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Chapter I
THE PROBLEM OF THE REORGANIZATION OF THE PHYSICAL SCIENCES

FOR THE HIGH SCHOOL

A Brief History of Physieal Science in American Secondary Schools

In the Latin grammar schools of New England, the first
j;lmerioan secondary schools, physical science had little or no place.
 8urveying and navigation were introduced to these schools, particue
~larly in seaport towns, and in smell amounts, by the middle of the
kﬁ’éighteenth century. These subjects represented an approach to
. physical science but are better classified as branches of mathee
‘ﬁ&tics.
Science teaching in American secondary schools really began
with the estabiishment of the academies. In 1743, Benjamin Franklin
‘7fn§m9d astronomy, geography'and natural history as subjects for the
' ‘ Fr#nk11n Acadeny, which was instituted in 1751.as the first American
1f‘§éademy. 2 Of the physical sciences, natural philosophy, astronomy,
; §hysics, geogrephy and chemistry were taught in the numerous scademies

rwhi¢h were established in the second half of the eighteenth and first

1
Monroe, "A Brief Course in the History of Education®, The

]nacminan Compeny, New York, 1907, p. 365-366.

2
! Montgomery, "A History of the University of Pennsylvania,
’1749-1770“, George W. Jacobs and Company, Philadelphia, 1900, p. 497=500.
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‘E5ﬁi1£ of the nineteenth centuries. 8 Geography was élmost universal-

\'“fly‘taught in the academies, with naturai philosophy and astronomy

 second in frequency 4, and the latter closely related to mathematics, 5
The first high schools followed the lead of the ae@demiea

- with regard to physical science. 1In the first Americen high school,

- The English Classiedl’School, Boston, 1821, geography was taught in the

first year, navigation and surveying in the second, and natural

'philosophy, with astronomy, in the third year.

\Egrly science teaching was almost entirely by the textbook

method; a little of demonstration work gradually developed, but the

»‘1uboratory method was not used. ,7

These textbooks increased rapidly
‘1n numbers. In 1804, six textbooks in geography‘represanted the total
'vlist of science books of any sort published in the United States; in

1832, the list oomprised: geography, 39 different textbooks; astronomy,

;f '11; netural philosophy, 6; chemistry, 6.
 ' The practical aim of utility prevailed in the earlier science
. teaching 9; later, science study for liberal éulture and’for training

‘ﬁw*in scientific methods were emphasized, as well as its usefulness. lo

8 Douglass, "Secondary Eduoation", Houghton Mifflin Company,
- Boston, 1927, p. 18.

Monroe, Paul. loc. cit.

SO 5 Brown, *The Making of Our Middle Schools » lLongmans, Green
s ,lnd Company, New‘York 1902, p. 232-233. :

o Gravas, "A History of Eduoation in Modern Times", The
'Jnhamillan Company, New York, 1913, p. 349-351.

Graves, F. P. loc. cit.

Monroe, Paul., 1loc. cit.
9

10

Graves, F. Pe 1loc. cit.
Brown, E. E. loc. cite.
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4

In 1807, geography was required for entrance to Hervard

College; this was followed by physies in 1872, and by physical geography

1l After 1870, there was recognition of physicel sciences

~ in 1876.
 for entrance to colleges and universities.

Beginning with 1870 the number of science courses offered

;;in high schools multiplied rapidly 12; these courses were short, ine

formational and superfieial. From the start there was a strong tendency
to qverload the high school curriculum with science subjeocts because of
 the emphasis upon science by the academies, and because science was

13

soon required for teachers' exeminations and certificates. At this

time, physical geography, chemistry, geology, astronomy and natural
;fphilosophy were commonly faught in the high schoolse. 14 “Short
gourses in physics and chemistry gradually displaced natural philosophy.
Largely through the influence of the Committee of Ten on
- -Secondary School Sfudies, 18983, the brief courses in physical seience
were lengthened to courses of one year, or at least one-half year, and

15

= laborabory methods were introduced. By 19800, geology and astronomy

16

were no longer typiocal courses in American high schools. From

. 1860 to 1911, the amount of science, measured in years, offered in the

Monroe, Paul. loc. cite.

12 Brown, E. Es loc. cit.

Graves, F. Po loc, cit.

4
, Koos, "The American Secondary School", Ginn and Company,

15
Douglass, A« Ae oOp. .cit., p. 134,
16

Koos, L. V. loc. cit,
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\yﬁigh schools of the North Central states was doubled, and mainly by
¥ %Sn lengthening of courses. 1’
| Since 1910, there has been a gradual supplanting by intro-
ductory general science, of physical geography and physiographye 18
. At this time, for the physical sciences, general scisnce, physics and
~chemistry -are the emphasized offerings of American high schools, largely
' duekto the influence of the Cormission on Reorganizatioﬁ of Secondary
Education of the Kational Education Association. 1% In e small
percentage of high sechools, household chemistry and physics are taught
 'aa special courses for girls zc, while for boys, applied electricity
;,or~agricu1turai physics may be offered; the tendency to differentiate
. esourses is more evident in larger high schools.
| In 1925, for 678,935 students in 1571 North Central public
‘high schools, 295,044 were enrolled in science subjeots. The percentage
éf this enrollment for the different subjects was as follows: 21
General Secience - 26.4 %
Physical Geography 12,1
Botany & Zoology 21.8
Physics. 19467
Chemistry 20.1 %
Few students in theéo North Central high schools study more

_ than one year of science, in addition to general science. The second

5 ' 17 yn1, "Secondary School Curriculs® » The Macmillen Company,
’:Hew York, 1927, Pe 187-188.

Douglaas, A. A. OPe ﬁito, Pe 258,

19 Reorganization of Science in Secondary Schools. Department
of the Interior, Bureau of Education, Bulletin, 1920, No. 26.

20 KOOS, Le Vo loo. cite.

2l yhl, W. L. op. cit., p. 535-536.
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 yeer usually consists of biology, physies or chemistry. 2

According to Hunter's investigation 25, the total
offering in science courses in high schools inereased from 1908 to
1923, measured in hours of work done. Koos 2¢ has statéd that, aside
’;frem & slump in physics and physical geography, the pupil enrollment ;n
 $1gh school science courses has held its own from 1910 to 1922, Table I
shows the findings of the Bureau of Education for percentages of students

- enrolled in high school science subjects from 1890 to 1922: 28

Table I

Percentage of Students in High School Taking Science Subjects

S ——— S e RS
1870 1895 1900 1905 1910 1915 1922

Agtronomy 4,79 2.78 1.22 o538 «28 $07 |
- Physies 22.21 22,77 19.04 15.66 14.61 14,28 8,93
- Chemistry 10.10 9.15 Te72 6.76 6.89 7.38 7.40
. Physical Geography 28.89 23,37 21.62 19.34 14.58 4.28
@enera) Science 18.27
Bi@l@gy . 5090 8.78

22
Uh]., W. Lo loce eit,
23
R Hunter, G. We The Place of Science in the Sesondary Sehool.
+ The School Review, Vole. XXXIII (1925), ne 370-371, 453-456.
o 24
Koos, L. V. ope cit., pe. 358,
25 ‘
. Statistics of Public High Schools. Department of the
Interior. Bureau of Education, Bulletin No. 7, 1924, p. 48.
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The history of physieal science in American secondary

ii’schools reveals certain trends of development of these subjeeﬁsz

(1) The early sole aim of utility in daily life and the
~ vocabions graduﬁlly came to share consideration with the aim of
“ seienee for eultural education, and also a preparation'for collegeg

‘and university seience,

(2) Short specimlized courses were constructed out of
more general subjects like matural philosophy and these, in turnm,

~were lengthened to year or semester courses,

(3) The total offering in years of the high school course
has been increased until a four years' offering in science is fairly
common in the American high schools.

(4) 1In recent years, there has been & strong tendency
toward reorganization of the offerings of the first year of high school,
with the result that general inbtroductory science is well established
in the eighth or ninth grade,

(8) High school science courses have gained acceptansce for
5én$rance by éredi£ or examinabion by even the more conservative
‘:celleges and universities,

(8) Genefal science, physies and chemistry are now the

principal subjects in the physical sciences offered in American high
kﬁ\g;éehools.

(?) High school graduates commonly teke one other seoience,
 besides general sciences, before graduation.

(8) Aside from general sciemce, and to a lesser degree

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



fffﬁiclogy, the science offerings of the typical Americen high school are

'ﬂffﬁét patronized bj large numbers of students. Physies has constantly
'anrolled smaller and smaller percentages of pupils, while chemistry has

‘barely held its own for several years. 26

The Need for a Reconstruction of the Physical Seiences

The experience of teaching the physical sciences for several
years in high schools, the further experience as a high school principel,
together with observation of science work in many schools, and some reade
ing and reflection on the subject over a period of years,hawve led to the
~eonclusion that one of the most pressing problems of instruction in the

. phygical sciences in high school is the problem of reconstruction of
these courses in such a way as to provide better for thghpegﬁgﬁﬂ;ntgrests
and activities of American boys and girls. V
The two leading subjects of the physical séienoes, chenmistry
'kand physics, as commonly taught, do not well meetiﬁﬁééa;needs, fail to
srouse adequate interest, and are unrelated, in large measure, to the
activities of average boys and girls. College born subjects, as they
are, and reflecting the fields of special research in science, rather themn
an organization based upon learning and teaching, they are too diffiocult
:>und too remote from ordinary human experiences, to furnish a fair return to

'?i3the typical high school student, however industrious and persistent he

26
Douglass, A« A. op. cit., p. 404,
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fjﬂj be. At e time when the applications of physics and chemistry are
b ﬁﬁttﬁout e parallel in the world's history in the closeness of their
> 71?§§1at1ons to the life of the average individual, they are unsought by
large numbers of the pupils in our schools.
‘ The success of general science and progressive courses in
biology has pointed the way to meet this need through an integration,
‘or unification, of selected materials from the speoialized fields of
‘iphysieal seience. The pupil enrollment in general soience is twice
_‘td large aé that of any other high school science; where botany and
’. 3001ogy heve been reorganized into a unified course in biological science,
'»inerease in enrollment and popularity have heen’the rules.

Such & course in unified physical seience should be dise
vﬁinguished from the general secience offering of the eighth or ninth
Pybars.‘ Occupying a place in grade eleven or twelve, its position there

‘Jrelaﬁive to general scisnce would be similar 4o the position now held
: ;ryy modgrn biological science in grade tem. Both represent a step
‘férwar& in specialization from ninth grade genersl science, but net
~such & wide step as the highly specialized subjects of traditional
‘pﬁyaios and chemistry necessitate, and which accounts, in part, for the
‘eénparativa unsuitability of these subjeots to high Scﬁool students. By
: this plan, the science curriculum of the high sohéol would stand in this
T s
First year, general science

Second year, biologioal science
Third or fourth year, physical science

This course would be in line, historically, with the tendency
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“toward generalized courses in the high school subjects, as exemplified
”* 3fin general science and biology, as well as by gemeral mathenafics,
'L' §enara1 social science, general English courses, etce General social
soience, particularly, in grades eleven or twelve as "problems of
~demooracy” and the like, affords ample justification from the stande
" point of the historicel, or traditional.
The undesirable results of the conditions now prevailing
“in the high school where students graduate, typieally, with a course
in 59ner&1 socience followed by only one specialized science, would be
eliminated, at least in pert. A more general course, drawing from
' all of the physical sciences matters most valuable to the average
- graduate, would tend to reduce the effect of a one-sided concentretion
in a narrow field, with consequent ignorance of related fields.
Such a course would be aimed to meet the needs of the
average, educated layman who finds in his daily life need for the facts,
g prineiples, methods and attitudes of modern physiecal science. In a
eivilization which, more than aﬁything else, shows the results of
',phyiieal.scienee in service to man, there would be considerable justie
ification for requiring a gemeral course in physioal.se;enoo for the
Annjérity of high school graduates. For the traditiﬁnal,'spedia11:9d
course in physics or chemistry, aimed toward college soience and direct
x‘;'~voaationa1 preparation for research in pure or applied science, the

:phessnt situation, where seven or eight per cent of high sohool graduates
eleot physics or chemistry, is about all that ean be reasonably expected.

- Without prescribed entrance oredits in physies or chemistry set up by
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10

 the colleges and universities, and without the pressure which is

’fexerted within the high schools themselves to fill the physies and
ohemistry classrooms, the election of physies and chemistry would
probably be limited to some three or four per cent of high school
‘sfbmlents, unusually intelligent, or else possessed of natural
abilities for physical science.

A course in general physical science would have the effect

of reducing the number of separate subjects now taught in the high

. schools = & result which would furnish some relief to a situatiom which
beconmes increasingly & more severe economic and administrative 'burd'hon‘
to the public and school officials. Especially in the smaller schools,

. whiech includes the vast majority of American high schools 27

s Such &
oourse would solve vexatious problems of alternation of subjects,
maintenance of separate laboratories for physics and chemistry, etc.

In the larger high schools, where the number of courses
~offered is relatively unimportant, thé course might be offered alonge
, ‘#ida traditional courses in physiocs or chemistry, the latter being |

‘ ‘{r$strictcd to tﬁe meeting of college entrance requiremsnts, and the
"rcrmer open to the great majority of prospective graduates who need
jpreéaration for life instead of preparation for college phvsics or

‘.chemistry. Eventually, college recognition might be received for sueh

;l‘t‘eourso in view of the fact that recognition has already been gsined

for many of the general courses now established in high schools, and, " - Rl

27 Cook, "High School Administration", Warwick & York, Inc.,
‘Baltimore, 1926, pe. VII. ,
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1

~ 6§?&01&11y, because of the fact that college offerings in first year
i ; g§ya1cs and chemistry are, in considerable part, duplicatiaﬁs of the
yhigh school subjects. It might be found thet the best sort of pre-
_paration for college science would be the general course in physical
- seience.
A course in unified physical science for the Junior or
senior years of high school, to the radically inclined, would be but
“a moderate step in the direction of a comprehensive, integrated
 euiriculum in science covering all four years of high school, some-
ihat after the plan of a good cufrieulum in English; it is such a
,step forward, howeyer, that hostility would possibly not be aroused
among the conservatives in high school education, who prefer to proe

- .ceed with caution, even towerd theoretically ideal conditions.

Statement of the Problem

For more adequately meeting the needs of the average layman
who will never pursue science in college, for the great majority of
boys and girls who go out from the high schools with insufficient traine
‘ing.in physicel science to meet life conditions which are tremendously
: inrluenéod by modern physical science, and for the ninety per cent of
“smaller high schools in the United States which limit their offerings in
 ’fseience, whet would be the value of an integrated courseriﬁ physieal
; 36ience for grade eleven or twelve? Could such a course, unified under

" ecortain comprehensive principles, and made up of selected materials from
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mﬁfﬁhé commoner physiocal sciences, be constructed? ~ In outline, what would
- ?ééh an integration be like?

) By hypothesis, through selection of curricular materials from
the specialized fields of physical science, the tentative outline 6f a
sﬁngle, general organization vould be formulated; this outline would re-
present the organization of the facts and generalizations of the
"physical sciences around objectives and activities for learning and
teaching; principles of integration, or unification, could be discovered
5 ~and used; the objectives and activities would be adapted to the exw

‘periences, interests and abilities of pupils in the senior or junior
" ‘30ars of high sehool; such an organization would reflect modern theories
(and tendencies in the selection, arrangement and presentaﬁion of subject
matter to relatively immature and non-specialized learners; it would
more adequately meet the average needs of presemt-day youth and educated

Jaymen in the physical sciences.

The Procedure

By means of a questionnaire, an investigation of the interests
of high school students in the physical sciences was made. In the tpre-
paration of the question sheet, lists of suggestive items, or questions,

.-were avoided in order to make sure of an unguided response. Both
'{:iﬁtbresting and uninteresting items were called for on the sheét. The

| questionnaire was sent to both boys and girls in high schools, to large
~éné.sﬁall schools, and to urban and rural schools.

The same questionnaire was filled out by a limited number
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13

:(éf adults, who were for the most part teachers, or prospective teachers.,
In a1l cases, data were secured from individuals who had studied the
thsical sciences in schools, and pfincipally in high schools.

Similar investigations of the interests in physiéal science
df/alementary school pupils, junior high school pupils and adults, were
~exemined in professional magazines, books, and theses. Tabuiations were

:ﬁnde and conclusions drawn in the light of all of the data.

| A thorough study was then made of the psychology of interest,
a8 applied to high school science teaching, in standard works on psye
§halogy and educational psychology. Finally, econclusions were establiph-

‘ed for the function of interest in construction of a course of study in
secondary school physical scisnce.

A special investigation was made to reveal the current sims
éf physical science in high schools. As a first step, a general inquiry
. was addressed to colleges of education, or departments of education, in
:;;vdll state universities, to similar colleges or departments in other
prbminent universities, and to all state departmentz of education, in
yyarder to secure (1) the nsmes of the most outstanding science teachers
rin the different states, and (2) information concerning the most recent
: “dcvelopments in science courses of study ih the states. Later, a
‘regnnst to submit a list of general aims for physical science in the high
" sehool was sent to a large number of these most competent science ine
strustors in high schools, normal schools, teachers' colleges and
‘uhiv9r81ties. Both men and women instructors in all of the speoisl physical

sciences were included, as well as professors of soience education in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

anifersity departments and colleges of education.
: From the replies secured, a list of the current aims for
high school physical science was drawn up; additions to this list were
;Qﬁde from science courses of study secured from the majority of the ;tates,
from larger oities, and from particular localities conspicuous for course
of study revision. Final additions were secured from professional
writings of educators and science teachers in articles in magazines and
{béaks, from bulletins, pamphlets, syllabi, and personal letters received
 from numerous individuals. All recent textbooks on the teaching of
xphysieal science and a few hundred mageazine articles were examined,
. , The complete 1ist was then checked for the aims of greatest
 1nportance by professors of science educatiocn, city supervisors of high
yw‘théol soience, and graduate students in science educatiom, Finally,
t>§tudy was made of all similar investigations of merit, and conclusions
draﬁn conecerning current aims in teaching high school physical science.
The philosophy of secondary school science, as found in
the writings of leadiﬁg authorities on the thsorj of modern education,
’wns next investigated, the values of a unified course in physical seience
‘éséablished, the possibilities of construction of such & course cﬁnsidered,
'und rrineciples of integration formulated.
Criteria for the evaluation and selection of curricular
;_;;ﬁﬁterials were derived from the philosorhy of seience teaching in the
 ”vil§q¢nndary school, the psychology of interest in respect to science, from
 ;£he.conc1usions of the investigations of current aims, and from the interests

~of high school students in the physioal sciences. These criteria were
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H%lxl;mp;oyed in the construction of & tentative outline of integrated
materials in physical science for grade eleven br twelve of the high
school.

The following special fields of physical science were
: utilized:
(1) physies
(2) chemistry
(3) astronomy
(4) meteorolopy
(5) mineralegy
(8) physical geography
(7) physical geology
Basic treatises in these special sciences, articles in proe
"fossional and scientific journals, all recent high school textbooks,
‘and a large number of late state and city courses of study in these
sciences were then analyzed for specific objectives and activitiese
Lists of these were drawn up for each special science and submitted
for rating to outstanding teachers in high schools, normal schools,
teachers' colleges and universities. In every ocase the instructor
wes given a list of items in his own field of study and teaohing; and
requested to check the essentially important items for teaching that
subject in the juﬁior or senior year of high school, By way of supple
ment, a search was made for especially noteworthy and scientific curricular
contributions from progressive centers throughout the country. Before
inclusion in the tentative outline of the synthesis, these objectives and
iacttvities were submitted to the test of the eriteria mentioned above.
Thus, all objectives and activities, in the ultimate analysis,

were evaluated and selected on the following baséds:
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(1)
(2)
(3)
(8)
(5)

Criteria devized from the philosophy of education
Criteria devised from the psychﬁlogy of interest
Judgment of expert instructors in the physical seiences
Judg_:ment(of specialists in science education

Authoritative works in the physical seiences

Similarly, by way of summary, essential subject matter in

the form of activities, objectives, etc., were derived from the following

sources:
(1)
(2)
(3)
(4)

Modern texthbooks in the physical sciences
Recent courses of study
Standard treatises in the physical sciences

Other scientifiec writings in periodicals, bulletins,
etCe

Finally, the tentative outline of a unification of the physieal

‘,ne‘ienc,es was formulated in terms of:

(1)
(2)
- (8)
(4)

Genesral aims
Specifie objectives to he attained
Pupil activities

Teaching procedures
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Chapter II

THE INTERESTS OF PUPILS AND ADULTS IN

THE PHYSICAL SCIENCES

Interests of High School Students

‘Interests in the physical sciences of high school students
‘ fkware invgstigated by & uestionnaire 1. The question sheet was forme
“ ﬁ1ated with the aim of securing a free and unguided expression ;t
e ipﬁarests from the pupils; no list of items for checking, or suggestive
'fxqugstions, were employede Date were secured from 1016 students in
"26 different high schoolse The high schools were located in 21 towns
and cities of six states 2. Of the 1016 pupils, 536 were boys and
,vgeo were girls, |
in_’l‘ahles 1I-¥, following, are presented the chief interests

 and their opposites, very uninteresting matters, arranged for boys and

girls separately, and according to the subjects studied:

1
See Apprendix A.

See Appendix B.

17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table II

Chief Interests of 536 High School Boys in the Physical Sciences. *
e —— e ,
Subjeot Topic Frequency of
- Mention
I. Astronomy 1. Astronomy - 38
: 2. Plsnets 28
3. Stars 27
4. Solar systenm ' 1
5. KNoon : 9 )
- I1e Chemistry 1. Experiments 64
2. Analysis 43
3. Various elements 35 .
4. Chenmistry 25
Be Atoms and molecules 23
6+ Carbon and its compounds 18
7. Dyeing C 18
8. Problems 17
9. Iron family 17
10, Periodic law ' 15
~III. Geology ls Rocks 16
: 2. Geology 12
4, Opigin of earth ' 7
6¢ ILand forms 6
IV. Meteopology 1. Veather 18
; ~ 2, Climate 1o
3¢ Winds 5
V. Physical 1, Geography 7
Geograprhy 2. Maps 6
" VI. Physies l. Electricity 2562
2. Magnetism 80
3« Sound 78
4, Light ' 70
5« Mechenics 63
6+ Fluid pressure 50
7+ Engines . 43
8+ Heat ‘ 31
9. Gravity 28
10. Radio 26
Vil. General interest " 1. Experiments 31

-

-

*
For original data, see Appendix C.
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Table IIIX

19

- *
The Chief Interests of 480 High School Girls inm Physical Soiences,

Subject Topic .. %—_
I, Astronomy l. Planets 62
; 2. Stars 53
3¢ Moon 30
4. Astronomy 30
5+ Heavenly bodies 12
7« B8olar system 9
~IIes Chemistry l. Experiments 89
2. Analysis 60
Se Dyeing 30
4. Acids 30
65« Metals 22-
6. Foods 22
Te Soap 21
8+ Equations 20
9« Oxygen 18
10. Air 17
III. Geology l. Rocks 14
2. Lend forms 9"
3. Coal 8
4. So il T
§. Geology 4
6e Historieal geology 4
IV. Meteorology 1. Westher 16
oy 2. Climate 9
3¢ Winds 6
4. Clouds 4
6. Precipitation 4
6s Atmosphere 4
Vo  Physical Geography 1, Maps and map-making 9
T o Climate 3
 VIe Physios le Eleotricity 64
: 2. Magnetism 41
Se  Sound 36

(Continued on next page)

*

For original data, see Appendix D.
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Table III (continued)

‘The Chief Interests of 480 High Sohool Girls in Phvsieal Seiences.

S—

VI. Physies (continued) 4. Gravity 23
6, Light 19
7. Manufacture of ice 14
8. MNolecules 12
8+ Mechanics 12
y 10. Internal combustion
engines 12
- V1I. General Interest l. Experiments 21

(Table IV follows on next page of thesis)
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Table IV

. “g§§fnbst Uninteresting Matters for 536 High School Boys in the Physioal

*
Seiences

e

g : Fregquency of
RS M m Hention
1. Astronomy 1. Astronomy 13
~Ile Chemistry l. Problems ‘ 37
2. Valence 32
3« ZEquations 21
4, Periocdic Law 20
S+ Ions _ 17
6. Atoms and Molecules 17
7. Formulas 14
8« Colloids 12
"~ I1Is Geology l. Soils 5
Gt 2. Geology 4
IV. Meteorology 1. TVeather and, especially,
, weather maps 17
2. Precipitation 4
” fV§; Physical Geography l. CGeogravhy 8
S 2e Meps 6
V1. Physies 1. Light and, especially,
, light rays 72
2. Sound and, especially
musical sound 70
3+ Heat 30
4. Forces 26
5+ 8Simple machines 24
8., Electricity 24

*
For original data, see Appendix E.
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Table V

. The Most Uninteresting Matters for 480 High Sohool Girls in the

Physical Sciences *

e ———
—

it

- Bubjeot Topie FraEquepcy of
I. Astronomy 1. Stars 6
: 2+ Planets 5
3. Asgtronomy 6.
II. Chemistry 1. Problems 52
2, Fquations 47
3+ Formulss 39
4., Atoms 37
5¢ Valence 38
6e Ions 32
7. Molecules 23
8. Periodic Law 12,
9 Water 9.
10. Recording experiments 9.
I1X+ Geology l. Soil é
2. Rocks 5
IVe MNeteorology l, Weather and, especially,
‘ weather maps 17
’ 2. Winds - 8
Ve Physical Geography ls Maps and mapemaking 7
2+ Geogreaphy 6
VI. Physics 1. EBlectricity 77
i 2. Machines 59
3. Light 17
- 4, Heat 14
VIl. General Interest 1., Mathemetiocal elements 9
o 2+ Experiments 4

* ,
For original data, see Appendix F.
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o Table VI shows the numbers of the 1016 high school students
) ;7?56 had studied the separate subjects of the physical sciences in junior

high schools, or in high school, for at least one semester:

Table VI

Subjects in Physical Sciences Studied by 1016 High School Pupils

Noe. of Boys Who Noe. of Girls Who Total Noe

ubTact g:g gzzdied the g:%jgg:&ied the IR e
- Subjects
Astronomy | 15 14 29
Chemistry 262 289 561
Geography 247 211 468
 geology 20 14 34
Pﬁysics 308 83 388

~ General Science 506 298 803

it

Interasts_of Agnlts

, Tables VII-XI present summaries of the int;rasts bin the
physical soiehces of 107 adult teachers and teachers-in-training of
~ Cincinnati, OHio, neighboring cities, and of the College of Education,y
/;ﬁniversity of Cincinnati, Cincinnati, Ohio; of these, 24 were men and 83
were women.

Tables VII to XI follow:
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Table VII

*
Chief Interests in the Physical Sciences of 24 Male Adults

Frequency of |

Topic Uention

1. (Electricity and magnetism 15
2. Light 5
3¢ Chemical analysis 5
4. Motion 4
5+ Origin of universe 4
6. Rock formations 4
7. Nature of matter 4
8+ Experimentation 3
9« Stars 3
16. Sound 3
11, Space 3
12, Climate 3
13, Minerals > 3
*

For original dats, see Appendix G.
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Table VIII

Chief Interests in the Physical Sciences of 83 Female Adults *

‘Tepie - Frequenej of
et Ak Mention
l. Experiments 26
2. Electricity and magnetism 20
3. Light 12
4. Chemical analysis 10
5. Sound 9
6. Planets 8
7. BStars 8
8+ Climate \ 7
9. Oravity ’ ‘ 7
10, Atmosphefic phenomena | 8
11, Geography é
12, Astronomy 5
13, Geologic periods 4
14, Machines 4
15 Opigin of universe 4

For original date, see Appendix H.
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Table IX

Most Uninteresting Matters in the Physical Sciences for

24 Male Adults '

W

Frequeney of

Zopie ention
le Mathematical elements 17
2, Atmospheriec phenomena 5
3. Seasons 3
4. Force 2
5. Light 2
6+ Chemiocal theory 2
7o Terminology 2
8¢ Manipulation of apparatus 2

9. Mgehanisms

™

10. Sound

Table X
Most Uninteresting Matters in the Physieal Sciences for
83 Female Adults **

%

Topic Frequency of
— Mention
l. Mathematiocal elements 23
2. Physiocs 12
3+ Astronomy. 3
4. Chemistry 3
5+ Machines 3

. S
For original data, see Appendix I.
'“Fer original data, see Appendix J.
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Table XI
*
Subjects in Physical Sciences Studied by 107 Adults
, No. of Males Who No. of Females Total Ro. Who
Subject Had Studied the Tho Had Studied ¥ad Studied
Subjects the Subjects e Subjects
Astronomy 10 16 ) : 25
Chemistry 21 48 €9
Geography 20 b9 79
Geology - 11 21 32
Physies 20 50 70
General Science 18 43 69

——————

Conclusions from the Investgggtion

The more general conclusions from this investigation of the
interests of high school students and edults in the physieal soiences are
- summarized as follows:
(1) In astronomy, the stars and planets are objects of
atrong interest to high school boys and girls, and to men and womene
~ Astronomy is generally regarded as an interesting subject by high school
| ~ students énd adults.
e (2) 1In chemistry, experimentation and analysis of "unknowns"

_are bighly interesting to boys, girls, and adults. Both boys snd girls

*®
The subject was studied for at least one semester in
~ Junior high school, high school, or solleges
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{ﬁféiintorestad in dyes. Boys are somewhat more interested in problems
- in,chemistry than are girls; girls find somewhat more interest in
,ychémioal equations then do boys. Boys sare more interested than girls
5  1n chemical theory; girls are more interested than boys in applications
of chemistry to the home in such matters as foods and soaps. For most
'boys and girls, chemical theory and chemical mathematios take first
ranks as decidedly uninteresting parts of chemistry.

(3) Rocks, land forms and coal are of interest:to boys,
 gir1s and male adults, in the field of geology. Girls and women are
more interested than boys and men in geologic periods. The study of
’kocka is easily the leading interest in geology for youth and adults.
The interest shown in coal is possibly peculiar to the geographical
’f, region of the schools used for this investigation.

i l (4) Weather, as a topic of study in meteorology, is of
~interest to about one-half of high school‘boys and girls; the remainder
find it uninteresting, and, partioularly, weather maps. Climate is
interesting to boys, girls, and adults of both sexes. The study of

- winds is of more interest to boys than to girls.

(5) In geography, maps and map-naking are interesting to
~about one-half of boys and girls. |

(6) Eleotricity is easily the leading interest of high
: Qéhool boys in,physica; approximately 50% of girls find electricity
‘the most interesting subjéct in physiecs, end thetsame percentage find
it’thobmost uninteresting. Adults of both sexes report electricity

as & leading interest in physics. Interest in mﬁgnetism is closely
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» rahtod to interest in electricity, with the difference th.at girls find
| 11; more intereating than electricity. Boys are about equally divided
in interést in sound; generally, interest of boys in musical sound is
lows Sound is generally interesting to girls and to adults of both
kaeies. - Light is fairly interesting to adults and to about one~half of
) high school students of both sexes, Approximately 50% of boys report
’ light as the most uninteresting subject in physicse Interests of boys
and girls in physics are very similar. Generally, the interest of
B vboya and girls and of adults in the mathematical ’elamer;ts of physics
hv’l‘aeking, or slight.
(7) The most conspicuous general interest of high school
students and aduita in the physicel sciences is that of experimente=
ﬂ.m; the most striking lack of interest is in the mathematios of these

é‘eianaos.

Results from Related Invest{gations

Astronomy

3 .
Krank found 15,448 listings from & count of articles on

 matural sciences in the Readers' Guide to Periodieal Literature, 1922.1924,

£ Aritheut allowance for duplioatiéns.. 1.5% of these articles were on
astranemy. An examination of the 19261926 issues of 104 magazines ree

mled 47 articles on astronomy, or less than one artiele to every two

},n‘ﬁgﬁzines. This investigator also examined ten courses of study and six

: 3
and Mathematies, Vol. XXVI (1926), p. 952.958.
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ﬁextbooks in general sciencs.

The general conclusion was drawn that

aatronomy wﬁs a subjeet of little interest to writers of magazines and

~ courses of study.

Krank

4 ~examined 131 copies of 13 magazines, three of

whieh were scientific, and discovered 100 articles bearing on astronomy,

ykérHGE,OOO words.

Out of & total list of 336 different astronomical

terms found, the following considered ﬁeeesaary for intelligent roéding

of magazine articles on astronomy, appeared tem or more timess

'(Frequenoies of appearance, in parentheses,):

Andromeda (29)
“astronomer (80)
astronomical (47)
 ‘astronomy (27)
. atmosphere (57)
U axim (11)
oalendar (78)
o stial (15)
comet (43)
eonatellation  (13)

_oerona  (11)

- diameter (47)
diffuse nebulae (10)
‘dome  (11)
earth (115)
eolipse (53)

- equator (22)

© fixed star (12)
 galactic (12)

- galasy (31)
- heavens (32)

_ horison (12)

. Tsland iniverse (10)
: ter (27)

latitude (11)
lightyear (20)
longitude (20)
lunar (26)
magnitude (47)
Mars (46)
¥ercury (13)
meridian (17)
meteor (40)
Milky Way (35)
moon (127)
nebula (68)
Neptune (18)
new-star (32)
Neva (13)
nucleus (10)

observatory (118)

orbit (31)
orion (12)
planet (95)
planetary (15)
radiation (28)
rotate (17)
rotation (15)

satellite (14) -

4

Krank, Erma M.

Saturn (18)
season (20)

sky (61)
solar (80)

- solar system (11)

space (40)
spectrum (38)
spiral nebula (38)
spirals (30) :
spot (8)

star (482)
stellar (32)

sun (407}

sunlight (36)

tail (13)
telexcope (138)
thermocouple (15)
time (63)

universe (42)
Unranes:s  (17)
variable star (14)
Vega (18)

Venus (17)

world (44)

An Analysis of Magaszine Articles on

. Mtronony. School Science and Mathematios, Vol XXVIII (1928), p. 51-58.
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Major aspects of astronomy developed in these magagine

aftiélos, acoording to Krank, were:

biography (3) meridians (1) spectra (1)

comets (5) moteors (4) stars (18)
- constellations (3) Milky Way (1) sun (14)

earth (7) nebulae (1) telescope (8)
‘etlipse (8) observatory (1) time and rotation (8)

historical (4) planets (8) ‘ universe (4)
- satellites (5)

Pollock's study ° of eighth grade childrens' interests,
1 1hieh was ﬁaied,upon 3500 questions asked, gava'975 éuestiona for phases
rfj'af astronomy, or 28% of the total number.
Curtis' investigation 6 of scientific interests, based
 upon 3300 questions asked by 687 junior high school pupils, and 3232
. qae;tions asked‘by adults, furnished 879 questions asked by children on
";r;ﬁﬁbjncts in astronomy, or 26% of the total numbere. Curtis found more
fiﬁtoiést in astronomy, both for junior high school pupils and adults, than
*‘_3§ any other science subject. | '
L The combined investigations of Polloek 7 and Curtis 8
ahé&nﬁ that out of 6830 questions asked by pupils of junior high school

" Qg§§. 1864 questions, or 26%, wers about astronomy.

L ' § Pollock, C.A. Childrens' Interests as e Basis of What to
Teach in General Sciense. Educational Research Bulletin, Vol. III (1924),
P» S=8s Bureau of Educational Researeh, Ohio Syate University, Columbus, Ohio.

W 8 Curtis, F.Ds Some Values Derived from Extensive Reading of
. (Qeneral Science. Teachers College Contributions to Education, No. 163, 1924,
- Teachers Collepe, Columbia University, New York City.
R 7

POIIOQk,. CsAe loc. cit,.

8 _
Curtis, F.D. loc. cite.
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Krank 9 compared- the major aspects of astronomy developed
in magazine articles with the results of the investigations of Curtis and

Pelieok, with the results shown in Table XII:

Table XII

,Kraknk's Study of !Eagazine Articles on Astronomy Compared with Results of Curtis

and Pollock on Childrens' Questions.

e ——— :
. Magazine Articles on Childrens' Questions
e gor Aspeots of +1
Iitronog Frequency on. At onony Frequency
Stars : 16 Stars 447
Sun 14 Planets 391
Planets 8 Satellites 211
Time and rotation 8 Sun ' 187
.. Telesoope 8 Gravity 164
. Barth 7 Earth 161
Eclipse 6 Rotation 46
Satellites ) Sky 37
~ Comets 5 Northern Lights 32

Curtis 10 counted scientific terms in 630 newspaper articles
and found that 13 articles, or 2.1 %, were on vhases of astronomy.
| Fron he.r own investigations, together Wiﬁh those of Curtis 1
and 'Pollaok 12 just described, Kyank 18 named the following as essential

‘items for the curriculum in astronomy:

9 :
Krank, Erma M. An Anelysis of Magazine Articles on Astronomy.
“8chool Science and Mathematics, Vol. XXVIII (1928), p. 51=58.

10 Curtis, F.D. loc. cite

11 Curtis, FeDe locs cite

12 Po;lOCk, CeA. loc. cit.
Krenk, Erma M. 1loc. cit.
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somets Milky Way seasons

earth moon sky
‘eclipses Northern Lights \ solar system
greavity observatory "~ stars
latitude planets sun ~
Mars retation- telescope
‘mateors : tides
14 .
Harap -found no place for astronomy in the practical

;uiters of dally living for the average person.

Searle and Ruch 15 investigated files of eleven magasines
for a perioed of ten years [jAmﬁrican, Atlentic Currént Opinion, Literary
Digest, Nat‘ional Geographic, Review of Reviews, Saturday' Evening Post

(8% years), Science (5 years), Scientific Monthly (5 years), Scribners,
i fﬁbpld’s Wbrk:] for articles which (1) contribute to the scienﬁifio back-
vgrgnnd of the reader, (2) are close to interests of children and adults,
>R :§nﬂk(3) develop thevscientific'attitude of mind. The unit of measurem@nt
Qﬁs the column inch. Outside of the subject matter fields of physics and
chenistry, they foﬁnd that 9.2% of the total of general, or miscellaneous
 artieles, were on astronomy.

16 and other members of a committee on science

Persing
teaching in Cleveland schools found that the earth and universe, second
: énly to electricity, were the chief interests of pupils in science in

Cleveland.

-~

: 14
5 Harap, "Economic Life and the Cyrriculum®, The Macmillan
ﬁompany, 1927, p. 111-132.
16

} Searle, A.H. and Ruch, G.Ms Study of Science'Articles
in Magazines. School Soience and Mathematics, Vole. XXVI (1926), p. 389«396.
e 16
 Persing, Fllis C. Report of Committee of Cleveland Schoole
maatsrs Club on Sgience in Greater Cleveland (Ohio)e School Science and
nubhemtics, Vol. XXV (1925), p. 462-474, 600610
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Craig selected from 4354 childrens' questions on seience

€

‘thq,fifty-one nouns which appeared most frequently. More than one-third

reterred to astronomy; these, in order of occurrence, were (Rank acoording

4

te frequency is given in parentheses):

(2) star _ (17.5) Mars (29) night
(8) sun (17.5) sky (32) . planet
(6) moon (24.,5) day (41) summer
7) earth ' 24.5) time - (43) winter
(7). (24.5)
- (10) world ' (50.5)eclipse

In the same investigation,craig tabulated the fifty most fre~
‘qucat topics appearing in 6,806 questions asked by 1958 pupils in grades

,‘1*3! One~fifth related to astronomy. In order of frequency these were:

(1) distances in space (6) sun

(2) orggin of earth (7) stars

(3) +the moon : (8) meteors

(4) time (9) phases of moon
(5) space (10) tides

The percentage of high school students undertaking astronomy ‘

aa a separate subjects in public high schools of the United States dropped

- from 4‘79% in 1895 to .07% in 1922, In 1922, however, 18.27% of high
'sehool pupils took general science in which is rpommonlly found some .

f;nxgranomys

17

B e . Craig, Gerald S, Cortain Techniques Used in Developing &
‘_xcourse of Study in Science for the Horace Mann Elementary Schoole. Teachers
~ ‘Gollege Contributions to Equcation, Wo. 276, 1927. Bureau of Pyblications,

‘Teashers College, Columbia University, New York City.

s 18

i ' Statistics of Public High Schools, Bulletin Np. 7 (1924),

‘ip. 46. - Buresu of Equcation, Depertment of the Interior, Washington, D.C.
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Ghamistgz

Nuser ¥ investigated the chemistry in three farmers?
journals for the issues of ten years, The order of frequency of
éccurrence of "principles® wass Chenge of state, oxidation, neutralizae
tion, solutioné, chemioal'changes, definite proportions, ionigation, dise
placement of metels. For occurrence of topies, the order of freguency
wass Disinfection, germicides, cleaning agents, chemical préparations,
solvents, chemical composition, paints, varniahés, wax, explosives, in-
flammable materisls, acids; drying agents, ﬁreservatives, fermentation,
b#aes, emulsions, eolloids, water, bleaching, physical properties of
- ehemicals, ore reduction, refrigeration, fire extinguishe:s, filters,
dyes, steins, photography, pasteurization, disintéération, electron theory,
MoAlpine 20 found that 2.5% of high school students in
Michigan took chemistry in the University of Michigan, and that not
over 7.,5% of these continued work there in chemistry beyond the first
course taken,

21 reported that Cleveland studeunts found the

Persing
practical and experimental sides of chemistry most interesting, The
following topies in chemistry were regarded as useful and interesting

by 70% or more of studentss

cement dyes glass

‘combustion fats .metals

distillation filtration salts
gasoline soap

Nuser, Arlee, A Study of the Chemistry Found in Agricultural
Periodicals, School Seience and Mathematics, Vol, XXVII (1927), p. 471.
. 20
i MeAlpine, R,K, Some Aims in Teaching Elementery Chemistry,
School Science and Mathematies, Vol, XXVIII (1928), p. 154=163,
21 ,
- Persing, Ellis C, 1loc,. cit,
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Pollook 2%

found eighth grade pupils interested in gases,
- solutions and water, particularly.
In chemistry, the percentage of students in public high schools

of‘the United States decreased from 10.10% in 1890 to 7.4% in 1922, -

24 of interests in seience revesled

Curtis® investigation
: .§hat 49% of 650‘newspaper articles on aoiende dealt with physioal sciences,
| ii;&%'with biological science, and the remainder with boths  For the
 sci§n£ifie terms in these articles, 54.3%'wére physical and 45Q6%'ware
xﬁidlegieal in natures 24.9% of the articles required technical knowledge
| fér understanding when physieal, as compared with 5.7% requiring technical
k ,kndwledge when biological.

For boys and girls together, the most important interests

 idiaaevered by Curtis 25 in chemlstry were, in order, for 687 jﬁnibr high
aahuol nupils-
(1) smoke (4) gases
(2) air (5) ocombustion
(3) ecrude-oil (6) history of science
For men and women, the chief interests, in order, for chemistry
were for 705 adults: 26
(1) erude-oil (3) eir (6) stains
(2) history of secience (4) chemistry (7) ooel

(5) readium

22
Pollock, C.Ae loc. cite.

: 23
S R ‘Statistics of Public High Schools. Bulletin No. 7 (1924),
Pe 46. Bureau of Education, Department of the Interior, thhington, DeDe

24

Curtis, F.De 1locs cit.
25

Curtis, F.D. 1loce. cit.
26

Curtis, F.D. loce cite
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The leading interests in chemistry for 305 junior high school
- boys, 382 junior high school girls, 323 men and 382 women were (not in

aﬁdbr): alr, crude~oil, history of secience. 27

According to Curtis 28

s boys and men were more interested in
teahnieal processes and theories than girls and women. Men are more ine
“ﬁsrasted than boys in technical processes, Boys, girls and women are
nnra interested in theories then technical processes, and the opposite was
 true for men. Interests of girls and women were generally more supers

, iieial than inteiests of boys and men. The range of interest for girls

"kuus 12.4% greater than for boys; there was a slightly greater range for
~nsn than women. (@enerally, the interests of boys and girls and men and

fybnpn in chemistry, and other physical sciences, were very similar,

b ﬁopkins 29 found thet less than one-fourth as much space
nﬁs given to chemistry and physics as to biology in newspaper and magezine
scienea articles. Very little space was given to theory in either

‘“ehamistry or physics. He ranked the sciences in educational value as

fnllows: (1) biology, (2) physics, (3) chemistry, (4) geology,

(5) ~astronomy, Articles referring to chemistry made applieations to the

~shep, farm, home, fertilizers, health, metals, aleohol and "home brew".

The total number of sciences in secondary sehools increased

e ;frem 1908 to 1923, according to Hunter's 80 investigation. Chemistry and

27
c&r‘bit, F.D. 1000 cite

8
Curtis, F.Do 1000 cit.

29 Hopkins, L. Thomas, A Study of Magagzine and Kewspaper
;Artieles with Relation to Courses in Seience for High Schools. School
«3ﬁian¢o and Methematics, Vol., XXV (1925), p. 793-800,

L %o Hunter, G.Ss The Place of Science in the Secondary School.
' Sehool Review, Vol. XXXIII (1925), p. 370381, 453-466.
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ésvedurses have increased in number relative to other science courses,
véﬁéﬁistry courses have increased more rapidly than physios courses. Come
’ §;f§d with 1908, more hours weekly were given to science in 1923, and more
1abp£atory work was done. R
Harap's analysis 31 of man as a consumer showed 850 activities
eanﬁoctod with food, clothing, shelter and fuels . 207 of these were related
| té‘ﬁéianae and pertained to food, building meterials, household artioles,
kpuaohold skills, elothing, heating, lighting and’fuels. He would have taught
“in ‘seience, relative to foods: mineral salts, food calories, effect of moisture,
 temperature, light and bacteria on foods, and adulterants. 1In regard to builde
 ing materials, the student would learn the properties of woods, brick, stone,
tile, hollaw tile, terra cotta, lime, glass, cement, coneroto, paints, stains,
‘varnish, paint oils, colors, thinners, dryers, floor polish furniture polish.
if?he student would become acquainted with tool metals, brass, bronge, copper.
“Heuwould know papers, skins, leathers, cloths, fibres, and their properties,
adulteration; and tests for fabricss Cleaning and polishing preparations,
‘a{a@ay, tooth paste, shoe polish medicated soaps, hard and soft water, and
;disinfbetants would have attention, and he should have adequate knowledge of
fnols¢
| Searle and Ruch 52 have listed the topics in chemistry treated by
”elovwn magazines over a ten~year period, the ‘most important topies found dealt
f..with,ehemical processes, discoveries, gases, synthesis, atomic weights, analysis

ffj;\fand uod1un.

31
- Harap, anry. What Should Science Teaching Accomplish?
:School Science and Mathematics, Vol. mu (1827), p. 60-69,
: 32
e i Searle, A. H. and Ruch, G. M. Study of Secience Articles in
“Hngasines. School Soienoe and Mathematios, Vole XXVI (1926), p. 389-396.
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33 ppom childrens'

Of the fifty-one nouns listed by Craig
questions on science, only eight deal with plants and animals.
Questions on chemical matters were about (in order): water, air,

‘glass, fire and iron. The most frequent general topics were:

elements, compounds, mixtures, physical and chemieal changes.

Geology and Physical Geography

Among the most frequent questions in soience asged by
' children in Polloock's investigation 34 wef{e questions on the follow-
ing topics of geology and physieal geography: earth, earthquakes,
the sea, and volcanoes. |
Persing 55 and his committee of secience teachers found
that the earth was a topic of leading interest and value for science
students in Cjeveland (Ohio) schools,
In public high schools of the United States the number
: of students of geology decreased from 5% in 1895 to .16% in 1922;
| in 18965, 28.89% of students studied physieal geography in comparison
with 4.26% in 1922, °°
Earthquakes and volcanoes comprised 2.7% of 630 newspaper

37

articles on science studied by Cyrtise. The earth, earthquakes,

33

34
Pollock, Ce Ae 1loc. cit.

5
Persing, E11is C. loc. cit.

o6 Statistics of Public High Schools, Bulletin No. 7, 1924,

. .pe 46. Bureesu of Education, Department of the Interior, !Faahington, ’Deca
37 Curtis, F. D. loc. eit.

Cralg, Gerald S. loc. eit.
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volecanoes, ocean, geysers, tides, geology, histbry of science, were,
in order, the most important scientific interests of boys and girls
/ia goélogy and physical geography, as investigated by Curtis. ::38
For men and women, in order, the chief interests were: the earth,
voleances, tides, earthquakes, ocean, history of science, geology,
vcoal s and geysers.

Hopkins 59

s on the basis of a study of frequency of science

‘snbjects in newspaper and magazine articles, placed geology in fourth

| giace, and preceded by biology, physiecs and chemistry. _
Searle and Ruech 20 found that outside of the fields of

physics and chemistry, magazine articles on physiography are more

frequent than on eny other subject, and that their number constituted

 ,39;3% of other miscellaneous subjects in science.

| Craig 41 discovered, on the basis of most frequently

‘ﬁppoaring nouhs,»that children weré interested in mountainé, the rocks,

kdeeap and "ground". The most common larger topic was that of the

surface of the earth.

Meteorology

Pollock's 42 study of childrens' interests in science

- showed thét the following topies in meteorology were represented by a

-

*8 Ibid

Hopkins, L. Thomas. loc. cite
0
Searle, A. H. end Ruch, G. M, loc. cit.
4a Craig, Gefald.S. cdecs’tit.

42 Pollock, C. A+ loc. cit,
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:'éomparatively large number of questions from the childrens air, clouds,
wind, and snow.

43 reported 7% of articles on weather and climate

Curtis
_ from a total of 630 newspaper artioles on science. The air, wind,
’clouda » rain, sky, and snow were reported by Curtis as leading interests
of’ohildren, and are given in order of interests In order, the leadw
ing interests of adults in meteorology were: air, wind, olouds, rain,
and the seasons,
Searle and Ruch %% discovered that 1.9% of general
 articles on science in magasines, excluding physice and chemistry,
were on meteorology.
'Nearly every newspaper of fair sisze and circulation carries
5, kl}‘b,loast a brief weather report.

The clouds, rﬁin, sumner, winter, and snow were the most
common interests in meteoroiogy expressed by children of tlﬁe eight

46

""grp.das in Craig's investigation. The weather was the most cone

| ~ spicuous larger topic in the questions.

Mineralogy

Investigations of childrens' and adults' interests in

mineralogy are generally included, so far as found at 2ll, under

43
Curtis, F. D¢ 1loce cite
44 '
Ibid.
45 :
Searle, A. H. and Ruch, G. M. loc. cite
46 .
Craig, Gerald S. loc. cit.
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‘ ~chomistry and geology. Such items as metals, orystals, ores, coal,
etc., are found listed under chemistry and geology, for the grester

-part.

&zsics

According to Hunter 47, courses in physies have increased
in number relative to other science courses from 1908 to 1923; physies
‘eourses have increased less rapidly than chemistry courses.

Hopkins 48

quoted Earl R. Glenn to the effect that the
percentage of pupils studying physies in 67% of the largest cities
of the United States ranged from .5% in Pittsburg to 17% in Portland,
with an average of 8%, Ten years ago the average for the same
”mvaities was 14%.

. Hopkins bt found that the theory of physics hed little

pl&ce in newspapers and magazines. He placed physies first in value

among the physical sciences on the basis of his investigation of these

publications. Articles in this subject treated: physics of the shop,
ferm and home, the automobile, radio, aeronautios, construction of
lmildings, ships, tunnels, bridges, highways, railways, electric power,

photegraphy, cement, eleetric signals, steam engines, motion pictures,

42

electric piano, reclamation and drainage, steam turbino, storage battery,

o g rava, strength of materials and water supply.

47

Hunter, G. W. 1loc. eite.
48 ' :

Hopkins, L. Thomas. 1loc. cit.
49 .

Ibid.
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The percentage of students studying physics in public high
50
‘schools was 22. 21% in 1890, 14.23% in 1915, and 8.93% in 1922,

Harap 51 recommended the following topies in physios on

the basis of an analysis of the practidal activities of everyday

~living: heating, lighting, ventilation, vhysical properties (as well

&s chemical) of building materials, household applisnces, metals and

alloys, papers, leathers, textiles, the automobile, colors, washing

machines, furnaces, thermometers, electrio lamps, meters and pressure.
Searle and Ruch _52 listed the following topics from

their investigation of magazine articles. The number in parentheses

followiﬁg each topic shows the rercentage of the total amount, in

oolumn inches, found on physics in the periodicals:

(1) 1light (18.2) | © (9) mechanics of liquids (4.9)

(2) dynamos and machines (16.5) (10) magnetism (3.8)
(&g mechanios and work (8.9) (12) gravity (2.6)
,4€5 heat (8.2) . (18) electrostatios (2.4)
(8) mechanics of solids (6.68) (14) energy (1.7)
(7) molecules (5.1) (15) electric induction (1. 2)

- (8) men (5.0) (18) elestric current (1. 1)

In Cleveland schools, science students reported to Persing's

committes 50 that electricity, mechanies and light, in order, were nost

- worthwhile to them., Eleotricity was the most interesting subiect in all

0
Statistics of Publie High Sehools. Bulletin No. 7, 1924,

P+ 46+ Bureau of Equoation, Department of the Interior, thhington, .0.

51
Harap, Henry. 1loc. cit.

. Searle, A. H. and Ruch, G. M. loc. eit.
3 Persing, Kllis C. 1loc, cit.
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tho science studied.

54

Pollock's investigation of childrens' interests

~ furnished the following prineipal topics for physies:

aeroplane light

air . lightning
clouds machinery
earth radio
electricity rotation
gases sound
gravity water-supply
heat

23% of the qestions asked by 3500 children were on the
subjects: electriocity, lightning, radio, telephone and compass,

Curtis 99

found that 49% of newspaper articles were on
physical science subjects, compared with 41.4% for the biological
’,blscionces. 54.3% of the seientific terms fouﬁd in the newspaper
’Crtieles were physical, and 45.6% biologicale . 24.9% of the physical .
- 8sclence articles demanded technical knowiédge, compared with 5.7% |
 for the biological. The most common subjects in physies for the
: péﬁspaper artieles were (Pigures in parentheses show percentage of

~ total number of articles):

radio (8.7) heat (2,9)

doronautics (6.3) light . (2.5)
automobile (3.7) - sound (.3)
56

Curtis concluded that boys, girls, men and women were much

o moro interested in physical than in biologieal Science. Boys and men

' .

4 Pollock, C. As loce cite
5
C\u"bis, F. DO 1000 Oito

56
Ibid.
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 ’war§ more interested in technical processes representing applications
of physics; men were more interested than boys in these processes,
ziBbys, g%?ls and women were more interested in theaﬁy then in technical
“pfooesses. For men, the leading interest was in technical processes.
 Interest for girls was more superficial in physies, the girls showing
| a wider range of interests than boys. |
Fef boys and girls together, the most important interests

-in physics were, in order:

(1) electricity (7) 1light (12) sound
(2) earth (8) Aurora Borealis (13) eclipses
(3) gravity (9) thunder (14) gases
" (4) radio (10) geysers (18) history of science
(8) 1lightning (11) tides (16) rainbow
(8) air (17) snow

For men and women together:

(1) radio (6) history of secience (10) 1lightning
(2) electricity (7) air (11) automodile
(3) earth (8) sound (12) radium
(4) tides (9) 1light (13) geysers
(8) gravity (14) thunder

For boys, girls, men and women, the chief interests in physics

(not in order) were:

-oadr gravity readio
earth - history of science sound
eleotricity light thunder
geysers Lightning tides
Herriott 57 made an investigation of everyday activities

~ame.

5? Herriott, M.E. Life Activities and the Physics Cyrrioulum.
- 8chool Science and Mathematics, Vol. XXIV (1924), p. 631-634, One influence
. of Outeof-School Activities in Determining the High School Physies Curriculum.
~ Bohool Science and Mathematics, Vol. XXVII (1927), p. 56-60.
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involving physics (rather than expressed interests) for boys and girls,

and adults. The order of importance for boys and girls was:

Boys v Girls
(1) magnetism and electricity (1) sound
{2) invisible radiations (2) 1light
- (3) mechanies (3) heat
(4) 1light (4) mechanies
(5) sound (5) magnetism and electricity

(8) invisible radiations

Earl Re Glenn °° learned that 4% of boys and 6% of girls in
Indiana schools studied physics, from reports of science teachers. 60.7%
of the teachers reported that the average textbook was too difficult for
‘, girls; 71.9% said that average textbook was sufficiently easy for boys.
Aoebrding to some of these teachers, the following topics in physies

~ should be dropped or redused in amount:

(1) specific gravity £{6) saccelerated motion

(2) sound (7) static electricity

(3) properties of matter (8) problems in electricity and
(4) hard problems heat

(5) technical subjscts (9) parts of electriscity

Some teachers favored including or lengthening the following

topios:
(1) historical physics (6) mechanics
(2) practical matters (7) elementary design
(3) atrength of materials (8) weather maps
(4) "X"rays (9) physics of the farm
(8) battery
A 68

Glenn, Earl Re High School Physics in the State of Indiana,
:School Science and Mathematics, Vol. XIII (1913), p. 483491,
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Greater attention to practical matters was the change mainly

,iavocated.

Watson 89 made an investigation of the content of high

school phjsigs with respect to its *social® wvalue by having 559 parents
}of”pupils taking physics in Kansas check items as (1) worthwhile,

(2) of doubtful value, and (3) of no value. Such items as transformers,
' fho telesbopé,}tho microscope, aeroplane, high tension electrie lines,
;dynanos, rheostats, etc., were considered of no value by these Kansans!
Items of valué furnished are more worthy of consideration; Kansas parents
- of physics students were interested in having their boys and girls master

~the following matters which are not usually stressed in physies:

automobile tires icewcream freezer
automobile brakes kerosene lamp
automobile radiator kitchen range
- ball bearings 0il stove
clock pendulum repair of pump valve
clock regulation roller bearings
crean separator sewing machine
door lock soldering
fever thormometer water traps
founfiainn pen windmill
heating stove window-shade rollers
hoze nozzle vAcuum sweepers

60

Heiss, Ritchie and Powers counted the articles on natural

soience listed in a maggsine index for 1922.1924. Of 16,448 listings,

69 ’

2 Watson, C. e A Cpitical Study of the Content of High School

~ Physics with Respect to Its Social Value. School Review, Vol. XXXIV (192¢),
Pe 688697 | :

80 : .
Heiss, E. D., Ritchie, Earland and Powers, S.R., Currieculum
Study in Natural Seience. Eleotricity and Magnetism. School Seience and
Mathematies, Vol. XXVIII (1928), p. 368«375.
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| 6350 dealt with the physical s@iaencea.. 1699 articles were on radio,
87 on magnetism, and 533 other articles wefe on some*ﬁhing else about
‘eleotricity, The imvestigators mede an edditionsl study of 123 magasine
articles on science, five popular textbooks in generel science, and ten
‘~-kc5’:'by and state courses of study for materials on electrieity and magnetism, '
, They‘fimlly compared their results with Harap's Gl-analysia of consumer
ﬁeeds, Curtis' newspaper study of scientific terms 62, and the results
of the investigations of Curbis Gs\and Pollock o4 on childrens?
interests as revealed by their questions on science, With the ezmception

68, a11 of the investigations nemed, including the

~of Harap'scamelysis
one here reported, emphasized strikingly pupil and adult inmberests in
the subjects of eieotriei*by and magnetism,
' Heiss, Bitohie and Powers ‘_56 also listed the terms of
“electriei’cy and magnetism encountered in reading magazine articles, and
| the major ideas of electricity and magnetism found in the periocdieals,
On the basis of all of the investigations which they were able to find,

end their own, they finally prepared the outline of a course of study in

61

‘Harap, Henry. loc, cit,.
62 '

Curtis, F. D, loc, cit,
63

Curtis, F, Dy 1loe, cit,
64

Pollock, C, A, loc, cit,
65

Harep, Henry. loc. cit,
66 . ’
Heiss, E. D., Ritchie, Earland and Powers, S, R loc.cit,
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'éleetricity and magnetism, This course consists, presumably, of the

-wgsentials of electricity and magnetism for ordinary, educated people,

(A1l items on electricity and magnetism in the tentative organization

of materials, Chapter VI, have been checked aéainst the work of Heiss,

- Ritchie and Powers 67.)

 From & list of nouns in childrens! questions, Craig

68

~ found that they were most interested in the following items of physies

{in order of interest)s

(1) electricity (6)
(2) color (7)
(3) 1lightning (8)
(4) radio (9)
(8) ges (10)

clocks

thunder
Northern Lights
airplane

light

The most common topies of interest were, in orders

(1) atmosphere (8)
(2) electricity (9)
(3) physical properties of matter (10)
(4) practical appliances (11)
(5) gravitation , (12)
(63 chenge of state of water (13)
(7) 1light (14)

machines

sound

lightning

flotation

three states of matier
thunder

power

Conclusions from the Related Investigations

(1) Popular inmterest in astronomy as measured by magazine

and newspaper articles is only fair; the more direct measure by means of

questions asked in science showed that astronomy is easily the most

67

Heiss, E, D., Ritchie, Barland and Powers, S.R, loc.cit,

68
Creig, Gereld S, loc, cit,
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vvvfinteresting science to junior high school pupils>and adults.v vAstronomw
| ivi’s & leading interest of high‘school pupils in Ciwél&nd. ‘Using
'intarest as the eriterion, the essentials of the high school course of
;study in astronomy are well established by the investigatiens made.

(2) Chemistry is of interest to the farmer. Chemistry is
‘ﬁat & popular subjeect in high school or collegee The weight of evie

Tdanco is in favor of stronger interest on the part of readers of newsw

‘"~»papors for the physieal seiences rather than the biological, Readers

ffér newspaper articles on chemistry require considerable techniecal
'fﬁavicégs for understandings  The practical and experimentsl matters
~are interesting to high school students in chemistry. Bova and girls
'«af Junior high school age are more interested in the theoretical than

,the technical; the technical interest is characteristic of males, nnd

50

'increases with ages Boys of high school age should find greater interest

kin the tradltienal chemistry course because of stronger interests than

'?f,girla in the technical processes and theoretiocal aspects of the subjects -

Ghamistry is closely related to the utilitarian activities of the everye
_day 1ife of the citizen. Interests of pupils and adults in chemistry
‘Are mach aliho:

(3) ~Using the frequency of appearance of articles as the

. zg&uge, interest of readers of newspapers in matters of geology and

7i:phyaioa1 geography is only fair; interest of magazine readers is apparente

'”vtly oonsiderably stronger. Interests of junior high school pupils and

Mty e! high school students in both subjects are stronge  Interests of

‘.“$ 0§11dren and adults in the subjects are much alike,
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'55\ ‘ciQn°Qg is generally greater than in the biological sciences.

(4) Interests in meteorological subjects are keen for both
pupils and adults, and are strikingly similar.
» (6) Physies, as taught in the usual high school, is not

f‘interestxng to many high school student8° it is less interesting to girls

'~‘than to boys. Boys and girls, however, are probably more intorestod in

physieal then biological phenomena; the same is true for adults. High
~‘[achool physics may be taught so that it connects closely with daily
  uctiv1t1es of the average man or woman. Readers of newspapers and

magazines, presumably, are strongly interested in articles on physies;

‘ ‘§ansiderab1e teohnical knowledge is required to read these articles

un&erétandingly. In high school physies, boys are more interested in

ftdohnieal processes than girls; both boys and girls are more interested

"»/ :in~the theory of physies than in technical pfooesses; and, probably,

 §§§® are more interested than girls in both theory and technical matters.
~7Tha 1n§eiests of boys, girls, men and women in physies are much alike;

»ioleotricity, in its various phases, is the chief interest of all ages
finvphysiea; it is apparently the chief scientific interest of mankind
today,

(6) Although some investigations have resached contrary cone

o 6
-elusions ® » the weight of evidence is that interest in the physical
70 ‘

| — "
R Downing, E« R. Childrens' Interests in Nature Materials,
;,,Hltnre Study Review, Vol. VIII (1912), p. 334-558.

ot : 70

T Curtis, F. Ds A Study of the Seientifie Interests of
,;vBuullors in Small Towns and in the Country. Peabody Journal of Education,
»val. V (1927-1928), p. 23-34,
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52

Summary of Conclusions

An invostigation of the interests in the physical sciences
of 1916 high school students, of about equal numbers of both sexes,
from many different high schools, from several states, and fgem both
burban and rural environments, together with results of similer and

related investigations, established the following principal conclusions:

le Astronomy, considering whole subjects, is generally
‘the physical science which is most interesting to pupils in junior
S‘Qnd senior high schools,
2¢ The experimental and praeticalyphases of chemistry
are most interesting to high school pupils; the least interesting parts
%~, of chemistry to these pupils are theory, technical matters and the
mathematical elementss Traditional high school chemistry is not a
popular subject.
8. Geology is & subject of fair interest to high school
- students. Study of the rocks, land forms and minerals are most ine
teresting to these students.
: 4. In meteorology, there is found strong interest which
1 ’13 fooused largely upon the topie of climate.
S5¢ Physies, as customarily taught, is not of varticular
_,interest to high school students, but is more interesting to boys thm
   tomgir1s. Electricity is decidedly the most interesting topic in the

n?hyaieal scientes for boys and girls; the interest of the boys exceeds
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it ;_:ﬁha’e of the girls, however, Interest in mathematical, technical and
fﬁytheoretieal physics is weak,
8+ Interest in experimentetion is the most striking general
interest for boys and girls in the physical sclences; the most conspicuous
lack of interest is in the mathematical elements of these sciences, &
7+ Interest in physical phenomenms is probably generally

greater than interest in the biological sciences, if allowance is made

- for lack of interest due to traditional content and methods in the

high school physical sciences,

7T

L Teaching Science as a "Way of Life", Bulletin of High
Points in the Work of the Schools of New York City, Vols X (October,
 1928), No, 8, p. 68, 72«73,
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Chapter III

' THE PSYCHOLOGY OF INTEREST APPLIED TO SCIENCE

Use of the Novel

Man is naturally attentive to the novel in his environment.
"The attitude of childhood is na;ve, wondering, experimenta}l the world
| of man and nature is new. Right methods of education preserve and
perfect this attitude, and thereby shortecircuit for the individual
the slow progress of the race, eliminating the waste thet comes from
nnﬁih§rt routine, " |
| "Novel things>to look 8t or novel sounds to hear o « o o
'will always divert the attention from abstract conceptions + o« o .
Living things, moving things, « « « « that have & dramatic quality, -
theso are the objects natively interesting to childhoode o o « o

- Bagiﬁ with the line of his native interestse . . . " 3

1

, Thorndike, "Educational Psychology", Teachers College, Columbia

’ Univer81tv, New York, 1913-1914, vol. 1, pe 46—47 141.

v, 2
AR Dewey, “How We Think", D. C. Heath and Company, Boston,' 1910,

p.'156.

E 3

James, "ralks to Teachers on Psychology: And to Students on
’SOms of Life's Ideals", Henry Holt end Company, New York, 1901, p. 92-96.
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The teacher, course of study, texthook and divisiona of the
«subﬁoot in science should all begin 4 with the new, strange, uvnusuel
‘aﬁﬁ;fareign; they should all lead to the old, familiar, usual, and to

~ the immediate environment.

The laws of Effect, Readiness and Mental Set

By the Law of Effect, interest in science furthers 1earning,
 1nd1fTerence and dissatisfaction hinder learning. 6 It is important,

";then, th&t originel and acquired interests mhould be considered (1) in

'/,‘fv,tha selection of subject matter of science in advance of the time of

»?1qdrning, and (2) during the learning process itself. When these matters

"‘ ?at§»yroporly attended to, the learning of science is more rapid; the

'» g ?¢ﬁﬁ1ts of learning are more permenent; there is more of concomitant

S ‘1922, e 516-617.

lesning.

| By the Prineiple: of Readiness ® and the law of Mental Set ,
 ££413 evident that when a pupil approaches scientific subject matter by the
’:féhte of an acquired or original interest, his potentialities for learning

f@rs thereby increased; both temporary and permanent attitudes favorable to

‘1e¢rning soience are present, or may be generated with comparative ease,

4

e Judd, "Psychology of the High School Subjects”, Ginn and Company,
quaaton, 1915, p. 531—332.

: o
Snedden, "Educational SOeiology s The Century Company, New York

Thnrndike, EeLe op. cite., voles 2, p. 4.

7

Thorndike, E.L. ope. cit., vol. 3, p. 127-128.
8

Thorndike, E.Ls op. cit., vols 1, p. 128,

9
Thorndike, E.L. op. cit., vol. 2, p. 24-26,
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_!h;§§ attitudes operate as selective agents in future‘activities having

i #a[do'with science, and they are more or less permanently conneocted with

otﬁér learned elements of science, such as scientific facts or skills,

' Thé‘temporary attitudes favorable to learning are valuable for their

fimmadiately possible effects in promoting learning then and there; the
more persistent aﬁtitudes, "sets" and "interests" are powerfully come
pelling influences in the future career of the individual possessor. The
‘lifter, if favorable, will shunt the youth or adult toward further exe
kﬁgérionces.of & scientific nature in the sctivities of everydsy life; if
"nhfavorable, they will instigate equally potent avoiding reactions toward
fmatters scientifice Attitudes in science persist long after facts and

 ;‘§rineip1es have become vague, or have been forgotten.‘

What is learned in science, in any case, is never subject

_ matter but particular reactionse. i°

The particular resctions deseribed
by such terms as "mental sets", "attitudes" and "interests” need to be
ﬁgkah into account not only in tEe preliminary responses of the learner
as he approaches the science, or science topic, but also in the inter=
mediate and consummatory stages of the learning process. ?&he reactions
efvthe learner dqscribed by such terms as "previous knowledge®, "apperw
~eeptive mass”, "learning the unknown in terms of the known", ”skilis',

~ "facts”, "ideas", eto., are much more likely tobe considered at all stages

,~6r the learning process than the more subtle reactions just described, The

10
: Gates, "Psychology for Students of Edueation®, The Msomillan
Company, 1923, p. 207-208, 266-269.
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\v“gﬁﬁsf are iery significant despite their subtlety; the eorrelation of

o thaaohvious with the valuable remeins to be demonstrated for the learning

of anything. The feeling or affective state called intere#t is the
prime force in the generation and modification of "sets™ and attitudes;
in,erder to take these subtler reactions into account in a science course

f‘éffétudy, the interests of the learner must be taken into account.

The Principles of Intensity and Recency

The greater the intensity of satisfaction resulting from interest

.y in science the greater the effect upon learning, by the Prineciple of

11

Intensity (of &ffect). Other things being equal, high school s tudents

| ‘:,j3wﬁ11 master the subject of electricity better than any other topie of

u§§iénee taught in the schools’
o According to the Principle of Recency 12, the more closely
‘ ‘(in time) the satisfaction of the student is connected with the learning
iaetivity, fhe greater the effect on learning, learning of facts in
seienee in situations which postpone, or denv altogether, the satisfactions
which normally arise from fruitful learning experiences is wasteful; under

‘ ,snéh‘ecnditions learning is feeble and paltry.

Relation of Interest to Ability

The employment of the psychology of interest in building courses

"},of study in science, and in science teaching, is strongly supported by the

11
12

Gates, Arthur I. op. cit., p. 254,
Ibid.
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& high correlation between the interesﬁs of elementary, high school and
>J 6o11age students in sochool subjects and their abilities in these sube
:jbots. _ Thorndike's eleborate investigations 13 gave r ? «9 for
 téis roletion, and this coefficient is, as he says, "one of the closest
- of any that #re known?, - Pupils' interests in school subjects are
‘: elmost a perfect guide as to what they ecan do successfully. The in-
-~ ability of science students to become interested in the complexities
- and abstractions of mathematical elements of the sciences is matehed
i almost exactly by their inability to master these prerplexities; and is
- almost certainly indicative that much of the mathematics of the
pPhysical selences of the high school is unsuited to the levels of
maturity and experience of the students there. "The school can help
»bpupils to master science only when it arranges its courses in this

field in conformity with their abilities", according to Judd. 15

Superficial Interests

The interests of younger students in natural phenomens are,
of course in most cases, interests which cannot be regarded as stricte
1y scientifie. 16 The peculiar interest‘possessed by the scientist,
 which is a part of the scientific attitude of mind, has been long

G  ;‘d&ve1op1ng in the rece; it is aéquired only with difficulty, and very

—

K]
Sl Thorndike, E.L. Early Interests: Their Permeanence and
~Relation to Abilities. School and Society, Vol, V (1917), p. 178179,

e 14 Thorndike, E.lL. The Permanence of Interests and Their
 Relation to Abilities. Popular Science Monthly, Vol.IXXXI (1912),p.449-456.

S 18 Judd, "Psychologv of Secondary Eduoation”, Ginn gqnd Company,
L Beston, 1827, p. 327.

e 18 Judd, 'Psychology of the High Sehool Subieets s Ginn and
~;,com@any, Boston, 1915, p. 303-304, 313,
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>\:sluw1y, by the immature mind. The superficiality of the extensive
’7'1ntoreat§ of younger pupiis toward scientifie phenomens may, in
individual instances, appear to really operate against truly scientifie
; 1ﬁterests. The chief values of the earlier interests in science of
~youthful minds, even though relatively superficial, lie in their
inherent possibilities for initiating learning under highly favorable
_eircumstances, not only for the science as a whole but, also, for

- the phases of the subject as it develops.

Cultivation of Interests

Any object not interesting in itself may become intereste
ing through becoming associated with an object in whioh an interest
already exists. . . . . Associate the new with the old in some
natural and telling way, so that the interest, being slid along
from point to point, suffuses the entire system of objects of
thought.

It is fairly obvious that interest in science is bubject to

cultivation, per se, and without regard to other factors of learning; it
is not quite as obvious, at least in course of study preparation and
| teaching of science, that attitudes and indifference, or feelings of
dislike, are also subject to cultivation. ". . . . We are interested

- in what we have learned to be interested in,'enjoy whet we have learned

o to 6njoy, and dislike what we have learned to dislike®. 18

17
v James, ®Talks to Teachers on Peychology: And to Students
~on Some of Life's Ideals", Henry Holt and Company, New York, 1901, p.94-96,

8
o Woodworth, "Dynamie Psychology”, Columbia University Press,
o New York, 1918, Pe 77,
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It is probably true that the physical sciences are now very
>’ g9nera11y taught in American high schools by use of subject matter and
‘methods which not only fail to cultivate strong interests in the

pupils taking these subjects, but in a real sense, and on a large seale,

1ead to the production of dissatisfactions, and even aversions.

Interest and Cultural Values

For the attainment of the cultural values of sciencé, the ime
‘portance of interest can hardly be overestimsted. Snedden has said
1that thevsubject matter of general science is relatively unimportant;
the important matters are: a keenly interested teacher, vitally ine
‘terested pupils, and ample facilities for rich experiences. Instead
'fpf exclusively insisting upon interpretation of the environment of the
‘pnpil, ", « . . the Aurore Borealis may be more significant to curiosity
_and cultural interests, « . . « tigers in India than sparrows on the
f:Sack lot; aﬁd the big trees of California than the elms of the loecal
highway". .20

For the development of cultural values in the physieal
sciences, knowledge does not need to be practical, technical, or highly

exact. Essential knowledge and techniques need not be scquired "once

. for 211"; vocational aims in the physical sciences defeat the cultural

19

Judd, "Psychology of the High School Subjects®, Ginn end
Company, Boston, 1915, p. 303-304, 337.
2 20
Snedden, "Edueational Sociology", The Century Compeny,
~New York, 1822, p. 6516-517. '
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; 7,purpose for those who make no vocationsl use, later on, ofbtheir

: f#>c¢quisitions. "Cultural ends are best served by developing and ex=

;  tending appreciations, broad interpretations and insighta, persisting

“interests", 2

Interest in Problem Solvi:gg

Interest in probleme~solving is a most valuable interest, not
bnly for science, but for all subjects, It is repeatedly claimed for
science that it has peculiar powers for the cultivation of this inberest,
The history of pure science demonstrates the value of the interest in

problem=solving for the progress of science itself; the story of the

s applications of pure science to the needs of man is proof of the wvalue
Zef interest in problem=solving in the service of SGiénce to mankind,
“How is the interest in solﬁ}ng problems to be cultivated?

First of all, the science student mﬁst be confronted with

~_problematie situstions which are not too difficult for success, "It

dsa general prineciple of human activity that we are interested in overe

coming difficulties and interested, on the other hand, in whet we can

do Sucoessfully ~ in & word, we are interested in successfully over

éaming difficulties", 22

The high school student should be led to find his own probe

. lematic situations - to discover problems, Textbooks, courses of study

21

Snedden, Davide op. 0it., p. 520=521,
22

Woodworth' R‘ s. OP. cit., p. 202.
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‘ Tw\i§bo£atory experiments and methods which continuelly give the impression
' to the student that the aim in learning a science is the learning of
thé eonclusions of problems.which have already been solved, work decidedly
ugainst the cultivation of an interest in problempeolving. The student‘
is led to believe that the last word has been said, that all has been
found out; instead he should be ”1ed‘to see that every object about
;him has characteristies which ought to arouse his inquiring mind to a
soientific study”. 28
In order to arouse interest in problem-solving, the personal
end human elements should be stressed in relation to things. Children
are not so much interested in the natural envirenmgnt for its own sake,
;but rather in its human relations,
» The conorete and specific problem, rather than the abstract
-and general, is probably more hopeful for success in arousing én interest
_iﬁ problem-solving with immature minds. The hiétorioal approach to
'fﬁho'prablam, which describes the previous emperiences of man with its

~solution, may be productive of interest. 5

Interest and Effort

The relation of interest to effort, activity and growth in the

23
0 ’ Judd, "Psychology of the High School Subjects", Ginn and

Dewey, "Interest and Effort in Education", Houghton Mifflin
Gompanv, Boston, 1913, p. 85-87. :
25 .
‘ Judd, Charles H. QD Gito’ Pe 337

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

«_{;éﬁeﬁces, has heen best described by Dewey. 26 The efforts of the

iéhild flow freely, whole-heartedly, and in the direction of the pupil's
é&n,growth, in a situation where genuiﬁe interests exists The child

hes identified himself with the activity. Inberest is felt as the

pupil finds selfeexpression and self-development in the activity; ", . . .,
, the teache‘r must select activities with reference to the child's interests,

'pdwers and sapacities.” 27

Use of Interest in Course of Study Construction

The seeming conflict betwesen childrens' interests and adults'
‘;hQéd# in education has long received attention from educators.
’i%Probably the best settlement is reached by the principle that adult needs
siastermine primarily matters of permanent value, while childrens' interests
 éetermine the order of presentation and the organization of learning

‘meterinls at the various ateges of child development. 29

Interest and Psychological Organization

Likewise, the related problem of the psychological organizatlon

k  ‘of subject matter versus the logical 80

3
Dewey, John. op. cit., p. 7, 18, 21, 41, 43,

is best solved by viewing the whole

S Suzzalo, Introduction to Dewey's"Interest and Effort in Educae
\\;“tian » Houghton Mifflin Company, Boston, 1913, p. IX.
E 28
Rational Society for Study of Education. Twenty-sixth
YQ‘!‘bOOk (1926), De 13,
29

: Charters, "Curriculum Construetion" s The Macmillan Company,
: hw YOrk 1923, Pe 102.

S ° Kilpatriek, "Foundations of method" The Macmillan Company,
" M YOI‘k 1925, Pe 302 309-310,
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9r§§ess of edueation; the psychological organization is then evidently
the beginner 8 steps in this process, while the logical organization
shows more clearly the results of the process. Reliance upon interest
ins science is a fundamental principle of the psychological order, but
the final attainment of logical organization in science does not exclude

m’berest . 51

 Conelusions

By way of conclusions, the psychology of interest as applied
~ to science may be summarized as follows:
(1) The approach to a science, or divisions of & soience, is
,;aast productive of interest when made by way of novel phenomensa.
i (2) 1Interest in science increases the rapidity, permanence
and amount of learning,

(3) Interest provides for desirable concomitant learning
,‘iia,'amh matters as ”se’;s' » or attitudes toward sciénce.

(4) Within limits, strong interests lead to beﬁter activities
for learning than do mild or weak interests,
’ (5) 1Interest should be closely associated with the learning
~aotivity in time.
| (6) Pupils' interests are an excellent guide to their
qhilities in seience.

¥
31
e Betts, "Social Principles of Equeation® s Charles Seribmer's
;szs, Kow York, 1912, p. 281.283,
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(7) Earlier, superficial interests are valuable in initiating
rarltarning as the subject changes.
; (8) Indifference toward science, or dislike for it, may be
Qultivated, as well as interest and liking.
L (9) The cultural values of science depend mainly upon appre-

ci#tions secured through interest.

(10) By right methods, interest in problemesolving may be
1earned by pupils studying science,

(11) The pupil is genuinely interested in science when he has
'\1dontifled himself with its activities,
(12) fThe psychological order of arrangement of subjeot—matter
Q{dop@nds largely upon consideration of pupils' interests.
: (15) The paychology of interest is an important oriterion for

' tho.&rrangement of subject matter in seience in advance of learning.
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Chapter IV

THE AIMS OF SECONDARY SCHOOL SCIENCE

An Invésgigation of the General Aims of High Sehool Seience

An inquiry ® was directed to colleges and departments of
eduoation in state universitiés, other universities and colleges, and
to state departments of educatién in order to secure a list of names
of outstanding instruetors in science and science education, and also
in order to gain touch with recent developments in high school courses

"fi;or study in the physieal sciencess Later, a request b to furnish
’» § statement of the general aims of science in the high school was
‘sent to one hundred of these most competent instructors in the vhysical
8ciences and science education of universities, colleges, teachers'
f‘oalleges, normal schools and high schools. Twenty-five signed state-
 ;mnnts wers reoelvad from different sections of the United States; of
;these, thirteen © were furnished by university and college proe
fesaors in the physical seiences, nine d by high sehool teachers,
and three e“t!y instructors in science education in universities and

 solleges,

S8ee Appendix X.
See Appendix 1.

See Appendix M,
See Appendix N.
See Appendix 0,

® Ao o p

86
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In Table XIII appears the list of general aims furnished by

the twenty-five outstanding instructors:

Table XIII

A List of General Aims for High School Physieal Seience

O ——— R ——
i ——

" Fo. Statement of Aim —Ioguomoy of o enk
e Yontion —
‘e Training in the ability to think
scientifically 9 1
2. Interest in and appreciation of the
physical environment 8 2
S¢ Understanding of the physical environment 7 3
= M Understanding and appreciation of the value
- of science to human welfare - : 6 4.5
5+ Cultivation of the scientific attitude of :
mind " 6 4.5
6+ Understanding of the applications of
L science to everyday life 5 7
-7+ Educational and voecational guidance 5 7
8¢ Appreciation of law and system in nature 5 7
9+ The scientific habit of mind 4 10.5
10. Habits of acourate observation of nature 4 10.5
- 11+ Appreciation of scientific method 4 10.5
12, The ability to use seientifiec methods 4 10.5
18, Manual and technioal skills 3 16.5
14, Liberal education 3 16.5
15+ Understanding of fundamentals of science 3 15.5
16. Arousal of scientific curiosity 3 15.5
17. Ability to read science intelligently 3 15.5
18+ Applications of science to health 3 15.5
18+ Appreciation of the great scientists 2 20.5
203 Ability to use scientific applisnnes 2 20.5
~ 2l. Habits of accuracy 2 20.5
. 22+ Love of science 2 20.5
-+ 284 Grasp of technical terminology 1 3045
24, Knowledge of occupational worth 1 30.5
_ _25. EKnowledge of conventional value 1 30.5
: , 26. Intellectual honesty 1 30.5
27, Open-mindedness 1 30.5

(continued on next page)
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Table XIII (continued)

A List of General Aims for High School Physieal Seience

o —
S Frequency of
No. Statement of Aim ' Rank

28. Problem-solving attitude 1
29, TUnderstanding of matter and energy 1 3045
80. Scientific ways of expression 1 30.5
81, Originality 1 20.5
32, Appreciation of the simplicity of seience 1 3045
33. The prineiple of conservation 1 30.56
34, Interrelations and interdependence of science 1 3045
85+ Preparation for college science 1 30.5
36+ leisure time activities 1 30.5°
87+ Appreciation of the unity of science 1 30.5
88s S8cience for intelligent conversation 1 30.5

The list of generel aims presented in Table XIIT is eombined
and summarigzed in Table XIV:

Table XIV
Summary of General Aims for High School Physieal Seience

8

Statement of Aim ‘ Items of Table XIII

300
' Combined
1. Development of the ability to think 1, 5, 9, 10, 11, 12, 18,
scientifically 21, 26, 27, 28, 30,31
Total, 13 items
2., Knowledge of the physical environment 5, 8, 14, 15, 25, 29, 32,

83, 34, 35, 37
Total, 11 items

8«  Understanding and skill in applkcations 4, 6, 7, 15, 18, 20, 24

of science to everyday life Total, 7 items ‘
e Appreciation of and interest in the 2, 17, 19, 22, 23, 36, 28
- physical environment Total, 7 items
e e = — — —
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The list of general aims for the high school physical
;'seiences of Table XV was collected from secience courses of study,
>§y11ihi, textbooks, bulletins, pamphlets, magazine afticles, other
’ pub1ication3 of educators and scientists, versonal letters from
 aoientist§ and educators, and the responses to an inquiry sent to
'outstéhding science £eachers aﬁd educators in the various states.
o The names of ihe last were secured through the coopératioﬁ of dew
partments of education of colleges, universities and the states.
With a minimum change of statement, elimination of only
_mostiobiioui dupliocations, and with no attempt to remedy overlapping,
ﬁhe aims were placed in random order in the check-list as shown in
v»r“i’é.b'le XVe This check-list was sent to ten profeesors of science
bduoation, and to ten high school supervisors of science; the list
was also checked by the members of a graduate class in high school

“seience teaching, and by other competent graduate students of science

education in the College of Education, University of Cincinnati. |

(For Table XV, see following page of thesis)
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Table XV

General Aims for the High School Sciences

B~ ————— - -l
Please check ( ) the essentially important aims for high
school sciences.

‘1. To give a unified view of science. .
2+  To acquire knowledge of scientifie faots, principles and theory.
‘3¢ To learn the applications of science in industry, the home, on
‘ the farm, in everyday life, in communication, travel, transporta=
tion, heating, lighting, etc.
4. To understand common natural phenomena.
. Be To provide a fund of interesting information.
8+ To introduce the student to nature. i
7+  To furnish a basis for intelligent and interesting conversation.
B To encourage acquisition of knowledge by first-hand contact with
i things and individual investigation.
9. To develop scientific and philosophic insight.
~ 10e To impart the oultural values of science..
- 1l. To develop the coneept of conservation.
12, To show the relations of man and nature.
13, To gain knowledge of and interests in the great scientists and
. . their contributions.
14, To learn where scientific information may be had.
16,  To develop the concept of law and order in nature.
16+ To develop the concept of cause and effect.
17. To enable the individual to undeirstand seientifiec articles in
' newspapers, magazines, etc.
18, To furnish the means of control of nature.
19+ To acquire technique and skill in laboratory experimentation.
20+ To acquire habits of order, accuracy and spead,
2l. To establish the habit of reading science.
22+ To establish the scientific habit of mind.-
23, To establish good hahits of study.

- 24, To gain fecility in problem solving.

26+, To learn the need of cooperation in social groups.

-26» To train in thinking.

27. To develop ability in the expression of ideas about science in a

o selentific way.

28+ To stimulate the imagination.
29. To stimulate the pupil to more direct and purposeful activities,
- To learn the simpler quentitative relationships and receive traine

ing in representing quantitative facts.
To develop the powers of observation.
To impart the moral values of science.

3+ Good citisenship.
be  To ocultivate the aesthetic values.

(eontinued on next page)
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Table XV (continued)

General Aims for the High School Seiences

71

- _

————

56,
31
58,
39
40,

- 41,
43,

. M.
45,
46,
48,
A
50,
52,

: 53.
64,

- 88,

s

Koto:

To develop religious attitudes.

To develop the attitude of facing reality squarely.

To instill the attitudes end ideals of scientists,

To free from tradition, prejudice and superstition,

To arouse intellectual curiosity about neture.

To stimulste investigation, originality and invention.

To prove scientific law, principles and constants experimentally,
By experimentation, to develop more adequate ideas, concepts and
generalizations about scientific matters, '

By ezperimentation, to discover scientific law for one's self.
To give training to use of the seientific method.

To show the value of science in prediction.

To add to enjoyment of the natural environment.

To provide activities for leisure time.

To learn to appreciste the value of masterful performance.

To learn to appreciste the value of quantitative thinking.

To captivate interests in order to increase the holding power of

‘the school.

To develop appreciation of the value of research.
To give help in choice of vocation.

To awaken scientific interests end abilities.

To give direct preparation for voeations,.

-To prepare for more specialized study of science in college.

Hea lth, .
To supply material for teaching the fundamental proocesses of
reeding, writing, mathematics ard composition.

The list of "aims" above has been gathered from courses of study

in science, science textbooks and the writings of educateérs.
Please add any essentisl aim which, in your opinion, should be
stated,

N

Five signed replies were received from professors of soience
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v:1 ‘§ducation 1,‘and six from supervisors of sciences 2; two replies were
 ;$§¢eived unsigned from these gréups. Twenty~four graduate students in
: éeience education checked the liste A total of thirty-five competent
> ‘peéple cooperated in this investigation.
Table XVI gives & summary of the general aims of high school
‘science teaching which are considered to be essentially important by
five university and college professors of science education, most of

whom have national reputations in their speciality., Table XVI follows.

1

(1) Curtis, Francis D., Professor of the Teaching of
Biological and General Science, University of Michigan.
i (2) Hill, L. B., Professor of Equcation (specialist in
~8cience education), West Virginia University.
o (3) Morris, Meister, Professor of Seience Edquoation,
College of the City of New York, '
= (4) Palmer, E. R., Professor of Science Education,
- Cornell University,

R (5) Webb, H. A., Professor of Chemistry, George Peabody
~-College for Teachers.,

2
; (1) Avery, lewis B., Director of Science, Oakland,
California.
(2) =dwards, Paul G., Supervisor of Science, Chicago,
Illinois. ' ‘
G (8) Fowlkes, Floyd E., Director of Science, Richmond,
. Virginia,
e (4) McMachin, J. G., Supervisor of Science, Spokane,
. Washington. '
LT (5) Redenbaugh, W. M., Supervisor of Science, Seattle,
b Waahingbon.

: (8) Wildman, Edward E., Director of Science Education,
. Philedelphia, Pennsylvania.
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Table XVI

78

Summery of Aims of High School Science Seleoted by University Specielists

. Nes of Aim Frequency Noi of Aim Frequency

" TSee Table V) ~of Rank (See Table xv) of Rank
' Chaeiting Chiscking
3 , 4 2 43 2 23
8 4 2 44 2 23
39 4 2 a7 2 23
4 3 8 51 2 23
12 3 8 2 1 43,5
17 3 8 6 1 43.5
21 3 8 7 1 43.5
31 3 8 9 1 43.5
46 3 8 10 1 43.5
52 3 8 18 1 43.5
53 3 8 19 1 43.5
56 3 8 20 1 43.5
1 2 23 24 1 43.5
6 2 23 25 1 43,5
11 2 23 29 1 43.5
13 2 23 30 1 43.5
14 2 28 32 1 43.5
16 2 23 34 1 43,5
16 2 23 38 1 43.5
22 2 23 41 1 43.5
23 2 23 45 1 43,5
26 2 23 49 1 43.5
27 2 23 50 1 43.5
28 2 23 56 1 43.5
33 2 23 35 0 55.6
36 2 28 48 0 55.5
37 2 23 5% 0 55.5
40 2 23 57 0 55.5
42 2 23

Table XVII presents the work of six prominent supervisors of

science in checking aims for high school science:
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Table XVII

Summary of Aims of High School Science Selected by Supervisors

 a—

No. of Aim Frequency Fo. of Aim Fregquene
TBee Table xV) of Renk (See Table XV) of Rank
CheBking - Checking -~
3 <] 1l 43 2 28,5
2 5 3 48 2 28.5
31 © B 3 51 2 28,5
48 5 3 53 2 28.5
4" 4 7 56 2 28.5
8 4 4 ] 1 41
22 4 7 8 1 4]
38 4 7 17 1 4]
52 4 7 21 1 41
9 3 16 23 1 4]
13 3 lé 24 1l 41
14 3 16 26 1 41
15 3 16 28 1 4]
18 3 16 33 1 41
18 3 16 4] 1l 41
19 3 16 50 l © 4]
20 3 16 55 1 41
36 3 16 87 1l 41
39 3 186 7 0 B52.5
40 3 16 27 0 52.5
44 3 16 20 0 2.5
47 3 16 32 0 52.5
1 2 28¢5 34 0 5245
10 2 28.5 35 0 52.5
11 2 28.5 37 (0] 62.5
12 2 2848 45 0 52.5
25 2 28,5 49 0 52.5
29 2 28.5 54 (5] 52.5
42 2 28.5 '

In Table XVIII eppear: the general aims for secience in the

‘high school according to the combined judgments of the five ﬁniversity

V ,,,sﬁecialists in secondary school science and the six city supervisors of

k #eienca educsation.
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Table XVIII

Generel Aims of High School Science According to Specialists & Supervisors

o

——
— —

; m,, of Aim Frequency No. of Aim Frequenc
- (8ee Table XV) of Rank  (see Table XV) of = DRank
i Checking CheEing
3 10 1 42 4 27
8 8 3 43 4 27
3] 8 3 51 4 27
46 . 8 3 5 3 36.6
4 L7 6 10 3 36.5
52 7 8 25 3 36.5
2 6 8.5 26 s 36.5
22 6 845 28 8 36.5
12 5 156.5 29 3 36.6
13 5 15.5 33 8 56,5
. 14 5 15.5 8 2 144,56
15 5 1546 24 2 44.5
18 5 16.5 27 2 44.5
36 5 15.5 37 2 44.5
38 5 15.8 41 2 44.5
40 5 15.8 48 2 44.5
44 5 15.5 50 2 44.5
53 5 15.5 7 1l 52
56 5 15.5 30 1 62
1 4 27 32 1 52
9 4 27 34 1 52
11 4 27 45 1 52
17 4 27 49 1 52
18 4 27 57 1 52
19 4 27 35 0 56.5
20 4 27 54 ) 66.5
21 4 27
s

Table XIX gives the general aims of science for the high school

Qacetding to the combined selections of five university specialists in
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‘high sechool science, six prominent city supervisors of science education,

yyhdhd’twunty-fbur other competent judges, most of whom were graduete

~students in secience eduocation.

A otal of thirty-five judges checked

:the list of aims of Table XV, with the following results:

Table XIX

Generel Aims of High School Science According to Thirty-five Experts

e

sateasigecs

——

: No. of Aim Frequency No. of Aim Frequency
. TBee Table xv) of Renk TSee Table XV) of Rank
: Cheoking - - Checking
3 34 1 39 10 30
.1 24 2 5 9 32
4 23 3 9 9 32
8 22 4.5 17 9 32
49" 22 4.5 11 8 35.6
31 22 8.5 21 8 3545
38 21 6.5 23 8 35.6
2 20 8 51 8 5.5
46 19 9.5 27 7 38.5
18 17 11.5 18 é 42
83 17 ll.5 28 € 42
52 18 14 32 6 42
12 16 14 43 8 42
33 16 14 50 8 42
1l 15 16.5 30 5 45,5
22 15 16.5 34 5 45.5
44 14 19.5 7 4 49,5
6 14 19.5 10 4 49.5
13 14 19.5 , 26 4 49.5
42 14 19.5 41 4 49,5
14 13 23 45 4 £9.5
19 13 23 48 4 49.5
36 13 23 37 3 54
20 12 26 49 3 54
26 12 26 57 3 54
29 12 26 35 1l 1]
40 11 28.5 .73 0 56
55 11 28.5
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In Table XX is shown a summary and olassification of the

~ items of Table XIX:

Table XX

' ,Sunméry of General Aims of High School Science‘AccordingAﬁb Thirty-five

Experts

—

Bo.  Statement of Gemeral Afm  Items of Table XIX by No. and Ranks

Yoo Rank No. Rank
1 Development of the ability 31 6.5 8 - 32
to think scientifically 38 6.6 23 - 3645
22 16.6 24 38.65
42 19.5 27 38.5
44 19.5 43 42
36 23 28 42
19 23 30 45.5
20 26 4] 49.5
26 26 48 49,6
29 26 37 54
40 28.5 49 54
39 30

Totel Number of Items, 23

- -2 Knowledge of the physical 4 3 6 19.5

~ environment 8 4.5 14 23
2 8 55 28.5
15 9.5 11 35.5
16 11.5 10 49.5

1 1645 87 54

Total Fumber of Items, 12

3 Understanding & skill in the 3 1 32 42
’ aprlicetions of science to 56 2 28 49.5
everyday living 12 14 45 49.5

52 14 36 66

33 14 54 b6

18 42

Total Number of Items, 11

(continued on next page)
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Table XX (canfinued)

: ‘_WSummarv of General Aims of High School Sgience According to Thirty-five

Experts

No. Statement of Gemeral Aim Items of Teble XIX by No. and Ranks

No. Rank No. Rank
4 Appreciation of and 47 4.5 21 3645
interest in the physical 46 9e5 51 5646
environment 53 11.5 50 42
13 19.5 34 . . 45,5
17 32 7 49.5
5 32

Total Number of Items, 11

Conclusions from the Investigation of the

General Aims of Seience

The conclusions from this investigation of the general aims
of soience teaching in the high school by means of the judgments of
-8ixty specialists in the field are summarized as follows:
| le The varisbility in the judgment of these competent
. spedialists concerning the general aims of high school science ia exe
o tremely wide.
' 2. 1If very comprehensive statements of the general aims
i ftféf secondary school science are fcrmuiated, the numerous limited statee

- ments of aims may be combined and included under four prineipal heads:
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(1) Development of the ability to think scientifically
() Knowledge of the physical environment

(8) Understanding and skill in the applieations of
science to everyday life

(4) Appreciation of and interest in the physical
environment,

3; The order of importeance of these four comprehensive aims
:’is approximately the order of statement above. 1In the thinking of exe
 ;perts, the first receives decidedly the moat consideration; the second.
has a fair lead over the third and fourth, which occupy about the same
“position.
4. The teaching of high school science to give direct pre=
paration for the vocations has exactly zero merit according to the
b"ratings of sixty experts cooperating in this investigation.
5. That high school science should be taught so as to
prepare for more specialized study of science in college receives
~ little consideration from the majority of the sixty specialists assiste
; ihg in the investigation; the tendency to depart from this traditional
aim of high school science was very noticeable in the cases of city

"*suparvisors of science and professors of seience education.

Other Investigations of the Aims of Secondary School

Scisnce
et it

3
Good listed the general aims of high school science from

ot

S Good, Carter V. Mathematies and Seience Curricula in Junior
and Senior High Sohoals. Sehool Science and Mathematies, Vol. XXVII
(1927) s De 8683-869.
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. an examination of state and city courses of study.

‘8tatements of aims appear in Table XXI:

Table XXI

The most frequent

Good's List of General Aims of Science from Courses of § ady

80

No. Statement of Aim Frequen
1. To help interpret the environment 12
2. Citizenship 8
Se To provide a fund of interesting information 7
4, Better acquaintance with science of the

environment 6
Be Development of accurate habits of observation
" and expression , 6
Se To awaken scientific interest and sbility 6
Te To acquire techniques of experimentation 6

" 8e Training in scientifie method 6

9¢ . Understanding of secientific phenomena and its

FON applications. 5
10, ~ Torinstill socientific attitudes L}
11, To reveal the scientific voeations 6
12, Health 4

13, To provide hobbies for leisure time 4
l4s To furnish general knowledge to beginners 4
15.  Vocational training 4
16. 4

Wbrthy home membership

ygrom Table XXI, not only because of low frequency, but because of overs

Aims which appesred with a frequency less than four are omitted

| * 'lapping and a variety in the wording of identical ideas,

4
Harap listed four major aiks for seience: (1) interpretation

4. ,
Yl : Harap, Henry. What Should Seience Teaching Accomplish? School
. Bolence and Mathemetics, Vol. XXVII (1927), p. 60-69, or

Harap, "Economic Life and the Curriculun”, The Maemillan

Company, New York, 1927, p. 111-132.
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of scientific matters in normal reading of the average person, (2) increase
in one's enjoyment of the environment, (3) satisfaction of curiosity
about natural phenomena, (4) and utilization of écience in iaprovemant
of everyday life. Harap believed the last to be most important; in his
. analysis of man's activities as a consumer he relied upon it entirely in

frélttien ﬁo science, although it is reasonable that the first and second
~aba#e‘have‘té‘do with consumer needs. He showed that about one-fourth
'éf man's daily utilitarian activities were hased upon or related to
‘;eianca. |

Persing 5 s With a committee of science teachers in Cleveland,
tried to formulate general aims for seience in Cleveland schools. A
wide disagreement as to these objectives resulted, Among the aims
stressed were (not arranged in order):

| (1) Training in thinking

(2) Understanding of the environment

(3) Ability to read intelligently soientific meterials

(4) Habits of persistence

(5) Habits of accuracy

(s) Oyen-mindedness

(7) Honesty

(8) Comprehension of natural laws which combat superstition

(9) Understanding of the applications of science to eivie
problems ‘

5
e Persing, Ellis G. Cleveland Schoolmasters' Club: Committee
~ Report on Science in Greater Cleveland (Ohic), E.C, Persing, Chairman.
 8chool Science and Mathematics, Vol. XXV (1925), p. 462-474.
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With special reference to chemistry, McAlpine ¢ s from a

v ttﬁdy of conditions in Michigan schools, conecluded that training for

' oollege soi?noo'was not & proper major aim of aeéoadary school science.
A committoe 7 of the Central Association of Science and

 f!hthemat1es Teachers presented the following aims for high school sclence

:f(random order):

- | ~(1). Knawledgo idrfiﬁproving daily life

(2). Citizenship

(3) Help in vocational choice

(4) $cientific methods

(5) Enjoyment of life

In a report 8 made to the Council of the Ameriecan Associse

‘lftion for the Advancement of Séience, December, 1927, by the Special

; ‘krﬁoﬁmittee on the Place of écienca in Education, the following general
- aims were emphasized (not in order of ﬁnportahce):
| (1) | Character

(2) Culture
(3) Elimination of tradition, predjudice, superstition
(4) Scientific method |

(8) The scientific attitude

e & MoAlpine, R.K. Some Aims in Teaching Elementary Chemistry.
Sahool Scienoe and Mathematios, Vel. XXVIII (1028), p. 154-183,

Preliminary Report on a Unified Seience Course, Otis W,
Galdtall, Chairmany School Seience and Mathematics, Vole XIV (1914),p.166-168,

8% he Place of Sgience in Edueation. Sechool Science and
Haxhanatios, Vol. XXVIII (1928), p. 640-564.
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The committee on science 9 of the Commission on the Rew

| organization of'Seeandary Education described the céﬁtributionu of
faéﬁénée to main objectives of education, and also listed five "specifie
, values of soience study":

’(1) Development of interests, habits and ebilities

(2) ‘Teaching methods of solving problems

(3) Stimulation of direct and purposeful sctivities

(4) Veluable information

(5) Cultural and sesthetic values

0 : _
The science committee 1 of the Secondary School Curriculum

. Project of West Virginia, assisted by competent science instructors of

'thé state, listed the following general aims for junior and senior high

school science (no partieular order):

(1) Knowledge of natural science factors of the environment

(2) Understanding of everyday secientifie happenings and
“their applications

(3) Control of natural science factors of everyday life
and ability to solve scisntific problems

(4) Intelligent intersst in seience subjects of everyday life

(6) Habits of reading science intelligently

9
ST Reorganization of Secience in Secondary Schools. Bulletin,

© 1820, Wo. 26, p. 14-1B. Bureau of Education, Department of the Interior,
' Washington, D. C.

S Organization, Administration and Course of Study for Junior
and Senior High Schools, 1927, p. 9-10, 186, Department of Education,
- State of West Virginia, Charleston, West Virginia.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

84



Pieper and Beauchamp 11, with junior high school general

- seience particularly in mind, listed the following general objectives

- for science instruction (no particular order):

(1)
(2)
(3)

(4)

Acquisition of knowledge of phenomsna necessary
to the citizen in solution of everyday problems

Discovery and development of attitudes, habits,
abilities and skills essential in problem solving

Development of and growth in attitudes toward,
appreciation of, and adaptations to the environment

Development of interests for leisure time and
guidance

Bobbitt iz » 88 one result of his cooperative plan of

ourriculum ﬁaking in Los Angeles and Chicago, gave the following obe

"7 3ect1ves’for science (order unimportant):

(1)
(2)
(3)
(4)
(s)
(8)
(7)
(8)
(9)
(10)

Health

Unspecialized practical setivities
Civie affairs

Appreciastion

Reading

Leisure time hobbies

Seientific method

Understanding of environment
Special ized activities

Vision to see nature.

1
R : Pieper and Beauchamp, "Teacher's Guidebook for Everyday
- Problems in Seience", Scott, Foresman and Company, Chicago, 1927, p. 2.3,

12

e Bobbitt, "How to Make & Currioulum®, Houghton Mifflin
~ Company, Boston, 1924, p. 141143,
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The Committee on the Objectives of Secondary Education i3 »
>' f¢ammtss1on on the Curriculum, Department of Superintendence of the
~ TNational Education Association of the United States, has formulated
~four principal objectives for secondary education; the second of
these is a statement of the functions of science, particularly, in
- the secondary school; |

- : - To promote the development of an understanding and an
appreciation of the world of nature.

14
Howe had eighty teachers rank the aims of general

science, with results as shown in Table XXII:

(Por Table XXII, see following page)

3
§T A Objectives of Secondary Education. Sixth Yearbook, 1928,
. ‘Department of Superintendence, National Edueation Association of the
. United States, Washington, D. C. :

4 Howe, Clayton M. What 80 Teachers Think as to the Afnms
~and Subject Matter of General Sgience. Genersl Science Quarterly,
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Table XXII

Average Rank of Aims in General Science According to Howe

= . ===
’ ﬁo. Statement of Aim Average of Ranks
' . Assigned
1, Understanding, appreciation, and 1.8

control of everyday environment

2, Apprecistion of the appliosations
of science in industrial and social

life 3.5
3. A fund of valuable information about

nature and the sciences 37
4, - Training in the use of seientifie

mothod in solving problems _ 4.5
B Preparation and foundation for later

study of the special sciences 5.0
6. Interest and movtivation in school

work to prevent elimination 5.1
7e A voeational survey of the sciences

to guide and inspire life work 5.4

8. Appreciation of the unity and beauty
- of secience, and of its master minds 6.3

ge Training in cold, scientific thinking
involving self-elimination ~ TeB

Conclusions from Related Invest{gstiena

le A wide variety of general aims exists for soience in the

secondary school.
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2. B8everal aims listed in the investigations reported here
' *  g?p1y directly to education in general and not to science in particular,
| 8+ When differences in wording, viewpoint and emphasis are
"tuken into aecount, the wide variability of general aims for high

school science is greatly reduced.

Summary of Conclusions

It is very evident that the narrow propsedutic values of high
school sciences for coilegs and the voecations were not prominent in
‘these investigat'ions ; the aims of ~science in the high school, on the
‘etmtrary, pointed f.he course of study and methods toward the larger

\ prineiples of individual development and social participation. In its
i ;most extreme form, this tendency, in the cases of certain investigations,
hes led to no differentiation between the general aims of secondary
educetion and of secondary school science.

‘An.anarent multiplicity of general aims for high school

' scienoa results in confusion which can be clarified by a consideration
of the larger issues involved, interpretation of viewpoints, appreciation
of the intended emphasis, and elimination of superficial differences
7kdue to variations in phraseology.
The major goals of secience instructiop in the high school were,

in reality, comparatively few, from these investigations; the numerous
fagima fevolvgd ebout four fundamental thought centers :

(1) The influence of science edueation upon the thinking
of the individual
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(2) EKnowledge of nature

(3) Applications of science to everyday life

(4) Pnjoyment of the natural environment
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Chapter V

THE PHILOSOPHY OF SECONDARY SCHOOL SCIENCE

Seience in Modern Life

The modern world, partiecularly in the Occident, is largely
~distinpguished from mediﬁeval and ancient civilizations by the developw

 mant of modern science 1 and its applications to the lives of men. 2

The citizen uses modern science, both its subject
matter and its method, at each turn of his day's work: he
uses it in his problem of food seleection, in his transporte=~
tion, his communication and his recreation. If he is s
thinking eitizen, he is ambitious to profit by what he
understands as scientific facts, prineiples and ococurrences,

if unthinging, he reaps the benefits of his fellows' applicaw
tions.

Man's life is bound up in the processes of nature;
his career, for success or defeat, depends upon the way in
which nature enters it,

1l .
Eilpatrick, "Education for a Changing Civilisation",
The Macmillan Company, New York, 1926, p. 8-9.
2

e Russell, "Science"”, in "Whither Mankind”, Charles A.
 Beard, Fditor, Longmans, Green and Company, New York, 1928, p. 70.
; 3 : ‘

' The Place of Science in Education. Report of the Special
- . Committee on the Place of Science in Education to the Council of the
. Awsrican Assoccietion for the Advencement of Science, Nashville,
‘.. December, 1927, School Science and Mathematics, Veole. XXVIII (1928),
. pe 840-868&,

: ¢ Dewey, "Democracy and Edquoation®, The Macmillan Company,
‘New York, 1916, p. 267.

o 90
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Under present conditions, all activity, to be success=
ful, has to be directed somewhere and somehow by the scientifie
oxpert = it is a cese of applied science.

The average person is mainly interested in science as & cone
,yféumar, and not as a producer. "In his understanding of street con-

; struction, or of a telephone sysiem, or the problem of water supply,
' the citizen is in the first instance a consumer. . . . .* & Harap's
analysis 7‘ 6f man a8 a consumer revealed 850 activities connected
with food, shelter, clothing and fuel; of these, 257 activities were
based upon science.

As 8 consumer, man is not only concerned with science in

vvits narrowly utilitarian relationships with the more commonplace
; :ie££Vities of daily life, but in its cultural aspects as well. Rew

 ferring to science, Snedden described'its ocultural phases in terms
of ”appreciafions, broad interpretations and insights, persisting
Tgintéresta”. 8 Dewey has emphasized the iﬁfortance of significant

b ”o e o & Any subjec‘b

"‘mes,in'ings and interests for cultural outcomes.
is oultural in the degree in which it is apprehended in its widest

;{possible range of meanings®, Whenever a person responds, because of

5
L Dewey, "The School and Society”, The University of Chicago
: ‘Preas, Chicago, 1915, rev. ed., p. 21.

';’,; Douglass, "Secondary Education", Houghton Mifflin Company,

TR Herap, "Economic Life and the Curriculum", The Macmillan
_ Company, 1927, p. 111-152.

SR Snodden, "Educational Sociology®, The Century Gompanv, New
H "",Terk, 1922 Pe 520=521.

BT s Dewey, "iBemocracy and Education® s The Macmillan Company,
'”wa York, 1916, pP. 334-336, 283-284,
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«;iroused interest, to some element of science, that element has el ready

”z,»dustified itself culturally in his life, and that by the fact that he

‘did respond; no further Justification is necessary.

A swell minority of individuals in the modern world are
a#siduously engaged with seience as producers. Of these, two groups
‘tre conspieuous - the one consisting of highly trained research workers
in the field of pure science; the other eqﬁally highly trained techs
niciens in the work of producing scientific goods. Both of these
-groups stend at thé pinnacle of extreme specialization in modern
léivilization; in the past history of men there has been nothing similar;
they are peculiarly typical of a complex social erder. Through the

faoilities provided by enormous wealth and advanced educationel in-

g 5 stit\xtions, a few are persuaded to give themselves to a training psriod

whioh ocoupies more than a third of their lives in order thst *bhey may
'pansibly, during the remaining years, advence a 1little the frontiers
of knowledge #nd control of man and natufe.

Recent changes in ways of living have been very rapid, due
to epplications of science. New discoveries and inventions are mede,

literally, every day. As far as one can see ahead, it appears to be

~ true that the importance of science to immediately following generations

‘13d11 not be less than it is to the present. 10

10
Kilpatrick, W. F. op. cit., p. 3940,
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It ocannot be too often nor too emphatically repeated
- thet society is passing through the greatest trangition of
recorded history, by all odds and far away: The recent shift
.~ from muscle power to steam, electricity, and gasoline is proe
- dueing a new order of things. A new democratic, applied-
science, machinofacture, supercivilization is in the process
~_of becomings The magnitude of the adjustment is almost ime
~possible to realize. 11

Man has gained signal control over the physical environment

| ~through science, but soientific control of the social environment is

:‘?éﬁill in the earliest stages. 12

What does seem clear is we cannot stand still with
the measure of science that exists in wewtern civilization.
We must either have more science, in particular, biological
seience, or gradually becore incapable of wielding the
secience we already haves . « « o It is esssntial that wi
should learn to use the machine without worshipping ite

The genar&l use of science, its methods and thinking, by the
mass of the population of this country, is still narrowly 11mited. The
iqvurage citizon of the United States realises, superricially, thet
seienoe has touched his life in recent, new ways; he is impressed and
‘gratified bv the external proofs and services of science in his environe
ment; but he has not teken science into his own mind, and made it a

"1

‘,:pgrtyof his everyday living. “It has taken endless ages to create

e ' 1 Finney, A Sociological Philosophy of Education®, The
»;4Fiﬂhem111an Company, New York, 1928, p. 279.

12 Ki1patriek, W. Ho op. cit., p. 45-49.

13 Russell, Bertrand. op. cit., p. 81-82.

14
Slosson, Edwin E. Action and Reaction in Spreading Secience.

o Sehool and Soclety, Vol. XXIII (1926), p. 225-230.
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& iﬁ men the courage that will accept the truth simply beeause it is the

 truth®, 16

, The mess of our population is still the victim of
~ tradition, predjudice and superstition and ummindful if not
unconscious of the methods of working which seientists have
~ developed and employed in their researches to reveal truth.

A recent writer said that probably not one hundred
preople in the United States really understand why the movies
 seem to move" - in the profounder psychologieal sense, that

is.

Coal was prevented by law from being sold in Philedelphia in

‘18053 "Lew" Wallace was defeated for Congress in Indiane in 1844 because

~he had voted for a telegraph line between Baltimore and Washington, thus,

'f£s hia opponent said, encouraging some ecrank who has a fool 1doa he can

"sond ‘messages by lightning®"., In 1926 a steamship regularly orossed

futha Atlantic ocean carrying two enormous, useless smokestacks becauss
pqaple refused to patronize & vessel which did not have the familiar
gségn# of engine power, although the vessel was equipped with the most

18

modern Diesel engines. A large part of the world has not benefited

even to the degree of the United States by understanding and control of

~ physicel nature. "Persons who have traveled much about the earth report

s

HA s Coolidge, Calvin. Address before the American Association
: \ror the Advancement of Seience, 1925,

S 16 Report of the Speciel Committee on the Place of Soience in
,,Bdaoation. loce cit.

Snedden, Davide ope. cit., p. 513,
18

Slosson, Edwin E. loce cite
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g ’,££at probably the majority of the human race would still vote that the
earth is not round”, 1°

The fact that seience is not readily accessible to the aversage
man hinders its proper functions in modern life. - Much of it is
‘buried in the pages of scientific Journals, monographs and books which
 afe not widely circulated among the general population. It is
tééhnical, abstract and professional in character, oftenfimss, even
- when it does reach the reading public, or the learning‘pupils' It
~should be rewritten and related to man's life, needs and desires ~21;
viﬁ this form it becomes "a story, not merely of inanimate nature, but of

: 22
the great drama of humen development".

Some Charscteristics of Seience

It has long been customary to éonsider two divisions of
égience; pure seience whieh has no vurpose outside of itself', and applied
kraﬁience which is concerned with prediction and control of environmental
factors. As a.mutter of fact, there is probably no element of truth

‘ 23
whiah is completely insulated from man's experience, It is common

9
L Report of the Special Committee on the Place of Science in
Education. loc. cit.

0
Robinson, "The Humenizing of Knowledge", George H. Doran
xi00mpanv, New York, 1923, p. 30-91.

21

Dewey, "Interest and Effort in Education", Houghton Mifflin
, company, Boston, 1913, p. 85«87,
L 2

, Bode, "Modern Educational Theories" » The Macmillan Company,
; Naw Ybrk 1922, p. 213.
2 2

L Judd, "Psychology of Secondary Education Ginn and Company,
Z~Boston, 1927, p. 339.
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kpawladga that the "pure science™ of today becomes the "applied science”
 of tomorrow, and an instrument for man's welfare. It is rather thet
some phases of science, at a given time, more adequately £ill human

7'ﬁoeds than other phases; the difference is one of degree and not of

kind, 2*

By its very nature seience is a whole because truth itself
is 8 whole. "The truth is ultimately a unitary thing; all fits together

T 2
- in one great pattern, like the parts of a puszle map®. 5

The entire science of phvsics is none too much to
interpret adequately to us what is involved in some simple
demand of the child for explanation of some causal change

- that has attracted his attention.

Another two-fold division of sciemce is traditiona} naturel

  8¢1enee, and social soience. Adults make sharp distinetions between
:; §§¢ir relations to things and their relations to ofher people; children,

',hﬁwuver, are interested in things only in so far as the things do have

27

human relationships, A natural science, such as physics, is in

| reality inextricably interwoven with Iife; the relations are there although

- Betts, "Socisl Principles of Education”, Charles Soribmer's
- Sons, New York, 1912, p. 149.
. 28 ,
Betts, George H. op. cit., p. 151.
26 ‘
L Dewey, "The Child and the Curriculum", The University of
© Chicago Press, Chicago, 1911, p. 22.
e 29

Dewey, "Interest and Effort in Equeation", Houghton Mifflin
~ Company, Boston, 1913, p. 85-87,
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vith&y may be obscured or concealed. 28 The interplay of social and

'7$atura1 science is prevented, for example, by the 'transplanting into
- our educational system the technical lelsions of sozentifie research®, 29

,k“Whatover natural seience may be for the specialist, for educationsl

| purpbaea it-is“knowledge of the conditions of humen action". 80

In one sense a scientifie subiect is & mirror held up %o
, ’furnish 8 single view of nature; with a sufficiently large #nd;perreet
| reflector all of nature would be revealed in its workings. In the
"messive phenomena which confront, or are reported to,.learners from

their environment®, 31 the unity of science is apparent. Dewey's

statement 52

that the unity of all soience is found in geography may
;  be changed, with equal truth, to read that the unity of all seience is
found in the natural environment.
Then science is coming gradually to be regarded, not as

knowledge but &8s " . . . ., a manner of life, a way of behaving . . . ." 53

This new viewpoint is based upon the so-called instrumental theory of

28

‘Bode, Boyd H. op. cit., p. 15,
29

Robinson, J. He op. cit., p. 82.
30

Dewey, "Democracy and Education”, The Macmillan Company,
31

Snedden, David. op. cit., p. 115.
32
ok Dewey, "School and Society", University of Chicago Press,
Chicago, 1916, rev. ed., p. 16.
R 33

Russell, Bertrand. op. cit., p. 65«86,
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v‘knowledge. "In the Instrumental Theory, fhere is not a single state
éf mind which consists of knowing a truth - there is a way of ecting,

‘& manner of hdndling the environment, which is appropriate, and whose
rappropriateness coristitutes what alone can be called Imowledge as the
ghilosophars (James and Dewey) understand it." 34 Thus, science
'functions as 2 whole in a mode of life. As a way of living, secience
is not limited to the intellectual responses only; it iﬁcludes all

35, volitionel and habitual 36 _ us

fbrma of responses « affective
well as cognitive.

The psychology of learning supports this instrumental theory
of knawledge'and science. What we learn in any case are particular
’;oaotions, and the reactions learned are the reactions that we actually
ingkn. 37 Psychologically, subject matter, such as physics or chemistry,
18 never learned; what is learned consists of particular reactiona which
'wme makes to the physical and chemical situations presented bolﬁa;through
‘subject mattere  "Nothing is for practical purposes learned until it is
made over into one's actual way of behaving”, 58

The unity of science is further established by consideration

of the methods which are common to the special sciences, These are,

Vogsentially, experimentation and mathematical techniques., 39 These

34
Russell, Bertrand. op. cit., ps 72.

5
Betts, G. He ope cit., p. 165-162,

8
Russell, Bertrand. op. cit., p. 65=66,
37
: Gates, "Psychology for Students of Education® s The Macmillan
;companv, New York, 1923, p. 266-267.

| 58 kilpatrick, "Foundations of Mothod", The Macmillan Company,
. New York, 1925, p. 308.

9 Gates, A. I. op. cit., p. 9.
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vﬁethods are one of the greatest of the contributions of science to the

"gbdern'world 40; they were acquired in the face of enormous diffi=
ﬁéulties, and very late in the life of the races 1 "The scientist
~is preeminently an investigator. . . . .Ha undertakes to prove all

| things that lie within his field and holds fast only to that which he

42
¢an prove",

These men (the scientists) crave a metioulous precision
of observation, measurement and statement quite alien to other
teachers of men. They exhibit an almost shocking insensi-
bility to the cherished motives of belisef. They do not ask
whether what is sought is either right or wrong, beautiful or
ugly, useful or futile, comforting or distressing. They on1y4ﬁ
ask whether what is found out is something really happening.

Thus, secience is ultimately & mode of attack upon problematie
 situations, rather then a body of knowledge. Thé versatile investiga.
tor is able to adapt himself readily to either physics or psychology;
ﬁhe method of science is the common denominator of all the special
gcionces,
Finally, the attitudes of scientiets furnish an additional
unifying concept which is basic to all of the special fields of science.

44

_ Best investigated by Curtis %%, the "soientific attitude of mind® has

",ﬂfbeen resolved into five major attitudes:

0
4 Betts, G. He op. cit., p. 107-108,

41
Judd, "Peychology of the High School Subjects®, Ginn and

vteampany, Boston, 1915, p. 313,

42
Retts, G. H. loc. eit,

43
Robinson, J. He op. cit., ps 29-30,
44

, Curtis, "A Determination of the Scientific Attitudes",
~ Franeis D. Curtis, University of Michggan, Ann Arbor, Michigan. Reprinted
 from the Journal of Chemical Edqucation, Vol. III, No.8, (August, 1926).,
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(1) Conviction of basic cause and effect relations
(2) Sensitive curiosity about reasons for happenings, together
with definite ideals for observation, collection of data, use of data,
~aﬁd search for explanstions
. (3) Habits of delayed response, tentative formulation of
'géneralizatiens, and reflection ‘
| (4) Habits of weighing evidence

(5) Tolerance and open-mindedness

It is evident from Curtis' analysis that the scientific
attitude consists principally, and psychologically, of certain habits
- of thoughts There has been a general failure to distinguish the
' "#sbientific attitude from scientific method which represents the employ-
,'ieht of external and objective techniques in highly specialized ways.
’Ih his everyday activities, the average individual may reasonably be
éxpebted to use only a smattering of the techniques of the professional
‘rgsearch worker, but, with reasonable effort, he may aoquire the attitudes
of science which are highly significant for intelligent living.
‘Toward natural phenomena, the attitude of the child is far
",‘frea scientific; it is superficial, wayward and unguarded rather then
ﬁénetrating, persistent and éautious. 48 The roots, however, of the
vf;cigntifie attitude of mind are buried in the naive and wondering cone

;ﬁ#nplation of nature and man which characterises childhood. 16

g 45 Judd, "Psychology of the High School Subjects", Ginn and
fcampanv, Boston, 1915 Pe 303304,
46

; ; Dewey, “How We Think", D. C. Heath and Company, Boston,
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’ Most persons fail to meet most of the common problematie
»p:itnaytions of living equipped with the scientific attitude of mind. 47
: ?his situation demands a changes The future of demooratic civiliza=
Ei‘ans depends, in large degree, upon wide extension and firm establishe
m‘ntk of soientific habits of thought, The opponents of the seientific
éﬁtitude, suporpfition s ceredulity and bigotry, are foremost and power-
ful chieftsins among the enemies of enlightment and progress. The
fifst problem of science education in a democratic socoial order is
: tﬁe problem of teaching the scientific attitudes of mind. 48
| Thus, it is seen that a leading characteristic of science
vkis its unity. It is found in the breaking down of the division of
& .pure and applied soience in the service of science to man's needs; in
;‘tsi}'a'e wholeness of truth itself, which lmows no partitions; in the
; rééiproeal relations of man and inanimate nature, which destroy the
artificial barrier between natural and social science; in the oneness
R ,tl'\’ia universe of nature, which is ﬁoh plotted, fenced or walled;
in the philosophy of (scientific) knowledge as a way of living, which
is supported by the principles of learning of modern psychology; in
~ the ',methods of science which are common to all of its special fields

- of research; and, finally, in the attitudes of science which consist

~ essentially of habits of thinking which sre capable of being acquired in

47
- ' Kilpatrick, W. H. Subject Matter and the Educative Process ’
' ,Joumal of Educational Method. Vol. II (1823), p. 374.

48
Twiss, "A Textbook in the Principles of Seienoe Teaching®,

V-The M&cmlllan Company, New York, 1917, p. 83.
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."Hf andeivis1on of science study and transferred to other diviéions, or
v;ﬁ6 1ife. In the highest sense, the greatest synthesis of soience
_oonsists of the union of human experience with scientifie thinking;

this is the synthesis of all kmowledge. 49

Problems of Science Teaching in the Secondary Sehool

One of the mooted questions of science teaching in the high
school is the problem of adult needs versus child needs in seience ine
 struction. A conservative viewpoint on this issue, and one which
?artially irons out the conflict, is desirable. 50 For both adults
gnd adolescents, activities, interests and needs should be congidered;
'\3 £5089 of adult 1life are guides for the more permanent values, while
'ithéséyof adolescence largely determine the order of presentation and
thé arrangement of subject matter. 51
| These principles do not imply that all adult needs are
necessarily to be met in high school science instruction, however
rqmgte they may be from activities of adolescents; on the other hand, .
’thay,do not imply that all interests of high school youth are to be cone

faidered, regardless of whether they are socially desirable, or whether

49
S Judd, "Psychology of Seconﬁary Eduoation” , Ginn and
~f\Gampany, Boston, 1927, pe 339. '

‘ 50

- National Society for the Study of Eduecation. Twenty-sixth

Yéarbook Part II (1926), p. 13. Puyblic School Pyblishing Company,

;Bloomington, Illinois.

: 51

O Charters, "Curriculum Construction" s The Macmillan Company,
' New YOrk, 1925’ Pe 102.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



103

 whether they may be directed toward socially desirable outcomese o=
gﬁii ;ust be recognized, too, that all permanent values, by the principle
‘;_éf adult needs, cannot be foreseen in a rapidly changing society. At
’iﬁast in pa;t, sclence teaching in the high school should prepare youth
yﬁo meet the varying conditions of a mobile environment where new values
will be constaﬁtly derived, new methods, aims, and ideals substiﬁ;zted
- for the old, tried wavys.
In existing high school science ééurses gufficient attention
‘has not been paid to pupil needs, interaéts and activities,
The school cen help pupils to master seience énly when
it arranges its courses in the field in conformity with their
abilities. Whenever the school fails in the teaching of
- seience, the failure is due to a lack of recognition on the

. part of the teacher of the abstract and diffieult character
~of the thinking which science demands of its pupils,

56 ifivestigated 244 written articles in seience by 110

Hurd
zgﬁthorities during the years 1900-1026; of these, 64.3 per cent stated
ghat the nrincipal need of high schéol science was well chosen subject

"untter suited to the needs of pupils. The relative popularity of
general science and modern biology, compared with liking for physics

- and chemistry, is largely due to the fact that the former have been

‘ i;réorganized in accord with pupils' ‘needs, interests and abilities.

JE}Hational Society for the Study of Education. op. cit., p. 13.

S 58 Kilpatrick, "Edueation for a Changing Civilisation", The
Macmillan Company, New York, 1926, p. 85-86.

T Judd, "Paychology of Secondary Education”, Ginn and Company,
~_ Beston, 1927, p. 327.

i Hurd, A. W. Present Inadequacies and Suggested Remedies

 in the Teaching of High Sehool Secience. School Science and Mathematics,
- Vol. XXVIII (1928), p. 637-639. |
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The investigations of the prevailing aims of secondary school
séieﬁce showed little emphasis upon direct preparation for 6ollege, or
college science. (See Chapter IV)  The platform of & great educator

~#nd a great scientist on this matter is as follows:

Whatever is propérlv a high school subject is to that
- extent proper and effective preparation for university study;

~ that the high-school curriculum is primarily a subject for
determination by secondary-school men; and that, aside from
insisting on high standards, the university should avoid all
V~intent and appearance of dictatione., . .
In spite of the common theoretical viewpoint which favors
freedom of high schooi scienée from university influences, in practice,
~ ." £he situation is well to the contrary. Physics and chemistry, pare
wi‘ticnlarly, are well gfounded subjects for college entrance; one or
both are likely to be. required for admission to more conservative ine
stitutions, either by acceptance of high school eredits in the subjects,
| pf by examinations set by college authoritiese High school science
teachers often follow the outlines of their own elementary college
eé&rses‘in the subjeets. Many high school textﬁooks in science have
been prepared b& college professors, In cooperative course of study
“:ovision the university professors’ of science may, and frequently do,

exert strong influence. The total effect of these factors hes been a

“ ;§tfong downward pressure from the higher institutions toward the formulation

56
Jordan, David Starr. Fourth Annual Report of the President,

.‘,Laland Standford Junior University. Trustees' Series No. 15, (1907), p. 88.
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;VEQﬁﬂ:mmintenance of high school science courses according to university
7d§§1rss and ideals; this influence has been especially strong fot the
_ physieal sciences of the Junior and senior years of high school.
‘ In smaller high schools, particularly, the resultant situation
i ha§‘been far from desirable, not only for the seience subjeots, bu£ for
“the entire curriculum of ﬁhe four-year high achool. In New York state SZ
far‘example,. 90 per cent of the smaller high schools offer only college
_preparatory courses in spite of the fact that 95 per cent of high ‘sehool
| fre!hmnn do not go on to college there; The smaller the high school
_the lower is the percentage of graduates who will enter college. 58
"Ragardless of this, the typical small high school spends a major portion
Ifof its energies offering collepa preparatory subjects of the traditional
b'zaort' 59
There is wide inconsistency in the positions of higher ine
\atifutions which directly or indirectly influence the teaching of
secondary school science, if the large:duplication of high.sahool science

S : 8
- ~work by the colleges is considered. 9 Koos analyszed the contents of

ehahistry'textbooks and courses of study of twenty-six high schools and

7
e Coxe, W.W. Educational Needs of Pupils in Small High Schools.
: ';Kational Education Association of the United States. Department of Superw
>, fintendenoe, Official Report, Boston (1928), p. 169. :

58 The Development of the High School Cyrrieulum. National

jfﬁEdueation Association of the United States. Department of Superintendence,
'sSixth Yesarbook (1928), p. 171,

% Problems of Articulation in the Small High School. National

: ”}_Eduemtion Association of the Unifed States. Department of Superintendence,
 8eventh Yearbook (1929), p. 169+ .

80 Ruediger, W. C. Curricular Gaps. School and Sociedy, Vol .XXVII
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i‘_;«»‘vx‘oiﬁsysona higher institutions in the central a;tates , with the conclusion
’e abéﬂ their courses were "in reality much alike", 61 If in the future N
uni‘versities are to eontinue to offer what has heretofore been taught
‘in ‘high school science courses, it would appear reasonable that they
: sﬁauid encourage the high school in its effort to reorganize thveir“ ocourses
‘ mere in accord with adolescent needs. Such duplication is indefensible,
' and is prima facie evidence of strong college domination of high sohool
,ph;vsics and chemistry.
‘ The vocational aims in high school science instruection also
1receives scant attention, in theory, from those who formulate current
. ";‘,;\"s}ié.t:ements of aims (8ee Chapter ‘IV) 5 but, in practice, there is cone
\'V.},.i’s’f‘iéerable emphasis toward ecertain vocational activities, and perhaps
‘withont full realization of the fact that these activities are- essentially
" vma’cianal in nature. The vocations involved are those of the research
‘worker in pure science aﬁd the technical expert in applied seience. These
f;etivities are not so easily understood as being vocétions as the sctivia-
,ties, for example, of the plumber, carpenter, or automobile mechanie; but
both are vocations in the economic sense of being activities in whieh ine
:,‘,;&ividuals are seriously engaged in production of goods. The training of
‘»ﬁhese two groups of experts should preferably be left to specialigzed and

62
,-vhighor institutions s oxcept, perhaps, for the largest high scheols where

- 61
: Koos, L. V. Overlapping in High School and Colleges Journal
; of Educational Research, Vol. XI, No. 5 (May, 1925), p. 322-336.
: 62
Betts, G. H. op. cit., p. 109.
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ifQer specialized subjects may be taught, in addition to more regular
jﬂéffétings. Snedden 83 has most emphatically stated that the ve-
n~f5ﬁ§10na1 aim will defeat the cultural values of high school science for
;J”g{m&st boys and girls. Science education for the majority of high school
| yquth should be aimed toward ", . . . intelligent use and cénsumption of
v?ﬁoducts“ 64, rather than for production.
| In relation to physical science, as well as to other high
‘  éQhob1 subjects, there is some reliance upon the aim of teaching the
vglamants, or fundamentals of the subjeots. This may result in an attempt
 te inculeate knowledge strongly partaking of the professional éharacter
of the work of the physicist, chemist, or geologist; on the other hend,
)  1>1it,ﬁay mean an effort to teach highly abstract knowledge and, hence,
: ,fﬁats and prineiples almost entirely removed from meaningful human ex
JPQrionces. 85
According to Snedden, ". . . . there is, for up-to~date
pedagogy, too much of pious faith about this purpose of teaching the
'élaments‘ of any subjects We do not any longer attempt to teach the
English language through alphabets and grammar. Too many intrdductory
4 fﬁaxts in chemistry seem still to present the subject as penmﬁnship was

 presented in the days of 'pot-hooks'"., ©°°

3

Snedden, David. op. cit., pe. 520-524,
64

Douglass, A. A. op. cit., p. 397,

5 Robinson, Je He OpDe. Cito, De 91,
<]
Snedden s DaVid . ODe cit. s Pe 530"524 .
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"As it is, interest is stifled throﬁgh insisteﬁce that the

' 5§&?11 mester 'the fundamental principles' upon which the saience is

igésad, or that they gain a 'clear idea of the underlying principles® of

‘;yéhb‘scianoe and & 'definite knowledge of its most important facts'." 67
» The aim of the development of the individusl through science,
,'ﬁa somotimes given, plainly sounds of faculty psychology, and especially

| when applied to thinking, apprecistion, etecs Development does not
@ean getting something for qothing out of the mind. "It is a develop=

:liknnt of experience and into experience that is really wanted”. 58 To
'beﬂdeveloped, the abilities of the mind must funetion on sométhins;

';éhe amount and rate of development depend, in large part, upén the

i.j.stihulation afforded by the activities of the subject being learned.

i The perfection of organization of science has required many
centuries for attainment, and represents the cumulative effects of many
of the most competent minds. In this form it is beyond the capacities

 §f,average high school students, or even of average adults. "It is
aﬁly in the mosﬁ recent times that the demand has been made by the
common people that they share in the knowledge which science gives to
B 89 ‘
~’thefrace”.
Needed changes from the highly organized form of science for

the comprehension of average individuals are as yet barely understood by

87

68
Dewey, "The Child and the Curriculum”, University of Chicago

lmss, Chicago, 1902, p. 2825,

69 Judd, "Psychology of the High Sehool Subjects”, Ginn and
: Gompanv, Boston, 1915, p. 333,

Douglass, A. A. op. cit., p. 403-404.,
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» S 70
.. present writers of science books. Writers of textbooks and courses

i of studv, as well as classroom teachers, have too frequently ignored or
VV101ated the well-known principles of the psychological organization of
’aubgect matter, with the consequence that high school students are con-

"fronted with science in more or less degrees of logiecsl organization.

Logical organization of subject matter is an order of arrange-
 msn£ for future use of what has been learned 71; it is the order for
the seientist; it represents "the perfected outcomes of learning, - its

" '¢onsummation”. " For the learner it is "an ideal to be achieved, not
'j,i{starfing point from which to set out", 73 -Science then becomes for
k:‘  © the pupil "a new and peculier kind of experience which the child can add
Hw:ﬂ ffto that which he has already had" 74, instead of giving the "ability
to interpret and control the experience already hed", 75 The logical
fiéw of subject matter is not concerned with the processes of discovery
L of truth, but is a cross-section of truth as it stands. It charts, maps

‘~aﬁd systematizes completed products; it has in mind the subject matter,

70
- Robinson, "The Humanizing of Knowledge", George H. Doran
- Company, New York, 1923,

71
S Kilpatrick, "Foundations of Method", The Macmillan Compeny,
~7,_(Baw York, 1925, p. 302, , '

R 72
e ‘ Dewey, Democracv and Equeation", The Macmillen Company,
:JSNow York, 1916 Pe 221-222,

Dewey, Johne ops cit., p. 257-259,
74
e Dewey, "My Pedagogic Creed", E. M. Kellogg and Company,
: 'New York, 1897, p. 12, , ;
: 76 .
Dewey, John. 1loc. cit.
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; eﬁmthe learner. '°

The psychological arrangement of subject matter is the order
fcrrlearning. The psychologizing of a science means "to take s science
88 the scientist knows it (as Rn) and 'unscramble' it into such a series

of El Rl Ez Rz E3 R3 e ¢ o« o 88 will lead the learner from where he isg

_now through successive experiences (E) and learnings (R) until he bomes
S 77 ’

.to a firm grasp of the science itself",

The psychological order does not mean that no order is to be

‘~, ‘ﬁ2ed, or that pupils are to be introduced to science in s hephagared

Ry ‘ 78 ,
- way, which leads nowhere in particular s except, perhaps the “accumila=

7® Nor does the

,ition of & mass of more or less interesting details",
j; péyuhological order mean thet the logical organizaﬁion is to be left out;
f'iﬁiisvindispensable, but it must be a final result and not e starting

kkﬁbinﬁ”. 80
e Vhen the ill-advised attempt is made, through the tesching,

ﬁoiﬁhooks or course of study, to have high school pupils study science

76
Betts, "Social Principles of Education® » Charles Seribner's
k,SOns, New York, 1912, p. 281.
77
, Kilpatrick, "Foundations of Method", The Macmillan Company,
Few York, 1925, p. 309-310,
, ; 78

it Dewey, "Democracy and Education" » The Maemillan Company,

;. Bode, "Modern Equeational Theories", The HhcmillanvCompany,
.ﬂiw-Yark, 1927, p. 9091, .
80

Bode, B. He op. cite, pe 65.
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T“gjjiﬁllégically perfected form, the learning which is accomplished ié mainly
”# i§£-forms and symbols; there is a lack of interest in the work of learning
‘A;these externalities of the science because they sre remote and aloof from
_qudinary human experience; and finally, the logical perfection itself of
: :the science is lost in the process of learning by the pﬁpil's mind. 8
ﬁéliance upon verbal memorization by the student, instead of understanding
Qf meanings, and dislike for intellectual studies inevitably follow the
'purauit of physics and chemistry under such conditions. The use of the
~1agical organization of a science'for teaching proceeds upon the assumpe
 ‘:tion thet this organization can be imposed upon the mind of the student
from without in "ready-mede™ form 82; there is a failure to verceive
 *,that the final organization of knowledge must come as the student's own
'éantribution, and that the nature of the ofganization will have individual
‘? var1ations in every learner. It is psychologically impdssible to ime
- pose the organization from without because organization of meterisls is
’«a'part of the learning process itself., Such "ready-made" science becomes,
.1% fact, not science at all for the vupil, as he 1ear§s it. In logical
: form science, with the possible eiception of mathematics, is fhe poorest

:. ;ubjoet in the curriculum for teaching, and this because of the very

rk,5pnrfootion of logical orgenization of which many sciences are capable.

81
Dewey, "The Child and the Curriculum”, The University of

Vlchicago Press, Chicago, 1911, p. 30=33.
e 82

Betts, G. H, op. eit., p. 283.
83 .
S Dewey, "Democracy and Education®, The Maemillan Company,
 New York, 1916, p. 223,
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The order of topics, then, in high school physicdl science
}béannot be the order of the science specislist; nor can the arrangement
éf'content within the divisions be his arrangement; it is necessary to
,distinguish science as a means or instrument for the education of |
;udolescenfs and science as subject matter or knowledge in forms pre-
~'fbrred by the scientists themselves. 1In fact, the divisions betwéen
the special fields of science may‘be swept away by a proper application
of the principles of psychological organization. The psychological
order may apparently require more time but this is compensated for by
”éuporior understanding and vital interest®, °% . The pupil gains
"+ + o+ + independent power to deal with materials in his range, and
fiiveids the mental confusion and intellectual distaste attendant upon

studying matters whose meaning is only symbolic®, 8

: Students will not go so far, perhaps, in the 'ground

~eovered', but they will be sure and intelligent as far as they

- do go. And it is safe to say that the few who g0 on to be
scientific experts will have a better preparation than if they
“had been swamped with a large mass of purely technical and
symbollically stated information. In fact, those who do
become successful men of science are those who by their own

powers manage to avoid the pitfalls of a traditional scholastic
introduction to it, 6

When the implications of the psychological order of subject

T f;matter are fully grasped, the prineiple of teaching science as a way of

84

Dewey, John. op. eit., p. 257-259,
85

Dewey, John. loe. cit.
86

Dewey, Jom. 1loc. cite
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living completely understood, the natural unity of science better appre-

 ﬁ¢iited, and the invalidity of the vocational aim of science teaching to
dévelqp research specialists among high school students completely re-
‘eognized, the work of recasting high school science from the "forms in
which the soiences are most satisfying to the mind of the trained
 soientist" 87 will be no longer delayed. |
Educators are rapidly becoming convineed that narrowness
~of the subject-matter field, and barriers between subiects, may inter=
fere with learning rather tham promote 1458 Meanings are ‘isoleted from
v their natural settings and limited in their relationships with ordinary
,  éiparience. There is a failure on the part of the student to compree
  Pf$§nd the wider significance of the subject, or to apply it to everyday
‘ ;mu££er§ of concern. Beginning students do not require and are not ine
yééresfed in specialized sciences., 89 When a problem arises for solution,
”the student daos not consider whether the data for the solution belongs
?‘to this or that science; he uses what he can get from any course. 90
;’Evon if 211 students were embryonic scientific experts, it is questione
eble whether this (study of specialized science in high schocl) is the

~most effective procedure . . . . Considering that the great majority are

o 87
i Judd, "Psychology of the High Sehool Subjects”, Ginn and

w‘,,comp&ny, Boston, 1915, pe. 333,

i 88
S National Soeiety for the Study of Education. Twentyesixth
i Ye&rbook Part II (1926), p. 21.

» 89

Dewey, "My Pedagogic Creed", E. L. Kellogg and Company,
: Hew York, 1837, pe 10. ‘

Douglass, "Secondary Education", Houghton Mifflin Company,
Boston, 1927, p. 269.
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«%;éénéerned with the study of science only for its effects upon their mental
uh&bits, e o o o 1t is certainly illeadvised. Toovoften the pupil comes
out with a something which is too superficial to be seientifie and too

;téchnical to be applicable to ordinary affairs”, 91

Powers has recently
shown that pupils, for example, do not master the facts and principles

‘tcf the ochemistry now taught; neither do they acquire'practicai information
~or ability to think in that subject. 92 Caldwal has steated that the
 ~éb11g§tion to distribute knowledge is complicated by the * narrowly segre-

. gate& and highly intensified divisions of the sciences”, °° Shinn has
emphauized the fact that although "a so-called science course has been

" 1listed (for the high school) the pupil studied only seperate units, units

'V"jnat as separate and distinet as latin and history, as mathematics and |

94

ﬁnglish".' Judd has also pointed out the lack of coherence in the

subjects of the high school science courses

81
Dewey, "Democracy end Equcation”, The Macmillen Company,
: 92

Powers, "A Diagnostic Study of Subject Matter of High School
Ohemistry”, Columbia Upiversity, New York. Teachers College Contributions
+to Education, No. 149 (1924).
‘ 93 .
Caldwell, Otis W. Some Next Steps in Science Teaching.
. Bchool Science and Mathematies, Vol. XXIX (1929?, Pe 9=20.
. 84 c
= Shinn, Harold B. The Movement Toward a Unified Science
~ Course in Secondary Schools. Sehool Seience and Mathematics, Vol.XIV
.(1914), p. 778782,
o 95

e Judd, "Psychology of the High School Subjects", Ginn and
Company, Boston, 1915, p. 303«304.
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The inconsistency of the position of the high school which

'iéffers specialized science courses is commonly obvious. ‘Generally,

B spooial training in the school for the more common industrial vocations
'is-conspieuous by its absence. The principle of specialization is,
howaver, applied to the subjects of the surriculum which ought to proe
;ida for a liberal education. ™¥e follow the specialization idea
nhera it is the very principle that ought to be most carefully avoided.
’; s+ + It damages our high sehools almost in the proportion that it

'ié,applied'. 98
’ The universities are beginning to understand the values of
Vvth¢~genera1 course for "orientation" for the student in his special
” ‘ J;f;§Id of knowledge. Finney described the “orientafion course” for
*Vuﬁiversity freshmen as one of the most "revealing blunders® in recent
,éciiego developments, } *It reveals a brilliant intuition upon the part
of college professors as to the meaning and aim of a liberal education.
‘)But it is placed wrong‘ Orientation is something that should have
‘hapnened to modern youth before he came to colleges . . . . If college
';prafessors want to conceive the function of the high school in their own
,’:teruinolcgy, let them call it orientation®, o7
e The plan of introducing high school pupils to segragated sciences

bhaa been soquired from the colleges and universities. Pupils in the high

96
i Finney, "A Sociological Philosophy of Education s> The Meemillan
,Gompany, New York, 1928, p. 424.425,
97
Finney, Ross. op. cit., p. 356=357.
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'ksehonls have simplv got more elementarv treatment of college courses in

98

tha ~sciences. As meny as eight different sciences, and sometimes

'uqtgn twelve, are found in the‘high schools of a single state; these
ééiénces contend with one another for a place in the curriculum. 99
 Inithe university, the differentiation of science into highly specialized
kfislds has come sbout because of the purposes of research; 100 it is
: w?i@iﬂ that the organization of a subject according to the best plan of
‘  §ttaék by research is not necessarily, and not likely to be, the best
 ‘6fganizgt1on for learning or teaching. With more than a score of special
rsaiogces being urged by their devotees upon the high school ocurriculum
’f :itvis, at any rate, clearly impossible for all to be represented‘there. 101
: It is not necessary that ali of the sciences be represented in
r,;£h§1high school curriculum as seperate subjects. Some portions of science
'ifﬁgk;_eloae contact with ordinery life experiénces; other portions are far

?nﬁotad. The function of high school science is intelligent eoncumption,

rathar than specialized production., The natural unity of seience has

Gin 98 ‘
Dewey, "Deomocracy and Education", The Macmillan Company,
W ‘new York, 1916, p. 334-336.

S 0

‘ Preliminary Report of the Committes on a Unified High Sechool
- Course. School Science and Methematics, Vol. XIV (1914), p. 166-168.
# 100
S Creating a Cyrriculum for Adolescent Youth. Research Bulletin
vj,cf the National Education Association of the United States, Vol.8 Ho.l,p.54.
e X6
ST The Place of Science in Education. A Report of the Special
,cammittee on the Plece of Science in Education to the Council of the American
o 1ssoeiation for the Advancement of Seience, December, 1927, School Science
‘Nj;:an& HMathematics, Vols XXVIII (1928), p. 640864,
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,en’described. The overlapping of certain courses, as for example phvsics

‘,@ﬁé]&hémistry, is common knowledge. The boundary line between these two

lo2

'séiénees is almost obliterated. "After all, claasifieatiqns among

. ﬁha“séiences and within any one are purely a matter of convenience. . . . 103
= Even for research purposes, today it is recognized that a chemist

,kﬁﬁﬁg‘be familiar with physies, and vice versa; basic research in science

 ;31533 out all liges of division; this is so thoroughly true that chemistry

B '(cah be no lonper regarded as a distinet branch of physical science. 104

. The value of science teaching today is, on every hand
seriously called in question. Certaihly if any situation ever
. demanded careful examination, it is this failure of secience to
.~ establish itself in an age when science is properly thought of
- a8 the most productive type of intellectual activity, 105

Educators would probably be well adwised if they would
- eut the Gordian knot by disclaiming, on the one hand, any ine
~ tention of teaching "a soience” below the university graduate or
. professional school; and, on the other hand, by asserting their
. readiness and determination to teach young people anywhere between
_ the ages of four and twenty-five, or beyond, those things taken
~from science that it proves practicable and profitable - in
_cultural, health conserving, or civie senses, as well as voeation-
~al - for these persons to learn in any manner or degree.

02 | |
e Black and Conant, "Practical Chemistry”, The Meomillan Company,
e 108’

R T Robinson and Others, "Chemistry", Science Survey of the College
~ of the City of New York, 1929, p. l.
o104 '
e Franklin, W. 8. A Survey of Phvsics. School Science and
 Mathematios, Vole XXVII (1827), p. 975-980.
S 108
e Judd, "Psychology of the High School Subjects”, Ginn and
_ Company, Boston, 1916, p. 303-304.,
LA - Snedden, "Educational Sociology", The Century Company, New
ork, 1922, p. 512, ' ‘

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



118

Specifically, the situation should be met for the physical
 géi§n¢es‘by & new synthesis of materials; this does not mean a mere fusing
‘éfﬁtﬁé present content of these special sciences. M. . . & Th; materials
ofjiﬁstruetion should be assembled from the startingbpoint of the needs
’of7thé learner, irrespective of the content and boundaries of existing

: éﬁbjects.‘ « + « « There is nothing sacred about the present econtent and

ergﬁnization of the various subjects," 107

: There seems to be no reason against rearganizing the cone
‘ventional courses (in science) along the general line sketched

. for general seience. Each needs a reshaping of purpose and ree
arrangement of materials so as to bring it into harmony with

~valid educational prineciples, lo8 ' :

e With reference to English and the sciences, they need
- remaking from within rather than rejection. To speak thus
.~ in terms of subjects must not be taken to impfg that the

. separate subject is the best teaching unit, 199

Bode has pointed out the fact that the curriculum must be the
expression of a social program. Materials for curriculum building may
Vﬁé secured by scientific research, but science does not provide the pro-

110

-'. gram. A philosophy for the science of the secondary sehool may be

 f; z fnruished by educators but not by specialists in the pPhysical sciences.

107
S - National Society for the Study of Education. Twenty-sixth
earbook, Part II (1928), p. 22,
9 108 _
Ht R Douglass, "Secondary Education, Houghton Mifflin Compeny,
' Boston, 1927, p. 403/
T 109 ‘
Ty Kilpatrick, "Education for a Changing Civilization", The
~ Macmillan Company, New York, 1926, p. 112,
S - 110
Bile 0 Bode, B. He Determining Principles of Cyrriculum Construction,
Edueational Administration and Supervision, Vols, XII (1926), p. 217-228.
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Bobbitt has stated that all of the sciences should find
r theirvproper place in the education of the individual, and the study
of a specialized science or two does not accomplish this purpose.
According to the Committee on a Unified High School Seience
Course, the important thing is not to have each special soiencé re=
presented in the high school, but to "include these phases of secience

which give the best education and open the widest opportunity to

112
high school students".

s « « o The splendid achievements in specialized
science are keenly appreciated and need all possible en-
couragement for future growth. Their devotees need to
remember that the specialized subjects are built uponm, graY
out of and are supprorted by general science foundations. 13

+7e @’s It would be preposterous to make any ree
commendation if it were not for the obvious failure of the
current science textbooks to meet the needs of school
courses. e + » o Any suggestions for relief will doubtw
less get a hearing if not a respectful acceptance,
;a;?. 1i§hy not, for the sake of experiment, try something

111 :
Bobbitt, "How to Make & Curriculum”, Houghton Mifflin

.~ Company, Boston, 1924, v. 136-137.
o 112
o Preliminary Report of the Committee on a Upified High
. Bchool Science Course. School Science and Mathematics, Vol. XIV (1914),
i 113
e The Place of Science in Equoation. Report by the Special
- Committee on the Place of Science in Education to the Council of the
- American Association for the Advancement of Seience, December, 1927,

4
S ‘ 1 Judd, "Psychology of the High School Subjects”, Ginn and
... . Company, Boston, 1915, p. 337, ‘
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Summary of Prineiples for Selection and Organization

of Materisls

From the investigation of the current aims for the teaching of

the physical sciences in the high school 118

similar investigations made by others 1;6, it was evident that the

s and from an examination of

~;'Brincipa1 goals of instruction were:
(1) Development of the ability %o think scientifically
(2) Knawledge‘of the physical environment
(3) Understanding and skill in the application of science
. ﬁo everyday life

(4) Appreciation of and interest in the physical environment

These aims are supported by the consideration of the philesophy
‘h i5df science teaching in the secondary school end, consequently, may be
,“émployed as criteria for the selection of materials for an organization
kxu df physical science for the high school.
| The first of these aims, the development of the ability to
‘°£hink scientifically, for various reasons, requires further elaboration.
“'ﬁf_?ha nature of this aim has been well described by Curtis 117, with the
’a~;f§asiétance of fifty-eight high school, college ard university teachers

;pf science, and has been differentiated from the scientific method 118

118 .
See Chapter IV,
136
Ibid.

117
Curtis, "A Determination of the Seientific Attitudes",

| Francis D. Curtis, University of Michigan, Ann Arbor, Michigan,

118 Gates, "Psychology for Students of Education s The
aﬁienillan Compeny, New York, 1923, pe 2-15s
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“,yij omp1oyed by the research worker in the experimental laboratory. The
'railure of the majority of peovle to think seientifically in everyday
’Jproblems 119, and the failure of the schools 380 to teach scientifie
 _habits of thought are stressed in the writings of presenteday educators.

‘The great importance of the solientific attitude of mind for the activities

‘of school and of life was clear from the study of eurrent sscience aims 121,

119
e (a) Judd, "Psychology of the High School Subjects", Ginn
,and Company, Boston, 1915 pe 313,
(v) Kilpatrick "Education for a Chenging Civilization",
The Maomillan Company, New York, 1927, p. 66~87,
} (e) Kilpatrick, W. He Subjeot Matter and the Educative
~,Praoess. Journal of Edvoational Method, Vol. II (1623), p. 374,
! (d) The Place of Soience in Education. Report of the
- Special Committee on the Place of Science in Education to the Council of
. the American Association for the Advancement of Science, December, 1927,
~School Science and Mathematiocs, Vol. XXVIII (1928), p. 640-664.
s 120
: (2) Bode, "Modern Educational Theories”, The Macmillan
~fCempanv, New York, 1927, p. 90-91.
e (b) Judd "Psvchology of Secondary Education”, Ginn and
.,Companv, Boston, 1927, p. 331.
‘ - {e) Judd "Psychology of the High School Subjects”, Ginmn
and Company, Beston, 3915, p. 303-304, 313, 333,
: (d) Kilpatriek, ”Education for a Changing Civilization",
The Macmillan Company, Wew York, 1927, p. 66-87.
: (e) Kilpatrieck, W. H. Subject Matter and the Educative
 Process. Journal of Edueational Method, Vol. Ii (1923), p. 374
121
Chapter IV,
See also,
Teaching Solence as a "Way of Life". Bullotin of High
‘ «,-;Points in the Work of the Schools of New York City, Vol. X (1928),
i :HOO 8, p. 17-28,
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“,“ﬁ;ﬁh& the philosophy of high school secience. 122

: We must protect the scientific attitude of mind. It
symbolizes open-mindedness, capacity for grawth2 and the
_promise of continued progress in the future.

Our young people must build such dynamic outlooks,
insight, habits and attitudes as will enable them to hold their
own amid change. .« ... 124

o The chief business of science, whatever its subject
~matter, is to train pupils to see problems.

122
(2) Burnham, "The Normal Mind*, D. Appleton and Company,
_ New York, 1924, p. 668-669.
s (b) Brownell, Herbert. Psychology of High School Science
- .and the Making of Science Teaohers. School Science and Mathemitics,
. Vel. MXVI (1926), p. 528-534,
et (e) Creating a Cyrriculum for Adolescent Youth. National
”.;'Edncation Association of the United States. Research Bulletin, Vol. VI,
"fnbo 1, pe 35, ' .
(d) Dewey, "How We Think", D. C. Heath and Company, .
‘Boaton, 1910, p. 156.
S (o) Dewey, "My pedagogic Creed”, E. L. Kellogg and
,,Gompany, New York, 1897, p. 12.
(f) Dewey, "Demooracy and Education", The Maomillan
ﬁempany, New York, 1916, v. 334-336.
s (g) Kilpa+rlck "Education for a Chenging Civilization" R
: Tha Meemillan Company, New York, 1927, Pe. 86«67,
‘ (h) Russell, "Science", in "Whither Mankind®, C. A. Beard,
~red‘, Longmans, Green and companv, New York 11928, p. 65-88.
i (1) The Place of Science in Education. Report of the
fk‘apeclal Committee on the Place of Science in Education to the Council of
. ‘the American Association for the Advancement of Seience., School Science
'f'ané Mathematics, Vol. XXVIII (1928), p. 640=664.
~ 123
g Bode, "Modern Educational Theories", The Macmillan Company,
”i‘wiQNew York, 1927, p. 279. ,
L 124

Sy d s : Kilpatrick, "Education for a Changing Civiligzation", The

”.ﬂkonillan Company, New York, 1927, p. 85-86.,
' 125

: Judd, "Psychology of the High School Subjects™, Ginn and

, Ccmpanv, Beston, 1915, p. 333.
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g It is universally admitted that the pupil should aecquire,
.88 & result of his high school training, something of the
. scientific method of thought. 26

: All normal persons should do much of their thinking in
terms of science; and all of their thinking with that intellectual
perspective and proportion which can be provided only by science.

No boy or girl should leave school without possessing a
grasp of the general character of science, and without having been
- disciplined, more or less, in the methods of all sciences; so
- that, when turned into the world to make their own way, they
shall be prepared to face secientific problems, not by knowing
-at once the conditions of every problem, or bv being able at
once to solve it; but by being familiar with the general current
~of seientific thought, and by being able to apply the methods of
~_selience in the proper wey, when they have acqg%inted themselves
~with the conditions of the special problem. 8

The problem of an intelligent use of science is then
to create an intelligence pregnant with bhelief in the possie
~bility of direction of human affairs by itself. The method
~ of science engrained through education in habit means emsnci=
~pation from rule of thumb and from the routine generated by

- rule of thumb procedure,

For the development of the scientific attitude of mind, the

two most signifieant suggestions, as far as subject matter is concerned,

130

heve been the use of the history of science and research s &nd the '

126 ,
Douglass, "Secondary Equcation", Houghton Mifflin Company,

Basi‘en, 1927, Pe 406,
127
o Bobbitt, "How to Make a Currienlum®, Houghton Mifflin Company,
e iBoston, 1924, p. 136,
. , 128
" . Huxley, "Lay Sermons, Addresses and Reviews". The Macmillan
;.Company, Limited, London, 1903, p. 54..

L Dewey, "Demooracy and Education", The Macmillan Compeny, New
. York, 1916, Pe 263,

: 130 m6 place of Science in Education. Report of the Special
~ Committee on the Place of Science in Education to the Council of the American
A?Association for the Advancement of Seience, December, 1927. Sehool Seilence

-~ and Mathematies, Vol. XXVIII (1928), p. 640-664.
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organization of materials around problems. 151

The second aim for high school science obtained from the

132

survey of current aims is supported by writings on the theory

and philosophy of education. 133 This aim was stated as knowled ge
VOf the physieal environment. Snedden 134 has made clear the
. undepirability of too limited a definition of this aim, whereby
Qeience instructioﬂ is confined exclusively to the local physieal en-
vironment of the pupil and many matters of cultural value in more remote

regions ignored. Judd 135

s too, in relation to this aim, has shown
the function of the novel and the unusual. A close examination of
the aim, relative to the others listed, shows that theoretiecally and

- practically it is implied for any functioning of the remaining three;
ﬁrébably, then, this aim deserves to be placed in a subordinate position

to serve only as & minor general aim for instruction in physical science

in the higﬁ school.

131 .
Judd, "Psychology of the High School Subjects”, Ginn and
Company, Boston, 1915, pe 330-337.

See Chapter 1IV.

133
(2) Dewey, "Democracy and Education", The Macmillan

- Company, New York, 1918, p. 267, 334-336,.
(b) Huxley, "Lay Sermons, Addresses and Reviews", The
Maomillan Company, Limited, London, 1903, p. 58,
134
i Snedden, "Educational Sociology", The Century Company,
‘New York, 1922, p. 516«517.
135 '
S Judd, "Psychology of the High School Subjects", Ginn and
Company, Boston, 1915, p. 331-332,
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The third mejor goal, understanding of the applications of
. soience to everyday life and the attainment of some degree of skill
in making these applications, was conspicuous in the investigations

of current aims 136, and is amply reinforced by philosophical eone

~siderations, 157
Appreciation of physical nature, written science, and of
scientific methods, together with the development of permanent

'intérests in science for leisure time and a richer life, receive strong

136
See Chapter IV,
137
. (2) Betts, "Social Principles of Education”, Cparles
~ Scribner's Sons, New York, 1912, p. 108-109, 281.
S (v) Bobbztt, "How to Make a Curriculum", Houghton
',Bifflin Company, Boston, 1924, p. 129-134, 138, 141-145.
(¢) Bode, "Modern Egucational Theories® , The Macmillan
,fcompanv, New York, 1927, p. 213,
(d) Dewey, "Democracy and Equcation®, The Macmillan
. Company, New York, 1916, p. 223, 256-257, 267, 334-336.
. (e) Dewey, "Interest and Effort in Education", Houghton
. Mifflin Company, Boston, 1913, p. 85-87.
; (£) Dewey, “The School and Society”, The University of
Chicago Press, Chieago, 1915, rev. ed., p. 21.
(g) Dewey, "Mv Pedagogic Creed", E. L. Kellogg and Company,
New York, 1897, p. 1l.
(h) Douglass, "Secondary Equcation”, Houghton Mifflin
Company, Boston, 1927, p. 397.
o (1) Finney, "A Sociological Philosophy of Eduggtion", The
"7,’Hhcm111an Company, New York, 1928, p. 279, 351-352,
ok (3) Harap,"Eeonomic Life and the Curriculun®, The Macmillan
Gompany, 1927, p. 111-132,
Sl ~ (k) Judd, "Psychology of the High School Subiects s Ginn
.and Company, Boston, 1915, Pe 333,
; ( (1) Kilpatrick, "Education for a Changing Civilization®,
5The Meomillan Company, New York, 192?5 + 8.9,
N (m) Russell, "Seience” in "#hither Mankind", C. A. Beard,
- eds, Longmans, Green and Companv, New York, 1928, pe. T0.
I (n) Twiss, "A Textbook in the Principles of Scisnce Teache
;,1ng s The Macmillan Company, New York, 1917, p. 83.
S (6) The Place of Science in Education. Report of the Special
g :7Gommittaa on the Place of Science in Education to the Council of the American
~ Association for the Advancement of Science, Nashville, December, 1927,
-~ Scheol Science and Mathematics, Vol. XXVIII (1928), p. 640664,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



126

’3i§upport both from current aims 138 and from the philosophy 159 of

3;leience teaching for high school. ]
' Finally, then, the major criteria for selectien of curricular
'ﬁmAterials for unified physical science in the Junlor or. senier years: of
,high school are stated as follows: B |
(1) Phases of science which tend to develop the scientific.
attitudes of mind, not only for science in{sqhobls but fdr Aaily living,
should be selected and emphasized. o ‘
(2) Understanding of the applications of science in the
cct;vities and environment of the average individual along with-the
“devolopment of fair skill in making the more common applications to
 ?overvday living, should be promoted bv a suitable selection ‘of' " course
of study materials, >
| (3) Parts of science which will assist.in the growth of
;appreoiation of physical nature, offwritten écience, and the méthods
of science, and parts which are lzkely to extablish permanent 1nterests

} for 1eisure timo and an enriched 1ife, should be aelected.

138 -
See Chapter IV.

136 (a) Betts, "Social Principles of Education" , Charles
‘Seribner's Sons, New York, 1912, p. 148, 155=162.
LT (b) Bobbitt, "How to Make & Curriculum" » Houghton Mifflin
' Company, Boston, 1924, p. 129-1?2 137-128, 141143,
gy (e) Dcwev, Democraoy and Education s The thmillan
fﬂ[OomPanv, New York, 1916, p. 283-284.
. (d) Robinson, "Humanizing of Knowledge", George H,
;Doran Company, New York, 10235 pP. 88.
, (e) Snedden, Educational Sociology”, The Century Company,
New York, 1922, p, 520-524,
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The principles of interest are probably of more value for
vﬁhw organization of materials of the course of study; but, to a certain
 extent, interests should function as criteria for selection of curricular
tsrials for the initial stages of the whole subject, or of its |
' divisions. The following, therefore, are listed as mipoerrite:ia‘for

Jéﬁleation of éubject matter:

(1) EKnowledge of the physical enviromment should be assured
by préper selection of materials for a course of study.

(2) Within limits which have been described, the interests
- of students in scientific matters should control in the selection of

" subject matter.

For the organization of materials of the physieal sciences for

 the secondary school, the following principles have been established:

(1) The unity of science is found in the fundamental nature
qf,written science which possesses inherently no divisions into subject
 matter fieldss
(2) The unity of seience is revealed in the wholeness of the
k"i‘; §gtura1 environment .
(3) The unity of science is apparent from the nature of exe
e ;; y{ﬂ§§rienoe itself in which science is best regarded as a way of behaving

o 140
- which provides for control and enrichment of experiences.

140

ch York, 1926, p. 306«306.
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(4) The principal function of interest in science is %o
vprovide for arrangement of subject m#tter in psychological organization.
B (5) Because of the import;,ance of the attitudes of science

,fezj intelligent daily living, the materials of physical science should -
be arranged éo as to presen£ problems instead of simply solutionms 'of

- problems.
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Chapter VI

THE TENTATIVE OUTLINE OF AN INTEGRATION OF MATERIALS IN

PHYSICAL SCIENCE FOR THE JUNIOR OR SENICR YEARS OF

HIGH SCHOOL

The General Method of Selection and Organization of Materials

The items of this tentative outline of materials in vrhysical
- science for the junior or senior year of high school were secured from

- ‘modern textbooks in the physical sciences, recent courses of study,

'(ﬁ%b#andard treatises in the physical sciences, and other scientificfwriting§
m periodicals, bulletins, etce
3 Lists of these items were made separately for each special
: }#éience and submitted for rating to outstanding instructors in seéﬁndafy
‘Sand‘higher institutions. The instructor was permitted to rate only
,tha~items of his own field of speciaiization.
Recent valuable curricular contributions from progressive
; ?fcsnters throughout the country were also utilized as sources of items.
In the process of selection of items for inclusion due cone
"’iéiﬂeration was given to the degree of unanimity of agreement of the

- Judges who rated the items for high school use; doubtful items from this
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_’~_~st>;§.ndpo.int were generally excluded, The more important basis of
- A,efel’ection was by the test of the criteria established in Chapter V,
.In the last analysis, the items utilized were therefore selected on
: the bases of authoritative works in the physical sciences; judgment
',,Mof expert instructors in these sciences in high schools, teachers?®
colleges and universities; judgment of specialists in science educaw
tion and criteria derived from the psychology and philosophy of

educetion.

Particular Methods Used with Special Sciences

Astronomy |

In astronomy, high school c¢ourses ! were rare but were used
as far as found; many standard works were available as well as textbooks,
Items were rated by two high school 2 teachers of astronomy and two

- 3
-~ eollege professorsy Krank's 4 investigations were used extemsively,
Chemistry

Many courses of study, textbooks and standard treatises were
. aveilable for chemistry, The items in chemistry were divided into two

: ~‘vlists; one was rated by eight and the other by seven teachers of chemistry

1
e "Seience", Currieulum Bulletin No, 210, 1928, p., 54, San
- Franeisco Public Sohools,
2
High School for Girls, Derchester, Mass.; Lincoln High Schoel,
Jersey City, New Jersey,
3
Rutgers University; Vassar College.
4
Krank, Erma M, Curriculum Study in Astronomy. School
; Sen.enee end Mathematics, Vol, XXVI (1926), p. 952«056,
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S 5
in high schools s teachers' colleges 6 and universities | Much
~use was made of the revised "Standard Minimum High School Course in
A Ghemishry" of the American Chemical Society 8 s and of the report of

9 of the Commission on Unit Courses ahd

: ﬁﬁs Sub-Committee on Chemistry
curficula of the North Central Association of Colleges and Secondary
kS¢hools. The paﬁphlet on chemistry used in the "Science Survey" course
7 of the College of the City of New York was suggestive for materials and

- organization. _10

Meteorology

For meteorology, reliance was necessarily upon standerd works

x rather:than textbooks, for curricular materiale No case was discovered

5
L University School, Madison, Wisconsin; Cleveland High School,
8t. Louis; Central High School, Austin, Minnesota; High School, Laramie,
- Wyoming; Emerich Manual Training High School, Indianapolis, Indiana.
i 6 :
‘ ’ Eastern Illinois State Normal School, Charleston, Illinois;
Shepherd College State Normal School, Shepherdstown, West Virginia;
‘Harris Teachers College, St. Louis; Concord Teachers College, Athens,
-West Virginia; State Normal School, Steven's Point, Wisconsin.
7 :
‘ Teachers College, Columbia University; University of Minnesota;
. Enox College; University of Washington; Morris Harvey College, Barboursville,W.Va,
; Correlation of High School and College Chemistry. Journal of
~ Chemical Education, Vol. I (May, 1924), No. 5.
‘ 9
SINUS Report of the Committee on Standards for Use in the Reorganizam
~%ion of Secondary School Curricula. North Central Association Quarterly,
. Mareh, 1927,
i 10
Do "Chemistry". Science Survey. College of the City of New
- York, New York, 1929.
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7$‘ﬁ6f‘the teaching of the subject as a special science in high school, and,
11

'”Lﬁvenfin universities, .the subject was rarely founds Three college

’pfofbssors of meteorology were finally secured to rate a list of items,

and a suggestive letter was received from a fourth. 12

Mineralogy

In mineralogy, numbers of standard works and textbhooks for

~oollege classes were available. In no instance was the course found

- as a separate subject in high schools. Four university professors 13

of mineralogy rated the items submitted. !

Physical Geography and Physical Geology

Many of the items of physical geography and physical geology

5 4
~ were necessarily identical. A number of courses of study ! for these
‘ 11
12

University of Arkansas; Wittenberg College; Yale University.

~ Johns Hopkins University.

; University of Chicago; University of Delaware; Princeton
,’Uhivprsitv, Uhiversitv of Wisconsin.

g8 (a) Course of Study for Science. Bulletin No. 106 (1924),
: p. 38-52. Department of Education, Oklahoma City, Oklahoma.
L (b) Geography for the High School. Curriculum Bulletin
'f(1926), No. 26+ St. Louis Public Schools.
e (e) High School Geography. John Marshall High School,
S Richmond Virginia.
s (d) High School Manual and Course of Study. Bulletin No. 12
’“i:;(1928), ps 87. Department of Pyblic Instruction, Lansing, Michigan.
S (e) Science. Curriculum Bulletin (1928), No. 210, ps 52,55¢
'“Y,San Francisco Public Schools,
R (f) Syllabus in Physical Geography. University of the State
L .u£5How York., 8tate Education Department, Albany, New York.
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ubjects in high school were investigated for items, as well as meny

,bjxﬁboaks and standard works on the subjects. The items were rated

by two college 5 professors and three high school teachers of

- fého subjects. The pamphlet on geclogy 17 used in the "Science

- Survey" course of the College of the City of New York was valuable.
Physies

A large number of standard works, textbooks, courses of
study, syllabi, etc., were used as sources of materials in physies,
 :Ih§f1ist of items was divided into two parts, each of which was rated
: .;'aby"fourteen instructors in physics in high school 1° s teachers'

'l'fflbollege 19 or university 20

15
~ University of Kansas; University of Oklahoma.
16 .
: S Austin High School, Chicago; Beaumont High Sohool, St. Louis;
- High School, Iowa City, Iowa, :
Ll 17
T 0'Connell, "What is Geology?® Science Survey. College of
- the City of New York, 1928.
. ; 18
S East High School, Wichita, Kansas; High School, Davenport,
~-Iowa; Technieal High School, Atlante, Georgia; English High School, Boston;
¥arrison Technical High School, Chicago; High School, Milton, Delaware;
gh:8chool, New Castle, Pennsylvania; Northeast High School, Kansas City,
ssourl; Austin High School, Chicago; High School, Bloomington, Indiana;
Péchnioal High School, Providence, Rhode Island.

e 18 Teachers College, Boston; Concord State Teachers College, Athens,
fleat Virginia; Indiana State Teachers Collepe, Terra Haute, Indiana; State
ormal College, Bowling Green, Ohio; Fairmont State Teachers College, Fairmont,
oat Virginta; State Teachers College, San Marcos, Texas; Harris Teachers
ege, St. Louis (two instructors).

A 20 University of Minnesota; University of Nebraska; University of

- Washington; University of Illinois; Miami University; Reed College; West Vire

. ginia University (two instructors); the editor of the "Electrical World" magazine,
~_and former proffessor of slectrioal engineering, Yale University.

i
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The Tentative Outline

The general aims, specific objectives, pupil activities and
 #9aehing procedures relative to the major divisions of the outline of

. the organization are briefly formulated as follows:

I. The Celestial Sphere

A. The Steller System

General Aims:
Development of appreciation of the extent, complexity and

»Qrder of the universe; eztablishment of permanent interests in the heavenly

Lﬁpdipa. Learning of important facts and theories concerning the heavens,
'rf; ¢ad of the ways in which the more remote heavenly bodies have influenced

".ﬁaﬁ's lifes  Arousal of scientific attitudes by means of unsolved problems

'_féf the universe.
Specifie Objectives:

"Knowledge of and interests developed in meteors, comets, stars,
- common constellations, nebulse, the Milky Way. Daily and yearly changes
  ff  i” positions of stars; changes with latitude. Origin, evolution and fate

f:ef the physical universe; island universes. Discoveries of stars and

'gats. Galileo, and other great astronomsrs. Interesting fasts about
.,3;§§§ronomical instruments and theif uses: telescope, camera, transit
"fiﬁaﬁfpment.

| | ‘Applications of knowledge of the heavens to man's sctivities:

~57:éider°&1 time, surveying, navigation, astrology.
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Pupil Activities:

Observations: meteors, stars and constellation with a chart,
Milky Way, nebulae, apparent daily motion of stars.
: Yy

Use of photographs, reading, discussion.
Procedurs:

Suggestions of the questions to be raised: What is a
'?ﬁpooting star"? Is there danger of a comet hitting the earth? What
mar; the names of the brightest stars, aﬁd how ¢an they be identified?
: ﬁhat‘is the Milky Way? Do the stars move? Why do sailors observe
_the stars? Can one tell his future by the stars? TWhere is the
: f,lirgest telescope? TWho were the great astronomers? How did the
:” ‘un1varse originate? Is there an end to space?
Pupilebservations should be recorded and reported.

Problems on time, latitude and longitude may be given.
Be The Selar System
General Aims:

Development of interest in the planetary system by means
.»;'};Téf the more striking facts and theories. Cultivation of seientifie
' Mf,attitudes by questions and problems. Knowledge of the effects of

o the sun, planets and moon upon man and the earth.
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Specific Objectives:

Knowledge of interesting facts about the planets, satellites

‘and asteroids; planetary motions, Kepler's laws of planetary motions. A

, 1B
[ o

i

i

Lo

Newton's law of universal gravitation; mass, density,
-spedific gravity. Newton's laws of motion.

The Ptolemaic and Copernican systems.

Origin of the solar system: nebular hypothesis, hypothesis
of dynamic encounter; planetesimal and tidal theories.

Knowledge of the sun: age, dimensionh, distance, telescopic

kappearance, layers, corona, sunspots, etc.
The sun's light: speed of light, Jupiter's satellites and
the light equation.. Shadows and solar eclipses.
Illumination and photometry.
; The corpuscular and wave theories of light; the ether and
light.
| Interference, polarization, refraction, white light, oolors,t
the rainbow, the solar spectrum and spectroscopes
The sun's heats Absorption and radiation of heat, thermometry,
:the calorie and B. T. Us Heat by frietion, collision and compression.
‘; jx;Theories of planetary and solar temperatures.
Electromagnetic radiation from the sun.
Knowledge of the earth as a planet: shape, dimensions,

‘distances and areas. Latitude, longitude.
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Gravitation: stable equilibrium, laws of falling bodies,
~4ﬁVQlocity, uniformly accelerated motion.

Newton's laws of motion, momentum, foreces

Rotation of the earth, the poles, Foucalt's experiment. iﬂg

Orbital motion of the earth: the sun's apparent annual

motione

The moon: motion, phases, eclipsb. Conditions on the moon
‘from telgscopié and photogravhic studies.

Oﬁsérvatories: telescopes, cameras, spectroscopes.

Light: reflection, diffusian, refraction, visibility,

1’images formed by lenses and mirrors, achromatic lenses, the opera

.z?giass, prism binocular, and telescope.
’ iThe magnetic field of the earth: éompass, declination,
 1§ipping, megnets, laws of magnetic action, magnetic induction, lines
‘,“and fields of foroce. |
| Effects of the sun's light anﬁ heat upon man, animals,

planks:: health, growth, comfort, daylight, photography, the human eyes.

Effects of electromagnetic radiations.from the sun: magnetic

storms, compass, telegraph, Northarq Lighté.'

Day and night: wvariations ucco?ding to ti@e and 1at1tudo,§
elimatic effects. '
e | .Climatic gones of the earth.

Measurement of time on the earth.

The tidese
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The spring balance, and weights of bodies at poles and
 i§quator. Paths of projectiles at surface of earthe
Navigation: latitude and longitude, mariner'swcompass,

fSPerry gyrocompasse.

Pupil Activities:

Observations: planets, sunspots, Northern Lighﬁs, solar
spectrum, reinbow, shadows, telescopic observation of moon, camera,
ypompaas, sun dial, tides,

Experiments: diffusion, reflection, interference, polariza
tion, refraction, spectra, photometry, radiation, lenses, prisms, use

§f thermometers, heat measurement, falling bodies, magnetic 1ines and
ﬂ",:field.

Mathematical problems: velocity, acceleration, force,
momentum, candle power, heat, temperature,

Readings and discussions.
Procedure:

Class reports on observations., Problems, observations and
experiments should accompany other activities.
New topies introduced, interests aroused, and scientifie

 7vaftitudes awakened by having problems raised. Suggested problems:

""ﬁgﬁ,cgn one distinguish the planets from the stara? Are any of the

planéts habitable? Are the light and heat of the sun decreasing? Vhat
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7;béuaes an eclipse of the sun? What are sun spots? TWhat is the
#fﬁmidnight sun"?  Why does the length 6f day and.night vary? How did
the calendar originate? TWhat causes tides? How is a submarine steeredf
Mﬁch use should be made of the history of astronomy and of
‘physicss Examples: How was Neptune discovered? What discoveries

did Galileo make?

II. The Atmosphere
General Aims:

Interrelﬁtions of man and the earth with thevatmosphere.
,:Scientific attitudes about problems of the atmosphere. Interest in
w §tmospherio phenomena. Knowledge of the physical properties and
v cheﬁica1 constituents of the gases of tﬁe atmosphere, and of the

~ laws governing atmospheric phencmena.
Specific Objectives:

Sunlight in the atmosphere: diffusion, color of air, twilight,
refraction effects, atmospheric dust,
Effects of sun's heat on atmosphere: temperatures, convection
 ;oprrénts. Air heating and ventilating systems. )
: Solar electromagnetic radiations in tge atmosphere ; thev
  ;;qrora, sun spots and the temperature of the atmosphere.

Measurements of atmosphere: height, weight, barometry.

Compressibility and expansibility of air; Boyle's law, laws
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koffCharles and Gay-Lussac; pneumatic appliances: airegun, door-check,
gﬁﬁps,'siphons. Density of gasés; measurement of gases. |
| Principle of Archirmedes: balloons and airships. Navigation
~ in air.
Weter in the atmosphere: humidity, clouds, fogs, precipita-
tion, evaporation.
| | Weather: storms, tornadeoes, hurricanes, cyclones and anti-
eyclones, weather maps, prediction of weather, weather instfumﬁnts.
Electrical phenomena of atmosphere: lightning, vositive and
negative electricity, electrification by induction.
The electron theory of electricity, electric charges on
" conductors, lightning rods, electrical potential ard capacity, condensers.
< Electrical radiations: +the radio.
Composition and resolution of forces, inelined plane, pendulum,
",riite, airplane, Bernolli's principle.
| Kinetic theory of gases, molecular motions, Avogadro's law, f
Brownian movements, diffusion of gases, absorption by liquids and solidsi
molecular theory of matter.
| Sound waves: speed, pitch, quality, intensity, reflection,
~irreenforcemant; interferences, acoustics. ;
Musical sound: wind, membrane and stringed instruments.
Sound as a sensation.,
Chemical elements of the atmoséhere; oxygen, nitrogen, argon,
’ ch:bon dioxide, cycle of carbon dioxide. Oxidation and nitrifieation. The

‘*;fy ?jzhitrogen cycles
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Pupil Activities:

Observations: color of air, twilight effects; changes in
temperature, winds, and pressure for a week; aurora, sun spots; gas

‘ 'moé‘bers, pumps, siphons; local precipitation for a week, hygrometer

: krne,.ding;s for a week, clouds, weather maps and predictions; lightning,

’ 1igétning rods; condenser of a radio set; Brownian movements, diffusion
and ébsbrption of eir; phonograph, dictephone, echo, a wind instrument,
relation of speed of light and of sound; temperature and humidity in
‘relation to ventilation; nodules on the clover plant, carbon dioxide
vin breathed air.

Experiments: Boyle's law, charges on conductors, induced
electrification, inclined plane, pendulum, speed of sound, laws of
fibrating strings and air columns, percentage of oxygen in the air,

‘,’hitfogen, carbon dioxide,
| Mathematical problems: pressure of air, Boyle's law, calculae.
tions of gas bills, laws of Charles and Gay-Lussac, problems on gas~
msésurement; principle of Archimedes, meking a rainfall curve for & wvear
: fﬁom date furnished, humidity, forces, wave length of sound.
- Reports in class of observetions and experiments, readings

and discussion.

Procedure:
Suggested problems to be raised: TWhy does it not get dark

:  when the sun sets? Is there any relation between sun spots and the weather?
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: Wgy‘does water boil more quickly on a mountsin? Why does a balloon
riée in the air? How does an airplane fly? How are clouds formed
and what becomes of them? Why are tornadoes destructive? Are
| 11ghtaing rods useful? How is a baseball made to curve? What causes
~the eché? What happens when substances burn? How do plaqts 5et their
n‘i;brog;en and carbon dioxide? Some problems should be raised which
,_cénnot be ansvered at the time.
Physical and chemical discoveries cénnected with the topies
of the atmosphere should be considered, and the lives of some of the

- great scientists who made these discoveries,

I1I. The Hydrosphere
Feneral Aims:

Knowledpe of the important facts and principles sabout water
on ﬁhe earth's surféce and in its crust. Knowledge of the relations of
the hydrosphere to men, esnimals, plants and the land. Appreciation and
intérest developed in the parts that water has played in making the land

. what it is, and of its importance to life on the earth. Stimulation of

7~H,:snientific attitudes by means of the problems involved.

Specific Aims:

Contact of atmosphere and hydrosphere: zolution of eir and
gases in water, waves in water; light passing from air to water and
-vic:e versa; index of refraction; evaporation, vapors, effect of air upon

evaporation; absorption of heat and light by water, climatic effects.
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Description of the hydrosphere: marine and continental
Fwaters, areas, depths, temperasture; ground water, inland seas, leskes,
‘rivers and’oceans considered briefly.

Introductory treatment of denudation of the land by the
atmosphere and hydrosphere.
Molecular forces in water and liquids: cohesion, adhesion,
'” 'surface tension, capillary phenomena.
‘Molecular motions in water and ligquids: evaporation and
 diffusion.
Boiling of water ard liquids:‘ boiling temperstures, effects
“f §f pressure, heat of vaporization, condensation. Steam, heating by
\ ”  steam, steam engines, distillation, ice manufacture, refrigeration,
' pressure cookers, vacuum pans.
Expansion and contraction in liquids; density of water,
:‘; cirau1ation in water, freezing of a deep lake.
Solidification and fusion; the ice-cream freeger.
Heat conduction, convection and radiation in water and
1liquids; ocean currents, hot water heating system, automobile‘radiatcr.
Law of mixtures for heat in liquids.
Principle of Archimedes as applied to liquids: iceberg,
l f‘ship, submirine, specific gravity. Hydrometers.
i Pressure in liquids and water, force and pressure, Pascal's
"1¢w, the hydraulic press and elevator, spouting o0il and gas wells, city

: water system, hydraulic ram.
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Water as a solvent, other solvents, solutions, saturated
?palutions, freezing and boiling points of solutions, fractional dise

' 1§illation; sea~water, mineral springs, carbonated water and beverages.
Purification of water: distillation, filtering, water meters.
Ground water: weater table, springs, wells, geysers, artesian

; ~ﬁ011a, hot springs, intermittent springs.
| Streams: floods, river systems, drainage, grade, current,

- depthe

Lakes: fresh and salt; swampse

Glaciers and ice.

Irrigation and water power,

Chemical nature of water: composition by %¥olume and weight{
’; §na1ysis and synthesis of water. Law of definite composition; law
',f  of muitip1e proportions. Natural and pure water; chemical properties
~"§£'water; its importance in chemistry.
k Water in foods and the human body: water in plants and the
~soil.
Knowledge and interest in scientific discoveries relating

 ]f4 to the hydrosphere.

Pupil Activities:

Others will be sugrested: shooting at a mark under water,
- observation of water waves, evaporation of water in vecuums, drying a

‘wet cloth on a rainy day, comparison of winter temperatures for a
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: %a"ssk-coast city and an inland town at the same latitude; experirents on
v,;éﬁhesion,.adhesion, surface tension, capillarity, diffusion; the boile
ing points of alcohol and water compared experimentally, fractional
:aistillation of alcohol and water, measurement of heat of condensation
 0£ steam, ebsgrvation of a model steam engine, visit to an ice factory,

 §ffect of pressure on boiling points experimentelly dqtermined, eXe
‘pansion of.water due to heat studied experimentally, water as s hest
| conductor studied by experiment, observetion and report on & hot water
heating system, law of mixtures by experiment, specific gravity of
- gasoline by hydrometer, boiling point of a solution of salt and water,
"féading o water meter, electrolysis of water, synthesis of hydrogen
 §nd oxygen, evaporation of a natural water for residue, etoc.

Readings, reports, discussions.

Procedure :
Avoid separation of class work and experimentation; gxperi-
ments are eésantially to "answer questions addressed to:nature". Arousse
- and maintain problem solving attitudes by questions. Sugpestions: How
.do;you shoot at a fish under water, and why? TWhat is the motion of a
.  e9rk floating‘on water waves? Why will a needle float on water? Vhy
‘?,; ,§°°3 oil rise in a lamp wick? What is the temperature of Stéam? How
=ﬁj#§u1d you cool a watermelon without ice, refrigerator or eellarkon a
G kgnny day in Arizona?
| Study Archimedes and other scientists who have made discoveries

mvolving the hydrosphere-
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IVe The Lithosphere

General Aims:
Acquisition of knowledge of the rocky sphere of the earth
and, especially, of the terrestrial lithosphere as the principal
seat of human activitiqs based upon the physieal sciences, Develop=-
ment of interests in the relations of man to the land surfaces of
the earth and their contents, and of appreciation of the functions
of the physical sciences in the life of man on the surface rocks
f#n& soil of the globe; awakening and strengthening of sciénéific
attitudes with respect to the problems of the physical sciences ine

ﬁ'vvalved in these relations and asctivitiese.

Specific Objectives:

Description of the lithosphere: terrestrial and sub-oceanic
divisions, extent of land and water; continental platforms: mountains,
plateaus, plains, continental shelf; ocean basins; origin of continents
and ocean basins.

Mechanical relations of the lithosphere with the hydrosphere

~and stmosphere. Processes of destruction: rain, frost, snow, ice,
: ,frﬁnning water, underground water, solution, work of the ocean, tempera-
 ; ture changes of the atmospheré, wind, lightning. Processes of cone
  Struction: continental deposits, such as mantle rock, wind-laid deposits,
':fwork of ground water, river-laid deposits, deposits by moving ice, lake
‘and swamp depositss Marine deposits, such as those of the shore, shallow

water and deep sea.
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Chemical relations of the lithosphere, atmosphere and hydroe
sphere. Oxidation: slow oxidation, oxides of metals,'mineral oxides,
‘Carbonation: action of atmospheric and hydrospheric carbon dioxide
upon elements and compounds of the earth's crust, earbonates, "herd”
 water, "softening” of hard water. Hydration: hydroxides in nature.

| ‘Geological time: origin-and sge of the earth; divisions
o of geological time; story told by the rocks., Brief consideration.

History of geology as a science and use of geology'to man,
briefly.

Topography: plains, plateaus, hills, mountains, shore lines,

~ete. Maps, charts and models of land forms and the earth's surface.
, Transportation: river, canal, lake, coastal, ocean, pipe lihe, railway,
,roadé, trails, air.
Light and solids: radiation, reflection, absorption and
- transmission by land messes and solids; luminous and non-lumfnous bodies,
opaque and transparent substances, crystals, vision, moving pietures,
fthe microscope; color phenomena: color of bodies in white and colored
light, compound and complementary colors, colors of pipments, three
color printing, colors in thin films.
| Heat and solids: radiation, reflection, absorption and
ifr&nsmission by land messes and solids; radiation from bodies at
I{’different temperatures, the invisible spectrum, radiometer, relation
of radiators and absorbers; reflection of heat from the land and temper-

ature effects; conduction of heat by solids, expsnsicn of solids, and
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1~;§pliaations; specific heat of solids; fusion end "freezing" of solids,
>/  1603 pressure and fusion, ice; change of volume with change of statei
melting points of amorphous and erystalline substances.
; Energy transformations in fusion; relation of heat and work,
friction, collision, coﬁpression. The law of the conservation of enérgy;
other examples of the law; @ power plant; the importance of this basic
» 1tw in physical science. "Perpetual® motion machines.

ﬁork and mechenical energy: definition and measurement of
work; work and the simple machines; the principle of work; power and
energy and their measurement; law of frictionless machines; friction;
:efficiency of machines; law of all machines; mechanical equivalent of

\ﬁ;?ﬁédt; internal combustion engines.
Molecular motions and forces in solids; diffusion of solids,
~ tenacity, elasticity, Hooke's law, cohesion, adhesion. Molecular
n§ture of.matter.

Chemical elements of the atmosphere, hydrosphere and litho-
sphere: compounds and mixtures, metsls and non-metals, physiecal and
chemical changes, combination of elements, decomposition of cdmpounds,
families of elements.

Detailed study of oxygen, ozone, oxidation, oxides, uses

'vﬁ;~of oXygene

Study of the element hydrbgen; reduction, water, hydrogen

 »;éroxide.

Nitrogen, ammonia, oxides of nitrogen (briefly), nitric acid,
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;ébmmon nitrates; nitrogen cycle, fixation of nitrogen; uses ﬁnd applicae
© tions.
Molecular and atomic ﬁheory; molecular and atomic weights.
Symbols, formulas, equations; problems based on equations,
Laws of definite and multiple proportions. The prineciple of the cone
vfi#rvation'of matter.
Chlorine, the halogens end compounds; hydrochloric acid; common
‘salt; applications. |
Carbon and its oxides: carbon dioxide, carbon monoxide§.
chemical reactions invstoves, grates, furnaces, automobile engines, coal
~mine explosions.
n Valence; electrical nature of atoms, electrons and protons;
»uée of valence. |
| Sodium, potassium, and their common compounds; solubility of
:’the compoundse
Solutions: electrolysis of solutions, electrolytes and non=
eleétrolytes. Colloids; applications important.
Acids, bases and salts: vproperties, tests, neutralization,
 use of indicators.
Ionization: nature, electrolysis, acids, bases, salts,
ii#iéplacement series.
; Chemical reactions; speed, energy, temperature, reversible
'iréactions, equilibrium, catalysis. Principle of conservation of energy.

Sulphur and its common compounds. Uses, Sulphuric acid.
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The periodic law for the classification of the elements.

’ Other compounds of carbon: hydrocarbons, such as petroleum
cand ité products, destructive distillation, fuel and lightdng- gases,
i:fﬁamas. Coal tar compounds, such as bengzene, carbolic acid, dyes, foods,

‘madicines. Carbohydrates, such as sugars, starches, cellulose., Textiles
1@&& paper. Alcohols, such as grain and wood alcoholse. Organic aecids,
such as acetic, tartaric, acids of fats and oils, Fooda,bsuoh as

"‘,proteids, carbohydrates, and vitamins. Soaps, glycerin, explosives.

Phosphorous and phosphates; fertilizers, matches,
Silicon an& boron; silica, silicates, carborundum, borax.
‘ Calcium, magnesium, and common compounds: carbonates, oxides,

'""hydrgxidés; caleium cyanamide, bleaching powder, phosphate rock; silicsates
Wbt megnesium; gypsum; mortar, cement, concrete, plaster of Paris.

| Metals and non-metals: common ores, principles of metallurgy,
g té?ining of metals, alloys, ways of preparing metallic selts.
k Common metals, oceurrence in nature, metallurgy, properties,
uses, dlloys, common compounds and their uses: copper, mercury, silver,
‘ xiac, tin, lead, aluminum, iron.
‘ Some of the rarer elements: gold, platinum, radium, tungsten.
Rocks of the earth's crust: sedimentary, igneous, metamorphic;
~vg§hysical and chemical properties of rocks; tests‘for common rocks; strata,
| :3§ints, folds, faults, mountain struchgre.
| Sedimentary rocks: mechanical, organiec and chemical deposits.

f }:H§tamorphic rocke: foliated and non-foliated¢. Igneous rocks: coarse
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ifgiﬁined, fine-grained, glassy, fragmental.  Common rocks of each of
n 'tha'three classes studied in detail.
| Soils: transported and residusl, origin, kinds, tests,
'sapillarity, fertilizers,
Minerals: mineral resources, formation of mineral deposits,
'.y&hemigal classes of minerals. Phvsical characteristics of minerals:
~eleavage, fracture, hardness, magnetism, specifiec gravity, luster, color,
transparency, streak, taste, odor. Common erystal systems: cubes,
prisms, oqtahe&rons. Theory of erystalline structure. Water of
erystallization, efflorescence and deliquescence.. Apparatus used in
VV»gﬂneralogy; tests for minerals. Conservation of minerals and mineral
\;w :rasources. Study in some detail the following common minerals:

Carbon, diamond and graphite; native sulphur, gold, silvef,
‘lnd,platinum; mercury, cinnabar; copper, native, chalcopyrite, malachite,
““amrite; lead, ganlena; irom, siderite, hematite, magnetite, limonite;

nnnganese, byrolusite; zinc, sphalerite; aluminum, bauxite; caleium,
calcite, fluorite, apatite, gypsum; magnesium, delomite; sodium, halite;
silicon, quarts, opal; tin, cassiterite.

Gems and precious stones.

Radioactive elements, radium and its disintegration; electrical

. ;haory of matter; electromagnetic theory of light; cosmie rays; magnetic
~?adiations from the sun; the earth's magnetic field; magnetic substances
:ﬂinﬁfhe earth, natural magnets.

Bar and horsehoe magnets; laws of magnetism, magnetic materials,
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“/xﬁggnetic induction, retentivity and permeability, lines and fields of
'iforce, theory of magnetism, saturation.
! Statie electricity: friction,‘positive anq negative eleotricity,
‘oonduetors and nonconductors, electrostatic induction, the electron theogy,
'QQuality of plus and minus charges, distribution of charge on conductors,
;pdfantial and capécity.
Elegtricity in motion: magnetic effects, the galvanic cell,
-eémparison of galvanic cell and a static machine; chemical effects of
: anve1ectric current: electrolysis, electroplating, electrotyping;
< 91ectromagnets, shape of the magnetic field about a current; properties
: {\;Df:coils; measurement of electéic currents; series and parallel‘circﬁits
‘”"cﬁt?;@dbcells; the electric bell and telegraph; resistance and electromotive
“,   fbrce; Ohm's law; primary cells; secondary cells; heating effects of an
  h§1§ctric current; fuses and circuit breakers.
: Induced currents: mrinciples of the dynemo and motor; dynémcs;
- motors; induction coils and transformers; power transmission; dangérs of
electricity.
Knowledge and interests in the many discoveries of scientists
 wépneerning the 1ithdsphere and man's activities thereon; study of the

””ff5liv°s of some of these great scientistse.

Pupil Activities:
Observations: effects of water erosion; evidence of glacial

'aflaction; action of wind and frost on rocks and soil} evidence of deposition;
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"ffﬁgéils; strata; identification of rocks of the region; coal or other
rjmihe,quarry; railway "eut"; use of topographic and other maps; examina-
fion of a microscope; flames; soil formation; common rocks and minerals;
natural magnets; cells and batteries; dynamos and motors; induction
éaila; transformers; automobile ignition system; the telephone; reading.
‘én electric mé#er; automobile "starter“; house wiring circuits; visit
to & power plant.
Collections: common minerals and rocks.
Experiments: making of a topographic map; color disc;
.]fadiometer; radiators and absorbers of heat; expansion coefficient
"qfua metal; specific heat; pressure Qnd fusionj melting points; simple
\' ﬁachines; Hooke's'law; vhysical and chemical changes; hydrogen; oxides;
'alknli;; carbonates; softening of "haré water"”; nitrogen; ammonia;
fﬁitriq acid;uchlorine; hydrochloric ecid; electrolysis; properties of
'acids, bases, salts; flame tests of elements; sulphur and sulphurie
dioxide; sulphuric acid; hydrogen sulphide; tests for sugars and;st&rches;
tests for textiles; preparation of a soap; common food tests; phosphorus}
bleaching powder; tests for common rocks and minerals; simple seil'tests;
: ~éapillarity; tests for fertilizers; water of crystallization; tests for
 simple "unknowns"; making a permenent magnet; lines and flelds of magnetie
;ngorggj magnetic inductiqn; friction electricity; conductors; electroplating;
~ 51§§tromagnet; magnetic field about a current; measurements of currents;
inéuction coil; transformers; efficiency of an eleectric lamp or cooker.
Meny other experiments will be suggested in the fields of magnetism and

 eleetricity.
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Procedure:

Suggested problems f'or observation, experimentation or

{c’(l;ass discussion: How was the Gprand Canon made? TWere the giaciers

aﬁvar in this region? Is the sea getting to be deeper, or not? VWhy
 1srthe ooean.salt? TWhat happens in a mine explosion? How does a
fire extinguiaher work? Is "perpetual motion" possible? What would

hﬁppen if a balloon filled with hydrogen ignited? TWhat substance

‘wili dissoive gold? How is gasoline made? How ean you test

gasoline for the automobile? How can you test for glucose in candy? \
‘,3GW'would you test solil for plant foods? How are diamonds mined?

[§ fo what part of the wire is an electric current carried? TWhat is

v',j¥§"short circuit"? How would you find the efficiency of en electric

 £§aster? How would you comparé the éfficiency of a tungsten lamp’
;    w1th a carbon filament lamp?'

| New topics should be introdused by problematic guestions,
 and questions relating to striking phenomena. There should be no
 div1sions between observations, experiments and class work; experiments
s should be suggested by the problems raised.

Very many interesting scientific discoveries are related to

the topic, the lithosphere.

Ve The Ceéntrosphere
General Aims:

Knowledge and interest in the conditions of the interior of
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. g{ﬁhé earth; relations of these conditions to man; development of scientific

attitudes through the problems involved.

Specific Aims:

Description of the centrosphere: density, temperature,
_fmagnetic state; changes in substances from the surface of the earth

‘ Ltd the interior.

Diastrophism: elevation and sinking of the land; types of
“earth movements, earthquakes, continent-forming movements, mountaine
building movementé; causes of diastrophism.

Vuleanism: intrusions, such as dikes, sills, laccoliths,

(;,bqtholiths; extrusions such as volcanoes, fissure eruptions; effects

.~§r,vulcanism; distribution of volcanoes; subordinate voleanie phenomens,,
such as fumaroles, mud voleanoes, hot springs, geysers; causes of
vulecanism,

Igneous rocks: intrusive and extrusive; acid and basic.
'Coarse-grained; granites and their minerals, uses of granites; syenite;
:diorite; gabbro; peridotite. Fine-grained: felsites, andesites, ‘
basalts or traps, G;assy rocks: obsidisn, pitchstone, Eragmental

‘“:6eks: tuff, volcanic breccia.
Metamorphic rocks: non-foliated; marble, quartzite;
i:ébiiated: slate, gneiss, shists. Causes of.metamorphism.
: Interior structure of the earth: rock distortion, strength

. of earth's crust, isostasy.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



156

Pupil Activities:
Observations of any effects of vuleanism in the region, such
. 'as dikes, sills, hot springs, geyserss
“ Collection and observation of igneous and metamorphiec rocks;
jdentification of these racks.

Readings, reports, discussions.

Procedure:

Sugzested questions: What is the deepest mine in the world?
zﬁhere is the deepest well? Is the interior of the earth solid or
‘;iquid? How woyld gravity act at the center of the earth? Which is

 more durable, marble or granite? How can you tell marble from granite?

.. 1s there ‘any relation of mineral veins to igneous or metamorphic rocks?
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Chepter VII

SUMIARY AND CONCLUSIONS

The recent general tendency toward reorganization of
~subject matter into larger and broader units for instructional
 purposes in the secondary school has revealed itself in the sciences;

& major result has been the establishment of general science as the
introductory ocourse in science for high school pupils; to a lesser
. ~dogree, a unification of the traditional subjects of botany, zo0logy
\ *,;:§nQ physiology has led to the teaching of general biology in m@ny
u‘progressive high schools,

The sciences of the later vears of the secondary school

ﬁﬁ#e, for the most part, resisted any great reorganization, and have
‘~§5ntinued to be taught as highly specialized subjects. These sciences,

~ and partioularly physics and chemistry, are generally regarded as

’a_difficult by high schobl‘students, and have failed to gain great favor

”zj; gmong them. Students typically graduate from high school with knowe

;}¢~glaﬁge of not more than one specialized science, in addition to general

‘selence. In many cases, no science, outside of general science, is

féieeted, and, sometimes, even general science is omitted from the

 student's program.

157
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The importent functions of physical science in modern life
for liberal culture, industry, daily living and reliable thinking have
’ been described, In these i‘unctioﬁs, the facts and principles of the
" : ,,speeialized subjects, physics and chemistry, are of basic value; in
'ii,,‘ispite of this, these most prominent subjects in the physical sciences
of the secondary school are studied by small percenteges of the pupils
2 who enroll in the public high schools,
The problem of this research, then, has been the considera=
".frti.on, philosophically and psyclwlegieaily, of the question of a new
ff,:ayzrbhssis' of the materials of the specialized physical sciences for use
| ~ in the later years of the high school; and of the formulation of a
. tentative outline of this integration,
: An investigation of the interests of high school pupils in
. the physical sciences w#s undertaken with two objects in views (1)
i’}’axrangement of materials of an integration in accord with these ex~
_,Ji:ressed interests, and (2) selection and emphasis, to some degree, in
jralaticn to interests in the physical sciences, The chief inmterests
of high séhoal students in these sciences were found to be in astronomy

as a subject; experimemtal and practical aspects of chemistry; rocks,

v ‘minerals and land forms in geology and physical geography; climate in

; ;ﬁetaorology; electriciby in physies, and experimentation for all the

u ’:f‘;,’neiences. Electrieity was the most inberesting subjeet in the physical
i ;f._,xoienoes.  Generally, theory and technical matters in the physical

4 sciences did not represent strong interests; the mathematical elements
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of these sciences were the most uninteresting matters in them to high
»7school boys and girls,
- 4 study of the psychology of interest was made in order to
’supplement‘the investigation of the interests of high school students
in the physical sciences. The function of interest in a learning
‘§ituation has been described and applied to these sciences; the special
value of interest in science for development of appreciation and
| - permanent attitudes and interests toward science were emphasized. It
became evident that the cultural values of thesé sciences depended
L ﬁ&inly upon appreciapion da;eloped through interest. The use ofvtho
névél, as opposed to the familiar and usual environment, was found to
'ibe the best approach to the physical sciences, or to any subdivision
of them. A chief value of the consideration of the interests of high
' sehpo1 students was found to lie in their use for the arrangement of
' Quﬁject metter in form suitable to the learner in sdvance of the learn-
iﬁg situati0n itselfs The high importance of the cultivation of
interest in problem solving as essential to the development of the
scientific attitude of mind became apparent, and has been described at
'fg;s§ma lengthe
The prevalent aims for high school physical science were ine
: vbétigated through letters, questionnaires, and a study of current
! literature. The following general aims stood conspicuously among the

wide variety of current aims found:
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» (1) The teaching of physieal science in order to influence
vtﬁe'thought processes of the student so as to lead him to habits and
; ﬁttitudes of scientific‘thinking in school and 1life situations generally’
i (2) Xnowledge of the natural environment

(3) .Understanding of the applieations of science in everyday
affairs

(4) Enjoyment of nature

The four major goals of instruction in the physieal sciencey,

_as discovered through the investigation of current aims, were found to be
‘;ﬁbnf&ntiated by prineiples derived from the philosophy of education.
v ££i1osophic analysis of these major aims reduced them finally to the
5 7,¥°§h§her of three:
2 (1) Development of scientific attitudes

(2) Upderstanding of and some degree of-skill in the

 i#§§1ications of.science to everyday life

(3) Appreciation of and interest in the physical environment

Upon the bases of these major aims, and the psychology of
. interest, principles for selection of materials for an integration of

' [£ﬁe,physica1 sciences were formulated as follows:

Hajor Criteria for Selection of Materials

(1) Materials of the vhysieal sciences which tend to arouse
' .8nd strengthen the scientific attitude of mind should be selected and eme

' phasized.
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(2) Materials which provide for understanding of the appiiea-
tions of scienée to daily affairs, and which promote the development of
;akills in making these applieations should be selected.

| (3) Those parts of the physical soienées1which wiil assist
in the growth of appreciation of physieal nature, of the written accounts
of physical nature and of scientific method, and which are likely to

~;,§uild ?ermanent interests in ohysical science, should be selected.

Minor Criteria for Selection of Materials

(1) Knowledge of the vhysical enviromment should be assured
; by*sﬁitable selection of materials.
(2) “Within 1imits, the interests of students in scientific

ﬁatters should control in selsction.

From a philosophic consideration of the nature of scientifio
’kndkladge and its relations to human experience and learning, the follﬁwa
ihg pr;ncip1es for ofganization of materials of the physieal sciences
‘lwefe formulated:

f?@Criteria for Organization of Materials

(1) The unity of science is apparent from the fundamental nature
':~6£vscience which intrinsically possesses no divisions into subject matter
 tields. |
: (2) The natural environment is a unit in the sense that it is

~permeated with common matter and forces.
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(3) Science, psychologically and from #he standpoint of
i@arning, is best regarded as a way of behaving so as to intelligently
control and enrich experience which, for the individual, is unitary.

(4) The chief function of interest in science is %o
help provide for psychological organization, which is the order of
ekperience in iearning} ‘

(5) The materials of the physiéal sciences should be
arranged so as to present problems to the learner, in order to cultivate
the scientific attitude of mind.

In the larger sense the conclusions of this work are best

ifépresented by the integration of the materials of the special physical
sciences as tentatively outlined in the preceding chapter (Chapter Vi),
For this synthesis the following specialized subjects in the physical
~ 8ciences were utilized: astronomy, chemistry, meteoralogy, mineralogy,
iphysioal.geography, physical geology and physicse.
k In essence, this integration is an orgasnization of physical
#aience in terms of the learner rather than in ﬁerms of thg expert; it
is school science rather than scientific knowledge; it is sclence for
;  £he adolescent student, instead of science for the research qucialist.
In tentative outline, tﬂere is given a basic organiiation
‘Lijhich may be utilized for detailed construétion of a course of study
in wnified physieal scienée for the later years of high scheol. Only
~enough detail is given to suggest the vroper procedure in the administrae

tion of the integration as a course of study.
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For the administration of the integration as a course of study,
ﬁﬁb matters are regarded as essential, from the facts of this investigation:
(1) The problem approach should be taken toward any serious
_Gcnsideration of scientific phenomena, in the schoolroom. A limited
knuﬁbér of problems have been suggested, but more fruitful problems would
i°ﬁé raised by teacher and pupils working together.

E (2) The pupil activities in learning the seience should bear
~upon and contribute to the solutions of the problems raised, and will be
 r1argGly controlled by the problems raised. ZExperiments in physiocal

éeience should be regarded as by-activities of the process of learning

i i??hysical science and not as ends in themselves.,
. An abundance of material for learning and teaching is presented
through the integration in order that appropriate edaptations may be made
':tb individual and local needs. In making such adaptations, the major
aims of instruction in the vphysical sciences should be‘kept in mind,
| The tentative organization as outlined is divided into five
- major divisions: the celestial sphere, the atmo;phere, the hydrosphere,
" fH the lithosphere, and the centrosphere. These divisions possess some
 7;id§gree of unity within themselves and are extensive enough to preserve
; ‘  £ha natural unity of physical nature. .
* | A perusal of the tentative outline will reveal apparent dupli-
: ¢d£ion of items; generally, the duplication is more apparent than real.
 Progressive treatment of processes is provided for by some degree of"spiral

"5girangement"; in such cases there is the opportunity for the extension of
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:T,Hffi§arning. The natural processes pervade all of the sphereé; for example,
’?ﬁéat, light and electricity are uriversal phenomena.
While ﬁﬁe integration has, for convenience, been divided into
| fivgyyarts the learner should know and appreciate the fact of the unity
of science and of nature. For the learning student in the physical
éoiences,it'is to be hoped that his pursuit of activities under the
/ e ‘;1  head of "physical science™ will be for him a single experiénce, and one
 ﬁhiéh interpenetrates his own experience of living to furnish it breadth
and richness.
| Logical organizetion should be looked forward to as an end-
‘;résult of the use of this integration as a course of study. Facts and
lﬁrhenomena should become mentally tied to general principles which
Vuniversally operate in the physicel environment. The final outcome
’ féhou1d be a body of orgenized knowledge of physicel nature and its
félaticns to the affairs of man, a system of interests in physical
yféature which will add to enjoyment of life and, possibly most important
Qf ail, a liberatién of the mental processes by develorment of the
"scientific attitudes of mind for the intelligent daily living of the

 average citizen.
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Appendix A

- Questionnaire for Investigation of Interests in the Physical 'Soiences

of High Sehool Students and Adults

Town or City
State
_Name of high school
Your name

. Are you a boy or a girl?
~What was your age on your last birthday?

~ Are you & senior or junior in high school? o

 Check below (x) the sciences in the 1ist which you have studied for at.
least one-half year:

Physios () Gedlogy ()

Chemistry ( ) Geogravhy ( )
General Science ( ) Astronomy (

What things have you found most interesting in eny of the sciences which

.. ‘you have checked above? For example, if you heve checked physics, what
- matters in physics were most interesting to you? Name only one thing, if

- you can think of only one that was interesting; name two or three things

(not more than five), if you are sure that you found them very interesting,
~ DO NOT NAME ANYTHING THAT WAS NOT HIGHLY INTERESTING !

=
2.
B
4,
5o

- In the same way, mention below some things from the sciences checked above
- which for you were very dry and uninteresting:

oy
Do
8.
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Aggendix B

List of High Schools Used in the Investipation of Interests in the

Florida:

; Kgntucky:

" New Jersey:

Ohio:

Washington:

West Virginia:

Phvsical Seciences

Dade County Agrieultural High School, Miami

Bellevue High School, Bellevue
Holmes High School, Covington

Montclair High School, Montelair

God's Bible School, Cincinnati

Hughes High School, Cincinnati
Lebanon High School, Lebanon

Mason Village High School, Mason
Walnut Hills High School, Cincinneti
Western Hills High School, Cincinnati
Withrow High School, Cineinnati

Broasdway High School, Seattle

Brown's Creek District High Sechool, Welch
East Fairmont High School, Fairmont

Edray District High School, Marlinton
Elkhorn District High School, Switchback
Elkins High School, Elkins

Fairmont High Sehool, Fairmont

Huntington High School, Huntington
Moundsville High School, Moundsville
Parkersburg High School, Parkersburg
Romney High School, Rommey

Triadelphia District High School, Wheeling
Union District High Sehool, Dunbar

Valley Distriet High School, Mesontown
White Sulphur High School, White Sulphur Springs
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Fhysicsl Sgiences

Dade County Agrieultural High School, Mimmi

Bellevue High School, Bellewvue
Holmes High School, Covington

. New Jersey: = Montolair Wigh School, Montelair

Ohioy " God's Bible Sohool, Cinoinnsti

S ST Fughes Bigh School, Cincinnati
Lebanon High School, lLebanen
Mason Village High School, Mason
Walnut Hills High Sohool, Cinsinnati
Westorn Hills High School, Cineinnati
Withrow High School, Cineinmbd

Broadway Kigh .s.ahmi. Seattle

Brovn's Creek District Wigh Sshool, Weloh
Fast Pairmont High School, Fairmont
Edray District High School, Marlinton
Elkhorn Distrioct High Sehool, Switohbaok
Elkins High School, ZFlkins
Fairmont High School, Fairmont
Huntington High School, Huntington
Moundaville High Schosl, Moundaville
Parkersburg High %hwl, Parkersburg
 Rommey High Sghool, Rommey
SRR R ~ Triadelphia Dystrict High Sghool, ﬁhmlimg
- Union District High Sehool, Dunbar
Yalley District High School, Masontown
White Sulphur Wigh Sehool, ¥hite Sulphur Bmvi.ngu
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Appendix C

Summary of Interest of 536 High School Boys in the Physical Sciences

Astronomy
Topic Frequency of
Mention
Astronony - 38
Planets , 28
Stars a7
Solar system 11
Moon 9
Sun 5
Heavens 5
Universe 2
Heavenly bodies 2
Rotation of earth 2
Astronomical instruments 1
Chemistry
Experiments 64
Ana lysis 43
Elements 36
Chemistry 25
Atoms end molecules 23
Carbon and compounds 18
Dyeing 18
Problems 17
Iron family 17
Periocdic law 15
Applications 14
Equations 14
Gases 14
i Acids, bases, salts 13
: Formulas 13
Metallurgy - 11
Colloids 10
Metals _ 10
Electrolysis 10

(Frequencies below 10 omitted)
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Geology

Topiec ; Frequency of
Mention
Rocks 1s
Geology 12
Coal s 8
Origin of earth 7
Land forms 6
Volcanoes 4
Erosion 4
Rivers 4
Prehistoric periods 3
fopography 3
(Frequencies below 3 omitted)
Meteorology
Weather 16
Climate 10
Winds 5
Clouds 2
Atmosphere 2

(Frequencies below 2 omitted)

Physical Geography

Geography 7
Maps 6
Rivers 1
Phvsieal Geogrephy 1
Physics
Electricity : 252
Magnetism 90
Sound 78
Light 70
Mechanics 63
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Physics (continued)

Topic Fpequency of
Mention
Fluid pressure 60
Engines 43
Heat 31
Gravity 28
‘Radio 26
Automobile 18
Atmosphere 18
Forces 18
Motion 17
Levers and pulleys 16
Spscific gravity = 15
Energy 11
Electrochemistry 10
Experiments 10

(Frequencies below lO‘omitted)

Generzal Interests -

" Experiments 31
Moving pictures 11
Explanations 11
Law and theory 1
Industrial applications 1
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Appendix D

e Summary of the Interests of 480 High School @irls in the Physical Sciences

vi

Astronomy
Topie Frequeney of
¥ent ion
Planets 62
Stars 63
Moon 30
Astronomy 30
Heavenly bodies 12
Sun 11
Solar system 9
Comets 4
Earth ' 4
Rotation of earth 3

(Frequencies below 3 omitted)

Chenistry
Experiments 89
Analysis 60
"~ Dyeing 30
Acids 30
Metals 22
Foods 22
Soap 21
Equations 20
Oxygen 18
Air 17
Colloids 16
Molecules 14
Gases 14
Halogens 14
Problens 14
Water 13
Atoms 13
Sugar 12
Valence 11
Glass manufacture 10

(Frequencies below 10 omitted)
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Geology

Topic Frequency of
Mention

Rocks 1
Iand forms
Coal
Soil
Geology
Historical geology
Rivers
¥inerals
Netural resources
Origin of earth
Field trips
Glaciers
Mining
(Frequencies below 2 omitted)

PVDVONRABRP -3 O P

Meteorology
Weather ’ 16
Climate 9
Winds 6
Clouds 4
Precipitation 4
Atmosphere 4
Physical Geography
Maps and mapenmaking 9
Climate 3
Geography 2
(Frequencies below 2 omitted)
Physics
Blectricity 64
Magnetism 41
Sound 35
Gravity 23
Heat 23
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viii

Physies (continued)

Topic Frequency of
Mention
Light 19
Ice manufacture 14
Molecules 12
Mechanies 12
Internal combustion engines 12
Photography ' 11
Experiments 9
Energy 9
Force 8
Simple machines 7
Density é

(Frequencies below 6 omitted)
General Interests

Experiments 2
Inventions

Explanations

Problems

= s
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Agnendix E

" Uninteresting Matters for 536 High School Boys in the Physical Sciences

Astronomy
Topic Froqueney of
Mention
Astronomy 13
Planets 4
Stars 3
Solar system . 2
(Frequencies below 2 omitted)

Chemistry
Problems 37
Valence 32
Bgquations : 21
Periodic law 20
Ions 17
Atoms end molecules 17
Formulas 14
Colloids 12
Organic compounds 10
Laws 9
Foods 7
Textiles 6
Sulphur and compounds 5
Chemistry 5
Silicon and boron 5
Gas laws 5

(Frequencies below 5 omitted)

Geology
Soils 5
Geology 4
Mountains 1
Formations 1l
Floods 1l
Natural resources 1
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Meteorology

Topic " Frequency of
Mention
Weather and weather maps 17
Precipitation 4
Climate 3
- Rainfall maps 1
Clouds 1

Physical Geography

Geograrvhy 8
Maps 6
Experiments 1
Physical Geography 1
Physics
Light and light rays 72
Sound and musical sound 70
Heat 30
Forces 26
Simple machines 24
Electricity 24
Gravity 21
‘Pressure 15
Motion 16
Specific gravity 15
Atomie and molecular theory 14
Atmosphere 11
Mechanics 11
Hygrometry 9
Buoyancy 9
Energy 6
Megnetism 6
Cells 8
(Frequencies below 6 omitted)
General
Problems 5
Recording experiments 4
Metric system 2
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General (Continued)

Topie Frequency of
Mention
Definitions 1l
Explanations 1
Maps 1l
Laws of scientists 1
Exper iments 1
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Appendix F

'f‘;Uhinteresting natters for 480 High School Girls in the Physical Sciences

Astrononmy

Topic Freguency of
Mention

Stars

Planets
Agtronomy
Earth movements
Moon
Instruments
Measurement
Eclipses

Tides

Parallax
Distances
Figures

Origin of earth

R S R

Chemistry

Problems

Equations

Formulas

Atoms

Valence

Ions

Molecules

Periodic law

Water

Recording experiments
Fuels

Air

Iron and steél
Sulphur and compounds
Leaws

Electrons

Gases

CRNLUN DO
N0

Lo\
.

TR ITI® DWW
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xiii

Chenmistry (Continued)

Topic Frequency of
Mention
Analysis 4
Textiles 4
Silicon &nd boron 4
Organic compounds 4
~ Colloids 4
Solutions 4

(Frequencies below 4 omitted)

Geology

Soils

Rocks
Topography
Water supply
Historical
Icebergs

Waters of earth

HEMENOWONO

Meteorology

Weather and weather maps 1
Winds

Clouds

Climate

-y =3

Physical Geography

Maps and map making
Geography

-Surface of earth
Latitude and longitude
Natural regions

HE O

Physies

Electricity ‘ 77
Machines , 59
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xiv

Physios (Continued)

Topic Frequency of
Mention

Light 17
Heat ‘ 14
Sound
Density
Magnetism
Cells
Gravity
Energy
Friction
A¢mospheric pressure
Accelerated métion
Change of state
Atmosphere
(Frequencies below 4 omitted)

PP II0 O

General

Mathematical elements
Experiments
Definitions

Ll
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Appendix @

Interests in the Physical Sciences of 24 Male Adults

Topio Frequency of
Mention

Electricity and magnetism
Light

Chemical analysis
Motion

Origin of universe
Rock formations
Nature of matter
Experimentation
Stars

Sound

Space

Climate

Minerals

Radiant energy
Mechan isms

Heat

Planets

Periodic law

Carbon and compounds
Glaciers
Applications of Chemistry
Chemical resctions
Metals

: I~
PO PO IO DO N 1O DO DO DO DO G O3 €3 OF O SR i i i U1 tn N

(Frequencies below 2 omitted)
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Appendix H

Interests in the Physical Sciences of 83 Female Adults

Topiec - Frequency of
Mention

Experiments 26
Electrieity and magnetism 20
Light 12
Chemioal analysis 10
Sound ’
Planets
Stars
Climate
Gravity
Atmospherice phenomena
Geography
Astronony
Geologic periods
Machines

Origin of wniverse
Industrial chemistry
Chemical equations
Maps

Rock structure
Physical geography
Soils

Medical chemisztry
Chemical reactions
Tides

Mathematical problems
Transportation and travel
Formation of compounds
Osmosis

Water purification

WUV RINANRN PP ITIOD DO

(Frequencies below 2 omitted)
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Appendix I

Uninteresting Subjeots in the Physical Seciences for 24 Msle Adults

Zopie Frequency of
Mention
Mathematical elements 17
Atmospherie phenomena 5
Seasons 3
Force 2
Light - 2
Chemical theory 2
Terminology 2
Manipulation of apparatus 2
Mechanisms 2
Sound 2
Astronomical instruments 1
Elements 1
Disgrams 1l
Elactricity 1
Boyle's lgw 1
Geologic periods 1
Geography 1
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Aggendix J

Uninteresting Matters in the Phvsical Sciences for 83 Female Adults

Topie Frequency of
Mention

Mathemstical elements 23
Physics 1z
Astronomy

Chemistry

Machines

Rock formations

Nemory work

Geology

Pure science

Air pressure

Water pressure

Boyle's law

Weather

Graphs and charts
Periodic system
Specific heat

Energy

Motors

Experiments

Geography

Tests for obvious facts

P bt el et et b fed gt b fed et R fd bl DO DO OO OA OF
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Appendix K

Letter of Inquiry Concerning Courses of Study and Instructors

University of Cincinnati
College of Bduoation

, N November 15, 1928

. Dear Sir:

Will you kindly furnish the following iriformation through the member of
your department best qualified to give it?

I. The names and addresses of six or more outstanding instruectors of

the physical sciences in high schools, normal schools, teachers colleges
~and universities of your state. Under "physical sciences®, please consider:
physics, chemistry, astronomy, meteorology, mineralogy, geology, and
~geography. It is requested that at least half of the instructors be named

from high schoolse

Name of Instructor Rame of School Address

i v
2
B
4,
5.
B
~ 1I1s Information concerning printed or mimeographed courses of study in any of
' ;the sciences mentioned above which may have been developed in your section by

- the state department of education, city schools, etecs The writer wishes to

.secure copies of these.

Name of Science Author of Course of Study TWhere to Get It

e
2
Se
4.
 Be

The information sought in this letter is to be used in an approved research for
the doctorate at the University of Cincinnati. The tentative title of the
‘research is, “An Investigation of the Possibilities of a General Course in

the Physical Sciences for the Non-Specialiged Learner”,

Your cooperation end a prompt reply will be most sincerely appreciated.
Thenking you, I anm
Very truly yours,
Paul R. Morrow
Acting Instructor, College of Education

~ Name and official position of the person who furnished the information requested:
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Appendix L

Letter of Request for a Statement of Aims

University of Cincinnati
College of Education
December 1, 1928

“Dear 8ir:

You have been named by the educational authorities of your state as one among
the instructors in the physical sciences unusually qualified to cooperate in
a research in your field. This will require but little of your time and energy.

First, will you indieate briefly below what you consider to be the principel
. general aims in the teaching of physical science to high school students?

'“*Sooond, will you name several specific aims (objectives) for the teaching of
physical soience to high sehcol pupils?

Under Bphysical science™, the following are inecluded: physics, chemistry,
geology, astronomy, geography, mineralogy and meteorology.

This request is heing sent to one hundred of the most competent instructors in
' the physiesl sciences in American colleges and high schodse The information
~ sought is to be used in a research for the doctorate at the University of
Cincinnati. The tentative title of the research is, "An Investigation of the

‘Possibilities of a General Course in the Physical Sciences for the None
Specialized Learner”s Your kind cooperation will be most sincerely appreciated.

' Thanking you, I am
S Very truly yours,

Paul Re. Morrow
Acting Instructor, College of Education
General Aims \

"Examples: (1) To develop appreciation of and interests in the physieal
 environment:; (2) To acquire an understanding of every-day scientific
~ happenings; (3) To develop the ability to think scientifically.

e
2.
3
4.
5o
6.
7o
Specific Aims (Objectives)

« Examples: {1) To understand and use the common air pressure devices and
machines; (2) To develop the ability to understand and control the chemical
~ ohanges which produce light and heat, especially oxidation; (3) To develop
. the ability to understand and care for a storage battery.
1. '
i
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" ﬁé.me and official position of the person who furnished the data above:
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Agpendix M

 iist'of Colleges and Universities Whose Instructors in the Physical Sciences

Furnished Statements of the General Aims of Science in the High

1. University of Alebama

2. University of Kansas

3. University of Maine

4, TUniversity of Minnesota

5. University of New Hampshire

6+ University of Wyoming

7. George Peabody College for Teachers
8. Harris Teachers College

9. Michigan State Normal College

10. Rhode Island College of Education
11, State Normal School, Trenton, New Jersey
12+ Western Kentucky Teachers College

13. Sacramento Junior College, Sacramento, California
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AEDend ix W

. High Sehools Which Furnished Stetements of the General Aims of Physioal

le

2.

Se

4.

5

6.

Te

8e

Seience

Sacramento High School, Sacramento, California

Fort Collins High School, Fort Collins, Colorade
Technical High School, Atlanta, Georgia

High School, Garnett, Kansasl

Broadway High School, Seattle, Washington
Huntington High School, Huntington, ?I’est Virginia
Roosevelt Junior High School, Fond du lae, Wisconsin

John Marshell High School, Richmond, Virginia *
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Appendix O

;  List éf Higher Institutions Whose Ipstructors in Science Education Furnished

Statements of the General Aims of Science for the Hish Sehool

1., University of Michigan

2. West Virginia University

3. Indiana State Normal School, Terre Haute, Indisna
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