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CHAPTER I

THE PROBLEM

For the last twenty-five years there has been a
steadily increasing interest in science as a part of the
cultural background for all students at the college level,
Major emphasis has been directed toward making the college
course in science for the non-~science major one that is of
functional as well as of esthetic value. Huch thought and
study has been focused upon the attempt to determine which
of the five basic natural science courses of study or which
combination of courses-~physics, chemistry, biology,
astronomy, or geology--offers the most in fulfilling the
educational needs of the majority of students.

The importance of science in a democratic society was
recognized by Thomas Jefferson when he said:

While the art of printing is left to us, science can never
be retrograde; what is once acquired of real knowledgze can
never be lost. To preserve the freedom of the press every
spirit should be ready to devote itself to martyrdom; for as
long as we ray think as we will, and speak as we think, the
condition of man will proceed in improvement {46--p. 108).

Conant was more explicit about the need of science at
the pregent time. He said:

s s@ need a widespread understanding of science in this

country, for only thus can science be assimilated intoc our
secular cultural pattern. When that has been achieved, we



shall be one step nearer the goal which we now desire so
earnestly, a unified, coherent culture suitable for our
American democracy in this new age of machines and
experts (33--p. 3).

A failure to assimilate science into western culture
possibly might explain why so many feel spiritually lost in
the modern world.

Once an object has been assimilated, it is no longer alienj
once an idea has been absorbed and incorporated into an
integrated complex of ideas, the erstwhile foreign intruder
becomes an element of strength. And in this process of
assimilation, labels may well disappear. When what we now
roughly designate as science has been fully assimilated into
our cultural stream, we shall perhaps no longer use the word
as we do today. When this time arrives, as I have no doubt
it will, the subject (understanding science) will be fused
into the age-old problem of understanding man and his works:
in short, secular education (33--p. 2}.

In times past, subject matter was taught upon an
autinoritarian basis. In earlier times, the teacher was the
point of focus, but later the subject matter became the
primary focal point. Today, the student and the welfare of
the student are taking the center of the stage. HMHotivation
has changed from placing emphasis upon extrinsic methods to
emphasizing intrinsic methods. As a case in point, until
the twentieth century, chemistry was taught for its
disciplinary qualities. As a course of study, chemistry was
for chemistry majors only and was taught to those other than
rajors as a curious study of natural phenomena only. Today,
the view is apparently becoming that of Hash, who said:

The objective of a science course...is to present science as
a part of our civilization (not simply as a basis of
technology), as a rich part of our cultural heritage, and as
one of the intensely creative aspects of human endeavor.

«sowWe do not teach scientific facts and theories for their
own sake, but as a means toward the end of an understanding



of sciencej and ... we must not hope to teach the persistent
characteristics of the scientific enterprise in a pat,
capulated form ees {32--p. 97).

McGrath summed up the general feeling of leaders in the
field of science in general education by saying, "Courses in
the physical sciences should ... be pertinent to the
student's life.® (43--p. 22)

Within the last decade, there probably have been more
college level investigations and evaluation of the sciences
for general educational purposes than at any time in
history. There have been symposiums, workshops, and inves-
tigative reports on a national scale that are producing much
thought and talk among the leaders in science education.
Newer theories of learning processes, psychological studies
of mental functions, improved methods of testing, and
changing of the focal point from teacher and subject matter
to student and student welfare have all contributed their
share te the changes being made. HcCGrath (43--p. 4) pointed
out the changes taking place by emphasizing the fact that
many teachers still have the persistent idea that a thorough
grounding in science gives the student a concept of the
nature of science and that training in memorigzing Tacts
transfers to other fields. This misconception has been dis-
proved completely by some of the leading educational
psychologists of the present time. Generalizations that are
understood transfer more readily than merely memoriged
facts. A concept of the student as to the applicability of

a generalization in several fields may help transfer of



training by pointing out applications. However, as stated
by McGraths:

An almost essential lubricant for the process of generaliza-
tion is the emotional attachment the student develops~-the
extent te which he assoclates feelings of enjoyment,
interest, inspiration with his studies. The more he likes
discussing its philosophy, the more likely he is to retain
and generalize the teaching (43--p. 6).

The expressed concerns of such centemporary leaders in
the field of sciehce in genéral e&ucatidu.as HeGrath,
Conant, Alyea, and a host of others, the dissatisfactions
expressed beth in words and actions by teachers in the field
of elementary science at the college level, and the experi-
mentations with various science courses for both cultural
and utilitarian value designed to fill the needs of the
student majofing in fields other than professional science
all indicate a need for a study of science in the present
educatienal prograne.

Before an answer can be obtained as to what subject
_matter should be presented in an initial course of college
science designed for the non-science major, there must be
specifiec aims and objectives set forth for such a course of
study. I such educational aims and objectives can be
obtained, and if there can be a measure of agreement upon
these aims and objectives, then the content that can be used
best to attain these ends sought may be selected.

Since the basic prineciples of chemistry are applicable
to all the other natural sclences, the question arises as to

whether or not an initial course of college chemistry can be



designed and used to reach the desired educational aims and
objectives for a specific group, i.e., those whe are not
science majors and those undecided as to a major field of

study.

Statement of the Problem

The problem with which this study is concerned is:
What should be the outcomes of an initial course of college
chemistry designed for theose desiring a cultural background

in natural science?

Heed for the Study

The development of the complicated social and econemic
life of today has forced the realization among many educa-
tors that some comprehension of science is a necessity for
an active citizen who is to live and contribute to the teche
nological age in which he lives. Out of this realization
has come the conviction that it is a duty of colleges and
universities to make available %o students a form of
training in science that is adapted to the needs of all
citizens. It should not be restricted to technical training
for the specialists, although students endowed with natural
aptitudes for scientific study must be identilied and must
be attracted to specialized study in the various fields of
science. On the other hand, there is almost universal

agreement that all persons need some scientific concepts,



and there is also agreement that not all should be
specialized scientists.

McGrath has this to say about the uncertainty of
leaders in higher education as to the best plan to pursue in
offering the youth of today a curriculum that will best fit
the needs of present and Ifuture citizens:

Higher education is in a state of ferment. There is
scarcely a college in the country that is not at present re-
examining its purposes and its program. Already a host of
institutions have launched new programs intended to improve
the preparation of youth for life in a hl@hly complex and
troubled world. DMost of these new ventures have to do with
§eneral education, that which prepares young people for

heir commeon activities as citizens in a free society.
Concerning the objectives (broad and general type) of
general education, there seems to be an increasing agree-
ment. Wide divergence of opinion still exists, however,
with regard to the means that should be employed to reach
the desired goalSe.e. (43-=p. ii).

Dubos thinks that any program aimed at fostering a
general interest in science among the public at large must
recognize that individuals have no right to expect others to
be interested in the tricks of their specilaligzed trades
(32--p. 5). To popularize science, a program must be worked
out that will present to the public those aspects of science
activities that possess broad human values. The public must
be attracted by those scientific phases of work that affect
their well-being and scocial advancement, or, as Conant
expresses it, one should "relate development in natural
science to those in the other fields of activity® (35--

Do 4)e
A study by Schenberg shows that, in 1952 in all HNew

York City high schools, only 17.4 per cent of junior and



senior students were taking chemistry. Other studies in
various areas of the nation show that the percentage of
freshmen who have had chenistry before entering college
range as low as 7.6 per cent to as high as 30 per cent with
the figure in most cases being toward the lower end of the
range of these percentages (113). The above indications are
that most students entering college have not taken, or had
the opportunity to take, a course in chemistry. The per-
centages run somewhat higher for bioclogy and lower for
physics. HMost students have little or no understanding of
the opportunities science offers for widening their
horizons. There are thousands of these students who doubt-
lessly have the ability to become specialists in one of the
fields of scilence, but their experiences have not been such
‘as to arouse their curiosity and desire to major in a field
unknown to them.

There seems to be almost universal agreement that scne-
thing needs to be dene to encourage young people to investi-
gate further the opportunities for vocational careers in the
sciences. The general education program of the colleges and
universities has fallen heir to this task. The responsibil-
ity has been placed upon the science divisicns and adminis-
trators of colleges to provide a science program that has
broader aims than merely making chemists or physicists or
biologists. They must encourage student interest in these

prefessions,



This new responsibility entails a revision (1l--p. 66)
of the philosophy of scientists in general, most of whom
ceased trying to interpret sciences to the laymen in the
nineteenth éentury when science broke up into highly
specialized subdivigions. McGrath (44--p. 1l) describes the
present orthodox, natural science courses in a single field
as following a small, narrow stripe across the whole area of
natural sciences and covering the subject matter in this
narrow band or stripe as thoroughly as time and the
students' preparation will permit. Usually, these courses
have a single over-all aim of laying a foundation for later
courses. All of the supposedly important toplcs are
treated, in turn, often with little time to show their
consequences or their interrelations. These courses of
study are generally well packed with content, but they do
little to help the student develop adequate understanding of
the nature of science.

On the other hand, one type of the so-called survey
course mentions so many tepies from the whole realm of
sclences, with barely a thread of connection, that it is a
“amorgasbord course.” This type of course is dangerous in
that it does too little to show the structure of science and
tends to glorify the wonders of science. Glorification of
science or scientists gives the wrong impression to stu-
dents. Teachers of science should debunk the popular
impression that the scientist is a wigard and that all

science works miracles.



Many plans for meeting the student's needs have been
tried within the last few years. One innovation has been
the so-called survey course attempting to integrate all
fields of natural science into a course or series of courses
for the non-science major. However, a survey (130) of 234
members of the Southern Association of Colleges showed that
only 50 per cent of senior colleges and 60 per cent of the
junior colleges accept integrated or survey courses toward
graduation, and some of these accept the survey course only
under certain conditions. Only 34 per cent of the senior
colleges accepted survey courses as fulfilling the science
requirement under any conditions. PFifteen of the colleges
surveyed had discontinued integrated or survey courses after
starting them. Various reasons have been given for this
dissatisfaction with survey courses. Among these reasons
ares

1. All teachers try to drag in and stress their own
pet subjects {78).

2. There is failure to have the ends of the course in
mind before designing the means, but the means
available should be known before selecting the
ends (116).

3. Teachers trained to teach in the survey fields are
scarce {44--p. 188).

4. So many facts are to be found in a survey course
that real teaching for change in the behaviocr of

the student is lost in the rush of presenting
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facts. Often these facts a so isolated as to
offer very little in the way of generalizations and
pri les (Lf~-p. 13).

5. The courses are too ™watered down®™ %o be of real
values

The above reasons, along with others, are offered so often
for not having survey courses that the praisss for success-
ful courses of this type are outnumbered at times by the
negative criticisms Quite a few have the same opinion as
Chalmers who said, "Survey courses are superficial, trivial
and unscientific ... but (for general education) better than
the specialized courses.® (30--p. 1)

Other plans than survey courses have been tried. For
example, professors at Harvard and the University of Chicago
have tried teaching chemistry from original papers but have
found that too often these papers have few present day
applications, or they often are presented in terms difficult
to understand.

The argument has been presented that the student who
knows basic phases of one science well is better equipped
than one who has been exposed to the whole field of science
but has little understanding of any science (78). Pearson
was one of the first to advocate what is now known as the
"block-and-gap® method of teaching (48). His argument was
that the logical structure of any science or of science as a
whele or of science's method of dispassionate investigation

could be understood best by using all facets of one science.
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McGrath (Lh=-pe 15) also appreciated the *"block~and-
gap" principle for general education. He described the
method as follows:

This may be a single science or ... a nixture. Its essen-
tial characteristic is that large quantities of material are
omitted outright so that only some of the topies of an
orthodox course ... are dealt with ... . Those (topics)
included are treated thoroughly as to subject matter. The
blocks representing such topics are dense ... and extend out
toward other topics and other sciences ... « These blocks
are clearly related to other blecks. ... the gaps are
gessential ... they reduce the content of the course so that
there is time for discussion, time for ideas to sink in, and
time for the student to look back and reconsider ... .

Conant thinks a greater degree of understanding of
wuggﬁéﬁéé'might be achieved by the close study of a relatively
few historical examples of the development of science (33--
p. 16). VWendt believes that a broad (not deep) insight may
be obtained by the student through surveying a relatively
small number of basic principles from one field of science
which illuminate facts. He says that it is apparent that
within the coming decade an elementary understanding of
chenistry will be as necessary as wood lere to the Indians
(129). If this is true, then a chemistry course may be so
organized and presented as to f£fill the need for factual
material with which to define those principles and concepts
necessary for twentieth century living in a free society.

Sy said:

Everybody ought to know some chemistry, some ought to know
more, and some ought to know as much as they possibly can.
This will follow when the subject is presented more attrac-

tively to the beginner. A genuine interest is
Necessary sso (24)e
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The above facts and opinlons and others of like nature

lead to the conclusion that the broad aim of basic under-
standing of science on the part of the student might be
attained nore readily by studying s few related phases of
seience rathor than either the extensive study of profes-—
sional techniques and facts or of a superficial susmmary of
all science.

Chenists have a talking point for chemistry being
selected as an excellent course of study for the non-science
egjor since it ieg actually a derived course taken from and
used in all other fields of natural scisnce (56). There are
no sharp lines of demarcation between chepistry and any
other natural science {56), However, chemistry is the only
course taken by the great majority of students in which they
learn of the structure and behavior of matter of which their
environment is composed (64).

Hewland (99} found a total of 2,450 different allusions
to science im 201 issues of popular magasines. There were
24,022 attendant meanings or contexts. OF these contexts,
most were pertinent to health, food in relation to health,
and household appliances. fost of the allusions were made
directly to ideas or concepts that are or could be incorpo-
raved into an initial course of college chemistry. Taylor
sunas up the situation as it now exists in this manner:

Today a wide and early "appreciation® of science is no less
than a matter of life and death for our civilizatione. eee
gver since the day of early general science gnd science

survey courses, a general eeling seems to have been abroad
that sclentific appreciation can be attained only by



exposure to a potpouri of at least several of the basic

sciences. There is no doubt a great deal to be said for
this point of view. Certainly no one of the sciences has a
monopely on the Yscientific method® and there could con-
ceivably be sonme notable advantages in approaching that
elusive concept from several angles. ... but standing in
the way of general use of a multiple-science approach is an
alumost complete lack of properly qualified teachers. ...
science teachers are at present almost exclusively single-
subject spaciallsts. «vs the typical teacher now in the
profession is nuch better prepared ... for ... the single-
science type of scientific appreciation course. He has at
least the sclience-subject-matter foundation on which to
build the historical, philosophical, and the educational
superstructure of appreciation. ... the sing le-Scieﬂce
COUrsSe, .« broadened to meet the current need, may noct be
the final solution of the problem of inculeating a wide
general appreciation of science. But as a S%Grt—ransa
moasure, it seems to constitute & solution to the dilemma
created by the urpg seney of time. This wrgency puts a heavy
pre&lum on the maximus use of existing channels of
instructiones. (44-—§. 184).

Such statements as the above emphasize the need of
imnediate atteanticn by all interested educ 4Loru to the
course or courses Uiyt offer the most to a gaﬂ&ral education
prograt.

ingtructores now teaching science and all students who
plan to teach sclience in the future should be made aware of
the existing problem of a shortage of qualified teachers
within the {leld of scicence for general education purpcses.

The first step in organizing the kind of course in
chemistry degigned for fulfilling the educational needs for

all college students in the formulation of definitive state=

;.:a

ments of aims and cbjectives. After thig is done, subject

matter may be judicliously chosen, methods of teaching

u

evelved, and a systen of testing d

,J

veloped to evaluate oute

COHES.
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An obvious source of statements of aims and objectives
for an initial course in college chenistry should be the
general course in college chemistry, but such statesents are
»MiéEEihg. ‘Without unity of purpose, science education cannot
be what it ought to be (69). Lack of unity of purposes
among teachers has caused lack of uniformity in courses
(62--p. 112). At the present time, there are numerous
statements of aims and objectives, but they are too often of
such a generalized nature that they have little meaning
within themselves. There is no clear definition of the aims
and objectives of general educational chemistry (89). This
has been a realized truth for almost two decades. In many
of the national meetings for discussion of aims and objec-
tives of an initial course in chemistry, broad aims have
been agreed upon generally, but a comprehensive and
evaluated list of specific, workable alms, covering the
various facets and aspects of an initial course in college
chemnistry, has yet to make its appearance. Since differ-
ences in aims are likely to lead to differences of treatment
(4L==p. 5), the first task that must be attempted is to
determine a consensus as to what these aims and objectives
might be. HeGrath reports that cormmittees have succeeded in
evolving statements of aims, but these statements are too
impractical or toc long (44~-p. 4). As a result, all of the
aims that are at this time agreed upon are those broad and
general aims that offer little as goals for definite and

specific accomplishment.



Since differences in aims are likely to lead to

differences in treatment (44h--p. 4), the first task in the

development of the kind of chemistry course that can f£ill

the needs of a general education program is the clear-cut

statement of its aims and objectives. An cbvious and

practicable source is a consensus of college teachers and

workers in the field.

Purposes of the Study

The study has the fellowing primary purposes?

1.

2.

To identify, by consensus, the outcomes that should
be expected from an initial course in college
chemistry.

To ascertain the differences and similarities
between a population of college teachers of educa-
tion and a population of college teachers of

chemistry as to desirable aims and objectives for

an initial course in college chemistry.

To ascertain the differences and similarities
between teachers of chemistry in large colleges and
those in sﬁall colleges as to the desirable aims
and objectives for an initial course in cellege

chemistry.



Limitations

This study is concerned with the aims and objectives of
science in an educational program designed for all college
students. It is concerned particularly about these aims and
cbjectives as they may be applied to an initial course in
chemistry. Each of the aims must apply to students and must
be stated in terms of recggnizable evidence for changes in
the behavior of students.

HNo attémpt is made to make subject matter, metﬁods, or
tests of outcomes of a course in chemistry more than of
incidental importance in this study. However, it is hoped
that the results of thevstudy may serve as criteria for an
evaluation and selection of subject matter, methods, and

testing procedures.

Assumptions

There are at least two general propositions concerning
science in a background education or general education
program upon which there is general agreement (93). First,
sciegnce 1s a hecessary part of a general or secular educa-
tion and, second, for most non-science najors a different
kind of course is needed from the traditional specialized
courses provided in the various science departments. Other
propositions (Aéé-p. Ol ) pertaining to course content that
éfe agreed upph generally are that some emphasis on scilen-

tific methods and attitudes is desirable, the block-and-gap
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intensive study of a few topics is more rewarding than
either a superficial survey or a diluted orthodox course,
and that physical sciences are better taught separately from
the biological sciences. Assuming chemistry can fill the
felt needs for science in an educational program, there must
be a clear statement of outcomes desired before a different
kind of course can be either organized and presented or
evaluated, for the aims and objectives certainly will deter-
mine the outcomes.

A brief summary of assumptions used in the study may be

stated thus:

1. A basic contribution to the education of any
college student can be found in chemistry as a
fundamental aspect of that phase of human culture
known as natural science.

2. An initial course in chemistry can be presented in
such a manner as to £ill the needs of a generalized

background for non-science majors.

Sources of Data

The data for this study have been secured and compiled
from the following sources:
1. HNineteenth century and current textbooks in college
chenistry.
2. Reports from chemistry workshop meetings of groups

within the American Chemical Society.



1.

2.

ba

Literature and studies related to the study.
Evaluation and Jjudgments of teachers of an initial
course in college chemistry and of college teachers

in professional education.

Definition of Terms

Cutcomet degree of attainment of the stated aims
and objectives., Outcomes include the attainment of
values, attitudes, concepts, techniques, and under-
standings.

Course of Study: an order, sequence, and scope of

experiences in presented facts, activities, wmethods

- of procedure, principles, concepts, and apprecia-

tions to be offered in an integrated field of work.

Initigl Experience in Collese Chemistry: the

students?! first contacts with a formal course of
college chemistry.

Hatural Sciences: the collective branches of

knowledge which deal with biological fields and
matter and energy phenomena. Hatural sciences
includé fields of study designated as physics,
chemnistry, biology, astronomy, geoclogy, and other
related fields.

General Education: that accumulation of knowledge

and understandings which prepares young people for

thelr common activities in a free society.
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Working Hypotheses

.1. There is a consensus as to the desired aims and
ohjectives of such a course. A properly planned
survey should reveal such a consensus, |

2. In addition, the‘hypothesis was made that there are
differences of opinion as well as a community of
interest in the various aims and objectives that
may be advanced as an ideal. These differences and
likenesses may be not only in the individual items,
but also in the relative importance of such items.
The variances and similarities exist between popu-~
lations from (1) different teaching fields and
(2) the same teaching field when the colleges are

grouped into large and small cclleges.

Outline of Procedure

The procedure for this study consisted of two phases.
The first phase was composed-of two stéps.‘ The first step
consisted of a collection of specific ailms from the various
available sources. In the second step, these were restated
and were:placed in four categories. This list of aims was
used as a starting point for the second phase of the study.

The second phase was concerned primarily with obtaining
a consensus as to what the educational aims and objectives
of an initial course in chemistry‘should be. A& question=-

naire with a rating scale constructed from the lists of aims
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and objectives cobtained from various sources was reviewed,
criticized, modified, and corrected by three different
groups of respondents before being sent to juries distrib-
uted throughout the United States. The judgments of the
collaege teachers of chemistry and teachers of professional
education were summarized statistically. Findings of fact

were identified, and conclusions were drawn.

Organization of the Study

Chapter 1 is an introduction to the study. In it the
problem is stated. The need for the study, basic assump-~
tions, purposes of the study, limitations of the study,
definitions of terms, procedure of the study, and organiza=-
tion of the study are given. In Chapter II the assumptions,
{1) there is need for some science in a general education
program, (2) a classical chemistry course fails to fill this
need, and (3) an initial course in college chemistry can be
designed to fill the present day need for science in general
education, are defended. In Chapter III, procedure is
described for collecting a list of aims and objecvives for
an initial cowrse in college chemistry designed for general
educational purposes. Chapter 1V is a continuation of
procédure in which the method for development of a question-
naire fer finél juries is described. The manner of

selecting the test population is given.
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napter V is a description of the treatment of data

gathered from the respondents.

Chapter VI.

Conclusions are reported in



CHAPTER II

THE INITIAL COURSE IN COLLEGE CHEMISTRY AS A
PART OF GENERAL EDUCATION

The aims and objectives of scientists of the past are
to be found implied in the annals of histery.‘ Contributions
of scientists throughout recorded history ranged from the
wholly practical to the completely philosophical viewpoint--
from the utility of material applications to mysticism and
abstruse theories. Apparent aims varied as philosophies of
people changedt The culture and prosperity of the people
generélly dictated the direction and magnitude of the early
scienﬁists"éfferts. Endeavors of the alchemists were
directed grimarily toward discevering_and using secret
formulae for the benefit and enrichuent of the few. The
sixteenth century philoscpher, dectar; and experimenter,
Péracelsus, has the honor of separating the mystical, secret
wérk,of the alchemist from true chemical experimentation.
His efforts were directed toward finding medicines and
chemicals for the diseased multitude of peasants that
existed in his day. After Paracelsus, such devious paths
opened up for-exploratien in'chemistry that the chemists of
ﬁh& seventeenth century became the first real experimenters

interested in chemical reactions. Their curiosity-inspired

22



seeking may be traced by a study of the history of such men
as Stahl, Boyle, Bacon, Priestly, lLavoisier, Davy,
Cavendish, Scheele, Berthollet, Proust, Berzelius, Liebig,
Bunsen, Dalton, Wohler, Newlands, Mendeleef, Kekule,
Pasteur, and many others.

Cclleges and universities as late ag the elghteenth
century were slow in adopting as an aim the method of
experimentally searching for truth. They were authoritarian
and classic in nature. A4s a result, most of the real
contributions to science in that period were made by men who
were traincd as apprentices of other scientists or who

learned from their own curious seeking of nature's secrets.

Seience As a Part of General Education

For centuries science has been ébhsidered a part of the
gducation of free men, but only the noble and the rich were
considered free. The place of sciénce in the education of
the masses has been realiged only recently. Since the
beginning of the twentieth century there has been an ever
increasing realization of the need, and ever increasing
efforts have been made to f£ill the need for some scientific
understanding in the background education of every person.

The framework of modern science is based upon the nomi-
nalisms of the middle ageé that
»e+ taught and partially proved that we know only individual
things and that general concepts are the result of combining

individual experiences according to similarities and by
means of subjective notions (39=-p. 3).
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However, these individual experiences must be integrated and
correlated into a unity or whole., Today, the mass of
subject matter in the whole field of natural science is so
great that Bacon's concept of the whele of knowledge in the
mind of any one individual is an absurdity. Andrea
Libavives (39--p. 48), who wrote what was probably the first
chemistry boock about 160C A.D., taughi a unity of all
nature, and Descartes (39--p. 49) taught that men know space
only threough motion. If these seventeenth century phileos-
ophers were right, associations between subject wmatter,
facts, and actual life experiences nust be made in the
students' minds before facts have a meaning te the students.
The consensus of twentieth century psychologists seems to be
that learning takes place much more readily when observed
phenomena are associated with simple principles at the time
the observation takes place. By making associations in the
student's mind between the physical phenomena and a stated
principle, the principle comes t¢ have meaning. Then and
then only is there likely to be a transfer of learning or a
noticeable change in the behavior of the student.

What cannot be understood cannot be managed intelli-
gently (37-=p. 2). Uhere physical phenomena are not under-
stood, there will be found the superstiticus belief in magie
and the political tyrauny that comes when a population is
kept submissive through ignorance and fear of the unknown.

The present day democratic belief in an educated populace in
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urally curicus, but they are not
naturally scientifie (70 1f a single gencration were left
wninstrustod, or coupletely untutored,; it is probable that
there would be a very nearly caapleote reversion wo the
superstitions and fears that were a doninant featurs of the
lives and morals of thousands of years azo. The present
knowledge of the organizations and functions of nature
which, for lack of a better name, is called science, is a
rather frazile skeleton painstakingly pieced topgether Irom
scraps and bits of information and hnowledge collected,
proved, and preservéd over the centuries of progress. Tae
preservation of the present status of any of the natural
sciences and the advance to new and greater importance of
the sciences depend upon two things. First, there must be
specialista--men interested in research and new facts and
new applications of long known facts~-and, second, & popl-
lace that understands and appreciates sclence, The second
group is the cone that sustaing the first. [Degarding the
second group, Hash makes this statenent (32~--p. 8¢
It has often been claimed that the traditional specialists!
courses arc really the bost way of inculcdtin@ some appreci-

ation of the nature of sclence. ... At thls point tiere is
some risk of ceniusmn* the nature of science with the

content of sciesnce. It is posoible to learn muech about the
> b N o . P ) Frid
content of science without securing any real appreciation ol

o]

the nature of science. Put it alse seers possible, and
infinitely more valuable to the non-specialist, to zaln some
understanding of the natuwre of science whilc mastering enly
a rclativelv small proportion of the subjeet matter of
science. Though hizhly cuceessiud in teaching the content




of a given science, the specialists' courses are all too
often completely unsuccessful in inculcating a conception of
what science is about, how scientists work, and what the
real character of scientific enterprise is. ... By and
large, their (specialists! courses) subject matter is highly
static and elaborately developed material that is remote
from the scientific frontiers which are the only places
where one might learn by seeing the supposed "method” in
acticoileee =« :

A course of science, which is designed for the majority
of people, needs to give some grasp of the "varieties of
scientific experience (32-~p. 103).% This particular need
might possibly be met to a greater or lesser degree by any
of the natural sciences. Chemistry, however, would offer
probably the greatest opportunity of any one science because

of its relationship to all the sciences (64).

Trends in Present Day Chemistry

The changes that have taken place in the philosophy of
teaching chemistry seem to have run a cycle. Originally,
all phases of the natural sciences were offered and taught
as liberalizing studies. The industrial revolution is
assoclated with a gradual change in this to an emphasis upon
only the technical and specialized aspect that reached its
height immediately following World War II. Since 1950, the
trend is again turning to the liberalizing or cultural
aspect of science.

Obviously there are those who work upon the premise
that the nunber one objective of an elementary course in

chemistry is to teach facts and more facts. Others are
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taking the view that the greatest value of an elcmentary
course in chemistry is the enlightemment of the student and
the cultural effect that it has on his mind. Men of this
latter school of thought would say that the aims and objec-
tives for a course of study should reach beyond mechanical
memorizationy i.e., the mental attitudes, concepts, and
understandings that may be developed are worth far more than
encyclopedic facts memorized. Present day philosophies of
learning seem to lean toward the psychologically proved fact
that data learned by rote memory without reason are soon
forgotten (71). Cultural development implies contact with
understanding the extracticns from and additions to the
general body of history, inventions, morals, knowledges, and
philosophies of environment that make up culture. To attain
these understandings is definitely a student accomplishment
and may be attained only by using the course of study as a
tool,

There are two views as to how aims and objectives may
be defined. HMore often they are stated as course aims and
objectives when actually they are accomplishment aims and
objectives from the student's viewpoint. In order to bring
about student development, there nust be clearly defined
aims, carefully selected subject matter, efficient presenta-
tion, and possibly a testing program devised whereby
measurements may be made in the development of the indi-
vidual. Of these four necessary ingredients, clearly

defined aims must come first (66). Too often ia the past
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the subject matbter currictlun of liberal arts colleges by
science teachers promisiag and working on the premise that
it offered o nmaw approach to mental discipline, i.s., the
way of thinking (70). There are many who doubt
the tenability of the premise and many others whe gquestion
that the promise 1s being fulfilled. As an example, the
presentation of chemistry has been zuilty of trying to serve
two masterst (1) training technicians and {2) training in
logical thinking. Apparently (70) the latter has suffered
in deference to the former. The accumulation of facts,
fornulae, symnbols, and principles hag led to the necessity
of force feeding of so-called fundamental facts, formulae,
sywbols, and principles into the absorbent cranial sponges
of willing students (70). Seeningly the trend teday is to
make facts only incidental to training and understanding.

Thers is an apparent resistance to this trend by sci-
ence teachers themselves. UWhatever the reasons, the
instructor must develop 2 philosophy as to vhether techni-
calities wmust btake precedence with logical thinking becoming
incidental, or whether logical thinking must take first
place with technicalities incidentsl. JAims and objectives
for students will be influenced by the instructors'

philosophies.
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Probably the greatest difficulty in agreement of
philosophy lies in a confusion of purpose in the minds of
the teachers of science. According to Buchanan (56), if
chemistry has defaulted as a liberal arts course, it is due
to uncertainty and disagreement concerning aims.

Usually the undergraduate special courses in chemistry
represent resumes of the important works in various fields.
These the student is expected to copy into his notebook and
reproduce on demand. Yet, if the desires of graduate
schools and industiry were examined for preferences in
students, they probably would show that there is a great
need for students whe are able to think. These are the ones
who have the ability to attack single-handedly and to master
independently a phase of work which is new and strange to
them. Then teachers who help train such men mutually must
understand one another and must be able to communicate with
one another. This common greound for mutual understanding
and communication among teachers probably will be found in a
list of the aims and objectives in teaching an initial
course in college chemistry designed for everyone. With a
meeting of minds on these listed points, teachers will be
enabled more readily to set goals and devise methods for the
improvement of their teaching practices. There should be a
consensus as to what these aims and cbjectives should be.

It is the purpose of this study to determine, in so far as

possible, the consensus.
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The trend today in natural science ingtruction places
emphasis {(40~~p. 31} upon functional facts, functicnal
concepts, and functional principles which would seem to
indicate that science instruction on all levels must be
directed toward the learning of larger principles rather
than the learning of isolated facts. Larue (4R2--p. 189)
says:

The first challenge of the lesson for information is to get
its meanings, i.e., to relate it to the map of images,
symbols and feelings already in our heads; to interpret it.
To perceive the outer world is to interpret situations; a
moving light in the sky turns out not to be a meteor but an
airplane; that red on Johnny's finger is nct blood from a
cut, but a splotch of ink; the tadpole's tail disappears--
what does that mean?

In other words, the modern psychology of learning states
that facts without understanding are useless. To follow
these psychological findings would influence and change the
aims and objectives of most science courses from learning a
fact that might be used in the future to learning a
principle that is used in the present.

There is a multitude of statements from science
teachers themselves concerning the importance of teaching
attitudes, manual skills, applicability of scientific
concepts, and beliefs fundamental to a democratic society.
Apparently, most teachers think that no study of a natural
science course can be directed at only the learning of
natural scisnce. Probably, no program of natural science in

an educational program can be evaluated fairly except in

terms of the total curricular framework in which it is
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placed. The liberal arts, as conceived in the eighteenth
and nineteenth centuries, had too narrow a framework (114).
Today the impact of vocational compulsion, i.e., economic
necessity, is being felt. Economic necessity leads to a
desire by the many for a more flexible program than that of
the past. A modified program must be worked out now within
a new framework that will allow the flexibility necessary to
£ill the needs of an educated populace. This framework must
be built on certain convictions concerning the nature of the
educational process (43--p. 281).

Researchers at Pennsylvania Cellege for Women worked
out the following three generalized headings as a framework
for goals in an educational program {43--p. 282): (1) abil-
ities, (2) attitudes, and (3) beliefs which make for a
wisdom, a deep understanding of life, and an effective means
of adjustment to it.

According to French (32--p. 16), the teacher's motives
cannot be merely a struggle to preserve science for
science's sake. Too many teachers of the past apparently
have done this by labeling students as not of college
caliber because they apparently cannot learn science. Yet
many of these same students have made outstanding successes
in other fields of endeavor. Perhaps the fault has lain
with the teachers and science teaching rather than with the
students. Perhaps in the past teachers have been expecting

too much in attempting to teach all science to all people.
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The situation at the mid-century mark was summed up by
French (33--p. 17} thus:

There is no need to rehearse what has happened to the teach-
ing of science in the colleges during the past century. It
parallels what has happened in other fields but the natwral
sciences, having a good head start over most of the social
sciences, their teaching has gone its specialized way in
congiderably greater measure. Scilence is no longer the
liberalizing study it once aspired to be. Here and there
through the sheer force of a great personality it still
retains vestiges of liberalism, but in the wmgin, the teach-
ing of science has been subjugated to the training of
specialists. Without at the moment getting committed upon
the question of whether the kind of introductory science we
now teach is good training even for prospective scientists,
we can probably agree at least that it is aet good educatioen
for the non-scientist.

By 1958 a clamer had been set up by business and
industry for even the specialists to be trained in more than
technology. Executives of many industries now say that the
great need is for men with a broad background of training in
cultural subjects. Industry itself, in many cases, is
training its own technicians, but industry has neither the
time nor facilities for instructing in those broad fields of
knowledge that nmust come only from a continuous and persis-
tent attempt by the schoolsias a whole to work on an
integrated program of education from the primary grades
through college. The above emphasizes the present need for
an initial course in college chemistry that offers much more
than scientific facts.

Only by teaching for change can a college program be
wholly successful. This cannot be done with the traditional
specialist’s courses with their set patterns of thinking and

procedures. The stated aims and objectives listed in
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current literature are obvious attempts to change tradition
to meet the needs of the times. However, indications are
strong that there 1s general agreement upon this point:

Some science is needed in a general education program

designed to meet the needs of all college students.

Since chemistry is a science derived from the other
natural sciences, it by its nature covers materials, words,
concepts, and skills pertinent to all the others. Due to
this factor, it has been more and more discussed as the one
courgse of science offering most to general education.
However, the problem of the role of chemistry in general
education is as yet far from solved (54). If this problem
can be solved for chemistry, the solution will aid the other
sciences in finding their rightful places in the educational
schene.

The aims of general or background education are still
somewhat hazy and argumentative (64). This possibly may
explain the haziness and apparent lack of agreement for the
aims and objectives of an initigl course in college
chenistry as presented in the majority of American colleges

and universities today.

Chemistry in Today's Curriculum

Chemistry, as it generally is taught today, usually

stresses facts more than principles. Dewey (38--p. 193}, in
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dealing with methods in science, stressed the application of
learned facts by saying:

Our present methods put the cart before the horse ...
what we need is to hitch the horse of concrete experience
with daily occupations and surroundings to a cart loaded
with scientific knowledge eee o
By this he meant the initial course in chemistry was pri-
marily a job of hitching the horse--not filling the cart.

If the student learns to translate facts learned into daily
life, then he is equipped to translate the facts that may be
acquired long after school days are over. When this sort of
program is adopted {(38--p. 194)

oo we shall find that the crop of scientific specialists
will increase and not diminish while in addition we shall
have a citizenship of men and women really intelligent in
judging the affairs of life.

¥eGrath stated that a survey of present texts showed
all to be amazingly alike (44--p. 103). It would appear
that one author has been afraid to omit what another has
included previously. It also seems that the present preva-
lent theory held by wany is that physical chemistry is the
basis of all chemistry and possibly all science. On the
other hand, there is an ever increasing number of instruc-
tors advocating radical changes in the offerings of a
beginning or initial course in college chemistry. There is
a persistent theory that a thorough grounding in the
so=called Tundamental facts in science gives the student an
understanding of the nature of science and that training in

memoriging facts transfers to other fields. Such a theory

has been disproved by many researchers such as Freud and
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Cherovis (44~-p. 104) who, in an extensive study of mental
retention in a physical science course, found that retention
depends upon reasoning rather than rote memory. According
to their studies, the subject matter best remembered or
retained consisted of principles and theories when these
were taught or presented in connection with applications and
related facts. If a fact were memoriszed without reason, the
results showed very poor retention.

| According to HMcGrath (44--p. 105), the aims of any
science course should be (1) understanding what science is
about, (2) knowing how scientists go about their work rather
than material alone, and (3) learning to transfer cultural
values. These rather general aims bring up several ques~
tions. One would be, "What is science?” Another would be,
"ihat is culture?® According to Conant (59), the develop-
ment of the different fields of science came about in the
seventeenth and eighteenth centuries because of the union of
three streams of thought. These were (1) speculative
thinking, (2) deductive reasoning, and (3) empirical experi-
mentation. 7To define science, he says:

Science is a series of concepts and conceptual schemes
arising out of experiment or observation and leading to new
experiment and cobservation. Today the test of a satisfac-
tory concept or conceptual scheme is in terms of (a) its
ability to account for all the krown phenomena with a
minimum of complexities, and (b) its fruitfulness in terms
of new experiments and observations.

The above statement would lead one to understand

Ygcience®” to refer more to method than to subject matter.
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This seems tc be the generally accepted thought of the
present day leaders in the field of educational chemistry.

Cultural values of chemistry are rather difficult to
define. This is not because they do not exist, but rather
it is because of the general disagreement upon what makes up
culture. In the first place, cultﬁral value is net talk
about chemistry but a comprehension of the underlying
philosophy of chemistry. The underlying philosophy (125) of
chemistry is seldom helped by complicated problems with
long, deviocus paths to mathematical solution. Probably such
would throw the average student off the track of comprehen-
sion rather than help his understanding. On the other hand,
some facts and some fundamental theories should be compre-
hended by the student. There must be some half-way meeting
place for those attempting to teach tcoo many facts and those
attempting to teach with too few.

One reason (130) chemistry is not more popular today is
that teachers of yesteryear taught an unnecessarily difficult
content of subject matter. Everybody ought to know some
chemistry; some ought to know more; and some ought to know
as much as they possibly can. However, it is not an example
of clear thinking to attempt to teach all chemistry to all
who sign up for a beginner's course under the pretext that
memorization of the periodic chart, various and sundry
specific pgravities, boiling points, historical names and
places, minute details about all individual elements, and

other multitudinous encyclopedic type facts or supposed
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factes 1s necessary to the enjoyment of the contributions of
chemigtry to socliety. To do all this is equivalent to tell-
ing a person that he must understand the Lh@@?lﬁg of clec=
tronics ln order Lo enjoy a play pregented on telavision.
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Howevor, a dosire ©o learn electronics possibly night be
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stizulated in an active wind by learning %o tune and enjoy

the sete In like manner it is possible for gome students to
become 50 Interested in chenistry by a course in the

philosophy and uses of some well chosen subject matter that

<.

they will become inspired to learn all that is possible in
forinal schocl classes.

Wilhelm Ostwald (£1), in the preface of his book on
natural philosophy, saide

Hatural science and natural philosophy are not two
great fields which oppose each other, but tfey belanb
bC;@tLGf Just as two patis wiich lead to the same goal.
That goal ist The wastery of nature by the human being.

Hatural philosophy in combination with natwral science
will prevent the teaching of idolatry of science. Science
without husan thought and use is dead. 1t is only an
ingtruwaent for accomplisheent. Conant (34) sayst

With idolatry of science I wust confess I have little

yvinpabhye Yot g bebtter understanding of the metheds of

} natural scieneces among laymen is certalnl; e be
e8irad ses »

iﬁ»tﬂ’ Q’a

-

The need for a widely sducated ¢

real appreciation of aethods, aspiravicas, aad limitations
i scizuce an essential impgredicnt of general education. If
chenlstiry ig the course to accomplish tals, voaciers as a

whole must oliminate many of the "sacred cows®™ that have
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been accepted as a part of the gospel that must be imparted
to an educated man. It is not necessarily knowledge about
science as such that the layman needs, but it is more under-
standing of science (34--p. 116). The texture of modern
science is the interweaving of fruitful concepts, that is,
interaction and contributions of science to technological
society., If a problem is met and understood, usually the
facts necegsary for solution can be found. Ordinarily the
eventual ability to sclve problems is more dependent upon
understanding than upon memorized facts and figures that may
be found in references {106). The student's need for under-
standing makes the teacher's primary task one of teaching
concepts rather than statistical truths. Accenting concepts
rather than memorized facts affects methods of class presen-
tation in that presentation leans from lectures toward
discussions and actual problem solving. By the use of the
word "problem™ it is certainly not the intention to limit
problems to those of a mathematical nature.

Dr. Conant (50--p. 166) says:

The present college courses in physics, chemistry, and
bioclogy by necessity are arranged primarily as a foundation
for more advanced work. Therefore, they do not fulfill the
function of providing for the non-scientific student an
adequate introduction to the methods by which knowledge has
been advanced in modern times. Such courses fail to meet
the educatiocnal requirements for the non-scientific student
both because they require too much detail as a basis for
subsequent scientific courses, and alsc for another reason
closely related to the complexities of our modern industrial
society. Those who give such courses, and I am referring in
particular to physics and chemistry, feel that they nmust

cover those branches of the sciences which are concerned
with every day applications and alsc nmust refer to the most
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recent discoveries. As a result rather superficial treat-
ment of many phases of physics and chemistry cannot be
avoided.

Meyer (45--p. 223) objected to survey courses on the
grounds that (1) they tend to be superficial; (2) it is very
difficult to get competent teachers; and (3) they tend to
leave the false impression that the treatment of the subject
dealt with is definitive.

The stated aims of teachers of integrated science
polled in Wilson's survey (126) show some interesting
differences from stated aims of teachers of specific natural
sciences. The integrated group generally agreed that the
aims of a survey course did not include the development of
laboratory skills, the ability to read technical literature,
or the offering of a foundation for further work. On the
other hand, almost all sample tests prepared and given by
this same group of teachers were based almost entirely upon
subject matter mastery and were objective in nature.
Although there was an interest manifested in evaluation of
aims, little had been done to develop means of such evalua~
tion.

The instructors of science questioned in the survey
indicated a general feeling that traditional courses were
inadequate for all students, but the survey courses appar-
ently would not be voted as the final answer. Where the
teachers of survey courses rated the lecture demonstration
method as the most valuable method of teaching, the senior

colleges other than teachers’ colleges ranked the laboratory
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methed as the best method. Since the laboratory lends
itself more completely understandable to the novice in a
relatively limited field, indications are that a study
limited in scope would give the student a more comprehensive
picture than disconnected bits and dashes from many fields.

Gray (78) thinks that the main trouble with traditional
texts is that they have teco much encyclopedic material and
enable a teacher to drag in too much detailed matter on his
own pet subject., He feels that the student who knows many
basic phases well is better equipped than one who has been
either exposed to the whole field or one who has had only a
concentrated study of the teacher's pet subject matter. The
student should have the broad--not specific--knowledge of
orderliness, energy, and science interrelations that can
come by study of one field of science such as chemistry.

Due to the haziness of aims, the statement is made
often that the same chemistry course taken from three
different instructors will be three different courses. This
may have some element of truth. The so-called general
chemistry, up until the present time, often has been top-~
heavy on the physical side with comparatively little stress
on the organic, on the inorganic; or on bio-chemistry. Some
teachers have put in pleas for fusing the various phases so
that the structural pictures of compounds and materials may
be more complete.

There have been many misconceptions as to the nature of

chenistry due possibly to outmoded thought as to the nature
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of true learning. BRich (112) has listed some of these mis-
conceptions based upon the ™mind faculties™ idea. They
include ¥general training,”™ a "discipline" training of
general abilities, such as ™to observe accurately,” or "draw
correct or reasonable conclusions,® and to “teach for trans-
fer of reasoning ability." Actually, there are many kinds
of observations. Each has its own skills, group of habits,
and mental attitudes.

Another misconception that often has been a stated aim
is that the initial course in chemistry covers chemistry as
a whole, Chemistry as a whole field cannct be covered
completely in dozens of courses. The idea of covering the
whole field has been one possible reason for the enormous
accunulation of fatts that too often has been incorporated
in an elementary course in chemistry. To attempt to teach
so many facts or so much abstract "logical®™ reasoning
involves omitting things from real life experiences. The
average student generally is uninterested in and has seldom,
if ever, come in contact with the detailed information
necessary for the technologist. This does not mean that the
technologists' information is not good; it simply means that
it is ocut of the realm of a real 1life experience for most
students. The average student, if interested, will learn
much detailed subject matter to satisfy his own curiosity,
but the same subject matter is dull and seldom well learned

for the sake of learning.
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It may seem peculiar to some to say that many chemistry
teachers still attempt to teach subjects instead of pupils,
but this is an attempted practice of many and is very diffi-
cult to eliminate. Since only that which the student learns
can ever benefit him, why cannot that which the student does
not learn be deleted from the course of study? This
deletion is something that needs to be done, but due to
disagreement as to what to eliminate, it is a rather diffi-
cult task.

Many people think that chemistry is nothing more than a
mass of facts. Probably again the teachers are to blame for
this erroneocus concept. IJost of the testing progranms
including tests of ability are simple factual type
questicns. These are not really tests of ability but are
too often only tests of feats of rote memory.

Another misconception is that which leads to the think-
ing that the first college course in chemistry is only a
preparation for more advanced study. Various estimates show
that almost 70 per cent of entering college freshmen in the
southern or agrarian states have not had high school
chemistry and only 6 per cent to 8 per cent have had both
chemistry and physics. There is not only a possibility but
a probability that in these freshmen there are literally
thousands that are potentially excellent chemists, or tech-
nicians, but they never have had the opportunity of a
pleasant introduction to the fields of technological study

needed for these various professions. Chenistry can be the
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means of interesting these students not in chemistry alone
but in all natural sciences. A well organigzed course can
and should give some understanding of the nature of other
fields of science.

Many have the idea that an Intelligence Quotient must
be high befeore a student can understand chemistry. A five
year study of freshmen in Colorado University showed no
significant correlation between grades in freshman chemistry
and Intelligence Quotient. Other studies (94) show that
there is the practice in zome colleges of allowing only
those in the upper quartile of mental ability, as shown by
various tests, to take chemistry. It apparently would be a
fruitless or at least undemocratic policy to attempt to
educate only 25 per cent of ﬁhe populace. This does not
mean that standards have to be lowered for the ¥higher"®
intellects, but it does mean that the others cannot be
forgotten.

Obvicusly too much faith is placed sometimes in the
intrinsic worth of new, curious, shining discoveries. These
discovéries are not chemistry, nor physics, nor biologys
they are products of these various sciences. HNo science is
of relatively great value per se, but they are all of
inestimable value as tools and instruments for producing
these discoveries.

Science is not an end within itself. It lives and is
useful only in so far as it is applied by the minds and

hands of men. Science is not just for the scientists) it is
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for all men everywhere. The man with the most degrees is
not the only one qualified to think or invent. All men have
creative abilities of one kind or another, and most men can
use science or the products of science in their creative
thinking and building.

The last misconception to be mentioned here is that
chenistry is a well-defined, bounded body of knowledge.
Chemistry, or the field of chemistry, is not made by nature.
It is man-made. As a man-made course of study, it can go
just as far and cover just as much material as is within the
man-made definitions of its limits. It is far from an exact
science and is in no way a static course of study. It is a
growing, changing conception of a phase of science that by
its nature is a study of change and should be capable of
being used as an instrument for the adaptation te change.

A study (74) made more than twenty-five years ago
showed that a large part of chemistry presented in high
school did not function in the lives of the students. There
was not a close relationship between the subject matter used
and the activities of students' lives. There is little
evidence that this error in teaching has been corrected at
the present time.

Many teachers stress kinestics at the expense of other
phases of chemistry as a means of giving general knowledge.
A study (99) has shown that the most important contexts of
201 popular magazines were pertinent to health, food, house-

heold appliances, and clothing. Very little attention is
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paid to gquantitative measurements or gas laws even in
science magazines (11l). If courses in chemistry are to be
valuable to the average student, they must be pertinent to
the student's life (44--p. 28l). In a review of Consumers®
Guide (101), it was found that the copies studied used 349
scientific terms. A count of these terms, although they
refer to all the natural sciences, shows that less than 75
of the terms are not or normally would not appear in use in
elementary chemistry. This would verify again the assuup-~
tion that chemistry offers an excellent opportunity to teach
a consumers' vocabulary. Since a usable vocabulary is the
most important means of personal communication, chemistry
may contribute a bit in this respect to liberal education.
Cook (60) says that a liberal education must include
those studies "precious to human life,¥ train in the "inte-
gration of knowledge," train in the "methods of thinking,¥®
and in the use of the "tools of thought,” and prepare for
further study or occupation after college. Attempts to
attain these goals might be made a part of the general or
broad aims of an initial course in chemistry. One barrier
to obtaining sducational goals other than actuwal knowledge
is the fact that too often the nature of and content of
science are confused (32--p. 37). Content can be memorized
without the individual ever knowing or appreciating the
nature of the material memorigzed. The memorization of
scientific encyclopedic facts may be highly beneficial in a

specialist’s course, but the specialist does not necessarily



46

have any conception as to what science is about, how scien-
tists have solved problems, or even the character of
scientific enterprise.

Chemistry as it is offered presently does not fulfill
the needs of general education, but chemistry is the most
logical one of the natural sciences to redesign so that it
will fulfill the needs of general education (56). Chemistry
by its nature is applicable to gvery field of natural
science. Concepts of matter and energy and the interactions
of matter and energy compose the very basis of the
knowledges and uses of twentieth century technology.
However, if a new kind of course in chemistry is organized
to fulfill the needs for science in general education, a
comprehensive list of aims must be collected and must be
agreed upon for such a course. This study is an attempt to
find a consensus on aims for an initial course in chenistry
designed for the non-science major or the student who is

undecided as to a major field.



CHAPTER III

PROCEDURE: INVENTORY OF ATIiS AND OBJECTIVES OF AN
INITIAL COURSE IN COLLEGE CHEMISTRY

If a list of aims for an initial course in college
chemistry can be collected; if a qualified jury of teachers
of education agree that these are good cbjectives for
science in a general education programj and if a jury of
teachers of chemistry agree with the teachers of education
that this list of aims should be accepted for an initial
course of chemistry, then a consensus will have been
obtained.

If the assumptions are made that a general education
should include some understandings of science and that an
initial course in college chemistry may be used as a source
of those understandings, then there should be a consensus of
the desirable aims and objectives feor an initial course in
college chemistry designed for general educational needs.
This consensus should show differences as well as a
comnunity of interest when obtained (1) from instructors
within the field of chemistry and instructors within the
field of professional educatiocn and (2) from the field of
chemistry alone when the opinions of instructors from small
colleges are compared with the opinions of those from large

colleges.

L7



An initial course in college chemistry should contrib-
ute to aspects of general education, but it cannot do so for
all of general education. It may and should contribute to
responsible citigenship, effective use of written and spoken
lanpguage, intellectual curicsity, creative imagination, and
philosophy of life (4h--p. 149). These are all good general
aims, but they are of the type that the teacher should do
more with than merely proclaim as laudable ideals. They may
be stressed one way or another in almost any class pericd.
It was not the purpose of this paper, however, to stress
method. The purpose was to identify the aims of the course
which may be associated with methods, subject matter, and

materials inveolved.

Aims from Literature

Scores of articles have been written within the last
quarter of a century concerning aims for sciences as a part
of the background education that enables one to live
intelligently within his environment.

Many feel that no one course can be both "general and
"special®™ at the same time. However, an initial course in
any subject seldom, if ever, is designed to make experts or
train professicnals (44-~p. 20). It only gives the basis of
foundation for the later building of professional knowledge.
What could be a better foundation upon which to build any

professional training than a breoad understanding of the
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interrelations of that field with other fields and the
realization of the need and importance of the field of
endeavor? Then three primary aims (Lh--pe. 25) may be con-
sidered first as questions: (1) What is science about?
(2) What is meant by scientific procedure? (3) What are
seientists 1like? To accomplish these three aims, as well as
other aims, therse must be time for student discussions,
careful reading, historical analysis, argument, expositions
of the nmature of science, and time for the student te look
back and try to understand what he has been over rather than
ierely to memorize scon to be forgotien facts.
According to Wendt (128), science has four aspects.
~ 1. Research: The creative use of our powers of
'1nqu1ry, the expert method of exploring the unknown
~and of solving the problems posed by nature and by
life.

2. Knowledge: The vast fund of facts, principles,
natural laws and generalizations that are the
product of research and have been fecorded in print
and picture.

3. Applications of that knowledge in the production of
things and of power, in the improvement of our
enviremient and the enrichment of life through the
techniques of agriculture, medicine, engineering
and industry.

L. The social force that springs from these applica-
tions and by transforming time, space, matbter, and
life itself, inevitably transforms man and soclety,
history and cultures, philosophy and even religion.

’@ one man can master all of’the above. Education for

citigenship, however, requires an awareness af the first
three aspects in order to evaluate the fourth. The fourth

aspect must be evaluated to a greater or lesgser degree
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before one can partially know with what science is
concerned. As for research, it is good to say that research
thinking under the guise of scientific method is an objec~-
tive, and research ability, both past and future, should be
respected. However, no teacher knows the nature of ysars to
come, 80 he must teach to cope with constant and iﬂéxorable
change (118). One who can adapt to change, bring new
interpretations to old facts, make different applications of
tried principles, and adapt old learnings to new situations
and discovery of new facts is truly a scientist.

“Chemistry can make contributions of facts to the
building materials of personal philosophy (63).% 4
knewledgelof the structure and behavior of matter is of
primary importance in the development of any realistic
philosophy or understanding of nature (62). This fact leads
to the following statements of definite aims. After comple-
tion of an initial course in college chemistry, a student
should have concepts of the (1) structure of matter, (2)
finiteness of matter, (3) kinds of matter, (&) changes
matter can undergo, and (5) an appreciation of the orderli-
ness of nature and the simple laws which govern the infinite
proliferation of her works. Day goes so far as to suggest
that the initial course be called the "Hature of Hatter™
rather than "chemistry."

Learning by doing sometimes is given as an aim for
chemnistry, but this does not tell what is learned or should

be learned. Weaver (120) suzgests that the ideal chemistry



51

course should teach to {1) observe cause and effect, (2)
digeriminate signifiecant from unimportant events, (3) make
accurate reports, i.e., report things as they actually
happen or seem to happen, {(4) teach practical safety, and
(5) make printed matter real. These aims do not apply to
all of chemistry but only to a portion~-the laboratory.

Rogers (57) answered the question, "What should be the
aims and objectives of science in general ecducation?,¥ thus:
in general eéducation we need not start the training of pro-
fessional students ... we need not to try to equip everyone
~with a lot of scientific knowledge «.. but we do need to
give an understanding of science and its contributions to
the intellectual, spiritual and physical aspects of our
lives .

MeGrath (L4~--p. 12) sunmarized his findings on the aims
of science in general education in these general terms:

Though many institutions have a list of eight or ten
objectives, they can be classified under a relatively few
heads, the most common of which is the cultivation of the
scientific method and the abllity to use it. ... Another
common objective has to do with the facts of sclences ess
The third most common objective is concerned with the impact
of science on modern life. A few institutions, but an
increasing ausber, have as a fourth objective gecquainting
the student with the historical development of science to
reveal how the cooperative efforts of succeeding generations
of scientists have been responsible for our present
bnowledge and to indicate the evolution of scientific
thought.

President Truman's Commission on Higher Education
(110--p. 2} reported that the real difference between
general and higher (specialized) education is not so much
materials as attitudes. How facts contribute to the solu-
tion of a problem is more important than merely wmore facts.

Then the importance of content is a direct function of its
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use in understanding a problem. If a course is to be
counted as a part of general education, it should provide
profit and understanding to all students in all major [ields
(32--p. 45). A Coalgate Committee (32--p. 11) was unable to

dowmn in black and white the objectives of a chemistry

[ g

se
course, but the committee members did agree on the following
broad aims: (1) to give the student experience in accurate
and critical thinking and jolt him out of authoritarian
learning, {(2) to give him an appreciation and understanding
of how natural sclence has functicned and does function to
gain its results, aﬁdé(B) to provide him with a grasp of
some of the more important laws and principles of science.
These ains would cerrésp@nd to the fundamental general aim
of gen oral education--"better understanding and ways of
thinking." However, objectives are only good if realized
{32«~p. 35C). The above aims are like so wmany of those
previously mentioned in that they are not defined or limited
and are too general Yo be uged as specific, measurable aims.

French (32--p. 87) suggested these twe aims for a
physical science: (1)} direct into college work the natural
curiesity of the student and (2] motivate the student, i.e.,
arouse a desire Lo learn more about the subject. These are
nodest statements. They possibly reduce the aims from the
heroic to the merely human, but at least they are more defi-
nite and point toward definite things. HNash (32--p. 97) says
that the cbhjective of any science course igs %o present

science as a part of civiligation--a rich part of cultural
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heritage and one of the intensely creative aspects of human
endeavor. Scientific facts and theories should be taught
not for their own sake, but as a means toward the eand of
understanding3science. It cannot be hoped that the persis
tent characteristics of gclentific enterprise can be taught
in a pat, capsulated form under the name "scientific
method.” In line with the above, . a stated aim might be to
give the student a comcept of the centuries of iuterplay of
influences that led to some particular proaouncement or
discovery such as Boyle's statement that the volumes of
zases vary inversely as pressure exerted upon them or
Lavoisier's thecrygef oxygenation or the Curies' discovery

of radiun.

& 3

It is pessible that Psclentific method®™ is szo stressed
because it gives a meeting of minds on a high place of
abstraction (43--p. 103)}. Often better teaching can be done

by working from empirical evidence rather than traditional
dogma. Dalton arrived at his all important and often gquoted
four points of the atomic theory not by any exact scientific

thods but from following erroneous reasoning., Yet these
four points, none of which ig exactly true, are religiously
stressed by today's chemistry teachers. Why aot then make
one ain of chemistry to give some grasp of the varieties of
scientific experience, the srronecus as wellfaé-the correct
(43~-p. 103)7

Science should be viewed from a number of relevant

influences-~scientific, philosophical, economic, and social.
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Aimg from Textbooks in General Chemisgtry

HMost of the aims, goals, or objectives, as stated in
the prefaces of the majority of present day chemistry texts,
are very broad. This fault of stating aims in terms too
general for definite evaluation is not uncommon.

The aims oftvarious authors of chemistry texts may be
gathered from their statements concerning their various
works. Their aims are not always stated plainly but are
often only implied.‘ Some representative examples of these
are as follows:

Text 1 (24)3

1. Develop an appreciation of the scientific

procedure.

B

« Teach how the results of research are
published, abstracted, tabulated and brought
together.

3. Give a knowledge of the applicaticn of
theories to development of natural resources,
to the problems of industry, and to those of
daily life of the individual.

4e Treat the development of the theory from a

historical peoint of view as far as is consis-

tent with a presentation of the subject matter

which is pedagogically sound.
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Text 2 (25):

Text

Text

Text

1. Bring the scientific method into proper
perspective and provide a basis for at least
a reasonable amount of laboratory worke.

2. Present a course terminal in nature leaving
out nmuch of the traditional facts and
material.

3. Make the course primarily descriptive and
terminal in nature.

3 (13)s

1. Instruct in scientific method.

2. Instruct in the principles of chemistry.

3. Instruct in the sexperimental methods of
chemistry.

b Present facts that are necessary to illustrate
the prineciples of the subject. These
principles are the ones likely to be of value
to the student in the future.

L (20):

1. Teach principles and theories of chemistry.
2. Show the applications of these principles and
theories in industrial, agricultural, and

medical fields.

5 (14):

1. Emphasize the practical and industrial aspects

of the science with differences in laboratory

and commercial techniques stressed.



Text

Text

Text

2. Teach how to solve problens.

3. Teach how to reason.

Lo Give grounding for subseguent courses,

5. Unify laws and theories.

6. Teach facts in the light of theory.

6 (7):

l. Teach for continuity of chemistry leaving out
(or allowing to be left ocut) terminal ideas.

2. Teach principles rather than stressing indus-
trial applications.

3. Arouse the interest of the student.

7 (2):

l. Present the essential concepts on which
chemistry rests, unencumbered by a vast amount
of collateral material.

2. Teach behavior of matter by presenting atomic
structure, configurations of the electrons,
and periocdic classification.

8 (12):

1. Teach fundamentals (basic principles) of
chemistry for agriculture, home economics,
engineering, pre-veterinarian, pre-medical,
pharmacy, advanced science, and the arts.

2. Teach to attain new knowledge, i.e., acquire
facts through observation and experimentation
and form theories [or explaining the relation-

ships between observed facts and the
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application of organized facts or reasoned

principles to human behavior.

Text ¢ (11):

Text

Text

l. Give foundational course.

2. Enable students to apply a principle to a new
situation.

3. Teach to reason from a known faect to an
analogous setting.

L+ Solve problems based on chemical principles.

10 (22):

1. Arocuse student interest (presumably in
chemistry).

2. Have a student to so master given exercises
that Yone may say he has mastered the course.”

11 (29):

l. Ground the student thoroughly in the use of
the basic principles in a manner that will
enable him to continue in any specialiged
branches of the science. .

2. Furnish modern cultural background necessary
for all college courses.

3. Guide to reasoning by reascning from detailed

application and understandiang of subject
matter without overburdening the student with
reference book data.

Binimige the historical considerations.
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(27) 2

Direct toward understanding of environment.
Teach the method of science.

Apply chemistry to life situations of the
average citizen.

Teach the importance of experimental evidence
rather than theory. Theory is only inci-
dental.

Show the importance of chemistry in an inter-
national aspect.

Show interdependence of naticns and indi-
viduals upon each other's discoveries in the
developuent of modern technology.

(12):

"Expose®™ students te more than they can
assimilate. This stimulates (supposedly) the
more brilliant student.

Require less than the maximum for the less
brilliant students so that they méy pass the
COUrSe.

(3)2

Afford an understanding of the scientific
method of thought by coordinating the facts,
theories, and laws of chemistry in an orderly

‘AN s
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Develop a rational basis for an appreciation
of the true significance of chemistry in the
modern worlde.

(15):

Ground student in background of chemistry for
future studies in chemistry and in other
science fields.

Teacht (a) scientific method, (b) fundamental
laws and theories, (c) atomic structure,
valences, and relationships.

Place emphasis on the quantitative aspects of
chemistry.

(8)

Give knowledge of the evolutionary processes
that have altered the organic and inorganic
world over the eras of time.

Give the student knowledge of the organic and
physical world around him.

Give the student an awareness of the impact of
the new secientific development upon social,
economic, and political problems.

Allow the student to gain experience in the
way science solves problems and training in
the use of the scientific method.

Give the student a perspective on what can be

expected of science in the future.
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Acquaint the student with some of the world's
great scientific ideas.

Teach not only the power but the limitations
of science.

In addition to the above list, the author
stated that outside reading is desirable and
that an attempt is made to weave subject
matter and method into a pattern of observa-
tion, classifieation, hypotheses, éxperimenta-

tion, and theory.

Text 17 {5)¢

1.

Ze

5
G

Teach Pall the theories, laws, and discussions
generally assocliated with the {irst year
course in chemistry.” |

Form habit of using previously stated
principles. |

Emphasize the physical structure of melecules
and complex lons.

Stress the role played by the size of the
particles involved in reaction.,

Give precise definitions of terms.

Teach how to refer to tables giving chemical
properties of groups of elements for easy
reference. :

Give concepts of acids and bases.

Teach the newer I.U.C. scientific terminology.
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e
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(23):

Cffer a "fuller understanding and a keener
appreciation of the more recent developments
in chemistry.”

Give "statistical, illustrative, and indus-
trial material used to add information,
interest, and fullness.”

Give facts first, and then draw generaliza-
tions and conclusions.

Present the fundamental concepts of chemistry.
(21):

Avoid historical approach because fundamentals
usually were discovered after the facts.

Give only essential information for the
beginning chemist, and explain this informa-
tion as thoroughly as possible.

Give those facts (necessarily memorized) that
will aid understanding for "true learning is
both memorization and understanding ... %
(6)s

Give greater emphasis to fundamental
principles.

Establish a more rigorous course of study with
particular emphasis on quantitative aspects of

the subject.



64

Text 21 {2):

1,

Teach the chemistry of elements and their com-
pounds,>chemical reactions and the equations
expressing the mechanisms of the changes, the
qualitative relations between elements and
compounds, and the explanation of the why and

now of chemical reactions.

Text 22 (16):

1.

Ze

3.

As will b

Present more organic chemistry than is
normally offered in an elementary course.
Present more exact and concrete material con=-
cerning the fundamental ideas behind various

theories,

‘To present experimental facts including those

of recent development.

e noted, most of the above aims are rather

broad and, if restricted, have more nmeaning, but as specific

cbjectives they have little meaning. As an example of this

vagueness, some of the past statements of the characteriga-

tions of science may be quoted (Lh~--p. 14).

Pearson?

Millse

Bernard?
Eelving

Hewtons

Classification of facts.

Knowledge of antecedent--consequent rela-
tions.

Knowledge of sufficient and necessary causes.
-Precise measurement.

Knowledge of forces as causes of phenomena.
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There are many other statements found in literature
just as vague as the above in both current and past publica-
tions. Each of the above is partially correct, just as each
aim or objective stated by authors of various texts is
partially correct. However, in both instances the state-
ments may be found to be incomplete or too general for
evaluation. Statements (44--p. 131) such as "presenting a
course terminal in nature leaving out much of the tradition,
facts, and materials,” or "instruction in scientific
method, " or "unify laws and theories™ are all too general in
nature. “EBncouragement of critiecal thinking® is another
phrase that sometimes is used to imply that contact with a
book is an automatic Yopen Sesame™ for understanding. Hany
such statements as these made by chemists and other scien-
tists seem to indicate that science is the only place these
objectives can be obtained. HNo one phase of any science is
necessary to successful, creative living of all persocns
(Lh-~pe 132). Science can do no more than contribute to all
of the above, working in and with the arts, humanities, and

social sciences.

Inventory of Aims and Objectives

In listing specific aims and objectives of an initial
college experience in chemistry, certain criteria must be
set up. Apparently the two words, ¥aim® and “ecbjective,”

are used synonymously in the literature with the word
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"yurpose.” The aims used for the formulation of the
questionnaire for this study were taken from literature and
books other than textbooks. lMost of the aims had to be
restated to meet the requirements of the criteria. There
are many general aims stated in the literature surveved.
This does not mean that these aims are not desirable, but it
means only that they are not gpecific enough to be pinned
down to meet the criteria. For example, the statement, "the
object of & course in chemistry is to teach scientific
method,® is a perfectly legitimate objective, but it needs
clarification and limitation before it is of great use as a
specific objective.

Heiss (40--p. 47) says that a person who is scientific
should have some attitudes that are not necessarily univer-
sal. He should (1) be curious about his envirocoment, (2)
believe that every effect has a natural cause, (3} be open-
ninded, (4) be critical minded, (5) not believe in super-
‘stitions, (6) be unwilling to accept as facts any statements
not supperted by convincing proof, (7) be willing to change
his beliefs upon the presentation of sufficient evidence,
(8) respect another person's point of wview, and (9) maintain
such ideals as honesty, patience, persistence, fairness, and
thoroughness. These attitudes must be possessed by all
successful scientists; however, before a definitive list of
aims and objectives can be formulated, some criteria must Dbe

deviged.
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Heis {40--p. 25) sets up these criteria for objectives:
(1) the statement must be practical and usable, leading from
one step to the next, and should result in progress, (2) the
statenent of objectives should be psychologically sound,
i.e.y; based on psychological principles of learming, {(3) the
cbjectives should be possible of attainment under favorable
circumstances, (4) the objectives should be universal in a
democratic society, and (5) the statements should indicate
directly or by clear implication the relaticnship of class-
room activity to desired changes in human behavior. In

addition to these criteria, stated objectives should (1) be

directed toward the general purpceses of education in a
dempcracy, (2) consider the needs and the interests of the

learner, (3) be attainable at a given level of instruction,
{4) serve as guides to the organization of learning
materials, (5) serve as guides to the selection of learning
materials, {6) direct learning toward the modification of
the behavior of the learner, i.e., they should be func-
tional, and {7) serve to suggest ways of evaluation of
toward thneir attainmment.

The Tinal criteria of the aims and objectives selected
for this study were as followss

Dewey {38--p. 193) gives the following three criteria
for an educational ain,

1. An educational aim must be founded upon the

intrinsic activities of the individual to be
educated,
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2. Au aiwm must be capable of translation into a uwethod
of cooperating with the activity of those under-
going instruction.

3. An ain must sugpgest the kind of environment needed
to liberate and to organize their (students)
capacities.

The following eriteria for aims of an initial® experi-
ence in college chenistry were added to those given by
Desrey .

1. 4n alm must be a clear statement of a process or an

interaction.

2. An aim must be capable of illustration so asg to
gain cenvietion,

3. The statement of a specific aim must not be

he Adms must imply or include interaction of chemistry
with other fields of learning.

5o An aim must be stated in terms of recognizable

. evidence Tor changes desired.

eGrath {4h=-p. 12) thinks that all aisms and objectives
for any science cowrse designed for general education pay
£zll under one of four headings: (1) teach scientific
method and &evelép ability to use it, {2} teach the facts of
science, (3) show the lmpacts of science on medern life of
both the individual and sosciety, and (4) show the evolution
of science.

An attenpt was made to catalogue the alis found in
literature obher than textbooks under the four headings or

categories given by Mclrath. Some of the aims pessibly might



come under two of the headings. Where used once, they are
not repeated. Some of the aims show similarity but, due to
different wording, they have different connotations., Host
of the statements as listed ars summaries of the original
statenents.

Since the aims as stated in literature are from the

4

writings of teachers, they are stated as teaching aims;

however, as will be shown in the final cquestionnaire, these
aims have been reworded te indicate that they are aims for
the student himself and will furnish goals for student

3

progress and accomplishment.

...'

I. Teach Scientific Hethod and Develop Ability to Use
It.
1. Teach interrclations between theory and
practice (1193 30--p. 2453 6l--p. 245).
2. Show that we know only individual things, bubt

4 3

we can generalize from these individual
mowledges (39=-p. 2455 Sl-~pe. 245}
Y, a A Fal - 3
3. Lay little stress on facts except as means of
producing communication conceraing concepts
(74} .
Le Stress principles as concepts (74).
5. Teach students teo recognize and identify a

problem (920).

5

¢
L ]

flake accurate reports of cbservations taken of

laboratory reactions (126).
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Develop self reliance in experimenting (90 and
6l )

Teach how te find and use some Source material
oubside of textbook (132},

Teach the value of inquiry into the whats,
whys, and wheres of observed happenings (88,
90, and 119).

Teach student to approach preblems objectively
removing self from the situation (79 and 90}.
Teach personal frame of reference approach
witere the view of the individual involved is
considered (90).

Use a shifting point of reference approach in
which the student recognizes, chooses, and
nakes explicit his position in a situation and
then varies that positien as changes in point
of reference would make it seem advantageous
(8¢ and 50).

Instruct in how to set up and test a
hypothesis (76, 86, 84, 90, and 118).

Instruct in dispassionate investigation as a
general method that may be used in other real
life and community investigations (48).

Facts simply verify supposed truths. Design

experiments to discover probable truths (73).
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Teach that true chenisghs do not helieve in the

absolute and unalterable truth of any of their

working hypotheses, but they work them none
the '?e sa {(73)e

Present relative tyuth ac bebtier than no truth
at all and relative truth gas a starting point
for approaching abselute truth {73}.

Teach that there is no ong scientific nethed
i3§»~?~ i5)e

Teach that even if Ygelenzific method™ cannot

ined exactly, it still can be used (35--

as
st
Q‘
w fg;;
';35

Stress the fact that thers is ao pat series of
ic steps to take in problem solving
(35“‘53' 21{? } -

Show that the best method to uge in "problen-
atic" situations is the one the individual is

best fitted to use (3;»“13. 243 52«-pe 2]

work (1@6);

Teach some steps to take in fact Lfinding (52).
PBncourage "thoughtful® disagreement.

Sncewrsge the predicticn of possible new data
using the facts, theories, or principles known
(116 and 148). |

Teach differences in fact and interpretations

af fact (58).
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Stress need for ecorrsct observations before
arriving at conclusions (58},

Instruect in action based upon critical thinke
ing rather than that baszsd upen intolerances,
prejudices, traditions, superstitions, and
misconceptions (79).

Observe cause and effsct relationships (8% and
126).

Teach that it is scientifiec te accept "vested®
truth provided the thoroughness of the test is
known (119},

Develop the ability to suspend judguent when

Ey

re when data

(274

data are inadeguato. Learn to jud
are inadequate {(119).

Train the ability to wmake sound induetions
(119).

Develop ability te interpret data (119).
Develop (by use} familiarity with dependable
sources of data {119).

Develop abilities to wake sound deductions or
predict cutcomes (11%).

Teach how to collect and orpanisze facts for
gtudy (119).

show that selence is experinental in nature
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18.  Instruct in some methods that may be used in

making investigations of phencmena or problems

{52).

Scienca.

1. Show soae of the relationships between natter
and life (39--p. 245).

2. Give sose familiarity with the languapge of the
chenlst ()‘;v”-"'}ﬁa -Jw-i-)'

3« Teach to give come ldea or coacept ol the

o

gtructure of the aton. Heep this teaching by
word and action simplificd, l.e., on the
student's level of thinking {G4).

Lhe Teach that matter is finite {(&4).

5. Teach the part that enerzy plays in holding

natter either together or apart (120).

S. By using a select portion of chemistry for
intensive study, special attention should be
paid to the logical strusture of the theory or
principle invelved. This may serve as an
gxample of the logical structure of sclence as
a whole and its expressed methed of dispas-
sionate investigation {(126).

7« Teach some organic chenistry concepts as to
the differences in structure of organic and
inorganic compounds (83).

5]

8. Aim to supplement the texztbook with ocutside

naterial, readinzs, and prejects (92).
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74

Stress principles rather than facts (74).

fields of chemistry may have (53).

Yhere and when theories are taught, unify them
with facts (84]). |

Teach a simplified thsory concerning units of
matter (106).

Teach a simplified theory concerning atemic

Teach some of the values of and how to use at
least ene periodic arrangesment of elemenis
(106} .

Dmphasize and use the kinetic theory of matter
in explaining commen and familiar phenomena
(106).

Explain reactions as means of reaching energy
equilibriuvm (111},

Teach the basic nature of a chemical bend (57
and 111).

Give cowprehensive ideas of the siges of
atoms, ions, and molecules and the gpignifi-
cance of size (64).

Teach ¢xidation states of slements including

transition elements (11&}.
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eachi to balance equations and to make
formulas (116).

Teach the value of accurate measurenments {(62).

(115).
Teach some nechanical techniques (97).
Stinulate interest in facts (52, 56, 61, and

ga).

Impacts of Science on HMHedern Life--Doth the Indi-

vidual and Society.

1.

€Y,

Show that knowledge of chemistry per se¢ is not
s important as the fact that it is a tool for
accouplisiment (63).

Inspire investigative curicsitye. Allow the
student to answer some of his own questions by
literature cr laboratery research (39--p. 245).
Teach for skepticisn of teoo authoritarian
statements by beok or teacher (39=-~p. 245).
Teach for rogpective consideration of the
ideas, theories, and work of others (33~--

Pe 22}

Teach science (chemistry) as a tool for better
living (59 and $3).

Shew the value of and teach respect for

theories (62).
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Teach first ald procedwres for the type of

aceidents likely to happen around the labora-

Bring about a realization of the importance of
nants physical needs in the search for innova-
ticns and inventions made possible by science
(€5).

Instruct in communication for clarification
(73)«

Teach by illustration that truth comes by
seeking not by attack upon cthers (73 and &8
Show the differences in pure and applied

science (57).

Zrphasige that science is incompatible with
static view of any theory (53).

Sell chemistry by using words and phrases and
illustrations already known and understood by
the student in introducing any new words,
theories, phrases, or priuciples (121 and
122).

Vhere two or more sxperiments may illustrate

I

hich the

how

o

the same principle, use the one wi
students are wmore likely to coue into contact
in everyday living (121).

&1low student individuality to express itself.
fCharacter cannct be taughty it must be

acquired, caught, or developad.”™ (82)
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Vake student safety conacious (6H6).
Encourage critical thinking in solving indi-
vidual problems (66}).

Give student eccupatiaﬁal and vocational
perspective (66 and 119).

Attempt to arouse recreational interests (66
and 119).

Give a partial picture of the importance of

1

chemistry to the social world (66).

Give a partial plcture of the part that
chemistry plays in the economic world (66).
Indicate the part that chemistry plays in
agriculture (soils, fertilizers, etc.) (62 and
7).

Indicate the part that chemistry plays in
manufacturing and other industries (62 and
76} w

Indicate the importance of chemistry in
nedicine (62 and 70}).

3ring about a realigation of the part
chenistry plays in preservatives and decora-
tion (painte, varnishes, etc.) (76).

Arcuse curicsity about chemistry and its cone
cepts and principles (52 and 32).

instruct in evaiuation of consuwier problems

(evaluation of advertiserments, materials,
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foods, and other congunsr goods) {(50--p.
201).

28, fAwaken intellectual curiogity of the role of
science in modern living (54).

2%+ Present scize of the limitations of chemistry
{what it can and ecannct do {70 and 132).

30, Teach to attack problems individually.
Develop self-confidence (32).

31. Develop habit of inguiry (62).

32, BDevelep habit of w@rk {62).

33. Develop habit of eb$@rvaticﬁ (62).

34. Develop systen, order, and neatness in work

(62).

35. Teach to keep methodical and accurate notew-
books {(é2).

36. Help student to discover and ovaluste his own
aptitudes and abilities (02).

37+ Teach how sowe conditions under which one

ok

lives may be improved {(23).

38. Teach seme of the contributions that scilence

39. As any principle is studied, make application
and traunsfer the principle t¢ sonme environe
mental Tactor familiar te the student {51 and
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Teach chenistry (and science in general) as
socperative and universal in nature {(88).
Teach social concern for others (88).

sach gtudent why scisnce is valuable to all

Je

Teach that theordes and principles serve not

b

¥
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o

12

to vrovide dogma te be taught but questions to
be angwered by further research (123}).

Develop ability in student to work with others
cr alone {123).

Teach for congquerinzg blind fear of those
tiings not understood (68),.

Bring about realization of a need for facts
before presenting the facts themselves (90).
Develop skill in reading and understanding of

everyday news reports as well as elementary

scientific naterial {3%--p. 2L5).
Jevelop better civic behavior by teaching some
concepte of individual responsibility for

(107).
Develop some concepts that will aid in the
interpretation of sose of the pvhenomens of

nature {39--p. 240},
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Teach that progress ie but the stepping stone
for further advancenents. "What we do today
ray be obsolosusent tonorrow; nevertheless,
today’s work must be done (27).7

Show the wnity of nature by teaching of inter-

dependence and inlerrelstiouns of the natural

goiences (30=--p. 245).

e

Teach that chemistry is nan-nade, therefore

o
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limited by man and non's kuowledge (65 and
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Besizn problens for the present and illustrate
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from problems in the past that show that
different ideas of the sane thing can con~
tribute to a more fully understood product
('?3)0

Show that argusents stand or fall on the
sﬁrength‘ﬁf evidence--not the qualities of
men~~gupporting them (73).

Show how chemistry has contributed to social
problems in the past by helping man make the
nost of his heritage (73).

Present comprehensive explanations about some
of the underlying philoscphies about chemistry

(125).
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give an elementary knowledge of the

vackground for science (5%).
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CHAPTER IV

SELECTION OF THE JURIES AND DEVELOPHENT
OF THE QUESTIONHAIRE

It is unrealistic to confuse the accumulation of
opinion data by means of a questionnaire with scientific
faect gathering, although an instrument of this sort may be
used to collect quantitative facts directly or indirectly
concerning such things as the health and morals of a
nation's people (49~~p. 28). The subsequent usefulness of
such accuwaulated data depends upon how well the simple rules
of common sense have been followed in assembling aﬁd
presenting the results, as well as the selection and

coocperation of the jurors.

Selection of Sample Populations of Respondents

1a the planning of a sample survey, a stage always is
reached at which some decision must be made about the size
of the sample (4l--p. 50). Too large a sample implies a
waste of resources, and too small a sample diminishes the
utility of the f@sultﬁ. With any sample population, it is
impossible to guarantee absolute accuracy, but there can be

calculations made that will show the level of confidence in

g1



the results provided there is some advanced approximate
knowledze of the total population and its distribution.
To deternine the sasmple size, the following line cof
reasoning was chosen. There are approximately 1,300
accredited senior colleges listed in the Jlue-Book of

American Colleges and Universgities. If returns could be

obtained from sixty-five of these, there would he a § per
cent, or one-twentieth, representation of all these
collezes.

There is no safe general rule as to how large a sample
population {n) nmust be for use of the normal approximation
in computing coniidence limits. However, an estimate of
sarnple size necessary for a 90 per cent level of confidence

with a 10 per cent variation may be computed as follows
(L1l==p. 52):

If the percentage {p) of the sample population lies
within a range of 1C per cent of the percentage (P) of the
total population, p will be distributed norsally about P
within } 1,64 p where 1.64 is the normal deviate corre-
sponding to a 90 per cent confidence lesvel. Standard
PDeviation (G ) = E—% where § = 100 - P and n = the ssuple

. & ;)} o )
mmber. Hence, l.04 x g# = 10, and n = 2.7 ME§“§ .
: n (10)

From the preliminary sample groups, approximately 80
per cent of the answers were "yes.® Using the percentages
F = 80 and @ = 20,

100 43
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This is less than 5 per cent of the total colleges. There-
fore, no finite population correction need be used (4l--

e 55)s Two juries of 100 teachers each selected for this
gtudy apparently offered an adequate wmargin of safety.

Sampling may be of two basic varieties: (1) that based
completely upon the laws of chance and (2) that in which the
units of the sample are deternined by the personal judgment
the emmerater. The latter method has several designa-
tions, the nost common of which are purpesive or non~random
methods. 1t may produce good results with a small sample,
but 1t ig not amenable te the development of a theory,
because it containg no element of random selection.

The method used for the present study was nea-randosm in
that the populations sanpled had the following restrictions.
First, all persons chosen were employed by some recognigzed
four-year college or wniversity at the time the question-
naire was presented. 3Zecond, the names of tine colleges or
'uﬂiversit‘ nad to be listed in the Blue-Dook of Anerican

Colleses and Universities. %hird, the selection of the

professcr from each college was chesen from o colleg

h"

catalogue description or list of names of professors working
in the field of beglmning college cheuistry or professional
education curriculus. Fourth, the names of every third
college and university listed in the Blue-Book of Anmeriecan
Colleres and Universities were divided into two groups,
those having an enrollment of 2,000 and under and those

having an eavollment of over 2,000,
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colleges and universities selected frov the Zlue=look
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fmerigan Sollemes and Universities were given mumbers.
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These nunbers were placed in ftwo separate boxes. 7he aswall
eollege nuwabers were in one box, and the large college
numnbers were in another box. Fifty nuwabers were drawn from
gach of the two groups with an extra ten drawn as alternates
from each. These numbers were matched with the correspond-
ing vames of the institutions, and a list was made for the
choesing of the jury of chemistry professors. The mmbers
then wers returned to the boxes where they were mixed, and
the process was repeated for the selection of the Jury of
education professors.

A search for catalogues from the institutions vhose
names were drawn was made in the libraries of Oklahoma State
University in Stillwater, Oklahomaj; Bast Texas 3aptist
College, Harshall, Toxas; Stephen F. Austin State Teachers
Colleps, Hacopdoches, Toxas; and Centenary College,
Shreveport, louisiana. Ho catalogues were available for six
¢f the nanes drawn, and alternates were used. In the educa-
tion group, the nanes of five colleges were technical
schools or schools with no departments of teacher traianing
or educabion, and these were substituted azain by alternate
NANES .

There was a teotal of thirty-three states represented in
the total jury of chemists, and twenty-nine states were

represented in the total jury of education professors.



£l

Critique of the Questionnaire

The questionnaire has many disadvantages. In the first
place, the method is cften wnreliable (4l--p. 3) in that
questions may be too suzgestive of a certain answer and lead
to g bilas. In the second place, sampling techniques often
may not give an acecurate victure of the entire population
{31l==pe 345 47==pe 34). BEven if the sample of the population
is adequate and representative, there are still chances
{3lewp. 202) of errors. These are (1) non-~respondents nay
disvurb or bias the representative groups (2) statements
within the instrument may be anbiguous: (3) respondents may
be biased or have inaccurate information; and (4) errors
could be made in editing and tabulating results. In the
third place, questionnaires are quite time consuaing for the
respondents (4le-pe 4

in cpinion survey, however, is a source of data often
unavailable by any other method. The oral guestionnaire ig
preferable o the written gquestionnaire {(41l--p. 17), but,
again, circumstances are frequently such as to prohibit the

5V

oral method. The written guesticomnaire has been used exten-
sively in aduinistrative and curriculun studies, with vary-
ing degrees of success, and generally is censidered as an
acceptable method (4l--p. 35). It is one of the very few
methods that adapts itsell to an analysis of a course out~-
lirne or text, although the questionnaire itself is funda-
mentally a source of data rather than a sethod of treating

data.



ihe ingtrunent uged in this study was designed to
sccure opinions im regard teo suzrested objectives for an
initial experience in cellege chenistry where the course is
planned for none-sclence majors, for those lacking in sciens-
tific backeoround, and for those undecided as to a mgjor

field of study. The assumption was made tihat the ability of

ol

the chosen test population was satisfactory since all jurors
were experienced and aective college professors. The
willingness of the respondents may be judged by the number
of anowers recelved and the freedou used ix naking coments
{4l==p, $9). There is normally little effort made to
validate opinion polls or questionnaires {(4l--p. 138).

Howevers udy did attenpt to find sizmilarities and
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nd between the groups surveyed.

eveloprent of the Questiconaire

Since the resulis of a questiomaire poll are so very
dependent upon the instrusent itself, there are certain
fundamental rules to be followed in its preparation (49--
pe 51).

1. The interest of the recipients of the questicnnaire

must be aroused or cogperation cbtained by soume
HEaNS.

v

o

« The questloﬂnalre»shmuld be as short as possible,
consisvent with the scope of information sought.

3+ The various items and statenenis of the questione
naire should be free of aubiguity.
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he Individual questions should be arranzed so that
replies may be briefl. Freferably, the respondent
showld be able to answer the question with a simple
chack mark.

5. The letter of transmittal should be brisf but
ghould "sell” the idea to the informants.

H. After a guestiommaire has been prepared, it should
be tried on some guestionnairs recipients.

7« A self-addressed, stanped, return envelope should
always be included.

Yo determine the present day aims and objectives, a
study was made of some twenty-five of the aecepted textbooks
uged in éﬁli“fug today, and an attenpt was made Lo arrive at
the over-all outcomes desired by the aubthors. In addision,
a search was made of literature--gcientific Journals,
eurrent popular magazines, educational and teachers' pericd-

icals, comaittee reports, bulletins, scicuce workshop

M
&
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s &nd opimion pellis--in order to obtain a list of
desired ocutcomes for an initial course in college chemistry
designed sspecially for those who are eitheyr ngn-science
majors or are undecided as to a major acadanic progran. In
all, nearly three bundred gources were used. These aims and
objectives then were broken down and reworded to eliminate
aabiguities and clarify the statesents. There were 119
different aims and objectives used in the [irst questicn-

a

nailre prepared. zach of the 119 individual statesents was

-

grouped under oune of fowr peneral headings as suggested by

mebrath {(44=--p. 12).

Haech ites had five possible answers wiih wvaluces ranging

X

L X,

from V& thrpougi gero Lo -2, with the 42 indicating strongest
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approval and -2 indicating t disapproval. Addi-

tional space was provided for coments, criticisms, and
corrections. A sample frow the first gquestiomnaire follows.

For the complete guestionnaire, see Appendix IV,

Questionnaire Number 1
Using a check mark { ), please indicate in the proper
blank vour opinion of each item. The greatest plus (+)
value indicates strongest approval, and the greatest minus

{~2) indicates strongest disfavor, with the zerc (0) blank

representing no opinione [ark through, change, or add %o

any or all items if vou so desire. lark items that are

ambiguoug or not clear Lo you with an X,

I. After a year of college chemistry, a student should be
able to demonstrate his understanding of sclentific
method and show his ability to use it by how well he can
neet the following cutcomes. A student should or should
have?

+2 +1 0 <1 =2
1. Conprenend that facts are use-
ful in illustrating principles

and alding cormunication.

The questionnaire then was presented for study and
scoring to twenty-five graduate students enrolled in
Oklaliomg State University. Of this nusber, [ifteen were
completed. For the preparation of a revisced guestionnaire,
a study of these returns then was nade, and any discovered
ambiguities and errors verc romoved and corrected, For
example, in Questionnaire usber 1, item 25 states as an ain
faccept accepted truthl." In Questionnaire Humber 2, this
iten is number 30 and reads: “Accept tested truth according

t¢ the stringency of the test.V Other changes may be noted
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by comparing the Number 1 and Humber 2 questlonnaires as
found in the Appendices.

The first revision of the questionnaire was tried out
with a heterosensous group of thirty-one college instructors
in a laboratory workshop held in Baylor-Belton College,
Belton, Texas, in the fall of 1955. Of this group, twenty-
seven were returned completed, and three were partially
answered. Again a tabulation of the answers was umade.

A study of the results and comments showed a need for
shortening the questionnaire, which was revised completely
by conbining statements and rewording te give a greater
clarification. The items this tine were placed under these
categorics: {3) skills, attitudes, and understandings,

{2) concepts and facts, and {3) history. The revised
ingtrunent contained {ifty-seven items. The response
vatterns were changed to read so that check marks could be
placed under "yes™ if the Jjuror thought the stated aim or
objective a desirable outcome that should be consciously
striven for; "no% if no conscicus effort should be made by
the teacher %o see that ihe student reached the stated
outcongs Mindifferent® if the juror was undecided or did not

knows and "do not understamd®™ i7 the statement was not clear

53

¢ the individual juror. Again g request for comments and

uzgestions was made, and gpace was provided in which these

%)

could be written.



Thig third draft was presented to a group of ninetesn
f

teachers of high school chenistry in a Hational Science

FPoundation Schicol held in Stephen F. Austin College,

Hageadoches, Texas, in the summer of 1957. O these nine-

bty

tean, fifteon returnad conpleted coples.

Some of the suggestionz to chanze Juestionnaire Busber
3 weras (1) Item 12: “Scientists are only human® should be
onitted; (2) Item 14t combining of the three sentences into
cne might simplify the statementy and (3) Item 15: not
clear as stated. [Hinor changes may be found by comparison
of guesticanaires number 3 and number 4 as found in the
Appendices.

The final revision contained fifty-eight separate itemss
listed under these twe categories: (1) skills, attitudes,

and wnderstandings and {2) concepts and facts. The response

res, ™ ™i6," and Mundecided.®
The fourth revision was approved to be sent out with a
letter of transmittal to the final juries in lay, 1958.

Ty

A sauple of the headinz and first iten of the final



La

91

fuestionnaire Humber L

Ao initial course in college chemistry should develop
N

within a student certain skills, attitudes, and

understandings. After completion of the course,
the student should:

Yes Ho Undeeided

ot
:

Have learned that principles,
theories, and facts are most
useful to the layman when
applied as an ald o
understanding and
communication.
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Latter of Transaittal

br. Jelm Dos
Prefessor of Chemistry
University of

8

Dear Sirt

that is & professor to do? Through the years we professors
of a beginning course in college chemistry have been seo
bevbarded with "do's and don't¥s™ that wmany of us are in
doubt as to where the emphasis should be placed in ocur
teaching sethods and matorials. The professional education
proup tells us that teaching should be coneernsd with
brining about desirable changes in student behavior, while
many of our chenistry group tell us that the ideal goal is
to get over the facts--period! iHow, what are we to de to
got the wost degirable results in, to, or from our students?

Here is hwow you can help immessurably. Enclesed is a list
of so-called desirable aims and objectives for an initial
course in college chemistry desizned for the non-najors and
those who are uncertain of their future course of study, as
well as for those who think they night major in cone of the
natural seiences. This list was gleaned from over 300
sourceg ané seens to be relatively complete. There are
three cheice-opinion answers to sgach statement. I, as a
professicngl chenistey professor, you think the chenistry
teacher should consciously and conscientiously attempt to
bring about the stated goal or aim, answer "yes.” II the
aim or goal is to you far-fetehed or irrelesvant, answer
fao.¥ If the ain is one about wvhich you have misgiviags,
ansver by marking "undecided.®

Tour answers will be included with those of a representative
zroup of professors of chemistry, and an atieupt will be
made to ascertain wiether or not a4 consensus exists anong
vou. If you se desire, the resulis of this study will be
gent to you &5 s80¢n & it is completed.

Sincerely wyours,

Frank Stinson
Professor of Chemistry



RESULTS OF THE STUDY

Responge to Letters of Transnittal

On June 25, l%ﬁ%, a questionnaire (Appendiz IV,
Questionnaire 4), with a letter of transaittal (Appendix
I111) and a self=-addressed return envelope, was sent to each
juror of twe different juries (Chapter IV, page @1). The
first Jury consisted of one hundred college teachers of
education, and Lhe second jury congisted of one hundred
teachers of college chemistry at the fresghman level. This
latter jury wag divided evenly into twe sub-juries. One of
the sub«juriecs consisted of {ifty teachers of chemistry from
small collepges, and the other consisted of fifty teachers of
chemistry fron large colleges.

& follow-up letter (Appendix III) was sent to each of
twenty-{ive non~respondents within each of the twoe larger
juries on fugust 1, 1953. The returns lmmedigtely following
these letters were almost nezligible and were consgidered in
the final totals of returns as beinz answers to the
correspondence of June 25. The failure vo cbiain appreci-

able response to this sscond letter may be explained by the
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fact that most college teachers take vacations during the
month of August.

In September a sccond follow-up letter {Appendix III)

and a guestionnalre were sent to each of [ifty non-

respondents with twenty-five golng teo members of each of the
two larger juries.

There was a total of twenty-sight returns from the sub-
Jury of chenistry teachers in small colleges, a total of
thirty~three returns from the gub-jury of chemistry teachers
from large colleges, and a total of fifty-three returns {rom
education teachers. A grand total of one hundred and
fourteen returns was received. Of this number, one was too
late to use in the *esults of the study, and four were
incomplete. A admﬁdry of the retwrns used in the study is
shown in Table 1.

Of the forty-nine returns ifros the jury of eduecation
teachers, twenty~four were from jurors representing ten

states east of the (lississippi River, and twenty-five were

<

from jurcrs representing fifteen states west of the

,;’e

74

ississippi River. 0O the sixty returns {rom the jury of

y

chenistry teachers, twenty-three were from Jjurers repre-
senbing eleven states east of the ilississippi River, aud
thirty-three were from jurors representing sixteen states

west of the lissisgippi Hiver.



TABLE I
RESPONSES TO qms*ﬁ'mw IRE

ifrre oLl ave o ducat;mn
Ch ewzgtr¥‘T_va‘ : : :

Firsts Letter of
Transmittal

Husber sent 803 50 100 200
Eeturns 24 a5 43 92

Third Letter of
Trangmittal

Husboer sent 12 13 25 50

Returng 3 8 & 17
Total returns 27 33 49 109
Fer cent returns 547 66 495 55%




Juror. The face of
the card hud the name and address of the Jjuror, a code

like nuaber on the guestionnaire gent teo

£ Aty . . % oyppnsd 3 Ty - TP T S, P, -
aither sont or recegived. %he back of the card had awwibers

i N

from cne tiwough fifty-eipght with places provided for each
answer given o any iten of the questionuairs. Thoe cards
with nanes of the teachers of cducation were arranged
cally and code-marked B-l through BE-100. In like
cavds for the {ifty teachers of chuemistry in large

?

s ware arranged and code-marked C-101 through G-150.

hie cards with the names of the teachersg of chenmistry in
snall ecolleges were arranged alphabetically and code-marked
e=1531 throuzh C=-200. As cach questicnnalire was recelved,

the various opiniun aaswers were recorded upon the proper

£

card and double checked for accuracy in recording.
The total Yyes,™ “no," and "undecldcd” answers were

counsed by the use of tally siceots, and the results wer



TABLE IT
TOTALS OF OQPINICHS OF RESPONDENT
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Tiewfontinued

T Lducaticn

. enistry larre and Small

Small © slgereu Larce coileges Colleweg
Grou , group B . Groun

z’ﬁn&e— - Unde- ' Unde-

dten Yes lo cided  Tes Heo cided =~ Yes Hg cided
3c. i1 6 10 5 13 15 25 14 10
37 25 0O 2 217 5 3 1% - 5
S 1z 7 7 5 14 14 35 9 5
39, 25 1 1 26 2 5 36 6 7
40, 25 1 1 23 2 g 81 4 L
Lle &7 ¢ O 33 © o K7 U 2
L2 27 € O 33 O o 42 0 i
L3. 2 O 3 26 1 G W O 5
bhe 2, 1 2 30 O 3 1 G- 8
L5 25 1 i 26 1 & 45 O 4
L6 23 2 2 23 & g 39 3 Y
L7 2 2 & 25 3 ] b4 O 5
48, 27 © G &7 1 2 w2 1
459 2 0 1 27 1 5 3 & G
50, 26 1 0 a7 2 L Lo 2 7
51, 23 O b a6 . 2 5 1 2 o
524 i3 3 1 12 13 - 8 27 & 10
53, & 7 iz 11 13 9 3% & &
Sk 21 2 & 15 5 9 G- 2 7
55 25 1 1 2, 5 L 43 4 b
564 w6 11 7 1, 12 23 7 19
57« 23 g b 21 4 ba: 35 6 - 8
58. e 5 1z 11 9 - 13 2B 5 16

& survey of the above uabla shows the yrﬁﬁanxnanse of
the "yes" answers on nogt of the ite &G, as well as the f@u
items, such as item 53, for which the relative number of

e and "undecided™ answers was relatively highe
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Procedures {or Group Comparisons

Foes

Two procedures were ussad in this study to obtain an
cver-all picture of the lastrument investigated. The first
procedure was to use the tabulated totals of all answers
from each jury pcelled (Table II) and calculate a weighted
score {Appendix tables B and EB) for each item listed.
Scores were weighted with a value of two for sach Yyeg®
answer, one for each "undecided® answer, and zerc for each
"ne' answer. The totals obtained by this weighting process
then were converted to a base maximunm of one bundred (Table
EBBa For example, using item mumber 1 of Table II, there
were twenty “ves" answers, one "no® answer, and six Munde-
cided®™ answers, The total score was caleculated thus?

02+ 86X 1 =46, The number L{ then was ecenverted to a

fout

base of 100 by the method described in Appendixn V, Table Ls.

o~

An exasmination of the welghted score values {(Appendix
¥, Table B) will show that the juries voted & relatively
high value for most of the items listed, This was to be
expected bocause of the methed of scoring. The "no™ answers
were ziven a zero value; therefore, they did not detract
from the total score. In addition, the nature of the
instrument was such that there was relative assurance that
gach item was favored in seome aeasure by some people before
the poll was taken.

& geries of weighted scores, such as those shoewm in

Table B, Appendix ¥, may not be as important for item
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comparison by statistical analysis as some obher methods,
but they werse revealing as a means for making guick and
aimple comparisons between the opinions of the various
jurices.

The accunulated scores {Table B} show that with the
exception of items 39, 41, 42, and 49, the jury of education
teachers rated every itas higher than the jury of chemistry
teachers from large colleges. Iten 39 states that a student
having finished an initial course in college chamistry
should %have learned that all scisnces are related) that
there are no shary lines of demarcation.”™ Iten 49 states
that the student should have "gained some nmathematieal
{arithmetical) efficiency.® The othor twe items {41 and 42)
differed by only two "undecided™ votes for the former and
one “undecided®™ vote for the latters Ne variance between
juries on any one of these four is significant by the Chie

Square test (Table D).

4 comparison of score values {Table B) betwoen the

chemistry teachers in small colleges and the education

teachers shows that the scores of the ssall colleze jury

wers above those of the education Jury on twenby-eight items
or approximately one-half of the total instrument, Three of
e items have Cni-Square values indieating significant
variance (4ppendix V, Table D).
The chemistry teachers in small cellezes scored enly

one item, item 44, lower than the chemistry teachers in
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large colleges. On this lone iten there was a difference of
less than three points.

Comparing the opinions of the various juriss by mean
scores (Appendix V, Table C) shows that the mean score of
the teachers of chemistry in large colleges was 72.2, while
that of the teachers of chemistry in small colleges was
83.3. 'That of teachers of educabtion was 53.0.

The second procedure of group comparison resulted in a
mean rank value for sach item (Appendix V¥, Table A) using
the weighted scores as a basis for each rank determination.
Spearnan coefficients of rank correlations (Rhe) were
deternined using the mean rank values of each item (Tables 4

nd Ez) *
Rho values of 0.85 between the jury of small college

chenistry teachers and the jury of large cellege chenistry

5,

teachers; 0.67 between the chemistry teachers in small
colloges and the jury of =ducaticn teachers: 0.80 betwesen
chemistry teachers in large colleges and education teacherss
and 0.77 between the combined juries of chemistry tesachers
and the jury of education teazchers indicated an appreciable
degree of agreement concerning the relative importance of
the aims and objectives as listed in the questionnaire.

The rank coefficients were of little importance in
deternining the relative agreement between any tuo juries
vpon any given aim or objective. For sxample, comparing
scores (Table 4) within the Jury of chemistry teachers from

gmall ecolleges will show item L1 was given a score of 100
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and & mean rank of 2.5, whlle iten L4 was glven a score of

T

2.6 and a mean rank of 23.5. 4 difference of only 7.4
score points made a difference of 21 points in rank. On the

other hand, these same two ibems wers ranked as 1.5 and 3.5,

=
9

egpectively, by the chemistry teachers in lurge colleges,
and they were scored with values of 100 and 95.5. 4 differ-
ence of L«5 score points changed the rank value by only two

Se

b

LoLrn

3

Iten Classification and Comparison

in ald was needed in judsing whieh of the itens voted
ont by any given jury were to be classified as acceptable,
doubtful, or rejected. The method cheosen to obtain this aid
was ag followss Upon each item within a separate jury's
opinions, the "no™ and “undecided™ answers were grouped
together (Table II}, and the "no®™ plus the "undecided® total
was compared with the total of "yes™ answers. The null
hypothesis was assumed (Appendix V, Table Eﬁl, ile@ey the
assunption was nade that all answers were independent and
randone Then, to find the muber of "yes™ answers that
would indicate agreement or disagreement, the Chi-Square
value of 3«54, 1l.0., the value at the 95 per cent level of
confidence, vas used to calculate the linmits of the nusbers
of "ywes® answers that would classify sach item in each
Jury's total answers (Table II) as acceptable, rejected, or

doubtiul, For example, the results of the above calculation
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gave the following limits for the jury of teachers from
amall colleges. Under thirteen Yyeg® answers for an iten
placed it in the "rejected” category; {rom thirteen to
seventeen "ves' answers placed the iter in the "doubtiul”®
category: and seventeen or nore "yes" answers placed the
itenm in the "acceptedY category. All items in this last
group were considered as the aims that the particular jury
agreed upon as being acceptable for an initial coursse in
college chenistry designed for the non-science majors. For
details of calculations of the above limits and the limits
set for the other juries, see Appendix V¥, Table Egs
To detornine whether or not there were signifiecant
disagreenents between the opinicons of any two Juries upon
any item, Chi-Square again was used. Usinz the null
hypothiesis for each test, i.e., using the hypothesis that
there was no difference of opinion between twe juries upon a
siven item, the Chi-Square value was calculated (Appendix ¥V,
Table Bg). A table (Appendix IV, Table D) of the results of
the Chi-3quare tests indicates the agreement betwesn various
jurics. The table shows Chi-Square values bebween the
veachers of chemisgtry in amall colleges and the teachers of
chemigtry in large colleges; between the teachers of
chemistry in small colleges and the teachers of educationg
and between the teachers of chemistry in large colleges and
the teachers of education.

In the following tables, the items from the questicne

naire (Appendix IV) sent to the juries are separated into



the varioug categories of agreenent and disagreesent as
shown, using the Chi-Squars determination as an ald to
geparation and interpretation.

Although Chi-Square values (Appendix Table D) indicate
that the null hypothesis may be rejected upon these itens
(Table IITI), the method of classification allowed items 27
and 29 to be placed within the same category. There was a

high degree of agreement between these two juries.
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TABLE II1

ITEMS INDICATED BY CHI-SQUARE VALUBS T0 HAVE LITTLE
SIGNIPICANT ACRERIENT BETWEEN JURIES OF CHEMISTRY
TEAGHELS IN SuALL COLLEGES (4) Axp
EDUCATION TEACHEES (C)

Jury 7

4 [

After completion of an initial course in
college chemistry designed for the non-
scignce major, a student should:
27. Have developed occupational perspective. d 4
4G. Gained some mathematical (arithmetical)

gfficiency. a a
53« Have an awvareness and knowledge of the

eyolutionary processes that have

altored the organic and inorganic

world in ages past. ¥ a
pid

Humbers represent item nusbers (Appendix IV, Question=-
naire L).

A represents teachers of chemistry in small eclleges.
{ represents teachers of education.

a represents acceptable.

d represents doubtiul.

r represents rejected.

'y

Table IV illustrates the varianece between the indicated
Juries., The nmethod of accepting, rejecting, or classiivying
gach itenm as doubtful allowed items 52 and 58 to be nlaced

in the sane category.
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TABLE IV

i3 SUCUN BY CHI-SQUARE TO HAVE LITTLE
RIPICANT AGREEMENT BUTWEEN JURIES COF
HEDISTRY TEBACHERS IN LARGE COLLECES

ARD EDUCATION TEACHERS

e
L

After completion of an initial course in
college chemistry designed for the none
science major, & student ghould:

10, Bave developed skill in locating, evalu-
ating, and using source materigl and
data in predicting new data or ,
developing new hypotheses. r d

18. Be able to substitute results of critical
thinking for intolerances, prejudices,
traditiong, superstitions, and

misconceptions. i a
26. Have developed recreabicnal interesis. P d
35. Hespect the habit of research and have

doveloped abllity to channel curiosisy. é &

36.  Apply seientific prineiples te human

bohaviors b o &

Have developed concepts of the value of

cooperation and social concern for

community conssrvation, sanitatien,

and healths r &

L V5]
)

Hunbers represent itesm mumbers (Appendix IV, Guestion-
naire 4).

represents teachers of chemistry in large colleges.

rovresents teachers of education.

£

e

represents acceptable.

g

4 represents doubtid.

¥ reopresants rejected.



TABLE IV-~Gontinued

i esmrrister s
e

52« Be able to illustrate the scientif
attitude by citing some case
nigtories. a

£
3

£3

%3. Have an awareness and knowledse o
evolutionary processes that have
altered the organie and inorganic
world in ages past. 4

=
13
bt
a7
o

5}3

56. Be able to design problens for the present
and illustrate from problems in the past
s as to show that different ideas of
the same thing can contribute to &
nore complete understanding. b4

£

58, De able to give a comprehensive explana-
tion about some of the underlying
philogophies of chemistry. ) d

Table V shows the items with Chi-Square values greater
than that in the 05 column of 2 Chi-Sguare table. There-
fore, the null hypothesis may be rejected on these items.
The methed of classification did not place any item within

the sane category by both juries.
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Afver completion of an initial course in
college cuemistry designed for the noa-
selence nmajor, a student shoulds

* Bo able to substitute reaults of critical
thinking for intolerances, prejudices,
traﬁitiﬁnﬁ, superstiticns, and

aisconceptions. a d

28. Coneceive of progreoss ag generally
depending upon directed effort

rather than genius. & d
32, lHave learned interrelations between 7

thoories and practices. a é
37. Have developed s@lf~“eliaaca, the

ab111tj to learn for s&l;, an

the abilivy to work with

others as well as alone. & a
54« Have leawned how chemistry has con-

tributed to the solution of social

and econonic proble s in the past,

and bave an awareness of its

progpective rell in tﬁa

auburas. a &

Bumbers ropressent iten nunbers (Appendix 1Y, Guestion-
naive Ll

& reopresents chenistry teachers in gmall colleces.

represents chemistry teachers in large colleges.
represoants acceptable.

represents doubtful.

§ noB

rapresents vejected.
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TABLE Ve-Continued
; g3
A B
58+ Be able to give a comprehensive cxpla-
ration about sems of the underlying
philosophies of chemlstry. : r d

Table VI shows those items rejected by the method used
{(appendix V, Table Eg) by either the combined jury of
chenistry teachers or by the Jury of education teachers.
Education teachers did not completely reject any item;
however, of the seven rejected by the coubined jury of
chemistry beachers, all but item 53 were classed ag doubtful
by the teachers of education. There ig relatively good
agreement that these ains could or should be omitted from a
list for an initial course in college chenmistry designed for

the non-gclence major.



TABLE VI
REJECTED AIES AND OBJECTIVES

110

e O

"
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After completion of an initial course in
college chemistry designed for the anon-
sgilence wajor, a student should:

25

s

Have developed recreational inteorests.

33. Have learned that sensory stimulation
usually coses before reasoning mental
processes.

36, 2e able to apply scientific principles
o uman bohavior.

38. Have developed conceptes of the value of
cooperation and soecial concern for
community conservation; sanitoe
tion, and health.

53. Have an awareness and knowledge of the
gvolutionary processes that have
altered the organic and
inerganic world in

azes past.

Hursb .
naire 4j.

4 represents chemistry teachers in small coll

8resa

3 represents chendisiry teachers in large colleges.

-

AR represents the combined jury of chemisiry tec

¢ 7epreseants teachers of esducation.

represents acceptables

g

d represents doubtfule.

r represents rejected.

X
E

.

lof I

tolta

ers represent item nusbers {(Appendix IV, Question-
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TABLE ¥Vle-Oentinued

3 A3 C

56. Be able to desipgn problems for the
present and ¢¢lnstraﬁc from probe-
eas in the past so as bo show
that éifferent ideas of th
same bLining can contribute
te a more complete under-

standing. r r r 4

53. BPe able to give a comprehensivs
explanation about some of the
underlying philosophies of

chenigtry. - Yy r 4

S

el

Thers were btwelve items that either jury 4B or Jury C

douvbtiul. Some of the in jury

&S

classed as

opinicns are worthy of note. Jury © showed Daver for item

10, while Jury B rejected it altogethesr. Jury & c¢lacsed it

as doubtivl. Jury 4 showed notlceable Tav

e application

(itens 11, Y4, 24, 28, 323, and 34) which implied

of facts to practical uses See Table VIIL



TABLE VII
DOUBTFUL AIHS AND OBJECTIVES

112

After completion of an initial cowrse in
college chemistry designed for the non-
science major, a student should:

10.% Have developed skill in locating, evalu-
abing, and using source material and
data in predicting new data or
developing new hypotheses.

1l. Be proficient in communication, Il.e.,
skilliful in reading, writing,
speaking, and listening.

14. Conceive of Sﬁienee as a word referrin:
to method rather than subject matter,
i.0sy the scientiflic riethod is any
.la”i*“lly organized procedure

using the instruments and
wm3t$r@ gvailable.

Zl. Have lea
and applied research (i.e., secking
waﬁﬁlub ve for the sake of kaowledse
and seeking knowledge with a par-
sicwlar end in view): bebween
seisnee 4za,tucmn@1a“y.

3

thaabers represent item numbers (Appendix
nairs 4l

]

vned the difference betwoen purs

A represents chenistry teachers in amall collegs

AB represents the combined jury of chomigtry tes

reprecents teachers of aducation.

4]

Ay 2 Tom, e ¢
reprasents doubtiul.

ik

K L AR P A ¥ A e WY 07 X B
¥ rvopvresendts rojecbode

B represcnts chomisgtry teachars in large colleges.

e
£2
o

IVs Cuestion-
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TABLE VIiIie«Continued

25. Peel that authenticated printed matter
is significant,; l.2., recorded phencu~
zna may be experlenced by anyone, and
the explanations of these phencmena
may be made by anyone. d

Q..:
e
B

27« Have developed ovecupational
perspective. i

=
£

25, Conceive of progress as generally
depending upon directed effort
rather than genius.

w
2
£

29« Have learned to evaluate advertising.

e
2

32. Have learncd inberrelations between
thecries and practices. a 4 4 a

3he Have lsarned that we can luew only
individual things, bubl we ean
gensralize from those indi-
vidual knowledges. a

fa
e
i

35« Respgct the habit of research and have
k-

developed abilivy to chamel
curiogity into acticn. g d-

e
3

52« DBe able to illustrate the scientific
attitude by citing some case
higtories. d

=
)
=4




tion teachers clagsed as acceptable aims for an initial
course in college chenistry designed for the non-science
major. Alnmost all of these alms lmply those shkills, atii-

tudes, and understandings that have been favored by

%
&
e
2
et
o

as of certain backgreund or general sducation courses
designed for all college students.

A brief sumary of all the suggested aims (4Appendix IV,
Questionnaire 4) shows that the jury of teachers of
chenistry fros small colleges rejected six aims, placed six
aims in the doubtful class, and accepted forty-six aims.

The jury of teachers of chemistry fron larze colleges

=

rojected siz alms, placed nineteen aims in the doubtful
category, and accepied thirty-three alms. The jury from
the gmall colleges was stroagly in faver of some of those

ims classed as doubtful by the jury of teachers of

chemistry fran larze collepesy therefore, it was possible
for some of these vo be accepted by the combined jury. The
Jury of teachers of education placed twelve aims within the

doubtful class and accepted forty-siz aims.
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AT¥S AUD OBJECTIVES ACCEPTABIE TO THE COMBINED
JURIES OF VAEA¢‘”?Y TEACHERS AU
EDUCATION TBACHERS

After completion of an inmitial course in
college chemistry designed for the non-
science major, a student shouldst

1.

Ts

]
picy 3

Have learned that prdineiples, theerz&ﬁ, and facts are
most useful to td? layman when applied as an aic to
understanding and communication.

Be able to recognize vhat constitutes a problesn and to
approach & solution to the problems objectively from a
ghifting point of reference.

B¢ able te use both deductive and inductive reasoning
processes in planning possible steps of preocedure in
pfaﬁlen selving.

Be able to arrive at and state Py@QuH 505 which may be
tagted by planned exuerlmentu and grnhleh¢.

Be able to analyze and interpret data from correct
observations s¢ as to reach tentative, sinple, and
reasonable conclusions.

nderstand that knowledpes of interrelated facts may be
arranged and conbined to make new knowledze.

Have learn.d
distinguighi
Factse

to employ eritical thinking and judgment in
nz between facts and intervretation of

Hove learned that chemistry is not isolated from life,
but is a tool which can and should contribute to
personal, social, and political aspects of soclety.

Understand that principles are concsepts to be applied to
new situatiens in . elv1nw daily problens and tihabt the
facts simply define the PFiﬂClﬁlOua

Have developed an interest in chemistry as a man-nade
and man-limited field.

Have developed respect and appreciation for methods,
aspirations, and limitations of studies of sclience.
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20.

TABLE VIII--Continued

Have formed habit of cobserving cause and effect and of
imquir1A as to the what, bou, and why of observed
happenings.

Have devulﬁyeﬁ curiosity about and interest in factual
knowledge.

Be able to substitute results of eritical thinking for
intolerances, prejudices, traditions, &urerstltlsﬂs,
and sisceonceptions.

Hecognize the need for objeciivity and open-mindedness
in interpreting phenomasna, 1l.., exhibit intellectual
honesty.

Have attained & vackground of knowledges that will make
pessible 1urther study after formal schooling is
finla.ﬁéaﬁn

Zecognlizge the fact that the chemlist does not believe in
the unalterable truth of any of his hypotheses but that
he makes use of them just the samej l.@., that the

scientific mind values relative truth as better than no

Bevelop proper laboratory techuiques through "practical
dccuracy‘ in making and using measurements and "prag-
tical gafety” in laboratory proceduras.

Have developed an appreciation of the orderliness of
nALUre .«

Have discovered that doing is cne of the best ways of
learaing.

Have formed habits of order and neatness in making
reports, thinking, and observing.

Apply scientific principles to human behavior.

Have developed gelf-reliance, the abllity to learn for
seli, and the ability to work with othors as well as
alone.

Have learned that all seciences are related) that there
are no sharp lines of demarcation.

Have developed the habit of suspended judguent wntil
sufficient data have been aucumulatem, but recognize
the tentative value of consistent results.




31.

324

Gained some idea of kinds {classces and state), struc-
i . o L3 . - Y
ture, nature, and initencss of matier.

Gained some idea of the chemical and physical changes
mabtber can underge and learned to express the nore
gimple reactions of matter in syubel and word Torn.
Learned scome of the interrelations between facis,
theories, and techniques pertaining te the forees of
nature.

fequired concepts of theoretical atomic structure,
avonic sizes, and importance of sisze.

Acquired concepts of the nature of energy and the
importance of energy in holding watter together or
apar Gw

Daveloped an uwnderstanding of the nature of ionic and
oxidation~reduction reactlons as being attempts to
reach enerzy eguilibrium.

Developed an understanding of some industrial and sous
practical aspects of chemistry such as certain common
industrial processes and the uses of synthetics,
detergents, fertilizers, dyes, ebc., arouc the honce.

#

Acguired a usable scientific vocabulary.

Gained some matheomatical (arithmetical) efficiency.

Learned how to read charts, graphs, and tables.
¥now how sciendists work and become acquainted with

]

sone 6f the world's great scientific ideas.

£

Have learned how chemistry has contributed to the sclu-
tion of social and economic problems in the past,; and
have an awareness of its prospective roll in the
fubure.

Have conceived of progress made up to the present time
as but a stepping stone for {urther advancements of
scisnce in the fulure.

Have learned that the validity of arguments depends on
the strength of the evidence and not on the qualities
of the men supporting then.



CHAPTER VI

COHCLUSIONS AND EDUCATIONAL IMPLICATIONS

his study was concerned with the problem of identify-
ing the aims and objectives for an inltial course in college
chenistry designed for the non-science major. It was pro-
posed as hypotheses that a consensus of the desired ains and
objectives could be identified; that there would be differ-
ences as well as similarities of opinion about the aims of
an initial course in college chemistry between populations
of teachers of education and teachers of che enistrysy and that
there would be likenesses and differences between teachers
of chemigbry in smmall colleges and teachers of chemistry in
larze collezes.

The procedure for proving these hypotbeses included an
item inventory of aims and objectives in natural science and
chemistry in a first year college course; the development of
an instrusent of inquiryj the selection of juries from the
fields of educaticn and chemistry; and comparisons of

opinions received from the respondents.

113
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Conclusions

the following conclusions were drawn?

There is a consensus between teacherslof chemistry
and teachers>ef education that certain student
behavior-centered ains for an initial course in
collepge chemistry should be taken into considera-
tion when designing a course for the non-science
major. In this study only seven items of a compi-
lation of fifty-eight student-centered aims were
rejected by a jury of sixty teachers of chemistry
freﬁ a wide geographical distribution of colleges.
0f these seven items, 8ix were classified as
doubtful by a jury of forty-nine education
teachers.

There are sone differences of opinion betueen the
teachers of chenistry in s2all colleges and the
teachers of chemistry in large colleges. Within
the population limits of the findings of this
study, the former jury siznificantly favored sone
behavior-centered aims for an initial course of
chemistry more than the latter jury. The jury of
teachers from small colleges rejected six of the

compiled aims and placed six in the doubtful

celleses rejected six aise but placed nineteen in

the doubtful category.
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Educational Inplications

The coneclusions drawn from the findings of fact in this

study lead to certain educational implicaticns. They are!

1.

Teachers of cheristry in small celleges appear to
have more personal interest in the student?s devel-
opment than do teachers of chemistry in large
institutions. This implication may help to explain
previous studies which showed that over sixty per
cent of the chemistry students taking graduate work
in universities came from small colleges, while
only forty per cent of the total undergraduate
majors in chemistry came from the snall colleges.
It wmay be that teachers in the larger colleges are
more interested in teaching chemistry majors only
and do not recognize or accept their responsibili-
tiss in a science training program for all
gtudents.

The teachers of chenistry in the larzer colleges
cften seenm to think that te stress the factual
content of 4 course is the sole responsibility of
the chenistry teacher rather than the stresging of
social and hunanistic aims.

A course in chemistry can be used to fulfill the
needs for natural science in a general education
program provided a course ig designed on g differ-

ent basie from the present classical course. This



Le

S

1.

e

121

new course should be organized and should be
presented around the consensus identified in this
studye

An initial course in college chemistiry wust not be
used solely in an atteapt to teach all of the facts
necessary to technologists in the {ield of
chenistry.

Textbook writers should make a eritical survey of
the present material, organization, and presenta-
tions of their texts used in the present initial

coursges of college chemistry.

Weaknessges of the Study

A possible weakness of this study is the selection
of items. In the nultitude of aims which have been
proposed, there must have been some which were
overlooked.

Another weakness is in the statements of cbjec-
tives. These gbjectives were restatenments and
swmaries of original writings as interpreted by
the avthor of this study.

The welighted scale of the stwdy was one arbitrarily
chosen for convenience of handling. There may be a
betber method of weighbing the iten.

Ho atbempt was made 0 test the reliability of this
study by the retest method upon the same or differ-

ent Jjuries.



The written questionngire has several inhersnt

Ay
®

weaknesses since it depends wpon the willingness,

training, and interpretations ol the respondents.

Recommendations for Further Study

The recommendations given here are offered in the hope
that they may contribute to the elimination of the present
day dilemma as to what to offer in an initial course in
college chomistry desipned for the non~chemistry najor.
Additiongl preblems that need lnvestigation ares

l. Which of the aiws and objectives classified as
doubtiul or onitted in this study should be
accepted or rejected?

2. ¥hat kind of testing instruments should be
developed to determine whether or not the ains and
objectives classified as acceptable in this study
have been reached for an initial course in college
chenistry?

3, If the aims and objectives clagsified as acceptable

in this study are strivea for and reached te a

;...L.

greaber or less degree, will their attainment help

bring an increase or decrease in wall trained and

-

qualified chemistry majors?
Lo QCan the other basic natural sciences serve as backe

X

ground ceurses of science and fulfill the need for
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grar as well as

fay

science in a general education pro

chenistry?
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dre John Doe
Professor of Education
University of

Deayr 3Sir:

“hat is a professor to de? Through the years we professers
of a beginning course in ceollege chemistry nave been so
bombarded with Ydo's and don't's¥ that wmany of us are in
doubt a8 toe whare the emphasis should be placed in our
teaching methods and materials. 7The professional education
rroup tells us that teaching should be concerned with
bringing about desirable changes in student behavior, while
many of our chemistry sroup tell us that the ideal goal is
to get over the facts-~-pericd! How, whalt are we te¢ do to
get the wmost desirabls results in, to, or from our studenits

B

&

&
:

Here is how you can help immeasurably. Saclosed is a list
of so-called desirable alms and objectives for an initial
course in ceollege chemistry desisned for the non-uajors and
these whe are uncertain of their future course of study, as
wall as for those who think they might mwajor in ons of the
natural sclences. This list was gleaned from over 300
sources and secms Lo be relatively complets. There are
three cheoice-cpinion answers to each statement. 1f, as a
professiconal education professor, you think the chenistry
teacher should conscicusly and consclenticusly attempt to
bring about the stated goal or aim, gnsuer "yes." If the
aim or goal is to you far-fetched or irrelevant, answer
Prno.® Iff the ain is one about which vou have misgivings,
answer by marking Tundecided.®

Your answers will be included with those of a representative
group of professors of education, and an attesmpt will be
made to ascertalin whether or not a consensus exists among
you. If you s¢ desire, the results of this study will be
sent to you as soon as it is completed.

Sincercly yours,

Frank 3tinson
Profesgser of Chenmistyry
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well as for those whe think thaey o t major in one of the
natural sclences. This list was ﬁleuhed from over 360
scurces and geaus to be relatlvclv Qﬁhalﬂu There are
threge cholce-opinion answers to each sta»ament. Iy as a
professional cnemnlstry professor, you think the cheualstry
teacher should ﬂﬂﬂSClQule and cﬁusclentieaﬁly attenpt Lo
briog about the stated goal or aim, answer "yes." II the
ainm or goal is to you far-fetched or eralavant, ansver
“noo® 1f the aim is one about which you have misgivings,
answer by narking "undecided.”™

Tour answers will be included with these of a representative
group of ywa¢sssar“ of chemistery, aud an &tu&ﬁﬁu will be
nade ﬁ dﬁgﬁrudlﬁ whether or not a consensus exists among
vous If you so desire, the resultes of this study will be
sent tm you a8 soon as it is conpleted,

Sincerely yours,

Frank Quiﬂ&@ﬁ
Proefesser of GF
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Dr. Jdohn ﬁeavﬂ
Professor of Bducation
University of

Dear 3ir:

I£ vou arc like the rest of us, the days seeu all too short
to takwe care of all the odds and ends that scem to stack up
at this time of year. In sone of that stacked up mail, you
will peaﬁibly find a qQuestlionnaire that I sent to you aoeut
July lst. %o have been sent out at this tl&@ of the vear,

the number of regpenmeu Lo the qaast#eﬁaairn has been very
gratifying, but I would gtill like very much to have your

opinions to iﬂca'porata in an Qctober roporte.

It might interest you to kmow that the pattern of responses
has taken some quirks that I was nct exactly antzblpatwn&g
put tiis will only make ithe results more interesting.

If the instrument has been misplaced, I will send another
within the nezt two or three weeks.

3incersly vours,

Frank
Profes



SECOND LETTER OF TRANSIITTAL
70 CHENISTRY PROFESSCES

Dre John Doe
Professor of Chemistry
University of

If you are like the rest of us, the days seem all too short
to take care of all the odds and ends that seenm to stack up
at this time of year. In some of that stacked uwp mail, you
will posgibly find a questionnaire that I seat te you about
July lst. 7To have been sent ocut at this time of the year,
the number of responses to the questionnaire has been very
gratifying, but I would still like very much to have your
opinions to incorporate in an October reporte.

It migzht interest you to know that the pattern of responses
has taken sone quirks that I was not exactly anticipating,
but this will only make the results more interesting.

If the instrunent has been misplaced, I will send another
within the next two or three weoeks.

Sincerely yours,

Frank Stinson
Professor of Chemistry
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LTI TRTHTIETY A v 2 LITF S AT
THIRD LETTER OF TRANSUITTAL
T

10 EDUCATION PROFBESSURS

Dr. Jehn Doe ,
Professer of Bducation
University of

Dear Sir:

& few weecks ago you received a questionnaire relating te the
varioug attitudes, aptitudes, skills, etc., that various
professors have listed as beling of prime importance as ideal
goals for an initial course in college chenistry. Probably
this was nisplaced during the summer vacation. However, 1
would still like very much to have your opinions to
incorporate in an early spring report as to vhat a chemistry
teacher should consciously amd conscientiously strive for as
worthy ains.

You will be interested to know that the responses to this
instrusent bave been very gratifying. Respondents have been
divided gbout equally between prefessiocnal teachers of
aducation and teachers of chemistry. The similarities and
differences of opinions are proving rather interesting.

Enclosed you will find an extra copy of the questionnaire
with a relurn envelope in case yours was lost.

Sinceraly yours,

Frauk Stianson, Chaircan
Hath-Science Divigion



THIRD LETTER OF TRANSNITTAL
TO CHEMISTRY PROFESSORS

Professor of Chenistry
University of

Dear Sir:

4 few weeks ago you received a questionnaire relating to the
various attitudes, aptitudes, skills, zste., that various
professors have listed as being of prime iuportance as ideal
goals for an initial course in college chemistry. Probably
this was misplaced during the swmer vacation. However, I
would still like very much to have your opinions to ,
incorporate in an early spring report as o what a chemistry
teacher should conscicusly and conscienticusly strive for as
worthy ains.

You will be interested to know that the responses to this
instrument have been very gratifying. Respondents have been
divided about equally between professional teachers of
education and teachers of chemistry. The similarities and
differences of opinicons are proving rather interesting.

Enelosed you will find an extra copy of the questionnaire
with a return envelope in cage yours was lost.

3inceraly vours,

Frank Stinson, Chalrman
Hath-Science Division
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{OTES AH LE“T ‘3 RECEIVED
5 JURY OF SDUCATORS

“,4«

Yest Texas State Colleve

Yeee let me sbate how pleased I an to see sonecne wdertake
the task of bringing the nrafe3510na1 educator and the
acadenic professor ul@aﬁ? together.®

Yichizan State University

®eae I doubt that anyone could answer the guestionnaire with
any censiderable confidence in the answelees «F

University of Arkansas

Yo single course will develop skill, etc., excent as are
peculiar to a certain field. The ability of a student at
this level of training is the perspectus from which I am
checking the questlans.“

il

University of Alabans

“Goals and objectives of this sort do not repre ent sone
kind of finish line which some students reach while others
do not. Hather, they represent directions or vectcrs alons
which we attempt to move students, and some students
progiess farther in these directions than do obhers.”

Colorado State Collese of Hducation

MHth the c&celeep of items &, 1¢, 23, the ﬁ rst 39
questions apply to any well taught subject.?

o

Florida dtate University

Agvery courge which he (the student) takes from chemistry te
aoetry should make a contribution to wmost of these ends.

wes if you claim these as unique values for the first course
in coll@?e chenistry and can prove that the course achieves



foet
3
oy

the wvalues, I would ar;gue that we night Just as well elimi-
nate all work previous to this course except perhaps the
first three or fowr grades in scheoel. After all, the one
course in C&iulStTY will provide all the student needs in
general educabtion.”

Louisiana State University

Pz L)

7 ees I would like to suggest that you send cepies of this to
the | mllmuzna of my colleazucSeee oY

Butler University

¥1t would be umrtbwalle if you could do all of these in a
cheniglry course.

Southern Illinois University

¥Thic is an excellent list for such a questionnaire.®

Eide g de Y g oI N YO S S
State Collere of Unshinchon

B eee mogt ¢f the objectives are Qevelﬂﬂmcﬁthl. In many
cages I placed wny mark 'DY under the 'yes' check to indicate
in my opinion that they should receive special atteantion.”

Undversity of Florida

Meee I would make a distinction of sortsrbuﬁ the central
purposes of the courses (factors of chemistry) and the
accovp&nyihh Urposes (skllls, attitudes, etval... oV

Yniversity of California

P

“see 1 would like Lo see the results on this study. A1l are
s;b ificant in my opinion, but some are more significant

shan others.”

Eastern Illinois State Colleze

Teese most of the aims that you list arc highly desirable but
could be yoLaln»u in courses other than cheunistry. <o the
courses {in chemistry) for non-majors should be less
detailed vhan a course for majors.




tuke Universiby

R Jea

Y.es those guestions checked {as *ves') are those for wnich
chemistry is only partially responsible.”

Bansas otats Teachers Collers

€

BIf you succeed in accouplishing then {the objectives) all
in one QE{lﬁﬂlﬂﬁ course of chemistry, or in a chemistry
major for that matter, please advise me. I anm not too old
to profit from such a courselll”

Obio Wesleyan University

#*The essence of things hoped for? ... « Any of these are

mogt desirable things which took me more than one chemlstry
cOurse {0 appreciate. In fact, hall a lifetime of ewperie-
ENCe.

%, .e if you do the above well (state aims), I imagine the
student will learn some chenistry.®

Hews I was extremely pleased that you sent me one of your
questlcﬂnalras.,. . wse thank vou for letting me know that
this study is going on.”

gtanford University

¥oee LI am not able or qualified te respond to the question~
nailrees '

University of Idaho

"ost of thess nay well be answered yes. Certainly they are
desirable. The anI“ guestion is can they reasonably be
expected Lo be Fﬁ&llﬁeﬂ‘”



it is hard Lo disagree with very many of these objectives,
but it would take the Yworld's best ceurse’ Lo accomplish
all of them te any greab extent within the suount of time
avallable for the average Chem I4 coursse. I would very nuch
like bhaving a copy of this questionnaire. I believe 1%
would be very helpful to all teachers of chenistry.”

% J

Universivy of Celorado

B3ome of the cbjectives checked must be brought in as
secondary objectives.  Thess objectives could be checked as
prizary or secondary."

owg otats Teachers College

&

"I rogard these items (18, 19, 36, 38, 47,
of the foresmost importance.¥

ey

51y G54y and 57} as

University of Akron (Chio)

i

77 would be interested to know the resulis of your study."

University of Georzias

"I we. I have not studied Chemistry.
the first objective of Chenistry I is
2%

LR N -

t is »my opinion that
¢ Gtesach Chamistry

University of Wisconsin

These statonents cannot be denied ag 0 valuSese o

Central 3tate Colleme (Oklahoma)

"1 should say to 3TRESS the subject matiter in your general
Ga»ﬂ&””'ywvuﬁﬁﬂﬁﬁs gheould be inclidental.?”
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Wipst of these itens could be de

¥ee on soize (of the items) 1 entered qualified entries
sfaleh may be of laberest o youe «oo © would be pleased to
receive the resultSees oF

University of Missouri

7L hava read with interest the questioanaire with regard t
a be inning course in Chemistry. This reflects what seems
to @ne ainest an hysterical attitude on the part of much of

the public with regard t@ what can be accomplished in a
course Of ChenistIVese oF

University of California
Miany {of these items) refer to ;c“e&pliuhinﬂ which: in our
Gplﬂi%ﬁ {four pF0¢essoru guoted} layv outside eeo this

chenistry course.

Many of these outcomes seem to be too much to ask of a
single course. I believe we would do Letter in chenistry %o
linit our cbjectives and do g fow of then welll.™

iniversity of Vashinston

"a1l are noble chjectives but ap@lxcablm to a Phe.D, course
rather than an iniroduchory CourStese o



The brilliant student will do all of these
lesser degroe. The duller will do nc;e. The ho
average student will attain a siwz jcant confid
these lines is & ubtoplan dregn.

to & greater or
ope that the
gnce along

te Lollere

“... only on item 17 do I find the old euriosity which is
the key to success er idilﬂ?@ i

91 g not conviaced that the above {questionnaire) covers
what sh gul& be accosplished in a first year chemistry
COurse, "

Univergity of idissouri

Bewe all ... are gzoals or hopes to achievée in any ghemzstry

hou;sc..» o g differ .. only with respect to the relative
iphasis nl&ced on each and the conbined abilities of s
smmumuu@ chieve the goalg.”

Harghall Collese (West Vireinia)

"ese these cobjectives are quite good e mest ef these would
apply to cur students after two vears of chenistry.”

Arizona State Cellese

] only wish these were possible.®

Sanga Sarvara Lolilezo

21 would like another copy of the ques%zcﬁnaire foy it lists
all of the uhxﬁv; one should get from cellepe chenistry.”

achers College

Wie cannot hope Lo atbain all geals in a beginaning coursel®



g g]
LW
EMEY

cenbenary Collese

¥ertainly any great increase in all of these ¥gbilities?
should be oXp eated from a first year course in college
chenistry.”

-

Ohie Weglevan University

¥,ee G0 not expect perfection.®

Southeastern bouisigna State follege

(1 T S S TP s . e S g T seatasn e ¥
Tees remenber this student is ondy a freshman.®

- Texas Veslevan Collesgo

Tene L feel that the teacher could aim toward these zoals
and ab least develop thom to some defree. ..o Ghe concepts
unger 2 he adlﬂm should be first while the others should be
sacondary,

Berea Bollese (Eentucky])

Wees Thig appears to be merely a tyblcal researeh project
from someone working toward a higher degraze in sducation
rather than going to the trouble of research of basic scien-
wific Lﬁnwieﬁg@ and value. In the end it is of little value
wnen finished. The fact that a similar quest;enﬂa¢re i

sent $o our aducation department lends weight te this
theorv. u

1 Daroling)

Goker Collese

Haee an wmsually intelligent sbtudent snay be able to reach
for samajef your goals, but the V&Sa‘ﬁarwlﬂ will not drean
of thene”
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Using a check mark ( 7, y*@&Sb indicate in the proper
blank your opinien of sgach item. The greatest plus {+}
value indicates strongest approval, ang the greatest mipus
{-2) indicates strongest disfavor, with the zero (Q} blank
representing no opinion. ark through, change, or add te
any or all items if you sc desire. Lark items that ave
ambigucus or not clear to vou with an K.

I. hltar a year of college chenistry, a student should be
able te dezonstrate Hls understanding of scientific
ﬁﬁﬁh@d and show kis ability to use it by how well he ean
meet the following outcomes. A& student should or should
haves: -

o

+2 41 O -1 -2

o
&

1. CGComprehend that facts are useful
in illustrating principles and
aiding communication.

2. Undergtand that knowledges zay

be interrelated that they may

be combined to make new

knowledzes. — e e
3. 3e able to recognize and state

problens. o m—— — ———_ 7
Le §f$dﬂﬂ problemns ocbjectively

sithout bias. e

5 e lu “o use personal frame of

?'% r ace approach Lo problens

whare 1n¥1v1u¢al 1nvclveﬁ is

considersad, 1.6., person's

cwn abilities and limita~

tions are recognized. — e ——

6. Be able to use a shifting point
of reference appraavx to ﬁrah-
lems in which choice ang
recognition deternine
the met iod of attack.
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Learned some possible step of
procedure in protvlem sclving.
There is no pat series of
SLCPSe

Learned how to arrive at
hypotheses.

Learned that experiments may
test hypothases.

Learned that data are taken to
be analyzed and interpreted.

Learned teo classify and evalu-
ate stabements of others,
i.2e, have critical

Judgrent.

Learned that cheristry is a
"tool® Lfor better living,
not & religion.

Learned how to apply principles
to new situations in the
solviag of daily

problens.

Learned to predict new data.

Learned to Judge the differ-
ences between facts and the
interpretation of facts.

Learned the importance of
ing ¢orrect observa-

tions before arriving

at conclusionse.

?@rmeﬁ habits of systen, order,
dﬁ neatness in wmaking reports,
thinking, and observing.

Luarn,%ae leaning of “practical
accuracy™ in uakzn& and using
Beasurenent Se

Gained concept of Yscientific

method" as any logieal ergan-
$zea procedure using the
Instrumuﬁtu and facts
available.

170



2e

&9

25,
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33

Gritical thinking is scien-
tific. Substitute eritical
tiiinking for intolerances,

prejudices, traditions,

superstitions, and wig-
conceptlions.

Fecognize the need of objog-
tiviﬁy in interpreting
k& P4 }‘ @3“1@!&%0 ﬂa &

Learned interrelations betwoen
operationg and theories.

Learned interrelations between
facts and words.

Learned that sense stimulation
comes before mental processcs.

Accept tested truth.

Doveloped ability to plan
experiments and preblens,

healizge some of the linita-
tions of science.

Loearned that przﬂczplao,
tyeeries, and facts are
cnly useiul when
applied.

Understand deductive-
induetive reasoning
DYOCEs5eS.

Ze able to locatz and use
gource material.

@v able to reach tentativ
gimple conclusions from
facts available.

Learned that we kneow individ-

ual things, bubt we can

@aﬁ ralize Lrom these
individual towledees.

Understand principles as
soncepts.

173



Impacts that an initigl course in chenlistry may nave
ypon aun individual and society.

Understand that oven il Ysciw
entific method” cannect be
gefined, 1t may still

be used.

Cencelve of science as
seperdinental in nature.

Conceive of science as
nethod not subject.

Develop marual skills in
obtaining data.

¢ able to comsunicate
d finltions clearly
and oxactliy.

or should haves

2.

b3«
bl

Perceive that chemistry
functions in later life.

Legrned that princAnles are
of general use and are
ﬁzglaiﬁe, by faects.

Luarned that chemistry can
and ghould contribute teo
pezsanal philosophy.

Developed an apmreelatlma of
orderliness of nature.

Gbgerve cguse and effect.
3& able to diseriminate sige
ilcamz from wnimportant
onto.

Practice practical salety and
become salsty conscious,

Poel that printed matiter is

Peill e
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Prepare for further study in
chemistry.

Develope

(4}.
Lovard scienca.

Cultivated appreciation of the

i‘
methods of science.

Developed appreclation of the
aspirationg of science.

Acquired an appreciation of
the limitations of science.

Learned to draw resasconable
conclusions.

flespect value of inguiry and
use inquiry as to what, how,
and why of observed
happenings.

Learned to evaluate and use
source material.

Becone proficient in comumnie
cation for clarification--
language developnent.

Learned that truth comes by
seeking, not by attack upon
others.

Discovered neaning of truth.
Pacts sinply verify truth.

Increased ability in
communications.

Concelve of progress as
depending upon directed
affort rather than
genius,

Recognizge the fact that the
chemist does not bhelieve in
the unalterable truth of
any of his hypotheses,

but he works them just

the san

a desirable avtitude

]
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Sealize that relative truth
ig betiar than ao trutbe.

Gained an appre &“atlﬂ“ ef the
rele of chenigtry in our
national ceonouy.

Gained &F?TbCl&bl@ﬁ of the
role of chenmistry in our
social and peoliticsl
life.

beveloped an intercst in
chenlstery.

Learned the difference in
pure and applied rescarche.

Learned the difference iun
science and technologye.

Learned to evaluate adver-
inl}ll;;)a

Discovered that “deing" is
one of the best ways of
Hlearning.?

Developed ability to observe
cause and effect relations.

Gained oceuypational
perspective.

ﬁ%veleﬂe& recreaticnal
.L,’ltr o2 SLS *

Concelve of chemistry as

man-sade.

Developad curieuit;‘absut.am@
interest in faect

Regpect the habit of research.

Develoned an interest in
a&ﬁtw»

Developed gell-reliance.

Ea

Adinmingted superstitions.

s

b
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g
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Learned the value of coopera-
tion and social concern.

Apply principles to huwman
behaviore

Developed reading skill.

Learned that chemistry is not
isolated from life but that
its processes are geing on
around us at all times.

0]

&
fute
f

Beached conclusion that
eatists are only human.

Conceive of science as
athical.

Conceive ¢f sclence as
reverent.

Developed ability to channel
curiosity.

Developed ability to work with
others or alone.

Developed ability to learn for
self; self-reliance.

Developed a feeling of respon-
sibility for community cone-
servation, sanitation,

and healthe.

Learned that all sciences are
related; there are ne sharp
lines of denarcation.

Developed habit of intellec-
tual honesty.

Developed habit of open-
mindedness.

Developed habit of suspended
Judgment wntil suificient
data have been accunu-

lated bt recognize
authority of cone

gistent results.

.

‘o

)
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93,

Generalized facts that an initial course in

shivuld give after completion of the course.

self after formal schooling
is finished.

student should or should have?

Q{i« ®

103,

Galned some ldea of structurc
of matter.

fained some ides of finite-
ness of watier.

Gained some idea of classas,
stabtes, and kinds of nmatier.

Gained soue ideal of chewmiecal
and physical chanzes matter
¢an underzo.

Learned some of the interrela-
tions between facts, theo-
ries, and techniques.

Aequired concepts of theoret-
ical atomic structwno.

Acquired concepts of atomic
sigea and the importance
of size.

Acquired concepts of the
nature of encrgy.

Acguired concepts of the
importance of energy in
holdiag natter together
or apart (kinetics).

Know something of the nature
of reactions as being
avtenpts Lo reach

energy oegquilib-

rium.

176
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168,

109.

Developed conecepts of the
practical and industrial
aspects of chemistry by
studying some indus-
triai practices.

dcguired information of use
in home and daily life such
as?! nature of synthetics,
detergents, fertiligzers,
dyes, bactericldes, cte.

hoquired a select usable
geientifiic vocabulary.

Gained some mathematical
{aritlmetical}
afficiency.

Learned how to read charts,
sraphs, angd tables.

Be able to express the more
simple types of reactions
of matter in symbol and
vord forne.

L

s
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Inough history of the evolution of science should be

ineluded in an

completion the student should:

110.
ili.

ilz.

113.

inow how scientists worke.

Become acquainted with sonme
of the world's great
scientific ideas.

Ze able to illustrate secien-
tific attitude by citing
some case histories.

Have an awareness and knowl-
¢dge of the eveluticnary
processes that have

altered the organic

and inorganic world

cver the eras of

tine.

+2
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initial courss in chemistry that upon
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117

11s.

Have an awareness of tho
prospective role of
seience in the

future.

Have learned how chemistry
has contributed to social
and economical problems

in the past.

Have conceived of progress
but a stepping stone for
further advancemants,

e able to desizn problems
the present and illustrate
fron problens in the past
to show that different
ideas of the sane

thing can con-

tribute to a

more fully

understood

product.

Hiave learned that argumentgs

have stood or fallen on the
gtrength of evidence--not
on the qualities of the
men--supporting themn.

Ze able to give a compre-
hensive explanation about
soue of the underlying
piilosophies about
chanistry.

Additional aims and commentss
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QUESTIONHAIRE BU

Using a check mark { ), please indicate in the proper
tlank your opinion of each item. The greatest plus (+)
value indicales strongest approval, and the greatest minus
{~2) indicabes strongest disfavor, with the sere () blank
representing no opinion. fark throuch, change, or add to

¢

any or all items if you so desire. dark itess that are
ambizguous or not clear to you with an Y.

I. Afver a year of college chemistry, s student should be
able to denonstrate his understanding of scientific
mebthod and show his ability teo use it by how well he can
meet the following ocutcomes. A student should or should
avesl

+2 O+l O =l =2
1. Comprshend that facts are more

useful in illustrating princi-
pies and aiding communlcation.

2« Learned that principles,
theories, and facts are
only useful when
3. Understand that knowledges nay
be so iaterrelated that they
may be combined to make new
e Be able to recognize and state
5. Approach problems objectively
without bias. et o e

Ge Do able to use a personal frane
of reference approach to probe-
lens where individual involved
iz considerced, i.e., person's
own abilities and limitations
aye recomized.



Be able to use a ghilting point
of reference appreoach to probe
Jers in which cholce of data -
and recognition of validity

of data determine the

method of attack.

Learned some possible steps of
procedure in problem solving.
There is no pat geries of
SLEPSs

Understand deductive-inductive
regasoning processes.

Learned how to arrive at and
state hypotheses.

Learned that experdiments wmay
test hypotheses.

Developed ability to plan
experinents and make
problans.

Learned that data are taken to
be analyzed and interpreted.

Learned to judpe the differ-
ences between facts and the
interpretation of facts.

Learned interrclations between
facts and words.

e able to reach tentative
simple cenclusions from
facts available.

Learned to classifiy and evalu-
ate statements of others,
ileBey have critical jJudp~
ment of logical wvalidity

of statenenisS.

Learned that chenistry is a
“teel® for better living,
net a relizgion.

Learned how to apply principles
te new situations in the
solving of daily

rroblense

onea—y
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Understand principles as con-
cepis.

Learned to predict new data.

Learned to judgo the differ-
ences between facts and Lioe
interpretation of facts.

Formed habits of systen, order,
and neatness in muking reports,
thinking, and ohserving.
Learn the meaning of "practical
aecuracy” in making and using
noasurenenit s

Gained concept of Yscientific
netiod¥ as any logical
organized procedure

uging the instru-

ments and facts

available.

e able to substitute eritical
thinking for intolerances,
prejudices, traditions,
superstitions, and nise
conceptions.

fiecognize the need of objec-
tivity in interpreting
phenonena.

Learned interrelations between
cperations and theories.

Learned that sense stimulation
comes before mental processes.

Leeept tested truth according
to the stringency of the
teab,.

Healige some of the limitations
of science.

Be able to locabe and use
source material.

Wiy

18
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33,

3
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Learned that we lmow only iund
vidual things, but we can
generalize fros these
individual knowledoes.

Understand that even if %seie
entific wethod® cannot be
defined, it may still be
uz3ed .

Conceive of gclence as experi-
mental in nature.

Conceive of scilence as method
act subject.

Revelop manuwal skills in
obtaining data.

Be able to communicate
definitions clearly
and exactly.

or should haves

hle

?cryaive an understanding of
how chemistry may function
i?;"’ lmtﬂr 11f Ce

Learned that ﬁringlples are of
general use and that facts
define principles.

Iearned that ¢ memzery gan
should contribute %o yerseral
philosopliye.

Developed an appreciction of
orderliness of natursc.

Forped habit of observing cause
and effect.

e 43

Se able to discriminate s’gﬂifw
cant fron uninportant ovents.

+2

The student s

+1

Impacts that an initial course in chemistry ﬂay have
upon an individual and society.

should
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Practice practical safety and
becone szfety consclous.

Peel that priuted matter is
reals de.2e, recorded phenci-
cna and the explanations

pay actually happen to

or be needed by anyoene.

Prepare for further study,
seli~directed or wnder
suidance.

Developed a desirable attitude
bovard sclience, i.¢., respact
and appreciations for ascience,

Cultivated appreciation of the

mnethods of science.

Developed appreciation of the
aspirations of science.

Acquired an appreciation of
the limitations of science.

Learned to draw reasonable
conclusions.

Hespect value of laguiry and
use inquiry as to vhat, hou,
and wiy of obaerved

% A 9 Yo 2 g
happeninzse

Learned Lo evaluate and use
source nmaterial.

Becone proficient in communica-
“ion for clarificatione-
danguage developaent.

Learned that truth coses by
secking, not by attack upon
others.

Discovered meaning of truth.
Pacts simply verify truthe.

Increased ability in communicae~
tione

ghey
03



Concelive of progress as
depending upon éir@ﬁﬁ@u
aifﬁrﬁ ?3@4@? L
soniug.

k2 ~».v!
e
Cz

ceognise the fact that the

eh ist does not believe in
the unalterable truth of

any of his Eypez 198€8,
but he works them
Just the Qau_,

Healize that relative truth is
vetter than no truth.

Gained an &PpTEVl&tl&R of the
role of chemistry in our
natiocnal ec Qﬁﬁﬂy

Jained appreclation of the role
i cﬁeﬁlstry in our secial and
political life

Developed an interest in
chenistry.

il

learned the difference in pure
and applied roesearchs.

B

i

Learned the difference in
seience and technology.

Learned to svaluate adver-
Liging.

Digeovered that “doing" ig one
of the best ways of "learning.”

Developed ability to observe
cause and effect relations.

Gained occupational
perspective,

Developed recreational
interests.

Conceive of chemistry as

Bman-made .

Developed curicsity about and
interest in facis.

Weasaner

R

g
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Boveluped an interest in facts.

Developed self-reliance.

Learned the value of coopsra~
tion and social concern.

Apply principles to hunan
behavior.

E@Vﬁiﬁﬁ@d reading skill.

Learned that chemistry ias act
igolated from life, but that
its progesses are going on
around us at all tinea.

Reached conclusion that scien-
tists are only hussil.

concelive of science as ethisal,

Goncelve of science as
reverente

Developed ability to channel
Curicsity.

Developed ability to work with
ctharsg or alone.

Doveloped self-reliance.

ﬁn?ﬁlﬁ%@& a feeling of respon-

111%% for community conw
u&”?ﬁhiﬁﬂ, sanitation, and
health.

learned that all sclences are
relatedy there are neo sharp
lines of demarcation.

Developed habit of intellectual
honesty.

Doveloped habit of open~
mindedness.

e
i3

155
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1T, Generalized fscts that an initizl
sheuld give. After completion of

pels ot ﬂﬂ&i@ @E DUGHD
: it until “”ztlen%
data nave boon a QUL
lated, but recogmise
auzkazit” ﬁf SO~

%o g
p‘ (J&/}&U & .ltlsit

de aule o ‘bﬁ%inua to edus
self after formal schotling
is finishod.

student should or should haves

f\"-\
pAS Y

100,

i0l.

102,

Gai
sand nature of -

Cained scme idey of finltene

of watber.

Galned some idea of kinds
{classes mnd states) of
mabtter.

ualnﬂﬂ sore idea of the
ghenical and phyeieal
;&nvaa matber can
underso.

(.».q

i

ate

ned some 1dea QA strucbure

22T ea some of the interrela~
ons between facts, theories,

aﬁd oéﬁ&ﬂlQhGS concerning the

feress of nature,

aaqulrad Qﬁﬁﬁﬁptg of theorci-

ical atomic structure.
Acquired concepts of atomic
sizes and the importance of

Sise.

Acguired concepts of the
nature of Snergy.

Adequired concepts of the
importance of energy in
&ﬁiﬁ&ﬁ? wauter together
or gpart (winetiss).

femd

)
4 N
AT,

A

course in chemistry

the course,

+2

+1

D

N
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103.

104.

iVe Inowh r¢sfe?v of

Fid

Kﬁ@ﬁ‘ﬁﬁﬁﬁ%hiﬁﬁ of the nature of
ionic and cxidatien reduction
reactions ag being attempts

o reach enersy eamilzhriums

Developed concepts of the
practical and indugtrial
aspects of chenistry by
studyling some indusg-
trial practices.

ﬁcauirea infornation of use in
home amnd daily 1ifs such aa:
nature of gynthetics, detar
gents, fertiligers, dyves,
bactericides, elc.

Aeguired a seloot uﬁ&hl@ GOi -
entific vocabularye

Gained sone

(“;ltd&@tlcalj Gf i

SO0V

Learned how o read charts,
graphs, and tables.

“9 Lo express she noro
fTeg cf re&ctiaﬂs
symbol o

complotion the student should:?

110,
1ll.

KEnow how sclentists work.

Jecome acguainted with some of
the world¥s great sclientific
ideas.

Be able to illustrate scicen-
£ific attitude by citing
gome case histories.

"o
"y,
&

e

the evolution of science sheuld be

sneluded in an initial course in chemistry that upoen

-1
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14,

117.

Have an awareness and hneovledpe
of %hs evolutionary processes
that have altered the organie
and inerganic wvorld over the
gras of timg

Have an awarensss ol the
“Vﬁ”%éﬁﬁ&% roloe of
acience in the ‘
fuburce

Have learned how chenistry has
contyrivuted to social and
ical probless in

Have concelved of nrograss as
but a stepping stone 36?
further advancaents.

He able te¢ desimn problens fer
the preseny and illustrate
fyen problems in the past

to show that different

ideas of the same

thing can coatrib-

uve to g wore

fully under-

sbood product.

liave learned that arswsents
have stood or fallen on the
atrangﬁh of evidence--nat

1 the qualitieg of the men
ﬂ~guﬁﬂarﬁxnw Lhen,

3z able to give a comprehensive
grpianation about some of the
underlying philoscphies
about a?eﬁlﬂtry.

itional alns and comentss

Tore

) %<-
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CUBSTIONNAIRE ULNBER

Abbreviations:? 1?~~-1ud1;$§rv“v

DilU-=de not understand

St
W

Bt
A
=4

&)

An initial course ia colle pe cwemxsbry should develop

A Pl JPACpag
nREers

1s

&ﬂ.;‘ ®

aga learned that principles,

bh»@fl@@, and 1act . are mere
useful to the layaan when

gpplied as an z aid to
understanding and
sommuticatiomn.

2z able to recegnize what cone
stitutes g probl»: and
approach a solubtion to
2he problen objective~
iy from a shiftir

point of reference.

B¢ able to use both deductive
and inductive reasoning
processes in plamniag
possible steps of pro-
gedure in problem

&5 l*f.i.tu -
Be gble to arrive at and stais
hypotheses which may be tested

by planned cuperiments and

L ?Qi’lfﬁns,

He able to make correct observa-
tionay then analyse and inter-
pret data fron abssrva“ ﬂ@

o reach tentativs, o
and reasonable @ﬁQERMagmﬁa

within the student certain skills, a thudag, and
bandings. After completion of the courss, the

Yea He Ing D

—— o P S— e—
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10.

1.

1z.

13.

Understand that knowledzes of
interrelated facts nay be re-
arranged and cosbined to
make new hknowledzess

Have learned to employ critical
thinking and Jjudgment in evalu-
ating statements of others and

in distinguishing between

facts and interpretation

of facts.

Have learned that chemistry is
not iseolated from life, but is
a4 tool which can and should
contribute to personal,
social, and political

phases of society.

Understand principles as con-
capts to be applicd to new
gsituations in solving

dgily problens and

that facts define

principles.

Have developed skill in lecat-
ing, evaluating, and using
gource material and data

in predicting new data

or developing new

hypotheses.

Be proficient in communicating
clearly and exactly and
develep skills in read-
ing, writing, spesking,

and listening.

Have developed an interest in
eheniistry with the concept
that chemistry is nan-made
and that scientists ars

only human.

Have developed respect and
appreciations for methods,
aspivations, and limita-
tions of sclence.
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19.

23

zl.

Concelve of science as experi-
mental in nature. As a word
it refers to netbod rather
Lhan subject mabtiter. OSgi-
gntilic nethod is any
legically organiged
procedure using the
ngbrunents and :
actors avall-

b s

2

Realize thabt truch cooes Ly
seekiney facts verifyy and
tegting truth way be
accephed according

te the stringency

ot the beste.

Have formed habit of cbserving
cause and effect and inguiring
as bto the what, how, and why
of observed happenings.

Have developed curlosity about
and interest in facts.

Be able to substitute eritical
thinking for intolerances,
prejudices, traditions,
superstitiong, and
misconcepbions.

i
e

Hecognize the need for objec-
tivity and open-nindedness i
interpreting phenomsenas
Exldbit intellectual

honesty.

2!
£&

fave attained a bhackzreund of
acwledges that will nake
possibls Turther study

alfter formal schooling

iz finished.

Have learned the difference
botween pure and applied
rescarchy between sol«

ence and bechnology.

15




22

Fovp @

Recognise the fact that the
hemist does nolt believe in
unaliterable truth of

of hils hypotheses,
Jorks thuw Just

3 L@y the
sclientiiic mind

valueg relative

truth as vebter

Lhan no truth.

B@V@lﬁn proper lab technidque
) %praetleal accuracy”
: ”,kaﬁﬂ and using measure-
ments and “oractical salety™
3n labmraﬁary procedures.

Have develaya@ an appreciastion
of orderiiness of nabure.

Feel that printed matber is
reals i;b-, recarde phenciw
@na and the QX?LanﬁbmgﬁF of
u& se phenomena may actually
wppen to or be needed by
wgmmﬁu

dave developed recreational
interests, oceupational
perspective.

Soncelve of progress as
depending upon dirocted
effort rather Lhan
zeniusSe

Have learned Lo evaluate
advertising.

%3 &

Have discovered that Fdeoing® is
gne of the L@sf wvayvs of
Flearning.

Ed

Have foroed habits of order and
peatness in making reports,
shinking, and observing.

Haye learned interrelacions
betweeny theories and
practices.
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37+

o

e X6

Y3
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fud
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Mave learned that se
stimulation comes b
weuxa? PrOCesses.

sory
o

73
efore

Have learned that we know o*lv
individusl tul 5

goncralize Lrom ﬁl@bﬂ indd
vidaal nowledzoge

fo “%annel Mnrlmsib

*

gly Jr%aciples to hunan

?&Q”

@veloﬂ sell-reliance, the
;? “Lﬁj o learn for sell,
and the abilioy to wark
with others as well as
alone,

Dowelop the value of coopera-
tion and soecial econcera for
commundity conservation,
sanitation, and health.

Learn that all sciences are
related; there are no sharp
linos of depareatlon.

Concelve of science as
stiicale

¢ developed babit of guse
&ea Judgment until sufii-
t data have been

‘mﬂ&teﬁ %ﬁt

1&? of &ansist@nt
resulto.




1.

Concepts: AL the conclusion of an initial course in
cheiigtry, the student should have
generalized facts.

b
Ty @
NTS

4l

L2,

1}3 -

46,

4~
-
.

Tes

Gained some idea of kinds
{classes and states),
structure, nabure,

and finiteness

of matter.

gained certain
To some extent he should or should

194

Gained soume idea of the chemi-
cal and physical changes
matier can wderro and

be able to express

rmore simple reac-

ticns of matter

in symbel and

word forn.

Learned soeme of the interrels-
tions between facts, theoriss,
and tecionigues concerning the
forces of nature.

Acquired consepts of thooret-
ical atouic structure, ataaic
sizos, and ivportance of size.

deguired concepts of the nature
of energy and the importance of
gnergy in holding ratter
together or anart

(kinetics).

Understand ths nature of ionic
and oxidatlion-reduction reac-
tiens as being attempts to
reach energy equilibrium,

Understand industrial and srac-
tical aspects of chemistry;
i,2., studying some indus-
trial practices as well

as uges in hone and

daily life such ass

nature of symihet-

ics, detergents,

fertilizers,

dyes, etc.




&,J
53
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oy
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vocabulary and gained soume
matheratical (arithmetical
gfficiency.

Wie Acquired a usable scientific

9. Learned how to read charts,
raphs, and tables.

b

Encugh history of the evolution of science should be
included in an initial course in cheadstry that upon
completion the student should:

Yes Ho Ind DE

50+ ¥Enow how scientists work and
becoie acquainted with some
of the world's great scien-
tific ideas.

5l. Be able to illustrate the sci-
entific attitude by citing
sone case historiesS.

52« Have an guwareness and knovledego
of the evolutionary processes
that have altered the orzanic
and inorganic world in apes

3. Have learned how chemistry has
contributed te social and gco-
noaical problems in the past
and have an awarencss of its
prospective rele in the
future.

54« Have concelved of progress as
btut a stepping stone for
further advancements of
goience in the future.

55. e able to design problems f{or
the present and illustrate
from problems in the past
to show that different
ideas of the same thing
can conbtribubte Lo a
omore fully wmder-
shood product.




Have learned that the vai*iiay

of argunents depends on bhe
strength of tze evidence
mg; net on thwe quai;**cg

- the nen supperting

( B ("ﬂ’ﬁw !

o able Lo give a
explanation about some of ths
underlying philosophies of
¢M>ﬁ13tr3.

i

ot
Wy
g

couprehensive
he
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GQUESTIORUAIRE HIRRBER 4

This is the final form of the questionnaire as sent to
the final Jjuries.

The sum totals of all anawers fronm all jurors are under
the "yes,” ™neo,™ and “undecided™ headings. Under ¥Yclasgifi~-
cation™ gre the final decisions of each jury as determined
by the Chi-Square linits of confidence (Table Es and Table
11X, Chapter V.

The following symbols are used:

o

~ jJury of small college chenis

b

try teachers

B =~ jury of large college chemistry teachers
A3 - both large and small college chemistry teachers
g - education teachers

a = accepted

o= rejecté@

d ~ doubtful



QUESTIONNALIRE NUMBER 4 AND THE RESPOHSBES OF ALL JURIES

Jury
Unde~ Clasaification
Yos Ho cided LA B AB C
An initial course in college chemistry should
develop within a student certain skills,
attitudes, and understandings. After comple-
tion of the course the student should:
1+ Have learned that principles, theories, and
facts are most wuseful to the layman when
applied as an aid to understanding and .
cormunication. - & 5 20 a dd a a
2. B able to recognize what constitutes a probe-
lem and to approach a solution to the
probless objectively from a shifting
point of reference, g: 7 20 a 4 a a
Je B¢ able to use both deductive and inductive
reasoning processes in plamning possible ; '
steps of procedure in problem solving. S0 6 13 a a& & &
be Be able to arrive at and state hypotheses
which may be tested by nlanned experi- _ )
ments and problems. a8c 16 13 a ¢ a a

Be able to analyze and interpret data frow

correct observations so as Lo reach

tentative, sinple, and reascnable

conclusions. 104 2 3 a a a a

VS
.



Jury
Classificaticn
A B AR ©

Unde-
Yeg Heo elded

G. Understand that knowledges of interrelated
facts may be rearranged and combined to

make new lmowledge. 8 L 19 a a. a a
7. Have learned to employ critical thinking and
Judgrment in distingunishing between facts
and interpretation of facis. g 7 16 a & a a
8, Have learned that chemistry is not isolated
from life but is a tool which ecan and
should contribute to personal,
sceial, and political aspects
of soclety. ic2 2 5 & & a &
9. Understand that principles are concepts Lo
be applied to new situations in solving
daily problens and that the facts
sinply define the principles. 76 11 22 a @ a a
10, Have developad skill in locating, evalua-
ting, and using source material and data
in predicting new data or developing )
new hypotheses. 58 27 2l ¢ r d a
1l. Be proficient in communication, L.€.,
skillful in reading, writing,
Cgoaskine, and listeninee ' 58 17 2h 3 : 1
gpeaking, and listening. 68 1 2 a 4 a d

12+ Have developed an interest in chemistry as

a nan-made and man-limited field. 83 12 14 a a & a



i3.

4.

lSc

17.

12,

Have developed respect and appreciation for
methods, aspirations, and limitations of
studies of science.

Concelve of science as a word referring to
method rather than subject matter, i.e.,
the seientific method is any logically
crganized procedure using the ingiru-
ments and factors availagble.

Realize that truth comes by seeking, facts
verify a hypothesis, and tested truth nay
be accepted according to the stringency
of the test.

Have formed habit of observing cause and
effect and of inquiring as te¢ the what,
how, and why of observed happenings.

ilave developed curiosity about and
interest in factual knowledze.

Be able to substitute resulte of critigal
thinking for intolerances, prejudices,
traditions, superstitions, and
misconceptions.

Recognize the need for objectivity and
open-mindedness in interpreting
phenonena, l.c., exhibit

intellectual bhonesty.

Yes

0
S

O
=3

10

13

Undew
cided

23

23

Js3
L]

10

&

B

58]
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m
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Jury

Unde= Classification
Yes Ho cided A 4O AB©
Have attained a background of knowledges

that will make possible further study

after formal schooling is finished. 91 6 12 & & a a
Have learned the difference betwsen purs

and applied ressarch (i.e., gseeldng

knowledge for the sake of knowledge

and sseking hknowledge with a par-

ticular ond in viewj; between

science and technolozy. &7 2, 18 a 4 4 a
Hecognizge the fact that the chemdist docs

net belisve in the unalterable truth of

any of hig hypothesss but that he mnakes

use oi them Jjust the same] l.e., that

the scientific mind valuss relative

truth as better than no truth. g 5 17 & a a a
Develop nroper laboratory techniques

throush “practical accuracy® in

making and using measuremnsnts

and Ypractical safety” in

laboratory procedures. o5 2 12 a a a a
Have devcloped an appreciation of the

orderliness of nature. g9 05 15 2 a a a

Feel that authenticated printed matter is
significant, i.e., recorded phenonena may
bhe explained by anyone, and the
explanations of these phononena
may be made by anyons. Ot
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Have devsloped recreational interests.

Have developed occupational perspective.

Conceive of progress as generally
depending upon directed effort
rather than genius.

Have learned to evaluvate advertising.

Have discovered that doing is one of the
best ways of learning.

Have formed habits of order and neatness
in meking reports, thinking, and
observing.

Have lecarned interrelations between
tigories and practices.

Have learned that gensory stimulation
ugsually comes before reasoning
mental processes.

Have learmed that we can know only indi~-
vidual things, but we can generaligze
from these individuml knowledges.

Respect the hablit of rescarch and have
developed ability to channel

cUriesitye.

L5 33
<3

o
L6
23

N

37

13

Undoe
gided

29

b

26

Tt
hay

31

o
~3

33

Classification

A

,}:1

ﬁﬂ)

®

b id

I

Jury

B AB
z’i
d d
el é
o a
& &
a a
4] d
r v
! d
d el

d

d

£

€
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36, Be able %o apply scientific principles to
human behavior, L1 33

37+ lave developed self-reliance, the ability
to learn for self, and the ability to ’
work with others as well as alone. g0 17

38. lHave developed concepts of the wvalue of
cooperation and social concern for
community conservation, sanita-
tion, and health. 53 30

39, Have learned that all scieonces are
related; there are no sharp lines ,
of demarcation. 87 9

#0. lave developed the habit of suspended judge
ment wntil sufficient data have been
accunulated but recognize the tenta-
tive value of consistent results. 8o

3

I¥. Concepts: AL the gonclusion of an initial course
in chenistry, the student should have gained
gortain generalized facts. To some extent
he ghould have?!

kl, Gained sene idea of kinds {classes and
states), structure, nature, and o
finitenass of natier. 107 ©

o

i

P
&

&
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Yoo

Gained some idea of tho chemxical and

physical changes matter can underge

and learned to express the nore

simple reacbions of patber in )
gymbel and word form. 108

Learned some of the interrelations b
factsy theories, and teciniques pertair
88

to the foress ol nature. 2
fcquived concepts of theoretical atomie
gbructure,; atonle giges, and imporbance
of size. 95

Acquired concepts of the nature ol energy
and bthe importance of enorgy in holding )
aabter together or apart. G

Developed an understanding of the nature of
ionic and cxidationereduction reactions as
being attempts to reszch enerzy

equilibriwn.

A

QT}'
o

Developed an understanding of sone industrial

and seme practical aspects of chewmistry such

as certain conmon industrial processes and

the uses of synthetics, doborgenis,
eprtiligers, dyves, etc., around

the hona.

£

Hdo

ot
5

1

A

nde=

A

cided

bal
+

13

11

)

o

o

&

f
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~ Unde-
Yes Ho oided

)

boe  Acnuired @ usable scientilie wvocabulapy. 160 3 G g a a a
49« Cained some Bathenat sieal (arithmetical) N _
efficionzys &7 7 15 a & @ &
50  lLearnod how to read charts, praphs, and _ ,
tablens. &3 5 il a &a & a
51ls bneow Loy scientists work and bacome
scgualnted with sone of the world's , ,
croat selentific ideass G 4 15 a & a a
524 Le Lo illuastrate the scientilie
?ﬁ bf'cdtln fome Ca3e
‘ 52 22 35 ¢ d 4 4
83,  Vave an awarencsg and Tnavleﬁw@ of the
evolub 1enﬂry processes that have
aliered the erganic and 1&@?« o
zanic world in aIes pasts 585 24 27 r d ¥ a
5he lave lewrned how chemistry has contributed
to the solubion of seeial and ceoncmic
vroblens in the past and have an
uT&IuDG““ i its prospective .
role in the future. &89 28 a 4 a a

Have concelved of progress made up to the

pregent time as but a stepping stons for

Turther advancencnis Gf geignee in the

{ULUPG. ge g 9 a

A 24
A
*

£
L
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Be able to ﬂea& sl pr@blems for the present

and illustrate

from problems in the past

50 as to sﬁaw ‘that different ideas of

the samg thing
HOTE senple

und ﬂﬁt an

Be able to
auout sSone

» can contribute Lo s

2be umﬁ@ruaaadinra

give
af the

of chenistrye.

shreny

-:‘3{’;

hqvﬁ learned that the vallait; of argunonts
daper n the |

b of the evidence

the qualmtm%n of the wmen

sprehensive explanation

mnﬁar1“¢n; @hllﬁm@ﬂhl@H

40

79

- Unde-
Ho eoided

27 &2
10 20
19 4l
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REVK VALUES ©OF THD JURY DEISPONSES

% o ey
£ R >

Bi a5
& Lo A ot

e 3645 20,0 32,0 1345
Z 3645 3345 33.0 2.0
3e 30.5 a5 e’ 16.5
i !4'2‘5 5?'G lﬁnﬁha@ Bcwg
§¢ 205 3.5 3 au 17‘@
ﬁ" 330{3 2?&‘3 2 #;5 ) 15
?3 2?.5 3)!) 316@ 11*‘*5
f‘%. 16.5 f)ir@ Jw‘m‘ 215
5 Wheas 31.0 35.0 3345
llo 33;@ ll{oﬁ 5 l&l‘{} {&1}05
12. 1.0 31.0 36.0 26.0
13- l@.ﬁ fﬁ } 120’0 §+O5
14, 5245 Ll 5 130 575
lso 33:@ 37 }»).@ 35’.}.9
160 l@.a léc} 111--5 12.0
1 16‘5 "-{-10) 31&0{} BU.G
19; 16.5 9.: 12,0 70
26. 2?05 3-9 210&.1 :")Q G
21. 7.5 4345 4640 4lye5
22. 23.5 2440 23.0 26.0
23, 3e 5 13.0 Ged 1345
2[{-. 2?‘5 léi) Ha@ . 29-@
26' 5‘8'0 5)5)00 5{%.{3 54..‘.{.?
2?. ii—é?tg !faivk} i&f; .{} }E}QO
8. 39,5 39.0 35.0 ko5
29 51.0 LE8.0 495 58,0
30. 16,5 2l oG 21.0 31.5

A= chamistry teachers in swall colleges

B = chemis try teachers in large colleges

.
i

chenistry teachers in both small and large colleges

G = gducation teschers



TEBLE A--Continuesd

&
w
ol
il
3

'Iﬁé@w” R

31. 65 Rl 175 22.5
32‘3 2‘705 l;ﬂs(} 3&‘06 36
33. 57.0 5645 570 5/-@
3!;»0 24-6.{3 37&@ &2«0 5205
35. 3%.5 4545 idp e O .50 O
36' 5345 5540 ' 5445 - 55,0
37. 10,0 35.0 30.0 Lho5
38. 5240 570 34.& L240
j?e 16.5 16‘5 chG 3 o(}
45 . 16.5 24 o0 2L.0 29.0
3}1- 2-5 1.:5 115 2.§
L2, 2.5 1.5 1.5 1.9
I3, 16.5 13.0 145 10.0
£+Z§-0 23 05 _30;) {5.@ 1605
L)& 16-5 7 §u5 7tQ
zi-éy 3%#5 2’4—.0 2@0@ ‘ 33 55
1}7- 36.5 qu) 27.@ l@-ﬁ
48, 2+5 Geb 6.0 10.0
ll'g;' 6'5 qlﬁ éd@ «{p{j‘.@
50, 10.0 13.0 12.0 2540
51, 235 16.5 17.5 22.5
524 575 49.0 9.5 50.0
53' 55.0 5@19 520@ 31-5
5o 36.5 520 48.0 26.0
)5& lbofﬂ' 2303 &l -.5 léOfS
56. 5540 5340 5445 52.5
57 23.5 31.0 2245 0.0
535 5540 Sk’ 475

5.
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TABLE B

1. 85.2 7743 30.8 62.8

P 85.2 The3 79.2 0.8
3. 88,9 833 85,9 91.8
Joe 77.8 69.7 7343 &6.7
5 : 100.0 9545 9745 96.0
Ge 37.@ 80.3 8343 93.C
7- C}Q‘ ‘7&- n} gl o»é jl 8
8. Olya’ 9l .0 Sl §8.0
e 76.0 75.8 75 .8 8y 7
10. 0448 4Re4 3245 7845
12, 7646 7548 774 ob @
13. 9405 ' {39:@ 91.6 f/o@
1 77.8 50.0 20.8 7.
15. 87.0 69,7 77 by 8: .é
16. Ol 8644 G0.7 93.8
17. 8.2 Gee5 9%;9 %@»%
1{3¢ ?E@.:S 65 02 7303 Sl.r@
19, e 89.5 9l.6 ?5-8
20« 90.8 35.@ 875 0.5
219 égcs 63 65 08 7&-’5
220 6}2»6 %10 Ly 86;&» 8%.3
23 - 93.2 «3?.9 ‘92.5 9208
24, 808 861, 85.3 853
25 Ched 6347 CheZ . ek
26- 3( 19 )v&g 31:6 68.2
27._ 76.0 59.2 6546 G3.3
2\). %l q-fs 6@.2 ?Q.Z 7’4'05
29. 6340 53.1 5705 53.1
3@4 : ‘;li-.s ul.ﬁ? Ej?ts 85@?

A = chemistry teachers in small colleges

B = chemistry teachers in large colleges
A3 = chemigtry teachers in both small and large colleges
G = education teachers
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Juries

TABLE C

MISCELLANEQUS VALUES

{1) Coefficients

Jurlies A a

dJuries 3 a

Jury Ag

d

dJury 2

L1 ]

dJury A
Jury ©

(1]

{3) Hean (%)

Jury A

Jury B2

Jury AB:

Jury €2

{4) Yean deviation

Jury Az
Jury B

2=
m
e

Jury

Jury C

(.1}

of rank correlations (Rho)

A and B3

g @

o
LX)

*

ng G

&

AB and D¢

ho
Rho
fino

Bhao

8 = 13.¢

g = 18.6

4]
!

o= 83,8

i U

e
SRy
i

s {d} of jury scores

T2e2
7746

83,6

1
1

mﬂ
i

LI ¥
»

o
i

2.
#
L]

PR

_{3»-

S

=

cores

.67
0.80
Ce77

{2) Standard deviations (s) of scores

212



TH3LE D

CHI-SQUARE (X*°) VALUES BETWEEN THE
" INDICATED JURIES

Toanm X A=D , } X A0 » 3 Bl
2e 107G ' 1. 32 {JO{"‘{}
3. ﬁ.-{ua .2{} 3.26
f{b . ' 2. 2’? 2 » 26 5 .&1‘.
5' ‘2) - lifrﬁ Golfﬁo
o «93 2.23 5015
?. )o)ﬁ ...C'é C;}‘g{:)
C«q Q{;{‘;} 035 l,""@
Se 1.21 1.37 1.89

16, 5033 helZ 16.93

1i. Lo 59 3,40 3408

12, .59 1273 3.31

13. 1.61 3.43 3.3

1o - 5.93 2ek2 - 2.09

15. b77 1.2 é.wﬁ

1{%6 ho&‘) ‘ ¢95 @a,gzl-

17. 1.43 242 0.0%9

ls. ’ 13 o\éu 3;.!4-1 11 {M-ﬁc

1.';}; 3'27 173 34%«99

ZLIO la@l ) 3021 012

21' ) sOB nUB 2-1)

£24 ' 2ol 7S Lel5

23 &.D& 1.55 1.24

s .ipg {}.2,2,. 298

25 1.18 0.60 U3

260 201&! é’l}g 1&:0 )u

27- ' 6 05 13.-{}:% C"cﬁé

gt.,, 6,1;;‘2 1;}1 1:5{?

25 227 5ed7 0.68

3G, 2.83 l.h, bLe2h

31. 5,95 2456 1.52

32& ‘ 9-‘;{-} &6&33 5'62&

33. 1.03 L.05 50&1

34, 1.51 1.03 0.67

35, ' Sell L.02 12.91
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TABLE De«Continued

Luenm R Y AeD pec
3-*3: 5;033 2.&% 11405
fie 754 3.G7 25 53
l’{-Go 5 037 1015 i{-élé
Lle {3.00 1.09 1.1ls
Ll 0.0C Ce55 .67
L3 191 6136 2e55
s o 1.80 1.77 G587
L5 e La28 0.71 2433
@6 3.01 1.60 Uely2
PED Bl 1.58 5452
LS. 3420 944y 2.34
5G. 3.71 he30 0.31

51& 1:?@ lol{.? h.@f}
529 {7'&1 G**{i-g 7‘51
534 2.05 16.51 13.37
5k« G.38 T35 Ge35
55. 42'35} 965&- ﬁ.ﬁ}m

50.




o
Hy
W

TABLE B

HETHODS OF GALLULALIG&&

e

1. Grouped rank determination using Table I,
A1l iteme with the samze score are grouped together,
and the mean rank of all is given to each itenm within
the group.

Sxample: Prosn Jury 4

iten Score Hanl tiean Rank
5 100 1 25

P
T
g.,—"
£

]

Ze5

L8 1&. 3 A 245

. Rank values
Conn rall m e
HERA TARK = FITTET iveus in sroun

w2243 E <10 s g5

£

Lo

2. Hank correlations by rank difference uging rank values
in Table 3.
Step 1. List all iten numbers with rank values of the
two juries to he‘cgmparad_
Step 2. Obtain differences in ranlt values.

N > &% . (W
y 3¢ Sguare the diflforoncese

L
D
LS+
£
1 2
Lol
14}
4
by
L)
&3
i
-
f
O
£
V]



Examples
Hank Hank P
Iten Jury & Jury B é av
1. 3645 28 Tl 5625
2e 3645 335 3.0 .00
e 3C.5 20.5 10.0 100,00

L5

Caleulate and tabulate like wvalues for all fifty-eight
itens.
Letting P represent Rhoy coefficient of correlationg

substitute the sum of dg in the formula and solve.

3. The score for each item as given in Table B was found
thus: A "yes® answer was valued as 2, and an undecided

was valued as 1.

fo. of Pyes®™ answers x 2 + No. of undecided answers x 1
% 100 divided by total Ho. of answers x 2 = Score with
base 100 |
ke Feans and deviations
The following formulas were used for determining
the nean score and the standard deviation of scores

within each Jjurvye.

! o
Hean = Ziscores & = 24l
ea Ho. of items T

5. liethod of determining the limits of “yes® answers for
glassification of the aims.
{1) Assume there is ne siznificance between the

answers and the respondents) that is, the answers



are randons Yo inoreasce cenfidence assune all

1% vobag are "o¥ votoeg.

nun and onindoes lindts off the
nuzber of “yes® answers that would disprove the
mall-nypothenlis.

[, DI . 7 Py A
Brample: Use Jury A

# 0 < &
Forvawlas K& = ,

Let v = feo {(frequency observed)

3 %
et w {r qu,me? & peched

zivesn ab the 95 per cent level of confidence in u chi-s sguare

dﬁle h-ﬂu“l‘ ﬁﬁ,{:ﬁ&e Q& "mf“‘wﬁ 41}

Jeiily

Seish
. T 5 ey , el -
Selves v = 15 and 135 or apprezimabely 17 and 13

Thoredora,
17 or more answers of Yyes" for an iven in Jury A
neans “acoept.”

PE

13 to 17 Yyes' answers neans “doubtful.®”

5,

Under 13 Pyes™ answers are ivterproted te mean “reject?

o 8o o T
Lie Lele

oy juries or cegubinge

1 & T

In 1ike mannor, the lisdts of the obth
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Accept Doubtful Reject
Limits of B = 22-33 11231 Under 11
Limits of AB = 3860 22-37 Under 22
Lirits of € = 31~49 1830 Under 18

Chii-Square: Use item 30 between Jury A and Jury B.

1. Set up contingency table asswiinz null hypothesia.

(23.75) (2.13) (1.78) Totals
25 i 1 27
(51.25) (3.87) (3.23)
L0 5 L LG
Totals 65 6 5 76

2. Daleulate independence valuss.

3. Caleculate chi-square (X°) by squaring the ¢iffer-
ence in observed frequency and the independence
value; divide by the independent value. Perforn

thios calenlation for each of the sixz entries, and

add resulis.

78} 2

5
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3

There are two degrees of f{resdom) btherefore, % i well
below the value of 5.99 given in the .05 colunn in a X%
table, and the hypothesis that there is no difference, other
than random differences, between the two juries is not

s

rejected, i.e., there is no significant disagreement between

the opinicns of the twe juries.
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