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INTRODUCTION 

In Jun~l871, 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 Michael Foster, E. R. Lankester, and ~7. G. 

Rutherford. Teachers and si.;udents were equally excited in 

trueing 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 

Octobe~l872, and thence the laboratory method spread throughout 

the' English - speaking world. 1 

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 

order to make a success." "If we had no faith in ignorance, 

think how much fewer the ?il-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." 2 When we speak of a straight line we mean a 

circle, ~d vice versa. 
. ~ ' 

·1· ··_ '·· ': -

·· · -.~P·?~a~~:~;s~~~e~e!:~~d~:, H~~~f; P~~:fl~~7~8~~ienoe, (New York: 
, \.l ~ <> , ) J , 1 ) .~ ) J l 

· 2J; A~ M~ Richey~ 'Science With al ~~:h~~./6.£'',~o~~ ~/\ ~ ~:, 
_:.~.,...._~;;;;;..;.a World, Vol~~31, (September:~.~ ~~f59h: ;mPi- ~85;~,.;:: ,·\ ;:: , ,: 

vii i ,: \ ·: ; \ : , ~ : :,, ; ' ' , ' ' ~ ; · ; ~ '· : , ', , , · _ : 



In his "Origin of Species", 'Da~win p6inted out that the 

most:important element in the origin of species was the·innate 

tendency to vary.3 

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 would fall more rapidly 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 was the idea of science - knowleclge 

produced by experimentation. 

Galilee was one of the first ·standard-bearers of the new 

idea. He tested this long-standing belief by dropping t~o 

balls of the same size but of unequal weights from the same 

height at the St!ffie time and found that .ll.ristotle and all who 

belie'ved 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.-scientist in his proper role can have a two-compartment 

f. mind. In one he is enti tl~d to beliefs pertaining to the 

spiritual world, if they brighten his outlook upon_life; in the 

other compartment there should be tested and testable facts. 

3 .. ; . 
··: ··· , ~~· ;o; Jeffrey, "Same Limitations of the Experimental 

Method in Biology,n Science, (January 10, 1930), p. 32. 
"'' 
. , •. · 4D~ M~ Luckweish, "Science as the Source of Ideas," 
tf1SCientifi.c.Monthly 29: (September, 1929), pp~ 236-242. 
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There is no doorway between these two· compartments and, there-

fore; there can be no· intermingling. 

Only genius can extend the borders of scientific lcnowledge, 

but the humblest man can be taught the spirit. He can learn 

to distinguish between opinion and knowledge. 

Science means a better and more exact t..nowledge of the 

world. Mankind is no longer at 'the mercy of nature. Nature 

is now a servant, not a master. The age of non-science is 

past, educationalists are coming to realize that educational 

method must be placed upon a firmer basis than speculation. 

Experimental method is the pathway to ideals in educational 

method. 6 

Shrinkage of time and space occurs as man's knowledge 

expands. At no previous time has this been so marked as at 

the present time in the progress of science. 6 

Air transportation brings continents closer together, 

unmindful of the new problems that it leaves in its air-stream. 

Deadly microbes and dread diseases may ride on ships of air 

as well as passengers, mails, and freight. 

5
Wm. D. Tait, "Science and Education," Science, 

(August, 1929), pp. 132-136. 
6

-"Science is Influencing Civilization," Worlds Work, 
Vol. ·5~, _(December, 1929), pp. 35-36. 

:"I;' 
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Leis11re that pre_serves the incentive to greater dis

coveries' of science's secrets will speed the world's progre~s. 

Civilizations rise and fall under the influence of human 

personality. In conquest of disease, medicine has now entered 

upon a successful attack upon bodily disorde:rs that owe their 

origin not to an invading army, but to malfunction of the 

body itself. Life is shown .to be largely vrhat r;e 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 g~own 

from very modest beginnings into true sciences. But the 

various substances have interlocked, and perhaps the most im

portant single result of the last thirty years' worlc has been 

to unify the wbole science of biology, which, at the beginning, 

was sadly disunited. 

The biologist is primarily interested in the forces of 

organic matter. Manifesting these forces are the multitudinous 

forms of plants and animals. These are the biologist's instru-

ments, for they alone exhibit the phenomena which are the center 

of his interest. It is the- initiation, correlation, and 

succession of these changes manifested by his instruments which 

he is endeavoring to understand. 

6'1: 
7

Julian Huxley, "Recent Trends in Biology," ~ Republic 
(May 20, 1931), pp. 11-13. 
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The q_U:estion of ·.just vvha t the equipll,lent of a laboratory· 

should be to te"'.Ch such an interesting and important subjecb 

often occurred to the writer during the twelve years 1 experi

ence teaching biology in a portable building with a meagre 

amount of equipment, but. with an abundance of natural material 

in _the vicinity of the school. Animals from the protozoa to 

the vertebrates inclusive, and plant$ from the spirogyra to 

the dicotyledons were studied. DUring December, January, and 

February, when the thermometer dropped to the freezing point, 

and we could not have any aquaria, or outside projects,. we. 

studied physiology, or the biology of the hrunan body; and 

worked the 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 ear;ty 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. 

xi 



There .are so man1 interesting and a~ailable phenomena 

among living things in any community that it vmuld be doing ,an 

injustice to the students not to give them an opportunity to 

know about them and if possible see them even under the 

natural conditions of their habitats. This is just one angle 

of laboratory work. 

Chemical and anatomical work present problems in reactions 

which are very important even though all 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 importance if they are produced 

through the proper kind of worlc. There are many practical 

applications 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. 

Dat~ 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 re.~.ding, 

., 
',, .. ,,' xii 



. 
and lipon· the replies received to the follovJing questionnaire 

' 
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 survey of the materials required for the 

everyday practices in the laboratory. Those factors which 

would facilitate the putting acro~s of the subject matter 

under reasonably good conditions are the points emphasized. 

The questionnaire is based upon the minimum equipment in the 

State Course of Study.s 

: ~~~,: •. ·:·: : .. 
8~·~:· ~i ::ga'¢_:iley, .C~airman State Course of study, State · 

'\;Cl.o~s'e £!!: Siu.dt_for ·Sea.ondary 'Schools~ (Indianapolis: 
··•··· ::~.5~ffi::~~ ~~~l~·:.'~·~:~.t~ Public Instruction·,· 1923), pp. 132-133. 

' '· > .' 
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Laboratory Equipment for Biology 

Individual Sets for ( students 

Fill in quantity needed. If item is not ne~ded, leave blank. 

Q,uanti ty · . · 
( ) Alcohol lamps, 4oz. 
{ ) Battery jar •. 5x'7. 
( ) Bottles, wide mouth. 
( ) Beaker 250co. 
( } Dissect. pan, waxed bottom. 
( } Dissect. sets, 

6 pieces in each case. 
Evaporating dish. 
Flask, 250oo. 

Quantity 
( ) Glass plates, lOOmm. x·lOOmm. 
( ) Magnifier, tripod. 
( ) Pneumatic trough. 
( ) Ring stand. 
( ) Rubber stopper, 2 hole, No. 3. 
( ) Thistle tube, 30om. stem. 
( ) Wat oh g_lasses, 3 in. 
( ) Wire gauze, 5 in. sq. 

General 
( 
( 
( 
( 
( 
( 

( 
( 
( 
( . 
( 
( 
t 
( 
( 
f 
f 

( 

( 
( 
( 
( 

f 
(; 

} Aquarium. 
} Bell jar, 1 gal. 
} Bladders, for Osmosis. 
) Bone forceps, small. 
} Bone forceps, large. 
} Genco Trip scale, 

agate bearings. 
) Corks, assorted 0-11. 
) Cork borers. 
) Coordinate paper. 
} Cover glasses. 
) Flasks, 500oo. 
) Flower pots, 4 in. 
} Flower pot saucers, 4 in. 
) Funnels, glass, 65mm. 
) Funnels, glass, 150mm. 
) Filter paper. 
) Glass tubing, 

10 to 15mm. assorted. 
Glass tubing, 
4 to 7mm. assorted. 

) Graduate, cylindrical co. 
) Gradua·te, cylindrical 250oo. 
) Insect net, collapsible. 
0 Insect pins, No. o. 
) Insect pins, No. 3. 
) Insect spreading boArds, 

12x4x'7/8 in.(Home made). 
) Litmus paper, blue. 

( 
( 
( 
( 

( 
( . 
( 
{ 
( 
( 
( 
( 
( 
( 
( 

( 
( 
( 
( 

c 
( 
( 
( 

)) Acid, Acetic, glacial. 
Acid, Hydrochloric,com. 

) Acid, Nitric, com. 

Chemicals 
( 

) Acid, Sulphuric, com. 
) Ammonium Hydrate, com. 

. ) Benedict's Solution, qual. 
·.) Calcium Phos. (acid Phos.). 

).Qalcium Phos. (monobasic). 
. ) Calcium SUlphate. . 

xiv 

( 
( 
( 
( 
( 
( 
( 
( 

) Litmus paper, red. 
) Medicine droppers. 
)' Microtome, hA.nd. 
) 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. 
) Rubber tubing, 3/16 in. 
) Rubber dam. 
) Rubber balloons. 
) Section razor. 
) Snellen's Eye test Chart. 
) Slides for microscope, 

blank, 3xl in. 
) Test tubes, 4xl/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, 6 in. 
) Weights with holder, 

10 to 500 gr. 

} Iodine Sol. in Potassium Iodide. 
) Iron Chloride. 
) Lime water. 
) Lysol. 
) Magnesium Sulphate. 
) 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 soluble. 
) Ether. 
) Fehling's Solution A. 
) Fehling's Solution B. 
) 
) 
) 
) 
) 
) 
) 
) 
) ) ___________ _ 

( ) Paraffin, medium. 
( ) Potassium Bichromate, cryst. 
( ) Potassium Chlorate, cryst. 
( ) Potassium Nitrate, gran. 
( ) Pepsin, powder. 
( ) Pancreatin. 
( ) Sodium Carbonate, cryst. 
( ) Zinc Metal, mossy. 
( ) Zinc Chloride, pure. 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 

Biological Laboratory 

Check and fill as point may indicate. 
I. Room 

A. Use. 
1. For Recitation. ) . 

a. Size. ( ). 
2. For Lecture. ( ) . 

a. Size. ( ). 
3. For Reo. and Lee. ) . 

a. Size. ( }. 
4. For Laboratory. ( ) . 

a. Size. ( ). 
5. For Lab. and Rec. ) . 

a. Size. ( }. 
B. Location 

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

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

c. Heating. 
1. System. 

a. Steam. ( 
b. Plenurn • ( 
c. Hot Air1 ( 

D. Ventilation. 
1. Direct. ( 
2. Indirect. 

E. Lighting. 
1. Windows. 

) . 
) . 

) . 
) . 

) . 
a. Number. ( ) • 
b. Size. ( ) • 

F •. Electric wiring. 
1. No. of outlets { 

• Gas • 
) . 

. 1. No. of connections. ( ) . 

H. Water. 
1. Running. ( ) • 

a. From well. ( ) • 
b. From city supply. ) • 

II. Live Room. 
A. Location. ( ) • 
B. Size. ( ) • 
C.Lighting, ( ). 
D. Plumbing. ( ) • 

III. Dark Room. 
A. Location. ( ). 
B. Size. ( ). 
c. Plumbing. ( ). 

IV. Projection. 
A. Moving pi ct. proj. ( ) • 
B. Lantern projection. ( ) • 
c. Opaque projection. ( ). 

v. Tables. 
A. Number. ( ). 
B. Size. ( ). 
C. Equipment. ( ) • 

VI. Museum. 
A. Location. ( ) • 
B. Size. ( ). 
C. No. of Specimens. ). 

VI I. Aquaria. 
A. Kind. ( ) • 
B. Size. ( ). 
C. Balanced. ( ) • 

VIII. Year Biol. is offered. ). 
IX. No. of Biol. teachers. ). 
x. T~xt used. ( ) • 

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

XV 

). 
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No. of pupils per teacher ( ) 0 XVII; Method 
Periods per week •. ( ) . 1. Demonstration. 
Enrollmez;tt. 2. Individual. 
Rield work. ( ) . 3. Demonstra.tion and 
Drawing. (. ) . Individual. 

4. Project. 
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J. W. JONES • • • • • • • • • DIAN 

CYRIL C. CONNELLY· • CONTROLLIR 
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In carrying on the work for the Master's degree this 
College, in line with practically all other colleges, 
requires the pre-paration of a. 'thesis. In some instances 
the most useful method of collecting is through the 
questionnaire plan. 

One of our students, 1~rs. 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
ing questionnaire. It will be considered a personal 
favor if you will check the various points as time will 
permit and return the list to the writer of the thesis 
by November 1. 

Very truly yours, 

E. E. Ramsey 
Head of Department of Education. 
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CHAPTER I 

THE DllPORTANCE OF A BIOLOGICAL LABORATORY 

fu~D TRENDS IN SPACE PROVISION 

Through wisely chosen laboratory exercises and efficient 

laboratory administration, science teaching accomplishes its 

notable part in school instruction. Without its experimental 

aspects science teaching when attempted is largely shorn o;f 

its distinctive features and educational possibilities. 1 

Through laboratory exercises there can be developed, and di-

reated, a desire on the paxt of the pupil to learn. Exercises 

shou+d beget in pupils a teachableness fundamental to the 

learning process and therefore provide a way for rapid ac-

quisition of knowledge. Science studies without laboratOl'Y 

exercises are scarcely worth the name. Laboratory exercises 

are nOt 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 relationships between these facts as they note the 

r results of the experiments being performed. There must be 

1
H; Brownell,· and F. B. Wade, The Teaching of Science 

and The Science Teacher, (New York: ·The Century Co., 1925), 
pp. 3-6. ' 

1 
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such a co.n·tinui ty in. these relations11;ips as shall constitute 

a well-defined thought process, natural and progressive, ev~n 

when an introductory course in the secondary school • 

.1!1acts learned through wisely chosen laboratory exer-

cises have with beginners in science a value in mental 

processes not possible for information g2ined from formal 

statements of text and reference books. '~he former type of 

work exceeds in worth the latter in that it is better 

compre},J.ended and related, and it is more lil:ely to be re-

membered. 111hen enough of these laboratory exercises have 

been performed, pupils are mentally equipped for the more 

rapid interpretation and assimilation of fc::cts as summed up 

in books wherein the experiences of others are set forth. 

The attention of pupils having been centered. upon a topic, and 
I 

their interest aroused by laboratory contact with certain of 

its phases, it may be confidently expected the.t to some degree 

at least there has been developed a desire for further lmowledge 

concerning the topic. In the teaching process this becomes the 

time to turn to text and reference books for further infer-

mqtion which has been gai~ed through the experience of others. 

Practical applications and natural relationships to previously 

acquired knowledge, together with any historical setting, may . 

now come under consideration. ~Xperiments of whatever grade of 

diffi·cul ty are the best means both in the laboratory and in the 

classroom of narresting attention", "stimulating interest", 

and "arousing a desire to know". 



3 

It is unnecessa:t:Y to emphasize the enormously important 

part which biological science has in human life. Stock breed

ing, heredity, environment, human diseases and their biological 

causes are a few of the applications 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 knovm to be due to the action of :9arasitic microlles often 

transported and spree.d "by other living organisms and the cure 
) 

of disease "by modern developments of medicine - these belong 

to the applications of biological. science. 

Vfhen we compare the superstition of the seventeenth 

century concerning the cause of disease with the l)resent knoV~m 

facts concerning the same problem, we can see biology as one 

of the greatest factors in the advance of civ-ilization. 

When we contemplate such facts that should be kno-;m to 

every one, when we see to whe.t extent the results of biological 

science are woven through the whole complicated fabric of 

modern ci viliza.tion, but when we contemplate further the great 

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

it must strike us as an extraordinary fact that biological 

science enters hardly at all into the training of the s.verage 

citizeno. 

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 
.,, 
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have necessitated many changes in builcling plans. The trend 

indi6ates a growing preference of the science work of a more 

generalized nature rather than an intensive study of separate 

though highly specialized subjects. 

According to the study made by Prof. lt. 1. Spohn, "Trends 

in Space Provision", 2 biology shovred an incre<.".se in number of 

rooms while chemistry and physics shoYred decreases from 1917 

to 1927. 
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CHA.PTI<JR II 

INDIVIDUAL EQUIPMENT 

"What 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 gr,ow-
1 

ing boys and girls." 

"The good teacher, too, will not be above employing many 

little tricks and devices to arouse interest, keep attention, 

and ~ncourage application. n2 

"Education in science today does not depend s:olely upon a 

few book facts, it is breaking away from academic ideals and 

develo~ing in the direction of practicability in the knowing 

how to live and enjoy life."3 

The increased population and the keen competition of 

making a living places inc:~:·eased emphasis upon individual 

thinking~ 

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

2w~ F. Ganong, The Teaching Botanist, (New York: 
Macmillan Oo.,.l899):-P; 62. 

3a. P~ Halleck, In Proceedings of ~ National Education 
Association, (1907), p. 523. 
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Good .. work in biology has been dorte with few facilities,. 

but Under great difficulties •. The ideal laboratory provide~ 

an opportunity for the development of individual thinking. 

The student should be independent as far as possible of the 

·teacher's aid in securing·materials and in d?ing work. He 

should be able to work his own problems vvi thout 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 go~d advantage. 

The average laboratory is very poorly provided with 

sufficient individual equipment and 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 together. In by far the greater part of the 

laboratory exercises, individual work should be required. 

Student participation in laboratory ·work presupposes several · 

things. Among these are the follovving: (a) In the biological 

sciences .in particular where materials are necessary, assign

ments of duties nee.d be me; de definitely. This means !!keeping 

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

.eve'J!y science pupil must own a definite group of supplies. 

].lencil• drawing pencil, pen and ink, ruler, notebook, carefully 

prepared laboratory outline, permanent note book back with 

fillers •. Thes.e are just as much a part of the pupil's equipment 
''• ' _. -·'" 
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as the te:x:t· book. In_~- some of the scie.nc~s, 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. '.Che 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 labc:>ratory supplies ready. 

(f} This means that the school must furnish an adequate supply 

of essential labo11 atory materials, if the science progrsm is 

to succeed. (g) ~he teacher must see that all can read la-bora

tory directions. lh) It means that the teacher should be watch

ful after a proper understanding is so obtainecJ. by the class, 

but that, above all things else, he should keep out of the way 

of the class. ( i) The tee.cher should watch "how" results are 

obtained as well as to watch 11 what" results are obtained. ·:.rhen 

the "how" is considered fairly large errors may be preferable 

to very accurate results obtained by poor or vicious methods. 

Honesty is above par in science. (k) The teacher should see 

that results are carefully interpreted and just as carefully 

sta:ted. Here the science te8.cher can do his bit in English. _ 

~ (1) The teacher should see that the experiment - its materials, 
f) 

manipulations, results, and interpretations - is faithfully 

put in permament formo (m) The teacher in a quiz should see 

"that the experiment and its results·are related (1) to the 
~.· ' ' ' . 

. ; . ~· ' 

~ext·matter'or (2) to the outside world. The latter makes 
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science practical; the former shoulc.l train inductively in the 

understanding of the principles underlying science. rr 4 

The following houses furnish laboratory supplies:
5 

Central Scientific Co., 

w. M. Welch l'Ifg. Co~, 

Chicago Apparatus Co., 

Sharr and Co., 

L. E. Knott, 

E. '.'f. Kiger and Co., 

E. L. McCabe and. Son, 

Chicago, Illinois. 

Chicago, Illinois. 

Uhicago, Illinois. 

Chicago, Illinois~ 

Boston, I.Iass. 

Indianapolis, Indiana. 

Terre Hauto, Indiane .• 

Individual sets for the biological l e.bora tory of the 

secondary schools of Indiana include alcohol lamps (if gas is 

used., Bunsen burners) battery jar, Vlide mouthed bottles, 

beakers 250ccm, dissecting sets of six pieces, dissecting pan, 

evaporating dish, 250ccm flask, glass tubing, magnifiers, ring 

stand,. two-hole rubber stopper, thistle tube, SOcm 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. 

4 . 
. E. E. Ramsey, Chairman of Course of Study, State Course 

of Study for Secondary Schools, (Indianapolis, Indiana: 
State Department of Public Instruction, 1923), pp. 128-180. 

5~., p~ 1?2. 
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.·Table I shows th"e distribution of incLiviclual equipment 

in the high schools ranging from 58 to 150 enrollment. 

Eleven of the schools had no equipment, classes ranging 

from ten to thirty-nine. 

Six of the schools ·had from five to nine sets for 

classes ranging from fifteen to twenty-nine~ 

~en of ·the schools had from ten to fourteen sets for 

classes ranging from fifteen to thirty-nine. 

Seven of the schools had from fifteen to nineteen sets 

for classes ranging from ten to thirty-nine. 

Five of the schools hact from twenty. to t'Jenty-four sets 

for classes rRnging from fifteen to nineteen. 

One school had t~enty-five to tuenty-nine sets for 

classes ranging from fifteen to nineteen. 

Two schools had thirty to thirty-four sets for clasees 

ranging from twenty-f'i ve to tvrenty-nine. 

Three schools hed thirty-five to thirty-nine sets for 

classes ranging from twenty to thirty-four. 



11 

TABLI~ I · 

SETS OF INDIVIDUAL EQUIPMENT POR .\. ~nOLOGICAL LABOTtA'rO::r:r~ 
IN :3CBOOLS EHROLLHTG ]13.0l.I 58 'J:O 150 SJ:UD3WJ!J 

Number of To supply the following number of students 
sets SUp})lied 

by schools l0-14 15-19 20-24 25-29 :50-;:>± ~}5-c)9 ~0-44 ~ott~:ls 

0 2 9 3 ') 1 1 11 >j "' 

1-4 

5-9 1 <) 3 6 ..., 

10-14 ') 4 2 1 1 10 '-' 

15-19 1 1 2 9· 1 7 '"' 

20-24 5 5 

25-29 1 1 

30-34 2 2 

' 35-39 2 1 3 

Totals 3 12 13 11 3 3 45 

For ·the schools ranging in enrollment from 151 to 2100 as 
' ) 

given in Table II, the tabulation shovv-s that six schools had no 

equipment for classes re.ngin.g f11 om t'I"Jenty-fi ve to :fort~r-four. 

One school had from one' to four sets of equipment £or 

classes ranging from twenty-five to twenty-nine. 

Four schools had from five to nine sets for classes ranging 

from fifteen to nineteen • 

. Seven schools had from ten to fourteen sets for classes 

r~~ing :from fifteen to thirty-nine • . 
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Two SQhools had fifteen to nineteen sets for classes 
,• 

ranging from twenty-five to twenty-nine. 

One school had twenty to t~enty-four sets for classes 

ranging from twenty to twenty-four. 

'J:ABLE II 

SETS OF INDIVIDUAL EQUIPivCN"T FOR A BIOLOGICAL L.A:SOR.A/002Y 
IN SCl-IOOLS ENJ?..OLLDJG :l!.,B.OH 151 TO 300 STUDENTS 

Number of To supply the following number .of stuclen ts 
sets supplied Totals 

by school 10-14 15-19 20-24 25-29 30-34 35-39 40-4L.b 

0 1 4 1 6 

1-4 1 1 

5-9 4 4 

10-14 1 2 2 1 1 7 
I 

15-19 2 2 

20-24 1 1 

25-29 

30-34 

35-39 

40-44 

Totals 0 5 3 6 5 1 1 21 

For the schools ranging in enrollment from 301 to 500 

stude~ts;:-as given in Table III, the tabulation shows that three 

sahools had ten· to .fourteen: sets of individual eq_uipment for 

:· cil~efse·s ·ranging· from twenty to thirty-nine. 
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Two·· of the schools had from fifteep, to nineteen sets 

for classes ranging from fifteen to thirty-nine. 

TWO of the schools had from tvrenty to twenty-four sets 

for classes rc:mging 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 th:i,.rty to thirty-four sets 

for classes ranging from twenty to thirty-nine. 

TABLE III 

SETS OF INDIVIDUAL EQUIPMENT ]10R A BIOLOGICAL LAJ30RATORY 
IN SCHOOLS ENROLLING FROM 301 ~0 500 STUDENTS 

Number of To supply the fo1loVling number of students 
sets supplied Totals 

by school ~0-14 15-19 20-24 25-29 30-34 35-39 40-44 

0 

1-4 

5-9 

10-14 1 1 1 3 

15-19 1 1 2 

20-24 1 1 2 

25-29 3 3 

30-34 J, 1 2· 

35-:-39 

40·-44 

Tot.als 1 3 4 1 3 12 
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For schools ranging in enrollment front 501 to 171 g, as 

given in Table 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 fifte~n to nineteen sets for 

classes ranging from t·wenty-five to thirty-four. 

Two of the schools had twenty to twenty-four sets for· 

classes ranging from twenty to twenty-four. 

One school had twenty-five to twenty-nine sets for 

classes ranging from twenty-five to tvrenty-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 .cla.sses 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 a minimum list a set for each four 

students if at four-student tables or a set for each two 

students if at two-student tables. Eleven of the 105 replies 

_reported that ·their biological. laboratories had no individual 

eg:O.ipment. 
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TABLE IV 

SETS OF INDIVIDUAL ZQUIPIBN'J: FOR A BIOLOGICAL LAl30P.A'l101~Y 
IN SCHOOLS l~NROLLINCJ. FROl.I 501 ~0 1736 STUDENTS 

Number of To supply the following number of students sets supplied ~1otals 
by school 10-14 15-19 20-24 25-29 30-34 65-39 1d:Q-t±4 

0 1 2 2 5 

1-4 

5-9 

10-14 1 2 ·2 1 1 7 

15-19_ 1 1 2 

20-24 2 2 

25-29 1 1 

30.:.34 1 1 3 5 

35-39 3 3 

40-44 2 2 
Totals . 2 6 12 4 3 27 



UHAPTER III 

GENERAL EQUIPl!D~NT FOR A BIOLOGICAL 

LABORA':VORY 

ncostly thy habit as thy purse can buy'1 may at times 

express the thought of a taxpayer e,s he inspects modern 

laboratories and their equipment in some of the larger 

secondary schools, and again when·he audits bills for 

labor a tory supplies and upkeep. In marlced contrast to this, 

however, the equipment and supplies of the smaller high 

schools oftentimes vrill be found wretchedly inadequate for 

the -Beaching undertaken. In the sme.ller high schools where 

one teacher has, it may be, all the science subjects, the 

teaching problems are entirely different from those of s~ocial 

teachers in large high schools. Nevertheless, economy rather 
. . 
than waste applies equally well to s~l science teachers, and 

is as applicable to their time· and energy as it is to e:h.LJendi

ture for apparatus and supp~ies. rr1 

The prepared equipment of a general nature for biological 

use l.s the most important kind because of the fact that biology 

1·H~ Brownell, and F. B. Wade, The Teaching of Science and 
The Scie.nce Teacher, (New York: TheGentury Co.-,-1925), 
PP7 35-36 • 
. ~ ~ .. 
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is such a broad subje_ct and requires the use of the equipment 

in diverse experiments. 

The nature of the experiments is not limitec1 to any one 

phase of the subject and fo:· that reason calls for a larger 

equipment than some specialized subject. 

In the writer's experience, the general equipment c1oes 

not need to be of a very elaborate nature, but of a very 

practical nature. Some of the equipment can be us.ed only for 

a few s_pecific purposes, vThile other i terns can be used fo1· a 

number of experiments. 

If finances are much limited, it is necessary in many 

cases t·o make a portion of one's ovm equipment. 

Ready-made equipment usually works better and requires 

less of the instructor's and student's time in assembling for 

the experiment. Since the equipment is not the thing· vre 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 experience, better results are obtained 

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

substitute for ready-made equipment. 

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. 
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The State Departzp.ent of Public Instruction has a li.st 
.• 

of supplies or general e~uipment for the biological labora-

tories of the secondary schools of Indiana. 2 

The tabulation in Table V gives a list of the general 

laboratory e~uipment and the number of schools supplied. 

Seventeen of the 105 replies reported their schools having 

no a~uaria, fifteen schools had no microscopes. Thirty-one 

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

any litmus paper. 

~ABLE. V 

GENERAL LABORATORY EQUIPMENT FOR A BIOLOGICAL LADORATORY 
. IN SCHOOLS ENROLLING FROM 88 TO 1736 STUDENTS 

Kind of Equipment No. of Schools 
Sup:r?lied With 

Aquaria................ . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Bell jar, 1 gallon.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . '71 
Bladders, for osmos1s........................... 61 
Bone fore ep s , small. • • . . . . . . . . . . . • . . . • . . . • • • . • . • 46 
Bone- fo:rceps, large............................. 42 

Trip scales, agate bearings..................... 66 
Corks, assorted 0-11............................ 71 
Cork. borers.. • • • • . • • . . • . . • . • • • • • • • • • • • • • • • • • • • • • 52 
Coordinate paper ..•....... ~...................... 42 
Cover g~asse·s . ............•.......... ~ . . . . . . . . . . 67 

Flasks, 500c.c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
Flower pots~ 4 inches........................... 71 
Flower pot saucers, 4 inches.................... 71 
Funnels, glass, 150mm........................... 60 
F'tlnnels, g;lass, 65mm.. . • . • • . . . • . . . . . . • . . . . • . . . . . . 62 

2E. E. Ramsey, Chairman of Course of Study, state Course 
.£!'Study for Sec.ondary Schools, (Indianapolis: State 
Departmen~f Public Instruction, 1923), pp. 132~133. 



TABLE v (CONTINUED) 
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Filter paper . ................................. . 
Glass tubing, 10 to 15mm. assorted ••••••••••••• 
Glass tubing, 4 to 7 mm. assorted •••••••••••••• 
Graduate, cylindrical, 500cc ••••••••••••••••••• 
Gradua.·te, cylindrical, 250cc ••••••••••••••••••. 

Insect net, collapsible •••••••••••••••••••••••• 
Insect pins, No. 0 and No. 3 ••••••••••••••••••• 
Insect spreading boards, 12x4x7/8 inches 

(home-made) •••••••• ~ •••••••••• 
Litmus paper, blue •.•..••••.•.... _ ......•..•... 
Litmus ,paper, red ...•............ ..•.•......... 

Ivfedic in e droppers ••.••••••••••••••••••••••••••• 
Microtome, l1and ••..•••••.•••••••••••••. .•••...• 
Microscone ••••••••••••••••••••••••••••••••••••• 
Platim.urt wire in glass handle .••• ~ ••••••••••••• 
Riker mounts, 4x5 inches ••••••••••••••••••••••• 

Rubber stoppers, 2 hole, No. 9 ••••••••••••••••• 
Rubber stoppers, 2 hole, lJo. 6 ••••••••••••••••• 
Rubber tubing, 3/16 inches ••••••••••••••••••••• 
RubPer dam ••. ..••••••....••...........•..••.... 
Rubber stoppers, .l hole, No. 1 ••••••••••••••••• 

Rubber balloons .. ............................. . 
Section razor ••••••• ~···················~······ 
Snellents Eye Test Chart ••••••••••.•••.••••••.• 
Slides for microscope, blank, 3xl inches •••••.• 
Test tubes, 4Y.J./2 •.•••••••••••••••••••••••••••• 

Test tubes, 6x3/4 ............................. . 
Test tube racks ••••••••••••••••••••••••••••••.• 
Test tube brushes, corlc tippe_d •••••••••••.••.•• 
Thermometers- 10 to 100 c~ and 10 to 220 ~ •••• 
Tray, photographic, 5x8 ••• ." .••.••••••••.••••.•• 

Tripod, 6 inches •••• ~ •••••••••••••••••••••••••. 
Water bath, copper, 6 inches ••••.•.•••••.•••••• 
Weights with holder, 10 to 500 gr •••••••••••••• 

83 
74 
74 
57 
62 

70 
57 

70 
82 
82 

70 
45 
90 
51 
20 

65 
65 
65 
44 
65 

4:8 
50 
58 
90 
80 

80 
80 
80 
62 

29 
20 
66 

19 
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CH.A.PTE~~ IV 

CH.8MICALS FOR A BIOLOGICAL LABORATORY 

The type of work which is necessary for the various 

phases and different angles of the subject requires the use 

of a number of reagents and ste.ins. Most of the chemicals 

needed for this type of v1or1c are those that belong to the 

field of bio-chemistry. 

., 

Hovrever, some of them fall into the st1·ict inorganic 

clas·s, 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 organic materials should 

be studied. 

Dyes and stains are important because of the fact thet 

they are necessary to make some of microscopic 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 permit, this 

adds an interesting touch. 

Preservative substances, of which formaldehyde and alcohol 

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

21 
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a supply of. specimens 'when they are :plentiful 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 occasional recalling of this fact solves some 

of the most :perplexing of the animal and plant reactions. 

Chemicals for each of the different phases of the rrork 

are given in the follorring table. 

TABLE VI 

CHEIUCJI~S POR A BIOLOGIC.AL LAB03..t\.Tm1Y 

Chemicals 
Number 

of Schools 
Supplied 

' 
Acid, Acetic, glacial •••••••••••••••••••••••••••• 
Acid, Hydrochloric, com •••••••••••••••••••••••••• 
Acid, Nitric, com •••••••••••••••••••••••••••••••• 
Acid, Sulphuric, com ••••••••••••••••••••••••••••• 
Ammonium Hydrate, com •••••••••••••••••••••••••••• 

Benedictis Solution, qualitative ••••••••••••••••• 
Calcium Phosphate (acid phosphate) •••••.••••••••• 
Calcium Phosphate (monobasic) •••••••••••••••••.•• 
Calcium Sulphate . ...•...••••••......•...•....•... 
Canada Balsam, for slides •••.•••••••••••••••••••• 

Carbolic Acid, loose crystals ••••••••• ~ •••••••••• 
Charcoal, wood, lumps •••••••••••••••••••••••••••• 
Corrosive Sublimate •••••••••••••••••••••••••••••• 
Eosin, yellowish, water soluble •••••••••••••••••• 
Ether . .......•.••..•............•.........•...•.• 

Fehling's .Solution, A •••••••••••••••••••••••••••• 
Fehling's Solution, B •••••••••••••••••••••••••••• 
Anil in, Red . ..••.•••..••••••........• · ...•••..•••. 
Phenolphthalein· • .•..•••••• ~ .•...•..........••.... 
.Ale ohol, wood • .•...................... , ......•.... 

I . • 

. ' 

63 
75 
72 
71 
46 

38 
33 
30 
39 
63 

35 
52 
30 
42 
70 

50 
50 
1 
5 
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'J!;,\BLE VI ( CONTI NJIED) 

Ale ohol, grain. . . . . . . . . . . . . • • . • . . . . . . . . . . . . . . . . . . . . . 20 
Agar Agar . • • . • • . • . • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • 7 5 
Cyanide jars........................................ 75 
Iodine Solution in Potassium Iodide................. 67 
Iron Chloride....................................... 49 

Lime lfa t er. . . • . • . . • • • . . • . . • . . . . . . . . • . . . • . . • . . . . . . . . . 71 
Lysol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
lviagnesiUlll Sulphate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Glucose (Dextrose) granulated....................... 60 
Manganese Dioxide.................................... 53 

Malachite Green. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
lViethyl Blue......................................... 66 
Paraffin, medium melting point...................... 60 
Potassium Bichromate, crystals..................... . • 30. 
Potassium Chlorate, cyrstals. • • • . • • • • . . • . • • • . . . • . • • • 40 

PotassiUm. Nitrate, granulated. . . . . • • . • • • . • • . • . • . . . . . 20 
Pepsin, pov1der. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Pancreatin. • • • • • • . . . . . . • • • • • • • • • • • • • • . • • • • • . • • • • • • • • 30 
Sodium Carbonate, crystals. • • • • • • . . . . . . . . . . . • . . . . . . • 25 
Zinc Metal, mossy. •...•••.•.••••.•••.•....••••••••. 25 

Zinc Chloride, pure................................. 20 

REFERENCES : 

Brownell, H., and Wade, F. B. The ~eaching of Science and The 

Science Teacher. New York: The Century oo., 1925. P. 239. 

Lloyd, F. E., and Bigelow, M. A. The Teaching of Biology in 

the ·secondary School. New York: Longmans, ~reen and uo~, 

1919~ Pp. 209-229, 392-417. 

Ramsey; E~ E., Chairman of Courses of Study. ~tate course of 

Study fo+ t::seeondary Schools. Indianapolis: Department 

, of Public Ins:tructi.on, 1923. P. 132. 
~ ~ :•. ,. \ 
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EQUIPPING THE BIOLOGICAL LABORATOl::.Y 

"For the tee.ching of biology by ::Q::.~oyer methoc1s a gooct 

laboratory is a necessity. The character of the desks and 

the arrangements for seating and. lighting of an ordin::.ry 

class room are entirely inadeq_ua te and ma:r be permitted only 

when no other place for vrorlc is to be had. A good laboratory 

is one wit.h gooo_ lithting, ample space for comfortable work, 

'places for storing equipment, and. room for aquarie, and 

vivaria~"l 

"Good biological equipment is expensive; poor equipment 

is extravagance. The problem, then is not 'hov'T cheap?' but 

'how good?'" .Economy should be practiced. in the field of 

utilization. The new trend in science work is to use the 

combination laboratory '7hich serves for more than one science 

and for lecture room as well. 

New buildings are doing avray ~Cli th the 1 ecture room, and 

provision for recitations and class demonstration· are in-

eluded in each by removing from the lecture room its speciel 

furniture and e.quipment, and. the room is used for a laboratory 

and a· recitation room. 

1 . F. E. Lloyd, and 
the Secondary School, 
1919)' p~ 209. 

M. A. Bigelow; The Teaching of Biology in 
(New York: Longmans, Green and Co., 

24 
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The .. replies to _the q,uestionnair~ verify the above stat·e

ment. ~he 105 replies reported that one room was used for, 

lecture, recitation and demonstration. These data are tabu-

lated in '.L'e.ble VII. 

TABLJ~ VII 

BIOLOGY ROOM SIZES AND US.!DS TO '.7RICH T!WSE ARE PUT 

No. of ~iology Rooms - Use 
Room Size uombination Total 

Rooms Lecture Recitation Demonstration No. 
(L. R. D.) (Only) (Only) (Only) Rooms 

From 15'x10' 2 0 0 0 2 To 15 1 xl5 1 

From 16 1 x24' 3 0 0 0 3 To 16'x70' 

From 18'x20' 5 0 0 0 5 To 18'x40 1 

From 20'x24' 28 0 0 0 28 To 20 1 x60i 

From 21' x30' 5 0 0 0 5 To 21' x36' 

From 22'x30' 2 0 0 0 2 To 23'x36' 

From 24'x30' 24 0 0 0 24 To 24' x36' 

From 25'x25' 14 0 0 0 14 To 25'x35' . 
From 30'x30' 17 0 0 0 17 To 30'x50' 

From 31' x32' 2 To 33• x42'. 0 0 0 2 

From 40'x35' 
3 0 0 0 3 To 40 1 ;x60' 

,•, . ·~ . ' ' '"~• - . 
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The present usage in school builctings is to have every-· 
2 .· 

thing practical. The principal reasons for eliminating the, 

lecture room are economy in spnce, in building cost, and. a 

claimed pedagogical advantage. The cost of nrovidin~ a _,_ b 

separqte lecture room is the cost of an average recitation 

room, from ;;?;~500 to ~:~5,000, depenc1ing upon the ty:9e of con

struction of the building and local building costs. If this 

room were in continuous use the waste vroulcl be less, but 

surveys made in high schools of all sizes throughout the country 

show that these lecture rooms al~e very seldom used for the 

entire school day or even for a large part of it. When the 

lecture room is in use, the laboratories, as a rule, are idle. 

The combined laboratory-demonstration ancl recitation room 

saves, most, if not all, of this vrasted space ancl in addition 

has educational advantages of much merit. The instructor may 

stop the in6.iviclual experimental work when he finds it adv:Lsable 

and can assemble his class for instructions or for demonstr8tions. 

He may assemble his class for a short recitation at the begin-

ning of the laboratory period, ana. he can malte use of the last 

part of the period. He has· space available when the more rapi_d 

pupils who have finished their experiments may sit and vrrite 

them up or study, out of the way of the others vrho are still 

working on their experiments. 3 

2 
J. J~ Don.ovan, B. s. School Architecture, (New York: 

The Macmillan Company, 1921), pp. 385-390. 
3
Laboratory Construction, Equipment and Exercises, 

(Indianapolis: State Superintendent of Public Instruction, 
1925) ,. Plate I. 
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•, 

!['he. rooms 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). 

REFERENCES : 

Bailey, E. W., and Foster, L. F. The Science Laborato:ry 

and Classroom for Secondary Schools. May, 1923. 

Pp. 257-273. 

Brovm, H. E. nEg_uipment for Science Laboratories, n 

National School Buildinrz Journal 4: Pp. 124, 140, · 

142, 169-70, 180, 182, 184, 207, 226, 228, 230, 232, 

234, 265, 274, March - June, 1923. 

Caldwell, 0. w. Science Equipment in the Lincoln School. 

Bureau of Pub1icatians, Teachers College, Columbia 

University, 1925. 

Strayer, G. D., and Engelhardt, N. L. School Buil(1ing 

Problems. New York City: Bureau of Publications, 

Teachers College, Columbia University, 1927. ~. 506. 

-------· Standards for High School Buildinp..·s. 

Bureau of Publications, Teachers College, Columbia 

University, 1924. 



CH.APT1m VI 

HEATING AND Tl.:HTILATION 

The replies to the questionnai11 e reported eighty-eie;ht 

laboratories hea tecl. by steam and seventeen by hot air. 

Sixty-five of the replies reported· they hao. direct ventilation 

and forty had indirect ventilation. 

YThatever system is used, the _laboratory should be comfor

tably warmed in cold weather, it is not only impossible to 

carry on the work of the school, but it is lJOSiti vely dangerous 

to the health of student and. teacher to WOI'k in a cold lab ora-

tory.. The heating and. ventilation systems should provicle eight 

complete changes of air per hour. The temperature should be 

from 68o to 70° F. 

A. positive supply of ou·tdoor air, whether brought to the 

laboratory by direct ventilation or by indirect (meche.nical 

means), should be provided to the labora.tory equal to or in 

excess of the minimum requirements pel~ occupant per hour. 1 

A laboratory should have fume chambers and vent ducts to 

carry off the fumes and gases generated during experimental 

work. And these ventilators must extend to the outer air 

above the buildin~. 

' lFrank W~ Hart, A Standard State Schoolhousin~ Code, 
(Albany, New York: c; F. Williams and Son, Inc.,924T; p. 126. 

28 
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Laboratories are. often provided with special ventilator·s 

which are independent of the system serving the rest of the . 

building. The odors which occur in these rooms must be quickly 

removed to prevent diffusion to other parts of the building. 

The laboratory should be supplied vvith ~n independent 

exhaust flue with either a heating coil or a disk fan to 

accelerate the removal of the air from the room. Frequently 

an electric fan is placed in the base of a vent flue. In most 

installations no fresh air duct is provided from the main 

ventilating system. This makes it possible for the e~1~ust 

fan to produce a partial vacuum in the room. When the door of 

the laboratory is opened, air rushes into the room and odors 

do not penetrate to other parts of the building. 2 

Recent tendencies in general ventilation are towards 

making increased use of .natural ventilation. The chief 

difficulties in the utilization of window ventilation in a 

laboratory are interference with hood ventilation, which is 

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 shou}d be re-· 

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

2c~ E. Reeves, and H. s. Ganders, School Buildin~ Mana~e
ment, (New York: Teachers College, Columbia Universi y, 19 8), 
pp: '298-299. . 
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for fan noises are transmitted throug~ short air ducts. The· 

materials to be used for ducts.and fans for general ventila~ion 

should receive more attention in a laboratory. Vitrified tile 

wall ducts are recommended, but if sheet metal ducts are used 

they should be protected from corrosion. The fan housing and 

wheel should also be protected. 

Laboratories are usually heated by steam; the pressures 

should be constant and sufficient to effect uniform distri-

bution. The shape of radiators, the materials used in them 

an~ in connecting piping, and the type of return system are 

largely determined by the position in the room, the nature 

of the system and standard heating practice. 

In general; the capacity of the exhaust fans for hoods 

and ?eneral ventilation should exceed the capacity of intake 

fans or gravity heating stacks. The proper balance between 

these two factors must be worked out if each part of the labor

atory is to be properly ventilated. Impurities in the air ad

mitted to a laboratory may be lessened if the air is W(!shed by 

a devic.e which makes a fine spray that removes not only dust 

but also a large proportio~ of smoke and odors which at times 

may be carried in from the outside. The air-washer can be 

~. p~ocured vvi th 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 
~ 

·experienced. 

,, · . . ,, 



3! 

! 

As a ·s-ubstitute :tor large plenum ·sp~ces or extensive duct 

systems, some use has been made of inlet air heater and fan ' 

outfits placed below \tlndows. 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 

window recess. Fresh outdoor air can be forced into the room 

or the air in the room recirculated over the radiator at will. 3 

The first object in ventilating a laboratory is to properly 

introduce the fresh air into the room and also to ~~thdraw the 

foul air in all portions of the room while a secondary object 

is to circulate the air in such a manner as not to make air 

currents disagreeable or even perceptible. 
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CHAPTER VII 

NATUHAL LI GH'J:IHG 

Since the light of the laboratory is modified both in 

amount and quality by the color of the vmlls, the color should 

be such as not to absorb the rays Of light. The uall space 

between the floor and the windorr sills and the che.lk troughs 

should be light bro'.''lll. Side walls. anc1 ceilings should be a

light buff tint, or a light gray. Light colored ir.rood should 

be selected. 

The amount of glass used depends u~Jon the locality and 

surroundings. In the south and southvmst, where sunshine is 

abundant and where the sun is higher above the horizon at noon

time, the states require one-sixth as much glass surface as floor 

space. 

In general, where there are no hills, high building·s, or 

trees to obstruct the light, one-fifth as much glass surface 

as floor space will suffice. The ratio of one to six is usec.l 

by the central States, with the exception of Ohio, which 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 

spa,ce, or one to six, thirteen states require twenty per cent, 

33 



i . 
! f,' 

34 

or on..e t~ ·:ei ve) and twQ states requir-e ·twenty-:fi ve per. cent_, or 

one to :four. 1 

Indiana's standard is one to six or sixteen and two
,~ 

thirds per cent as muc·h glass surface as :floor space. 

Thirty-three of the 105 replies reported less than sixteen 

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 

Light ratio of Variation + 01' 
Floor space Glass areas these rooms - from state 

No. of in of these rooms vary from: standards Per-
room~ 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 0 -to 16.7+ 

52 551 1 to 750' 64' to 272' 8.8 to 31.2. 7.8- to 14.6+ 

31 751 1 to 1150' 24;;c.l 
·:h to 300' 3 to 33.3 13.6- to 16. 6+ 

2 1151' to 1350' 108' to 162 1 5.3 to 13.5 11.3- to 3.1-

4 1351 1 to 1750' 84'' to 200' 6.2 to 14.4 10.4- to- 2.2-

2 1751' to 2400 1 200 1 to 231' 9.5 to 12.7 5.1- to 3.9-

iMa; Ayres Burgess, J. F. Williams, and T. D. Wood, Health
.:f.ul Schools Ho_w To Build ~quip and Maintain Them, (New York: 
_:gought.on llliift!ill Co •. , 1918 , pp. 66-6'7. 
I. • . . . . • 
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Labor.atories. do n,_ot show as radic?-1 developments in the · 

a.moun:t 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 
2 

occupied by windows. Every possible sq_uare inch of vrindow 

space should be fitted v;i th 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 li;:;hting 

effects. Hays which otherwise would be lost are caught and 

bent, so that the amount entering the room is greatly in

creased. .Ribbed and corrugated glass should not be used be-

cause they reflect light in bright tints 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 Inade. 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 

beaomes a necessity of using the vertical illmnination. The 

upper floors of school buildings are often used for laboratories. 

Such laboratories are often lighted by means of skylights. 

~atural Hesearch Council Uoinmittee Report, Laboratory 
Construction and Equipment, (New York: The Chemical Foundation, 
Inc., 1930), P:P7 91-94. . . 
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Light·. diffusion in a laboratory can .be aided by panels 

of so-called prismiatio glass, and by the use of partitions , 

of similar or ordinary glass. Large buildings require more 

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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Briggs, w. R. Americ,an School Buildings. New York City: 

John Wiley and Sons; P. 155. 
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CHAPTER VIII 

ELECTRIC WIRING, GAS FIXTURSS, AND 

WATER 

Several important, general tendencies are noted in 

modern lighting practiceo Buildings which were considered 

adequately lighted five years ago now appear gloomy by com

parison with recent installations.1 Gas, natural or arti

ficial, may in certain special localities be used for illu

mination. 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 to 

have a supply of electricity~ For an ordinary sized labora

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

fair light, six outlets wil+ 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~ 

1
Natural Research Council Committee Report, Laboratory 

Construction and Equipment, (New York: The Chemical Foundation 
·fn4., f.930), pp; 94-99. 

3'1 
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. With nine outlets, lamps of sixty watts each or 540 vvatts 
. . 

are sufficient. The nine lamps of sixty watts each are.much 

easier upon the eyes of the students and instructor than 

four 150-watt lamps. 2 

Every lab ora tory should be supplied I'Ti th electricity, 

gas, and water. There should be -vrater and gas at the in-

structor' s demonstration table and also at one or tvro sinks 

at the side of the room. For proper locations of electric 

outlets, the laboratory should be divided into as many 

rectangles as· 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 vlindows but not on the opposite side of the 

laboratory. 

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 shovrs that fifty-three laborato:ties did not have 

any gas connections. The others varied from nine to ten or 

more. 

Table XI shows that seventeen laboratories did not have 

any running water. Eighty-eight laboratories had nlnning water, 

thirty-six from wells, and fifty-tYIO from city supply. Three 

laboratories had hot and cold water. 

I 

~~ J• Alt, Mechanical Equipment School Buildings, 
(Milwaukee: The Bruce Publishing Co., 1916), PP• 37-38; 99-~00. 
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TABLE IX 
-· 

ELECTRIC WIRING OF BIOLOGICAL LABORATORY 

Number of Schools Number of Outlets 

14 . . . . . . . . . . . . . . .• . . . . . . . . . . . . . . . . . . . 0 

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

13 .....••...•.....•.....•.....•...... 4 

42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., 
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

TABLE X 

GAS FIXTURES OF BIOLOGICAL LABORATORY 

Number of Schools Number of Connections 

53 

22 

10 

0 ., 
1 

3 

1 

2 

6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

•.......•.......................• 1 

.............. • ................. . 2 

....... . . . . ..... . . 3 

. . . . . . . . . . ....... . . . . . 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

..•.•..•••...••......•.....••.... 6 

.........•....................... 7 

....... •,• ....................... . 8 

........................•........ 10 or more· 
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TABLE XI 

WATER SUPPLY OF BIOLOGICAL LABORATO~Y 

Number of Schools Using 

No Running Running 
Water Water From Wells 

From 
City Supply 

Hot and Cold 
water 

17 88 36 52 3 
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CHAPTI:lli IX 

LIVE R001'.I, DAlTIC HOOU, PROJ.SC~ION ROOM, 

MUSEUl!I, AND A~UARIUH 

The live room seems not to be thought of l)y many 

architects or Boards of Education.when building a school house; 

but any real vride-awake biology class enjoys working \'lith live 

material, and with little encouragement vrill have enjoyment 

and interest. Such materials should be available for class 

study first, then placed on the school grounds for further 

enjoyment and study where possible. A nmenagerie" 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 appe.ratus, and 

seven had opa.que projection apyaratus. Ten schools l'!el~e supplied 

with a small storage closet, but none had a regular dark room. 

The moving picture, tne lantern projection, and opaCJ.ue pro

jection may be used to furnish both instructive and entertaining 

information. Many pupils can be taught more satisfactorily by. 

visual means than by auditory means. 

Twen~y-four of the 105 schools had muse~~s varying from 

twenty to .1000. specimens~ With a li tt~e effort any school 

42. 
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could eas::j.ly begin to create - a museum. Seventeen of the 105 
. 

did not have any aquaria, the remaining eighty-eight hacl from 
I 

three- to twelve-gallon ones. .Ul were balanced. 

Surely those seventeen schools that vre1'e not supplied 

with any aquar_ia could manage in some say to earn money to get 

a few necessary facilities r:ri th •,7hich to work, Gnd it vroulc1 be 

a wise thing for the eighty-one schools wl1ich did not have any 

museum materials to begin to collect material. 

TABLE XII 

BIOLOGICAL LABORA~ORY FACILITIJ~S 

·No. of Schools Supplied ·,nth 
Balanced Aquaria 

No. of Schools Su:p~)lied ''Tith 

No. of 
Schools. 

60 

20 

5 

3 

17 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

Size of 
Aquarium 

3 Gal. 

5 Gal. 

10 Gal. 

12 Gal. 

None 

IJuseums 

No. of 
Schools 

3 . . . . . . . . . . . . . 
4 . . . . . . . . . . . . . 
3 . . . . . . . . . . . . . 
3 . . . . . . . . . . . . . 
7 . . . . . . . . . . . . . 
2 . . . . . . . . . . . . . 
1 . . . . . . . . . . . . . 
1 . . . . . . . . . . . . . 

No. of 
Specimens 

20 

5G 

100 

150 

200 

300 

600 

1000 
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CHAPTER X 

TABLES 

"The science of biology h'ls traveled far in the inter-

vening decades, and educational aims and methods have ad-

vanced even more rapidly. On the one hand biolo3·y in the 

strict sense of the term i.s concerned chiefly ~~rith the 

physical chemistry of living stuff, and therefore, req_ui1~es 

the facilities of a chemical le.borat ory. On the other hand, 

biology as a school subject is becoming more and more the 

study of relations among living creatures, especially between 

man and his living environment. Biology of the modern aca-

demic type then demands as complete a laboratory equipment 

as do physics and chemistry, in add.i tion to the strictly 

biological apparatus; vvhile civic biology concerns itself 

with the great outdoors and community conditions. The fact 

that we are working vrith living stuff, demanding exact con

ditions and unusual facilities for care, makes the selection 

and provision of this equipment more difficult. n1 

1 
.J. -J. Donovan~ School Architecture, (New York City: 

Macmillan Co., 19211, pp. 390-391. 
The 
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Standard tables for four students are 42. inches by ?2 

inches by· 30 inches :qigh. TIYO-student tables are 24 inches 

by ?2 inches by 30 inches. They should lJe eCJ.uipped with 

drawers. An instructor's desk 3 feet by 8 feet by 34 inches 

·2 is needed. 

If the tables are home-made then they should be treated 

to prevent stains. F. B. Dresslar in his American School-
3 

houses gives the follorling formula: 

"For tops of lab ora tory desks 01~ tables, northern 

pine, whitewood, cedar and California redr·roocl. may be 

used. 

Home-made t2.bles shoulc. be acid proof by using 

the folloTiing solutions: 

Solutionl. 

100 grams aniline hydrochloride 

40 grams ammonium chloride 

650 grams vva ter 

Apply solution 1, let dry then ap;_)ly 

Solution 2. 

100 grams copper sulphate 

50 grams potassium chlorate 

615 grams of water 

When dry wash with hot soap suds, ·when dry 

again rub down with vaseline." 

, 2r.aboratory Construe:ti on, .l!]g,uipmen t and Exercises, 
(Indianapolis: State Department of Eublic Instruction, 1925), 
pp. 11-12;· 

3
Fletcher B. Dresslar, American Schoolhouses, ( 7lashin.ooton 

D. 0 0 ' , ; Government Printing Office, 1911), pp. 33-35; 
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Table XIII gives eight of the sqhools using the standard 

size table} 42 inches by 72 inches by 30 incher::;; the tables .in 

eighty-three schools ve.ry frorn 21 inches by 84 inches by 30 

inches to 60 inches by 144 inches by 30 inches. Fourteen of 

the 105 schools use regular school desks fo1~ biological vrork. 

TABLE XIII 

TABLE SIZES 

Table Sizes Varying Nmnber of Tables 
From: To: 

60 "x84 nx30 '' 60 nx144 ''x30" . . . . . . . . . . . . . . . . 16 

48 "x48 nx30" 48"x240"x30n . . . . . . . . . . . . . . . . 2p ..,,) 

46"x60"x30" 46nx63"x30 '' . . . . . . . . . . . . . . . . 2 

' 42nx60 "x30 n 46 "x216 "x30" ................ 3 

40 "x9 6"x30" 40 "x216 "x31" . . . . . . . . . . . . . . . . 3 

36 "x54 "x30 '1 36nx288"x32" . . . . . . . . . . . . . . . . 32 

30 "x48 nx30" 30"xl08"x31" . . . . . . . . . . . . . . . . 3 

24nx48"x30" 24"x50"x30n . . . . . . . . . . . . . . . . 3 

22"x72"x30" 22nx82''x31" . . . . . . . . . . . . . . . . 2 

21 "x7 2 "x30" 2l"x84"x31" ................. 2 

Regular School Desks . ..•...•.••.••.• 14 
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CHAPTER XI 

THE ·COURSE OF STUDY IN BIOLOGY 

Before one can effectively plan the knorrledge content of 

that portion of the course of study in our school system ·vrhich 

seeks to impart knowledge, three things need to be knov-m.: 

first,. what are the important principles needed to solve the 

problematic situations involving biology that arise in life? 

second, how much time is required. to teach each of these 

principles so that.it will function in life? third, at what 
. . 

grade level can each principle best be tG.ught vrith the least 

expenditure of time s.nd 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. 1. There are many problematic si tus.'ti ons in-

volving biology that arise in the life of the average person. 

Theoretically one might list all the questions pertaining to 

biology that arise in a given cor.rlYiluni ty and teach the ansvrers 

to every pupil in the biology ,:vork of the schools· in that 

particUlar place, but that seems an impossible task, for the 

specific questions are so multitudinous. But the principles 

1National. Society for the Study of Education, Thirty
:B'irst Year Book, Part I, (Bloomington, Illinois: Public 
School. P\lbl~shing Co., 1932), pp. 224-226. 
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involve~ in them are relatively ~ew~ It is wiser, therefore, 

to g_i ve the pupils B.ll understanding o':f the more important 

principles - important because they do help in solving these 

oft-recurring g_uestions - ancl enough drill in applying them 

to typical li:fe problems to insure skill in their use Tihen the 

need may arise in their lives. 

To give pupils a mastery of some of the more important 

principles of biology gives some assuro.nce that they will still 

be able to meet situations that arise vrhen they go, as many 

will, into quite different communities from the particular ones 

in ~:v.b.ich they attended school. 

It assures the ability to meet the problems th?t will arise 

in their maturity vrhen the particular problems to be settled 

will probably have changed greatly from those vre have to f~;ce 

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 cleer unc1erst2.nc1ing of major 

realizations • 

. t f th p . . 1 2 
A L~s o e r~nc~p es: 

I. Energy cannot be created nor destroyed, 

but merely transformed from one to another. 

II. The ultimate source of the energy of all 

living things is sunlight. 

III. Micro-organisms are the immediate cause of 

diseases~ 

2
National Society for the Study of Education, ££. cit., 

pp. 224-226~ 
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IV. All organisms must be adjusted to the 

environn1en tal factors in order to survive 

in the struggle of existence. 

v. All life comes from previous existing 

life and reprocluces its ovm kind. 

VI. Animals and :pl8.nts are not distrilmted 

uniformly 01· at random over the surfo.ce 

of the earth, but are fo1md in definite 

zones and in local societies. 

VII. Food, oxygen, certain optimal conditions 

of temperature, moisture, and light are 

essentia~ to the life of most living 

things. 

VIII. The cell is the structural and physio-

logical unit in all cell orgC:cnisrns. 

IX. The more complex org2nisms have been 

derived by natural processes from simpler 

ones, these in turn from still simpler, 

and so on back to the first living forms. 
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The course in biolog;r in the schools will consist of the 

follow·ing: (1) such an understanding of most of, possibly all 

of, the principles listed that the pupil will, in all probabi~i

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

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

some of the scientific attitudes exemplifi·ed in the work of 
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such grea~ _biologists as Vesallus, l.ia.lpighi, :Fasteur, Kooh, . 
-. 

Jenner, Darwin, Huxley, and others; and (3) a reasonable 

degree of skill in the use of the scientific method of think-

ing on matters biolo~icul. 

The course in biolOGY consists usuilly of one ye~r or 

two semesters ~nd the replies to the questionnaire showed that 

seventy-nine of the 105 schools offered biology in the ninth 

gr~de, ten schools offered the course in the ninth or tenth 

gr~de, ten offered tne course in the tenth yesr only, and six 

offered the course in the ninth, tenth, eleventh, or t~elfth 

year. ~11 of the 105 schools reported 300 minutes or @ore 

per we~k for biolo[y. 3ixty-six schools hud one biolo~y 

teacner, thirty-five had tv10 biolor;y teachers, and four had 

three bioloby te~cners. 

Noo of schools 

BI(;LCGY - YK.R CFFERED LND 
· NC. C B' EICLCGY ·rr:.:..C1-Gcl::.;.s 

offering bioloe;y No. 
in years: 

. 9' s 'ZI t S ' . 10 t S ' 
or ll's or 1 

of schools 
vritu: 

2 3 
9's lO's 10' s 12's ·reacher ·reac ner reuober 

79 10 10 6 66 35 4 
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Ten teachers u~ed 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-tvro teachers used prep'ared vrork books, eighty used 

loose leaf work books, and three used no work boolc. Table XV. 

Five of the 105 schools used Gruenberg's Elementary 

Biology, eleven used HUnter's Civic Biology, se·venteen used 

Kinsey's An Introduction to Biology, twenty-five used Moon's 

Biology for Beginners (Revised I~di tion) , and· forty-seven used 

Smallwood, Revel~ and Bailey's ~General Biology. 

TABLE XV 

METHODS OF TEACHING BIOLOGY 

No. of Schools Methods of Teaching 

10 •..••..••.•••••••••••••.• Lecture and Text Book 

59 ••.••••••••••••••••••••• Demonstration and Text 

31 •••••••••••••••••••••••• Demonstration, Project, and 
1.Cext 

22 ••••••••.••••••••••••••• Prepared Work Book 

80 •••••••••••••••••••••••• Loose Leaf ~ork Book 

3 •••••••••••••••••••••••• No Work Book 
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CHAPTER XII 

COLLATERAL READING L~iA.TEIUAL :E,OH BIOLOGY 

Unless there is a branch library connected with the 

school, the bio~ogical laboratory should have a case for 

collateral reading materials. No study in the high school is 

better supplied with more interesting or more practical read-

ing than biology. 

Various kinds of cella teral reading can be and shoul c1 be 

used-in every course. Some of these r.re:- (1) textbooks by 

different authors, (2) encyclopedias, (3) more specific accounts 

of special topics, (4) opposite and parallel points of view, 

(5) magazines and newspapers that contain articles of interest 

on the subject, (6) reading to vitalize the subject, (7) pre.ctical 

application. 

'If a pupil has only one textbook and no collateral material 

he will get a narrovr view of the subject. Collateral material 

has several purposes: it ·enriches the textbook requirements;_ 

it causes the pupil to thinlc along. broader lines; it trains the 

pupil to think and judge for himself; it'teaches him to avoid · 

extremes; it teaches him not to be led by everything he sees 

pointed out; it broadens the knowledge of values in·literature. 
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The·teacher sho)l.ld be careful abou:t the method and length 

of the 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 formed 

in the child of using collateral material does not end with 

hi~ school days;for once the habit is formed it will remain 

throughout life. The school should be held responsible for 

the habit of extensive, rapid, useful reading, for the skill 

in finding readily all accessible material in books and 

magazines on any desired topic. 

Some of the books on biology to be used as collateral 

material are:-

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

Mifflin co., 1899. 

Bergen, J., and Ualdwell, 0, \'T. Practical Botany. Chicago: 

Ginn and Co., 1911. 

B~ownell, H.; and \/vade, F. B. The Teaching of Science and 

~Science Teacher. New York: The Century uo., 1925. 

Ohap~an, Frank M.· Handbook of Birds of Eastern North America. 

New York: Appleton and Co., 1914. 
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Clements;- ·F. E. Flo_wer Families and .Their Ancestors. New 

York: The H. w. ~ilson co., 1928. 

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

Comstock Publishing Co., 1920. 

How !£ Know the Butterflies. Ithaca, New 

York: The Comstock Publishing co., 1925. 

Coon, Beulah I. Suggestions for Content and Methods for 

Courses in Science Related to the Home. "Tashington, 

D. C: Federal Board for Vocational Education, Misc. 

83'7, Rev. 192'6. 

Dickerson, Mary C. The Frog Book. Boston: Ginn and Co., 

1901. 

Moths and Butterflies. Boston: Ginn and 

Co., 1901. 

Ditmar, R. L. The Reptile Book. Nevr York: Doubleday Page 

and co., 1931. 

Downing, E. R. Science in the 0ervice of Health. New York: 

Longmans, Green and co., 1931. 

"The Elements and Safeguards of Scientific 

Thinking," Scientific Monthly, 26, 1928. Pp. 231~243. 

Du.gmore, A. R. Bird Homes. New Yorlc: Doubleday Page and 

co., 1900 • 

Fitz, G~ w. Principle$ of Physiology and Hygiene. New York: 

Henry Holt and Co., 1909. 

Georgia., Ada E. A Manual of vYeeds •. New York: The Macmillan 

co., 1914. 
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Holland,· \I(. J. Butterfly Guide. New York: Doubleday Page 

and oo., 1903. 

The Moth Book. --- New York: Doubleday Page 

and Co., 1903. 

Howard, L. o. The Insect Book. New Yorlc: · Doubleday Page 

and Co., 1901. 

The Insect Menace. _ New York: The century Co., 

1931. 

Insects as Carriers and Spreaders of Disease. 

U. s. Departmen·t of Agriculture, .Bulletin 155, 

washington, D. c. 

Jordan, David Starr •. Fishes. New York: D. Appleton and ooo, 

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: Educational Publishing uo., 1904. 

Lloyd, E. E., and Bigelow, lvf. A. The Teaching_ of Biology. 

New York: Longmans, Green and uo., 1919. 

Marshall, Nina L. Mosses· and Lichens. New York: Doubleday 

Page and uo., 190'7. 

Mathews, ~. Schuyler. Field Book of American ~rees and ~hrubs. 

New York: G. Putnam's ~ons, 1923. 

-----------------· Wild glowers for Young People. New York: 

' G. Putnam's Sons, 1923. 

-----------------· Familiar ~rees and ~heir Leaves. New 

York: D. Appleton and co., 1921. 
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National u-eographic _Society. The Hook of ~irds. 'Hashington, 
.• 

.D. u. ' 1918. 

The Wild J!ilowers. 'dashington, 

D. C., 1918. 

The Wild Animals. :.·vashington, 

D. u., 1918. 

Nelson, .J.i.:. 'd. Wild Animals of North America. Washington, 

D. u: The National ~eographic jociety, 1918. 

Pack, Uharles Lo Trees as ~ood Uitizens. Washington, ll. u: 

The American '11ree Association, 1922. 

Sanderson, E. ll., and Peairs, L •. M. School Entomology. 

New York: J. wiley and Sons, 1917. 

Sanderson, ~. D. ~he Aphids of the Apple, Pear and ~uince. 

u. s. Department of Agriculture, Bulletin 115, 

Washington, D. c., 1902. 

Natural 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 &nd Co., 1902. 

Stack, Frederick Wm. ~ Flowers Every Child Should Irnow. 

New York: Doubleday Page and Co., 1909. 

r Stevens, F. L., and Hall, J. G. Diseases of Economic Plants. 

New York: The Macmillan Co., 1910. 

Stone, Gertru~e L., and Fickett, M. Grace. Trees in Prose 

~Poetry. Boston: Ginn and Co., 1902. 
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Stone, Witmer, s.nd Cram, Wm. Everett.. American Animals. 

New York: Doubleday Page and Co., 1902. 

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

Son, 1910. 
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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. Philadelphia: 

J. B. Lippincott and Co., ·1924. 

Magazines for Collateral Reading: 

~~-
Guide to Nature. 

H;rgeia. 

Literary Digest. 
; 

The National Geographic. 

Natural History. 

Nature Magazine. 

Nature. 

Some Reference Books: 

The World Book. Chicago: w. F. Quarrie and Co., 1928. 

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

Co.,·l927. 

Thompson, J. A. The OUtlines of Science. New York: G. P. 

Putnam1
. s Sons. 
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CHAPTER. XIII 

SU1~.IARY 

To the observing student of secondary education, it is 

very apparent that the sciences, pure and applied, are in a 

state of transition. ',ife shall neve::c again have a formal 

academic division into specialized fields, any more than we 

shall go back to the organization of our school courses on 

the basis of textbook vrork. There '.'lill be constc:.ntly in

creasing efforts to afford opportunity for creative TIOrk by 

students, and thereby a ch2.nce for individual and comwuni ty 

betterment. It is not an easy matter to pl2.n a laboratory 

to fit exe.ctly 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 '.7is-

. dom to build a generalized biological laboratory in which all 

the essential tools of the specfal. sciences are available, 

vmere classes will enjoythe greatest ;freedom in selecting 

problems and solving them. 

The replies to the questionnaire vvhich was sent to the 

biology teachers of the state shovfed that the biological 

1 
• laboratories were not uniform as to size ·.or equipment. 

The ·teaching of biology is in a state of transition 

g,oing from the study of preserved specimens to living questions, 
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and to the betterment of the community.. According to the 

replies received, many of the schools are using the projec~ 

method along with the laboratory method. This is a great 

help, since the average laboratory is very poorly provided uith 

sufficient individual equipment and most of·the VIork has to 

be done at the teacher's desk or demonstration table. Sets 

of individual eg_uipmen t varied from- none to a set fol~ e·ach 

student. 

There were also great variations in the amount of 

general equipment for a biologic<:l laboratory. seventeen

laboratories had no aquaria, fifteen had no microscopes. 

Some of the schools vri th large enrollments c.1id not have any 

laboratory equipment and were using the textboolc method of 

teaching biology. 

A few of the biological laboratories had access to the 

chemicals belonging t.o a chemical laboratory in the same . 

building, a few biological laboratol'ies had a good supply 

of chemicals for their own use, but a great many biological 

laborat.ories of the state had very few chemicals and some 

none. Many of the 105 replies to the c1uestionnaire reported. 

a meagre supply of chemicals. 

The combined laboratory, demonstration, and recitation 

room was used by all of the 105 biolog-,y teachers that replied 

to the. questionnaire. The size of the biological laboratory 

. varied from 10 feet by 15. feet to 40 feet by 60 feet. 
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, 
Eighty-eight biological laboiatories were heeted by steam 

and. seyenteen by hob air. Sixty-five biological labo:c<: tol'i es 

had direct ventilation and forty had inLlirect ventilation. A 

laboratory should have fur.ae chEmbers E·nc1 vent c1ucts to carr~r 

off the fumes r:md gases genera ted dm·ing experiraen tal 1.mrk, 

but fevr h&d these appliances. 

Indiana's standard for natural lig-htinc;; is one to six, 

or sixteen and two-thirds per cent as much glass surf<:,_ce e.s 

floor space. Thirty-three of the 105 replies reported less 

than _sixteen and two-tl1irds per cent sul·f;:c,_ce to the floor 

space. The variations were from.l3.6- per cent to 33.4+ per 

cent. The newer school buildings are using one-third (thirty-

three and one-third per cent) to one-fourth (twenty-five })er 

cent) as much glass surface as floor space for their labora

tories. 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 \York calls for artificial li;::;hting, gas, and 
# 

water. There was a large variation of the number of labora

tories supplied vvith these facilities. Fourteen laboratories 

did not have electricity, fifty-three laboratories (Hd not 

have gas, seventy did not have running water. 

when labaratories were built, a live room, dark room, or 

; projeetion room were seldom thought of and this fact wEts 
t 

~ 
'· shown by the fact that only nine of the 105 replies to the 

questionnaire reported a "live room't. ~he ''dark room" faired 

I 
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less favorably than:the nlive room",· for none of th~ 105 

were supplied. .J:'icture machines and projection apparatus 

63 

may be secured at an;sr time after a builcling is completed, so 

more of those facilities vrere reported.. ·_e\'Ienty-nine labora-

tories had moving picture and lantern projection apparatus, 

and seven had opag_ue projection apparatus. Seventeen of the 

105 replies -repo1.·ted their laboratories had no aCj_uaria ancl 

seventy-one reported their labors.tories had no museums. 

b'Otl.rteen of the 105 biology teachers reported that they 

used school desks in their labor_atories, the reme_incLer re'"" 

ported that they used tables varying in size from 21 inches 

by ?2 inches by 30 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 incheso 

The course of study for biology usually consists of one 

year, or tvm semesters, and the replies to the questionnaire 

showed that seventy-nine of the 105 schools offered biology 

in the ninth grade~ ten ~chools offered the course in the 

ninth or tenth grade, ten offeretl 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 

i reported 300 minutes or more per week fot the subject. Sixty~ 

six schools had one biology teacher, thirty-five had two 

biology teachers and :t"our had~ tlir.e:e biology teachers. 
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Collateral reading matter should be placed in cabinets 

along the wall of the laboratory if there is no school library 

in the building. 

The equipment and the housing of the biolocical labora

tories of Indiana are not uniform and do not comply rrith the 

stande.rds given by the State Department of Public Instruction, 

which shows that biology teaciling is in an undeveloped stage. 



CHAP TI~R XIV 

FINDINGd I,L\DE FROM THJ.!J R3PLIES 

TO THE QUESTIONNAIRE 

1. Tha·t there is a grovring tendency to gain as much 

knowledge first hancl as pos::dble in order that better relations 

in knowledge and apyreci~tions may be had. 

2~ That students trained in the·Herbartian or laboratory 

way of thinlcing will think before he acts. 

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

not only a biological study but also a psychologic.3.l way of 

reasoning. 

a. The problem or question. 

b. Collecting materials or data. 

c. Getting the right meh10d of solving 

the problem. 

d. Observing the results and choosing. 

e. Finding whether 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 me~hod. 
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5. -The "Pure Food Law" was a ::r:esult of the laboratory 

method. 

6. Biological laboratory method will make living better 

and overcome superstition. 

7. All the high .schools used the thr~e-hundred-minute

per-week basis. 

8. A few are using the text book method in the large 

schools. 

9. Many of the schools are using the inductive - de-

ducti ve method. 

10. Many of the smaller schools are cloing field and 

project work. 

11. The majority of the schools used the loose leaf 

work book. 
' 

12. The equipment varied from a meagre supply to a 

large quantity. 

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 majority of heating plants. 

16_- Some biology rooms were not supplied with electricity 

or gas. 

17. But few 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. 
, ' 



1~. The stand~rd table size fqr four pupils is 42 inches 

by 7i inches by 30 inches •. (State Course of Study, pp. 1~2-180). 

20. Only eight of the 105 replies to the questionnaire 

stated that their schools used the above si:c;.e tables. 

21. Community problems were used as projects in some of 

the schools. 

22. More time is spent in observing living characteristics 

of plants, and animals than formerly. 

23. But fev1 laboratories conformed to the standards given 

in the State Course of Study for Secondary Schools. 

Conclusion: 

This lack of compliance vii th the stano.ards given in the 

State Course of Study for Secondary Schools indicates that· 

biology teaching is still in an undeveloped state. 
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