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LETTER OF TRANSMITTAL
DiPARTMENT OF THE INTERIOR,

OFFICE OF EDUCATION,

Washington, D. O., Odober, 1932.
SIR: Within a period of 30 years the high-school enroll-

ment has increased from a little over 10 per cent of the
population of high-school age to more than 50 per cent of that
population. This enrollment is so unusual for a secondary
school that it has attracted the attention of Europe, where
only 8 to 10 per cent attend secondary schools. Many
European educators have said that we are educating too
many people. I believe, however, that the people of the
United States are now getting a new conception of education.
They are coming to look upon education as a preparation for
citizenship and for daily life rather than for the money return
which comes from it. They are looking upon the high school
as a place for their boys and girls to profit at a period when
they are not yet acceptable to industry.

In order that we may know where we stand in secondary
education, the membership of the North Central Association
of Colleges and Secondary Schools four years ago took the
lead in urging a study. It seemed to them that it was wise
for such a study to be maa by the Governmént of the United
States rather than by a private foundation; for if such an
agency studied secondary education it might be accused
either rightly or wrongly of a bias toward a special interest.
When the members of a committee of this association ap-
peared before the Bureau of tIthe Budget in 1928 they received
a very courteous hearing. It was impossible, so the chief of
the Budget Bureau thought, to obtain all the money which
the commission felt desirable; with the money which was
ot,tained, $225,000, tokbe expended over a 3-year period, it
WAS found impòssible to do all the things that the committee
had inmind. It was possible, however, to study those things
which pertained strictly tola secondary education, that is, its
organization; its curriculufs, including some of the more
fundamental subjects, and particularly those subject. on
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LETTER OF TRANSMITTAL

which a comparison could be made between the present and
earlier periods; its extracurriculum, which is almost entirely
new in the past 30 years; the pupil population; and adminis.
trative and supervisory problems, personnel, and activities.

The handling of this survey was entrusted to Dr. Leonard
V. Koos of the University of Chicago. With great skill he
has, working on a full-time basis during his off-quarters from
the University of Chicago, and part-time the other quarters,
brought it to a coMtision.

This manuscript reports a study in one of the fields of the
curriculum. It gives the survey of instruction in science,
which, as might be expected, thows a remarkable ihcrease in
the number of pupils enrolled. Following creful--antilysis of
available course of study materials the suibveykir 'visited a
considerable number of schools to acquaint himself more in
detail with the practices and procedures in schools judged to
be outstanding in their science work.

Those who are acquainted with the science instruction of
30 years ago will find that courses in general science and in the
life sciences have risen since that time. Courses in physiog-
raphy and certain short courses in the life sciences have nearly
disappeared. Chemistry instruction has been altered in
accordance with the changes in theories and in an attempt to
bring the subject nearer to actual life conditions. Courses in
physics are placing a much larger emphasis on work in elec-
tricity and rather generally follow the application of physics
to common everyday 'appliances such as the automobile.
The important position of science as a subject of study in
our schools justifies the extended treatment of its aims, con-
tent, and teaching procedures found in this monograph.

Respectfully submitted.
Wm. eThltN COOPER,

Comminioner.
The SECRETARY OF THE INTERIOR.
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INSTRUCTION IN SCIENCE,

CHAPTER I : SOURCES OF DATA

Courses of study investigation of the teaching of
science in secondary schools is based upon the analysis of 58
courses in general science, 45 courses in biology, 27 courses in
physics, and 30 courset in chemistry. The courses were ob-
tained from schools in response to a request from the Office
of Education for courses which had been revised since 1925.
Some courses were also secured from theDivision of Research
of the National Education Association. Twenty-six States
are represented by one or more courses of study.'

When one considers the large number of secondary schools
in the United States, the response seems meager. Assuming
that at least the majority of school administrators were suffi-
ciently interested in the survey to send courses of study if
they were available, the r4su1ts probably indicate that a very
large majoiity of schools do not have recently revised courses
of study for science instruction at the secondary level. It is,
of course, possible that many schools follow, more or less
closely, a State course of study. It is highly probable, how-
ever, that the májority of courses are dictated by the outlines
of individual teachers or by the particular textbook used by
the instructor. The influence of the textbook is disclosed by
an analysis of the muses of study. A considerable number
of courses were merely outlines of particular books, or a series
of page assignments to the required textbook. Classroom
observation also indicated the great importance of the text-
book in determining what is taught. Assuming that prepared
courses of study represent a break with tradition and are in
general the product of the more advance& thought on the
teaching of science, the present analysis should be indicative

I Arians* Arkansas, 4; California, 21; Colorado, 6; Delaware, 3; Illinois, 10; Indiana, 6;
Iowa, 4; Yagema, 1; Maryland, 4; Mamachueetts, 1; Michigan, 6; Mimeo* 1; Missouri, 6;
Montana, lk New limey, 14; New York, 4; Ohio, 16; Oklahoma, 1; Oregon, 3; Pennsylvania,
3; Rhode bland, 4; Tenneeeek 1; Texas, 6; Virginia, 1; Wuhington, 4; West Virginia, 6;
Wisconsin, 10.
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NATIONAL SURVEY OF SECONDARY EDUCATION

of the progress which is being made. Because of the small
number of courses analyzed, it can not be construed to be a
picture of general practice, it presents practice in school
systems where recent revisions have been made and where
the situation in science instruction is probably more dynamic
than in the general run of secondary schools.

Classroom vi8ting. In addition to the data obtained from
the courses of study, visits were made to schools in 14 cities
in various parts of the United &Mks. Fifty-five classes were
visited. The purpose of the classroom visiting was twofold:
(1) To discover the extent to which the coursed of study
actually functioned in dictating the subject matter presented
and the technique of instruction eniployed and (2) to dis-
cover promising innovations in classroom technique. Most
of the visits were made to cities in which revised course
outlines had been prepared.
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CHAPTER II : PREPARATION OF COURSES
OF STUDY

Examination of the courses of study indicates that the
majority of comes weft formulated by committees repro-
senting each of the different fields of sci that is, the
courses in general science were made by ers of general
science, courses in biology were made by teachers of biology,
and so on. No reffirence was found which might indicate
that the course was formulated by a single committee repre-
senting the whole field of science. Administrators apparently
regard each of these subjects as a special field, rather than a
sequence of subjects having a common core, with overlapping
aims, methods, and psychology of learning. Conversation
with teachers of science leaves a like impressions. Teachers
usually refer to themselves as teachers of physics or teachers
of botany, and rarely as teachers of science. This tendency
to regard each subject as an independent unit rather than
as a part of a sequence of courses, as will be pointed out
later, has an important bearing on the coutses of study in
science.

The committees operate under a variety of conditions,
which are reflected in the courses of study produced. Four
general types of situations will be described in this ieport:
(1) committees operating upder a director of curriculum,
(2) committees operating under a supervisor of science,
(3) coil siAteeti operating under the direction of outside
talent; and (4) committees operating withat supervision.

Oommiaess operating under a director currteulum.Many
of our large cities have what is commonly called a depart-
ment of curriculum. In some cities the department is small,
consisting only of the director, in others the director may be
assisted by a huge staff. In thp schools visited, the activity
of the department of curriculum varied greatly with respect
to its relations with the curriculum committees. Occasionally
it offend only a perfunctory supervision .of committee activ-
ity; in other systems' it practically dictated the entire currie-
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NATIONAL SURVEY OF SZCONDART EDUCATION

ulum policy. Departments of curriculum assist in the con-
struction of courses of study by assembling various materials,
such as courses of study from other school systems, science
textbooks, and professional literature on the teaching of
science. In addition, they frequently formulate general aims,
principles of organization, and a general scheme for the
presentation of the materials in a printed course ofo;study.
In some schools, the members of the committees were relieved
of class work during a potfion of the school year and reported
to the curriculum department offices where all available ma-
terials were placed at their disposal. This plan made possible
frequent consultations with the director. In other schools,
the teachers assisting were obliged to carry on their regular
school work to which 'as added the burden of formulating
a course of study. Under this plan, the majority of the
committees met in some conveniently located high 'school
alter the regular work of the day was over. Little, if any,
opportunity was possible for consulting the director or for
studying the materials collected by the department.

A considerable difference appears in the courses of study
produced by the two plans just disc' The committees
working during regular school hours under the supervision of
the director produced courses of study, which, in the majority
of cases, indicate a thorough understanding of the general
principles of organization and the nature of the task which
they were to perform. Committees working after school
hours, with little or no contact with the director, produced
a heterogeneous mass of material with few, if any, principles
of organization apparent. In the situations where the form
of organization was given to them by the director, many of
the courses show that the form is conceived as a purely
mechanical scheme to be followed arbitrarily. Examination

4° of these courses indicates that the organization is entirely
consistent. A more careful scnitiny shows that although-the
organization may be consistent in terms of its major divisions,
these divisions may be purely artificial so far as the detailed
material is concerned. No fault can be found with the com-
mittees who proceeded in this manner. They did the best
that they could with the time and resources which they had
at their disposal The fault lies rather with the adminis-

[41
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ENSTRUCT'ION IN SCIENCE

tration and organization which did not provide the oppor-
tunity for a good piece of work. The data in support of the
point just made are presented in Chapter W, The Organiza-
tion of Courses in Science.

Committees operating unaer a supervisor of science .--In
some of the larger cities a supervisor of science who is a
specialist in the% field of science teaching is employed. In
such school systems the formulation of a course of study or
the revision of existing courses is usually carried on directly
under his supervision. The influence, however, of the per-
visor of science in determining the content of the co I : of
study varies greatly. In one school system observed, the
course of study was formulated entirely by the supervisor
and his assistant. The material showed clearly that they
had first set up certain principlestof organization and criteria
for the selection of the content. The result was a unified
series of courses in the different fields. The courses were
placed in the hands of the teachers who were asked to suggest
changes for their improvement. The personality of the
supervisor was such that suggestions for improvement were
readily given. The original course is in a constant process
of revision and is used enthusiastically by the teachers in
the system. This method of procedure, however, is an
unusual one and would certainly be opposed by teachers in
many citiesi As a rule, the courses are formulated by com-
mittees who are appointed by the superintendent or the
supervisor of,, science.

A comparison of the courses of study prepared by ,corn-
mittees undethe direct active control of the supervisoi- with
those cou1ses1 in which the control of the supervisor was
limited, indic4es the superiority of those courses over which
the supervisoi had the greatest amount of control. This
superiority is evidenced most clearly by a comparison of the
junior high school courses with the senior high school courses.
In the junior high school, teachers as a rule are accustomed
to supervision. Many have had little specific training in the
various sciences, and as a result they are eager for sugges.
tions; they regard the supervisor as an export in the field.
Senior high school teachers have no such regard for the
supervisor, in fact, their attitude is often antagonistic. The
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NATIONAL SURVEY OF SECONDARY EDUCATION
I #

majority of the senior high school teachers are specialists
in some field of science. If the supervisor's training and
experience in teaching has been in the field of chemistry, his
opinion has weight with the chemistry committee. The
other subject specialists do not regard him u competent in
their fields. In other words, the majority of senior high
school teachers are not prone to recognize expertness in the
field of science teaching; they recognize only expertness in
the subject matter of a certain division of the field of science.
This attitude operates as a distinct disadvantage in the con-
struction of courses of study. The lack of a general view-
point toward the teaching of science is usually exhibited in
courses formulated by subj Ei,t-matter specialists; the content
of the course is dictated solely by the logical divisions of the
subject. Neither the contributions of the subject to the
general aims of educatioñ nor the psychological and peda-
gogical considerations are taken into account in determining
the organization or the subject matter selected.

It must not be concluded from the foregoing statements
that this lack of cooperation between the senior high school
teachers and the science supervisor exists in all systems.
Observation by the writer, however, leads him to believe
that it is often the case. Examination of courses of study
and observation of classroom teaching leads the investigator
to believe that the majority of senior high school teachers
would profit by more contact with the science supervisor.

Committee8 operating under outside talent. Experts brought
in from outside the system have also left their impress on
courses of study. In some cases these experts have been
specialists in the curriculum and in other cases they have
been'' specialists in science education. In the judgment of
the investigator (as determined by an examination of the
courses), each of these types of specialist has contributed to
the development of, the courses of study in such a way as to
produce in the courses °of the respective cities a uniformity of
viewpoint and organization which are notab17. lacking in
courses prepared without supervision.

Committees operating without supervieion..--In some school
systems the course of study is prepared by committees ap-
pointed for each special subject. These committees usually

[ 41
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INSTRUCTION IN SCIENCZ

work independently of each other and are left entirely on
their own resources, the only condition being that by a cer-
tain date a course of study for the subject must be forth-
coming. A committee of that Idnd was observed in opera-
tion. Since the method of constructing a course of study
aids in interpreting the final product, a description of the
work of this committee is included. It is probably typical
of the operation of many committees. The first meeting
was very short. Ea& member was asked to present his
outline of the course at the next meeting. No mention was
made of the general aims of education toward the attain-
ment of which the course should be ',focused. No specific
objectives of the course were decided upon. No principles
of organization nor criteria for the selection of subject matter
were formulated. At the next meeting, one member was
called upon by the chairman to present his outline. This
was promptly criticized by those members whose outlines
differed from the first in some respects. The criticisms con-
sisted of--"I think that this should go first"; "That isn't a
unit", "This topic is too large"; "We will never have time
to cover all that," and other remarks of a similar nature.
The whole discussion was based upon personal opinions,
likes, dislikes, and prejudices of the various members of the
committee. After seven meeti4gs the committee, through
the process of compromise, arrived at a series of topics which
were duly printed and distributed to the other teachers in
the system. Two of the teachers of this committee were
visited some time later and they were not following the
course of study they themselves had cooperated in prepar-
ing. Lack of expert direction such as may be supplied by a
director of curriculum or by a supervisor of science fre-
quently produces the type of situation just' described.

Another common type of committee procedure is to meet
and decide upon the topics or units which are to be included.
Each teacher is then assigned to develop a particular unit.
Many courses of study disclose evidence of this type .of prowl
cedure by an entire lack of uniformity in the oiganization of
the different units. One unit will present a statement out-
line of the important ideas, another a topical outline, and
another a series of problems. Analysis of the unite reveals
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NATIONAL SURVEY OF SECONDARY EDUCATION

that the individual teachers must have had entirely differ-
ent conceptions of the nature of the learning products to be
attained and of the nature of the learning process. One twit
may be focused upon the accumulation by pipils of details
relating to the topic under discussion. Another unit may
consist of problems to be solved, in which the details are used
functionally to supply data for their solution. Still another
unit may consist of a "hit-or-miss" collection of projects
with apparently no other idea than " whole-hearted purpose-
ful activity " on the part of pupils. And there may be one

or more units in which the important generalizations of
science and their applications in life situations are stressed.

It is even possible to find all these types of materials mixed

within a single unit.
The influence of other courses of study is indicated by the

widespread use of certain objectives, specific aims, and topics
phrased in identical words. As a rule, no credit is given for
quotations made and it is only through a comparison of the
years in which the courses appeared that the sources of these
materials can be determined. A common procedure of course-
of-study makers is to assemble all courses of study they
can obtain and then make a composite of the whole. The

assumption underlying this procedure is apparently that by
this method they may be reasonably sure that nothing has
been omitted.

Possibly more space has been devoted to a consideration
of the preparation of courses of study than is necessary.

The methods which have been described are more or less a
matter of common knowledge. This section constitutes,
however, a background for the analysis and interpretation
to follow.
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CHAPTER 1H : EDUCATIONAL OBJSCTIVES
LISTED IN THE COURSES

The frequency of mention of objective& Each of the courses
of study was checked to discover the educational objectives
of the course. Some of the courses did not iqclude state-
ments of objectives. This is shown by the totals for each
subject.

TABLI 1.Number of courses stating objectives

y ,
General

Objectives Milne. Etiology Chemistry Physics

(-) (45) MO (27)

i s 8 4 I
I

Ob - . of secandery etimastion_ 14 2
Obi -Eves al science in ipmeraL 15 3 2 3
Obi - . at ipecac coma 40 21 17 18

: . to other committee& 2 6 1

25 21*-a Total
_

Nors.Prbe numbers in parentheses indicate number of warm analysed.
of

The table indicate that the relationship of the specific
course to the objectives of secondary education and to the
objectives of science in general if; considered by approximately
one-third of the courses in general science and by very few
other courses. It is, of course, impossible to deterniine
whether or not the committees responsible for the course in
bi91ogy, chemistry, and physics, considered the relationship of
their courses to the general educational objectives. A
marked contrast appears between the courses in general
science and the specialized courses in regard to the material
on objectives presented in the courses. Courses in general
science contain many references to applications of science in
the home and community. With few exceptions, the
specialised courses contain a presentation of the subject
matter organized in terms of the logical divisions of the par-
denials field of knowledge with, which they deal. This differ-
ence in the courses of study may be due to the difference in
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NATIONAL SURVEY OF SECONDARY EDUCATION

the subject matter of the courses or it may be due to a lack of
a general viewpoint of the objectives of secondary education
or of the objectives of science on the part of the teachers of
the special subjects. It is significant that the committees
in the special field did not deem it necessary to include state-
ments of the objectives of secondary education. Practically
all courses in the special fields included statements of specific
objectives. For example, in the biology courses a large
number of the objectives referred to specific phases of
biology; such as: To give the pupils an understanaing of the
life processes of plants and animals; to observe and explain
the close relatiorphip hetween plants and animals; to learn
about the human body; and to learn how to Care for plants
and animals. This attention to specific contributions of
the subject matter of the course was also evident in the other
special courses. The objectives of the courses in general
science on the other hand were more general and would
apply to any field of science. This difference in objecfives
between the courses in general science and in the special
sciences courses is probably explained by t that a
special science er is especially trainedne subject
matter of his co L and thus tends to think of his courses
in terms of content rather than in terms of general outcomes.

Tht &unification of objectives.--A more detailed .analysis
of the objectives is presented in Table 2. In this table the
objectives are classified under six major headings, namely,
knowledge, exploration, abilities, attitudes, ideals and habits,
and interests. These headings overlap in some degree. It
is practically impossible to set up distinct categories for the
classification of objeçtives because these categories are
necessarily determined after the objectives have be& for-
mulated. For example, the exploratory objective might
be considered as a knowledge objective. It was placed
under a separate division because this obtective is often
mentioned specifically by writers in the field.

An examination of Table 2 indicates a very wide range of
general objectives. The frequency of mention of the various
objectives shows that there is far from an overwhelming
consensus as to what the objectives should be. The fre-
quency of mention is interesting, but is not, in the investi-
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INSTRUCTION IN WEBS=

gator's judgment, a valid criterion for determining what
the objectives should be. It should be of value to course
makers since it reveals what others consider to be the objec-
fives of science teaching.

TABLz 2.--An analysis of the objectives listed in courses of ghat/ in
science

Types of objectives
Generalwows

(51)

Biology
OM

Chemistry' Physics
PO)

1 I 3 6 5

A. Komi.*
1. To acquire Information about science_
2. To acquire which will produce a

better on' . 6 6 1 ' 01 0 1 Ir environment._ _

3. To acquire the . , i seepeory to owed
superstition and erroneous Mil

4. To acquire a sedostlflo
5. Tose=tont the student with :-40 --,. ao-f-

=futraii4.& To weft sonmenfog the tens
noes of adame,...

7. To a body of dbets
6)......

which *ill enable
one reed scientific Iftststats....

8. To waste 4 ' 6 01 the fastionental
el the .. ,

application9. ToP=Ila the of

10. To . i i the neouserileriiiiiii-
omen in edam or to prepwe lor mew_ _

11. To minim kaa=6 tuakittion the jenwal
culture of 11111

12. To inset the dimes& of the State. depart-
ments.,.. .. ........... -. . ...

13. To woke imowledgerbieh will function to
noun the °I:begrime_ stated in the bulletin
as Centisel PINION of flosoadary Mop
cation

: e ii of fundamental prowess_c. . 1 .

W. i beta* meta
Vend=
Worthy soo of lobate tams_
Development of elided thstsater.____

Etjobrofion (or orindollea)
1. To give the pupil a view of the field of mime

so that be explore his Interests, espael-
tin, and

beds(6) AllrGZ.for the election of further
warms kedging.

(b) As s boob for the selection of 6 weer

ll°11-.."461161doTo68qiiiiw(e) o of interest .
- C. Aififtles

1. To de" c-2111) the to lhIsk mhstlfiesIty.
Memo am hob_ e __ ...... _it. -....ftwrwriroc, obse'rvail_Ca's

. y atle:Wilto form l
mend .

() To diva. ` abaft toevalueto

18

40

4
6

3

4

3

2

8

6

25

19
18
12
14
11

9

8

9
4

44
5

10
19

12
3

,

12

4

5

9

1

13

6
6

10

I

2
2

4
44

7

a

6

I

7

3

5

3
5
8

6

1

6
2

9

8

14

3

10

a

a

1

1

1

I
a
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a

i

1
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NATIONAL SURVEY OF SECONDARY EDUCATION

TABUN 2.An analysis of the objectivei tidied in mums of study in
scienceContinued

Types of objectives
General
science

iBiology Chemistry Macs

1 I 3 4 i
C. A/WageContinued

1. To develop the ability to think scientifically
Continued.

(f) To develop the ability to ____
(g) To develop the ability to locate prob-

() Tolervaop the ability to plan prior to
execution_

(0 To the ability to pther data

(1) To develop the ability to recognize
feats and errors in condi and
promote .,

(k) To develop the ability to do quantita-
tive thinking

Q) To develop the ability to szweus ideas
in deer and coherent le

2. To develop the ability to we the scientific
instruments ootr*:.3n in the laboratory

D. Altitudes
1. To develop a scientific attitude as shown by

ability
(*) To

To
vie* hots objectively... ....... .

(b) be tree from dogma and supersti-
tkm

(c) To hold one's conclusion u tentative
andsteorerd judgment until hots
are

(1) To revise one's opinions if the evidence
warrants

To be open-minded..
To have a spirit of inquiry

, To have a con of the univer-
malty of the cause and effect nation-ship3

2. To develop attitudes of appreciation of .

(a) The contributions of scientific method_
(b) The contributions of -science to man-

kind
c The great men of science

Expert judgment
e Nature

One's responsibility in the world
Natural laws
The importance of quantitative think-

(i) TLenlimportanos of original resserch.

-
B. Idols mod habits 41

1. To acquire Mesh or habits of accuracy per-
sistenoe, honesty, selkoontrol, truth e

2. To imitate a , sans, reverent attitude to-
ward science.

3. To evolve high standards of conduct in per-
good and group nib

t Menses
1. To acquire an appetite for investigations in

science
2. To acquire an appetite for seisntifie reading...
3. To acquire an interest in taking more Woos ....
4.
5.

To
'Po

acquire an
interests

Wool In name
aoqubt in vocational fields.

I. To amain wholesome Worsts whist may be
àpidto 0*Y Vsno thlic
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INSTRUCTION IN SCIENCE

The evaluation of objectiese.So far as the writer knows
there is at the present time no conclúsive method of evaluate-
ing the objectives as set forth. It is, of course, possible to
compare the objectives with the recominendations of various
authoritative committees such as those working with the
National Education Associatioft, the National Society for
the Study of Education, and the North Central Association.
These committee recommendations represent the consensus
as to what the objectives should be. They are significant in
that they indicate what objectives are entertained but they
are not necessarily the oli'jectives which should be attained in
the study of science. For example, of the 160 courses exam-
ined only .11 courses stated the objective, "To acquire the
knowledge necessary to correct superstition and erroneous
beliefs." According to the consensus this is only a minor
objective in the teaching of science. The writer is of the
opinion that this is an iinportant objective. This is ai opine
ion only and we have no present means of validating it. The
most recent authoritative formulation of the objectives of
science teaching is presented in the Thirty-first Yearbook,
Part I, of the National Society for 'the Study of Educa-
tion, 1932, in a volume entitled "A Program for Teaching
Science." The stand taken by this committee is shown in
the following quotation:

This committee, then, recognises the aim of science teaching to be
contributory to the aim of education; its, life enrichment. It recog-
nises the objectives of science teaching to be the functional understand-
ing of the major generalisations of science and the development of
associatd scientific attitudes.

This statement isIbased on the opinion of the members of the
committee. As such jo probably represents the best com-
posite thinking which. we have on this subject. However,
one of the problems which must be solved before we can get
far in formulating a truly scientific curriculum is that of dis-
covering a method for determining and evaluating the
objectives of science teaching.

It has already been stated that little importance should be
attached to the frequently of objectives. The reason for this
will be apparent if one will examineji dozen or morexcourses
of study. Evety degree of specifieitj in objectives will be

la .1



NATIONAL SURVEY OF SECONDARY EDUCATION

found. It is not uncommon to find a general objective, such
as seeming the scientific attitude of mind, contained in the
same list and coordinate in importance with the ability to
read a weather map or the ability to raise a family of mice.
Specific objectives began to me their appearance in science
courses after the publication of the Los Angeles course of
study in 1923. Hundreds 'of specific objectives were listed
for each subject. These specific objectives were added to the
general objectives in many courses and the result is a curious
mixture which is neither "flesh, fish, nor fowl." This indis-
criminate borrowing of material from other courses without
an understanding of the viewpoint on which it was based is
responsible in many cases for the hettirogeneous courses which
we n4w have.
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CHAPTER IV : ORGANIZATION OF COURSES IN
SCIENCE

The principles of organization.After the objectives of a
course have been formulated, the next step is probably that
of determining the general principles which shall function in
the selection and organization of the materials of instruction.
The courses represented, in this investigation were, therefore,
examined to discover the nature of these principles. Only
three courses presented any statement of principles, and
with the exception of a single course, these were implied,
rather than stated explicitly. The absence of a stitement of
principles indicates either (1) that a set of principles ills ndt
formulated, or (2) that the cpmmittes did not consider it
necessary to include them in tie courses of study as repro-
duced. Teachers must understand the_ principles of organ-
ization underlying the curricular materials if they are to use
the courses intelligently. Perhaps the- widespread distrust
of printed courses of study is due in some measure to &lack
of understanding by teachers of the basic principles of organ-
ization represented. Only two courses of study included
references to the studies which have been made in the field of
the science curriculum. Several references presenting the
results of research and the foimulation of courses by com-
mittees are available.'

Methods of organization. general types of organiza-
tion are comMon: (1) The topical organization, (2) the
specific-objective organization, and (3) the unit method of

Caldwell, O. W., sled Rearganisation of Mania Is Secondary Schools. United
States Bureau of Ifoluoation Bulletin, 1920, Mo.

Report of the Committee on Standards for Use in the tion of Secondary
School Curried& North Central Association Quarterly, 1: 505-616, March, 11127. S : 0*-614,
Mambo 1119..

Curtia, Francis D. Investigations In Teaching of Science. 1,1 " 0,1! phis, Blakistai,
1934.

&nod Digest of Investigations In the Teaching tie galena. Philadelphia, Bla*.
Won, 11111.

Fifth YeurboOk ci the Deportment at Superbtandence, 19V. Pp. 147-1ie
Sixth YearboOt at $ I* Deporlosent d Superintendence, 12111. Pp. $444110.
*Twe1t74l1tik Yeerbook, National Society for the Study cl Mutation, UM Part IL
Thirty-first Yearbook, Nationai :society for tIo Stakly of Education, UM Part L
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NATIOÑAL SURVEY OF SECONDARY EDUCATION

organization. The topical method of organization is Ate
traditional method. The publication of the Los Angeles
courses ofistudy in 1923 ushered Wt. Period of organization
around specific objectives. This method was taken over
by several cities and was modified to some extent by other
cities. Since 1926, the unit plan of organization has been
widely adopted. Sixty-two of the tourses examined refer to
the divisions of the course as unitsw Of the 26 courses
appearing during 1930-31, 20 are présumably organized en
the unit basis.

Tápi,cal method of organization.Ninety-three of the 160
courses present simply a topical outline of subject matter
such as the following:

Hydrogen and its compounds

A. Comparison of 4ydrogen with other elements in weight.
B. Uses of hydrogen.
C. Preparation of hydrogen.
D. Testing for properties of hydrogen.
E. Comparison with properties of oxygen.
F. Product formed when hydrogen burns.
G. Examples to show contrast between compounds and the

elements which compose them, etc.

This is, of course, the traditional method of organizing
courses of study and is based on the traditional conception
of learning and of the subject matter of the curriculum. To
quote the Twenty-sixth Yearbook of the National Society
for the Study of Education, Part II, page 17:Vs*

In times past, and too largely in present school practice, the cur-
riaulum has been conceived Inimarily as formal subject matter (facts,
processes, principles), set out to be learned *::2 Pi. bout adequate relation
to life. The pupil has too frequently been required te repeat words,
express ideas which he does not understand, and to accept, adopt, and
use materiiils which have been furnished him ready-made and corn-
pletely organized bi the teacher. Learning was thought of as the
ability to give back upon demand certain phrases and formulas which
have been acquired without adequate understanding of their meaning
and content.

While employmept of the typical methbd of organization
A . &es not necessarily indicate that the memorization of sub-

ject matter is the most imporiont aim of the course, the
( 16 1
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INSTRUCTION IN SCIENCE

material included in the outline places the emphasis upon
the accumulation of details. and facts rather than upon
understanding. In the foregoing example the pupil might
emerge with a fund of details concerning the occurrence,
preparation, compounds, and the physical and chemical
prope 'es of hydrogen, and probably could pass a good test
upon th. , but the question might be raised, Is chemistry
simply t s sum of the known facts about the chemicals with
which the chemist deals, or is it an understanding of the
principles of chemistry through the mastery of which. one
secures a basis for the interpretation of the world in which
he lives? The topical organization in the past has been an
outcome of a type of education in which the accumulation of
facts is set up as the end product to be attained. While it
is possible to arrive at an understanding of the important
generalizations in science by this method, the emphasis on
the accumulation of facts as the major goal would often
securt4hese generalizations only as by-products of the course.
This conception is in marked contrast to the viewpoint in
which the facts are regarded as the raw materials with which
one thinks, and are, therefore, means, and not ends. The
fact that 60 per cent of the courses are organized on the
topical basis should not be considered evidence for beaving
that this is the best method of organizing courses. The best
method will be that method which educational science even-
tually determines to be the best method for attaining the
obj ectives.

Organization in terms of specific okeetive8. r,: tion of
courses in terms of specific objectives is included a's a separate'
mode of organization because it is markedly different from
other types of organization. In one sense,' is not a distinct
type of organization in that the courses may be divided into
units or tppics. The point of view taken by the"Committées
who have organized courses on tIlis basis is probably best ex-
pressed in the Los Angeles courses of study. These courses
are commonly organized under headings such as the following :

"Specific Objectives," "Suggested Activities," ".Suggested
Procedure," and " peeirable Outcomes. " An examination of
the spec& objective' shows thit they commonly begin with

(17)
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an infinitive and are usually expressed in somewhat the follow-
ingbform: " To learn that mitals incrense in weight when
heated. " An analysis of one of these mines of study
showed 53 different ways of expressinF a knowledge objeptivelike the one stated. Some of the methods of stating the
objectives 'are " to comprehend," " to understand," " to be-
come familiar with," " to learn," "to become sensible to,"" to obtain a knowledge of," "to become acquainted with,"" to find out," " to realize the significance of, " " to become
aware of," " to gain information concerning, " " to studythat," " to ascertain how," " to acquire a working conceptof," "to consider," " to know," " to augment knowledge of,"" to advance further in the study of," " to introduce the
pupils to, " " to begin to understand," "to give specific facts
concerning." If the infinitives are written on one side of
the page and the subject matter on the other, we have on
one side a series of infinitives and on the other a topical out-e $ en for punted that the teacher wishes
pupils to obtain a know . i .1 ; topics in an outline andit is, therefore, questionable whether the . s se n °times
is any contribution

$
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One wonders what is the psychology of learning which under-
lies such a series. of objectives. On the one hand, one finds
objectives which are general methods of procedure, and on
the other, objectives which apparently deny the existence of
generalizations as a basis for transfer of learning. For ex-
ample, according to the list, the ability to raise a family of
mice is one specific, another is to raise turtles and by implies-
tion it would seem necessary to include the ability to raise
every kind of animal which man might conceivably wish to
raise. To the investigator, many of the specific objectives
seem to be incompatible with any underlying viewpoint in
education or psychology of learning. The foregoing criticism
is not directed toward what is comnionly called an " activities
curriculum " it applies tathe interpretation which curriculum
maker; have made of the idea.

The formulation of specific objectives after the fashion just
described has left a very definite mark upon our courses of
study. -inane percentage of the modern courses make use
of the Oran and apply it in various ways in the organiza-
tion of counes. In many cues the description of the nature

jectives given in the preceding paragraph applies;
in some the nature of these objectives has been changed after
the manner to be shown later in this chapter.

Unit method of organization.---Since few ,ifany , of thecourses
appearing bssfore 1926 were divided into what were referred to
as units, it is probably a safe assumption that the widespread
use of term "unit " after this date in courses of study is due
to Prof. H. C. Morrison, Professor Morrison's book, " The
Practice of Teaching in Secondary Schools," appeared in that
year. According to Professor Morrison, a learning unit may
be defined as a " comprehensive and significant aspect of the
environment, of an organized science, of an art or of conduct,
which being learned rtogulta in an adaptation id personality"
(p. 21). The problem of organization in general science is
"a search for the comprehensive and significant aspects of
the enviroaintnt in the field being fitudiedcomprehenaive in
that' aspect explains a great deal, and significant in that
it ig important and essential" (p. 182). In the special sci-
woes, physics, chemistry, and biology, the unit is "a com-
prehensive and significant principle or complex of principles

1.191

;-4-
114(-11.411'.1A 61,1 ; kftri.4Yler:siirA1. ,;;:k., 1 t;

13

"4,
411.t ( tO,

p, - " ,S0511._

OW^



NATIONAL SURVEY OF SECONDARY EDUCATION

and the meaning and bearing of the terms ' coniprehensive '
and 'significant' are the same as before" (p. 193). " The
critical test of any unit in the science type is, Does it tend to
contribute understanding rather than a descriptive account? "

An analysis of the courses divided into units indicates that
the term "unit" has been taken over as a convenient term
to replace the word " topic," rather than as a $rinciple of
organization. For example, the following units are found in
courses in general science: Astronomy, Air, Looking through
a Telescope, Bread, Oxygen, Nature of Chemical Change,
The Telephone, Buried Treasure, Animals, The Grasshopper,
Chemistry Flowers, Machines, Water, Obtaining a Food Sup-
ply, Carbon Diwdde, and How Living Things Grow. It is
evident that many of the titles listed are not units in the
sense in which Professor Morrison uses the term, while others
are. Many of, the courses consist of true units mixed with
topics.

If we apply the analysis of a tinit still further, it is evident
that certain elements enter into the understanding Ahich is
implied by the unit. Direct learning of the unit requires
mastery of the elements out of which the understanding
grows, but it does not require mastery of all the principles
or associated elements which do not contribute to the under-
standing. While it is true that different teachers might
differ to some degree as to the elements which they would
include within a unit, a *fairly high uniformity of opinion
should result. An analysis of the unit "Air," which was
included in 15 of the courses studied, was made to deiermine
the content included. Tbe outline for this unit included the
following principles, phenomena, and devices: Matter and its
properties; woight, pressure, compressibility, composition,
structure, elasticity, and inertia of sir, effect of heat upon
air; coddktion; photosynthesis; weather, including winds,
humidity, evaporation, condensation, forms of precipitation,
lightning, thunder, and forecasting; devices such as suction
pumps, siphon, barometers, thermometers, windmills, coma-
pressed air devices, vacuum cleaners, airplanes, refrigerators;
chemical changes, including elements, mixtures, and comm
pounds; physical changes; conductiolt radiation; convection;
structure of the ear; musical instruments; nitrokeirtycle;
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carbon cycle; hygiene of breathing, nature of sound ; weather-
ing; boiling point, freezing point, distillation friction; rulio;
treatment of burns; fire prevention; balloons; respiration;
ventilation; stoves and furnaces; composition of water,
water supply; bacteria, yeasts, and molds; vaccination, and
the life history of flies and mosquitoes.

The foregoing examples seem to point to several con-
clusions: (1) The idea of what a unit is is not clearly de-
fined; (2) the title of the unit does not indicate the nature of
the content to any high degree; (3) the emphasis is placed
upon the subject matter or assimilative militerials rather than
upop the elements through which the' intelligent attitude
implied by the unit is attained, in the setíse in which the term
unit is applied by Morrison. It is, qf pours°, not obligatory
to accept Professor Morrison's viewpoint concerning the
nature of a unit. What is valuable in what he has written
'rests upon the validity of his reasoned analysis. Mere con-
sensus of opinion, even though it represents the opinion of
99 per cent of our population, establishes nothing. The
validity, after all, rests on the disclosures of the underlying
sciences of psychology, biologand anthropology. It is to
these sciences that we must fun if we are to establish clearly
the nature of learning products. These sciences have already
collected many data concerning the development of the
nervous system, methods of learning, and the ways in which
our institutions have developed. A truly valid curriculum
awaits further disclosures from these sciences and the appli-
cation of the findings in the establishment' of Ojectives and
in methods of attaining them. ;t.)

Methods used in the development of topics.---Anattempt was
made to classify the courses of study on the basis of the
methOd employed in the development, of each unit or topic.
This proved to be very difficult because of tbe diverse nature
of the courses. It was possible, however, to distinguish 11

. distinct methods of organization. These methods and their
frequency are as follows:

1. Each unit or topic is taken4rsom a single textbook which the coupe
- follows (15 courses).
2. Each unit or topic is divided into a series of -subtopics indicating

the nature of the subject matter (96 courses).

21 1
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3. Each unit or topic is divided into a series of subtopics indicatingthe nature of the subject matter and also includes one of the
(a) A list of laboratory activities (5 courses).
(b) A list of laboratory experiments, demonstrations,

applications (2 courses).
(c) A list of demonstrations and suggested questions (1course).
(d) A list of minimum exercises to be performed (1 course).(e) A list of laboratory exercises and references (1 course).A presentation, pretest, and a series of exercises (3courses).

4. Each unit or topic is outlined as a series of specific assignments tovarious textbooks (1 course).
5. Each unit or topic takes the form of a short presentation of thetopic (1 course).
6. Each unit or topic is outlined in terms of specific objegtives to beattained and includes one of the following

(a) An outline of subject matter, references, and activities
(1 -course) -

(b) An outline of subject matter, home projects, demonstra-tions, and laboratory activities (1 course).(c) An outline of subject matter, class activities, outcomes,and references (3 courses).
(d) Suggested attivities (2 courses).
(e) Suggested minimum activities and additonal activities(1 course).
(f) Suggested activities, suggested procedures, and desirableoutcomes (3 courses).
(g) Pupil activities and teaching suggestions (1 course).(h) Pupil activities, topics for investigation, problems withspecific aims, and demonstrations and references (1

4/

course).
7. Each unit or topic is organized around a body of core matètialconsisting of laboratory exercises (1 course).8. Each unit v. topic is outlined as a series of pupil activities (1 course).9. Each unit or topic is divided into a series of probiemav(9 courses).In five of these courses each problem includes one of the fol-lowing

. (a) The specific objectives to be attained, the general objec-tive of which each specific objective is a part, and alist of general meanings to be attained (1 course) .(b) A development, summary of ideas to be attained, andsuggested reports (2 courses).
(c) Specific objectives, an outline of content, suggested activ-

,
ities, experiments, visal and reading aids (1 course).(d) An outline of content (reourse).

and

1221
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10. Each topic or unit is organized in terms of concepts, ideas, prin-
ciples, and generalizations to be attained. Each unit includes
one of the following

(a) General objectives outlined in terms of specific objectives
(1 course).

(b) Statements of major concepts, statements of minor con-
cepts, each of which is divided into problems (1 course).

(c) Specific aims in the form of statements, followed by an
outline of subject matter (3 courses).

(d) Specific aims in the form of statements followed by pupil
activities and additional topics (2 courses).

(e) An outline of subject matter and reference to generaliza-
tions stated at the beginning of the course (3 courses).

The results of the complete analysis show that approxi-
mately 10 per cent of the courses of study consisted of a list
of the topics to be covIred, and that 60 per cent of the courses
consisted of a topical outline of each unit or topic. The re-
maining 30 per cent of the courses exhibit a great variety of
methods of organization.

The results raise the problem, What is the function of
course of study? Should it function merely to indicate what
should be taught orohould it suggest methods of procedure?

Promising varialions in methods of organization.Several
comes present interesting variations from the doMinant
procedure. In the belief that these will be of value to future
curriculum makers, a few of the more.promising types will
be included.

In the course in general science of Rochester, N. Y., each
unit is regarded as a significant understanding and the name
is phrased as a complete sentence. Each unit is then divided
into a series of minor concepts, also formulated as state-
ments. A series of problems is then raised, through the
solution of which the pupil arrives at the concepts listed.
The emphasis is, therefore, on a generalization or concept
which is reached through the mental process of problem
solving, A brief excerpt from this course follows:

[ 23]
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TOPIC I: WA T ajut

UNIT I. Major concept. The continuance of life upon the earth is
dependent upon the water cycle

A. MINOR CONCEPT. Water is one of the necessities for all life.
1. Problem: How do animals use water? Why?

(a) With food and drink;
(b) For bathing;
(e) AB a home.
NoTE.Problems 1 and 3 are observational problems.

2. Problem: How do plants use water? Why?
(a) As food manufacturing material;
(b) As a home.

3. Problem: How do you use water? Why?
(a) With food and drink;
(b) For cleaning and bathing, etc.
NOTE.In each problem have pupils consider how, if at all

the activity or use could be carried on without water.
B. MINOR CONCEPT. Water occurs in a variety of forms on the earth

and in the atmosphere.
1. Problem: How does water get into the atmosphere?

(a) Evaporation from bodies of water, land, and wet sur-
faces. (Call for pupils' experiences.)

Experiment 1. What causes water to evaporate?
(b) Prom air exhaled by living things.

The same general method of organization is presented by
the Denver Course in general science. An excerpt from
this organization follows:

UNIT I. Air and water. General objective. Air and water are domina;
factors in the physical environment

SPECIFIC OBJECTIVE. 1. Air if; a substance and has properties whichare the same aa the properties of other substances. The following
are contributory meaningE4

1. Air occupies space. Demonstrations, T. L. pp. 2-3; other dem-
onstrations, H-1, p. 14.

Problem: Invert a : : -necked bottle full of water. Why
does the water bubble out instead of running out in a
steady stream?

2. Air 11;t8 weight, etc.

This course is similar to the Rochester course in that the
attention is focused upon major concepts or understandings.

The course in chemistry of Passaic N. J., has at the be-
ginning of the course an outline of the important generaliza-
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dons 'and principles to be taught. These generalizations are
referred to in the outline of topic. For example:

TOPIC I: OXIDATION
A. Combustion.

Generalization A. 2. (This reference is to the following gener-
alization which appears in the list " I xidation is a fundamental
source of heat and other forms nergy into which man has
learned to transform heat.")

1. Solid oxides and gaseous oxides.
2. Increase of weight and burning, etc.

This method of organization, presenting as it does, gener-
alizations and topics probably marks a transition between
courses stated in the form of understandings and those con-
taining only topics.

Teaching units at the University High School, University
of Chicago, are analyzed into elements which are focused
upon the understanding of the unit. These elements are
then reworded in the form of problems which are given to
the pupil for study. For example:

(a)

(c)

(d)

(e)

UNIT I. The chemical nature of matter

Everything which occupies space and has weight is matter.
Matter may exist in three physical statessolid, liquid, and

'gaseous.
Matter is made of simple substances; pure complex sub-

stances, compounds; mixed substances; and mixtures.
The ultimate unit of an elementary substance, an element,

is the atom.
For the purpose of interpreting chemical phenomena the

atom may (be conceived as a structure made of protons
and electrons.

The above series of statements is not given to the student.
Instead he is given the following series of problems:

1. How does the chemist measure matter?
2. How does the chemist recognize materials?
8. How does the chemist classify materials?
4. Why do scientists believe materials are made of molectiles?
5. Of what are molecules composed?

-4;
The organization of courses around major ideas, concepts,

principles, laws, understandings, or generalizations* presents
a distinct departure from the conventional topical method
of presentation. An example of this difference is clearly

25 I
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seen in the organization of the topic on hydrogen and the
unit on the chemical nature of matter In the latter type

. of course the facts of chemistry are merely the means; that
is, they futnish the raw materials from which principles may
be derived or verified. The focus of attention is the prin-
ciple; it is this principle and mode of arriving at the prin-
ciple which places the student in possession of the method
of thinking employed by the chemist. This method of
organization of courses presupposes a list of the important
concepts and principles of each field of science. Analyses of
textbooks, popular-science literature, newspapeis, and job
analyses have been made to determine what these principles
are. The task is not yet complete, but a start in this direc-
tion has been made. After the concepts and principles are
collected there yet remains the taslCof evaluating them in
terms% of their contribution to the objectives of science
teaching. .

Implicatiow of the analypes. The multitude of types of
organization shows very clearly the lack of a fundamental
theory of education. Until educators-and science teachers
have clearly formulated an adequate theory of education it
is probable that we may continue to expect the chaos which
now prevails in the organization of science courses. It is
significant to note that the more innovating courses have
been organized in school systems which have a director of
curriculum or a science supervisor, or who have called in
outside experts. These facts' seem to argue that a wider
point of view than can be obtained from teachers who have
specialized in certain branches of science is necessary if we
are to "view our courses telems of their contribution to the
aims of education and in light of .the nature of the learning
process. This does not mean that subject-matter specialists
need not take an active part in cuniculum construction; it
does mean that their work should be guided by a specialist
in the field of science teaching or in the field of curriculum.
It is, of course, possible that the teachers who specialize in
the different fields might become sufficiently dinterested in
the field of science teaching to study the problem of curricm
ulum making in ita general aspects. That many of them have
not become interested is attested to by their answers to one

.
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E.

of the questions put by the present writer. rti2 has
published two books which contain excellent summaries of
tile investigations which have been made iik.the field of the
teaching of science. During visits to school systems the
investigator had more or less extended conversations with
somie of the teachers. One teacher only of 26 interviewed
had ever heard of the summaries just mentimied. Seven
supervisors were interviewed, all of whom sèemed to be well
acquainted with the content of these summaries.

I Curtis, Francis D. Investigations in the Teaching of Science. Philadelphia, Blakiston,
1926. 339 pp.

Second Digest of Investigations in the Teaching of Science. Philadelphia, Blak-
ban, 1931. 423 pp.
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CHAPTER V : ORGANIZATION OF COURSES IN THE

VARIOUS SUBJECTS

The preceding chapter has dealt with the general types

of organization employed; the following paragraphs will

deal with tike types of organization in the different subjects

into which the field-of science is divided.

Tht organization of courses in general science.Courses in

general science were first organized according to the logical

-division of the whole field of science. For example, a section

would be devoted to physics, another to chemistry, etc.

Each section coptained what was thought to be the easiest

material from that field. The Committee of the National

Education Association on the Re6rganization of Science in

Secondary Schools in .1920 recommended that the subject

matter of general science be selected to a large extent from

the environment and that the principles of the various

ences be brought in wherever necessary for the interpre-

tation of the environment. Analysis of the 58 courses in

general science represented in this analysis 2 *sclosed but one

course which was organized in terms +AIe special sciences.

Nine courses were found which were hybrids; that is, which

consisted in part of topics drawn from the special sciences,

'and in part of environmental topics. Forty-seven courses

were formulated primarily in terms of environmental topics

or units.
In order to classify the courses on this basis it was necessary

to examine the detailed outline appearing undor each topic

or unit. For example, two courses might include the same

topic, such as "Light." In one course, the outline consisted

of the following parts: Straight line path of light, angle of

reflection, refraction, change of direction by retardation of

lenses, prisms, etc. For the purposes of this study, this
- topic was considered by the writer as a special science devel-

opment. In another course the topics were as follows:

History of lighting, kinds of lighting systems, lighting tbe

home, etc. This was considered as a -science devel-
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41,

opment. There still exist many topics phrased in terms of
the special sc1enci3 which are developed in the outline from
an environmental point of view.

Studies were made of the content of the courses in terms
of units or topics presented. The results obtained did not
differ from excellent studies which have already been made
by others and reported.' It would, therefore, be gratuitous
to draw on new studies here, especially as the findings of
these more recent studies are practically identical with those
of the studies previously published.

Table 3 shows the number of units covered in the courses
analyzed. The courses were classified into 3-year courses,
2-year courses, and 1-year courses. The results show the
great divergence of practice in the placement of general-
science units and in the number of units covered per year.
The difference in the number of units is caused primarily by
differences in the conception of the nature of a unit. These
results reinforce those in an earlier chapter which indi-
cated the lack of a definitive idea as to the nature of a unit.
For example, in one course plants are considered as a unit.
In another course roots, stems, etc., are consideied as units.
The units of the saine course are often not consistent with
each other. For example, in one course,, the following units
are listed: Forms of Matter, A Study of a Match; Light;
A Study of the Soil; Sound; Oxygen; Weather; Astronomy;
Ventilation; Work and Energy; A Study of Witter and Its
Use; Foods; Magnetism and Electricity; A Study of Bread;
'and The Airplane. This mixture of devices, phenomena,
materials, processes, and principles is the rule rather than
the exception.

I Curtis, hands D. A Synthesis and Evaluation of BubjectiMattar Topics In Omura'
Meow Boston, Qinn & Coi, 1929. 83 pp.
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An attempt was made to discover any agreement in the
amount of time which should be spent on different topics.
Twenty-seven courses indicated the time allotment for each
uml. Because of the diverse nature of the units, it was
difficult to get a comparison over a comparable body of
material. The results obtained from an analysis of courses
in which the number of periods per week were identical are
shown in Table 4.

T1BLI Number ci courses requiring a spenfied time on certain units

Unit

Weather
Electricity
Heating _

Foods-
Mold=
Lighting bans
Transportation.
Casnmunitaiien.
o
AirIVA use
Heavenly

Numbs' ot weeks

lo

It is evident from the results that either the outline of the
topic does not indicate the extent to which the rite are
covered oi there are different standards of attainment in
different system. Owing to limitation of space it is im-
possible to show the grade placement and sequence of topics
in the courses. This analysis was made and the results
of the study show, however, that a given topic may be
included as the first topic in the seventh grade of one course
and as the tenth topic in the ninth grade of another course.
In other words, grade placement and sequence of topics
evidently rests upon no established principle of organisa-
tion. Such a principle must take into account the com-

. plexity of the ideas presented and the intellectual maturity
of pupils at different levels.

The otvitaisiation awns in biokgy.7-The number of
topics kcluded in the various courses in biology is shown
in Table 0. Th onge is from 5 topics to 29 topics. It is
rather surprising to note ttat the range is greater than that
of . the pail:W*461am courses. The differences in the
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number of topics are not due so much to differences in the
_content of the courses as they are to variations in the scope
of material included under a topic. For ex,mple, one course
may have one topic . on plants while another may have
topics on roots, stems, etc.

TABLZ 5.Disgr1bution of the courses in biology according to the numberof unite included

Number of
units

ratl,1Z

ovum"
P

1 Number of
1 units
1

beNroli
(10111901

Number 4
unite

Num-

000T11.111

Number of
units

,

trot
MUTSU
...A,

1MINIMEMAIMMINMM,

5 2 13 1 20 . 2 25 37 4 16____ 2 21 ...... _ 1 27 10 $ 10._., 2 22_____ . 3 i 28 Il10_ 2 17... 2 U __ ___ 2 1 29 311 I 111 1 24 _____ 3 112.. 2 19 $ 25 . 2 1

I ,
1

Two distinct points of view are represented by the courses
analyzed. According to one viewpoint, the objectives of
biology can be attained through a detailed study of the. various plants and animals. According to the other view-
point, the objectives are achieved through a study of the
activities and processes of living things. The following
paragraphs will make clear this distinction.

Forty courses of the 45 analyzed have divided the field
of biology into three major divisions: One devoted to plants,
One focused on animals, and another directed toward a study

. of man. In other words, thd three scienoes botany, zoology,
and human physiology; provide the framework of the courses.The development of each of these divisibns is similar in
content and organization to the specialized courses front
which they are taken. The part devoted to plants presents

stems, leaves, buds, seeds, and floweri,
together with a oonaideration oi the great groups of plants
or type studies of one or more of their representativfa. The
section pertaining to animals, as a rule, consists of a do-
scription of the various phyla or of type studies from the
different groups. Each phyla ar animal is studied trod thestandpoint of.its general *lido* halite*, internal sink»
ture, haNts, and economic **Aims. The elaractaiiiies
of the groups may be determined from s study of the pow
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as a whole, or through type studies. Man is usually studied
from a physiological viewpoint through such topics as foods,
digestion, circulation, respiration, excretion, muscular sys-
tern, nervous sptem, and organs of the special senses.
Some courses emphasize hygiene and do not have separate
topics on physiological processes. The general principles
such as heredity, evolution, .variation, etc., are as a rule
treated as separate topics at the end of the course. Some
courses treat these principles under topics such as plant
breeding, animal breeding, and soils, in which case the
principles are means rather than ends.

Courses organized on the above basis appear from their
content to focus the attention of the pupils on a body of
isolated facts concerning different living things. A study
of a grasshopper or a crayfish consists primarily in securing
a description of the structure, habits, and economic im-
portance of these animals. Observation in the classroom
justifies this implication from the courses of study. Two
observations which are typical of many of the classes
visited are offered in support of the same inference. In one
class the topic under discussion was the earthworm. The
following questions were asked by the teacher:

(1) In what ways does the dorsal surface differ from the ventral
surface? (I) How many 'omit.; are there from 'the anterior end to
the girdle? (8) What is the extent of the body cavity, posteriorly
and anteriorly/ (4) Row does the earthworm move? (5) How does
the earthworm reproduce? (6) Tell what you know about the diges-
tive apparatus of the earthworm.

Twentysix questions, of the type just mentioned, were
asked during a 45-minute period. In another class, pupils
were seated at tables. Each table was supplied with a
preserved crayfish and a textbook for each pupil. Each
pupil had coot of mimeographed questions to answer. A
few of the questions were u follows:

(1) Tell a feW thing* about the external structure of the crayfish.
(10 Oan you distinguish two definite divisions in the body? Name
Mona (01-101swe saky advain"tap In having an exaskeleton? Name
one advillellil».(4) 00 you locate any eyes? Describe them in a
few word& )1 as **lift al the crayfish. You may make It

tbe #01011 Other page 110, 1114.or 185 a your book.
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Recitations and laboratory exercises such m those deft
scribed set up the accumulation of facts about plants and
animals as the gbal of the course. The type *of test also
presents evidence concerning the above implication. Some
of the items included in one of the tests which was being
administered when the investigator visited the class follow:

Mark the following statements as true or false...-.
1. A collar cell contains flagella.
2. A 2-year-old sponge contains mimeo&
8. The osmium is the mouth of the sponge:
4. The spongs may be reproduced by regeneration.
5. Sponges are marine animals.
6. An ameba and a paramecium move by cilia.
7. The oral surface is the ventral surface of the "tartish.
8. The starfish I. radially symmetrical.
9. A paramecium has a macronucleus.

10. A water vascular system is charaeteristie of the Echinoderm
Vat&

The type of test given determines to a large extent the typeof eft* done by the pupil. If he is to be tested on the de-
tails 'of stnicture and physiological promises of animals, he
will focus his attention upon these details and attempt to"learn" them in order to pass thi course. It may be news.
sary to determine if the pupil has the information necessary
for the understanding of life processes and such a test may
be legitimate for this purpose. It is questionable, however,
if such a test is an adequate test for achievement in biology.

According to the seoond point of view, the units or- topic,
are determined by an answer to this question, "What int the
fundamental life processes and activities of living things
toward which an individual should hAve an intelligent stiti
tude?" A new syllabtis ¡us Wished. .by Oh/University of
the State of New York an example of this view:
point.! This course includes 11 units as follows:

(1) Man is one Iva*. arnontsaillions of diverse*pedal (0) there I.unity among all living things; (3) lAvhif ibings.40 tblir environment
are °MI/46140 changing; (4) a lift*It 000 1***0.111030-11101011114
(5) Living things beat ditursit mitts** rdidgiatt,* their ensffranment; (6) UsIPS thinp hay(' to ae 4419 *.. $I.$renvironmeskt) (7) ReproducOon $e /life pnip,nitioEtt 09. Yarfaii90 asid

s Tutted,'¡Ago Is Good Bider. Viiiviasitt. Milli sit fti kipway,
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INSTRUCTION IN SCIZNCIII

heredity are the bases for race modification; (9) Man is learning to
control and improve his environment; (10) Man makes use of biological
discoveries in understanding his own body and in promoting health;
and (/I) The progress of wan is a biological phenomenon.

Organized on this basis, the different plants and animairs
supply assimilative materials and are studied to supply data
which will help in the solution of the probleth set by the unit.
For example, to supply an answer to the problem, How do
living things grow? the teacher might well have the pupil
study an amoeba, a seed, a tree, an egg of a chicken, a horse,
and a potato tuber. Through the study of:the growth of
these living things, the pupil will discover the nature of
growth and the factors influencing it. The emphasisin such
'a course is on the life processes and activities rather than on
a descriptive account of living thing,Omanizatim around
different plants and animals emphasizes the dissimilarifiés of
living things; organisation around life proee s. and activi-
ties emphasizes the similarities of living things. It is, of
course, possible to arrive at an understanding of biological
principleeby either method. There is no evidtinze to indie
cate that one method of organization is superior to the other.
The two viewpoints are included in this report because they
represent a fundamental difference in the attack upon biology.
Recent opinion as indicated by the New York State syllabus

of the Natipaal Society for the S Education tends to

and the report of the oo,mittee in the -first Yearbook

support the lattlir viewpoint.
no organization q, ammo ii Apsies.-r-Courses in physics

present a matima sontiast to the comes in biology and
gesersacsonee. The topki in all the courses were cJassi-
fied ismay undertho *dings: Mechanics, heat, magnetism
and electricity, mind, and light There was some difference
in the odor of the topics presented ind alai in the divisions
which wet. iboluded uo4a the main headings, but in

imptissim of order and
in the mums of study, that's

mace between the °wive'
in the field; therefore,

fro be sure, some few
*maims and specific
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references to different books, but the organization shows as
a whole that teachers of physics have accepted the organiza-
tion of the writers of, textbooks. Physics, of course, is a
relatively old subject as compared with general science,
biology, and chemistry. Blake's Natural Philosophy, pub-
fished in 1835, shows approximately the same organization
as the physics. textbooks of to-day, with the exception that
astronomy, thegi included in the course, has become a
separate field of instruction. It may be that the final word
on the organization 'of a come in physics has been said.
On the other hair, the decline in the enrollment in the
subject at least suggests that a reorganization with a change
of emphasis might be desirable.

The organizaticm of coor8es in chemistry.The topics
included in coumes in chemistry are of three types:
(1) Those dealing with desciiptiens of elements or com-
pounds; (2) those dealing with principles of chemistry; and
(3) those dealing with applied chemistry. As a rule, courses
contain all of these types of topics; for instance, any course
which has topics on oxygen, chemical equilibrium, and
fertilizers is a case in point. Apparently chemistry courses
closely parallel courses in biology as previously described.

Commonly an element is studied from-the itandpoints of
occurrence, preparation, physical properties, chemical prop-
erties, important compounds, and uses. AB such the topic
presents a description of the element under consideration.
In all the courses it has been found necessary to insert topics
on the gas laws, the chemical nature of matter, solutions,
periodic law, chemical nomenclature, and formulas and equa
tions. Sixty-eight per cent of the courses included topics
such as fuels, food, &thing, fertaizes, _cleaning agents,
poisons and antidotei, glass, day products, paints, and
alloys.

A few of the newer courses have approached the organize,-
tion of chemistry from a different angle than the mttiluid just
described. The generalizations and principles to be taught
are first determined. Theme are listed at the begliming of
the course and are included in the to** wane manner
as described in the chemistry owns& (: p. 25.) These
courses still retain the descriptive method of ortanizatitin
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INSTRUCTION IN SCIENCX

with the generalizations included here and there in the
topical outline. Attention is still focused on the details
concerning each element; the generalization is simply &dad'
to the descriptive material which is characteristic of the
older courses. One instructor who worked on a course of
this kind and who believed that the main objective of chem-
istry is the understanding of principles rather than a colleo-
tion of facts concerning chemical, remarked, "If e had
organized the course in terms of principles, the old-type
chemistry teachers would have been lost; they wou id not
knows what to do and they would have thrown the whole
course overboard. By this method, we ire trying to get
them used to the idea, and our next step will be a course
organized around the principles of chemistry." The result-
ing course is, therefore, a hybrid, but it is intended to be
step towaid a new form of organization.

The final step in this direction is shown by a course organ-
ized around the important principles of chemisiry. Thip
course is in the process of being tried out and undoubtedly
will undergo some revision. The units are as follows: Unit
1, The Nature of a Chemical Change; Unit 2, The Chemical
Composition of Matter; Unit 3, How the Chemist Represents
Chemical Reactiol* Unit 4, The Nature of the Metallic
Elements; Unit 5, Oxidation and Reduction; Unit 6, The
Relation of Solution to Chemical Change; Unit 7, Acids,
Bases, and Salta; Unit 8, The Nature of Nonmetallic Ele-
ments; Unit 9, The Nature of Carbon Compounds; Unit 10,
The Periodic Classification of Elements. This type of organ-
ization is similar to that proposed by the New York Syllabus
in the course in biology. The problem of organization die-,
cussed in connection with biology is thus applicable here,
and to conserve space it will not be repeated.

Sena of the courses in chemistry acknowledged their
indebtedness to the American Chemical Society for their
topics and objectives. The influence of this organizAtion
was apparait in many of the courses examined. In two
coqrsesf mention Was made that the organization met the
demands of the College Entrance Examination Board.

(37) .
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CHAPTER VI : SELECTION OF SUBJECT MATTER

Investigation of the selection qf subject maiter.--The criteria
usod in the psiection of the subject matter of the courses are
stated in bitt two of the courses examined. Indirectly the
statement of objectives is a statement of criteria since the
objectives should control the selection of matepial. Only one
course refers to the studies which have *ix made in the
field of 'dame curriculum. In gene* such studies rimy be
grouped under the following types: (1) Analysis of human
activities; (2) analysis of children's interests- (a) through
questionnaires, (b) through pupils' questions to magazines,
and (e) through exposure to nature materials; (3) findinp
of committees, based, largely on the conscious; (4), forms
of current literature, including (a) topical analysis of text-
boob; 0) topical analysis of courses of study; (e) analysis
of textbooks to discover principles treated; OA analysis of
textbooks to discover the types . of activitka treated; (s)
=lapis of topics and principles treated in newspaper* moo-
zinee, popular science .pubfications, Government bulletins,
etc. (5) analysis of mistaken notions and superptitions; (4)
anaiysis of adult interests; (7) judgment of laymen on value
of certain principles and topics of science; and (8) synthesis
of the results from the sources listed above. The great
majority of these studies have been summarised'by Curtis.'
The two volumes of Curtis are indispensable to those who
are working on comes of study.

Examination of the studies which have berm made dis-
close that the sole anaphor& has been upon the &tannins*
don of this Onehges or subject ntter which should be in-
chided in our science earl* Anima* .no.. studies bare
been made of the difficuity".of *tie mstinia11.4 Placwitet
et the topics or Ona1/41106 .ithe ;is dettelP
mined ikr the loOicia-domiedilotastuttleoklifikerthan by
the. pOithological harseteristict or. the Istitneti WO* 7-the
studies 'which have been espial an are neoessary,
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studies should be made of the difficulty of these materials to
pupils at different levels of maturity. Another interesting
disclosure of such an examination is that these investigations
treat scizace solely as a matter of content; research on science
as a method of thinking is totally absent. Here again the
problem of how pupils prowess in the development of the
ability to use science as a method of thinking should be in-
vestigated and should be a major factor in determining the
content and organization of the materials of instruction.

The trend in evided matter.---It is difficult, if not impossible,
to evaluat., a course of study in terms of its success in pro-
viding mattrials to attain the objectives set forth. In gen-
eral it is assumed in comes of study that the teacher has a
background of experiences which will supplement the course
outlined. The success of the course in meeting the objectives
is thus largely dependent upon the teacher. The trend of
courses is to provide more adequately for the interpretation
of the forces, materials, and phenomena than has been done
in the past This is evidenced in plunks by the inclusion of
more material on deviCes and by additional problems focused
on everyday science. In chemistry courses new materials
have been provided largely through the addition of topics on
applied chenalistri such as fertilizers, cement, etc., and the #s
inclusion of *pedal topits upon which pupils may report to
the clam Biology has provided for practical materials in
somewhat the same manner as chemistry. The general
science commis titre focusid upon interpretation of the en-
vironnient and the topics and problems make a direct attack
upon the problems of everyday life.

Only a few of the comes include materials or suggestions
dealing .witik scientific attitude and methods of scientific
thinking. Throe courses deal more or less perfunctorily with
scientifit %attitude and thinking in an introductory topic.
One wires kiwi topic-on "superstitiona." 'In general, h9w.
even a* mail: assume that ouriiculuin makers balky, that
scienc/ Maeda an& inothON Waking can not be atria
tacked ti àtaim* that they result automatic*
fI 4*( mikado or 'that they should be attacked
ineidtbialtruivetimiosi. shim A more detailed discussion
of this problim win wow in a later Notion of this report.
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NATIONAL SURVEY OF SECONDARY EDUCATION

Duplitation and overlapping of courses.Duplication or
overlapping of comes is most common in the case of general
science and physics. The following topics in general science
cover to a considerable degree the qualitative side of the
principles presented in physics: Air,lighting, buildings, com-
munication, transportation, electricity, weedier, water sup-
ply, machines, and heating buildings. For example, the
pupil is introduced to air pressure, evaporation, buoyancy,
and many other principles of physics. In the general science

urse, the principles are drawn in as they are needed to
lain the environment. In physics, of course, the prin-

ciples are organized around the logical divisions of the sub-
ject. The physics course of to-day is essentially the same
course as far as content is concerned as the physics course of
1910. Practical applications are stressed more to-day than
in 1910, but the course has not changed so far as the prin-
ciples are concerned. This indicates that the teachers of
physics have not considered their course in light of the con--
tribution which they might expect from a course in general
science. Conversations with teachers of physics oonfinn
j.his statement. Their attitude is often, " They do not
ivemember any of thir general science." If this is true, it is
a serious indictment of general science. What we need, of
course, are experiments which will either validate the claims
of the telphers of physics or disprove them. Throu0 such
experimentation we should be able to determine wha .t to
teach in physics of the materials given in general science:

Some duplication also occurs between' anuses in general
science and biology. The topics in general science which
overlap the courses in biology are foods, health, human
physiology, plants, and mimals. Where the biology is
taught in the junior high Wool as a part of a 2-year or 3-iyear
course in science this duplication is not ofjen found. In
Orpar high schools, where general science is offered in the
ninth grade and biology in the tenth glade, this overlapping
is always present. The fact that courses can be organised
without duplication indicates that teatimes of biology tithe
do not believe that the course in general Wanes is efficiently
taught or that they have organised their come without
'regard to what has gone before.
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INSTRXICrON IN SCIENCE

The evidence presented concerning the overlapping ofcourses is further proof of the tendency of the teachers of aspecial field to regard their subjects as distinct parts of thecurriculum wholly unrelated to the rest of the curriculum.To some extent the teachers of the special sciences are justi-fied in this, viewpoint; pupils do not take all of the courses insequence, hence the degree of preparation for a given coursevaries widely. A distinct lack of sequence appears in sciencecourses, both from the standpoint of content and from thestandpoint of difficulty. Apparently, we need a new organ-ization of courses beginning at the bottom and workingupward.
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CHAPTER VII : SUGGESTIONS ON INSTRUCTIONAL
TECHNIQUE,

Types comes of study which were
analyzed included suggestions for the teachers on various
phases of idstructional technique. The items in Table 6
are significant in that they show the at&2(ts of tesaing
which the curriculum committees believe to be important
and in t(Khich guidance is necessary. The low frequency of
these suggestions indicates that curriculum makers as a
whole do not believe it necessary to include suggestions on
methods of teaching. In one course, for instance, the state-
ment is made that "no methods of instruction are indicated
because the personality of the teacher deteigines results
vastly more than any other factor." Committees, in genus

eral, believe that the method of teaching should not be
presaibed, that the individual teacher should be permitted
the utmost freedom.

Tams 6. Types of estimations offered to teachers
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science; the training is the outcome of the technique employed
in attaining an understanding of scientific principles and
their application in new situations. One learns to think
scientifically by employing the safeguards which make think-
ing critical and by abundant practice in thinking of thiir
character.'

If the viewpoint presented in the preceding paragraph is
correct, it is evident that the learning products attained
from any given muse of study will depend largely upon the
method of instruction employed. Curriculum makers have
assumed that teachers can and do employ those methods
which will attain the objectives of science teaciiing. Observa-
tion of several hundred teachers during the past five years
supplemented by conversations with principals, superin-
tendents, find others has led the writer to doubt the validity
of this assumption. While it is probably true that the great
majority of our skilled teachers should be permitted to teach
according to the methods which they have tried and found
successful, what about the great army of inexperienced
teachers in our school systems? Curriculum makers, peD
haps wisely, are unwilling to prcribe methods to any great
degree,' because many teachers believe that they are as well
qualified to formulate methods as are the members of the
committee. This consideration does not apply, however, to
the young and inexperienced teachers. They have few
preconceived ideas and set habits and are eager for sums-
time. Committees ireparing course outliRes should prob-
ably recede from the extreme positan which they have taken-
and make more provision for the- guidance of those teachers
who have not reached perfection or complacency. Until
a more uniform method of instruction is adopted it is doubt-
ful that we will be able to organize science courses which are
sequential in' the develoinnent of the ability to do scientific
thinking and thi 4evelopment of the other abilities whidh
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result from the method employed rather than from the
content. Data bearing on the above statement will be found
later in this chapter and also in the chapter immediately
following.

The sand to whit* courses e study determine what is
taught.It is difficult, if not impossible, to make a general
statement concerning the extent to which the course of study
actually determines what is taught In four of the school
systems visited detailed comes of study with many name
lions for teaching had been constructed. These were fol-
lowed very dos* by the teachers of the junior high school.
This was evidenced by the fact that these teachers invazi.
ably handed the visitor a copy of the come, indicating the

, lesson under consideration. In these same school systems,
the teachers di the senior high school never reforted to the
course of study when confect* with the vtor and, when
asked for a copy of the course, snots thew three4ourths did
not have a copy in the classroom. in ceirtain, cities, teachezs
franIrly admitted that they paid no attention to the courses
of study. Others said that they taught the topics indicated
but otherwise made no use of the material. If generalise-
limo are possible from these observations, they are(1) that

--junior high school teachers follow the couris. of study more
. closely than 'odor high 'shod teachers, and (2) that the

more detailed the course On tonne of outline and teacher's
suggestions) the greater the use made onlimmourss.

course
was checked to discover if provon had bees made for Indio
vidual differences and to detomine the kindo rabontmenda-
tions with reference to individuol tdiftences wh' 'ere
made. The course was checiad imildex "Oenierat. anation,"
if thtwe we* a permits* *iv mOge embus* adapts-
tion to indivkigal Memos" included.- bi:110)**w.
some causes spáthßo pitoviiions , for , indfirlikaLOretimmes
wore data for each unit. Inaooir s of: optional
topics or Pro was
frequency noted In Table 7
adapting instruction tto

attention in the courses e
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a discussion of provisions for individual differences.)
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The methods listed in Table 7 are based primarily upon aquantitative provision for pupils of different interests, needs,
and abilitito; that is, they provide Cminimum content for au
pupils plus saitional materials to meet different interests
and different abilities. One suggestion only is made whichnight bale* thS, pupils of different abilities may work on
differelit qtistitattre levels and Mice the types of activities
and subject matter should be diffprent for pupils of different
abilitiai. Po* investiptio* M &item* if pupils of low
in ligeiç ek profit from the courses 'of science, as they are
now ovi aze aecevary in order to determine quanta-
five differeis'is in the counts diteigg,ed for pupils of different
native 144144
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CHAPTER VIII: TYPES OF PROBLEMS IN
CLASSROOM TEACHING

genres,. of problem.--m-The data resented in the preceding
chapter listed the general types of suggestions offered for the
guidance of teachers. To discover the problems which arise
from these suggestions, a detailed analysis of all suggestions
included in courses of study was made. The results show a
considerable difference of opinion as to the best methods of
instructional technique, and thus indicate unsolved problems
in the teaching of science. The opinions gathered from the
courses of study were then supplemeated by the data obtained
from classroom visits. The final list of major problems is
thus a composite of the data obtained from these two sources.
In the paragraphs which follow the--writer will attempt to
enumerate these problemrand to indicate the types of research
which have been made and the types of research which still
remain to be carried 'on. Owing to limitations of space it is
impossible to summarize the research which has been done.
The reader is referred to the two volumes by Curtis for
excellent summaries of this material.

The size of a learning unit.---It is claimed by some that each
day's lesson should be oomplete in itaeli. Each day's work
should start with a certain problem, be followed b* a rtint
lady prescribed procedure, and end with a Wagon to the
yroblem and possibly the application of the retain in some
4new situation; this is believed to be particularly advantageous
at the junior high school level, classes meet but two or
three times per week. Others assort 'that this methiA will
break the continuity of the course and result in a aeries of
isolated lessons. Furthermore, %tor claim this will break the
learning units into divisions that areVe Theft there-
fore believe in comprehensive problem which may require
several days for a solution'. Which the better method?
Or is a combination of the two methods more desirable than
either?
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INSTRUCTION IN SCIENCE

The use (I several textbooks.-41 teichers in some schools
'are asked, "What textbooks are you using?" some -.of them
reply with evident pride, "We don't use one textbook, we
use several textbooks." In these schools it is generally the
custom to provide several sets of textbooks which are kept
in the classroom. The student, as a rule, therefore, does not
have a book of his own that he may take to the study period
or hqxne. How does this method compare with the method
in which a pupil has his own book? Another problem relates
to the use of several books. Assignments are often made on
a given problem or topic to several books lit which the con.-
tent is entirely repetitious. Pupils wander around ,the room
looking for books and waste a great deal of time. Since the
content is repetitious could the time have been 'spent more
advantageously in studying one book? The organisation of
the differmt books usually *arias to a considerable degree.
To make assignments to & specific topic in any given book
often takes the oontent out of its setting in the book and in
many cases makes the material misleading or unintelligible.
For example, if one book covers air immure in en early part
of the book and the put& are insigne& to a later part of the
book dealing with water supply, it k assumed that air pres-
sure has been covered and the material is dealt with &wont-
ingiy. The class meky not, howevqr, have covered air pressure
in their regular classroom work, so that the new material is
unintelligible. The same problem occurs with many courses
of study. They are put together without regard to any exist-
ing =twists on the content represented. The result is that
the pupil must read one paragraph on page 311 of one book,
one.pear** on page 22 Of another book, and so on for the
other refermoes. In the classes visited a large portion of
this time supposedly used by pupils for supervised study was
spent in looking fee -books or looking up isolated passages in
boolcsi, r pnblin Is probably'not so much that of decid-
ing *both* one 'book or nisny shall be used as it is that of
Paw*** which will result in the most efficient

1.04iiiripak this bailor high school a great
maycall the toniiittliekïdjeb is -MOM waya- By
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one technique the large topic bade. consideration is broken
up into inane' topicsiAnd each of theme smaller topics is
assigned to be reportiod upin by a committee. By this
method a pupil prepares only for that part of the topic for
which he is responsib- Each comiittee reports and thi
rest of the pupils listen. In the dames slaked, the reports
were often dull and received attention of but a small
minority of the pupils. In aci II.- classes, the teacheir hftd
discovered WS and required pupils to take notes and pass a
test on the information -givta. Thig procedure Mamma that
the report is for *the purpose of giving information to the
student and, Alice a large 'mount of the dais time is spent
in reporting, this really becomes the major objecOve- of the
course. Contrasted with this method is that -in- which each
individual is responsible for the development .of Wire
topic. Sewed issues, of course, Ire invoked hare.. Comm
mitts. work is assailed to have ad value in the socialisation
of the individual. On the other hand,. it. nuty ',tend *ward
prOducing a lack of feeling of .responeibilitt on *4*d -a
the individual. In- one clam soma" problems. *Oro: blind
which the teacher thought it imAiiible*$ tè aninnit. She
appointed 43111 the .spot a committee to. report tile twit; (Iv
and told them she wbuitifbe glad Whelp thus find sasteziaL
She then west on with --the 'regular dais discunion.., lu
another clan et this mono teatikert.i.thelni quiatiott4sked
by a pupil Was, "Whet did %they, lint out. 4iboutlilit Ambit
marine". -"Thee ideatedSti!iloosionitittoi wMsh bad beeur
appiinted the, pievious Vie wediiiiiiift#10e vol
pared to be Ivry lifeothk.41.lik. probiewizait*Littould
mein to, be, Whit Is the berinaelhod_ orioetbodkiOtaiii*

a' the eonuOties **bad at Awl Volt
problgers? -2-
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teacher asked, "Does anyone have any corrections or add-
time to make?" lieveral pupils.raised their hands and vole)
unteered isolated bits d information which had béen omitted.
This procedure continued to the end of the period. In
another clam in the same school' system, the same topic ties
under 4filielled011. The teacher 'tidied the question, "Why
are mammals important to us?" As different uses were
named she wrote them- on the board and then asked, "How
can we classify those used Pupils suggested ways, such
as 'tFansporiation, food, etc.. Both classes had the same
souroe of data and actually gave back to the teacher wpm:imp
mat* the same facia. Oneattack was topical in character
and the. otirr was problemesolving. *Perhaps most òf us
will awes 60 the second method was better than the first,
but no daft are 'available which can be shown to the first
teacher -to rove &-

The N qf scrapbooks, pesters, and related materialc---In
junior high school dames one often finds a vast collection of
posigrs, scrapbooks, mat exhibits which have been made by
pup*. Arranged in a -room they ate hnprve to
the visitor and if " I _judiciously with living materials and
apparatus make an effective atmosphere for the mimics claw
YXRfl1 Two ÇltR1S, . howevai, arise in tills coginection,
namely,. Olt ussetélastrown time legitimate for mask*

snateriali etthia writ mid 00 What value. are. &grind
frOuctilis type:otirosid saw lobo& these

- projects are
ouriedlakTiihintOkoutside dui *most. &veal dames
ware ,Iirisitetkikanini, S iin. whit*. saapbook *ding was, atI. _41.**tlist murk
in iststibe:Aliti*Aciat.viciSures., .of,' food., aviishiney,
paper1appb4p4. 07 and mounting then in abookIn
some**/* 7101*-4104tel Un4ii than And in °tiers

-,1410600ks the -nist.rial *as -ClamOied
undik ilk others- not.' In some ewes

4014ted. t the tit* under dicussion
Ilk.tbite.notAbooka "worded -a .

-001601:; orcillictect it a meareor
the. Assits; math,

their
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see them) and telling the ciao, "Thisis a picture of
If one considers this procedure in relation to the objectives
of the course, it is hard to conceive of any value. -beyond
" securing an interest in science," and it is questionable if
this is an outcome. Scrapbolcs undoubtedly have a leetise
mate place in junior high school science, but we fieed to
determine what the function is.

The use Qf guide sheets.----In many schools guide sheets are
given to pupils to direct their study. In some cases. the
pupils are required to aiiswer the exercise in 'soaking and in
others they are merely guides for study. These, guide sheets
vary in content. Some consist of a long list of questieins
such as the teacher would ask under the ordinary assignment*
recitatioVechnique, the only difference being that they are
now in writtim form. N.They are focused on the details of
the subject matter usually be answered by finding a-
sentence which contains 'the ghnv words as the exercise. In
one of the dames __visited, the investigator asked to see one
of the beet notebooks, an average notebook, and a poor
ngtebook. On._ extunination, the -answers. to the exercises
were found to be identical. ,.an checking back with-the text-
book it was found that questions had been asked which were
inswered directly -in the book. The only difference in the
notebooks was in ñeatness. All degrees between the exam-
pie thus citexl and the guide sheet which °waists' of a few
comprehensive problems can be found. A recent 'study by
Hurd' indicates that, properly used, guide sheets may .prove
of value. Many teachers .object to guide sheets/ because
they say that that rob the pupils of initiative soimalte them
dependent. This, therefore, is a. pro** regidring :further
investigation.

Ana.* prolian is concerned with the type of: exercises
'which thank' be include& on: the guide sheet.: Still other
problems arise in the .adminiidisfion .of. the gill& sheet.
Some teacheis +ski -to balp _the pv4 loyanOrering.theqww
ions; othitsAusetion the pU1T.aÍdIJIOs him to vilher
sources of dais.. Som. retrbei, that the esietvises
be compisted in olook
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INSTRUCTION IN SCIENCE
v
a

at home. Some teachers have the students read their
answers to the class, focusipg attention on the exercises as
ends. Others use the exercises merely as learning activi-
ties necessary to arrive at certain definite :understandings.
There are probably as many f guide sheets and
methods of using them as there 1. I :.1 : Some sys-
tematic study of their values and limitations is desirable.

The use the pupil work book.--Another type of guide e

sheet which is being rapidly introduced ipto schools is in the
form of "pupil work boob." These vary like the guide
sheets as to the types of exercises which they include. As a
rule they contain blank spaces to be filled by words, phrases,
sentences, or paragraphs. In one class visited, the pupils
were told to read their texts and fill out the blanks on a
certain page. 'Me tiacher tho.. At at hei desk and filled
out the blanks. . Ten miputes before the end of the period,
the pupils were called to attention. The tower read the
first question and- called for a volunteer. If the correct
answer was not forthcomjng, she called on other pupils
midi she got it. Tlit pupils were instructed to check the
answersIskich were not correct and to write out the correct

tk4 answer on a separate sheet -of paper. T is probably not
the procedure which would be recoil ." ded by the writers
al work books, but it is what acto y took place in one
classroom. ManY teach's* object to . of a work

bemuse they claim that it s not provide for a
unified view of the whole topic or unit under discussion.
Others are enthusiastic about work b9o14. Parther experi-
mental evidence as to their value es to the value of
Merest methods of using the uld be obtained.

Tho sistil method qf ingtruction.---There are mikny advocates
of th 0043401 "unit method" of instruction. Alt, has
boo teointitCout .before, the Ws "unit" has nearly as
many are courses. A few studies have
been was mmieto prove or disprove
the d $b aeibo4. I.LIPJ., however is confused

distinAky the idea
Onesuizing a
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taught by the "unit technique " have beei compared with
topics taught by the assigoinentrrecitation technique.
The writer knows of no olear-cut co ¡went which Mist*
determines the value of the unit organisation as compared
with a topical organisation or the value of the unit technique
as compared with the assignment-recitation technique.
The mijor difficulty is one of devising adequate instruments
to measure the outcomes.

Initiation of new wo k ;uggestions given in courses of
study often refer to the initiation of new work. For example,
some believe that a new topic or unit should take its point of
departure directly in some problem which arises in came»
tion with the environment. Others believe the work should
be initiated by a demonstration. Still 'others believe that
the work should start in individual laboratory work. In
practice it was observed that in many cases- the work began
by an assignment in the textbook ' Some -ciourses suggest
that all work should be initiated in a prescribed manner. Is
there any beet method of initiating new vut on a even tali')
or does it vary with the type of .topic? Some of the emus
state that the laboratory should furnish the oore of themums,
.textbooks and other materials being selected -to supplement
the experimental work. In other courses, the- laboratory
supplement. or parallels the work in the katbook. An
analysis of the types of experiments recommended dialoged
the following purposes of experimental work: (1) To deter-
mine effects from certain coaditions; (2) t000ver
relationships; (8) to determine unknown.; (4) to-demonstrate
laws; (5) to determine constant.; (6) to afters; (7) to
secure practice in using instruments' and oproatbse *timid&
devices; (8) to evaluate methods, devices, ete., and (1) to
verify oertail fact& It is offident Iron eh (eastrit-thd
certain types cif expeeiniesta rare adapted
work and °theft fa verifyiug, peralleliag, erktippisiesping
the regular elavarooni. work It lotus pole'thst itgie
might devise an eiliNinield ash* Allikeilid '1110114lb ef

attack upon prineipitai tOtasegmar filers its big istahod
which is aI is its Oplitadoot art theilisdkod *MIMS
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The use of the project nwilsodeThe invostikator evected to
see schools in which the project method was employed; that
is, where pupils aelected-the wojecte upon which they worked,
either individually in groups. No classes of this sort,
however, were. discovered, unless the scrapbook courses could
be included under this heading.

Lecture deasonstration .voripus individuai pupil experiment.-
tion.The liar is apparently still raging concerning the
problem of lecture demonstration versus individual pupil
experimentation.' In the schools visited, the large majority
of the classes in general science were taught by the teacher-
demonstration dr pupil-demonstrafion method. In a few of
the daises in the *special minim the instructors combined
the two Ipethods. No school was visited in which the special
sciences were taught wholly by the demonstration method.
This is owing in part to the demands of wIleges and other
standardizing agencies, in part to the lack of belief on the
part of teachers of special science as to the- validity of the
findings of the experiments which have been carried ori, and
in part io the fact that mall)! of the teachers have never
heard of the experiments. When oh. considers the financial
pressure upoti the schoob at the prteent time and the demand
for teciacomy, t Wiiuld seem advisalge that the prepeat experis

mega should be iortended to the point that thq may deli-
nitely.pieve to the SiiifiketiOn' of the ii&leges, school admin;
istrktors, -andmittiiii thit the "lec:ture demonstration"
either so valuable, is tot as valuable, or is "slant to

s Mai*Falk _010014119. 1111,0hus etdo WinDassusimilis sod Isdividuid
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the individual pupil experimentation mithod in achieving
the objectives of science.

Methods of dsmonstration.--A great deal of pupil or teacher
demonstration was observed in the junior high school classes.
Many different methods were noted. In one class the teacher
demonstrated the "convection box." As he proceeded with
his demonstration, he raised questions which the class
answered in unison. Aftir each answer he restated the
result observed. When this was completed he wrote the
following outline on the board:

Problem-What were we trying to find out?
Materia17-What dki we use?
MethodWindows all open. Trial I, etc., Sketch box to show

currents for each trial.
ObservationWhen did the candle stay lighted the longest?

When were distinct air currents produced?
ConelusionWhat is the best method of ventilating a bedroom?

What I. the best method of ventilating another room while
absent from the room? (Both of these questions had been
answered by the teacher during the experiment.)

ApplicationBow can you insure a supply of healthful air in
your sleeping room? -

In another class the same general procedure was employed
with the exception that the outline given above was placed
on the' board before the demonstration was made. The
pupils thus were aware of what questions they valve to
answer. The questions were not answered orally and hence
every .pupil in the class wu obliged to solve the problems
for himself. Other methods of 'demonstration are contained
in the suggestions quoted from the courses of study. There
is abundant opportui4ty here to 46r different methods of
demonstraiaon and uate thá fic1.oy.

Methods qf p 1...$ kboratory eierciess.4Vorlous methods
are in use 'for reoo 14. the result; of laboratory work.
Among these are: (1) ormai weeta4tion godk110150bed

wering a of quo** ,method, mioultat
(2) ans

sitit=11,headings, such as

(8) writing up the ts of it*
with some problem
in a printed or Jase
of the" methods
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of these methods has been undertaken.' A problem of major
importance is that of the rede of the laboratory Irork. In
many schools the laboratory work tends to become an end
in itself. This 'tendency is intensified if the laboratory work
is monied in a formal way. In some schools, the laboratory
is considered to be a source of data for the solution of probe.
lems. Problems are raised during the classroom discussion
and the pupils are sent to the laboratory to solve them; one
difficulty with this method is that the laboratory work will
not necessarily fall upon the scheduled double periods. Some
schools, however, have worked ogt a system which overcomes
this difficulty. An everiment could be devised which would
comp the differint methods of recording experiments,
the rela value of experiments as ends ova:leans could also
be determined.

The suggestions included in courses of stvidy are distinctly:
opposed to detailed drawings of the picture type. Observe,-
tion of classroom work in biology indicates, however, that a
large amount of the laboratory period is spent in preparing
such dra The 'picture in-the textbook is usually the
model for snob drawings. . In one class a pupil asked the
teacher for carbon paper and then traced the drawing in
his notebook. The teacher explained that she allowed this
practite bosom it saved time. In another'class pupils were
dra The leaf was placed on paper and its outline
traced. The entire leaf outline was then filled in with ink.
A period of 40 minutes was required by one pupil to draw
a maple leaf and an fink leaf. In some classes outline
drawings of adz* Are given to the pupils and the pupils
are required to name the parts indicated on the drawing.

considerable amount of Baal work has already

Bak* D. Ob A Study of Biology Ratan* Watt in the Bats al New York, Tourism
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been done in this field.' Ruth& experimentation, however,
would be highly profitable.

The um elf detailed or general laboratory dirations.---A con-
siderable difference of opinion exisis in regard to the type of
laboratory directions to be given to the pupil. The corn-
mon method is to supply the student with detailed directions
as to procedure. This sometimes results in a mechanical,
method of doing laboratory work. For example, the direo
tions say "Obtain a test tube," the pupil gets one; "Pour in
an inch of water," the pupil does so; and so on for the rest
of the experiment. The purpose of the experiment is for
gotten or never realized since the attentkin of the pupil is
on the details of performance. In contrast with this prom,
cedure, one class was observed in ..which ihe pupils were
almost entirely on their own resources. For example, the
problem is raised and the pupils_ devise their own experi-
meats. The class observed was a chemistry class. Pupils
were given direction sheete on "Methods of Recording
Data," "Collegian of Products," " Selection of a Generator,"
"Methods of Identificatio*," "The Separation of Nike
tures," etc. In preparing oxygen, for example, the pupil
selected his own method, the type of generator needed, the
method used to identify the product, and the method of
recording his data. Magazines on industrial ehemistry
were available in the classroom and pupils consulted them to
find suitable methods of presenting their =Whale. Before

the experiment, the student presented his method to
the teacher for his approval. The clam wise visited during
a laboratory period. The investigator asked questions of
the students. All kaemrtuadly what they were doing, how
they were going to do it, and what they were trying to dial-
cover. The method is mentioned as one which offers a
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log. SAW" Wirwilsk Tito nu.

Palm A, M. A Osegiolitit early _at Ili Iliathtaias al 141tomikey *NOW is
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promising tion of the ordinary "recipe" method of
carrying on experiments.

The use of wind aids. 011143 school systems are well
equipped with motion-picture machines and other devices for
visual instruction. methods of using motion pictures
were employed in the classes obeeeved---(1) the picture was
shown without comment; (2) pupils were provided with
questims which they were to answer; (3) the machine was
stopped at certain points and the instructor asked questions
or gave added infonnadon (4) pupils were permitted to ask
questions during the showing of the picture, the machine
being stopped whenever a question was raised; (5) pupils
were given questions to answer after picture had been
shówn. Experiments' have shown s . value of visual in-
struction ,for certain kinds of topics. Experimentation, how-
ever, is needed to discover the most Wective method of using
motion pictures.

noising is sciat¡As thisking.---Science courses comma*
include, as one of the major objectiies, " the ability to do
scientific thinking." Twenty-six teachers visited were asked
the question, Row do you train pupils to do scientific think-
ing? The answers were of five types: (1) The study of
science result& automatically in this ability because of the
nature of 'the subject matter of science: (2) it is not possible
to train a pupil to think; (3) we had a lemon on that last week,
or we will have a lesson on thad next week; (4) we take that

Brews, I. Matins Plekwast /WM& Ebbed ileimasead Maibematiestn: 517411,
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ing is not given in a systematic fashion. The responses given

upin the introduction to the course; (5) the pupils learn the

does not neoessarily mean that no training in scientific

be incidental or should it be placed in the direct focus of

method by watching thevocedure of the teacher. None of

by the teachers raise several questions: (1) Is it possible to

a clear idea of what was being done in this direction. This
the answers was sufficiently definite to give the investigator

thinking is being carried on but it does mean *at such trains-

tiain pupils to think scientifically? (2) Should this training

NrIONAL BURTIT OF !SECONDARY EDUCATION

. , . . ,

.
.

14.,.vil:r , . , -z. 1 ,

' attention? (3) Does the study of the subject matter in
sbienom automatically result in training in scientific method?
(4) Should training in scientific method be covered as a tinit
in the course or should it be an essentita part of procedure in
every class hour taught? (5) Does training in scientific
method result from the subject matter included in the course
or from the method° of teaching employed? (6) What
techniques result in training in the ability to do scientific

. thinking? Similar questions may also be raised (lamming
the objective, " the inculcation of the scientific attitude of

-

Testing the rusks qf inagrudion.---An examination of the
testa include& in courses rof study. and collected during
visiting reveals that for the most part they are tests of the
ability of pupils to reznember facts. This is particularly true
of the tests in general mimes, biology, and chemistry. Tests
in physics, as a rule, contain numerical problems, and prob-
lems which test the pupil Po ability to opply principles in
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addition to factual information. Teachers, in general, dis-
trust the results obtained by experimentation u to the values
of different methods of. teaching on the ground that the tests
are oneeided, that is, they tat only one of the products of
science teaching, namely, information. ***This criticism is well-
founded in relation to certain of the experiments which have ,
been made. To meet this criticism it will be necessary to
formulate tests which really determine the extent to which
all the objectives are beingattained; we must test facts, atti-
tudes, major ideas, and ability to do reflective thinking.
Research along the line of testrbuilding is clearly required.

Types qf pupil ediritties.---Some courses of study list the
types of pupil activities which should be carried on in the
study of science. The &divides suggested in one course
were analyzed. The results are shown in Table 8. Inspeco,
tion of this list indicates the indefiniteness of many of the
activities focused on the recall or inemorizadon of facts.
Each of these activities should be scrutinized in twins of
their contribution to the objectives of science teaching or
one might begin with the objectives and ask the question,
What activities will result in the attainment of the different
objectives?

Tams 8.Frogweacy qP !ma qf isairitiu supplied

laStOtty
gummy

Ormellireor awor Ooorrolo
04Iroa. O.* OurolOr Ir 4.04

IVOrir IPO 404110410 41044 o ID 44 Or 4040 Ore

00 OP 411 -40.
11041044

OON" Emoorrareor
Or IIIPOWIP Or Or Oil

41400411.410.4040Or Viir Or

1111.41. OD firgriiirworm 4I

die

sp egrO04111 4110 40 40 O.

Nos we woror**
dads.

ororeelkeolr

*Vargo

00.1PoleGlr

OIMIS rb or. or loon'
row-door or arroyo ar

0 err wor-0.0
4.0 40410 Mr M4110 141 Orr.

41114-40101-41144414 4104110410 41 so 410

.aftossoi

111117rmi

A

*4
74

.4-\
et. 4

Or oriels*

Observing ratistinwpsoterisika.
Dirsiner
NM, diihrestes...,

mein

1110010 ..
bets.

or

411 G

104010410

40410,411041014 ..... 0ow00 1

t

_-. 4t4: ir. .e ."1 . .

1-461
POP

179w2t

It,-
a,

A:

LA

.

se-

r7
r

. isrIt

_
9,4").TttriFi. .- -.4._-ry-%-,1-10arr. 1,- C.

'"*.!:',. 124'g -1. '!.V.i ;/- 1.....r.,-k-Vii- Le-
., : .1,. ..,,:. :--, .1 . 91 -9 1 *, ..' ... .. , .. ,,,_ ,*. .c19 .-i-IL"--1.7'.;971g. Xn.ilyrtr,":5Z-f.,'.7Virr-t-t,

. . 4. .

-

,
9 o 1 i

9119 40 o
i 91

. a
!
9

..

Ur '99 .,,.... ,- mil
.10111 Of i''MTPa 0 .116 1 '..,

1 i ''''' ...j. ....' -...
% I "1 I I v

,.. -1 --..' .--
h.l. -- r -'

... . ._ 2-'
l - I t I o .

A...

I .1
1 999.1.

4400

- -9_1 1 -
- 3, -

-

- ...a* 0.40 .m4
s

- II ,..,i_kj
e . ,..11,;_z_..? , ±-..-

7 i . 44titt o 4
, - . .

. i cl2 i. -- od...
S _

.-JI
"I.' ,..7.1:,,.. W....: rr 9___,9 91 -,..,,I3

- 4051.1 'OM -
''' i II . ii,,,,

I
- - - F

1 I . o I 1:1 '0
,A., .....r_.,,_

_ -.........., -....,.. . , ,

I . -;.-4 1 5- j".
O. eN. girA.

_

. L
ID

4A,: ilr i-_--i 1644 -4.T.r. r416:- . - -1 -----._,V.-4 -.4-' "
sKi., _..1 i ",yli 4, 9 ' ..p 2.

1.1 -' - t L. 4 -I. --4 ...

4

--- ; : ,gali,
. i.' - ___.- -,

10 ... i,2-24:,-*- "ei;f:.771';....i, ----,t, -'.

,

3.1' It.--'---'7-!'Zi-Nr.;`
w ! j I I o .1_... -,
l'r -77:7, f .1,44,,tr,:it44

1- 1 11.' ga -,.._

. . 4-- . ,

.

4

X. t ." I

1,
.1 11 !, "'

-7' *sr.?..

fr,
.'",V IV; I ,r

.

't.
v -

"

;

Acdvitir

agr-

4sala - ¡;15

AT.IP - .-.=-- o 0,0
i ,

,,#,, ,,,-1 .....
.t... V.-it'''. Gli ..'011'.

--. e..-

e

4140

44 a. . 4.461

:11Mtil

t ,
,

..f
.

.V . 9
.., 9-....,`? -.... :.

, i' .
1 4: -?.......4%

...1.i, ::.5.1:11-. '
49..i...1 ...4: - ...11::_. 1:...1'":1'1:

-.". t"?...-:- :ir: li..1

1 e di . - ,-*

. ..
.

-7' 4,iftrz ,4, -, 9 it_ ..r.A. -. ..0944
4,,-Ig

"A"... rkz,'tqh1,6;

.,

ri e ' .
..- 1..7.4i 9.---

-
friar& .

I

........ 40400,60
f.gli Itta.

-27-n-
'44- - " I _2. -...44.a -5 ,

,116410111404614

66464664114640414614

A. . .
.

1
. ".Nt .,Itt,ILL04 IC-.-

Tr*

.

p.
.

.1.
I.

.1

N

AD

.EN ID

ID 4.

2

t '
,

10

11

1

Id

1II

64
9
4

to
Dinner

.

ND

3.y 4 27

1

10

: '01 .

t t..
- ..

.4
t



NATIONAL SURVEY OF SECONDARY EDUCATION

TABLE 8.Prequency of types of activities suggested snttnued
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CHAPTER IX : CONCLUSIONS

1. The data presented indicate that, in general, the courses
of study are not based upon an adequate and clear-cut theory
of education. This is suggested by a lack of uniformity in
organization and content in individual courses, which indi-
cates that principles of organization and criteria for the selec-
tion of the materials of instruction have not been formulated.

,a 2. The data presented raise the question of whether or not
it is advisable to proceed in the revision of existing courses
of study until more evidence is obtained to serve as a basis
for such revision. The data available from scientific ttudies
at the present time are directed solely upon the aiontent of
the courses. Little, if any, expecimentation has been carried
on to indicate grade placeme* of these materials, and no
investigations hare been made. to discover the steps in the
apquisiOon of _the methods of, thinking employed by the
scientist. These two pima of the curriculum are, in the
judgment of the writer, fundamental to the preparation of a
science curriculum.

3. Observation of &mown teaching and the different
suggestions given in the courses of study indicate great con-
fusion as to the methods to W. employed in teaching science.
Since the great majoritT of school systems leave the 'choice
of method to the teacher, it is evident that, beyond the pre-
scription of the kg,* to be taught, the course of study has
little effect upon the day-by-day leaching. Only a certain
limited quantity Of a teacher's time is available for additional
work. 'The question is therefore raised, Will the teacher's
available Sinn be more effectively utilised if the time ii spent
in inwtipiting methods of instructional technique or in
waiting Oki commis of study? That is, which use of the
teacher*. 'titno will milt in the greater improvement of
teachhil ;IP

4. no Maly= deputises of okay and classroom observag-
tion indieete certain practices which may be considered as
innovatin and hesee should be carefully examined and
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valuated by those' who are engaged in curriculum building
and who are desirous of improving instruction in orient*.
These practices are as follows:
(a) A shift has oecurred from the organisation at ammo in terms of

topics and subtopics to organisation around certain =Ajar ideas
or eoneepts. Them klieg may be ganeraliadians or principles

selenfie or Important ides. underlying the understanding and
control at sortie phases of man's environment.
shift has taken place from the topical method of delteloping a
topic to the problem method al development. Each problem.
is fowled on some important idea or moralisation -of idiom
greater emphaeli on the Interpretation et the enyfronaent b
observed in the nacre meat exam& This b Indented in the ,

mums in physics and chemistry by a more marked anvils&
OD the qualitative signets el the mime with an moompanyhog
&crow in emphasis on tbe quantitatIvp amnia .

wisiespread see ot illustrative materials sappled by newspapers,
msgasines, and Government bufleUli WM also observed k en
science deism

The age of the: claswoom period for oral radiations bas been
replaced to & oonsiderable Itstept by. lite nee of the period for
study purposes under tbe supervon Gt. tb teacher. 7

The introduction.ormatialids to-serve ai stud* gait* bappamtI7
widespread. There Ulm the iáí a infineigrapbed 'guide
sheets, contain* &retitle** -for: Study and enirdire'io wave,
and commercially printed work books. A study tbs yids
sheets . indicates -Oat the f firmulation amilibmilmilft a
Urge nuniber et question, &Owed on the viWirwlsete.,Ime
seated in tbe *EL. A marl* ihnOarity- existi-betwess .*100,

4queptions ood the wisdom. irked by the leit emit
iresitatiatti anima* di Omit 44= it :odd. óh
results I* a goat- reduction in Vas aigeberet The
ezereisea of tbssevisiapi gip tetillid Noe limb*. Abe
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(k) 'reacher or pupa demonstration bei; missed individual =pee-
mutation to a marked dews In the Junior high seam& A
greet increase In the use et tbe demonstration is also observable
In the speeialised Wanes anuses.

(s) The Moister" work in the specialised seisms has, in Use past,
often been civoreed from the work In the textbook. The organ-
Lotion at courses In terms al problems requirhsg a synthesis of
the laboratory results and data hpns the textbook, has unified
these two upsets at heetruetion. The solution at problems has
been elevated to the focus of attention. The data obtained
from the laboratory and the textbook are thus used as sources
at data. This has 1111031tad in some schools In a demand em-
phasis upoli the formal reeord al laboratory experiments. This
shift in emphasis has been tied by the used the
demonstration method.

(j) More attention is bdng given to visual aids than ewe before.
Experiments have shown the value of films and slides for im-
parting information. In some schools a large portion at the
inilruetics is carried on Through visual aids. It ammo that
time is some danger that too great an emphasis upon visual
material new neglect two ot the fundaniental objectives of
sebum teaching, namely, the Inculcation at the scientific attitude
and intmased Illideney in critical thinking.

This list of innovating practices does not necessarily
indicate the changes which should be brought about in tbe
teaching of KWIC& The trends 'do, however, disclose the
variations from the dominant practice which may well
result in programs and which, as already stated, should be
given careful consideration by those who are undertaking
the improvement of instruction in science at the secondary
school level.
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