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Introduction 

In this thesis the author's first air.  is to set forth 

a science course that will awaken the students of this high 

school to a realization of the significance end value of 

their environment, and thereby stinulato their interest and 

appreciation of things scientific. Wc are living in the 

midst of a great scientific age, and application of scien

tific knowledge will continue more and more to dominate our 

l ife. It  is essential then that our high school boys and 

girls should learn how to adapt themselves to this life of 

scientific application, and be able to interpret their own 

environment in relation to the knowledge gained. 

The course outlined in these pages is the result of a 

careful study and analysis of this community, covering a 

period of approximately two years. The arrangement of the 

course according to season, the various field trips, the 

surveys, the bringing of men skilled in scientific subjecos 

to address the class, the choice of material for the course, 

term papers, science discovery book, and collections are the 

writer 's contribution to the course. 

The course is planned, as the t i t le indicates, to fit  

the needs of these boys and girls as the author views the 

situation. One cannot fore-tell  exactly how many of these 

students will each year go on to colleges, but for those 

who do, i t  is hoped the course will have aroused sufficient 
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Interest and desires that they will pursue some scientific 

study v/ith more enthusiasm than would otherwise have been 

possible. For those who may not go farther than their high 

school studies, the author hopes that the insist into the 

wonders of their environment and man's control of natural 

forces, will lead them to a greater appreciation of the en

vironment and to read with more understanding, the scien

tific achievements of each day and year. 

The proposed course is made up of eleven units, so 

planned as to include information from several good science 

boolcs and observations and experiments from the students' 

own environment. In this way each unit can be understood by 

the pupil in terms of its concrete meaning to his life and to 

that part of society of which he is a member. 

Successful learning in this field, as well as in other 

fields, implies not only the gaining of a new concept ar.d 

the attainment of new attitudes but it  implies the desire 

to seele farther and the ability to do so. The essence of 

educating an American citizen is to set him going under his 

own power and to point him right. 
'. 'Whether this course will result in all that the author 

hopes and plans for—in other words, whether it will be a 

success—depends not only upon the instructor and the course 

itself, but also upon what the pupil with his own intelli

gence will do with it.  If the pupil elects to work out faith

fully the projects, experiments, field trips, and other as

signments, the aim of the course will in all probability be 

accomplished and the author will feel that he has made a 

worth while contribution to education. 
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I 

portola is an unincorporated town of approximately 

three thousand people, situated on the Korth Branch of the 

Feather River. It has an elevation of nearly five thousand 

feet, being in the high Sierras and surrounded by mountains 

as far as the eye can see. 

The summer season is rather short as the frost bogins 

early,and only hardy plants and flowers can be grown. The 

mountains arc covered with pine forests, with some fir and 

cedar mingled in. Along the creeks are found the quaking 

aspen, a species of poplar tree. 

There are very few birds of any kind near the town, per

haps due to the absence of fruit bearing trees or shrubbery , 

ana of cultivated fields which would furnish insects of vari

ous kinds. 

There are some rock formations well worth study, a num

ber of gold mines v/ith other minerals also, and numerous 

lakes and creeks. 

During the winter there is a great deal of snow and 

rain. The long winter season would make it difficult to 

take any field trips for several weeks at a time, so material 

would have to be gathered when possible and preserved for win 

ter study, 

Portola is first and foremost a railroad town. It is a 

division point on the Western Pacific railway, and the pop

ulation is largely made up of railway employees. In this 
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connection will later be discussed the splendid opportunity 

for studying machinery. 

The vast pine forests mean another industry, that of 

lumbering. There are large lumber mills olose to Portola, 

the finished product being shipped out over the v;estern 

Pacific railway. In this connection will also be discussed 

later the opportunity for studying the importance and con

servation of our forests, as well as visits to logging camps 

and lumber mills.  

The Portola High School with Its faculty of seven teachers 

and i ts average enrollment of one hundred students, shares 

with the Junior High School a new,modern building with up-to-

date equipment. 

II 

In order to understand thoroughly tho type of community 

and to know what opportunities there are for general science 

study and science project work, the following surveys have 

been made. First,  a community survey; second, a student sur

vey; and third, a natural environment survey. 

In the community survey data were tabulated on the fol

lowing topics; First,  the trades, Industries, and businesses 

that represent the occupations of the people; second, on 

everything that in any way affects the health and sanitary 

conditions of the people; third, on all  the fire-fighting 

apparatus. 
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After tabulating the results of this survey the follow

ing lists were made of the trades, industries, and business 

interests that represent the occupations of the people: 

Trades Industries Business Interests 

Carpenter Round House 5 Grocery Stores 

I.&chinist lumber Hills 2 Drug Stores 

Electrician logging 3 Heat Harhets 

Painter laundry 3 General Herchandise 

Plasterer 1 Hardware Store 

Plumber 6 Hotels 

Cleric 5 Restaurants 

2 Dairies 

2 Bakeries 

1 Ice Company 

2 V/ood and Coal 

2 Cleaners 

1 Shoe Repairing 

2 Dentists 

1 Bank 

1 lumber Yard 

7 Garages 

1 Electric Light Plant 

3 Barber Shops 

These trades, industries and business interests are 

found here the year around although a great many of the 

employees comprise a "floating" population as is usually 

the case in a small railroad town. 
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The object of the community survey was to take up the 

lealth and sanitary conditions. The health of the community 

Is watched over by two competent physicians and a staff of 

nurses at the local Western Pacific Hospital. This hospital 

is Y/ell equipped In every detail and can care for about one 

hundred patients. In the past two years the doctors have 

checked two epidemics, one of diphtheria and the other of 

small-pox, that might have resulted in very serious con

ditions. Besides the Western Pacific doctors, there is one 

other physician who has a local practice in the town,and two 

dentists. 

One cannot speak so well for the sanitary conditions of 

the town. The water supply is very poorly cared for, as the 

low fence which surrounds the reservoir does not prevent 

boys from swimming in it. It is never cleaned or given any 

particular attention. However, the water itself is from 

springs in the mountains and seems to bo pure.. Another 

source of water supply is a well in the bed of the river. 

The water from the spring and river is turned into the sane 

mains. There is a city sewer system which takes care of 

nearly all the houses in town. The disposal of the sewage 

is by draining it into a cesspool in the lowlands of the 

river. Some of the homes have private cesspools. A few 

of these are very unsatisfactory because they are open. 

Some of the people let all their wash water run through 

a pipe Which empties on the ground near the house or runs 

down the street. There is no system of garbage disposal. 

Tin cans and other rubbish are dumped any where near the 
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boundaries of tho town. Some of the main highways lending to 

Tortola have great garbage heaps along then, besides being 

very unsightly, this forms a breeding place for flies. Food 

materials in the stores are often left uncovered and exposed 

to the flies and to the careless handling of customers. 

The survey regarding fire protection showed very little 

equipment. One chemical engine, a small one, is really tho 

only equipment besides the town water supply* In a recent 

disastrous fire that swept over an entire bloc* of businccs 

houses and residences, there was no way to fight the fire. 

The water supply is very inadequate and has very little 

pressure, When the main street was paved recently, some 

larger water mains were put in along that street, wnich will 

help to some extent in the business section. There is no 

fire department or regular crew; the citizens form a volunteer 

fire fighting crow when a fire breaks out. 

This completes the community survey. 

Fext is the student survey made of the entire Portola 

High School. In this it was attempted first, to find out 

the personal interest or hobby of each high school student; 

second, to find out the degree of interest which each one had 

in science. This survey included not only the whole school, 

but also a special survey of the science class. The following 

is a copy of the questionaire used: 

1. V.hat are you most interested in doing? 

£. What are you most interested in becoming after you have 

finished your education? 



Z» From the following list oho OK; tho ono you are most 

interested in: 

The study of plants 

The study of animals 

The study of eleotrioity 

The study of minerals 

The study of the struoture of the earth 

The study of weather elements (weathor conditions) 

The study of planets and stars 

The study of foods and care of the body 

The study of machinery 

The study of chemistry 

The study of insect life 

The study of forestry 

The study of agriculture 

The study of medicine 

The study of birds 

The study of heating systems 

The study of light 

Tho study of transportation 

Tho study of hygiene and disease 

The study of fire protection 

The study of community health 

The study of navigation 

4, What is the occupation of your mother? 

5. What is the occupation of your father? 



The results of this survey are shown in the following 

tables: 

Table I (Question 1) 

Student Interests ITo. of Students 

Music 

Outdoor life 

Drawing 

Athletics 

Domestic Science 

Mechanics 

Astronomy 

Minerals 

Mature Study-

Collect ing Stamps 

Reading Books 

Commercial VJork 

Education 

Aviation 

Boys 

8 

1 

6 

2 

1 

3 

1 

Girls 

11 

4 

3 

2 

E 

5 

E 

6 

1 

Mo. of Students i 

General Science 

Boys Girls 

1 

4 
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Table II {Question 2) 

Aim in Life ITo. of Students 

BoyB 

Stenographer 

Teacher 

Mechanic 

Farmer 

Railroad Engineer 

i:uslc Teacher 

Bookkeeper 

T!u.rse 

Business I'an 

Aviator 

Doctor 

Surveyor 

Lawyer 

Game V.'arden 

Druggist 

Dentist 

Sailor 

Telephone operator 

7 

5 

5 

2 

2 

1 

1 

1 

1 

1 

1 

Girls 

17 

10 

6 

3 

2 

ITo, of Student8 in 

General Science 

Boys Girls 

10 

2 
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Table III {Q,ue st i oil 3) 

Che ok One in Which 

Host Interested 

Plants 

Aniroals 

Electricity 

Minerals 

Structure of Earth 

Weather Elements 

Planets end Stars 

Foods and Care of Body 

Machinery 

Chemistry 

Insect Life 

Forestry 

Agriculture 

Itedicine 

3irds 

Heating Systems 

Light 

Transportation 

Hygiene and Diseases 

Fire Protection 

Community Health 

navigation 

Ho. of Students 

Boys 

6 

4 

2 

1 

1 

5 

1 

2 

3 

Girls 

3 

1 

2 

8 

6 

1 

2 

1 

1 

1 

5 

TTo. of Students 

in General Science 

Boys Girls 

1 

1 

6 

1 

2 

1 



Table IV (Question 

Occupation of Number 

Students' Mothers 
- - i ~ — " 

Rooming Kouso Proprietor 1 

Housewife 73 

Teacher 2 

laundress 2 

Waitress 1 

Postmistress 1 

Telegraph Operator 1 

Table V 

occupation of 

Students» Fathers 

Auto Mechanic 

Railway Employee 

Merchant 

Carpenter 

Farmer 

Lumberman 

Laborer 

plumber 

Professional Cooic 

Contractor 

(Question 5) 

Number 

5 

41 

7 

1 

2 

16 

2 

1 

1 

1 
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The tabulated results of question one in the questtonalre 

shows that out of eighty students, nineteen had Interest in 

science. Sixty-one students had other interests. Cf the 

seventeen students in the science class, seven had personal 

interests in science and ten had interests in tilings entirely 

divorced from science. From this survey one can readily see 

that with this particular class there will be plenty of wcrk 

to do in cultivating scientific attitudes and interests. Also 

this survey gives the instructor an opportunity to discern the 

trend of the students'  minds. The lack of scientific interest 

in Pcrtola High School as shown in Table I  is due, partially 

at least,  to the fact that some of the students have never had 

science before, as i t  is given in the freshman year and, of 

course, they have not had an opportunity to become acquainted 

with the subject# 

In Table II and question two, referring to the students'  

aim in life and the possible profession or vocation he might 

be interested in, out of sixty-six students who answered that 

question, sixteen chose professions that call for scientific 

training. In the science class, two out of seventeen, croee 

occupations in which scientific principles are necessary but 

which do not Involve extensive training. The quest tonal re r 

of individual students seem to show no relation between their 

choice of a l ife profession or occupation. For example, one 

student wanted to becoms a dentist but was especially 

ested in making a study of animals. In only two or thre 



do the questionaires show close relationship between the 

student's aim in life and his personal interests. 

In Table III and question three, the topics in which 

most interest was expressed were astronomy, machinery, elec

tricity, animal3 and birds. The reason for this seems to be 

that the planets and sturs and electricity appear wonderful 

and to a certain degree mysterious. Electricity is so widely 

used today that i t  is natural that i t  should arouse nueh in

terest.  The study of birds and animals appeals to thoso who 

enjoy outdoor l ife. These topics were chosen mainly by boys, 

while the girls showed l i t t le preference for them. 

There seems to he a luck of interest in health problems, 

Tiro protection, forestry, heating systems, insect l ife, and 

medicine. Perhaps this is due to the apparent lack of home 

and community interest,  or because young people have not given 

due consideration to such topics. Even after the recent dis

astrous fire not one student expressed an interest in fire 

protection. There is a splendid opportunity here to give the 

students instruction in these vital problems of everyday l ife, 

rost of the students in this high school will not go to college 

and therefore require more general information in every day 

living and need to know facts about the environment in which they 

find themselves. 

Tables ITT and V require l i t t le comment. I t  will be noted 

in Table V that the principal occupations of the students'  

fathers are the railway and the lumbering industries. In both 

of these industries hove been tabulated all  who were in any way 
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connected, whether in official positions or as day laborers, 

host of then were day laborers. This shows to a certain de-

{rree the lack of education and training of most of the fathers. 

The final survey which was made was that of the natural 

surroundings of Portola. situated as it is in the midst of 

high mountain peaks, one would naturally expect to find many 

things of interest for the General Science course. First of 

all, the writer made the acquaintance of a local game warden 

who is thoroughly familiar with all sections of the nearby 

country, ire also interviewed forest rangers who are familiar 

with things of scientific value in the mountains. In addition 

to this the students made a list of what they considered the 

most interesting and worth while field trips for general science. 

Fishing and hunting, trips during the pact year have revealed 

many points of interest where the students can go on scientific 

excursions. From this survey, there has been compiled a list 

of places that it is possible to reach either by a short auto-

mobilo trip or a short trip on foot. After crossing tho Beck— 

with grade, a distance of six miles, one enters the lower end 

of Sierra Valley. In the valley are the following points of 

interest for study: Sattley Creek, Grizzly Creek, Campbell's 

Hot Springs, rarble's Hot Springs, swamps and artesian wells, 

leaving this valley over the Yuba Pass, one comes to the 

Yuba River with all its Jagged boulders and rocks. South 

toward Truckee, one will find Independence Lake and Just 

beyond Truckeo about six miles is Conner Laxe. All these are 
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ccessible by automobile in 0110 to three hours, keetwarc. from 

ortola is a very interesting group of lakes, Sold Lake, Long 

Eke, Summit Lake, and Little Bear Lake, In the same vicinity 

re several mines and a Forest Service lookout station. The 

ikes and mines are within one hour's ride by automobile. The 

Lgh school is at the foot of Beckwith Peak and is about one 

)ur's ride from Grizzly Peak, Ten miles away are T'cClear's 

>t Springs. Other points of interest near by are gold and 

>pper mines. Bo TO the Feather River canyon, only a few nilos 

tlow Portola, are water falls, rock slides, glacial cuts, and 

.morons tunnels. The mountains around Portola are covered 

,th several kinds of trees such as yellow pine, spruce, cedar, 

r, mountain mahogany, and oaks. On the high points of the 

unto ins, are lava flows and many examples of igneous rocks, 

e rocks show the effects of the weather elements upon them. 

Ill 

The next step is to relate all of this survey material to 

neral Science. In the community survey were found among the 

ides a carpenter,and in the industries lumber mills and log-

r.g camps, and among the businesses, a lumber yard ar.d a wood 

I coal business. In the study of the conservation of the 

rests and the various phases connected with it, logging camps 

the forest Just a few miles from Portola might be visited to 

t how trees are cut, how the smaller brush is destroyed in 

is process, and the condition of the forest when the trees 

> removed. In such a visit one has a splendid opportunity 

study the rings on trees to determine their age. One may 
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study, aloo, other things of interest in this connection, such 

as tho Cambium layer and th-J growth of cells and the flow of 

the sap in the tree, -it tlx lumber mill one cun get idea 

of tho vast amount of lumber used each joar. One can watch a 

log doing sawed into boards and notice tho amount oi wasted rat 

erial and learn about the ring3 of tho tree3 as related to the 

graining on the boards. A carpenter or lumber dealer could 

discuss before the class during a regular school period, the 

various kinds of building materials and show how other mat

erials are taking the placo of lumber and thus tending to con

serve our forests. After a visit to tho wood and coal ya~d, 

the students, could discuss the kinds of fuel used and how the 

coal has been formed. 

Another interesting combination centers around the machin

ist, the railway round house and the gara e. Here is a splun 

did opportunity for the study of steam and gas engines. At 

the round house there are numbers of steam railway engines that 

can be studied, and in the garages the students may see gas en

gines taken aoart and learn how they are actually constructed 
O ^ 

and the principles on which they work. 

Following this, electricity can be studied. The students 

can visit the local electric light plant and see how the light

ing power is generated. Some electrician in town could explain 

the wiring of a house, how to read an electric meter, and how 

connect an electric door bell. Other interesting studies 

would be coils, batteries and tho entire ignition system of 

the motor car. "ost boys are interested in these things, 

v/hlch of course^ would have to be taken up in a very simple 

form and not include too much detail. 
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Plumbing is another interesting study. J.-'any people are 

not able to do even the simplest plumbing Jobs because they 

do not have any conception of what plumbing is like. In 

this connection, the students should be taken to a house 

under construction to see the simple methods and the various, 

ways pipes are installed in order to send water to all the 

rooms. A study of the various kinds of plumbing fixtures for 

houses would be very valuable. Heating and ventilating systems 

for houses would be another interesting subject. The students 

should make personal investigations on many of these points. 

The study of the dairy would include the dairy ranch, its 

products, methods of handling milk and sanitation. A visit to 

the local creamery would be valuable. At this time, alsoe; a 

study of the various kinds of meat cuts and a visit to the lo

cal meat market would be profitable, followed by the history of 

cold storage and its development up to the present time; the 

making of ice, and the various kinds of chemical plants installed 

for refrigeration. 

In conjunction with the topic of hygiene and health in 

General Science, the class could study the health conditions 

of Portola. They could make a trip to the local hospital and 

see the kind of equipment used in treating the ailments of 

people. One of the doctors could come and talk to the class 

about health problems and epidemics. The class could send 

away samples of drinking water for bacterial examination and 

write to the county health officer to see what might be done 

about disposing of local garbage. A dentist could be asked to 
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give a lecture on the cure of the teeth and their relation 

to one's health. 

In studying fire protection the class could be asked to 

ascertain methods used for fighting fire in other towns. They 

could make a group visit to see the local fire fighting equip

ment. They could see a demonstration of how an extinguisher 

works and how it is refilled and operated. 

In the community survey we found out what materials we 

have outside the classroom with which to work. In the student 

survey one may get a general idea of the interest which the 

students have in science and the type of homo life they have as 

a background for scientific education. In deciding upon themes 

or projects as special work for the individual students, wc can 

bo guided as to the students' interests by referring to the sur 

voy results. The survey also shows that most of the students' 

parents are of the laboring class and would probably give lit

tle or no sympathy or encouragement or help to a child in pur

suing his scientific studies. The teacher, therefore, would 

have to strive to make the course interesting enough to over

come the indifference of the parents. 

The natural surroundings survey suggests an interesting 

and profitable part of the course. The creeks of Sierra Valley 

offer an abundance of material for laboratory work. In the 

study of botany a trip to the creek will offer a very fine op

portunity for studying the various aquatic plants. These may 

be studied not only in their natural surroundings but may be 

taken to the laboratory for further analysis and study. 1'any 

kinds of insects are found along the moist banks of the creeps. 
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Here , too, are found many plants and shrubs Y/hich can "be used 

in studying the structure of leaves and stems, 

Y/hilo studying strata formation, a visit to the artesian 

wells and hot springs would prove interesting and worth v/hilo, 

and when we take up the topic of natural reservoirs and water 

conservation, a trip to the adjacent lakes would give the stu

dents an idea of the structure, size, and importance of such 

lakes and their relation to the forests and valloys. Snowfall, 

rain, and stream drainage in the mountains may be tan.en up in 

relation to the source of lake supply. 

The mountain pea,:s offer the best opportunities for the 

study of igneous and metamorphlc rocks. The Feather River can

yon is an example of the results of glacial action, showing 

rock layers and the erosion caused by running water. The mines 

offer a splendid opportunity for examining mineral deposits 

and observing methods of mining. This concludes the comments 

on the various surveys made, and their relation to a General 

Science course. 

IV 

From the se surveys there will now be developed a practical 

and scientific course of study for the Portola High School. 

This will be made up not only of all available local material, 

but will also include such other science topics as, according 

to present day usage, would seem to be important and profitable 

in the study of General Science. These topics have been gath

ered from various up-to-date and reliable texts. Before going 
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directly into the course of study, the author has chosen from 

various sources, several important aims and criteria to aid in 

the construction of a valuable course of study. In constrict

ing such a course there aro at least six aims to be considered: 

1. to impart a knowledge of interesting things in the 

students' environment. 

2. to emphasize this interest for those who will not 

go to college. 

3. to help students to find a special scientific in

terest for study or work. 

4. to help students to interpret their environment. 

5. to arouse in students a spirit of investigation. 

6. to help students to begin scientific thinking. 

Twiss1 emphasizes the fact that scientific teaching 

should aim: 

TO impart information from the aclentifahout 
the useful and Interesting SKLaSL will not go on to 

farther 

^Caclon^ff^^/o^ealSfi With the -trial, and forces 
that are everywhere available for 

These two alma are especially applicable to this course of 

study; first, because the subject matter Is largely made up 

of Interesting things In the local environment about which the 

students of this school should know, and second, because many 

students after graduating from this high school do not go on 

1tt. W. Twlss, The Principles of science Teaching, pages 415-16. 

•J 
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to college and BO have no chance to learn, in a scientific 

way, of the forces of nature and man's control of them. 

As will  be seen by the natural surroundings and community 

surveys, this locality has abundant material with which to en

rich a General Science course, so that these two aims should 

come foremost in considering the subject matter of this course. 

The third aim is very clearly given in the follov/ing state

ment by Tv/iss1:  ; 
To five the first year pupils an attractive view of th3 content 
I? fn the sflenoes, so that they may find oat wherei their tastes 
and capabilities lie,  and thus choose more wisely, a. on^, the 
studies that are offered them in later courses or that they may 
find the field in which they prefer to read, work, and study 
after leaving school. |  

This aim is likewise of great importance. In this General 

Science course a sufficient variety of science subjects will be 

touched on to enable a student to determine in what field he 

would be most interested. A good many students in this high 

school later wish to major in science or at least to continue 

science study. 
In connection with the fourth aim, which ie to help a stu

dent to interpret his environment, Elkenberry2  makes the fol-

lowing statement: 

General Science selects i ts ^^interpretation of the 
suits with the need for explanation and mxerpro 
environment always in ^ind. „ to explain for the It  is the mission of General Scieneis to^expi ^  
pupils those natural phenomena th d d l t I o n a^ knowledge as 
cance for them and to impart such O Ticourage the pupils to ! 
their interests and needs demand to ! 
solve the simple problems themselv 

XG. W. Twiss, The Principles of SclenceJTeachlng^ : 
2W. 1. Elkenberry, The Teaching of Peng™jL Science. PC*- 64-65 j  

| 

j 
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scientific thinking and to develop such easily comprehended 
principles as apply to the local environment and the pupils '  
interests. 

% 

This aim is of importance as a special part of the student's 

education. The high school student has to "be taught how to 

interpret his environment and what methods to use in finding 

out what is involved in the natural things about him. A high 

school student's knowledge of natural science is very limited 

and a mystic atmosphere surrounds every living oreature. To 

have this mystic atmosphere l ifted and a real interpretation 

given to many of the secrets hidden in nature should enrich 

the student's mind to a finer understanding of his surroundings. 

It  should enable him to enjoy nature and spur him on to a larg

er and more thorough investigation of his environment. 

The fifth aim, to arouse in the student a spirit  of in

vestigation, and the sixth, to help the student to begin scien

tific thinking are both contained in this statement by Pleper 

and Beauchamp:1  

It  should be an aim of General Science to arouse aspirit  of 
irauiry and investigation and to have a desire 
solve science problems arising in the environment. 

The development of,  and growth in.,  desirable attitude: 
appreciation of and adaptations to °'^ r  ^J^^^roper develon-

the abilities and the 

skills make this possible. 
op to the time students arrive in hlfr school, very l i t t le 

has been done in trainlne them in good mental habits of scion- , 

t ific thinking or investigation. This is a vital part of a 

student's education. If they leave high sehool with some 

10. J.  Pieper and W. L. Beauchamp. Teacher's Oulde Book 

for Everyday problems in Science, pages 2-3. 
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accomplishment in mental training their chances of success 

either in the business world or in some higher school of 

learning are greatly increased. There is no better place to 

begin such instruction than in the General Science course 

which in this high school is given in the freshman year, with 

the splendid natural environment and the many other opportun

ities for investigatIon a course of study can be constructed 

that will arouse a spirit  of investigation and tho beginning 

of scientific thinking. 

The aims cited above point the way to the next step in 

the formulation of the course, namely, the selection of pror-

er study materials.  Student and community surveys, the study 

of various curricula^ and class room observations have led to 

the establishment of a set of criteria by which tho value of 

the subject matter in this course may be Judged, The four 

major criteria are as follows: 

(1) Does the subject matter appeal to the interests of boys 

and girls as ivorth while and real in their dally lives? 

(£) Is i t  so organized that the method of study will give 

proper training and desirable attitudes, habits,  skills,  and 

ideals? 

( 3 )  I s  i t  s u c h  t h a t  t h e  k n o w l e d g e  g a i n e d  w i l l  h a v e  a  r e a l  

positive value in the l ife of the pupil? 

( 4 )  A r e  t h e  s u b j e c t  m a t t e r  a n d  m e t h o d  e m p l o y e d  o f  t h e  p r o p e r  

degree of difficulty? 

Saoh of the above criteria is quite general in character, 

1C. J,  Pieper and W. L, Beauchamp, Teacher's Guide 3ooj£, pgs.2-7 
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In order to give a more specific meaning to them each one v;ill  

be stated again and answered specifically. 

(1) Does the subject matter appeal to the interests of bo; s  

and girls as worth while and real in their dally lives'? 

Surely the marvels of the sky, water and rocks are common 

to the experience of every student. 

Machines, engines, motors, heating, and lighting devices, 

electricity, gravity, and water power interest every wide awake 

boy. 
Operation, construction, dissection, assembling, collection, 

and other forms of activity increase student self expression. 

Radio, climatic and weather changes, modern methods of 

l ighting, and transportation in the air form up-to-date subject 

matter.  
All of the materials and applications which are to he 

studied are true to life, that is,  they are man-sized rather 

than toys or models. 
( 2 )  i t  s o  organized that the mgthod of study will give 

proper training and desirable attitudes, habits,  skills and 

ideals? 
The subject matter can be organized Into such form that 

It  p r e s e n t s  p r a c t i c a l  e v e r y d a y  p r o b l e m s  t o  b e  s o l v e d  s u c h  a s .  

How is the water supply of a city to be distributed? 

The subject matter can be so organized that i t  brings out 

the relationship of science faots and thereby leads to an under 

standing of the environment rather than Just a learning of faots. 

The subject matter can be so outlined that the student may 

throng his own study, develop tho proper habits of study. 



(3} Is i t  such that the knowledge grained will  have a real 

positive value in the l ife of the pup 11? 

It  relates to personal and community health.  

I t  leads to adaptation and adjustment to the natural 

surroundings• 

I t  deals with science In the home such as heating, 

l if t ing, water supply. 

I t  relates to community problems such as garbage dis

posal,  f ire prevention, sanitation, etc.  

It  considers materials essential for l ife,  such us 

food, ?/ater,  clothing, and fuels.  

The knowledge gained will  lead the child to such inter 

ests as collection, construction, experimentation and other 

forms of outside study. 

(4 } Are the subject matter and method employed of t£e_ 

•oroper degree of difficulty? 

The course is  built  upon the present and pest exper

iences of the pu-ils and closely related to such exporier.ee 

The problems and s tudy material under each problem can 

be made to tost the thinking power of the pupil .  

The experiments to be used are such as will  clearly 

show the results to be obtained even though simple labor

atory apparatus is  used, 

How that the reader has in mind the aims and criteria 

of the proposed General Science course, the author will  

turn to the subject matter of the course. This is  made up 

of a group of special yearly studies and eleven other units 
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and a final review. The units have been arranged in an order 

that will make it possible to take the desirable field trips 

and collect the best specimens according to the time of the 

year when they are the most abundant# It would be impractical 

for instance, to study insects and flowers in December or to 

study electricity and motors when the plants were flourishing. 

The observation trip in Portola in regard to foods and sani

tation, etc., can be taken in the more unfavorable weather. 

Before discussing: the course and making assignments, a com

plete program of the course will be given: 

Special Studies to be oarried on outside of class 

period throughout the school year, as part of the course, 

namely: 

A term paper on some topic of scientific intorest. 

A science discovery book, which includes accounts of 

field observations,: pictures, and articles from scientific 

magazines. 

Collections of insects, leaves, flowers, and ore. 

Unit I Solar System 

Stars 

Planets 

Gravity and Ine r tia 

Seasons 

Day and Night 

Time 

longitude and latitude 

Tide 8 

Supplementary Activities for Unit I 

Studying the heavens at night and finding the important 
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stars and star groups. 

Writing a short paper on some subject about the stars and 

planets. 

7eacherfs demonstration of gravitation and Inertia. 

Experiment—To show why we have day and night. 

Unit i£—— ---.Formation of Mountainst Lanes, Rocks and 

Soil. 

Formation of Mountains 

Formation of Lakes 

Story of the Rocks 

Sedimentary 

Igneous 

Met amorphic 

Fossils 

Minerals 

Formation of Soils 

Glacial 

Freezing 

Water Erosion 

Wind Erosion 

Supplementary Activities for Unit JTI 

A trip to the mountains 

A trip to the lakes 

A trip to a mine 

A trip to a river 

Unit III— —Conservation of Community Re Bourse *3 

Protection of birds 

Reasons for bird protection 

Birds as destroyers of weed seed 
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Birds as destroyers of rodent pests 

Enemies of Birds 

Bird protection by the government 

Forests 

Condition of the forests today 

Uses of the forests 

U. S. Forest Service at work 

Enemies of the forests 

lumber industry 

Supplementary Activity for Unit III. 

Field trip to study birds and bird habits 

Home project—Each child to study food habits of Mros 

Home pro jeet—Bird house building 

Talk by game warden 

Talk by forest ranger 

Report on various forest subjects 

Visit to logging camp 

Visit to lumber rail! 
Unit Iv - Travel and Communication 

Travel on land 

Early methods 

Steam locomotive 

The automobile 

Electric motor 
Importance of good roads, bridges, easy curves 

and grades in modern travel. 
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Travel on water 

Early water travel 
How a boat floats and is made stable in water 

The use of steam in water transportation 

llodern steamships 
principles of the submarine and balloons 

How v/ater travel is mado safe* 

Travel in the Air 

Balloons 

Airplane s 

Dirigibles 

C ommunication 
Early communication 

Telegraph 

Telephone 
Wireless telegraph 

Wireless telephone 

Radio 

Television 

Supplementary Activities for Unit IV. 
Reports on early rcethods of land travel and water travel 

Experiment to shovj why ships float 
Visit to round house to see modern locomotives 

Report on local community roads 
Report on recent flights of air planes and dirigibles 

Visit to printers' offices, telegraph office, and a 

radio dealer. 
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Unit V The Use of Water, Electricity, Steam and Gas 

for Power, 

Water 

In turning water wheels 

In turning turbines 

Electricity 

From the mountain power house to the city 

Dynamos 

Transforming electric currents 

Electric meters 

Electrical devices 

Batteries 

I'agnetism 

Steam 

Worlc of James Watt 

Principle of the steam engine 

Kany uses for steam 

Gas Engines 

Principle of the gas engine 

Uses made of gas engines 

Supple merit ary Activities for Unit V. 

A.tall: "by a local electric light manager on 

electric transformers and meters 

Experiment on how to read a meter 

Experiment on wet battery 

Experiment on magnetism 

Experiment on properties of steara 

Drawing to demonstrate the v/ay a steam engine works 

Visit to garage to see a gas engine taken apart 
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Unit VI Light and Its Usos. 

Importance of light 

Sources of light 

How v/o use and control sunlight 

Light in Its relation to the human eye and 

to lenses 

How artificial light is produced and controlled 

Light and colotr 

Supple me nt ary Activities for Unit VI 

Survey of how a town is limited and to 

suggest improvements 

Visit to power house and report to olaes 

Experiment—-To show that light travels in a 

straight line 

Experiment on the candle 

Demonstration to show best methods of 

house illumination 

Unit VII Energy and ran»s Control of heat 

Energy 

Kinds of energy 

Ka^s control of heat 

vmat heat is and how it is produced 

How heat acts upon matter 

How heat is released from fuels 

How-heat is used and controlled ir. the home 

How heat is distributed in the home 

Dangers and control of fire in the home 
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Supplementary Activities to Unit VII. 

Visit  to the school^ heating plant 

Experiment to show the effect of heat upon 

liquids, gases and solids 

Report on how a stove is built  to control heat 

Experiment on fire less cooh.er and thermos bottle 

Demonstration of how a fire extinguisher v;orhs 

and the method of refilling it  

Unit VIII Personal and Community Hygiene. 

Personal Hygiene 

General structure of the human body 

Posture and exercise 

Air and breathing 

Food and diet 

Digestion and circulation and hygieno of 

the alimentary canal 

Car) of the mouth, nose, and throat 

Hygiene of the s'^in and the use of clothing 

First aid 

School and Home Hygiene 

School hygiene 

Hygiene of the home 

Community Hygiene 

Food distribution 

Disposition of water 

Insect enemies of can 

Community control of disease 
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Supplementary Activities for Unit VIII.  

Field trip to source of wutjr supply 

Student project—To find out how foods ar/ pro

tected from dust,  etc.,  in the stores 

Talk by school health nurse 

Talk by dentist 

Student project—Investigate community sewage dis

posal and possible breeding places for flies 

and mosquitoes 

Experiment to show the presence of bacteria 

Visit to the local dairies 

Unit IX- Weather and Climate 

Temperature of the air 

Thermometer 

Clouds and rainfall,  lightning 

Tornadoes, snow, dew, frost,  winds and their causes 

Weather bureau forecasts 

Supplementary Activities for Unit XX. 

Experiment to show hov/ the earth is warned by the sun 

Experiment to show the formation of frost 

Report—Benefit of the weather bureau 

Other reports 

Unit X- -Plant Life and the CultivatIon of Soils 

Plant Life 

Importance of plants 

Plant structure 

Plant processes 
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Monocotyle&onous stem 

Dicotyledonous stem 

Algae 

Cultivation of Soils 

Present day agriculture 

Methods of increasing crops 

Putting new land to work 

Protection of farm crops 

Supplemsntarv Activities for Unit X» 

Experiments on 

Seed and its development 

leaves and their structure 

Stems and their structure 

Poot8 and their structure 

1'anufacture of food 

Reproduction in flowering plants 

Algae 

Soils 

Reports 

Field trips 

Unit XI— Insects 

Anatomy of the insect 

Beneficial insects 

Harmful insects 

Supplementary Activities for Unit XI« 

Experiments— 

Anatomy of several Insects 

Reports on friendly and unfriendly insects 
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Review of Entire Course, 

Topics in text-book 

Topics in experiments 

Field trips and Science Discovery Boo.:s 

The foregoing outline has given the reader a clear vlev; of 

the entire course of study. The details of the course will now 

be shown. Special studies for the entire year have been arrang

ed under three hecd3, namely, term paper, scienco discovery 

book, and collections. The term paper will have for its themo 

some topic of scientific interest chosen by each student with 

the approval of the instructor. For example, Dow are Conta-ious 

Diseases Spread? The student can study this topic in his own 

community and make a really interesting study of the conditions* 

Such topics bring the science olass into contact with various 

phases of community life ftid problems. They also teach the 

student how to rxike invest i yet ions and to put his findings 

into organized form. Such topics create a real interest for 

the student, not only in science, but also in his community. 

The Science Discovery Book will have in its contents 

facts gathered from scientific magazines, observations made cn 

field trips, and other facts gathered from hone and class 

discussion. Such procedure stimulates the student to read 

scientific magazines and helps in keeping his mind alert for 

scientific facts. Oral reports from the Science Discovery 

Sook can be given every Friday. It is remarkable how many 

science facts of local interest the students include in their 

books. Students can make experiments at home with the sprout

ing of seeds and the cross-pollination of flowers. 
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Examination of insects is another field for homo experiment

ation* Facts gathered, b..  the student from such endeavors may 

all  "be put into his science discovery book. 

The collection consists of inseots, loaves, flowers, 

and ore-bearing rocks from the mines* This takes the stu

dent into the open and causes him to make a very definite 

study of natural surroundings. It  also teaches him how to 

name and classify the various specimens in his collection. 

Students may collect butterflies, beetles, grasshoppers, flies 

bees, insects harmful to trees and shrubs, and insects that 

are beneficial to mankind. Gome student can make a special 

study of the fly problem as re If-,  ted to the community. Stu

dents may collect leaves of the various trees and shrubs and 

study their structure. It  may be possible for then to ex

change leaves with students in different states, and countries 

They can collect the various specimens of wild flowers and 

study their structure, the conditions in which they live, a..d 

the season of the year in which they bloom. As they visit  

the various mines they can bring homo with them samples of 

ores and get them assayed. This will  create much interest.  

The object of the special studies is definitely to con 

nect the student in the class room with the community and the 

natural surroundings. These activities may be carried on 

throughout the year in connection with the regular class room 

work. Very definite check should be made of all  student act

ivities along these lines. 
The assignments should be made by weeks. The text-boo,: 

used in the Portola High School is Generalised by 

William n. Snyder. 
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Unit I Solar System, Two weeks' study from August 27 

to September 7, 

First week: 

Text-book assignment—Chapter I, Classroom discussion of 

the chapter with questions as a guide. 

Class metting at night for the observation of the stars and 

location of groups, followed by written report in class 

the next day. Reference books for study of star groups: 

Koseley—Tree3. Stars, and Birds. Chapters 4, 5, 6, and 7, 

Pieper and Beauchamp—Every Pay Problems in Science. Chapter 1. 

G. IT. Trafton—Science of Home and Community. Chapter 32. 

Caldwell and Elkenberry—Elements of General Science. Chapters 

22 and 23. 

The Instructor at this time starts the class in their 

Science Discovery Books. Because of organization and reg

istration of the school, this is about all that may be 

covered during the first week. The papers written in class 

should be corrected by the instructor and returned for re

vision and finally placed in the Science Discovery Book. 

When the class met at night for observation and study of 

star groups, a small telescope borrowed from a local man, 

made this much more interesting. Uany questions were asked 

on that evening and the stars took on a new significance to 

the students. 

Second week of Unit JC. 

Text-book, chapter 2. Classroom discussion with questions 

as a guide. Teacher's demonstration of the principle of 
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inertia. This is carried on with a classroom discussion of 

inertia. The demonstration consists of placing a coin on a 

smooth card extending slightly beyond the edge of the table. 

Suddenly snap the card horizontally. Second demonstration 

is rolling a marble or ball along a smooth floor to show 

that it continues to roll unless stopped by some object or 

overcome by gravity. A Bimple demonstration is also given 

to show the force of gravitation. These demonstrations are 

written up in the experiment books. Besides classroom dis

cussion, it is very profitable to have classroom reports. 

Some really good topics for reports are these: 

The cause of day and night. 

The causes of our seasons. 

The moon and its effect upon the tides. 

Eclipse of sun and moon. 

Classroom discussion is also carried on at the close of a 

report if there are any questions asked or if the instruct

or wishes to emphasize any part of a report or some partic

ular thing that the student has left out. References for 

the above topics are found in these boo<s: 

Wood and Carpenter—Our Environment, Kow We Use and Control It. 

Moseley—Trees, Stars and Birds. 

Caldwell and Eikenberry—Elements of Ceneral Science. 

Experiment—To show why we have day and night and why they 

vary in length. This can be very nicely shown by the use of 

a small rotating globe and a flash light# After the exper 

iment is over, the students are required to make a drawing 
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illustrating these facts and making the necessary explanations. 

The class can then have a short written lesson of about six 

questions on the solar system. 

Unit II—Formation of fountains, lakes. Rocks and Soil. 

This unit will cover a period of three weeks—September 17 

to October 5. 

First week. 

Text-book assignment—Chapter 12. 

Classroom discussion, guided by questions. 

As Portola is situated in the mountains, it is an easy matter 

to take the class on Tuesday and Thursday morning to the top 

of a small mountain and to a lake near the school. The 

class in General Science meets the first period in the morn

ing and on Tuesday and Thursday has a double period, .'.hen 

going on trips, we usually meet at eight o'clock and plan to 

return by ten-thirty at which time our double period is over 

and be ready to pass to other classes. The topics, mountains, 

formation of lakes and rocks are all closely related. The 

author usually treats these topics together, but at the same 

tine brings out the distinctive features of each. A black

board drawing and explanations of formations precede the hike 

to the mountain and lake. On the hikes, the students examine 

and classify rocks and the structure of mountains and lakes 

is again explained. The effects of freezing, water, and heat 

upon rocks, erosion by water, and the depositing of various 

formations of strata and their up-heaval to the earth's 
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surface, can be easily shown. Following the hike is a class

room discussion with questions answered. The instructor 

bring3 to the classroom samples of sedimentary, igneous and 

metamorphic rocks for further examination. The rest of the 

week is devoted to a write-up of the trip, explaining the var

ious things which were seen and. were told about. Besides this 

the class will have reports from their science discovery book3 

Second week of Unit 2. 

At the end of the first week, the following assignments are 

made for the beginning of the second week. These assignments 

are discussed with questions in class. 

Volcanic action 

Strata formation 

Formation of lakes and their uses 

Fossils 

Earthquakes and faults 

Igneous, sedimentary and metamorphic rocxs 

Formation of coal 

Reference books for these reports are these: 

Trafton—Science of Home and Community. Chapter 31. 

Carpenter and vYood—Our Environment and Its Relation to LB. 

Chapter 5. 

Blackwelder and Barrows—Elements of Geology. PP• 65-78, 

302-303, 274-284, 261-268, 23-53. 

This week the class will be taken to a near-by gold mine. 

The gold ore veins, the way the mineral was deposited, ar 

the methods of mining are all explained. The class will bring 

home a few sample rocks with gold ore in them. If possible, 

a mineralogist, or a man who runs and operates a mine can be 
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asked to come before the class and. tell them about valuable 

mineral deposits and methods of mining. Such men can usually 

be found in this region. The class can send away some of the 

rock with ore and have it assayed for valuation. A short re

port on the trip to the mine and information gathered from 

books and the speaker can be written up and put into their 

Science Discovery Books. Writing the reports during the 

classroom periods makes possible additional explanations and 

answering of many questions that will be raised. Friday of the 

second week will be given to science magazine reports of a 

general nature. Such reports help to keep the class reading 

the science magazines. 

Third week of Unit 2. 

At the end of the second week, the instructor should moke the 

following special assignment for the beginning of the third 

week: 

Carpenter and Our Bnvlr , Its Relation to Us. 

Chapters 6 and 7. These chapters deal with soil formation 

and the kinds of soils. Every student in the class will be 

required to read this assignment and it will be followed by 

classroom discussion guided by questions. This third week 

we Will take the class on a short hike to near-by cliffs and 

to a river. On this trip we shall examine the way in which 

soil has been made by freezing, water erosion, decaying of 

, thf amount of sediment carried by 
vegetation and estimate the amount 

7he class will bring back with 
small streams and rivers. 

/.nntaining sediment from the river. After 
them Jars of water containing 

+ the water will be poured off and 
allowing this to stand, tne wu 

****$&& 
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measured. The sediment will also be measured to enable the 

student to form some idea of how much sediment is carried by 

rivers. Following this will be an experiment to chow how 

much water soil will hold. This can bo done by saturating 

some soil with water and then driving the water out by heat. 

The difference in the weight of the soil before and after the 

water was driven out, will give the results. These exper

iments will be written up and put in the experiments books. 

The remainder of the week will be spent on the following re

ports : 

Glacial action and it3 relation to soil 

Freezing and it3 relation to soil 

Soil erosion by the elements. 

Transportation of soils 

References for these reports are as follows: 

Caldwell and Slkenberry—Elements of General Science. 

chapters 6 and 7« 

G. II. Trafton—Science of Home and Community, pp. 529—535, 

539—541. 

Blackwelder and Barrows—Elements of Geology* PP* 86-.3, 

125-137, chapter 6. 

These reports will be followed by classroom dlsouoslon. 

How that the students hove finished the first two units 

and have been studying for five weeks, the Instructor will 

give a written examination covering the important points in 

Units I and II-

Unit HI—Conservation of Community Re^ources^ 

unit will extend over a period of three weeks, from October G, 
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to October 26. The first week and a half will be devoted to 

birds and the latter week and a half will be devoted to forests 

First week and a half of Unit III Blr;dq__ 

Text-book assignment pages 467--479. 

The reading of this assignment will be followed by a talk on 

birds by the game warden. Time will be given for the students 

to ask questions on birds and game laira. This will be follow

ed by a hike in the woods to find the various kinds of birds 

is this locality and to teach the students to recognise them 

by their songs and colors. Each student will then be assigned 

a certain bird of which to make a special and very thorough 

study. Each student will write up and report in class his 

findings. These findings will be put in the Science Discovery 

Books. The students will be asked to build bird houses and 

place them around their homes so as to encourage birds to live 

in the town. The students will be asked to bring pictures of 

various common birds to be shown in the olass. A series of re 

ports will be given on the following topics: 

Birds as insect destroyers 

Value of birds in destroying weed seed 

Government protection of birds 

Work of the Audubon Society 

Bird refuges 

Enemies of birds 
f-niaa will be found in the following Reports for the above topics will oe 

books: 
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Peabody and Hunt—"Biology and Human Welfare, pp. 433—450. 

G. H. Trafton—Science of Home and Community. Chapter 28. 

Moseley—Trees, Stars, and Birds, Chapters 1—28. (This 

book Is to be uQed for reports on various individual birds.) 

T. J. Moon—Biolofry for Beginners. Chapter 33. 

G. *7. TTnnter—Hew Civic Biology, pp. 359—361, 375—379, 

The second week and a half of Unit III * Forest s. 

Text-boolc assignment pp. 207—217. 

The first trip will be through the woods to a near-by log

ging camp where can be studied cross sections of tree trunks 

to determine the structure and approximate afee, the effect 

of cutting away large areas of trees in relation to dense 

underbrush and water sheds and erosion, how trees are cut and 

logs are handled in the woods on their way to the mill, and 

the harmful effect of insects that bore into the bark and tree 

trunks. The following are assigned topics for readings, fol

lowed by classroom discussion and questions: 

Economic value of trees 

Methods of forest conservation 

U. S. Forest Service at work 

Enemies of the forests 

Products of the forests 

Tree surgery 

References for the topics are: 

0. minf.1—H.W ClTlQ Biology- Chapter 26 and pp. 366-370. 

Peabody and Hunt—Biology and Human Welfare, pp. 326—337. 

Koseley--,Trees. Stars and Birds. Chapter II. 

G. H. Trafton—Science of Home and Community. Chapter 29 
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2. J. Moon—Biology for Beginners, pp. 557 

A visit to a lumber mill will be the last field trip in the 

study of forests. On this occasion we will study the struc

ture of various kinds of woodsl the way log3 are sawed and 

the different grain effects; the methods used in the season

ing of lumber and the quantity of lumber cut and shipped in 

this community. The following chapters will be assigned in 

connection with this trip: 

Moseley—Trees, htars, and Birds. Chapter 6. »«oods and 

their Properties." Chapter 16. 'Figures in .Vood. 

^n oral quiz will be given upon the completion of this unit. 

Unit IV--Travel and Communication. 

This unit will take up a period of three weeks dating 

from October 29 to Povember 16. The topics that will be 

studied during this period will be "Travel on land", "Travel 

on the Water", "Travel in the Air", and "Communication". The 

first two weeks will be devoted to travel and the third week 

to communication. 

First and second weeks of Unit IV. Travel. 

Special assignment for the entire class will be from: 

Wood and Carpenter^ chapter 12. There will be classroom dis

cussion guided by questions. 

The first trip will be to the railroad round house. This will 

give the students an opportunity to see various parts of a 

large locomotive and watch the parts work aa the engine is 

moving. They can also compare the size of the engines today 

with the ones used in early travel of which they have pictures 
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They can see the huge snow plows and have explained to them 

just how they work. Enow plows are a necessity to travel in 

this region. 

An experiment can he made in class to 3how the students 

why a boat floats, This is accomplished as follows: Calcu

late the weight of a small block of wood. Completely fill a 

beaker or small jar with water. Calculate the weight of the 

displaced water. The student will find that the water dis

placed will weigh more than the block of wood. From this ex 

periment can be shown the reasons why a boat floats. This 

experiment will be written up and placed in the experiment 

books. The students will be assigned a community project. 

The project will be to examine the conditions of the roads. 

Students should be guided in their report by the following 

suggestions: 

Are the roads paved or graveled? If not, what is the 

foundation of the road? 

Are the roads kept eroded or ore they full of ruts? 

What streets In the community seem to get the most 

attention? 

The students should examine the road scraper and 

machines used in the care cf the reads. Suggestions for 

improvement of roads in the community will also be included 

in the report. The following reports will be assigned to 

the students: 

Early land travel 

Early water travel 

Importance of good roads, bridges and easy 
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curves in modern travel 

Methods of travel 

How water travel Is made safe 

Some of the recent air voyages 

fork; of James Watt 

Causes and remedies or prevention of automobile 

accidents 

How a submarine works 

Early history of the balloon 

Why a balloon rises 

References for these reports are found in: 

G. H. Trafton--Science of Home and Community. Chapter 15-19. 

Pieper and P.*RtichflmD—Every Day Problems In Science. 

pages 477--511. 

Third week of Unit IV. Communication. 

Special assignment for all the class from Woo4 an4 Carj.nter— 

Our Environment; How We Use an4 control It.. Chapter 13. This 

chapter will be discussed in class. 

The trip will consist of a visit to the telegraph office, 

printer's office, telephone office and to a radio shop. This 

will enable the students to see the modern ways of communication. 

At the telephone office they will have explained the work of 

the telephone operator and the construction of the telephone 

outfit. At the telegraph office they will have the radio ex 

plained. This trip will serve as a basis for an interesting 

discussion. From scientific magazines they will be requ 

to read about the recent development in wireless telephone, 

radio and television. This will be followed by a class dis

cussion. 



47 

References for additional reading: 

Caldwell and Eikenberry—Elements of General Science.. Chap. £0. 

Wood and Carpenter--Our Environment—How We Use and Control It. 

Chapter 13. 

G. h. Trafton—Science of Home and Community• Chapters 20-22. 

There will be given at this time an examination covering 

Unit III and IV. 

Unit V—-The use of water, electricity, steam and gas for 

power. This unit will cover a period of three weeks from 

November 19 to "December 7. 

First week. 

Text-book assignment page 252—263, Chapters 18--19. 

This assignment will be discussed in class, followed by field 

trips. Since water is used in generating electricity, the 

first trip will be to the power house. The students will have 

explained to them how electricity is generated and will see the 

machinery do the actual work. The local electric light manager 

will be asked to come before the class and talk on transformer^ 

and meters and on any other phase of electricity and water pow

er that he may choose. The demonstration this week will be on 

how to read electric and water meters. The class will be re

quired to draw a meter and explain in writing how to read 

Additional readings will be assigned from the following boo.cs: 

Wood and Carpenter—Our Environment—How We use and Control_It1 

"The Work of Air, Water, Heat and Electricity in Industry." 

Caldwell and Eikenberry—Elements of General_S£ience. Chap. 18. 
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0. H.» Trafton—Science of Home and. Community. Chapter 9. 

"Application of Eleotricity." 

These readings will be followed by classroom discussion and 

questions. 

Second week of Unit V. 

This week the class will study batteries and magnetism. 

Text-book assignment pp. 545—553, 559—566. This assignment 

will be followed by classroom discussion. 6ome of the boys 

in the class will be asked to go to the garages and obtain 

some worn out coils. These coils will be taken apart in class 

and studied and the function of the various parts will be ex

plained to the class. Experiments on the wet battery will be 

the next exercise. A battery from an automobile will be taken 

apart and explained to the students. They will make a drawing 

of the battery and also in writing indicate the positive pole, 

negative pole, positive and negative plates, and tel± from 

which pole the current leaves the battery and through which one 

it returns. A short explanation as to how the battery should 

be cared for will be given. 

In the experiment on the magnet, the following properties 

will be studies.: magnetlo substances,, magnetic field, and how 

to make magnets. For this experiment the instructions given 

in G. H. Trafton's science of and Community page 154 

should be followed. This is a eplendld exercise and is simple 

enough to be understood and carried out by the freshmen in 

high school. A good project for the students at this time 
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will be to learn about the electric door bell and actually 

know how to connect one with the batteries. A demonstration 

and explanation will be given in class and each student will 

be required to connect the bell with the battery. It is hoped 

that some of the members of the class will then be eager to 

install electric bells in their homes. To round out these ex

periments and projects, a class discussion will follow. 

Third week of Unit V.—Steam and gas engines. 

Text-book assignment pages 523—541. Discussion of this as

signment in class. The students will be required to make a 

simple drawing of a steam engine and give a short explanation 

of how It works. They will make a drawing from studying a 

diagram in the book, which is a good one and easily understood. 

Following this, a demonstration will be given by the inatruc 

tor, showing the properties of steam. 

The trip this week will be to a local garage where the students 

will see a gas engine that has been taken apart and one that 

has been assembled. They will have the principles explained 

to them and if possible, will see the engine working. Another 

opportunity that should not be over-looked while at the gar

age is that of seeing how a battery is charged. This will be 

of value to the students, as it is both useful and interesting 

knowledge. This week will close with a classroom discussion 

and a short written lesson covering the essentials in Unit V. 

Unit VI—Light and Its Uses. 

This unit will cover a period of two weeks dating from 

December 10 to 21. 
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First week of Unit VI. 

Text-book assignment pages 365—394. Discussion of the as 

slgnment in class. Following the discussion, the class will 

have an experiment to show that light will travel only in a 

straight line through a uniform medium, bringing out the fact 

that light rays do not shine around an object. This experi

ment is performed by the use of several pieces of cardboard 

with a hole through the center of each one. They are put in 

line so the holes are opposite one another. A light placed 

at one end will shine through the holes and can be Been by 

placing a black screen at the end of the line of cardboards. 

Complete details of this can be found on page 254 in Wood and 

Carpenter Our Environment—How We Use and Control It. Anoth

er experiment will be to show why objects differ in color. 

Several pieces of oloth of different colors are placed in a 

dark room where rays of light from a Bunsen burner will stride 

them. The burner is adjusted so it will not give off much light. 

A glass rod dipped in a solution of common salt is placed in 

the flame. The cloth will have different colors according to the 

kind of light it transmits or reflects. The directions for 

this experiment can be found in our text-book on page 376. 

These experiments will be written up by the students and put 

into their experinent books. 

Second week of Unit YI. 

Demonstration by teacher to show how a convex lense produces 

an inverted image. This demonstration can be found in the 

text-book on page 384. A good community project will be to 

have the students study the town lighting system and suggest 
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improvements in the number and placing of lights* Additional 

references for reading this week will be these: 

G. H• Traf ton—Science of Home and Community* Chapter IV• 

Wood and Carpenter—Our Environment—How We Use and Control It. 

Chapter 9. The rest of the week will be devoted to classroom 

discussion and reports from the Science Discovery Books. At 

this time the instructor will have each student give a report 

upon the progress made on the term paper and on the collections. 

If necessary the instructor will give a double period to help

ing students with the term paper. This can be very profitably 

done Just before the Christmas vacation which starts at the time 

when we are finishing Unit VI. 

Unit VII Energy anil Han'3 control of Heat. This unit 

will tale up a period of three weeks dating fron January 7 to 25. 

First week of Unit VII—Energy. 

Text-book assignment—Chapter IV. Discussion of this assign

ment in class. References for reading and discussion are. 

Pieper and Beau champ-Uverv Pay Problems In Science, pp. 30-42 

"Radiant Energy" p. 237. "Electrical Energy". 370-371. 

"Exploding Gas", "Transformation of Energy", PE« 402. 

G. H. Trafton—Science of Home and Comnunijtjn. pg* 266. 

"Energy." The various kinds of energy and the work performed 

will be the main trend of discussion. Simple experiments 

will te carried on to show how energy is created and trans 

formed. It will be well for the students to name many processes 

and tell what kind of energy is found in each. Some of the 

time during this week will be spent helping the students w 

their term papers. An examination will be given 

weed's work. 
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Second week of Unit VII. 

Text-book assignment—chapter V. Classroom discussion and 

questions to guide. Demonstration to show the effect of heat 

upon liquids, gases and solids. Instructions for the demon

stration can be found in Wood and Carpenter—Our Environment — 

How We Use and Control It. page 216. The students will be 

required to write this up and put it into their experiment 

books. The class will also visit the heating plant of the 

high school. The engineer will explain how it works and where 

the various pipes lead. The following reports will be assigned: 

Use of heat in the home 

Dangers and control of fire in the home 

Hot water system 

Report on the efficiency of the local 

fire fighting system 

Early methods of heating 

Primitive methods of making fire 

References for the3e reports are these. 

Pieper and Beauchamp—Every Day Problems in science, 

Wood and Carpenter-Car Enrlronnent^Hog g. Pee and Control It. 

chapter 8. 

G. H. Trafton—Science of Home enrt Community, chapter 

Project for claaa-Io maJce a survey of community to find out 

what different kinds of heating systems ere used. 

Third week of Unit VII• 

Demonstration with fire extinguisher in putting out 

The principles of the extinguisher will be explaine 
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definite instruction given for using it and a demonstration 

showing how to refill it. The students will be required to 

draw the extinguisher, explain what chemicals go into it, 

what gas is formed when it is in use, and the amount of chem

icals used in refilling it. 

While studying Heat, each student should study the prin

ciples and construction of a thermos bottle, a flreless cook

er and a cook stove. There will be class room discussion on 

the experiments, demonstrations, and drawings. The students 

will have reports from their Science Discovery Books. 

Unit VIII——Work and Care of Our Bodies. This unit 

will cover a period of six weeks dating from January 28 to 

March 8. Health and the physical condition of the body is 

so important that it should be given more attention and time 

in the classroom than the other topics of this course. 

First week. Personal Hygiene., 

Text-took assignment-chapter 17. Classroom discussion will 

follow this assignment • The following chapters will be assigned 

for the study of the structure of the body: 

J. W. Ritchie—Human Physiology. Chapters 4, 5, and 6. 

G. XI. Hunter—The Essentials of Biology. Chapter 23. 

T, J. Hoon— Biology for Beginners—Chapter 38. 

The topics on the study of the skeleton and muscles will be 

studied and discussed quite thoroughly. The next topic to be 

studied is Man and Disease. The class will be asked to read 

chapter 2 in Health and Efficiency by J. D. McCarthy. Exper

iment with Bulgarian bacteria. Buy the bacteria at a drug 

store in compressed masses and grew some In milk. A «rop of 
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the milk can then be stained with dye and viewed under a 

microscope. The bacteria will stand out clearly. This ex

periment can be found in the above mentioned book on page 20. 

Experiment to show the presence of bacteria on foods that have 

been exposed to the air. Cut a boiled potato in halves with a 

sterile knife, expose the cut portion to the air for thirty 

minutes and then seal it In a sterile Jar. Colonies of bac

teria will form in a few days. Stain some of the bacteria 

culture and examine it under a microscope. Talk by a doctor 

on disease germs, bacteria and vaccination. 

Second week of Unit VIII. Personal Hygiene continued. 

Posture and exercise will be studied next. Demonstrations of 

good and bad posture will be given in class. A local army man 

will be asked to come and discuss the importance of good pos

ture and exercise in the making of a good soldier. The class 

will then formulate a set of good health rules. An assignment 

on chapter 4 from Health and Efficiency by J. D. McCarthy, on 

air and breathing will be used as a basis for classroom dis

cussion. The next topic studied will be food and diet. The 

assignment will be chapter V from J. D. McCarthy-Health and 

Efficiency. Menus should be made and discussed as to their 

value as well balanced meals and the calories which they con

tain. Experiments to detect the presence of starch and sugar 

in foods. Experiment to detect the presence of fats and pro

teins. Experiment to show that foods contain minerals. Di

rections for these experiments are found in Our Environment— 

How We Use and Control It, by Wood and Carpenter, pgs. 534-535. 
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Third week of Unit VIII—Personal Hygiene continued. 

This week we will study digestion, circulation and hygiene of 

the alimentary canal• The following readings will "be assigned 

to the class: 

J. 5. McCarthy—Health and Efficiency, chapter VII. 

Wood and Carpenter—Our Environment, How We U3e and Control It. 

pages 559-572. 

j. W, Ritchie—Sanitation and Physiology, chapters 9 and 11. 

Classroom discussion will follow this reading. Experiment to 

show the action of saliva upon starch. This experiment is 

carried on by testing saliva and starch separately with Fehling's 

solution, then combining some saliva and starch and testing it 

with Fehling's solution. Experiment to demonstrate the compo

sition of the blood. Mount a drop of blood on a glass slide 

and examine under a microscope. This will show the red and 

the white corpuscles. Demonstration to show how blood circulates 

in a tadpole"s tail. These experiments can be found in Oui* V 
Environment—How We Use a^ntrqljl. *'004 ̂  Carpenter, 

pages 560, 566, 569. The class will write up these experiments 

and put them into their experiment books. The next topic wiU\ 

be the care of the nose, mouth and throat. The assignment for 

this will be chapter 6 in Health and Efficiency, by J. D. Lc 

earthy. At this time there will be a talk by the school nurs\ 

and one by the local dentist. 

Fourth wee* of Unit TIII--Peroonal Hygiene continued. 

He will study this wee* hygiene and first aid, and the use|of 

clothing. Assignments will be chapter 8 In Health and Efficiency 

by J. D. McCarthy. Wood and Carpenter-Oar Envlronment-^We 
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Use and Control It, pages 645—655. 

Pleper and Beaucharap—Every Day Problems In Science, pages 

171—180. This assignment will be followed by discussion and 

questions. The county health nurse will be asked to come for 

two or three days and give demonstrations on first aid. The 

students will write their observations in their experiment books. 

As a preliminary assignment for this they may read chapter 11 

on first aid found in Health and Efficiency by J. D. McCarthy. 

An examination will be given on personal hygiene at the close 

of the week. 

Fifth week of Unit VIII—School and Home Hygiene.. 

Assignment J. D. McCarthy, health and Efficiency, chapters 12 

and 13. Discussion. Experiment-A study In school hygiene. 

The instructions for this experiment will he found In Health 

and Efficiency, paee 180. The students will write the results 

of this experiment In their experiment hooks. The public 

health officer will talk to the class on Home Hygiene. Class-

room discussion will follow. 

Sixth week of Unit VIII Community Hygiene. 

The first study in community hygiene will be food distributi 

This will be taken up as a community project. The class wll 

divide itself into three committees-water committee, milk 

committee and food committee. Sach committee will investigate 

the local conditions with reference to its topic and report 

the class. The water committee will collect information rega 

ing the source of the water supply, the possibility of pollution, 

mn iji-ivfm •in«|'V 
-fiV'i P(1l I li'mrtf li r'i.. iI., 
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means taken to purify the water or to prevent pollution, the 

means of distribution, coot, measurement of water U3ed, and 

further steps needed to protect the water supply. A bacterial 

examination will be made of a sample of water from the town 

reservoir. The milk: committee will visit the local dairies and 

collect information regarding sanitation, pasteurization, hand

ling and cooling of milk, care of milk bottles and milk uten

sils. The food committee may investigate the care given to 

food in the stores, visit the meat markets where they may study 

the refrigerating plant, take a turn through the bakery and if 

possible, the restaurants. Classroom discussion and suggestions 

will follow these committee reports. The class should investi

gate the disposal of garbage from houses and make a report on 

the town sewage system. 

Assignment on insect enemies of man—chapter 16, J. 3). McCarthy, 

Health and Efficiency. Classroom discussion will follow. The 

class will investigate the community for possible breeding 

places fo flies and mosquitoes. The study of community hygiene 

will be finished with a talk from the head of the local hos

pital concerning the prevention and isolation of contagious 

diseases. 

Unit IX—Weather and Citrate. 

This unit will cover a period of two weeks dating from 

Karch 8 to Karch 22. 

First week of Unit IX. Weather and Climate. 

Assignment—text-book, chapter XI. Classroom discussion 

with questions as a guide. Experiment-How is the earth 

warmed by the sun? This is shown by using two test tubes, 
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one "blackened in a candle flame. Fill each with clear water 

and record the temperature of the water. Put them in the 

sunlight and after a time record the temperature of the water 

again. Details of this experiment are found in Every Day 

Problems in Science, by Pieper and Beauchamp page 40. The 

class will write up the experiment and put it in their note 

books. Experiment—To show whether the rate of evaporation 

of water depends upon the temperature of the air. Directions 

for carrying on this experiment are found in Every Day Problems 

In Science on page 47. The results of this experiment will 

also be written up by the class, leather bureau reports will 

be brought to class to be studied and read. Oral reports from 

the Science Discovery Books. 

Second week of Unit II. 

Experiment—'To show the formation of frost. Place a mixture 

of ice and salt in a beaker, let it stand for a time in a 

warn room. Frost will form on the outside of the beaker. 

Reasons can be explained by instructor. A study of the ther

mometer and barometer. Reports to be assigned to different 

members of the class: 

Benefits of the weather bureau 

Winds and their causes 

Why rainfall varies in different localities 

References for these reports are these: 

Pieper and KAOU champ—Every Day Problems in Science, pp. 36-69 

G. II. Traft.on—Science of Home and Community—pages 506-520. 

Wood and Carpenter—Our Environment, Row We Use and Control_It_. 

pages 451—477. There will be a written lesson at the close 

of this week on Unit IX. 
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Unit X—plant life and the cultivation of soils* 

This unit will take a period of four weeks, dating from 

March 25 to April 26. 

First week of Unit X--P1ant life. 

Text-book assignment, chapter 15. Classroom discussion 

guided by questions. The instructor will ask the students to 

bring to class several plants that can be used in experiments. 

The structure of the plant will be studied first. Experiment-

leaf, stem and root structure. Thi3 experiment is given in 

the text-book on page 357. A cross-section of a leaf is ex

amined under a microscope to show cell layers. Experiment 

How moisture goes up the plant stem by osmosis. Make a hole 

in the center of a raw potato and fill it with a dense solu

tion of sugar and water. Place potato in a vessel of clear 

water so that the water is lower than the level of the solu

tion, in the potato. There will be a decided rise of the 

solution, showing the flow to be from the water toward the 

denser solution. A more complete discussion is found on page 

332 of the text-book. The instructor will bring to class two 

kinds of stems and show the class the difference between 

monocotyledonous and dicotyledonous stems. This experiment 

will be written up and put in the experiment books. Class

room discussion on the experiments. 

Second week of Unit Plant llfejcontinued) 

This week we shall take up plant processes. 

Assignment for class—Wood and Carpenter—Our Environment 

How We Use and Control It, pages 493—5000 

E. N. Transeau—Science of Plant Life, chapter III. 



60 

Experiment on food manufacture in the leaf. Directions for 

this experiment will be found on page 493 in Our Environment 

How We Use and Control It, by Wood and Carpenter. Experiment 

to show that plants give off water through their leaves. 

Place a heavy cardboard around the stem of a potted plant 

covering the top of the flower pot to prevent moisture from 

coming up from the soil. Place a bell Jar over all and let 

it stand over night. Drops of moisture will be seen on in

side of Jar next morning. This experiment is found in Our 

Environment. How ffe Use and Control It, on page 492. These 

experiments will be written up by the class and placed In 

their experiment books. The instructor will at this time 

find out how the students are progressing with Science Dis

covery Books, term papers and collections. Special note will 

be made of the different scienoe magazines whioh have been read. 

Third week of Unit X—Plant life (continued) 

ThiB week we shall take up plant pollination, leaf coloration, 

and algae. The students should bring flowers to class and 

study their structure. They will be asked to draw the flow

ers and label their parts and explain how pollination takes 

place until the seed develops. The assignment on pollination 

will be from G. ff. Hunter—Hew Civic Biology, pages 34—41. 

Students will be encouraged to carry on experiments in pol

lination, with an assignment on leaf coloration from E. H. 

Transeau—Science of Plant life, chapter 6. Along with 

classroom discussion the students may bring different colored 

leaves to class for study. Experiment—To show the presence 

of yellow and green pigments in a leaf* Make a chlorophyll 
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extract by placing plant leaves in warm alcohol. "Dilute 

alcohol with a little water ana add enough benzine to double 

the volume of the solution. Then shake thoroughly and allow 

to stand until the benzine has separated. The benzine will 

contain the chlorophyll, while the yellow pigments will remain 

in the alcohol. This experiment is found in Science of Plant 

Life on page 62. Kext, the class will be asked to bring in 

samples of algae for study with the microscope. An assignment 

will be made from Science of Plant Life, by Transeau, chap. 18. 

Following the classroom discussion, a short written lesson will 

be given. 
Fourth week of Unit X--Soils« 

Text-book assignment, chapter XIII. Classroom discussion on 

this assignment. The first experiment will be the sprouting 

of seed in the soil. Ideas for this experiment are found in 

Science of Plant Life, by E. S. Transeau, on page 181. Ex

periment—To show the amounts of water absorbed by different 

soils. Experiment to demonstrate that there are substances 

in the soil that are soluble in water. Demonstration to shww 

that dust mulch prevents the evaporation of water from the 

coll. Instructions for these experiments are found in Our 

Environment, Its Relation to Us, Carpenter and Wood on pages 

88, 84 and 87. These experiments will be written up and add

ed to the experiment books. The following reports will be 

assigned to the class and classroom discussion will follow 

each report: 
The work of the earthworm. 

Soil enemies of the farmers 
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Contrast the early and modern methods of 

agriculture. 

Methods of increasing crop production 

Reclamation projects 

References for these reports are these: 

Wood and Carpenter—Our Environment. How We Use and Control It. 

chapter 17. 

Carpenter and Wood—Our Environment. Its Relation to U_sx 

chapter 7-8. A written examination will follow on Unit X. 

Unit XI.-Insects. This topic will cover a period of 

three weeks dating from April 22 to May 17. 

Text-hook assignment, chapter 16. Classroom discussion will 

follow. The instructor believes that reports on the various 

Insects should come before the experiments are carried out. 

The following reports will be assigned, which will take up 

the study of such insects as the butterfly, the bee, the fly. 

the grasshopper and others: 

T. J. i Beginners, chapters 23. 24, 25. 

j. c. Peabcdy and A. 0. Httat—BlolQffl. and Human 

Welfare, chapter 19. 

I. D. A. Cookerell—Zoology chapters 38, 39, 40, 42. 

These reports on the insects will he studied daring the entire 

week. 

Second and third weeks of Unit XI--Anatomy of Insects-

These two weeks will he devoted to experiments and microscop

ic study of insect anatomy. Emphasis will he laid on insect 

collections. In studying the butterfly, the class will follow 

the laboratory directions given in Biology and Human Welfare^ 
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by Peabo&y and Hunt, pages 366 and 367. This includes the 

study of the butterfly's anatomy, microscopic study of the 

butterfly's wings, antenna and lego, and a drawing showing the 

different parts studied. In much the same way, the grasshopper 

will be studied, following the directions from the above men

tioned book on pages 378 and 379. Experiments and microscopic 

work will also be done on the fly, mosquito, and the honey-bee. 

These studies will be drawn and written up in the experiment 

books. The class will be required to make a list of beneficial 

and harmful insects and state the good or harmful effects of 

each. A field trip to a nearby ranch will be made to deter

mine which insects ere most commonly found and to what extent 

they affect the crops. A written lesson will be given at the 

close of Unit XI. 

The review will take up a period of three weeks, dating 

from Kay 20 to June 7. The first week of this period will be 

devoted to the reading of some of the term papers, the inspec

tion and study of collections of insects, leaves, rocks and 

wild-flowers. At this time there will be an inspection of 

the Science Discovery Books and a final correction of the 

experiment books. The next two weeks will be devoted to a 

review of the entire course, emphasizing the important points. 

In this review students will be given a number of important 

questions, involving text-book study, work from the experi

ment books and Science Discovery Books. Part of the examin

ation week which will be from June 7 to 13, will also be de

voted to this general review. The work this week will be 

easier because of the final examinations. 
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V. 

Reaume 

In outlining a course of study for the Portola High School, 

the writer has first given the reader a short description of 

the community in order to acquaint him v>*ith the surroundings 

and give him some Idea of the material at hand* This has been 

done by means of the various surveys made; these include the 

town, the school, the mountains, valleys and lakes which are 

in close proximity to the town. These surveys were then 

analyzed to show the possibilities of this community as a field 

for the study of General Science and to show also, the interest 

or lack of interest in the subject among the students, numer

ous opportunities were found for projects, for interesting 

field trips, for first-hand observations of mechanical and pow

er processes, and for abundant material for collections. 

In preparing any course of study, there should be definite 

aims to guide one in selecting the subject natter and in pre

senting the topics to the class. In this paper, six clearly 

defined aim3 precede the course of study and are to be icept 

in mind throughout the year's work, as each one has an impor

tant place. In this way more real profit will be derived from 

the program. 

The course of study, as presented has been divided into 

several units, each unit consisting of one topic, or several 

closely related topics which are so arranged that each may be 

studied in the month best suited to that particular subject. 
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The work of each unit Is outlined by the week co that it may 

clearly be seen Just how thoroughly the various topics are 

studied. The weekly outline also shows where the supplemen

tary material in the books is to be found, gives the text-book 

assignment and states the nature of each flail trip or project 

which is to he undertaken. All of the hooks mentioned In the 

course of study are in the Portola High School library and each 

year new hooks are helng added to the General Science Depart

ment. The course is sufficiently elastic to he modified as 

new material, either In the community, or the library becomes 

available, and Its chief value lies In Its adaptation to the 

characteristics of the locality and to the seasonal variations 

in the environment. 
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