists do to help
them declde which structure was actually the correct
one?
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2.8 Pevelopine Prues to Fieht Disease:
Step (9) The Synthesls of Compounds

All of the chemlstt!s efforts thus far have been
directed toward the ultimate zoal of duvlicatine the active
ingredient of a naturally occurring druz, However, once
the chemist has galned knowledgze of the molecular structure
of the active incredient, he can begin to chemically build
the desired molecular structure. The process of bullding
rolecules from simpler substances 1s called "synthesis."

On paper, the synthesis of a given molecule may
appear to be a very easy task. However, this is seldom
the case, Flrst, the chemist must carefully plan the route
which his synthesis wlll take. To do this, the chemist
relles on his hard-earned knowledge of the subject, plus
what he can unearth in chemical libraries about the reaction
which he wishes to carry out. Since we lack the knowledge
which the chemist has, we shall discuss only a few very
simple syntheses, and we shall make use of a "flow sheet"
such as 1s shown in Figure 31.

In the remainder of this section, we shall take a
look at the synthesls of several simrple molecules., The
first syntheslis that we shall consider 1s that of 1,2-
dibromo propane. This molecule has the following structure:

H H EH

[
H—C—C—C—H

||

Br Br H

As a raw materilal from which to make this molecule we have
isopropyl alcohol, a secondary alcohol which has this
structure:

I
m—Q—I1
|
l
T=——Q—IT
!

N Q= Q=T

We also have access to the other reagents which will be
needed to convert isopropyl alcohol to 1,2-dibromo propane,
of course,

To plan our synthesis of 1,2-dibromo propane, we
turn to the following flow sheet., This diacram reveals
several facts which are pertinent to our synthesis:
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Figure 31, A "flow sheet" showing only a few of the thou-

sands of known chemical reactilons. This diagram
shows some of the reactions which a chemist
might utilize in the construction of a sequen-
tial series of reactions which might result in
the laboratory productlion of a valuable compound.
The letter "R" 1s used to represent a chain of
carbon and hydrogen atoms of unspecified length.
The reagents needed to bring about each conver-
sion are shown above the arrows,
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(1) When secondary alcohols are heated in the presence of
sulfuric acid, H2SOy, they lose H and OH and form a
double bond:

P i
H,SOy, heat H
H-C—C-C—H - >c=c-Cc—H
I H |
H ? H H
H

(2) If bromine, Brp, in a carbon tetrachloride, CCly,
medium is added to a compound which contalns carbon-
carbon double bonds, bromine atoms attack the double
bond and add on to the molecule at both ends of the
double bond:

H H H H H
e || Brp in CCly |
_C=C—C—H — H—C—C—C—H
H | .
H Br Br H

1,2-dibromo propane

Thls has been a simple, two step synthesis, DMost syntheses
are considerably more complicated, and may involve many
steps.

As a second examgle of chemlcal synthesis, suppose
that we wished to make 2-methyl-2-butanocl, a secondary
alcohol having this structure:

H
|
H-C-H
H H H
I I
H=C—C—C—C—H
T R
H ? H H
H

As raw materials from which to make Z2-methyl-2-butanol, we
shall use ethyl alcohol, a primary alcohol having the
formula, CoH50H, and 1sopropyl alcohol,

H H H
[
H—C—C—C—H

I

H OHH
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plus whatever reagents will be needed to convert these two
substances into 2-methyl-2-butanol.

(Before reading the following explanation of how
2-methyl-2-butanol can be synthesized from ethyl alcohol
and isopropyl alcohol, you might want to try to flgure the
synthesis out for yourself. Or, perhaps you might want to
read part of the explanation, and then attempt to complete
the synthesis on your own before reading the remainder of
the explanation.)

We begin our synthesis of 2-methyl-2-butanol by
studying the flow sheet provided earlier. Since both ethyl
alcohol and isopropyl alcohol have fewer carbon atoms in
their carbon chains than does 2-methyl-2-butanol, it 1is
likely that we shall have to find some way of joining ethyl
alcohol and 1isopropyl alcohol into a new, longer chain of
carbon ators, Furthermore, since our flow sheet shows no
reaction which describes the joining of two alcohols, it
1s likely that one--or possibly both--alcohols will have to
be changed into some form of intermediate species before
the two carbon chains can be jolned together., When faced
with a complicated synthesis such as this, chemists gener-
ally work backwards; that 1s, they start by asking them-
selves, "What reagents are needed to make the last step in
this synthesis?" The last step is the one which results in
the ultimate end product, of course, Next, the chemist
tries to figure out how to make the reagents needed for the
last step. EHe continues this procedure, moving backwards
one step at a time, until his synthesis begins with the raw
materials from which he planned to start.

By studying the flow sheet carefully, we find that a
Grignard reagent will react with a ketone to form an alcohol
with a branched structure like the one which we wish to
make, This implies that the last step in our synthesis will
be:

: H

dimethyl ketone Grignard 2-methyl-2-butanol,
reagent a tertiary alcohol
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Our next problem 1s one of declding how to make the ketone
and Grignard reagent called for by the preceding reaction.
Again, we study the flow sheet, looking for a reaction
which will convert our raw materials--both alcohols--into
a ketone and a Grignard reagent. Careful study reveals a
reaction which will convert a secondary alcohol into a
ketone:

i
H O H H O H
I | | K2C'I‘207. HZSOL} [ | |
H=-C~—C—C—H & H—-C—~C—C-—H
I | | |
H H H H H

Further study reveals a palr of reactions which will enable
us to convert an alcohol into a Grignard reagent:

H H H H

| HBr I
H—-C—=C—0—H - H—-C—C-Br

| |

H H H H

and,

H H H H

I | Mg, ether |
H—-C-Cll—Br > H—Cll—-C—MgBr

| |

H H H H

When all of these steps are arranged in the sequence
in which they would actually be carried out, the complete
synthesis becomes:

Step (1) Convert ethyl alcohol in an alkyl halide and then
to a Grignard reagent:

H H H H
| HBr I
H—~C— f O0—H — H-— ? C —-Br
| I
H H H H
and,

Grignard reagent



189

Step (2) Convert isopropyl alcohol into ketone:

1 0]
| K-CTo0r, HoSO

HemC el Gl —2 27" 27Ny c—Cc—C—3H
N | |
H H H H H

ketone

Step (3) React Grignard reagent with ketone forming
desired product:

2-methyl-2-butanol

Generally speaking, the two substances whose synthesis we
have discussed are simpler than most of those prepared by
organic chemists. However, you must remember that the
organic chemist has had many years of tralning and experi-
ence: He is a speclallst in a deep, complex field,

Are all new drugs simply exact coples of naturally
occurring medicines? Many new drugs are elther exact coples
or are directly related to some naturally occurring medicine;
only a very few are not related. Before a chemist can make
a compound which promlses to be useful in the battle against
disease, he has to declide what sort of a molecular structure
to make., Were he simply to plck out a molecular structure
at random, synthesize 1t, and then test it against certain
diseases, he might end up making thousands and thousands of
compounds before stumbling across a compound which proved
to be of value in the battle agalnst disease.

To avoild such a time-consuming, wasteful, hit-or-miss
approach, chemists usually try to synthesize molecular
structures which have some of the same features as compounds
which have previously proven thelr value. For example, if
you study the structure of quinine, which had been used
since the 1600s, and compare it with the anti-malarial drug,
plasmochin, which was produced by German chemists in 1926,
you will see that both compounds are quite similar, This
similarity is by design rather than accident: The German
chemists used the quinine structure as a starting point for
thelr syntheslis of plasmochin.



Figure 32. The molecular structure of quinine and plas-
mochin. Left: The molecular structure of
quinine. Right: The molecular structure of
plasmochin, an anti-malarial drug patterned
after quinine. Note the similarity of the
circled sections of both molecules,

2.8 Questions and Problems

1.

Describe a synthesis which will enable a chemist to
convert the alkane, propane, C3Hg, into the alkene,
l-propene, C3H6. The moleculaf structures involved
are:

1T T
H |
H—C—C—C—H >c=c—-Cc—H
[ P | H |
H H H H
propane l-propene

Consult the flow sheet provided in this section for
help in planning your synthesis. You may utilize any
reagents called for on the flow sheet, of course.

How would you go about converting the secondary alkyl
halide, 2-bromo propane into the alkane, propane? The
molecular structures involved are:

1'1 1IarB B }Ii B
| | |
E—C—C—C—H H—C—C—C—H
A [
HE H H H H H

2-bromo propane propane
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Design a synthesls which will convert the primary
alcohol, ethyl alcohol, into the dihalide, dibromo
ethane. The molecular structure of these substances
follow:

H H H H
I I
H—C—C—0—H H—C—C—H
I b
H E Br Br
ethyl alcohol dibromo ethane

How would you convert the primary alcohol, ethyl
alcohol, into the secondary alcohol, 2-butanol? The
molecular structures of these substances are:

H H H H H H
I L
H—C—C—0—H H—-C—C—C—C—H
| Lol
H H H O BH H
|
H
ethyl alcohol 2-butanol

Design a synthesis which wlll enable you to convert
the alkane, propane, into the dihalide, 2-bromo pro-
pane. (Hint: It 1s not possible to do this directly
using bromine and ultraviolet 1light.)

H H H H H H

I o
H—C—C—C—H H—C—C—C—H

I Ll

H H H H Br H

propane 2-bromo propane

How would you syntheslze the secondary alcohol, 3-
methyl-2-butanol from the primary alcohols, ethyl
alcohol and isopropyl alcohol? The molecular struc-
tures of these substances follow:

H
\
BH-C-H
H H H H H H H H
| ol I |
H—-C—-=C-—-0—H H—=C—C—~C—H H—-C—C—C—C—H
| | |1 L)
H H H O H H O H H
| |
H H
ethyl alcohol 1sopropyl 3-nmethyl-2-butanol

alcohol
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7. Design a synthesis in which the primary alcohols,
methyl alcohol and 2-methyl propanol are used to syn-
thesize the primary alcohol, Z2-methyl-l-butanol. The
molecular structures are:

H H
[ |
H-C-H H-C-H
H H H H | H H
| | [
H=C—0-—H H=-C—C—C—0OH H-C—C—C—C—0—H
l 1| [ I
H H H H H H H H
methyl 2-methyl 2-methyl-1-butanol
alcohol propanol

2,9 The Impact of the Organic Chemist
on World Affalrs

Although the work of the organic chemist may seem
somewhat removed from the malnstream of civilization, this
1s not the case. In only a few short years, the products
synthesized by the organic chemist have altered the lives
of millions of people. We can illustrate the impact which
the science of organic chemistry has had on civilization by
reviewing the history of malarila.

As you know, malaria has plagued mankind for hundreds
of years., By the late 1940s, malaria was the number one
killer of men., Of the six and one-half million people on
earth who died each year, malaria claimed over three and
one-half million. With the development of more effective
insecticlides such as DDT, the incidence of malaria dimin-
ished all over the world., Within a few short years, death
rates 1n many countriles dropped at fantastic rates as
millions of people who would have died of malaria lived.

For example, in troplical Ceylon, spraying with DDT decreased
the overall death rate from 20 to 14 deaths per 1000 people
in a single year, 1946-1947, Earlier, it had taken England
nearly half a century to decrease its death rate this much.

Although death rates diminished, birth rates around
the world remained steady. By the late 1960s death rates
were so much lower than birth rates that the population of
the earth was 1increasing at the rate of about 1z million
people a week, Experts predlcted that the earth's popula-
tion would double from 3z billion people to 7 billion
people in less than thirty years. As civilization headed
into the 19708, over 2/3 of the world's people were facing
a population explosion which had been brought about largely
by the development and use of DIT.
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Soon 1t became apparent that death by starvatlion was
claiming almost the same number of people formerly clalmed
by malaria. In 1966, India narrowly sidestepped massive
famine when the U. S. sent over one-quarter of its entire
wheat crop to that country. As the struggle to keep the
earth's increasing millions fed intensified, so did the
use of DDT as an agricultural pesticlde. However, soon it
became evident that the higher animals and man absorbed
large concentrations of polsonous DDT 1n their tissues,
This presented man with a cruel dilemma: If he outlawed
the use of DDT in order to prevent its build-up, he ran the
risk of letting malaria re-establish 1tself., Adding to the
complexity of the whole problem was the somber fact that
insects usually eat one-third of each year's food crop.

If the food eaten by insects was avallable to feed humans,
starvation would no longer be an immediate threat to over
one-half of mankind, as it 1s today.

Plainly, one of the things that the situation called
for was more efficient, more selective insecticides. But,
before such lnsecticides could be developed, chemists
needed more knowledge than they possessed. For exXxample,
while chemlsts knew that a certain molecular structure was
polsonous to insects, they seldom knew why one structure--
and few others--was effective. Once chemists possessed
this knowledge, 1t might be possible to better tallor
molecules to kill a specific insect without having the
insecticide be harmful to other living organisms. As in
the past, man's ability to solve problems was once agailn
sharply limited by his lack of knowledge.

2,9 Questions and Problems

l. Briefly outline the effect that malaria has had on the
course of human events over the last fifty years.

2, It is often argued that mankind would be better off had
DIT never been discovered. Do you agree or disagree
with this statement? Explain.

2,10 A Comment Concerning the Value
of Our Endeavor '

Perhaps, as you read the preceding pages you won-
dered: If malaria 1s no longer a problem in the U. S.,
why should we bother to learn about 1t? While it is true
that malaria has disappeared from the U. S., there are a
number of excellent reasons for our having studled the
history of this disease.
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Generally speaking, one of the major purposes of
education i1s to help develop peovle who will be assets--
rather than liabilities--to soclety. One of the character-
istics which makes an educated person an asset to soclety
1s the fact that he is able to look at things with a
broader, more enlightened viewpoint., One of the reasons
that an educated person has this sort of a viewpolnt 1is
that he knows what has been valuable to society in the
past., For example, past experlence has shown that if
society wishes to avold suffering, it must gain control
over diseases such as malaria, To gain this control, man
must not only study these diseases, but he must also study
other scientific activitles which may not seem to be
related to disease, For example, in order to isolate
quinine, man had to know something about separation tech-
niques; and, in order to synthesize complex molecular
structures like the quinine substitutes and DPDT, it was
necessary to learn how to determine molecular weilghts,
melting points, and a whole host of other physical and
chemical propertlies,

To the uneducated person, there may seem to be
little connection between the melting point of a substance
and a terrible disease such as malaria, but as you know,

a knowledge of melting points may play an important role in
the 1ldentification of a compound of unknown composition.

Thls same principle extends to other branches of
sclence, If man wishes to galn control over nature, he
must study it. Since this study often involves costly
research and tralning, socliety must be prepared to pay for
the cost of these activities if our lives are to improve.
Since you have an understandineg of the subtle relationship
between scientific knowledge and the prevalence of disease,
you should place greater value on scientific research than
does someone who lacks thils insigcht. In turn, this outlook
should make you a greater asset to society than someone who
takes a negative view of scientific research. You might
think that perhaps most adults are aware of the value of
sclientific research; but, unfortunately, this is not the
case, For example, arthritis, which often so cripples
people that they are unable to use their hands, annually
prevents thirteen million people from earning their own
living, It has been estimated that each dollar invested in
arthritis research returns almost forty dollars in added
earnings to the national income., Yet, desplte this very
favorable, proven return on the original investment, arth-
ritis research workers often must beg for flnancial support,
and much needed research 1s not done because of lack of
financial support.

Entirely from a financial standpoint, 1t would be
very advantageous for us to accelerate the rate of medical
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research., Like arthritis research, most medical research
has a very favorable rate of return because it is far
cheaper to prevent disease than it 1s to treat it or sup-
port those who are unable to work as a result of being
stricken by disease., With increased research we could
learn why the heart falls to beat, or why blood sometimes
forms clots in the arteries of older people. At present,
nelther of these things are very well understood, yet they
must be known if we are to stop heart disease, At present,
heart disease kills more people in the U, S. than does all
other diseases combined. Only when many people reallze the
role that sclentific research plays in the prevention of
disease will people no longer die and be crippled by pre-
ventable or controllable diseases,

2,10 Questions and Problems

l. Explaln the relationship which exists between a dlsease
like malaria and a separation process such as filtra-
tion,

2, How can mankind best gain control over nature?

3. In many communities the per pupll cost of education
often approaches one thousand dollars per year, This
means that by the time a student graduates from hich
school, a community may have invested $12,000 in this
student's education. Why 1s society willing to make an
expenditure like this?



