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INTRODUC TION

In June, 1871, Thomas"Huxley began a six weeks' course
in general biology for teachers.‘.A rough laboratory was set
up on the ground floor of the South Kensington Museum. He
was assisted by llichael Foster, E. R, Lankester, and 7, G.
Rutherford, Teachers and students were equally excited in
teking part in this new experiment, Huxley at once carried
the new system into his regular course at the School of Mines
(which had been moved to South Kensington) beginning in
October, 1872, and thence the laboratory method spread throughout
the English - speaking world,t

Some things have to be taken without questioning too much,
but we are becoming more and more of the questioning mind,
Mark Twain said, "You just need ignorance and confidence in
ordér to make a success,"” "If we had no faith in ignorance,
ﬁhink how much fewer the 0il-wells approved by the most expert
geologists; and how much fewer many other things besides,”
- "Most of the natural sciences that attempt to treat on ultimate

Causes go awry."z When we speak of a straight line we mesn a

eircle, and vice versa,

] o

=w~@f»4 lHouston Peterson Hﬁxl Proghet of Science, (New York:
Gngmans, Green and- Co,, 1932) PP, 187 188

s 2J. A. M Rlchey, Weience With a Sensm Of Humor g
'Gathollc World Vol,131, (September, 1950), pp, 685ﬂ8
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In his "Origin of Species”, Darwin pointed out that the

most 1mportant element in the orlgln of Species was the innate

’

tendency to vary.

Aristotle believed that if two balls equal in size but
differing in weight were dropped from the same height at the
same time, the heavier wduid fall more rapidl& than the lighter
one.4 This conception was only a guess, but was held as a
truth for years, About 300 years ago the greatest idea of all
ages took definite form, It wes the idea of science - knowledge
produced by experimentation,

Galileo was one of the first 'standsrd-bearers of the ﬁew
idea, He tested this long._standing belief by dropping two
balls of the same size but of unequal weights from the same
height at the same time and found that Aristotle and all who
believed with him for two thousand years were wrong,

A new group -- scientists -- was born into that world, Then
began the struggle which is still going on between beliefs and
knowledge,

A A-scientist in his proper role can have a two-compartment
mind, In one he is-entitlaq to beliefs pertaining to the

sp;;iﬁual wqud, if they bfighten his outlook upon life; in the -

other compartment there should be tested and testable facts,

5 :
E c Jeffrey, "Some leltatlons of the Experimental
Method in Blology, Science, (January 10, 1930), p. 32.

B 4D M, Luckweish, "Science as the Source of Ideas,"
1entif10 Monthlg 29: (September 1929), pp. 236-242,
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There is no doorway between these ﬁwo'compartments and, there-

fore, thefe can be no intermingling.

Only genius can extend thé bordérs of scientific knowlédge,
but the humblest man can be taught the spirit, He can learn
to distinguish between opinion and knowledge,

Science means a betﬁer and more exact kﬁowledge of the
world, Mankind is no longer at the mercy of nature, Nature
is now a servant, not a master, mhe"age of non-science is
past, educationalists are coming to realize that educational
method ﬁust be placed upon a firmer basis than speculation,
Experimental method is the pathway to ideals in eduoationai
metho<fi..~5

Shrinkage of time and space occurs as man's knowledge
expands, At no previous time has this'been so0 marked as at
the ﬁresent time in the progress of science.6

Air transportation brings continents closer together,
unmindful of the new problems that it leaves in its air-stieam.

Deadly microbes and dread diseases may ride on ships of air

as well as passengers, mails, and freight,

5wm D, Tait, "Science and Education,"” Science,
(August '1929), pp. 132-136, -

6“Science is Influencing Civilization," Worlds Work,
Vol 68, (Decemher 1929) pp., 35-36,
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Leisure that preserves the incentive to greater dis-

covefieé of science's secrets will speed:the world's ?rbgress.
Civilizations rise and fall under the influence of human
personality, In conquest of disease, medicine has now entered
upon a successful attack upon bodily disorders that owe their
origin not to an invading army, but to malfunction of the

body itself, Life is shown to be largely what we make it,

During the present century, there have been a number of
important developments in 'biology:7 the discipline of heredity,
of development, and ecology, to mention only three, have grown
from very modest beginnings into frue sciences, But the
various substances have interlocked, and perhaps the most im-
portant single result of the last thirty years! work has been
to ugify‘the whole science of biology, which, at the beginning,
was sadly disunited,

The biologist is primarily interested in the forces of
orgenic matter, Manifesting these forces sre the multitudinous
formé of plants and animals, These are the biologist's instru-
ments, for they alone exhibit the phenomena which are the center
oﬁ.his interest, It is the. initiation, correlation, and
‘suocession of these changes manifested by his instruments which

he is endeavoring to understand, ~

"Julian Buxley, "Recent Trends in Biology," New Republic
67: (May 20, 1931), Pp. 11-13,




The question of'just’what the equipmént of a laboratory

éhouid be to te-ch such an interesting and important suﬁjecb
often occurred to the Writef during the twelve years' experi-
ence teaching biology in a portable building with a meagre
amount of equipment, but with an abundaﬁce_of natural material
in the vicinity of the school, Animals fiom the protozoa to
the verfebrates inclugive, and plants from the spirogyra to
the dicotyledons were studied, During December, January, éﬁd
Februaﬁy, Wheﬁ the thermometer dropved to the freezing point,
and we could not have any aguaria! or outside projects, we.
studied physiology; or the biology of the human body; and
worked fhe types of experiments, that required preserved
materials or those upon which the weather had little effect,

- The many angles of the problem concerned in presenting
the subject matter in as concrete and as systematic-a manner
. as possible for the advantageous learning of it by students of
the early high-school grades seemed of momentous value and of
a highly interesting nature,

The phases of the subject seemed to.me to have a wide
application, especially in their relationship to the fields of
'human endeavor,

Equipment that will help to attain a satisfactory

realization of these principles of living is necessary,.
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There .are s0 many interesting’ana available phenomena

among living things in any oommunity_tha% it would‘be‘dbing,an
injustice to the students not to give them an opportunity to
know about them and if possible see them even under the
natural cbnditions of their habitats, This is just one sangle
of laboratory work, |

Chemical and anatomical work present problems in reactions
which are very important even thoughhall the details cannot be
seen, Because of the slowness of some of these reactions and
the complexity of the equipment necessary in some cases, the
experiments(are often omitted,

The impressions which students receive from laboratory
work in biology are of lasting imporbance if they are produced
through the proper kind of work, fThere are many practical
applidations of the principles learned and these may be rightly
pursued to enhance the students' interest,

Just to what extent the assortment of the equipment for
each,of the different phases in the biological study is neces-
sary and how it is represented in the different school Systems

of the state and the housing of the biological laboratory is

‘the problem from which this study is made,

Data for this discussion are based upon twelve years'
experience as a biology teacher, visiting science departments

in both large and small high schools, a large amount of resding,




and upon the replies }eceived to the foliowing questibnnairq

which was sent to the biology teachers throughout the state,

A word of explanation seems fitting at this point, This
questionnaire was prepared with the idea of putting into brief
form a comprehensive surﬁey of the materials required for the
everyday practices in the laboratory. Thoée factors which
would facilitate the putting across éf the subject matter
under reasonably good conditions are the voints emphasized,
The questionnaire is based upon the minimum eqnipmeht in the

State Course of Study.8

Chairman State: Oourse of Study, State
" for Secondary Schools, . (Indianapolis:
ent ot Puﬁilc Insfrucflon 1925) rr. 132-133,

x1ii
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Laboratory Equipmenﬁ for Biology
" Individusl Sets for ( ) Students

Fill in quantity needed. - If item fs hot needed, leave blank.

Alcohol lamps, 4o0z.
Battery Jar, 5x7.
Bottles, wide mouth.
Beaker 250cec.
Dissect.
Dissect. sets,

6 pieces in each case.

) Evaporating dish.
) Flask, 250cc.

Aquarium.

Bell jar, 1 gal.
Bladders, for Osmosis.
Bone forceps, small.
Bone forceps, large.
Genco Trip secale,
agate bearings.
Corks, assorted 0-11.
Cork borers.
Coordinate paper.
Cover glasses.
Flasks, 500cc.

Flower pots, 4 in.

Nt Vst S it St Not®

Funnels, glass, 65mm.
Funnels, glass, 150mm.
Filter paper.

Glass tubing,

10 to 15mm. assorted.
Glass tubing,

4 to "Tmm. assorted.

Insect pins, No. o.
Insect pins, No. 3.

[WSVASY =t — LS 2 Y T S ST Wy S e s

) Litmus paper, blue.

Acetic, glacial.
Hydrochloric, com.
Nitric, com.
Sulphuric, com.
Ammonium Hydrate, com.

pan, waxed bottom.

Flower pot saucers, 4 in.

Graduate, cylindrical cc.
Graduate, cylindrical 250cc.
Insect net, collapsible.

Insect spreading bvosrds,
12x4x7/8 in.(Home made).

Quantity '
: ) Glass plates, 100mm. x' 10Cmm.
Magnifier, tripod.
Pneumatic trough.
Ring stand.
Rubber stopper, 2 hole, No. 3.
Thistle tube, 30cm. stem.
Wateh glasses, 3 in.
Wire gauze, 5 in. sq.

S~ S~ A o~ or— S~ o—
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General

) Litmus paper, read.
) Medicine droppers.
) Microtome, hand.
) Microscope, 1 for each

( ) students.
) Platinum in glass handle.
) Riker mounts, 4x5 in.
) Rubber stoppers, 2 hole, No. 9.
) Rubber stoppers, 2 hole, No. 6.
) Rubber stoppers, 1 hole, No. 1.
g Rubber tubing, 3/16 in.
)
)
)
)

Rubber dam.
Rubber balloons.

Section razor.,

Snellen's Eye test Chart.
Slides for microscope,
blank, 3x1 in.

) Test tubes, 4x1/2.

) Test tubes, 6x3/4.

) Test tube racks.

) Test tube brushes.

cork tipped.

) Thermometers - 10 to 100 C.
)

)

)

)

and 10 to 220 F.

Tray, photographic, 5x8.
Tripos, 6 in.

Water bath, copper,
‘"Weights with holder,
10 to 5C0 gr.

6 in.

— o~ o~ — — — o —

Chemi cals

Iodine Sol. in Potassium Iodide.
Iron Chloride.

Lime water.

Lysol.

Magnesium Sulphate.

)

)
4§'Acid

k

| Benedict's Solution, qual.

Caleium Phos. (acid Phos).
-Qaleium Phos. (monobasic).
Calecium Sulphate.

S o~ — o~ o— —~, — S~ o~

N Vs Nt apast? Nevstt? Ot Vsl st Nt

Glucose (Dextrose) gran.

- Manganese Dioxide.

Malachite Green.
Methyl Blue.




Qanade Balsam, for slides.
‘Carbolic Acid, loose cryst.
Charcoal, wood, lumps.
Corrosive Sub. tablets.
Eosin, yellowish,

water solubdle.

Ether. . v
Fehling's Solution A.
Fehling's Solution B.

By S, AT, ar, oA Sy S, oy, ot SR iy, SUON, SRR S, Sy, T, ..
< N

— o~ T~ — — — — — — — —— p— T — — — gt— O

Paraffin, medium.
Potassium Bichromate,
Potassium Chlorate,
Potassium Nitrate,
Pepsin, powder.
Pancreatin.

Sodium Carbonate,
Zinc Metal, mossy.
Zinc Chloride, pure.

cryst.
cryst.
gran.

cryst.

et S N e e S s v Nt Nt Nl Vet bl il bt bl ettt et et

Biological Laboratory

Check and fill as point may indicate.
I. Room
A, Use.
1. For Recitation. (
a. Size. ( )e
2. For Lecture. (
8. SiZE. ( )o
3. For Rec. and Lec.
a. Size.
4. For Laboratory. (
a. Size. ( ) e
For Lab. and Rec.
8. Sizeo ( )o
B. Location

).
).
(
5.

(D

1. ( ) Basement; ( ) 1st.
floor; ( ) 2nd floor;
( ) 3rd floor.

2. Facing ( ) North: ( ) .
Bast; )} South; ( )
West.

C. Heating.

l. Systenm.

a. Steam. | )

—
S @

b. Plenum. (
c. Hot Airi (
Ventilation.
1. Direet. (
2. Indirect. (
E. Lighting.
' 1. Windows.
a. Number. ( )e
b. Size. ( )e
' Electric wiring.

1. No. of outlets
. G&S-

D.
)e
)e

).

-1l. No, of connections.

H. Water.

1. Running. ( o
a. From well. ( )s
b. From city supply.

II. Live Room. )

A. Location.
)
)

( ).

B. Size. (
C. Lighting,
D. Plumbing.
Dark Room.
A. Location. { ).
B. Size. ( ).
C. Plumbing. ( ).
IV. Projection.
A. Moving pict. proj.
B. Lantern projection.
C. Opaque projection. |
Tables.
A. Number. ( )e
B. Size. ( ). ,
C. Equipment. ( ). |
VI. Museum. .
Ac Locationo ( )o {
B. Size. ( )e
C. No. of Specimens.
VII. Aquaria.
A. Kind. | ).
B. Size. ( )o \
€. Balanced. | ). |
I

(
) o
{
(

IIT.

K
(

® e ®

V.

(

VIII. Year Biol. is offered. (
IX. No. of Biol. teachers. |
X. Text used. ( ).

XI. Work Book.
A. Prepared ( ): Loose Leafl(

* [ ]

—




FXIII. Periods per week. (

XIV. Enrollment.
XV. Rield work.
XVI. Drawing. (-

(

)e

).

XII. No. of pupils per teacher (

).

XVi

).

XVIiI. Method
1. Demonstration.
2. Individual.
3. Demonstration and
Individual.
4. Project.




e Judiana State Toachers @ollege e e e

Board - ‘ Officers of the Haculty .

CYRIL C. CONNELLY - - CONTROLLER
ROBERT K. DEVRICKS « - REGISTRAR

TREASURER

- TERRE HAUTE, INDIANA

September 25, 1931

High School

Dear

In carrying on the work for the Master's degree this
College, in line with practically all other colleges,
requires the preparation of a ‘thesis. In some instances
the most useful method of collecting is through the
questionnaire plan.

One of our students, Mrs. Ida M. Post, is now engaged
in preparing her thesis on the topic "The Equipment of
the Biological Laboratory in the Secondary School." In
order to secure data, Mrs. Post is sending out a check-
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favor if you will check the various points ass time will
permit and return the list to the writer of the thesis
by November 1.
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E. E. Ramsey
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CHAPTER I

THE IMPORTANCE OF A BIOLOGICAL LABORATORY
AND TRENDS IN SPACE PROVISIQN

Through wisely chosen laboratory exercises and efficient
laboratory'administration, science teaching accomplishes its
notable part in school instruction, wWithout its experimental
aspects scienoe teaching when attempted is largely shorn of
its distinctive features and educétional possibilities.l
Through laboratory exercises there can be developed, and di-
rected, a desire on the part of the pupil to learn., ZExercises
should beget in pupils a teachableness fundamental to the
learning process and therefore provide a way for rapid ac-
quisition of knowledge, Science studies without laboratory
exercises are scarcely worth the name, Laboratory exercises
are ndt only a means for first-hand information, concerning

facts which are fundamental in the discussion of topics, but

in addition they should be 'thought-provoking, The facts in

themselves are not enough, There must be apparent to pupils

certain rélationships between these facts as they note the

results of the experiments being performed, There must be

lH; Brownell, and F, B, Wade, The Teaching of Science
and The Science Teacher, (New York: -The Cenbury Co.,, 1925),
PP- 3"6{. .
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such a continuity in_these relafionships>as shall constitute
a Wéil—defined thought process, natural:and progressivé, even |
when an introductory course in the secondary school,

Facts learned through wisely chosen laboratory exer-
cises ha#e with beginnersAin science a value in mental
processes not possible for information gained from formal
statements of text and reference books, “The former type of
work exceeds in worth the latter in that it is better

comprehended and related, and it is more likely to be re-

'membered, When enough of these laboratory exercises have

been performed, pupils are mentaily equipped for the more
rapid interpretation and assimilation of facts as summed up

in books wherein the experiences of others are set forth,
The‘attention of pupils having been centered upon a topic, and

their interest aroused by laboratory contact with certain of

~its phases, it may be confidently expected that to some degree

at least there has been developed a desire for further knowledge
concerning the topic, In the teaching process this becomes the
time to turn to text and reference books for further infor-

mgtion which has been gained through the experience of others,

Practical applications and natural relationships to previously

acquired knowledge, together with any historical setting, may .
now come under consideration, txperiments of whatever grade of
diffiCulty are the best means both in the laboratory and in the

classroom of "arresting attention", "stimulating interest”,

-and "arousing a desire to know",
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It 1s unneeessary to empha31ze the enormously 1mportant
part which biological science has in human life, Stock bretd-
ing, heredity, environment, human diseases and their biological
causes are a few of the gpplications of.biological science,

The maintenance of the health of the community, the care
of the water supply, the prevention of disease, much of which
is now known to be due to the acbtion of narasitic microbes often
transported and spresd by other living organisms)and the cure
of disease by modern devel opments of medicine - these belong
to the applicetions of biological science,

When we compare the superstition of the seventbeenth
century concerning the cause of diseese with the vnresent known
facts concerning the same problem, we cen see biology as one

of the greatest factors in the advance of civilization.

When we contemplate such facts that should be knowm %o
every one, when we see to what extent the results of biological
Science are woven through the whole complicated fabric of
modern civilization, but when we contemplate further the great

amount of money devoted to the training of our future citizens,

it must strike us as an exfraordinary_fact that biological

science enters hardly at all into the training of the average
citizen, ' ' '
With the steadily increasing high school enrollment of

the past twenty years has come an increasing demand for more

~and better buildings, Changes in organiZation and curricula



have necessitated many changes in Building plans, The trend
indicates a growing ﬁreference of the science work of a mor?
géneralized nature rather than an intensive study of sevnarate
though highly specialized subjects,

According to the study made by Prof, 4, L, Spohn, '"Trends

g biology showed an increase in number of

in Space Provision",
rooms while chemistry and physics showed decreases from 1917

to 1927,
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CHAPTER II

INDIVIDUAL EQUIPMENT

"WThat we most need is a crop of science teachers with
a large fund of constructive imagination, who have been trained
by college and university professors who bow somewhat less
reverently before the shrine of research and realize rather
that the kingdom of heaven can be found in the lives of grow-
ing boys and girls."l |

"The good teacher, too, will not be above employinz many
little tricks and devices to arouse interest, keep atteﬁtion,

and encourage application."2

"Education in science today does not depend solely upon a
few book facts, it is breaking away from academic ideals and
developing in the direction of practicability in the knowing
how to live and enjoy life."5

The increased population and the keen competition of

making a living places increased emphasis upon individual

'thinking;

lJ; E, Peabody, "Biology in Secondary Schools," Proceedings
of the National Education Association, (1914), p. 748,

W, P. Ganong, The Teaching Botanist, (New York:.
Macmillan Co,, 1899), p, 62,

. 5R. P, Halleck, In Proceedings of the National Education
Association, (1907), p. 523,
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Good.work in biology has been done with few facilities,

but ﬁndér great difficulties, . The ideal laboratory ﬁrdvides
an opportunity for-the development of individual thinking,

The student should be.independent as far as possible of the
'feacher'é aid in securing - materials and in doing work, He
should be able to work his own probléms without being hindered
or helped by his teacher or classmates,

He must be free from the limitations of any specific
science, free to use materials as he needs to good advantage.
-The average laboratory is very poofly provided with

sufficient individual equipment aﬁd most of the work has to
be done at the teacher's desk or demonstration table.
"Laboratory work presupposes student participation in
that work, In'practically no case should more than two
students work toggther, In by far the greater part of the
laboratory exercises, indivi&ual work should be required,
Stu@en?‘participation in laboratory work presupposes several
things, Among these are the following: (&) In the biological
sciences in particular where materials sre necessary, aésign-
ments_qf duties neéd be mgde definitely. This means "keeping

~one star ahead" on the part of the teacher; (b) It means thet

T -

every science pupil must own a definite group of supplies,
Pencil, drawing pencil, pen and ink, ruler, notebook, carefully
prepared iaboratory outline, permanent note book back with

, fi%lerg‘, ihgge are just as much a part of the pupil's equipment

3




as the text book, In:some of the sciences, the text may be -

dispensed with more readily than the pupils equipment can,
(d) It means that the laboratory is so organized that every
one is engaged at once on entering the laboratory, ‘The first

five letters of the word laboratory are the cue, (e) This

means that the teacher has anticipated the lesson and has
‘laboratory directions as well as lagboratory supplies ready,
(f) This means thet the school must furnish an adequate supply
of essential laboratory materials, if the science program is
to succeed, (g) The teacher must see that all can read labora-
tory directions, (h) It means that the teacher should be watch-
.ful affer a proper understanding is so obtained by the class,
but that, above all things else, he should keep out of the way
of the class, (i) The teacher should watch "how" results are
obtained as well as to watch "what" results are obtained, ‘hen
the "how" is considered fairly large errors may be preferable
to very accurate results obtained by poor or vieious methods,
Honesty is above par in science, (k) The teacher should see
that results are carefully interpreted and Jjust as carefully
stated, Here the science teacher can 4o his bitlin English,
(1) The teacher should see that the experiment - its meterials,
manipulations, results, and interpretations - is faithfully
putfin permament form, (m) The teacher in a quiz should see
that the experiment and its results are related (1) to the

_‘text matter or (2) %0 the outside World The latter makes
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science practical; the former should train inductively in the

unde}standing of the principles underlying scienc.e."4

5
The following houses furnish laboratory supplies:

Central Scientific Co,, Chicago, Illinois,

W, I, Welch Mfg. ‘oo:', Chicago, Illinois,
Chicago Apparetus Co,, Chicago, Illinois,
Sharr and Co., ~ Chicago, Illinois,

L. E, Knott, Boston, llass,

.E. W. Kiger and Co,, Indiananolis, Indiana,

E, L, McCabe and Son, ' Terre Haute, Indiana.'

Iﬁdividual sets for the biological laboratory of the
secondary schools of Indiana include alcohol lamps (if gas is
used, Bﬁnsen burners) battery jar, wide mouthed bottles,
beakers 250ccm, dissecting sets of six pieces, dissecting pen,
evaporating dish, 250cem flask, glass tubing, magnifiers, ring
stand, two-hole rubber stopper, thistle tube, Z0cm watch glass,
wire guaze, five inches square,

The tables in this study have all been formulated from

‘data given in the replies to a questionnaire sent to the

biology teachers of Indiana,

State Department of

"B, E. Ramsey, Chairman of Course of Study, State Course
of Study for Secondary Schools, (Indianapolis, Indiana:
Public Instruction, 1923), pp., 128-180,

v 5Ibid., P, 172,
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~Table I shows the distribution of individual equipment
in the high schools ranging frbm 58 to 150 enrollment, '
Eleven of the schools had no equipment, classes ranging
from ten to thirty-ﬁine.
Six of the schools had from five to nine sets Tor
classes ranging from fifteen to twenty-nine,
Len of ‘the schools had from ten to fourteen sets for
classes ranging from fifteén to thirty-nine,
Seven of the schools had from fifteen to nineteen sets
for classes ranging from ten to thirty-nine,
Pive of the schools had from twenty to twenty-four sets
for classes ranging from fifteen to nineteen,
One school had twenty-five %o twenty-nine sets
classes ranging from fifteen to nineteen,
Two schools had thirty to thirty-four sets for clasces

ranging from twenty-five to twenty-nine,

Three schools had'thirty—five to thirty-nine sebts for

classes ranging from twenty to thirty-four,




TABLE I

-

SETS OF INDIVIDUAL EQUIPHENT IFOR A HIOLOGICAL LABORATORY
IN 3CHOOLS ZNROLLING FROII 58 10 150 STUDENYS

Number of To supply the following number of students
sebs supplied —1
by schools [0-14]15-19 |20-24]25-29 |30-54] ©5-09]40-44

0 2 5 2 1 1

For ‘the schools ranging in enrollment from 151 %o 200, as
given in Teble II, the tabulation shows that six schools had no

equipment for classes ranging from twenty-five to forty-Lfour,

4 Te et e Tl oo

One school had from one to four sets of equipment for
classes ranging from twenty-five to twenty-nine.
Four schools had from five to nine sets for classes ranging

from fifteen to nineteen,

U] PR AR 0 T, SO0 P s ke i T

. .Seven schools had from ten to fourteen sets for classes

rapgipg_from‘fifteen to thirty-nine,




,

Tfwo schools had fifteen to nineteen sebts for classes

ranging from twenty-five to twenty-nine,
One school had twenty to twenbty-four sets for classes

ranging from twenty to twenty-four,

TABLE 1II

SETS OF INDIVlDUAL EQUIPHMENT FOR A BIOLOGICAL LABORATORY
IN SCHOOLS INROLLING FROM 151 70 200 STUDENTS

Number of Mo supply the following number of students
- sets supplied Totals
by school 10-14{15-19|20-24|25-59 |50-34]|355-59] 40-44

0 ' 4 1
1-4 |
5-9
10-14
15-19
20-24
2529
50-34
35-39
40-44

Totals

R I PR o T SR T

For the schools ranglng in enrollment from 301 to 500
students .as glven in Table III, the tabulation shows that th:ee
schools had ten to . fourteen*sets of 1nd1v1dual equipment for

“classes ranging from twenﬁy to thlrty-nlne
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Two-6f the schools had from fifteen to nineteen sets

for'claéses ranging from fifteen to thirty-nine, !
?wo of +the schools had from twenty to twenty-four sets
for classes ranging from twenty to twenty-nine,
Three of the schools had from twenty-five to twenty-
nine sets for classes ranging from twenty-five to twenty-nine,
Two of the schools had from thirty to thirty-four sets

for classes ranging from twenty to thirty-nine,

TABLE TIII

SETS OF INDIVIDUAL EQUIPMENT FOR A BIOLOGICAL LABORATORY
IN SCHOOLS ENROLLING FROM 301 T0 500 STUDENTS

W ——
Number of [To supply the following number of students
sets supplied ' Totals
by school 10-14 [15-19 |20~-24 |25-29|30-34|355-39|40-44

0
1-4
5-9

10-14

15-19

20-24

25-29

30-34

55-39

40-44




’

For schools renging in enrollment from 501 to 1719, as
giveﬁ in Teble IV, the tabulation shows that five schools had
no individual equipment for classes ranging from twenty to

thirty-four.
| Seven of the schools had ten to fourteen sets of indi-
vidual equipment for classes ranging from fifteen to forty-
four,
Two of the schools had fifteen to nineteen sets for
classes ranging from twenty-five to thirty-four,

‘Two of the schools had twenty to twenty-four sets for
classes ranging from twenty to twenty-four,

Oﬁe school had twenty-five to twenty-nine sets for
classes ranging from twenty—fi?e to twenty-nine,.

'Five of the schools had thirty to thirty-four sets for

classes ranging from fifteen to twenty-nine,

Three of the schools had thirty-five to thirty-nine sets

for classes ranging from twenty-five to twenty-nine,
Summary:

The individual equipment varied from none to a set for
each student, This does not comply with the State-Course of
Study which suggests as aAminimum list & set for each four
students if at four-student tebles or a set for each two
studeﬁts‘if-at\two-student tables, Eleven of the 105 replies
‘reported thaf'their biological laboratories had no individual

equipment,




]
,5

TABLE IV

15

'

SETS OF INDIVIDUAL EQUIPMENT FOR A BIOLOGICAL LABORAYORY

IN SCHOOLS ENROLLING FROLI 501 10 1736 STUDENTS

W——

Number of oo supply the following number of students
sets supplied Totals
by school 10-14115-19 [20-24 |25-29 |30-54 [35~59[40~44
0 1 2 2 5
1-4 |
5-9
10-~-14 1 2 2 1 1 7
15-19 1l 1 2
20-24 2 2
25-29 1 1
36-‘-34 1 1 3 5
35-39 3 5]
40-44 2 2
Totals . 2 6 | 12 4 27
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- _ CHAPTER III

GENERAL EQUIPIENT FOR A BIOLOGICAL
LABORATORY

"Costly thy habit as thy purse éan buy" may at times
express the thought of a'taxpayer‘as he inspects modern'
laboratories and their equipment in some of the larger
secondary schools, and again when he audits bills for
laboratory supplies and upkeep. In marked contrast to thig,
however, the equipment and supplies of the smaller high
schools oftentimes will be Ffound wretchedlf inadequate for
the-ﬁeaching undertasken, In the smeller hich schools where
one teacher has, it may be, all the science subjccts, the
teaching problems are entirely different from those of soecial
teachers in large high schools, Nevertheless, economy rather
than waste applies equally well to all science teachers, and
is as appllcable to their tlme and eneer as it is to expendi-
ture for spparatus and supplles nl |

The prepared equipment of a general nature for biological

use is the most important kind because of the fact that 01ology

H, Brownell, and F. B, Wade, The Teaching of Science and
The Science Teacher, (New York: The Century Co,, 1925},

‘PP- 25-36,

16
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is such a_ broad subject and requires ?he'use of the equipment

in diverse experiments, ,
The nature of the experiments is not limited to any one
é ’Rphase of the subject and for that reason cells for a larger
| equipmenﬁ Than some specialized subject, |

In the writer's experience, the general equipment does
not need to be of a very elaborate nature, but of a very
practical nature, Some of the equipﬁent can be used only for
'a few specific purposes, while other items can be used Ffor a

number of experiments,

If finances are much limited, it is necessary in many

cases to make a portion of one's own equipment,
4 Ready-made equipmsnt usually works better and requires

t less of the instructor's and student's time in assembpling for

the experiment, Since the eguipment is not the thing we are

interested in, but the results of the experiment, our interest
is more or less confined to the equipment that is thoroughly
: .usable,

From the writer's expericnce, better results are obtained

if home-made equipment supplements rather than is used as a

substitute for ready-made equipment,

ET O

If the teacher desires to have experiments, when an .
insufficient amount of equipment is furnished, he has to furnish
the material himself or get the students to furnish it,

Nature supplies abundant material for project work in

‘biology if the instructor is a good director,

TTATE O DI M L PRTR I A, T
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The State Department of Public Instruction has a list

of subplies or generai equipment for‘theubiological lébbra—’
tories of the secondary schools of Indiana.2
The tabulation in Table V gives a list of the general
laboratory equipment and the number of schools supplied,
Seventeen of the 105 repiies reported their schools having
no aquaria, fifteen schools had no microscopes, Thirty-one

did not have any glass tubing and twenty-three did not have

# any litmus paper,

i QABLE . V

GENERAL LABORATORY EQUIPMENT FOR A BIOLOGICAL LABORATORY
- IN SCHOOLS ENROLLING FROM 88 T0 1736 STUDENTS

Kind of Equipment No, of Schools
e Supplied With
e o - U cececeane 88
Bell jar, 1 g8llon,...eeveeuoens cecresncnns cecee 71
Bladders, for osmosis........... e eecaeseaes oo 61l -
, Bone forceps, small.............. e receeteneans . 46
. Bone forceps, large.......ccee.. Checerctatenenas 4z
] Trip scales, agate bearings.,..veveeeeeeen Ve eeeas 66
1 Corks, assorted O-1l1.........00eveeceeen. ceeesea 71
i E O o O e ol o= 52
2 Co0rdinate PAPeT . eeeetereinecseccnooccscocoossse 42
X COVET BlaSSEE,  ueueuioneenasoasceasansessoscsnse 67
¥ Flasks, BO00CC...uveeuieeeeoencaococoancnonaonnns 58
B Flower pots, 4 Inches...covverieerereeenccoconens 71
i Plower pot saucers, 4 inches.......ceveeueenncss 71
% Funnels’ glasst lsommooc.o-oocooo.-o.o.ooooo.oo. 60
g Funnels, glass, 60, .uciveeeececcacscocococnnnss 62
i '

L9 ZE._E. Ramsey, Chairman of Course of Study, State Course
$+  of 'Study for Secondary Schools, (Indianapolis: State

Department of Putlic Instruction, 1923), pp. 132-133,




CABLE V (CONTINUZD)

BT DAY . it ereeneeooenoasosossasscensns
Glass tubing, 10 to 15mm, assorted.....ceeeeo.s
Glass tubing, 4 to 7 mm, 2ss0Tb€A. v0 e nen.
Graduate, cylindrical, 500CC. sveeeeeeeesconsons
Graduate, cylindrical, 250CC..eeeeecsoecenoeos.

Insect net, CoLlapsible, . v.eeeeeeeecoeossoncens
Insect pins, No, O 80d N0, Bue'reveeconnconoeens
Insect spreading boards, 12x4x7/8 inches
(hOmMe-Made) . yseesseveeeencnnes
Litmus Paper, bBlle...ueeeeeeeeoeesenconcocncens
Litmus paper, Ted,..ieeeesesecocneeoosansnonsss

MeA1CINe QL 0P PE S, .t veeneeeeoeoosececocnenssees
Microtome, Namll.....eeeeeeaceooceoocccconoseness
Microscopeooooooooaw.oooc.c-o.co-,ooooooooooota
Platinum wire in glass NanGle....ueeeeeeeeneons
Riker mounts, 4xX5 INCHES, . u.iueeeoovocceeeonones

Rubber stoppers, 2 hole, NO, 9iveeeevensonnnoees
Rubber stoppers, 2 Nole, 0, Buueeewerennnnnnns
Rubber tubing, 5/16 INChES. . eevereenrnnennnnes.
RO DEY Q8. 4t teneeoeseeconceceeoanoncoononnses
Rubber stoppers,.l hole, Mo, l,...veveeuennnsn.

RUDbEr Dall00mS .y ateneeereneeneenocenannnononns
SeC 0N PaZ0T, i ieerienernernnsnenncnnsass
Snellen's Eye Test Chart, . veeeeeeeeeennnn.
Slides for microscope, blank, 5xl inches.......
TeSt t'llbes, 4YJ-/20oooooo.oo.oooooo.oooooooo-cao

M Testtubes’ 6X5/4:00".0.........0...‘0........0.
Tes‘t tube ra-CkS.coo0.0..0.0000'00..000...0.-00-

- Test tube brushes, cork tipped..eeeeeeeeesnn...
Thermometers -~ 10 to 100 C, and 10 to 220 7

Tray, photographie, OXB et eirnennnnnnnas

TriPOd’ 6inOhes.....‘......I‘..0...00.....‘...-
Water bath, copper, 6 inches,.. .
Weights with holder, 10 to 500 <
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CHAPTER IV

CHEMICALS FOR A BIOLOGICAL LABORATORY

The type of work which is necessary for the various
phases and different angles of the sgbject requires the use
of a number of reagents and steins, Most of the chemiecals
needed for this type of work are those ﬁhat belong to the
‘field of bio-chemistry.

\ However, some of them fall into the strict inorganic
class, such as those which act upon foods, bones, and textiles|
The action of the enzymes on foods, the actions of organic
subs?ances, and some of their less complicated processes, and
the make-up of a number of simpler organid materials should

be studied, |

Dyes and stains are important becesuse of the Tact thet
they are necessary to make some of mic}oscopic structures
visible, Some of the substances necessary in the elements of

slide preparations for the microscope use should be at hand if

)
'

‘the morphology of the specimens is to be studied to any con-

siderable extent., However this is not an absolute necessity;

but if the work is given in detail and facilities vermit, this
adds &n ihtéresting touch,
Preservative substances, of which formaldehyde and alcohol

are typlcal examples, permit the instructor to not only lay up

21
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1

a supply of specimens When they are nlentlful but to keep on
hand preserved examples of the rarer and exotic forms of life,

Again, all living things can be considered from the stand-
point that they are the composite totals of groups of chemical
elements, and the occasiongl recalling of this fact s;lves some
of the most perplexing of the animal and plant reactions,

Chemicals for each of the different phases of the work

are given in the following table,

; TABLE VI
CHEMICALS FOR A BIOLOGICAL LABORATORY

o Number
Chemicals of Schools
Supplied
| Acid, AcebBic, Blacifl,...u.eeeeeseensenenseneenes 63
‘ Acid, HydrochloricC, COM.,..vesevecccoooccoocssces 75
& ACid’ Nitric’ comc-laooo-.o.o.ooocooooo-o.o-oooo. 72
2 Acid, SUlphUTiC, COM..iveeescecessesoccsccensocons 71
Ammonim Hydrate, Oom..lQOQQOCO..000.0.0....0.0.. 46
Benedict's Solution, qualibative....veeeveeeeses. 38
Calcium Phosphate (acid phosphate) . vueeeeeeeesse. 33
Calcium Phosphate (MONODESIC) vueeoeeeeoosonoseens 30
Caleium SUlpPhabe.iieeeeesceeesoossceosnonanonsss 39
Canada Balsam, f0r 511deS....eeeeeecencscosccncas 63
3 Carbolic Acid, 100S€ CrYStalS..e e veneioveosesnons 35
x Charcoal’ WOOd" lumpsn‘ooooooooooc.ooooooooooo.oo - 52
§ Corrosive Sublimabe.......eeeeeeeeeoocereceocoescs 30
B Eosin, yellowish, wabter S0lUble...e.veeeeeeeeeons 42
} E Etheroco-oooooooooooo-oooc-ocnc..oooa-oc-aoooooco 70
i Fehling'SSOlution’ A....I'..l........'......'... 50
B Fehling's SoLubion, Buiueeeeeeeoesooeeonseosonsens 50
B ANILIn, Red...eueenenomvmn e 1
%g Phenoj-phthaleln..‘0...........0‘..........‘.‘..l. 5
i ALeOhol, W0O0Q..uuuuuueuenrsneeeeenoannnsnnnnnnnns 20
?
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ABLE VI (CONTINUED)

2
Alcohol, Brail,...cceeecececescsvseccsccnsscsaccncscons 20
B V= = o 75
cyanid‘e jars‘Ib.'....‘...'QI..O.Q.O..O.I......0.0.00 75
Iodine Solution in Potassium T031i0€, e eereaoccacccces ev
Iron Chloride.00009.0000000.000'000QOOQOQOOOOOOOIOOCQ 49
LimeWater..............'................-.... ..... e e ,71
Lys0l.iieeeeecnennnnnn e e ceecesacaceseeanaenan 43
Magnesium Sulphate........c.ccvun.. e Cecceesaseae 50
Glucose (Dextrose) granulated, ......vveeeeeeas cesaes 60
Manganese Dioxide..... e reetsseeseaacaasanasans cees 53
Malachite Green...... ceeceeana Cetoeeaeaeacas cecaoes 60
Methyl Blue...uveeeeeeeeeenoans tesesescecresaccasnae 66
Paraffin, medium melting point..............0.u. ceee 60
Potassium Bichromate, crystalS..veieeeeevecseosoneeos 30
Potassium Chlorate, cyrstals.....ceceeee. Ceeetens “eo 40
Potassium Nitrate, granulated,.... e erescceceveacens 20
Pepsin, powder,..... cececccne Ceeesateaceeaneanns cens 35
Pancreatin.....ceeeveuee e eeesesecaceseanseceasoanne 30
Sodium Carbonate, Crystals...ceeeeeeeeeeceocesecanns 25
Zinc Mebtal, MOSSY. ...vevenveasonceanannsanns ceteean 25
Zine Chloride, PUTE....ceceveceeeecssans Ceeeaea oo 20
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CHAPTZR V

EQUIPPING THE BIOLOGICAL LABORATORY

"For the tezching of biology by prover methods a good
laboratory is a necessity, The character of the desks and
the arrangements for seating and lighting of an ordinery
class room are entirely inadequate and méy be permitted only
when no other place for work is to be had, A good labora Lory

is one with good lighting, emple space for comfortable work,

*places for storing equipment, and room for aguaria and

vivaria;"l

-~ "Good biological equipment is expensive; poor equipment
is extrévagance. The problem, then is not 'how cheap?' but
Thow good?*" Economy should be practiced in the field of.
utilization, The new trend in science work is to use the
combination laboratory which serves for more thaen one science
and for lecture room as well,

New buildings are doing away with the lecture room, and

‘provision for recitations and class demonstration are in-

cluded in each by removing from the lecture room its special |

furniture and equipment, and the room is used for a laboratory

and a recitation room,

g lF E, Lloyd and M, A. Bigelow, The Tesching of Blolovy in
the Seconﬁary School (New York Loncmans Green and Co.,
1919), ps 209,
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The replies tothe questionnaire vérify the above state-
ment, fThe 105 replies reported that one room was used for,
lecture, recitation and demonstration, These data are btabu-

i  lated in wable VIL,

TABLE VII
BIOLOGY ROOM SIZES AND USES TO JHICH THESE ARR PUT

No, of ] Biology Rooms - Use
Room Size Combination - Total
' ‘ Rooms Lecture|Recitation|Demonstration| No,
(L, R. D.) | (Only)| (Only) - (Only) Rooms
matgme | . o | o | o |
e RN O R E
memml e e | e | o |
| Dm0 : 0 26
| e s o | o | s
| memm| o o | o o | =
| B )
f% From gg;;gg: 17 0 0 0 17
%,  ;g§°¢ 28:?23: s | o 0 0 3
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”he present usqge in 'school bulldlngs is to have every--
thlng practlcal 2 The principal reasons for ellmlnatlng the,
lecture room are economy in space, in building cost, and a
claimed pedagogical advantage, The cost of providing a
separgbe lecture room is the cost of en average recitation
room, from {2500 to $5,000, depending upon the type of con-

struction of the building and local building cogts, If this

room were in continuous use the waste would be less, dut
surveys made in high schools of all sizes throughout the country
show that these lecture rooms are very seldom used for the
entire school day or even for a lérge part of it, Then the
lecture room is in use, the laboratories, as a rule, are idle,
The combined laboratory-demonstration and recitation room
saves,moét, if not all, of this wasted space and in addition
hags educational advantages of much merit, The instructor mnay
stop the individual experimental work when he finds it advisable
and can assemble his class for instructions or for demonstrations,
He may assemble his class for a short recitation at the begin-
ning of the laboratory period, and he can make use of the last
part of the period, He haé‘space available when the more rapid
pupils who have finished their experiﬁents may sit and write
them up orkstudy, out of the way of the others vho are still

working on their experiments.5

2
J. J, Donovan, B, S. School Architecture, (New York:

Phe Macmlllan Company, 1921), PP, 585-390,

[}

Laboratgzz Construetion, Equipment and Exercises,

(Indienepolis: State Superintendent of PLDLicC Instructlon
1925),. Plate I. ,,
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,mhe«fooms used for the biological laboratory in the
secondary schools of Indiana veried from 10 feet by 15 feet ’

to 40 feet by 60 feet (Table VII).
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CHAPTER VI

HEAPING AND VENTILATION

The replies to the questionnaire reported eighty-eight i
laboratories heated by steam and séventeen by hot air,
Sixty-five of the replies reported they had direct ventilation ;
and forty had indirect ventilation.

Whatever system is used, the laboratory should be comfor-
tably warmed in cold weather, it is not only impossible to
carry oﬁ the work of the school, but it is positively dangerous
to the health of student and teacher to work in a2 cold labora-

tory. The heating and ventilation systems should provide eight

complete changes of air per hour., The temperature should be
§  from 680 to 700 7, |

- A positive supply of outdoor air, whether brought to the
laboratory by direct ventilation or by indirect (mechanical
means), should be provided to the laborastory equal to or in

excess of the minimum requirements per occupant per hour.l

A laboratory should have fume chambers and veﬁt ducts to

carry off the fumes and gases generated during experimental

work, And these ventilators must extend to the outer air

above the building,

lFrenk W, Hart, 4 Standard State Schoolhousing Code,
(Albany, New York: C, F, Williams end Som, Inc., 1924), p. 126
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Laboratories aré:often provided ﬁitﬁ special ventilators
Whicﬂ aré independenf of the system serving the rest §f‘they
building, The odors which occur in these rooms must be quickly
removed to prevent diffusion to other parts of the building,

The iaboratory should .be supplied with an independent
exhaust flue with either a heating coil or a disk fan to
accelerate the removal of the air from the room, ZPFrequently
an electric fan is placed in the base of a vent flue. In most
installations no fresh air duct is providéd from the main
ventilating system, This mekes it pos=ible for %he exheust
fan to produce a partial vacuum iﬁ the room, When the door of
the 1abbratory is opened, air rushes into the room and odors
do not penetrate to other parts of the buildino.z

- Recent tendencies in general ventilation are towards
making inereased use of natural ventilation, The chief
difficulties in the utilization of window ventilation in a
laboratpry are interference with hood ventilation, which isl
necessarily forced, the necessity of warming incoming air
during a major portion of the year in most climates, and the

effect of direct drafts upon gas heating appliances, Air

 employed in ventilation is generally moved by means of electri-

cally driven fans, If possible a ventilating fan shoul:d be re-

- moved some distance from the room it is desired to ventilate,

~2C“'Ef Reeves, and H, S, Ganders, School Buildine X

ment, (New York: Teachers College, Columbia University, 1928),
DPp. 298-299, »
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 for fan noises are transmitted througﬁ shért air ducts, The
matefialé to be usedqéor ducts and fans for general Véntilation
should receive more attention in a laboratory, Vitrified tile.
wall ducts are recommended, but if sheet metal ducts are used
they shoﬁld be protecﬁei from corrosion, The fan housing ahd
wheel should also be protected,

Laboratories are usually heated by steam; the pressures
shouldvbe constant and sufficient to effect uniform distri-
bution, The shape of radiators, the materials used in them
and in connecting piping, and the type of return system are

largely determined by the positioﬁ in the room, the nature

of the system and standard heating practice,

In general}the capacity of the exhaust fans for hoods
and-general ventilation should exceed the capacity of intake
fans or gravity heating sbtacks, The propef balance between
these two factors must be worked out if each wart of the ;abor-
atory is to be properly ventilated, Impurities in the air ad-
mitted to a laboratory may be lessened if the air is washed by
a device which mekes a fine spray that removes not only dust
but also a large proportion of smoke and odors which at times
‘may be carried in from the outside. The alr-washer can be
procured with the regulating device which maintains the humidity
or moisture in the air at any desired degree, doing away with

the excessively dry and parching steam heat effects ordinarily

R, W 9Tl LI DO e s T E WL

-experienced,




As a‘substitute for large plenum :spaces or extensive duct
systéms, somé uge has been made of inlet'air heater and fan
outfits placed below windows, These devices consist of en-
closed radiators and small fans, driven by quiet motors, the
outfit being of such dimensions that it can be placed in a
windqw recess, Fresh outdoor air can be forced into the room
or the air in the room recirculated over the radiator at will.5
The first object in ventilating a laboratory is to properly
introduce the fresh air into the room and also to withdraw the
foul air in all portions of the room while a secondary object
is %o circulate the alr in such a manner as not to make air
currenté disagreeable or even perceptible,
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CHAPTER VII

NATURAL LIGHIDING

Since the light of the laboratory is modified both in
amount and quality by the coloxr ofvthe walls, the color should
be such as not to absorb the rays of light, fThe wall speace
between the floor and the window sills and the chalk troughs
shoﬁld be light browmn, Side walls and ceilings should be o
light buff tint, or a light gray., Light colored wood should
be selected,

The amount of glass used depends uvon the locality and
surrdundings. In the south and southwest, where sunshine is
abundant and where the sun is higher above the horizon at noon-
time, the states require one-sixth as much glass surfsce as floor
space,

In general, where there are no hills, high buildings, or
trees to obstruet the light, one-fifth as much glass surface
as floor_Space will suffice; The ratio of one to six is used
by the central States, with'the exceptién of Ohio,Awhich has one
to five, Five states require glass to be provided in the ex-~
terior wall to sixteen and two-thirds per cent of the floor

Space, or one to six, bthirteen states require twenty per cent,
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or one tp"five and two states require ‘twenty-five per,cenﬁ,of

/

one to four.l

’

Indiana's standard is one to six)or sixteen and two-

thirds per cent as much glass surface as floor space,

Thirty~-three of the 105 replies reported less thanbsixteen

and two-thirds per cent glass surface to the floor space,

Table VIII gives the variations-from 13,6- per cent to

33,4+ per cent,

TABLE VIII

LIGHTING OF THE BIOLOGICAL LABORATORY

S, e T e —
Light ratio of| Variation + or

Floor space Glass areas these rooms - from state

No, of in of these rooms| vary from: standards Per-
rooms square feet vary from: Percentage centage + or -
4 149' to 350! 45" to 160! 20 to 40 4,6+ to 33,4+
10 351" to 550'| 72' +to 160'| 16.6 to 33,3] O to 16,7+
52 551! to 7507 64" to 2727 8,8 to 31,2} 7,8~ to 14,6+
31 751' to 1150! 24>' to 300! 3 to 3%,3|13,.6~ to 16,6+
2 | 1151 to 1350'| 108" +£o 162" 5.3 to 13,5[/11.3- to 3,1-
4 1351' to 17507 84" to 2007 6,2 to 14,4]10,4~- to- 2,2~

2 - | 1751' to 2400'] 200" %o 231" 9.5 to 12;7 5,1- to 3,9-

[

i et PO A s T s S, 05 s 82 A e

lMay Ayres Burgess, J, P, Williams, and T, D, Wood, Health-

ful Schools How To Build Equi
Houghton MB¥fTinCo,, 1918), pp. 66-67.

and Maintain Them, (New York:

1
\



o Aol 4

35
Laboratories. do not show as radical developments in the-
amount of glass used as industrial buildings, but it is not .

uncommon to observe laboratories in the newer buildings where

| between one-third and one-fourth of the exterior walls are

occupied by windows.2 Every possible square inch of window
space should be fitted with glass, Lintels, mullions, and
piers should be made of steel and all beveled, so that every
obstruction is removed,

Prism glass is a useful agent for increasing lighting
effects, Rays which otherwise would be lost are caught and
bent, so that the amount entering fhe room is greatly in-
creased, Ribbed and corrugated glass should not be used be-
cause they reflect light in bright ﬁints_and cause eye strain
and fatigue of the optic nerve,

In laboratory as well as industrial construction, an
increasing use of skylight illumination is being made, Vertical
illumination has certain inherent points of superiority, and
few disadvantages to horizontal illumination,. On account of
the proximity of other buildings to the laboratory, it sometimes
becomes a necessity of using the vertieal illumination, he
upper floors of school buildings are often used for laboratories

Such laboratories are often lighted by means of skylights, ‘

e

: zNatural Research Council Committee Report, Laboratory

Construction and Equipment, (New York: ‘he Chemical Foundation,
Inc,, 1930), pp. 91-94, : -
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Light diffusion %n a laboratory canuﬁe aided by panels
of sd-cailed prismiatio glass, and by the use of partitions ,
of similar or ordinary glass, Large buildings require more
1  careful consideration to natural light diffusion than smaller
buildings where the ideal arrangement of having windows on

more than one side of the laboratory is possible,
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CHAPTER VIII

ELECTRIC WIRING, GAS FIXTUR:S, AND
WATER 1

Several important, general fendencies are noted in I
modern lighting practice, Builldings Which were considered i
adequately lighted five years ago now appear gloomy by com-
parison with recent installations.l Gas, natural or arti-
ficial, mey in certain special localities be used for illu-
minetion, The modern mantle has made possible a light
of satisfactory quality, The use of mantles with gasoline and
other volatile liquid fuels has made it possible to use

portable lights for certain special purposes, but the per-

fection of small automatic electric generating units makes it
possible for even the smallest and most remote laboratory fo

have = éupply of electricity, For an ordinary sized labora-

tory 25 feet by 30 feet, four electric outlets will give

fair light, six outlets will give good light, and nine

outlets will give excellent results with direct illumination,
With four outlets 150-watt lamps are generally used giving

600 watts per room,

lNatural Research Council Committee Report, Laboratory
Construetion and Equipment, (New York: The Chemical Foundation
1ng., 193807, pp, 94-99. :

T

3
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. With nine outlets, lamps of sixty watts each or 540 watss

are suffidient. The ﬁine lamps of sikty“watts each are.much‘
easier upon the eyes of the students and instructor than ’
four 150-watt lamps.2

Every laboratory should be supplied with electricity,
gas, and water, There shounld be water and gas at the in-
structor's demonstratiqn table and also a2t one or btwo sinks
at the side of the room, TFor proper locations of elecbtric
outlets, the laboratory should be‘divided into as many
rectangles ag outlets and an outlet should be placed in the
center of each rectangle, One economy is that of putting the
series of lights along the window side of the room on a
separate switch, There are gloomy days when there is plenty
of light near the windows but not on the opposite side of the
labdratory. |

Table IX shows that fourteen of the 105 laboratories re-
ported do not have electricity. The outlets in the-others
varied from two to eight,

Table X shows that fifty-three laboratofies did not have

any ges connections, The others varied from nine to ten or

more,

Table XI shows that seventeen laboratories did not have
any running water, Righty-eight laboratories had running water,
thirty-six from wells, and fifty-two from city supply, Three

laboratories had hot and cold watér.

2H; Jd, Alt, Mechanical Equipment School Buildings,

(Milwaukee: The Bruce Publishing Co., 19167, Pp. 37-38; 99-100.
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TABLE IX

ELECTRIC WIRING OF BIOLOGICAL LABORATORY ' ,

Schools

et e —

Number of OQutlets

14

13
42
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TABLE X

GAS FIXTURES OF BIOLOGICAL LABORATORY

Number of Schools

Number of Connections
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TPABLE XI .
WATER SUPPLY OF BIOLOGICAL LABORATORY ,

Number of Schools Using

No Running Running FProm Hot and Cold
Water Water From Wells City Supply Water
17 88 . 36 52 3
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CHAPTHER IX '

LIVE ROOL, DARX ROOLI, PROJECLION ROOQM,
IUSEUM, AND AQUARIULI

The live room seems not to be thought of by many
architects or Boards of Education,whén building a school house;
but any real wide-awake biology class enjoys working with live
material, and with little encouragement will have enjoyment
and interest, Such materials should be available for eclass
study first, then placed on the school grounds for further
enjoyment and study where possible, A "menagerie" or live room
may be within the class room, or an outdoor laboratory. Only
nine of the replies to the'questionnaire reported a "live room",

Twenty-nine had a moving picture and lantern projection
apparatus, sixty-nine had a lantern projection apparatus, and
seven ﬂad opqqﬁe projection apparatus, Ten schools were supplied
with a small storage closet, but none hsd a regular dark room,

The moving picture, the lantern projection, and opaque pro-

'jeetion'may be used to furnish both instructive and entertaining

infofmation; Meny pupils can be taught more satisfactorily by
visual means then by suditory means,

Twenty-four of the 105 sdhools had museﬁms varying from
twenty to 1000, specimens, With a little effort any school

42
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could easily begin to_ create a museun, Seventecn of the 105

did ﬁot have ahy aquaria, the remaining éighty—eight‘had frqm
three- to twelve-gallon ones, All were balanced,

Surely those sevenbteen schools that were not supplied
with any.aquapia could manage in some say to earn money to get
a few necessary facilities with vwhich to work, and it would be
a wise thing for the eighty-one schools which did not have any

museum materials to begin to collect material,

PABLE XII
BIOLOGIPAL LABORATORY FACILITINS

-No, of Schools Suppi;;d With No, of Schools Suppl{;d With——
Balanced Aquaria lluseums
No, of - 3ize of No, of No, of
Schools. Aquarium Schools Specimens
60 L.iiiieeenese. O Gal, e 20
RO  tiieeeosasonne 5 Gal, L G iiiieenaeas 50
O  tieieeienenecas 10 Gal, B heteencensane 100
B iiiietesseess. 12 Gal, S 510
17 ieeeieasecsse. None 7 teeecescscccns 200
2 heeeescesenns 300
1 1 ciieeecenenes 600
1l iiiieeieecanss 1000 '
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CHAPTFR X

TABLES

"The science of biology has traveled far in the inber-
vening decades, and educatiénal eims and methods have &g~
vanced even more rapidly. On the one hand biology in the
strict sense of the term is concerned chiefly with the
physical chemistry of living stuff, and therefore, requires
the facilities of a chemical laboratory, On the other hand,
biclogy as a school subject is becoming more and more the
study of relations among living crestures, specially between

man end his living environment, Biology of the modern aca-

demic type then demands as domplete a laboratory equipment
as do physics and chemistry, in addition to the strictly
biological apvaratus; while civic biology concerns itself
with the great outdoors and community conditions, The fact
that we are working with living stuff, demanding exact con-
ditions and unusual faciliﬁies for care, makes the selection

- M and provision of this equipment more difficult."l

B de -J, Donovan, School Architecture, (New York City: The
Macmillan Go,, 1921), Pp. B90-30L,
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Standard taﬁles for four students are 42 inches by 72 |
inches by 30 inches high. Two-student tables are 24 inches - !
by 72 inches by 30 inches, They should he equipped with | ;
drawers, An instructor's desk 3 feet by 8 feet by 54 inches &
is needed;z |

If the tables are home-made bthen they should be treated i
to prevent steins, P, B, Dresslar in his American School-

{ 3

houses gives the following formula:%

"For tops of laborabory desks or tables, northern
pine, whitewood, cedar and California redwood may be
5 " used, |

Home-made tables should be acid proof by using !
the'following solutions: \

Solution 1,

100 grams aniline hydrochloride {
40 grams ammonium chloride

650 grams water

Apply solution 1, let dry then ap»ly

i

Solution 2,
100 grams copper sulphate
50 grams potassium chlorate
615 grams of water

When dry wash with hot soap suds, when dry

- e

again rub down with vaseline,”

. 2Laboratogz Cohsggpction, Kguipment and Exercises,
(Indisnapolis: gtate Deparvment of Public lnstruction, 1925),
Pp. 11-12, ' :

3 .
. Fletcher B, Dresslar, American Schoolhouses, (Washington, |
D, Ci Government Printing 0fTics, L9il], bp, 53-55. ?
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Table XIII giveg eight of the séhoéls using the standard
sizé taﬁle)42 inches by 72 inches by SOninches; the fables¢in
eighty-three schools very from 21 inches by 84 inches by &0

f : inches to 60 inches by 144 inches by S0 inches, TFourteen of

the 105 schools use regular school desks for biological work, |

PAELE XTIT |
TABLE SIZES

Table Sizes Varying Number of Tablés f

From: To: : !
60"X84"%30" BOMKLALTEION L taaaaann... 16 |
48"x48"X30" 48"X240"KB0M ...t iieeeee.. 2B %
46"x60"x30™ 46™K63"XB0"™ L iiiieeenenenans 2 ﬁ

42M%60 %30 46M"x216M"x30M Ll S i
40"x96"x50 " 40MEELEMKBL™ L iiiiiinaaaa.n 3 ;
361254130 B6MKEBBMKBL s sreneana. B2 ?,'-
B0"x48"x30" B0"KLOB"KEL" L .ieeeraaoanonns 3 ;
24"x48"x30" 24"xB50"KEOM Crerecreereceaas S %

i 22"X72"K50" BRMXBRMKBL  Liiiieniniieennas B ;
i 21 "X72" x50 PLUXBAMIBL"  Liiiiereneneees 2 %
§ Regular School DeskS.......cevevvees 14 ﬁ
i i
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CHAPTER XI

THE ‘COURSE OF STUDY IN BIOLOGY

Before one can effectively plan the knowledge content of
that portion of the course of study in our school system which
seeks to impart knowledge, three things need to be kndwn:
first, what are the important principles needed to solve the
problematic situations'involving biology that arise in 1life?
second, how much time is required.to teach each of these o
principles so that it will function in life? third, at what
grade level can each principle best be taught with the least

expenditure of time end energy on the part of pupil and teacher?

What biology needs to know to meet life's practical and
potential needs, that is the stuff that should constitute the

course of study.;

There are many problemstic situstions in- !
volving biology that arise in the life of the average person,
Theoretically one might 1list all the questions pertaining to

{i biology that arise in a given community and teach the answers

~to every pupil in the biology work of the schools in that

L

: . . by
particular place, but that seems an impossible task, for the . i

specific questions are so multitudinous, But the principles | W

lNational Society for the Study of Education, Thirby-
- Piret Year Book, Part I, (Bloomington, Illinois: Public §
-School PuEl;shing Co., 1932), pp, 224-226, 1

Lot Bep, Mo ot e, i W W 1 sty

49 ‘ I




o S Hh it I S e o R Wt

50

involved’ in them are relatively Ffew, It is wiser, therefore,
to g;ve.the pupils.én understanding of the more important
principles - important because they do help in solving these
oft-recurring questions - and enough drill in applying them
to typical life problems to insure skill in their use vhen the
need mey arise in their lives,

To give pupils a mastery of some of the more important
principles of biology gives some assurance that ﬁhey will still
be able to meet situations that arise when they go, as many
will, into quite different communities from the particnlar ones
in which they attended school.'

It assures the ability to meet the problems thet will arise
in their~maturity when the particular problems to be settled
Will probably have changed greatly from those we have %o face
at the present time, Specific problems are local in place and
in time, Moreover, the teaching of principles in the essential
step in developing in the pupil a clear»understanding of ma jor
realizations,

A List of the Principles:z

I, Energy cannot be created nor destroyed,
but merely transformed from one to snother,
II. The ultimate éource of the enefgy of all
living things is sunlight, |
111, Micro~organisms are the immediate cause of

diseases,

s

‘ zNational Society for the Study of REducation, op, cit.,
Pp. 224-226, o

1)
i
I
|
i
it
\;‘
1.
i
1
i
!
!
i
i
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IV.

~ environmental factors in order to survive

VI,

VI1I.

VIII,

IX.

The course in biology in the schools will consist of the

following:

of, the principles listed that the pupil will, in all probabili-

ty, apply them to the solution of such problems of a biological

51
All organisms must be adjusted to the

in the struggle of existence,
All life comes from previous existing
life and reproduces its owvn kind,

Animels and vlants are not distrihuted

uniformly or at random over the surface

of the earth, but are found in definite
zones and in local societies,

Food, oxygen, certain optimal conditions
of temperature, moisture, and light are
essential to the life of most living
things,

The cell is the structural and physio-
logicel unit in all cell orgenisms,

The more complex organismsyhave been
derived by natural processes from simpler
ones, these in bturn from still simpler,

and so on back to the first living forms,

(1) such an understending of most of, possibly all

character as will arise in his life; (2) an appreciation of

4

~some of the seientific attitudes exemplified in the work of

e S e e o w T MR ST e b o R
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" such greap‘biologists_as Vesalius, Lialpighi, Fasteur, Kooh,
Jennér,'DarWin, Huxléy, and others; aﬁd 15) a reasgnéble
degree of skill in the use of the scientifiq method of think-
ing on matters bLiologicul.

.Tne’oourse in biology consists usually of one year or

two semesters ond the replies to the questionnaire showed that
seventy-nine of the 105 scheols offered biologsy in the ninth
grade, ten schools offered the coursé'in the niath or tenth
grade, ten offered the course in tne tenth year only, and six
offered tne course in the ninth, tznth, eleventh, or &welfth {
year, L1l of the 105 schools repbrted 300 minutss or more
per week for biology. 3Sixty=-six schools huad one biology
teaconer, bhirty-five had two biolosy teachers, and four had

three biolozy teazacners.

2Ly XIV

YEiLR CFFERED :iIND

r
c -
NC. CF BICLCGY TLL.OHERDS

—e———
No., of schools offering biology No. ol schools
in vears: . ' witw:
.9's 9's,.10's,
or 1l's or 1l 2 S :
- °'s | 10's 10's 12's Teacher | Teacner | Teacber .
1 79 10 10 6 66 55 4 !
i
4 .
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Ten teachers used the text book and lecture method,

fifty-nine used the demonstration method and text, thirty-

one used the demonstration method, project method, and text.

Twenty-two teachers used prepared work books, eighty used

loose leaf work books, and three used no work hook,

Table XV,

Five of the 105 schools used Gruenberg's Elementary

Biology, eleven used Hunter's Civie Biology, seventeen used

Kinsey's An Introcduction to Bioldgy, twenty-five used Loon's

Biology for Beginners (Revised Idition), and forty-seven used

Smallwood, Revely, and Bailey's New General Biology.

TABLE XV
METHODS OF TEACHING BIOLOGY

No, of Schools llethods of Teaching
10 tiiiereennacecneeassass.s Lecture and Text Book
59 Liiiiieiiiiiieeesesnas.. Demonstration and rext
Bl viiiiiieeeesesecasesse.. bemonstration, Project, and
Text '
22 tieeessssesesscsssssesss Prepared Vork Book
B0 .iveeieesceeecessensas.. Loose Leaf Tork Book
B tieccccsssscscascscsasssss NO FTork Book

i
h

E
3

e N R



puoeern D b L612, fo  hic ten wen

it causes the pupil to think along broader lines; it trains the

CHAPTER XII

COLLATERAL READING LATERIAL FOR BIOLOGY

Unless there is a branch library connected with the
school, the biological laboratory should have a case for
collateral reading materials, No study in the high échool is
better supplied with more interesting or more practical read-
ing than biology. |

Various kinds of collateral.reading can be and should be
used in every course, Some of these zre:- (1) textbooks by
different authors, (2) encyclopedias, (3) more specific accounts
of 'special topics, (4) opposite and parallel points of view,
(5) megazines and newspapers that contain articles of interest
on the subject, (6) reading to vitalize the subject, (7) prectical
application, ,

If a pupil has only one textbook and no collateral material
he will geﬁ a narrow view of the subject, Collateral material

has several purposes: it enriches the textbook requirements,

pupil to think and judge for himself; it beaches him to avoid
extremes; it teaches him not to be led by everything he seecs g

pbinted'dut; it broadens the knowledge of values in literature,

B4

4
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o | _ The'teacher shouwld be careful about the method and length
of fhe assignments of collateral material, Some of the methods
for using collateral material are: oral reports, handing in
outline or written reports, notebooks, tests, and socialized
recitation,

Collateral reading performs a great mission for the
superior child, it helps to broaden. the teacher's knowledge
and helps the child directly and indirectly. The habit FTormed
in the child of using collateral material does not end with
.his school days)for once the habit is formed it will remain ‘
throughout life, The school should be held responsible for 3
the hébit of extensive, rapid, useful reading, for the skill o
in finding readily all accessible material in books and

magazines on any desired topic.

Some of the books on biology to be usecd as collateral

material are:-~

Bailey, L, H, The Horticulturist's Rule-Book, Houghton,

Mifflin Co,, 1899,

Bergen, J,, and Caldwell, O, W, Proctical Botany, Chicago:
Ginn and Co., 1911.

Brownell, H,, and Wade, F, B, The Teaching of Science and

The Science.Teacher. New York: The Century Co,, 1925, , |

Chepman, Frank M, Handbook of Birds of Rastern North America,
New York: Appleton and Co,, 1914,
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’

Clements; F, E, Flower Families and .Their Ancestors, New

York: The H, W, Wilson Co., 1928.

Comstock, J, H, The Spider Book, Ithaca, New York: The

Comstock Publishing Co,, 1920,

. How ﬁg Know the Butterflies, Ithaca, New

York: The Comstock Publishing Co,, 1925,

Coon, Beulah I, Suggestions for Content and Methods for

[ihoheiuiy

Courses in Science Related to the Home, ‘Jashington,
D, C: .Federal Board for Vocational Education, lMisec,
837, Rev, 1926,

Dickerson, Mary C. The Prog Book. Bosbon: Ginn and Co.,

1901,

. loths and Butterflies, Boston: Ginn and

Co., 1901,

Ditmar, R, L, The Reptile Book, New York: Doubleday Page

and Co,, 1931,

Downing, E, R, Science in the gervice of Health, New York:

Longmans, Green and Co,, 1931,

. "The Elements and Safeguards of Scientifiec

Thinking," Secientific iMonthly, 26, 1928, Pp, 231-243,

Dugmore, A, R, 3Bird Homes, New York: Doubleday Page and
Co,, 1900,

Fitz, G, W, ZPrinciples of Physiology and Hygiene, New York:

Henry Holt and Co,, 1909,

Georgia, Ada E.‘ A Manual of Weeds, .New York: The Macmillan

- Co,, 1914,




' Mathews,VE. Schuyler, PField Book of American iwrees and shrubs,
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*

Holland," W, J, Butferfly Guide. New York: Doubleday Page

and Co,, 1903, - '

. The Moth Book. ©New York: Doubleday Page

and Co,, 1903,

Howard, L, O, The Insect Book, ©New York: - Doubleday Page
and Co,, 1901,

. The Insect Menacé.w New York: The Century Co,,

1921,

. Insects as Carriers and Spreaders of Disease,

U. S. Department of Agriculture, Bulletin 155,
Washington, D, C.
Jordan, bavid Starr, Fishes. New York: D, Appleton and Co,,

1925,

Kellogg, V. L, Animal Studies, New York: D, Appleton and
Co., 1911, '

Lange, D, How to Know One Hundred Wild Birds of America,

Boston: HEducational Publishing Co., 1904,

Lloyd, E, E,, and Bigelow, ki, A, The Teaching of Biology.
New York: Longmans, Green and vo,, 1919,

Marshall, Nina L, Mosses and Lichens, New York: ‘Doubleday

Page and co,, 1907,

New York: G, Putnam's sons, 1923,

. Wild Plowers for Young People, New York:

G, Pubtnam's Sons,‘1925.

', Femiliar Yrees and vrheir Leaves., New i)

York: D, Appleton and Co,, 1921, , S
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*

National.ueographic;Society. The Book gg Birds, “Washington, “

‘D, G., 1918,

+

. The Wild glowers, washington,

Db, ¢,, 1918,

. The 7ild Animals, Jashington,

b, ¢,, 1918,

Nelson, ¥, w. Wild Animals of North America, Washington,

D. C: The National veographic society, 1918,

Pack, Charles L, ‘'rees as uwood Citigens, Washington, b, C:

The American ‘'ree Association, 1922,

Sanderson, E, v,, and Peairs, L, i, School Entomology,

- New York: J, wiley and Sons, 1917,

Senderson, &, D, whe Aphids of the Apple, Pear and Guince,

U, S, Department of Agriculture, Bulletin 115,
Washington, D, C,, 1902,

. Naturel Control of Introduced Insect Pests

U, S. Department of Agriculture, Bureau of Entomology,

Bulletin 60, Washington, D, C,, 1906,

Sargent, C. S, [The Enjoyment and Use of Color, Boston: ;
Houghton, Mifflin and Co,, 1902,

Stack, Frederick Wm, Wild Flowers Every Child Should Know,

New York: Doubledsy Page and Co., 1909,

Stevens, F, L., and Hall, J, G, Diseases of Economic Plents, !

New York: The Macmillan Co,, 1910,

ok, M oo hess A R dpe  e

Stone, Gertrude L,, and Fickett, M, Grace, Trees in Prose ;

) and Poetry, Boston: Ginn and Co,, 1902,
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Stone, Witmer, esnd Cram, Wm, Everett., American Animals,

New York: Doubleday Page and Co,, 1902,

Stopes, Marie C, Ancient Plants. London: Blackie and

Son, 1910,

Wardle, R, A., and Buckle, P, J,

The Principles of Insect

Control. New York: M, McGrall and Hill, 1923,

Weed, C, M, Birds in Their Relationship to Man.

J, B. Lippincott and Co., 1924,

Magazines for Collateral Reading:

Bird Lore,

Guide to Nature,

Hygeisa,
Literary Digest,

The National Geographic,

Natural History.

Nature Magazine,

Nature,

Some Reference Books:

Philadelphia:

The World Book. GChicego: W. F. Quarrie and Co,, 1928,

. Compton's Pictured Encyclopedia, Chicago: F, E, Compton and

Co., 1927,

Thompsor, J, A. The Outlines of Science,

- Putnam®s Sons,

New York: G, P.

i
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'biology teachers of the state showed that the biological

CHAPTER XIII

SULLIARY

To the observing student of secondary education, it is
very apparent thet the sciences, pure and applied, are in a
state of transition, ‘e shall nevér again have a formal
aceademic division into specialized fields, any more than we
shall go back to the organization of our school courses on
the basis of textbook work, There will be consbently in-
creasing efforts to afford opportunity for creative work by
students, and thereby & chance for individual and comuunity
betterment, It is not an easy matbter to plan a laboratory
to fit exactly the needs of a class in biology for the future,
But since school buildings are not built‘for a short time, but

for a generation, it would seem to be the better part of wis-

‘dom o build a generalized biological laboratory in which all

the essential tools of the special sciences are available, @
where classes Will’eﬂjoy“thezgreatest freedom in selecting
problems and solving them,

The replies to the questionnaire which was sent to the ‘ o

laboratories were not uniform as to size .or eguipment,
The teaching of biology is in a state of transition i

going from the study of preserved specimens to living questions, ]
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and~to‘thé bettermeﬁt of the community,. According to the
replies received, many of the schools are using the project
method along with the laboratory method, This is a great
help, sinee‘the average laboratory is very poorly provided with
sufficient individual equipment and most of “the work has to
be done at the tescher's desk or demonstration table, Sets
of individual equipment varied from-none to a set for each‘
student..

There were also great variations in the amount of
general equipment for a biological laboratory, Seventeen-
laboratories had no équarié, fifteen had no microscopes,
Some of the schools with large enrollments did not have any
laboratory equipment and were using the textbook method of
teaching biology,

A few of the hiologicel laboratories had access to the
chemicals belonging to a chemical laboratory in the same -
building, a few biological laboratories had a good supply
of chemicals for their ovwm use, but a great many biological
laboratories of the state had very few chemicels and some
none, Many of the 105 replies %o the questioﬁnaire revorted.
& meagre supply of chemicals,

»

The combined laboratory, demonstration, and recitation

-room was used by all of the 105 biology teachers that replied

to the,questionnaire. The size of the biological lahoratory

. .varied from 10 feet by 15 feet to 40 feet by 60 feet,

[



o Lo B . i o, SO T e wm oo

Eighty-eight biological laboratories were hesbed by steam

 and.seventeen by hot air, Sixty-five Dlological laboretories

]

had direct ventilation and fofty had indirect ventilation, A
laboratory should have fume chenbers and vent cuchs to carry
off the fumes and gases generated during experimental vork,
but few hgd these appliances,

Indiana's standard for natural lighting is one to six,
or sixteen and two-thirds per cent as much glass surface as
floor space, Thirty-three of thé 105 replies reported less
than sixteen and btwo-thirds per cent surfzce to the floor
space, The variations were from.13,6- per cent to 35,4+ per
cent, The newer school buildings are using one-third (thirty-
three and one-third perlcent) to one-fourth (twenty-five pér
cent) as much glass surface as floor space for their labora-
toties. Vertical lighting is preferable to horizontal lighting,
many laboratories have to use the vertical lighting on account
of the proximity of tall buildings to the school building,

Laboratory work calls for artificial lighting, gas, and
water, fhere was a large variation of the number of labora-
tories supplied with these facilities, PFourteen laboratories
did not have electricity, fifty-three laboratories 4id not
have gazs, seventy did not have running water.

- when laberatories were built; a live room, dasrk room, or ‘

projection room were seldom thougﬁt of and this fact weas

shoma by the fact that only nine of the 105 replies to the

questionnaire reported a "live room", <whe "dark room" faired

'
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less fgvorably thanﬁthe "live room",  for none of the 105
Wefe supplied, Picture machines and projection apparatus
may be secured at any time after a building is complebed, so
more of those facilities were reported, <wwenty-nine labora-
tories had moving picture and lantern projection apparatus,

and seven had opague projection apparatus, Seventeen of the

105 replies reported their laboratories had no aquéria and

e b g e e

sevénty-one reported their leboratories had no museums,
Fourteen of the 105 biology teachers reported that they
used school desks in their laboratories, the remsinder re-
ported that they used tables varying in size from 21 inches
,?,, by 72-inches by 80 inches to 60 inches by 144 inches by 30

inches, Only eight of the schools used the standard size 42 -

inches by 72 inches by 30 inches,

The course of study for biology usually consists of one
year, or ﬁwo semesters, and the replies to the quesbtionnaire
showed that seventy-nine of the 105 schools offered biology

in the ninth grade, ten schools offered the course in the

ninth or tenth grade, ten offered the course in the tenth
year only, and six offered the course in the ninth, tenth,
eleventh, or twelfth year, All of the 105 biology teachers
'reportedlzoo minutes or more per week for the subject, Sixty-=
six schools had one biology teacher, thirty-five had two

biolbgyiteachers and four had three biology teachers,
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. Colléteral reading matter should be placed in cabinets
along the wall of the laboratory if there is no school library

in the building,

k The eqguipment and the housingz of the bielogical labora-

i tories of Indiana are not uniform and do not comply with the
standerds given by the State Department of Public Instruction,

j
'} which shows that biology teaching is in an undeveloped stage,
|
q
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CHAPTER XIV

FINDINGS LIADE FROM THi! RAPLIES

70 THE QUESTIONNATRE

1. That there is a growing tendency to gain e&s much
knowledge first hand as poswible in order that better relations
in knowledge and aporecistions may be had,

| 2, That students trained in the Herbartian or laborétory
way of thinking will think before he acts,

3., That the six steps process of solving a problem is

not only a biological sbtudy but also s psychological way of
reasoning, |

a, The problem or question,

b, Collecting materials or data,

thod of solving

¢, Getting the right me
the problem,

d, Observing the results and choosing,

e, Pinding Whethér the conclusion really
answers the problem,

f, Seeing how that conclusion is applicable,

4, Drs, Lazear, Carroll, and Reed solved the problem

"What Causes Yellow Fever?" by the laboratory method,

‘ N 65
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5, ‘The "Pure'?ood'iaw" was a ies@lt of the laboratory
méthod. " . o o ,
| 6, Biological laboratory method will make living better
and overcome superstition,
7. All the high schools used the three-hundred-minute-
per-week basis,
8. A few are using the text book method in the large
schools,
- 9. Meny of the schools are using the inductive - de-
ductive method,
10, Many of the smaller scﬁools are doing field and
project work,
11, Thé majority of the schools used the loose leaf
work book,
12, The equipment varied from a meagre supply to a
large gquantity,
13, The second floor was used more than any of the others
for biology.
14, There were a few poorly lighted basement rooms used
for biology.
15. Steam was used in the majofity of heating plants,
l6.ASome'biology rooms were not supplied with electricity
or gas,
' lV;kBut feﬁ had a live room and dark room,

18. The table sizes varied from small 21 inches by 84

inches to 60 inches by 144 inches.
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19, The sbandard table size er four pupils is 42 inches
by 72 inches by Zd inches, (State Course of Study; pp. 132-180),
20, Only eight of the 105 replies to the questionnaire
stated that their schools used the above size tables,
21. Community p:oblems were used as projects in some of
the schools, |
22, More time is spent in observing living characteristics
of plants, and animals then formerly,
23, But few laboratories conformed to the standards given

in the State Course of Study for Secondary Schools,

Conclusion:

This lack of compliance with the standards given in the
3tate Course of Study for Secondary Schools indicates that

biology teaching is still in an undeveloped state,
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