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INTRODUCTION 

"Education is a process of modifying behavior." By 
accepting this definition, the teacher of any subject has 
the responsibility of determining how that subject may mod
ify the behavior of the boys and girls who study it. Other 
problems raised by this statement are: In what direction 
shall behavior be modified? What is the most effective meth
od of teaching? To answer any of these questions, the type 
of society into which our program of education is to be fit
ted must be considered. It is logical to assume that behav
ior should be modified so that an individual is better qual
ified to live in the desired form of social organization. 

In this country we still believe that democracy is 
the way of life that we desire. Democracy has been defined 
as a "form of social organization which provides equality 
of opportunity for participation in a growing area of in
terests mutually shared."^ This definition places a dual 
responsibility on education in a democracy. It assumes 
•that we h8ve enlightened citizens who not only have a com
petent, ever-increasing knowledge of their world, but also 
are capable of directing their own welfare. It is the task 
of the school to increase the childTs knowledge of his world 
TZ Bruce, Yv Tm., "Principles of Democratic Education." Pren-

tice-Hall. 1939. 



2 
while training him to learn by himself—to think reflective
ly. 1 If citizens are to make their own decisions in matters 
of general welfare, they should be capable of doing inde
pendent thinking. 

The method used to bring about these modifications 
of behavior should be a method that challenges the pupil to 
think about matters of vital interest. To quote John Dewey: 
"Permanently successful methods depend for their efficiency 
upon the fact that they go back to the type of situation 
which causes reflection out of school in ordinary life. 
They give the pupil something to do, not something to learn; 
and the doing is of such a nature as to demand thinking, or 
the intentional noting of connections; learning naturally 
results." 2 

The situation should suggest something to do which is 
new and problematic. It should be one where there is some 
doubt or perplexity as to a course of action. A way out 
of the difficulty, is sought and thinking begins. The think
ing employed when one does not know just what to do is re
flection-level thinking. To promote this type of thinking 
the material in a subject should be organized on the problem 
1. Bayles, E. E., "The Relativity Principle as Applied to 

Teaching." Bulletin of Education. University of Kansas. 
Feb. 1940. 

2. Dewey, lohn, "Democracy and Education." Macmillan. 1916. 



Science, perhaps more than any other school subject, 
raises problems that are of genuine interest to children. 
Science functions as a way of living, as a mode of inter
preting the world in which we live* A childfs questions are 
about the things in his world. Science provides an oppor
tunity to answer these important questions. It helps him 
to see things or situations in relation to other things. 2 

He acquires meanings rather than information. Facts are 
acquired not as so much material to be memorized but as 
data needed in chasing down the solution to an enigma.3 

Science gives the child a method of solving problems anal
ogous to the type of thinking that should be applied to 
problems of living. 

Many science units are still organized about collec
tions of facts or scientific principles developed in a de
ductive manner. Science is thought of as organized knowledge 
rather than as a method of acquiring knowledge. Students 
become so conscious of learning that real learning does 
not take place. If a science unit is properly taught, it 
1. Beauchamp, Blough, and -^elrose, "Teacher's Manual for 

Discovering Our World." Scott Eoresman. 1938. 
2. Dewey, John, "Democracy and Education." ^cmillan. 1916. 
3. Downing, Elliott R., "Projects and Principles of Science." 

Science Education. April, 1932. 
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is an excellent opportunity of training pupils to become 
better thinkers for the generalizations of science are them
selves the product of reflective thinking.1 

T~. Beauchamp, Blough, and Melrose, "Teacher's Manual for 
Discovering Our World." Scott Foresman. 1940. 



THE PROBLEM 

The purpose of this study is to describe and analyze 
the procedure employed in attempting to promote a reflec
tive study of three science units. 

The three units, "Electricity," "Elementary Chemis
try," and "Eire Control," were taught to a group of sixth 
grade pupils in a town of about 15,000 inhabitants. There 
were thirty-three pupils in the group. 

A day-by-day record of classroom procedure was kept 
and is presented in the description of the units. The mater
ial of the units is based on similar units in the science 
series, "Discovering Our World." The pupils, however, did 
not have access to this textbook. Other reference books 
were used and reading was motivated by the desire to find 
information which might help to solve problems growing out 
of the unit. 

Each unit attempts to follow the general pattern of 
a reflective study which is: 1 

(1) Recognizing a genuine problem in the situation. 
(2) Recalling information and experiences that may 

suggest solutions to the problem. 
(5) Searching for new facts and making observations 

needed to deal with the problem. 
1. Dewey, John, "Democracy and Education." Kacmillan. 1916. 



(4) Testing the suggestions in the light of the new 
data. 

(5) Arriving at a conclusion. 
Each lesson in a unit is analyzed to see if it has 

the essential elements of a reflective study. The summary 
and suggestions at the close of the unit make comparisons 
and corrections in the procedure. In the analysis of the 
unit a three-way comparison is made. The actual procedure 
is contrasted with the textbook presentation, and then is 
criticized on the basis of how it should have been presented 
in order to promote reflective thinking. 



CHAPTER I 

DESCRIPTION AND ANALYSIS OP PROCEDURE USED IN A UNIT ON 
ELECTRICITY 

Lesson 1. 

At the beginning of the period, I told the class that 
I had been reading about a very bad wind and snow storm in 
the eastern part of the United States. I asked them if they 
thought that storms cause any more damage and destruction 
today than they did one hundred years ago. Charles did not 
think that they do because "people didn ft use to have as 
good houses as we have now and then they didnrt have the 
snow plows to clear the roads." Jacqueline thought that 
they do more damage today because there are more things to 
be blown down. James said that older people thought that 
wind storms used to be worse than they are now. 

As there seemed to be a difference of opinion, I 
asked the class what damage storms used to do that might not 
be done today. James recalled stories of houses being 
picked up by wind, of people being carried away, and of 
large trees being torn from the ground. Junior was dis
gusted with Jamesfs answer because cyclones still do things 
like that. A number of the group agreed with Junior, but 
no one could think of any other differences. 

I then asked, "What often happens today when there is 
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a bad storm?" 

There were several responses to this question. Trees 
blown down and streets blocked. Lights go off. Roofs 
blown off. Electricity goes off and clocks and refriger
ators stop. 

"Doesn't every electric thing stop working when the 
electricity goes off during a storm?" asked Ruth Mary. 

I wondered, "Didn't this ever happen to people one 
hundred years ago?" 

Bruce thought this was a very silly question because 
there was no electricity one hundred years ago. He was a 
trifle disconcerted when I asked why there was no electricity 
then. There just was not any was the only reason he could 
give. Then he decided that electricity had not been in
vented one hundred years ago. 

Dick had a better reason. "There was electricity at 
that time but it hadn't been discovered as yet." 

On being asked who discovered electricity and where 
it was discovered, he did not make such a definite reply. 

"Wasn't it Benjamin Franklin? I read something about 
it in a book. He was out in a thunderstorm flying a kite 
and got electricity out of the sky. I saw a picture of it." 

"Do you mean a picture showing the electricity?" 
"Oh, no. The picture showed him using the kite to 

draw the electricity out of a cloud, but you couldn't see 
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the electricity. It's invisible." 

Jackie was quite disturbed by this explanation. "Why 
I always thought electricity was a crooked white streak," 
he said, "I saw that same picture and the electricity is 
coming out of the key in his hand." 

"That was a picture of the lightning," said Marie. 
"What is lightning?" 
When Ruth Mary said that lightning is electricity 

jumping between the clouds, Mason wanted to know what makes 
it jump. Junior wondered how it gets in the clouds in the 
first place, and Jackie was curious as to why it makes a 
crackling sound. Billy said that he had always wondered 
why someone had not tried to invent a way to use lightning. 

When I suggested that we try to find out why light
ning does the things they had mentioned, several of the 
class eagerly volunteered to look for the information. The 
"Book of Knowledge" and various other references and science 
books in the library were suggested as sources of material. 

"Would you say that damage to electric lines is the 
worst thing that storms do?" I asked in an attempt to re
turn to the original question. 

A number of people disagreed with this statement. 
They thought that there were many worse things that happen 
during bad storms. However, they were willing to admit that 
doing without electricity is quite an inconvenience today. 
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"Has electricity been in use very long?" I asked. 
"I don't know how long," said Howard, "But it hasn't 

been very long. It's been used probably about twenty-five 
years." 

Several thought that it had been used much longer 
than twenty-five years. James estimated that twenty-five 
years ago would be 1915. He was certain that electric 
lights had been used before then. As no one seemed to have 
any definite information concerning this date, we again de
cided that additional research was necessary to answer our 
question. 

"Suppose that we were suddenly told that we would 
have no more electricity. Would the lack of electricity 
make any difference to our way of living?" 

In reply to this question, a number of devices that 
would be unusable without electricity were mentioned. In 
some homes no cooking could be done because the stoves are 
run by electricity. Another realization was that picture 
shows would have to close. There would be no street lights. 
Radios would not work. Refrigerators, irons, washing mach
ines, machinery in mills and factories all run by electric
ity. They were all conscious of the difference electricity 
makes in our way of living. 

"How can you tell whether there is any electricity?. 
Can you see it, or was Dick right in saying that electricity 
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is invisible?" 

Jack said that in a light electricity looks white. 
Corel disagreed. "You don't see the electricity. 

You just see what it does." 

"But the light's the electricity," arguied Jack. 
Charles said, "You have to turn on the electricity 

before you can have light." 
The class did not think so. What was seen was not 

the electricity itself, but just what it did. Just like 
gravity and magnets, was another suggestion. The way to tell 
if the electricity is off is to see whether it does any work. 

Charles had another idea. "You can feel electricity. 
Sometimes it gives you a shock." 

As this was the end of the period, I reminded the 
class of the extra reading and suggested that they try to 
find how electricity was first discovered. 

Analysis 

Before starting this unit the class had asked me 
what we were going to study next. When electricity was men
tioned, most of the group were quite interested. A few of 
the girls wanted to study about "Stars," one of the fifth 
grade units. Several objected because they were afraid of 
electricity. In spite of these objections, the majority of 
the class were eager to begin. Can we make a n electric map? 
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Can I bring my telegraph set? Why not make a telegraph set 
and send messages to other rooms? These questions showed 
that the class was interested, but their main desire was to 
do something with electricity rather than find out why it 
did these things. 

In an attempt to "unsettle" the subject,1 questions 
were asked which would bring out contrasts and raise prob
lems which the class would enjoy trying to solve. It was 
rather difficult to guide this class to reach adequate con
clusions. Some were not willing to try to think through to 
a solution of their problem but wanted to jump to a conclu
sion and just stay there. Instability of attention was 
another difficulty. We could have spent every period flit
ting delightfully from one subject to another as far as some 
of the group were concerned. 

In order to approach the problem of how electricity is 
used, a question concerning a recent storm was asked. This 
gave the class a picture of what happens when a city is 
without electric power. The picture of damage done by a 
storm today is compared and contrasted with their idea of 
what storms did years ago. With this as a starting point 
many problems arise. The subject of electricity, which had 
1. Bayles, IS. E., "Baeic Considerations for Mature*Study and 

Science Instruction in the Elementary School." School 
Science and Mathematics. December, 1939. 
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been so "settled" that no one was curious as to why it made 
things "work," became vitally interesting when it was un
settled; and the group began to realize how little they knew 
about it. 

Just what is electricity? Was it discovered or did 
someone invent it? What relation is there between lightning 
and the electricity we use? Why is no use made of lightning? 
What things would we have to do without if we could not use 
electricity? These questions indicate that inadequacies in 
knowledge are being sensed. The children began to doubt 
some of the things they had always before taken for granted. 

The unit How Do We Use Electricity in "Discovering 
Our World, Book III" gives a factual story of what happens 
when an electric power line is broken down during a storm. 
It lists a number of ways in which electricity works for us 
in order to arouse pupil interest in learning how electri
city can do these things. In our unit the children formu
lated their own ideas of what happens when we do not have 
electric power and, in recalling ways of using electricity, 
began to wonder about what it is and how it was discovered. 
The book makes no reference to the work of Franklin or to 
lightning. 

The lesson, however, does not do exactly what it 
starts out to do. In a lesson of this type it is easy to 
get "side-tracked." This almost happened when the discussion 
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of lightning began. This was an excellent opportunity to 
raise the question concerning how people found out about 
electricity and what Franklin was trying to do. Instead of 
proceeding along this line of thought the question of light
ning was developed. The reading assignment was too indefi
nite. The reading should have been motivated by a desire to 
find what different people thought about electricity, what 
Franklin thought, and what the facts now seem to tell us. 
Static electricity could have been introduced by some simple 
experiments such as producing sparks or causing a balloon 
to stick to the wall. 

Lesson 2. 

During this period reports about lightning and 
early experiments with electricity were presented. The chil
dren had read stories about static electricity and were eager 
to perform some of the suggested experiments. 

Marie rubbed a balloon on her skirt and made it stick 
to the wall. Gerald had a comb that he used to pick up 
paper. For those who had not read, Howard told how the 
Greeks observed that a piece of amber rubbed with cloth 
would attract feathers and pieces of paper. 1 Dick told 
about Dr. Gilbert's experiments and the origin of the term 
1. Craig and Johnson, nOur Earth and Its Story." Ginn and 

Co. 1932. 
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electricity from the Greek word for amber. 1 Most of the 
class had read about Franklinrs experiment. Several knew 
what Franklin had done but had no idea why he wanted to bring 
electricity out of the clouds. Mary thought he wanted to 
find if electricity and lightning are the same thing. This 
seemed to be a sensible suggestion and was verified by refer
ring to the historical account of the experiments.2 The 
questions which had arisen in thö previous lesson were an
swered satisfactorily. 

Billy was not satisfied because he had not been able 
to find why you could not use lightning. He thought some 
way could be invested to get it out of the sky. Dick re- ^ 
minded him that Franklin had charged a Leyden jar during a 
thunderstorm but this was dangerous because electricity 
might strike and kill a person. 

Charles said that the only time this electricity 
could be used would be during a thunderstorm, and in summer 
because we do not have lightning in winter. For this reason, 
he hardly thought it worthwhile to invent a machine to get 
electricity from the clouds. 

Ruth Mary had a better reason, she thought. "The 
1. Parker, Bertha M., "The Book of Electricity." Houghton-

Mifflin Co. 19S8. 
2. Ibid. 
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electricity in the clouds isn't the same kind we use." 

"Isn't all electricity alike?" I asked in surprise. 
"I thought electricity was just electricity," said 

Jack. 
Ruth Mary was ready to defend her statement. "No," 

she said, "there are two kinds. Static electricity just 
stays in one place and current electricity moves along a 
path. Current electricity is the kind we use." 

"Which kind is lightning?" Billy Dean wanted to know. 
Upon being told that lightning is static electricity, 

he protested that it moves when it jumps between the clouds. 
Ruth Mary decided that it would be better to say that static 
electricity either stays in one place or moves by jumping. 

"Then you would say that Billy jumping or standing 
still is a different boy from Billy walking or running?" 

The children were quite amused. Billy, especially, 
was sure he was the same boy. Ruth Mary realized that what 
she had been talking about was not two kinds of electricity, 
but simply two things that electricity did. 

"Would you think that electricity produced by fric
tion would be very convenient to use?" 

Jack agreed that it would not. 
This idea was also agreeable to Junior. "If electri

city does work for us," he added, "it will have to move; we 
would not want it to jump or stay in one place." 
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"If Ruth Mary is right in saying that electricity can 

do two different things, some of you have observed these 
things. If you have, which do you think is more practical?" 

At this time the class weighted the evidence to decide 
if electricity can do two things. They decided that Ruth 
Mary was right. They were not able to think of any place 
where static electricity can be used. However, they did men
tion a number of places where moving electricity could be 
used. According to this, current electricity seemed to be 
more usable. 

One of the devices that was suggested as needing a 
current of electricity to make it work was the electric map 
in the classroom. I asked where the map gets this current 
of electricity. The answer was it comes from a dry cell. 

When a question was asked regarding how the electri
city gets into a dry cell, no one had any theory about it; 
but they did suggest that we tear up an old cell and see if 
we could "find the electricity." I agreed to the suggestion, 
although I did not know just what they expected to find. 
The zinc cup, black mixture, and carbon rod were taken, out. 
Dick noticed that there were some holes in the zinc cup. 
The black mixture seemed rather damp. 

"What do you think happened in this cell?" I asked. 
"It fs dead," Victor observed. 
"All the electricity is used up," said Alex. 
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Jackie was quite impatient. "Well, where v;as the 

electricity?" 

"The cell made it," Junior told him. 
"If the cell made the electricity, why did it stop 

making it?" I asked. 

Dick was not quite certain about this. He was sure 
he could find out by reading our science book.1 The class 
read the selection in their books and in a few minutes they 
were eager to explain just what makes a dry cell work.2 

Dirk had a scientific answer. "The black substance 
is a mixture of chemicals like I have in my chemistry set. 
It reacts with the zinc and eats holes in the zinc cup. 
This starts the electricity moving. When all of the chemi
cal change has taken place, the black mixture dries up and 
we say the cell is dead because it doesn't make electricity 
any more." 

The class was quite impressed by Dirkfs knowledge. 
They did not understand just what a chemical change is, but 
they did have the impression that it is something that hap
pens within the cell to start the electric current flowing. 

"Do we use dry cells very much?" I asked. 
Flash lights, battery radios, some toys, our map, and 

1. Parker, Bertha W., "The Book of Electricity." Houghton-

Mifflin Co. 1928. 
2. Craig and Johnson, "Our Earth and Its Story." Ginn & Co. 1952. 
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bells were mentioned. 
"Don't they run such things as lights or an electric 

iron?" I asked. 
"No," said Marie, "they wear out too quickly. We have 

to get new batteries for our flash light all the time." 
"Aren't they cheap to buy?" 
"Yes," said Charles, "but they aren't powerful enough 

to run things. They won ft even make our telegraph set buzz. 
We have to use a transformer." 

As these seemed to be very good reasons for not using 
dry cells more widely, I asked if anyone knew of any other 
kinds of cells. No one seemed to know what I was talking 
about. 

Then I asked, "Where does a car get the electricity 
that runs its lights?" 

"It has a battery," Donald told me. 
"What is a battery?" I asked. 
"It's what makes the electricity." 
"How is this done?" I asked. 
Howard had an excellent suggestion. ?It's a thing 

that has three little cups in it. You put water in the cups." 
"Do you know of any name for these cups?" 
"They're called cells," Dirk volunteered. "They have 

sulphuric acid in them." 
"If a liquid is used in these cells, what would be a 
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good name for them?" I asked. 

"Wet cells?" 
"Of course. Is there any other way in which a wet 

cell is different from a dry cell?" 
As this question brought only a few superficial an

swers, I asked what could be done with a dry cell when it 
went "dead." 

"Nothing. Just throw it away and get a new one." 
Here Jackie got the idea. "You don't throw a wet-

cell battery away when it goes dead, ^t can be recharged. 
(The teacher later learned that all wet-cells cannot be re
charged. ) 

"How is this done?" 
"Oh, some electricity is run into it." 
Bruce added that it is attached to a generator that 

puts electricity into it. 
"Did you every hear any other name for this kind of 

a battery?" 
With a few references to recalling what the battery 

does with the electricity until it is needed by the car, and 
how the car itself can charge the battery, the term storage 
battery was developed. 

"I wonder why we talk about a dry cell, a wet cell, 
and a battery, -̂ t seems to me that all of them do the same 
thing. Is there any difference between a cell and a battery?" 
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Corel thought there is, because their car has three 

cells in the battery. Anita said that her flash light has 
two cells in the battery. From these observations we con
cluded that when more than one cell is used a group of 
cells is called a battery. Howard thought that the amount 
of work a battery can do depends upon how many cells are in 
it. The more cells it has, the more electricity it can make. 
This explanation seemed quite reasonable. 

Jackie was afraid we would leave out something and 
asked if there was not another way of making electricity. 
When asked why he thought so, he said he knew our lights 
were not run by batteries; so he thought there must be 
another way of making electricity. 

Here the idea of a generator, or a machine to make 
electricity, was brought out. We discussed what a generator 
is like and how it makes a current of electricity start 
flowing. A number of sources of power were mentioned. Some 
of these were steam, water, wind chargers, and gasoline 
motors. After discussing the relative merits of these ways 
of making electricity, we decided that a generator is the 
most practical method of making a strong (current of electri
city. 

At the close of the period, the class was asked to 
think about what they would do if they wanted to put elec
tricity in their homes. Another suggestion was that they 



22 
examine electrical appliances to see how the electricity is 
conveyed to them. Carol volunteered to bring an old elec
tric toaster to school, and Marie said she could bring an old 
iron. 

Analysis 

In this lesson the children are led from a discussion 
of static electricity and lightning to raising questions about 
how the electricity we use is made. A comparison is also 
made of the different ways of producing electricity in order 
to find where each method is used. 

There are several places in this lesson where we see 
good examples of reflective thinking taking place. When 
Billy wanted to find out why lightning was not put to some 
practical use, three suggestions were made. All of these 
were reasonable suggestions, and the one which seemed to be 
most applicable was cliosen. The same thing happened when the 
the suitability of using dry cells in places where a contin
uous flow of electricity is desired is questioned. Here 
again the most practical suggestion is chosen by the chil
dren. They see the answer that is most correct in relation 
to the other facts pertaining to the situation. In using 
this procedure rather than just the "right-answer" technique, 
the class learns to consider evidence before making a 



decision. 

Instead of having the group read about a dry cell be
fore examining it, we found the different parts and then 
read to see just how they worked together to make electri
city. In this way their reading was to find a solution to 
the problem of how a dry cell works. 

The lesson errs in attempting to cover too much ma
terial. The reports given at the beginning of the period 
could have been used more profitably as material for a re
flective study rather than merely restating facts read. If 
the lesson had been started with a few magic tricks using 
static electricity, interest would have been aroused as the 
class attempted to explain these phenomena. The following 
discussion of static electricity and early electrical ex
perimentation would have involved reflection-level thinking 
as well as recollection of facts. There was enough material 
in the first part of the lesson to cover an entire period. 
The difficulty with the type of reports that were given is 
that they are of little value to anyone but the person re
porting. If the same material is brought out in order to 
solve a problem, to complete understanding of a concept, or 
to clarify a disputed point, it has much more significance. 
1. Bayles, E. K, "The Relativity Principle as Applied to 

Teaching." Bulletin of Education. University of Kansas. 

February, 1940. 
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The material in the text is introduced with the prob

lems: "How can you make an electromagnet?" and "Where does 
electricity come from?"1 These questions are answered in 
the discussion which brings out the idea that electricity 
is a force. The answers to the questions are ready-made 
and the pupils using the text have no need to think for 
themselves. 

Lesson 3. 

"Yesterday we talked about ways of making electricity. 
Suppose you lived in a town where there was no electricity 
and you were given the job of figuring out a way of making 
electricity so the people could use it in their homes. 
YJhat would you do?" 

Bruce said that you would put wires in their houses. 
There were several objections to this answer. Corel told 
him that the wires will do no good unless there is a power 
plant in the town. When asked what a power plant is, she 
said it is a place where electricity is made. Dick added 
that it is where the generators, that we discussed the day 
before, are kept and that all the electricity we use comes 
from the power plant. 

"What would you do for electricity if you lived in a 
1. Parker, Bertha "The Book of electricity." Houghton-

Kifflin Co. 1928. 
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place where there was no power plant?" 

Several of the girls thought that you would have to 
get along without electricity as their grandmothers did on 
the farm. Junior said that farmers could buy machines that 
make electricity. When asked what makes the machine run. he 
thought they ran with a motor. Howard added that a Delco 
plant is run by a gasoline motor. Bruce thought that wind 
power could be used. He told about the wind charger that 
makes electricity run farm radios. 

The class tried to decide which way of furnishing 
electricity would be best in a town. We decided that a 
generator run by moving water or by steam would furnish the 
most electricity in the least expensive way. If a person 
lived close enought to some large source of power such as 
Niagara Falls or Boulder Dam, electric power could be brought 
in by wires. 

"Is this all that is necessary in order to have elec
tricity in your home?" 

Leiland said that you would have to have some wires 
and fixtures in the house. Even in Lawrence, not all the 
houses have electricity in them. Any house can have elec
tricity if the owner wanted to go to the expense of having 
it put in. 

"Is it necessary to have wires or can we use some 
other material?" I asked. 
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The class was sure wire is necessary, but they did 

not know just why. Electricity travels along wire was one 
of the answers. We decided that we had better read to find 
out just why wire is used. The story in one of the science 
books gives a simple explanation of conduction. It explains 
that everything is made of atoms which carry charges of elec
tricity. In some materials these electrons are easily de
tached from their atoms and travel through the material. 
These materials are called good conductors. Other materials 
do not let the electrons flow so easily; these materials are 
called poor conductors or insulators. If these charges are 
started moving, each atom passes its charge to the next one. 
The best conductor is copper wire because it lets the current 
flow along easily. 

We played the game, suggested by the story in the 
boofc,, in which the members of the class represented atoms 
and each held a book which represented an electron. When 
an extra person stepped into the circle, the "atom" next to 
him passed him his "electron" and the charges of electricity 
started flowing. 

"How would you connect these wires to a light bulb to 
make it light?" I asked. 
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Paul was eager to show how this is done. I asked him 

what materials he needed and he mentioned wire and the light 
bulb • 

"Are you sure you can make the bulb light with just 
those things?" 

He thought so but Leiland told him he would need some 
electricity. We decided that the best way to get a small 
amount of electricity is to use a dry cell. Paul took the 
piece of copper wire (he was given only one piece) and 
wrapped it around one of the binding posts. He could not 
find any place to attach the wire to the light bulb and real
ized that he needed a socket. We found one and screwed the 
bulb into it. raul connected it to the other end of the 
wire. Everyone could see that the bulb did not light. Sev
eral of the group said that Paul should have used two wires. 

"Aren't the dry cell and the bulb connected?" I asked. 
"The dry cell makes electricity which travels on wires to 
where it is needed. Could something be wrong with the cell?" 

Someone suggested that the bulb might be burnt out. 
I tried to agree but Dirk was still protesting that we had 
not connected the cell and the bulb correctly. Paul wanted 
to use two wires. H e w a s certain that this would cause the 
light to burn. Before consenting to this, I wanted to know 
why Paul thought we needed two wires. You just have to have 
them to make the light work was the best answer the class 
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could give until Carol said that a complete circuit is nec

essary. 
"What is a complete circuit?" I wanted to know. By 

this time most of the class were convinced that I knew very 
little about electricity. 

"It fs the path electricity follows," Carol said. 
"Why must it follow a path?" I asked. 
"Because it travels in a circle," answered Donald. 
"Why?" 
At this Billy commented that we were just going a-

round in circles. Dirk said we were just like the electri
city. I decided that we had better finish connecting the 
bulb and Paul connected the other two binding posts of the 
bulb socket and the dry cell. Immediately the bulb lighted. 
Then we traced the electricity from the dry cell to the light 
bulb and saw that the other wire carried electricity back to 
the cell. 

"What is a complete circuit?" I asked again. 
Ruth Mary said that it is the path electricity follows 

in order to get back to the place where it starts. 
"Hhat happens when I disconnect one of these wires?" 

I asked. 
"I think the light will go out," was Anita's answer. 
We disconnected the wire and saw that the light did 

go out. This was explained as a break in the circuit. If 
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any part of a circuit is missing, the electricity will not 
start on its journey. Electricity always has to be sure of 
a way to come home before it will start on its path. 

What happens when a light is turned on? We pressed 
the switch and the light went on. Blossom explained that 
this completes the circuit just like attaching the wire to 
the dry cell. The electricity could go through the light 
bulb and back. 

"Where is back?" 
Victor said it is the place where the electricity is 

made. This is the power plant. 
Billy explained what happens when the light is turned 

off. 
We examined the electric questioner to see how a 

complete circuit is made in it. 
The class asked to examine the electric toaster to 

see how it gets electricity. 

Lesson 3. (Continued) 

The next day the first part of the period was used to 
give reports on how different appliances get a complete cir
cuit of electricity. Several people were confused by the 
cord. They thought that it was only one wire until we ex
amined it and saw the two wires twisted together. 

"Could you make a plug with just one prong?" 
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Marian thought you could. When she was asked if any 

were ever made like that she could not remember ever see
ing one. Paul thought that two prongs made it stick in the 
socket better. Dick thought that the prongs were connected 
to the two wires. This seemed like a logical explanation and 
an examination of the plug showed that it is the correct one. 

"How does the electricity get into the house?" asked 
Ramona. 

The first explanation was that a wire brings it into 
the house. I agreed with this but I was immediately contra
dicted. Howard said that "two wires are needed. When asked 
why, he said that there always are two wires running into the 
house. Dick agreed that there are two wires but one carries 
the electricity away from the house. This is the complete 
circuit that electricity must always have. 

"Can you suggest any easier way of turning the light 
on and off in this circuit?" I asked, showing them the cir
cuit we had made with the dry cell and the light bulb. 
In order to turn the light off and on we had been connecting 
and disconnecting the wire that was attached to one of the 
binding posts. 

Mary thought that we might use a switch but she did 
not know why. Marie said that a switch makes the connection 
so the circuit is completed. When it turns off the light it 
breaks the circuit. 
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"What could we use for the switch in our circuit?" 
Jackie suggested that we use a push button. He had 

seen a picture of one in a book on electricity.1 The push 
button pressed down on a spring which connects the two bind
ing posts and completes the circuit. Releasing the spring 
makes a gap so the electricity cannot flow. 

"Is there any other way of controlling electricity 
besides turning it on and off?" I asked. 

No one seemed to have any ideas about this. I then 
asked if a switch to turn the electricity on and off and 
wires to convey it are the only things lever found in a cir
cuit. Dick and several others objected. Charles said that 
electric trains use a transformer. 

W h y isn ft the electric train connected with the reg
ular circuit?" 

"The current is so strong that the train would go too 
fast and it might blow up," he answered. 

"What does the transformer do then?" 
The fact that it makes the current weaker was brought 

out. 
"Can a current be made stronger?" I asked. 
There was a difference of opinion here until someone 

remembered that the buzzer on the electric questioner is 
1. Keeler, Katherine, "Working with Electricity." Lüacmillan. 

1936. 
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louder when it is connected to all of the dry cells. We 
learned that this is called "stepping up" a current. A 
transformer may either "step up" or "step down" a current.1 

Corel wanted to know why the end of a wire had to be 
scraped before it is fastened to the dry cell. Leiland said 
that he had always been curious as to how an electric chair 
works. How can electricity kill a person was another ques
tion. I asked the class to see if they could find out why 
electricity is sometimes dangerous. 

Analysis 

The class was confronted with a practical problem: 
how to go about putting electricity in a home. Solving this 
problem required much information about electricity and an 
understanding of how electricity travels. Two class periods 
were necessary in order to develop the concept. In discuss
ing ways of making electricity the children saw how people 
who live on farms can furnish their own electricity. 

In developing this lesson an attempt was made to keep 
"unsettling" questions so that the class would feel that they 
were accomplishing something and not just "going around in 
circles." Instead of giving Paul all the materials he 
needed to make a complete circuit, some were purposely 
1. Parker, Bertha M., "The Book of Electricity." Houghton-

Mifflin Co. 1938. 
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omitted so that he would sense that something was lacking. 
The class had to help him see what was needed. The right 
way of wiring a circuit can be learned by first wiring it 
wrong. Another thing that kept the class interested was 
that they were led to think that the instructor did not know 
what they were talking about. This led them to give reasons 
for their suggestions. 

The previous year, as a part of a similar unit on 
electricity, the sixth grade had made an electric questioner 
to show how a complete circuit works. They made a wooden 
frame, drew and painted a large map of the United States, 
wrote a hundred questions that were answered by places on the 
map, put screws in these places and connected them with the 
questions. When the right answer was found, a complete 
circuit would be made and a buzzer would ring. This project 
took several weeks to be completed. At its close the class 
had no better conception of an electric circuit than this 
year's class had after two periods of reflective study and 
discussion. 

After finding out how electricity is brought to their 
homes, the children began to wonder how it can be turned on 
and off. From the simple demonstration with the push button 
in the light circuit it was easy for them to see how a switbh 
opens and closes a circuit. These children had been turning 
electricity on and off all their lives, but never before had 
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they wondered what really happens when the switch is pressed. 
Most of them had noticed the two wires carrying electricity 
into their homes without ever wondering why it was necessary 
to have two wires. 

The question as to whether a plug has one or two 
prongs and whether a plug with one prong would "work11 began 
a discussion of how a connection is made. After examining 
a plug many of the group learned how to repair one. 

The close of the second period left the class having 
answered a number of questions that had arisen in connection 
with the original problem of installing electricity in a 
home and with additional problems to be solved. A number of 
the class were doing independent reading in their library 
period and were asking where they could find other books 
about electricity. 

As a whole, the two periods were quite successful. 
Both attention and interest were excellent. The problem 
that we were attempting to solve was challenging and the 
response to it was satisfactory. A number of different ideas 
were brought together and clarified while the original 
problem was being solved. The children were widening their 
knowledge of the world about them and at the same time were 
thinking for themselves. 



35 

Lesson 4. 

"What causes a car horn to keep honking sometimes?" 
I asked at the beginning of this period. The day before we 
had talked about controlling a current of electricity. The 
question had been asked as to why electricity is dangerous. 

"It does that when there is a short in the horn," 
Charles said. 

"What is a# 'short'?" I asked. 
He was rather uncertain but he thought it has some

thing to do with the wiring. Sometimes when there is a 
short the horn will not honk at all. 

"Do you know what causes a 'short1?" 
Paul thought they occurred when the wires get old. 

Dick said that the insulation wears off the wires. When 
asked what insulation is, he explained that it is the cover
ing on the wires. 

"Why is covering needed? Won't bare wire carry elec
tricity?" 

Bare wires would carry electricity but are dangerous. 
We decided to connect our light bulb to the dry cell with 
bare wire. The bulb lighted and the children were quite 
satisfied that it is all right to use bare wire. It is cov
ered so it will cost more was one explanation. Junior still 
thought that bare wires give electric shocks. 

I brought the wires together trying not to let the 
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the class see what I was doing. The light went out. They 
could see that the wires were still connected to the dry 
cell and the socket; they could not explain what had happen
ed. Marie suggested that the light had "burnt out" but 
changed her mind when she saw it light again. Charles de
cided that I must have "shorted" the wire. "Show us what 
you did," they clamored. 

When I showed them that all I had done was to touch 
the two wires together, several immediately got the idea. 
Dick said that when the wires touched that made a complete 
circuit without going through the light bulb. We touched the 
wires and found that they were hot up to the place where they 
crossed. 

"Would you say that this a complete circuit?" I asked. 
Some of them thought so but we finally decided that 

the circuit is not complete unless it does its work. I ex
plained that electricity is lazy and will always take the 
short path home if it can. This was a complete circuit but 
it was a shorter one. 

"Would electricity be very useful if it could go home 
any time it wanted to?" 

The class could see that there should be some way of 
making electricity go where it is to be used. They decided 
that this must be the reason why wires are covered. When 
asked what materials could be used to cover the wires, several 
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of the class thought the material should be one that would 
not burn as the wires would make it hot. 

"Should it be a material that will let electricity-
flow through it?" 

Mary thought that it should not carry electricity. 
As an experiment to decide what materials will not carry 
electricity, we connected the dry cell and the light with 
string, rubber bands, thread, and iron wire. None of them 
made the bulb light but the iron wire became a little warmer 
we thought. We found that enamel, glass, and porcelain are 
also used as insulators. Jackie remembered that he had won
dered why the electric-light poles had glass rods on them. 

When I asked whether the reason a short circuit is 
dangerous is because it does not do its work properly, 
several people agreed. They mentioned that a short circuit 
may cause the car lights to go out* which is dangerous. It 
may keep the motor from running. Jacqueline said that the 
worst thing about a short circuit is that it may cause a 
fire. A number of incidents telling of fires caused by 
short circuits were related at this point. 

"Why do short circuits cause fires?" I asked. 
Dirk said that the wires got so hot when they touch 

that they set things on fire. Billy wanted to know if every 
time there was a short circuit there was also a fire. James 
said that the wires had to get extremely hot before they 
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caused a fire. 

"Does anything else ever happen when electricity makes 
a short circuit?" 

After a few minutes, Dirk had an idea--a fuse burns 
out. With this lead the class discussed how a fuse works. 
They wanted to know why it blows out; what happens when it 
does; and why a blown-out fuse cannot be fixed. 

"The lights go off when a fuse blows out," said Mary. 
"Even when the short circuit is in the iron cord?" I 

asked. 
She was not very sure about this but she thought so. 

7/hen I asked where you would look for the fuse, Yictor said 
it was where the electric wires come into the house. Charles 
added that both wires that carry the current lead into the 
fuse so all the current passes through the fuse before it 
comes into the house. 

Since the children were uncertain about what happens 
when a fuse blows, we examined one. In the fuse we saw the 
thin strip of metal. To show what happens to the fuse, I 
connected two pieces of wire to the dry cell and made a connec
tion between them with a piece of tinfoil. As the tinfoil 
became hot, we saw that it melted and fell apart. 

"Why does the tinfoil melt?" I asked, T<Does it get 
hotter than the copper wire?" 

"It has a lower melting temperature," answered Dirk. 
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He explained that tinfoil does not require as much heat to 
melt as copper wire does. 

"Why do the lights go out when there is a short cir
cuit in the iron cord?" I asked. 

Howard explained that when the wires get hot during a 
short circuit the little strip of metal in the fuse melts 
and breaks. This breaks the circuit and no more electricity 
can come in until the fuse is replaced. 

Bruce Dean asked, "Why can't you fix a fuse with a 
penny?" 

Leiland knew that a penny would make a fuse "work." 
Dick thought it would be dangerous. Bruce wanted to know 
why fixing the fuse would be dangerous. 

"What is it that you want the metal in the fuse to do?" 
"Melt when it gets hot and turn off the electricity," 

was the answer. 
"What about a penny? Will it melt when it gets hot?" 

I asked Bruce Dean. 
Bruce Dean knew that a penny is made of copper, a good 

conductor of electricity. He guessed that it would not melt 
soon enough to turn off the electricity before a fire 
started. 

"What is the first thing that should be done when a 
fuse blows out?" 

"Put in a new fuse," was Jackie's suggestion. 
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Several children objected because they thought the 

fuse would just blow out again. After discussing various 
things to do, we decided that first the short circuit should 
be located: then the appliance in which it occurred should 
be disconnected or the circuit repaired by putting in new 
wires. After this is done, a new fuse can be put in. 

ftCan just any kind of fuse be used?" I asked. 
The question arose as to whether all fuses are alike. 

A committee was appointed to investigate fuses and report 
what they found about them. A suggestion was made that each 
person "survey" his home to see where the electricity enters 
the house and where the fuses are. Another suggestion was to 
find out how many things in their homes are run by electricity. 

Analysis 

In this lesson it was intended that a contrast between 
the use of electricity, if properly controlled, and its po
tentiality of being harmful be brought out. Although the 
class enjoyed the lesson, the procedure did not bring out 
this contrast as clearly as a different method might have 
done. 

The difficulty was that the initial question about 
the automobile horn was too narrow in its scope. Opening 
the discussion with a question about the different causes of 
fire probably would have presented more possibilities. From 
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this leading question, a discussion of the danger of bare 
wires, the use of insulation, and the materials suitable for 
insulation purposes, could have been developed. 

The question of why a short circuit may either make 
a horn honk continuously or not at all was suggested but 
was not developed. Of course, several members of the group 
may have wondered why a short circuit may do either of two 
things and may have tried to find out for themselves. Some
times dropping a subject before it is completed stimulates 
independent research and thought. As far as the understand
ing of the class as a whole was concerned, it would have 
been more worthwhile to complete the discussion. 

Asking the children to explain why the light went 
out, without letting them see that the wires were crossed, 
was used as a device to start reflective thinking. Children 
like mysteries. There were several reasons why the light 
might have gone out. When the children finally saw what 
had caused it to go out, they understood what makes a short 
circuit. 

Reflective thinking also took place in developing the 
idea of a fuse. The number of children who, although famil
iar with the expression TTa fuse blew out,tf did not know what 
a fuse looks like or why it is used was rather surprising. 

The experiment with the tinfoil should have been done 
before the fuse was examined. If the circuit had had a light 
in it, ti e fact that the melting of the tinfoil breaks s 
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connection would have been very evident. After this, the 
fuse could have been compared with the tinfoil. Comparing a 
burnt-out fuse with a good one also would have helped to 
develop the idea of what happens to a fuse v;hen it "blows 
out." 

Bruce Dean fs question about fixing a fuse with a 
penny could have been answered by telling the reason why 
this is not safe. Letting him formulate the reason by see
ing the relation between the melting point of copper and 
the function of a fuse gave him, as well as the rest of the 
class, not only the answer but the way of arriving at the 
answer. 

In answering the question of what to do when a fuse 
blows out, the children arrived at the correct solution by 
a democratic method. The first suggestion, "Put in a new 
fuse," was only partially correct, '̂he other suggestions 
rounded out this idea by telling what must be done before 
the fuse can be put in and why just putting in a new fuse 
may not work. 

Lesson 5. 

At the beginning of the period, the committee on 
"fuses" reported what they had found out. Several safety 
rules were formulated concerning fuses. One rule was that 
a "blow-out" fuse should be replaced instead of being repaired. 
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Another was that different currents need different fuses. 
The fusQ that is put back must always carry the same elec
tric current as the one it replaces. 

In the various homes a number of electrical appli
ances had been found. The list included electric toasters, 
waffle irons, stove, clocks, heating pads, irons, vacuum 
cleaners, fans, dish-washer, lights, refrigerators, sewing 
machines, percolators, and radios. 

The question "How are all these appliances alike?" 
was raised. Everyone thought this was quite simple. They, 
all "run" by electricity. When asked what was meant by 
"run," one girl thought that it meant move. She was rather 
disconcerted when asked if the electric light moves. Another 
suggestion was that electricity made all of these things 
work. How? Do they all work in the same way? These ques
tions were baffling until group was asked why we use a toast
er. A toaster toasts bread. How? The wires get hot and 
that does the work. 

"Can we say that electricity works for us by making 
all things hot?" 

No, because a fan and a clock do not get hot. Ob
viously, electricity makes things work in different ways. 
Some devices move and others get hot. 

"Suppose that you wanted to make a toaster. What 
would you do?" 
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Looking at a toaster, we saw that it is made of fine 

wires. When connected to the electric current, the wires in 
the toaster become red-hot. 

"Do all wires get hot when electricity passes through?" 
Apparently not, because copper wires are used to carry 

electricity and would be quite a nuisance if they became red-
hot every time the current was turned on. To see if we could 
find which wires got the hottest, we passed a current of elec
tricity through fine copper wire, heavy copper wire, fine 
iron wire, and heavy iron wire by connnecting them to the 
binding posts of a dry cell. The fine iron wire became the 
hottest and the heavy copper wire stayed the coolest. This 
was explained by saying that in fine wire and in poor con
ductors of electricity the current cannot flow along easily 
but has to push hard and so heats the wire. The wire used 
in the toaster is a poor conductor. 

"Why does an iron get hot?" 
Evidently, an iron must also have some of these fine 

wires. Tearing an old iron apart proved this to be a cor
rect assumption. Jackie found the thin sheet of mica around 
which the wires were wrapped and wanted to know why it was 
in the iron. The toaster also had a sheet of mica in it. 
Does mica conduct electricity? We tried mica in our dry 
cell circuit and found that it Is not a conductor of elec
tricity. 
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From this discussion, the class decided that, if 
electricity is to be used to make heat, wires must be used 
that are poor conductors of electricity so they will become 
hot when the electricity pushes hard in order to go through 
them. Appliances using electricity to make heat were re
named. All of these work on the same principle. 

"How do the rest of these appliances work?" I asked 
with reference to the list of electrical devices we had 
made. 

Howard said that electricity made them move, but 
Dick said that a light does not move. 

"What does electricity do to make a light?" 
Again the question of the identity of the light and 

electricity was raised. Ruth Mary clarified this point by 
saying that the light was the result of electricity passing 
through the wires. When the wires got very hot they glow 
and give off light. 

"Is this any different from the earlier ways of making 
light?" 

Several of the group thought it is because it makes a 
brighter light and lights instantly. Torches, candles, 
kerosene lights, and gas lights were mentioned as some 
earlier types of lights. All of these lights had to be 
ignited before they would burn. The disadvantage of the 
earlier lights was that the material which gave the light 
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was consumed by burning. 
"What is the advantage of the electric light?" 
This advantage was seen to be that the wire gives off 

light when it gets hot but it does not burn and can be used 
for a long time. 

"Do you think it was easy to find such a material?" 
Opinions about this were quite divided. Most of the 

children who argued that It was easy were so accustomed to 
accepting the things that we enjoy today that they did Aöt 
realize the difficulty of making them. Some one suggested 
that we read about some of the first lights and about the 
invention of the electric light, ^he class period ended 
with this suggestion as the assignment for the next lesson. 

Analysis 

The discussion in this lesson was started by raising 
the question, "How are all electrical appliances alike?" 
In answering the question, many other problems arose. Do 
all electrical devices "work" in the same way? If not, 
what is the difference? How is a toaster made? In what way 
is a toaster like an iron? Why does the iron get hot? Why 
do not all wires that have electricity passing through them 
get hot? Does mica conduct electricity? What relation is 
there between making heat by electricity and making light? 
These questions involved reflective thinking that helped to 
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develop an understanding of how electricity does work for us. 
As a part of the problem, the fact is brought out that elec
tricity works for us in more ways than one. 

This should have been one of the most interesting 
lessons in the unit because nHow does it work?"is a matter 
about which children are eager to know. Although the ques
tions raised were significant to the conception that was 
being developed, they were teacher-questions rather than 
pupil-questions. They were questions that should have risen 
spontaneously in an active learning situation. Instead, they 
were asked in a routine fashion and answered by pupils who 
were anxious to please the teacher.1 

Part of this difficulty was due to anticipation of an 
assembly program which was to follow the science period. 
The pupils were thinking about the assembly program and the 
teacher was trying to cover the material planned for this 
lesson. With this teacher-pupil attitude it was difficult 
to hold the interest of the class. This was a time when in
triguing questions should have been raised. I.Iaking a false 
statement or agreeing with an absurdity just to raise an is
sue might have helped the situation.2 The teacher should 
1. Dewey, John, "Democracy and Education." Macmillan. 1916. 
2. Bayles, E. E., "The Relativity Principle as Applied to 

Teaching." Bulletin of Education. University df Kansas. 
February, 194CK 
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have been more concerned with diverting the attention öf the 
class from the assembly program than with covering the 
material. 

The latter part of the lesson was more interesting 
because the discussion about the electric light raised con
flicts. How are electric lights different from other lights 
brings out a contrast that shows clearly the advantage of 
the electric light. The question of whether the incandes
cent light was easy to invent stimulated interest in reading 
about its history. 

Lesson 6. 

The first part of this period was used to read about 
electric lights. The stories in our books told about the 
arc light and the work of Edison in inventing the incandes
cent lamp. I asked if it is correct to say "an electric 
light burns." Several children were quite positive that it 
is because nwe always say that." I said that we would 
talk about it after the reading period. 

Before asking for the reading reports. I asked if 
anything in the reading had seemed puzzling. Marie said she 
wondered why It had taken so long to make an electric light 
after people found out that very hot wires will give off 
light. 

"Perhaps the need for such a light was not felt," I 
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suggested. I remarked that people were used to going to bed 
early. Marie was quite serious because she thought that 
people had always wanted good lights. The stories about the 
danger of going into the streets of poorly lighted cities 
had impressed her as evidence of the need for lights. 

Dick asked, "What were the first electric light like?" 
Junior was pretty certain that they were not like the 

ones we have today. Jackie thought they were more like a gas 
light. When I asked if anyone had read about Sir Humphrey 
Davy, Corel remembered that he had made an arc light. I 
showed the class the picture in the "World Book" of an arc 
light and gave a simple explanation of how it works. 

"Do you know of any place where such a light is still 
used?" 

No one could answer this question so I asked if they 
had ever seen a searchlight. Of course they had. How is it 
different from other lights? It is brighter. In what places 
are such lights needed. In thinking of places that need 
bright lights, the class decided that lighthouses would 
need lights like this. Moving picture machines were also 
mentioned. 

"Why weren't arc lights used in lighting homes?" I 
asked. 

James thought that they might have been dangerous. 
Dick, who had read more of the story, said that they were too 
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expensive, especially when two thousand cells had to be used 
to furnish the current. Ruth Marry thought that they were 
too bright to use in a small room. All of these reasons in
dicated that it would have been impractical to use arc 
lights. I told them that after the dynamo was invented 
that arc lights were used to light city streets. 

Our question of why it had taken so long to develop 
an incandescent lamp had not as yet been answered satis
factorily. Evidently it had not been easy to make such a 
light. Why had the task been so difficult? Billy said that 
the inventors had to find just exactly the right material. 
Why? So the light would work. 

"What kind of material was necessary?" 
"Well, one that would get hot enough to give a light," 

he thought. 
"It has to get hot without melting," Dick added. 
"What will make it get hot?" I asked. 
The electricity, of course. A few more questions 

brought out the idea that the wire should be a poor conduc
tor of electricity. This was an explanation of the diffi
culty of making an electric light. In fact, until just about 
sixty years ago, the task had seemed impossible. In 1878, a 
group of scientists had decided that this was an unsolvable 
problem. 

"But Edison made a light," argued Howard.. "Why could 
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he make one when these other scientists couldn't?" 

What had Sdison done that the other scientists did 
not do? What was necessary in order to make a light that 
would work? In answering these questions, the class began 
to appreciate the ingenuity and perseverance of Edison. 
They named the different materials that he had tried and 
and criticized then as to whether or not they would work. 
The discussion of his experiments with platinum wire brought 
out the reason for the invention of the glass bulb. 1 

We had finished talking about the carbon filament 
"burning" for forty-five hours before it broke when Mason 
had an idea. 

"Didn't you say that an electric light doesn't burn?" 
"I asked if it is correct to say that an electric 

light burns," I answered. "Do you think it is?" 
Ruth Mary said that the filament did not really burn 

because if it did it could not be used again. When Howard 
wanted to know why everybody says that a light burns, I 
asked if he believed that the sun "comes up" in the morning 
and "goes down" at night. Of course not.' He knew that it 
is the earth that moves, not the sun. When I said that 
"everybody says that," he began to understand. 

Jackie was puzzled about something. "Do the lights 
1. Parker, Bertha M., "The Book of Electricity." Houghton-

Mifflin Co. 1928. 
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we use iiow have carbon threads in them? I thought they had 
wires in them." 

We examined an electric light bulb and compared it 
with the picture of Edison's incandescent lamp. Why did our 
bulb have a coiled wire in it? We finally decided that a 
long wire would give more light than a short one and by coil
ing a long wire it would fit into a smaller space. Why did 
one lamp have a short filament and the other a long one? 
Were the filaments made of the same material? Dick said 
that our light bulb had tungsten wire in it. I asked why 
copper wire is not used. It conducts electricity too well 
and does not get hot. Is tungsten a good conductor? Evi
dently not, they reasoned, or it would not be used in light 
bulbs where a poor conductor that will get very hot is 
needed. Since tungsten is a better conductor than carbon, 
a long wire of it is needed to offer the same resistance as 
a short carbon thread. 

The advantages of the tungsten light are that it 
burns a long time, gives a bright light, and does not use as 
much electricity as a carbon-filament lamp. 

"Why does an electric light sometimes fail to light 
when the circuit is closed?" 

The wire might be broken was the first answer. When 
asked what he meant by this, Gerald replied that the elec
tricity could not get to the light. The light is "burnt out" 
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was another suggestion. Asked if these were the only rea
sons, the class began to realize that there might be more 
than one reason. The bulb might need to be screwed farther 
into the socket. Maybe the power is off. Perhaps there 
has been a short circuit and a fuse has "blown-out." 

At this point, Junior brought up the question as to 
why none of the bulbs on a string of Christmas tree lights 
will light if one burns out. I explained that these lights 
are connected in series and drew a simple diagram on the 
board. By erasing one of the lights we saw tha t the circuit 
breaks when one of the lights goes out. I asked if this is 
the way the lights in our homes are wired. Marie thought 
that it would be inconvenient if they are wired in this way. 
James was sure that they are not because "you don't have to 
test all of them when one burns out." I explained that the 
lights are connected by parallel wiring so when one burns 
out it does not break the circuit. 

Charles said that some lights do not have wires in 
them. The colored lights on the big signs do not. Anyway 
he had never seen any wires in the tubes. >cie did not know 
that these are called neon lights. 

"Is there anything in the light tube?" I asked. 
"Jackie thought there was nothing in the tube—at 

least nothing that could be seen. Of course air could not 
be seen; it might have air in it. Junior said that the 
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tubes contain a gas called neon. What does this gas do? No 
one seemed to have any ideas. What happens when a neon light 
is turned on? It,gives off a red light. If there are no 
wires in the tube to conduct the electricity, what conducts 
it across the tube? Ruth Mary read that the the electrici
ty jumps from one end of the tube to the other. Our refer
ence book said that the current passes through the gas, 
causing the tube to glow with a red light. 1 Here the ques
tion arose as to why these conflicting reasons were given. 
Jackie thought that the book Ruth % r y had read was written 
when people still believed that the current jumped through 
the tube. 

"Does one of the books have to be wrong?" 
Several thought that one of the writers might be wrong. 

Corel remembered that some of our books talked about the 
eight planets because they were written before Pluto was 
discovered. This is the reason why we are always careful to 
say the nine known planets. 

"Could they both be talking about the same thing?" 
Of course, this might be possible. I explained that 

the writers had the same idea in mind but expressed it in 
different ways. What happens is that a discharge of elec
tricity goes through the tube and causes the gas to glow with 
1. Parker, Bertha M., "The Book of Electricity." Houghton-

Mifflin Co. 192S. 
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a red light. 

"But not all lights are red. Why are some of them 
other colors?" 

We read the explanation given in our reference book 
which explained this difference in colors. 

"What should you do if you find something in a book 
that does not seem to agree with other facts?" I asked. 

Several children thought we should look in as many 
books as we had to find out if any of the writers agreed. 
Some books are out-of-date. Marie said that the maps in the 
geography book would have to be changed after the war is over. 

Analysis 

Instead of having the class give reports, many of 
which often are mere repetition of the materials they have 
read, this material was used to develop a reflective study 
of how an electric light works. 

The initial question as to whether any part of the 
reading was "puzzling" was a trifle vague, and it was just 
by chance that it elicited a usable response. In trying 
to find reasons for the late appearance upon the electrical 
scene of the incandescent lamp, the story of the arc light is 
introduced. Here a comparison could have been made between 
the arc light and the incandescent lightto show why the latter 
is more practical. However, in giving reasons for the limited 



56 
use of the arc light, the advantages of the incandescent 
lamp are merely inferred. 

The question of whether an electric light really 
"burns" raised a conflict of ideas. Do people always mean 
exactly what they say? Children are apt to interpret such 
sayings literally. In one class a boy was certain that 
electric wires must be hollow because people talk about turn
ing on the "juice." This conflict was clarified by a simple 
question which illustrated the difference. 

By contrasting tungsten and carbon-filament lights 
the desirable features of each were presented and the chil
dren decided which one is preferable. Letting the class make 
this decision for themselves is a more democratic procedure 
than trying to indoctrinate them by saying that the tungsten 
lamp is the better and not discussing the other light. 

The problem of why a lamp might fail to light involved 
reflective thinking. Is there more than one reason for this? 
If so, what are they? How can the real cause be detected? 
Here is a forked-road situation. This also brought the ques
tion of connecting lamps in series in contrast with lamps 
connected in parallel. 

In recalling that some lights do not have wires in 
them, the question of how electricity can make different 
colored lights arose. In the fourth grade, one little girl 
said that she had always thought that electricity was red 
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because she saw it in these tubes. The sixth grade knew 
that the red light is not electricity. By comparing the 
different explanations in the two books the children saw 
that you sometimes have to pick the "authority" that you can 
agree with. One book said that the electricity jumps through 
the tube and the other that the gas conducts the electricity 
through the tube. Solving this problem involved reflective 
thinking. 

When children begin to question statements, they are 
beginning to think. When they learn not to believe every
thing they hear, read, or see, they are not such easy victims 
of propaganda. 

Lesson 7. 

At the beginning of this period, I asked the class 
if they had ever seen an electric crane. There were only a 
few who had, but several said they had seen pictures of elec
tric cranes and knew what they did. Leiland said they were 
used in junk yards to pick up pieces of scrap iron. The 
crane did not hook the pieces of iron. It was a big flat 
piece of iron hanging on the end of a long arm. It just 
picked up the iron and then dropped it where it was needed. 
It "ran" by electricity. 

When asked what holds the iron to the crane, Bruce 
said it is like a magnet. Jacqueline explained that it is 
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an electromagnet like we made in the fifth grade. When asked 
to explain what an electromagnet is, she said that it is a 
piece of iron or steel that becomes a magnet when electri
city passes through it. 

"How would you make an electromagnet?" 
Billy said that one could be made with dry cell, 

some wire, and a big nail. With the materials on the science 
table he made an electromagnet with which he picked up paper 
clips and thumb tacks. He remembered another "trick" and 
disconnected one of the wires which made the magnet drop 
its load. What happened? The nail must have lost its mag
netism. Why? Because the electricity was no longer flowing 
through the wire wrapped about it. The advantage of an elec
tromagnet is thus seen to lie in the fact that it can instant
ly lose its magnetism when the electricity is turned off. 
Another advantage is that it can be made stronger as we see 
when two dry cells are used in place of one and when more 
wire is wound around the nail. 

"Can you think of some places where electromagnets 
are used?" 

The first place mentioned was the electric crane. 
Charles said that his telegraph set has an electromagnet in 
it. Billy found one in his electric bell. Mason saw one in 
his electric motor. 

"Why do you think these things you have named have 
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electromagnets in them?" I asked. 
In order to answer this question the children had to 

recall what an electromagnet can do. A magnet attracts 
articles made of itfon and steel. It pulls on these metals 
and when it is no longer a magnet it drops them. Still they 
could not see just why the telegraph set, the bell, and the 
motor have electromagnets in them. 

"Why does a bell ring?" I asked. 
We decided that we would connect the bell to the dry 

cell and see if we could find out why it rings. The first 
thing the children noticed was that the hammer strikes the 
bell. What makes the hammer move? We looked at it again. 
Mary noticed that the electromagnet pulled a little piece 
of iron to which a spring is fastened. The hammer is fastened 
to this piece of iron so that, when the electromagnet pulls 
the armature (the name for this little iron piece), the ham
mer strikes the gong. Why does it move back and forth? 

We disconnected the bell and looked at it carefully. 
Paul found that the little spring touches a place called 
the contact point. When we press the moving part of the 
bell or the armature against the electromagnet there is a 
space between the spring and the contact point. 7,rhat does 
this do? Gerald thought that this space would break the 
circuit. The electricity cannot flow over a gap; so it just 
does not flow at all. Why does the bell keep on ringing if 



60 
this happens? Dick decided that something must turn the 
electricity on again. 

Howard asked to examine the bell to see if he could 
find out what happens. He thought it would be better if we 
put a push button in the circuit so the bell would just ring 
when we pushed the button. He did this and then pressed the 
button. Tracing what happens, he explained that the circuit 
is completed because the contact point touches the spring and 
electricity flows through the wires of the electromagnet; the 
armature is pulled by the magnet, and the hammer strikes the 
gong. As soon as the armature is pulled away from the con
tact point, the circuit is broken. 

"What happens when you let loose of a spring?" 
Several people understood at once. Howard was jubi

lant. The spring flies back! This was the explanation of 
how the circuit is again completed. The spring pulls the 
armature back and touches the contact point again which 
turns on the electricity. The electromagnet again has force 
and again the hammer strikes the gong very quickly. 

"What does the electromagnet do?" 
They see that the electromagnet makes the hammer move. 

Billy wanted to know if an electromagnet always makes some
thing move. Charles suggested that we try to see what the 
electromagnets do in his telegraph set. This is the set 
with which the transformer is used. 
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"What do you do with a telegraph set?" 
You send messages with it. How? It makes a click 

and, by using a code, a message can be sent. This raised 
the question of how the "click" is made. Charles wanted to 
demonstrate his set so he is asked to explain the parts of 
it and show how it works. We see that it has an electro
magnet made by winding insulated wire around a large iron 
nail driven into a block of wood. Fastened to the wood with 
a screw is a piece of metal bent until it almost touches the 
top of the nail. The wire from the electromagnet is attached 
to two screws in the base of the sounder. One of these wires 
leads to the transformer and the other to a block of wood 
having a similar bent metal piece held in place by a screw 
to which a wire leading to the transformer is attached. 
Beneath the metal pieoe is a screw to which the wire from 
the sounder is attached. 

Charles pressed the key and the metal piece on the 
sounder was pulled down on the electromagnet with a distinct 
click. When asked what the moving piece is called, an assoc
iation was made with the moving piece in the bell. The elec
tromagnet pulls the armature and a sound is made. 

"How can messages be sent with this instrument?" 
All the Boy Scouts knew that messages are sent in 

code. Junior explained that Samuel F. B. Morse, who made 
the first telegraph, had worked out a code of dots and dashes. 
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Junior sent an SOS call on the telegraph set. 

"How are the bell and the telegraph set alike?" I 
asked. They both make sounds was the first answer. Dick 
said that they both have electromagnet and moving parts 
which make the sounds. 

The other article that had been named as having an 
electromagnet was Mason's toy motor. What does a motor do? 
It makes things "run." How? It turns around and around and 
is fastened by a belt to the thing you want moved. Why does 
a motor turn? Is there any special part of it that can be 
moved by electricity? Mason had seen the electromagnet in 
the motor. If you had not seen it why would you still think 
that it might have an electromagnet in it? Because the motor 
has a moving part? Is that any proof? If it is true that 
the electromagnet always makes devices run by electricity 
move, the presence of a moving part is proof that the motor 
contains an electromagnet. The way to prove this would be 
to see if there are any electrical appliances moved by elec
tricity that do not have electromagnets in them. 

The appliances the children were familiar with were 
run by motors. Fans, washing machines, electric sweepers, 
and electric mixers all had motors. 

"Does a motor work like a bell?" 
Remembering that the electromagnet moves the armature 

of a bell back and forth, the children decided that a motor 
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is not moved in this way because it turns around. We exam
ined the motor and found that it has three electromagnets 
which whirl around very rapidly when the electricity is 
turned on. 

Why do the electromagnets whirl around? Why are 
several of them needed? As the class was unable to answer 
these questions, I suggested that they try to recall the laws 
of magnets that they had learned in the fifth grade. How do 
magnets act toward each other? Are electromagnets different 
from permanent magnets? 

These suggestions appeared to apply to our problem:1 

(1) Like poles repel each other. 
(2) Unlike poles attract each other. 
(3) An electromagnet has a north and a south pole. 
(4) The poles on an electromagnet can be changed. 
These were selected because we were looking for an 

explanation of why the magnets moved and how they act toward 
each other. With these laws in mind, it was rather simple to 
reason that when two electromagnets come together the like 
poles push each other away and the unlike poles pull together. 
The electromagnets are arranged so that the pushing and pull
ing of the poles whirls them around and around. 

"This is like a generator," Dick observed. Being 
asked to explain what he meant, he said that a generator is 
1. Parker, Bertha I.I., "The Book of Electricity." Houghton-

Ilifflin Co. 1928. 
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made of coils of wire and large magnets which are turned in 
order to generate a current of electricity. A motor is the 
reverse of a generator. 

"What general statement can be made about devices 
moved by electricity?" 

This brought out the idea that everywhere anything 
is being moved by electricity we can be sure that there are 
one or more electromagnets present. 

"Have we discussed all the ways in which electricity 
works for us?" I asked as the period ended. 

Analysis 

The material in this lesson covered more than one 
period; but, as it was developed continuously, it is written 
as one lesson. Again the initial question about the electric 
crane, used to bring out the conception of the electromagnet 
and its function in electrical appliances, is limited in 
scope. The same idea could have been developed by ringing 
an electric bell and developing the question, "Why does the 
bell ring?" 

In discussing the bell, the telegraph set, and the 
motor, the question in each case is, "What makes it work?" 
With this practical problem in mind, the examination of 
these devices is purposeful. What is the function of 
each part? What relation is there between the parts? 
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How are all of these devices alike? 

The text 1 developed this idea by stating the princi
ple "Wherever you see electricity moving anything, look for 
an electromagnet." It proceeds by giving examples of de
vices that contain electromagnets. In our unit, the chil
dren develop the idea of finding what makes it work. 

The purpose of contrasting the bell, the telegraph, 
and the motor is to show that each operates on the principle 
that when an electric current flows through a wire, the wire 
becomes a magnet and can attract objects and thereby produce 
motion. The telegraph and the bell produce intermittent or 
vibrating action because of the springs in their circuits. 
The motor uses several electromagnets and by changing the 
poles of the magnets produces a whirling motion. 

This lesson could have provided other contrasts by 
comparing the advantages and disadvantages of these electri
cal devices with other methods of doing this work. Another 
contrast could have been brought out between the types of 
wire used in devices that work on the electromagnet princi
ple and in the devices that produce heat. In failing to 
bring out these contrasts the ideas presented are not seen 
in relation to other ideas that are also true. 

Perhaps the most pertinent criticism of this lesson is 
1. Beauchamp, Blough, and ^elrose, "Discovering Our World ~ 

Book III." Scott Foresman. 1938. 
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that the different parts of it are not concerned with solv
ing a central problem but each is centered about a little 
problem. There was so much stress on finding out how each 
of the devices work that little time was spent in tying to
gether the threads of thought. 

Lesson 8. 

The children had been trying to think of other ways 
in which electricity works for us. Had we talked about all 
the important uses? We reviewed our discussion by mention
ing how electricity makes light and heat, how it moves fans, 
washing machines, motors, how messages are sent by tele
graph, ^hat about other ways of sending messages? Do the 
telephone and radio use electricity? 

To find out how the telephone and the radio work we 
read the story in our science book. 1 The picture show, 
"Alexander Graham Bell," was also familiar to a number of 
the group. 

"Did you ever ride along a country road and hear the 
telephone wires humming?" I asked when the class had finished 
the story. 

Almost everyone had heard this vibration at some time. 
"Did you know that this humming is caused by the 

1. Craig and Johnson, "Our Earth and Its Story." Ginn & 
Co. 1932. 
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Vibration of people's voices traveling along the wire? n 

Several people agreed with me but most of the class 
challenged this statement. Jacqueline was certain that the 
humming sound is made by the wind blowing through the wires. 
Jackie had read that people's voices do not travel over the 
wires—just the electricity goes along the wire. 

I was quite surprised at these ideas. How could you 
hear what people said over the telephone if their voices do 
not go along the wires? Jackie said that the electricity 
makes the receiver vibrate and what we hear is the vibrations. 

"Anyway," Dick added, "sound doesn't travel fast 
enough to go over the wires." 

The class remembered that it takes sound almost five 
seconds to travel a mile. If two places were one hundred 
miles apart, it would take five hundred seconds or almost 
nine minutes for it to go that far. Does sound travel any 
faster along wire? Sound travels faster through metals and 
solids are the best carriers of it. Part of the class still 
would not agree with me. The sound did not travel along the 
wire. The sound would have to be very loud, they argued, be
cause soft sounds do not carry very far. They knew that it 
is unnecessary to raise one's voice when talking over the 
telephone. 

"What happens when you talk into a phone?" 
Several of the group contributed a very good explanation 
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of how a telephone works. I asked the class if this seemed 
more logical to them than saying that sound waves travel over 
the telephone wires. We had learned enough about sound in 
one of our previous units that the class understood the mean
ing of sound waves and vibrations. 

To see just what happens in telephoning, I drew dia
grams of the receiver and transmitter on the blackboard. 
We traced the sound vibration from the time it hits the 
diaphragm of the transmitter until it is changed back into 
sound waves by the receiver diaphragm. How is the diaphragm 
of the transmitter like the key of a telegraph set? This 
question was asked to bring out the fact that the latter is 
a device for making and breaking a circuit while the former 
makes the current first weaker then stronger. 

What travels over the wire? How are electrical vi
brations turned back into sound waves? Why does the electro
magnet make the diaphragm vibrate? These questions brought 
out the principle of the telephone. 

"What did people have to know before the telegraph 
and the telephone could be invented?" 

There were indefinite answers to this question. 
Electricity. Electricity travels over wire. These were 
some of the answers. Restating the question by asking what 
is necessary before a telegraph or a telephone will work 
brought a better response. Charles said that each one needs 
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an electromagnet. Without the electromagnet these inventions 
could not have been made. 

The other way to send messages by wire is the radio. 
I told the class the story about the little boy who asked 
an aviator if he had ever been up high enough to hear all 
the messages going out from the radio stations. The aviator 
said he had not. Why could he not hear the messages? Junior 
said he would have to have a radio set. Why? So he could 
pick up the sound waves. 

Can sound waves travel far enough and fast enough to 
be picked up by radio sets? Our knowledge of sound waves 
led us to believe that the radio picks up some other kind of 
waves or vibrations. Dick said the radio picks up electrical 
waves. The aviator could not pick up these waves without a 
special device. 

"What does the radio do when it picks up these waves?" 
Observing that we hear sounds over the radio and the 

radio picks up electrical vibrations, v/e decided that the 
radio must transmit the electrical waves into sound waves. 

"Is there any difference between time as given over a 
radio and that of your clock if it is correct?" No, because 
people set their clocks by the radio. &ow long does it take 
electrical vibrations to travel? Evidently they must travel 
quite rapidly. I told the class they were correct. Electri
cal waves travel as fast as light waves do—186,000 miles a 
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second. Listening to a speech broadcast from England we 
could hear the words of the speaker before the people in the 
back of the auditorium could. 

From these lessons we could understand why electri
city is so important to us today and why we feel that we are 
almost living in another time if we have to do without it. 

Analysis 

The children became interested in finding out how the 
telephone works through an absurd statement made by the 
teacher. This absurdity challenged the children to put to
gether the facts that they knew and to see whether or not 
people fs voices cause the wires to hum. The class had to 
find what actually happens when a telephone is used. The 
ability to detect faulty reasoning and to sense absurdities 
is evidence that this is reflection-level thinking. 

In solving this problem, the group had to recall how 
sound travels in order to test whether or not sounds can 
travel over a telephone wire. If sound waves could not travel 
over the wire, as the facts indicate, then what does go over 
the wire? Each question seemed to lead to another one until 
all the data are in and the problem can be solved. 

Comparing the diaphragm of the transmitter with the 
key of a telegraph set helped to show the relationship be
tween the telephone and the telegraph. The telephone is 
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seen as one of a group of devices operating on the same prin
ciple rather than as a unique device. It is enough different 
from the other devices that it functions in the desired 
capacity. 

The story about the aviator does the same thing for 
the question of the radio as the statement about the humming 
wires did for the telephone. It unsettles the question by 
introducing a novel situation. Why could not the aviator 
hear the sound waves? Because he had no radio set? Does a 
radio set pick up sound waves? If not, why do sounds come 
out of the radio? These questions required reassembling the 
data and subsequent re-examination and interpretation of it. 
This is an illustration of reflection-level thinking. 

This lesson successfully promoted a reflective study 
of the telephone and the radio. Both of these instruments 
are so common that the children might have assumed that they 
knew all about them. Using a wrong statement to start the 
discussion challenged the children and made them realize 
that there were some inadequacies in their knowledge that 
needed rounding out before they could prove that they were 
right. 1 The right-answer technique would have stopped with 
the first person who said that the wind caused the humming 
1. Bayles, E. E., "The Relativity Principle as Applied to 

Teaching." Bulletin of Education. University of Kansas. 
February, 1940. 
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of the wires. Instead, the class studied the question re
flectively, employed a number of scientific principles, and 
drew their own conclusions. 

SUMMARY AND SUGGESTIONS 

In developing a reflective study there are certain 
essentials' that must be present in the learning situation. 
By defining thinking as a process of finding and testing 
meanings, 1 we assume that thinking takes place in a meaning
ful situation. A genuine problem must develop within this 
situation. Solving the problem should require reassembling 
the data and extracting from them the meaning. As data per
tinent to the situation become; evident, suggested solutions 
occur which must be tested in light of the available facts. 
The learner is responsible for developing his ideas and for 

p 
reaching conclusions. 

The problem may be a puzzling question, a confused 
idea, a doubtful issue, or an incomplete situation; but it 
must be a problem that is real to the children who are to 
solve it. The teacher who is guiding the study should be 
skilled in asking questions that raise problems. He should 
know how to suggest relevant facts, present difficulties, and 
to appreciate the value of following false trails in order 
1. Bode, Boyd, "Democracy as a Way of Life." Macmillan. 1957. 
2. Dewey, John, "Democracy and Education." Macmillan. 1916. 
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to make the right one be more convincing. 

In criticizing the unit, as a whole, factors that de
termine how well it succeeds in promoting reflection-level 
thinking must be taken into account.1 

(1) Does a genuine problem exist? 
(2) Is the situation meaningful? 
(3) Are there several solutions to the problem? 
(4) Does the class have the facts in the case? 
(5) Is a solution reached that agrees with the facts? 
(6) Do the children arrive at their own conclusion? 
The unit consists of a group of problems which develop 

out of a desire to understand the pert electricity plays In 
our lives today. Through meanings obtained in this unit the 
children should increase in knowledge and understanding of 
their immediate world as they find out things they do not 
know and bring their ideas into agreement one with another 
and with data. The unit does not attempt to teach isolated 
facts or principles; nor does it cater to immediate inter
ests or whims. The learning, as well as the teaching, is 
intentional rather than incidental.2 

The unit illustrates some of the mistakes that can 
easily be made, and we have tried to bring out the causes 
1. Dewey, John, "Democracy and Education." Macmillan. 1916. 
2. Bruce, Wm., "Principles of Democratic Education." 

Prentice-Hall. 1939• 
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as well as the consequences of these errors. Seeing the wrong 
thing to do helps in learning what is right; an example of 
"learning to hit the target by missing it." 1 

The entire unit lacks a definite purpose as far as 
the children are concerned. The teacherfs idea was to study 
electricity for the purpose of seeing how it works for us. 
The children were just "studying electricity." They were 
interested in finding out why we use electricity, what it is, 
and how it works; but there was no vital reason for them to 
learn these things. Their knowledge was used in the solu
tion of problems that arose in the course of daily discus
sions. If the underlying theme had been so broad and so 
challenging that it was continually recognized as a major 
problem, the children would have had an end in view which 
would have added interest and given direction to the series 
of lessons. 

On the other hand, the problems that arose were real 
problems to these children. They were concerned about 
finding how electricity is brought to their homes and how 
electrical appliances are made. Several solutions to these 
problems were suggested. The children made observations, re
called experiences, and searched for new facts that might 
help to solve the problem. They drew their own inferences 
1. Bruce, 77m., "Principles of Democratic Education." 

Prentice-Hall. 1939. 
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and checked the accuracy of their conclusions. A less in
telligent or more apathetic group probably would not have 
responded as adequately to such an indefinite aim as "study
ing about electricity." 

The eight lessons in the unit show a definite pattern,. 
When a genuine problem is raised, the lesson develops in a 
spontaneous yet orderly fashion. The process of suggesting 
solutions, marshalling data, testing solutions, and arriving 
at a conclusion, which are the elements of a reflective study, 
is used in solving such problems. The thinking does not al
ways proceed in an orthodox manner, but with guidance it 
eventually reaches a destination. 

Lessons three, six and eight are examples of challeng
ing teaching situations. In each of these lessons there 
is a definite problem: ttow would you put electricity in a 
home? How does an electric light work? How do the tele
phone and radio reproduce sound? Each of these lessons has 
the essential elements of a reflective study. Factual mater
ial is introduced as it is necessary to make the situation 
meaningful. The facts are used in solving the problem. 
These minor problems contribute to the solution of the major 
problem of the unit: ^ow does electricity work for us? 

In contrast to these lessons, four, five, and seven, 
which contain interesting material and have significant con
clusions, are not challenging because they lack direction. 
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The material is interesting but the children do not make any 
use of it. The weak approach to the problems may prob&bly 
be the reason for their failure to accomplish much. The 
children learn some facts but they do not know why they are 
learning them. They have fun wondering what lightning is; 
but their learning has no unity. It is not related to other 
problems of the unit. The problems promote reflective think
ing, but they are presented almost as units within themselves. 
The thought is not connected and the discussion jumps from 
topic to topic without the smooth transitions that a contin
uous study should have. 

It is impossible to predict just what is going to 
happen in a classroom because a teacher works with a group 
of individuals who do not always respond in the expected 
ways. This is the reason why a lesson planned in detail 
and faithfully executed becomes autocratic. The teacher 
should have an idea of what the lesson should include in 
order to have the class arrive at some conclusion. A reflec
tive study has to be about something, but an attempt to fol
low a fixed routine or to ask set questions destroys the 
spontaneity of the situation. The thinking must be pupil-
thinking with just enough teacher-guidance to keep the 
group going in the right direction. The actual teaching must 
be such as to take advantage of the situations as they arise. 

There are some significant outcomes to the unit on 
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electricity, although the unit does not accomplish all that 
was expected of it. A wealth of informational material is 
presented in solving the problems that arise; but never once 
did anyone complain about having too much to learn. (The 
term "learn" seemed to be a synonym for "memorize" in this 
group.) The children were so interested in the problems 
that arose that the data necessary for solving the problems 
were seen, not as isolated facts, but in relation to the 
situation where they are used. 

A number of principles about electricity and its use 
were formulated by the group. Simple inventions which, for 
a time, seemed to be very complex and mysterious to the group 
were found to work in accordance with these general principles 
The children began to realize that our knowledge has been 
developed by men who have sought to make the world a better 
place in which to live. That knowledge is still limited, 
was another realization. 

The children appreciate electricity and our knowledge 
of it when they try to visualize their world without it. 
They learned how electricity is made, how it travels to where 
it is used, why it should be controlled and how it is con
trolled. By examining electrical appliances theyformulate 
the principles employed in making them work. The conclu
sions came at the end of the study of the problems as a 
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result of reflective thinking about these problems.1 

1. Bayles, E. E., "The Relativity Principle as Applied to 
Teaching." Bulletin of Education. University of Kansas. 
February, 1940. 



CHAPTER II 

A UNIT ON ELEMENTARY CHEMISTRY 

Lesson 1. 

This unit developed from a real desire of the pupils 
to know something about chemistry. May we study about chem
istry? May I bring my chemistry set to school? Will you do 
some experiments for us? What does a chemist do? These ques
tions indicate that chemistry is a new field of interest for 
the class. 

The children knew that we were going to study about 
chemistry. When they were in their places, I took a rock 
from the collection on the science table. I could tell from 
the expression on the children's faces that most of them 
were thinking, "What does a rock have to do with chemistry?" 

"What would you like to know about this rock?" I asked. 
What kind is it? Where did you get it? T/7hat is it 

made of? From these questions the class realized that, al
though they knew that rock is called quartz and that Janice 
brought it from Colorado, they did not know what it is made 
of. Blossom volunteered that she had always wondered how 
you can find out what things are made of "if you don't al
ready know." 

I said that, long ago, people had asked this question, 
"What are things made of?" A Greek, who lived 
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nearly twenty-five hundred years ago, thought everything in 
the world was made of air. He said that when air became 
thinner it turned into fire and Mien it became denser it 
formed water. He also thought that water could change into 
earth. 

The children were quite amused that anyone could be 
so foolish as to believe that everything is made of air. 

"DoesnH water disappear from the earth and go into 
the air?" 

"Thatfs true," said Marie, "but water doesn't change 
into air; it evaporates." 

The belief of the Greek, however, did not seem so ion-
reasonable when the class realized that, long ago, people 
did not know about evaporation and condensation. Famous 
scientists did not know things about the earth that a ten-
year old boy knows today. 

"Later on the Greeks decided that everything in the 
world was made of air, water, soil, and fire," I told the 
class. "Would you agree with this explanation?" 

The class did not agree. I told them that since living 
things need air and water to grow, the scientists had decided 
that many things must have air and water in them. There must 
be soil in all living things because plants grow out of the 
soil and animals live on plants. This explanation began to 
seem plausible to some of the children. 
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"But "what about fire?" they asked* 
"Since fire comes out of things when they burn, the 

wise man decided that there must be fire in everything." 
Some of the class were almost convinced that every

thing is made of these four things. Fortunately, there 
were still a number of skeptics. 

"What about rocks?" they asked. 
"Scientists said that all solid things were made of 

earth. Surely you remember how sedimentary rocks are made?" 
"How can volcanic rocks be made of earth?" 
"Are people made of earth?" 
After this introduction, the group was determined to 

find out what things are made of, or at least to prove that 
everything is not made of air, water, fire, and earth. 
They decided that the best way to do this would be to exam
ine and compare some coiimon materials. They made a list of 
materials and saw that each material may be described in a 
different way. The words that describe a material are char
acteristics. Every kind of material has characteristics of 
its own. 

The children volunteered to bring different materials 
to school. Jacqueline suggested that we ask each person 
questions to find out what material they had brought. Some 
of the questions we should ask v;ere: How does the material 
feel? What color is it? Is it transparent? Will it melt? 
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Does it smell? (We decided that this question should b e — 
Does it have an odor?) Is it a solid, a liquid, or a gas? 

At the close of the period, I referred to the idea 
that everything is made of air, water, fire, or earth. Most 
of the class agreed that this idea seemed rather improbable 
but that we had not yet found out what things are made of. 

Lesson 2. 

This period was devoted to a discussion of character
istics of materials. Each child brought a material and was 
given an opportunity to answer questions about it. The per*-
son who guessed the name of the material became the next 
leader. The class tried to ask questions that would give 
clues about the material. 

By the end of the period, we could see that the char
acteristics of a material not only tell what kind of a mater
ial it is, but also what use is made of it. When the ques
tion "Is it used for windows?" was asked, the leader laughed 
because he had a piece of iron. 

"Why did Donald laugh?" I asked. 
"Iron isn't transparent," answered Beverley. "You 

want to see through windows." 
The class realized that it is important to know the 

characteristics of a. material before trying to use it. Lead 
would be a poor material for a stove because it melts too 
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easily. A wooden stove would burn if a fire were built in 
it. Cellophane is better than tissue paper for wrapping 
food. 

Another question that raised a problem was, "How 
does it taste?" 

The objection to this was that some material cannot 
be tasted. Dick said that you should never taste a material 
unless you know what it is. It might be poisonous. 

Zelina said that the only way to tell if a liquid is 
sour is to taste it. Vinegar is sour, if tasting a material 
is dangerous, how can you find out if it is sour? Dirk said 
that it can be tested with litmus-paper. Vinegar will turn 
a piece of blue litmus-paper red. He did not know why. 

We decided to test some other liquids with litmus-
paper. We used sweet milk, sour milk, vinegar, a lemon, a 
solution of sugar, a tomato, a baking soda solution, and 
hydrochloric acid. Everything that is sour changed the color 
of the litmus-paper from blue to red. The class decided that 
using litmus-paper is a safe test for sourness. I told them 
that everything that is sour contains acid. 

Marie was curious about the sweet and sour milk. She 
knew that sweet milk turned sour. When this happened did 
the characteristics of the milk change? Would it still be 
the same material? 

Here was a problem. Can characteristics be changed? 
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Do these changes make new materials? I asked the class to 
try to recall times when they had observed changes taking 
place in materials. 

Lesson 3. 

"Did you notice any changes in the characteristics 
of materials?" I asked the class at the beginning of the 
period. 

T;7ater changes into ice. Ice and snow melt and make 
water. Water evaporates. Sugar and salt dissolve in water. 
From these illustrations, the children saw that characteris
tics of materials can be changed. But are new materials 
made? 

"Ice isn Tt the same material as water." 
But ice melts and becomes water again. Melted butter 

solidifies when put into the ice-box. A sugar solution still 
tastes sweet and a salt solution is still salty. The group 
decided that some of the characteristics of a material can be 
changed without producing a new material. 

Before anyone could ask about the souring of milk, I 
told the children I would do an experiment for them so they 
could see characteristics change. I heated some sugar in a 
test-tube. As the children watched, they saw the sugar change 
in color from white to black. A white gas filled the test-
tube and several drops of a brown liquid collected in the tube. 
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"What has happened?" I asked. 
The sugar melted; the sugar burnt; the characteristics 

changed, were some of the answers. 
"Is the material still sugar?" 
If it is still sugar it should taste sweet. It tasted 

bitter. It not only looked like a different substance, but 
it tasted like one. 

I asked the class if they had ever seen an old can 
that has been left outside for a long time. Of course they 
had. Anything made of iron or steel rusts when it is left 
outdoors. "The rain rusts them." Rust changes bright, shiny 
things to brown and crumbly ones. If they get rusty enough, 
they fall to pieces. 

"But we said that materials cannot be changed," James 
objected. 

"Are burned sugar and rust new materials?" I asked. 
The class agreed that they are certainly much differ

ent materials. Dick decided that we were wrong in saying 
that a change in characteristics does not make a new mater
ial. What about the sugar solution and the melted butter? 
Carol thought there must be two kinds of changes—the kind 
where a new material is made and the kind where the material 
does not change. According to the evidence, this seemed to 
be a logical conclusion. I told them that changing the 
form of a material from solid to liquid or gas and dissolving 
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a material does not make new materials. These are physical 
changes. A change of characteristics in which a new material 
is made is called a chemical change. 

"Are we studying chemistry?" Mason wanted to know. 
"What do you think?" I asked him. 
Jackie suggested that we loo£ up the definition of 

chemistry; "Why that's just what we're doing.'" he exclaimed 
when he found the definition. 

Several other chemical changes were discussed. Some 
of these were burning, decay, leaves changing color, and 
digestion. 

Lesson 4. 

"WThen are we going to find out what things are made 
of?" asked Howard, as the discussion period opened. 

We had seen that all materials have characteristics 
and that these characteristics may be changed. 

"What is sugar made of?" I asked. 
The idea of sugar being'made of anything had never 

occurred to the children. Sugar is just sugar. The class 
giggled when I asked if they thought sugar is made of air, 
water, soil, or fire. I told them that the scientist who 
believed this had called these four substances "elements." 

"Why did he call them elements?" Jack asked. 
%Our dictionary gave us this definition; an element is 
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the simplest kind of material. It cannot be separated into 
any other materials. The children iimmediately realized that 
air cannot be an element because it is a mixture of oxygen, 
nitrogen, and carbon dioxide. 7/ater is made of hydrogen 
and oxygen. The decision of the scientist had seemed rea
sonable because he did not know the composition of air, water, 
and earth. 

"If air, water, fire, and soil are not elements, can 
you name any materials that are elements?" I asked. 

After a long list of materials had been named, leaked 
of there is a way of finding whether these materials are all 
elements. Among the materials that had been named were a 
number of compounds. 

Dick suggested that we try to find a list of the names 
of elements. Billy thought that such a list would be so 
long that it would not be found in any of our books. Since 
we did not have a chemistry book, we referred to the "World 
Book." Here we found that there are only ninety-two known 
elements. By checking our list we also discovered that 
such things as sugar, salt, alcohol, vinegar, and brass are 
not listed as elements. 

Some of the elements were quite familiar. Host of 
the children had seen copper, silver, lead, zinc, aluminum, 
mercury, carbon, tungsten, and nickel. A question arose as 
to why they had never seen or heard of so many of the 
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elements. Examining the list they found the ones that are 
never seen are either colorless gases or very rare elements. 

"Why does it say 'known* elements?" asked Jackie. 
"Because scientists think that there are more to be 

discovered." explained Dirk. 
"Do you think that sugar is an element?" 
"It isn't in the list of elements," answered Charles. 
"Can you think of any way to prove that it isn't an 

element?" 
We referred to the definition of an element and decid

ed that if a material is not an element more than one mater
ial will be found in it. Dick suggested that we try to take 
the material apart. Finally the class recalled that we had 
changed sugar by heating it. The experiment was repeated 
and we observed that a brown liquid and a white gas are 
formed. Here were two other materials; apparently sugar Is 
not an element because it contains more than one material* 

I told the group that sugar is a compound made of 
three elements—carbon, hydrogen, and oxygen. Our diction
ary said that a compound is made of two or more elements 
joined together. 

The answer to our question, "What are things made 
of?" apparently was, "They are made of elements." 

"Don't you have to know what elements they are made 
of?" asked Billy. 
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Dirk volunteered that chemists are men who analyze 
materials and determine their composition. 

"Why do people study chemistry?" I asked as the per
iod ended. 

Lesson 5. 

Some elements had been collected by the children for 
the science table. The collection included a piece of iron, 
a copper penny, a nickel, a piece of tungsten wire, the 
zinc cup and carbon rod from a dry cell, some powdered sul
phur, a lead shot, an aluminum pan, a gold ring, and a silver 
bracelet. 

I asked the question of the preceding lesson, "Why do 
people study chemistry?" 

None of the answers was very definite. Someone thought 
that chemists are curious to know what is in things. They 
want to make new things—these were some of the answers. 
Dirk said that chemists experiment to find how chemicals re
act when put together. 

"Are we any better off for knowing these things?" I 
asked. 

Most of the group thought that the chemist does many 
things that help us. By studying materials he can find those 
which have useful characteristics. H e can make new mater
ials that we need. 
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"How can new materials be made?" 
A change in which a new material is made is called a 

chemical change. New materials are made by putting elements 
together because elements themselves cannot be changed. 

"Would you like to make a new material?" 
The group was delighted. I mixed powdered sulphur 

with iron filings. The children were disappointed because 
the "new" materials did not look interesting. 

"Is this a new material?" 
The class was rather undecided about this. They re

minded me that I had promised to make a new material and that 
two elements had been mixed together. If this material was 
a new material then the characteristics of iron and sulphur 
would be changed. Tests, however, showed that the iron fil
ings could be separated from the sulphur with a magnet. 
When water was poured on the mixture, the sulphur floated 
to the top while the iron remained at the bottom. We decided 
that, although two elements had been mixed, a new material 
or compound had not been formed. 

I suggested that the mixture be heated. When the 
iron and sulphur became very hot they seemed to melt and run 
together. A distinct odor was also noted. We had to break 
the test-tube to remove the material. The tests for iron 
and sulphur gave no results. A compound with characteris
tics different from those of either iron or sulphur had been 
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formed. 

In trying to find out why it was necessary to heat 
the iron and sulphur to make a new material, the children 
observed that the two materials seemed to "go together" when 
they were heated. The definition of a compound, a material 
made of two or more elements joined together, told us that 
the elements actually -unite. The materials in a mixture 
keep their identity. The material we had made was a com
pound of iron and sulphur called iron sulfide. 

After observing this chemical change, the class could 
understand how carbon, oxygen, and hydrogen—a black material 
and two odorless gases—can make white, sweet sugar. Water 
is made of two gases, oxygen and hydrogen. In each compound 
the elements have united to form a different material. 
Other compounds such as aalt, white paint, red lead paint, 
and carbon dioxide were mentioned. The children were in
terested in finding out why salt, made of a poisonous element, 
chlorine, and an element that will burn, sodium, neither burns 
nor is poisonous. Characteristics of sodium and chlorine 
disappear when the new material is formed. 

"Suppose that a material is heated and no change 
takes place. Is this proof that the material is an element?" 

This question led to a discussion of ways of testing 
whether materials are elements or compounds. The class 
decided that, since heating does not chaBge such compounds 
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as water, materials should be tested in several ways. 
I asked Marie if she could answer her question about 

the souring of milk. Are sweet and sour milk different 
materials? If souring forms a new material, then it is a 
chemical change. After comparing the characteristics of 
the two, Marie decided that a chemical change takes place 
when milk sours. 

After this discussion, the children began to under
stand that chemical changes are happening all around them. 
The chemist studies and experiments in order that he may 
learn how to make new materials. 

Lesson 6. 

Continuing the discussion of chemical change, we took 
up the question, "What does the chemist do to help us?" 

"How long has glass been used for window panes?" I 
asked. 

Blossom said, "It wasn't used in pioneer times because 
people put oiled paper in the windows of their cabins." 

"Tbeyused oiled paper because they lived too far away 
from the places where glass was made," added Carol. 

"How is glass made?" 
Jackie thought that it is made from sand. Dick said 

that the sand had to be melted in a furnace. We read about 
glass in the reference book and found that it is made by 
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mixing soda ash, sodium carbonate, or sodium sulphate, 
limestone, and sand and heating the mixture until it melts 
to a clear mass. 

"Why thatfs a chemical changeJ" exclaimed Jackie. 
(Later the children *ould learn that glass itself is not a 
true chemical compound.) 

The children were eager to know more about glass-
making. Who discovered how to make glass? How is bullet
proof glass made? What kind of sand is used? How can colored 
glass be made? What is pyrex? In reading to answer these 
questions, they found that, although glass-making began sev
eral, thousand years ago, it Is due to the work of the chemist 
that glass is so useful to us today. 

The class was interested in finding other materials 
that chemists have helped to make. Paper, rayon, nylon, 
steel, plastics such as bakelite, ink, dyes, paints, varnish, 
and explosives are all made by chemical changes. * In telling 
about each material, we listed characteristics that make it 
more useful than the materials from which it is made. It 
was quite easy to see that a piece of wood could not be used 
for dresses or books as rayon and paper can. 

"Are there any other uses of chemical changes?" 
Receiving no answer, I asked Charles how his house is 

heated in winter. He replied that it is heated with a fur
nace that burns coal. As burning is a chemical change, we 
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can say that chemical changes are used to produce heat. 
Marian added that we use heat to cook our food. At 

this point, Howard wanted to know if cooking is a chemical 
change. 

"What happens when food is cooked?" 
It tastes better, digests more rapidly, becomes softer 

were some of the answers. Ruth Mary said that a cake rises 
when it is baked. In answer to the question, "Why does a 
cake rise?" the ingredients used in a c&ke were named. 
Marie said that the baking-powder makes the cake light. 
Ruth Mary looked up the composition of baking-powder and 
found it brings about a chemical change that makes the cake 
light. 

Why is soda used in place of baking-powder when sour 
milk is used? The solution to this problem appears to lie 
in the difference between sweet and sour milk. When soda 
was added to the sour milk, the children saw that it reacted 
vigorously giving off carbon dioxide. The milk was tested 
for acidity. The children found that it neither tested sour 
nor changed the color of blue litmus-paper. The baking-soda 
had brought about a chemical change. 

Lesson 7. 

"We have been discussing how chemical changes make 
new materials and produce heat. Can we say that all chemical 
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changes are helpful?" 
A number of the group thought that all chemical 

changes are useful. If any were harmful we would be trying 
to prevent them instead of helping them take place. 

"Sometimes milk sours when we don't want it to," 
James objected. 

"Burning isn't always helpful," was aiother objection. 
"Fires do a lot of damage." 

Some chemical changes must be harmful. Rusting of 
metals, fading of cloth and paper, spoiling of foods, and de 
caying of wood were examples of destructive changes. Two 
questions arose from this discussion. Why are these changes 
harmful? Can they be prevented? 

The changes are harmful when they destroy useful ma
terials. Burning is helpful as long as It produces heat 
that we can use, but when it destroys buildings and forests 
it is harmful. The children were unable to think of any 
times when rusting and fading might be useful changes. 

"Can rusting be prevented?" 
At first no one could think of any way to prevent 

rust from forming. Then Leiland remembered that tools are 
greased to keep them from rusting. Automobiles and bridges 
do not rust because they are painted. 

"Why does paint or grease keep iron from rusting?" 
Obviously to answer this question we needed to know 



what happens when iron rusts. Rust is a new material which 
is formed when iron is left outdoors. What unites with the 
iron? Apparently one of the materials in the air unites 
with the iron. Billy thought rain causes rust because when 
his skates got wet they rusted. Our reference book said 
that the oxygen in the air combines with the iron forming 
rust. 

"What will keep iron from rusting?" 
"Keep the oxygen away from the iron," was Mary's 

reply. "Thatfs what paint and grease do." 
"Suppose a fire started in our wastepaper basket. 

What would you do?"' 
Get some water, use the fire extinguisher, stamp on 

it, throw a coat over it, smother it were some of the sug
gestions. 

"Why does water put out a fire?" I asked. 
Jack said, "It cools the fire." 

"Does the same thing happen when a coat is thrown on 

the fire?" 
"No, a coat smothers the fire," answered Billy. 
"Fire needs air to burn," Marie observed. 
I told the children to watch an experiment that I 

was going to do. 1 put an empty milk bottle over a lighted 
candle. The candle went out in a few seconds. Then I put 
a lighted match into the bottle. The match also went out. 
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"What happened?" I asked. 
Anita thought that the candle had used all the air. 

Ruth Mary objected to this explanation. She said that only 
oxygen is used in burning and this is just one-fifth of the 
air- Asked to prove her statement, she told of a similar 
experiment used to demonstrate air pressure. The candle 
is placed in a pan of water and when the flame goes out the 
water rises about one-fifth of the way into the bottle. 

Anything that keeps the burning material away from 
oxygen will put out a fire. 

I put some baking-soda in a test-tube and poured vine
gar on it. Then I held a lighted match over the test-tube. 

"Why does the match go out?" I asked. 
Dirk said that the vinegar reacts with the soda giving 

off carbon dioxide. Does the carbon dioxide put out the 
flame? Howard said that carbon dioxide is a heavy gas. It 
acts just like water and keeps oxygen away from a fire. A 
fire extinguisher works on this principle. 

One way of preventing harmful chemical changes is to 
keep apart elements that will combine. 

Cooling milk and foods that will spoil is another 
method of preventing chemical changes. Rust and decay occur 
more rapidly when materials are wet so some chemical changes 
can be prevented by keeping materials dry. Materials that 
fade should be kept out of the sunlight. Members of the 
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class told of chemical changes they had helped- to prevent. 

Resume 

The introduction of this unit was a. question concern
ing the composition of materials. In an attempt to answer 
this question, the theories propounded by Greek scientists 
that everything is made of air, or of air, water, fire, and 
soil, were introduced. No one took these theories very 
seriously although reasons why they might be true were cited. 
It was decided that the question might best be answered by 
examining some cojumon materials. As these materials were 
described, the term "characteristics" was used to apply to 
the words and phrases that tell about the material. Charac
teristics also determine the use of materials. 

The study of characteristics of materials led to the 
question of whether characteristics can b e changed. After 
finding that some of the characteristics can be changed, 
the question arose as to whether new materials are made by 
these changes. The final decision was ttiat there are two 
kinds of changes: one in which some of the characteristics 
change but the material does not lose its identity is a 
physical change. The other change is the formation of an 
entirely new material with different characteristics and is 
called a chemical change. 

Before the idea of what happens during a chemical 
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change could be developed further, it was necessary to go 
back to the question of the composition of materials. From 
the definition of an element, the fallacy of believing that 
all things could be made of one material or even of four 
materials is seen. An experiment with sugar brings out 
the idea of a compound. That compounds are made only when 
elements actually unite was shown by contrasting the results 
of mixing iron and sulphur and of heating this mixture. New 
materials made by chemical changes have characteristics that 
are entirely different from their components. This is the 
reason why common materials, such as glass, paper, and rayon, 
are more useful than the sand and wood from which they are 
made. Changes that occur during cooking of foods and the 
production of heat by burning are other useful chemical 
changes. 

By raising the question, "Are all chemical changes 
useful?" the contrast between helpful and harmful chemical 
changes is shown. Harmful changes are considered as to why 
they are harmful and how they can be prevented or controlled. 



ANALYSIS OF UNIT 

In analyzing the lesson of this unit, each phase of 
developing a reflective study of chemical changes is con
sidered. 

(1) Is the situation meaningful? 
The problems which are developed in the unit grow 

from the children's desire to know more about the materials 
in their world. The situation is familiar and of immediate 
interest to them. 

(2) Do genuine problems develop within the situation? 
Five of the seven discussion lessons develop genuine 

problems: 
Lesson 1. What are things made of? 
Lesson 3. Do materials lose their identity when 

their characteristics change? 
Lesson 5. How are new materials made? 
Lesson 6. What does the chemist do to help us? 
(3) Are there several solutions to the problem? 
Each of the problems has several suggested solutions: 
1. What are things made of? 

a. All things are made of air. 
b. All things are made of air, water, soil, and 

fire. 
c. All things are made of elements. 



101 

2. Do materials lose their identity when their char
acteristics change? 
a. Materials do not change. 
b. There are two kinds of changes. 

3. How are new materials made? 
a. Elements are mixed. 
b. Elements unite. 

4. Why do people study chemistry? 
a. They wish to find out about elements. 
b. They want to analyze compounds. 
c. They are trying to make new compounds. 

5. Are all chemical changes helpful? 
a. All chemical changes are helpful. 
b. Some chemical changes are harmful. 
c. Chemical changes may be either helpful or harm

ful. 
(4) Are data collected and observations made which 

will help in solving the problem? 
The children collect their data by reading for special 

purposes such as to find the names of the elements or to see 
how a chemist makes new materials. The experiments used in 
the unit lead to needed observations. The children recall 
the data they have previously observed or read about and 
apply these facts in testing the suggested answers to the 
problems. 
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(5) Do the children arrive at conclusions which agree 

with the data? 
After examining the evidence, the group reached these 

conclusions: 
1. All things are made of elements. 
2. There are two kinds of changes—physical and chem

ical. 
3. When elements unite, new materials are made. 
4. There are many reasons why people study chemistry. 

The most important are to find new uses for mater
ials and to make new materials. 

5. Chemical changes may be either helpful or harmful. 
These conclusions agreed with the data collected by 

the group and were their own solutions to the problem. 
Perhaps the reader has observed that this unit lacks 

the spontaneity and force of the previous unit on electricity. 
There is no real problem in this unit in the nature of a con
flict to be resolved. The children wanted to study chemistry 
because a number of them had chemistry sets. In order to 
start the study, a problem is manufactured. This is a very 
poor teaching device. If a real problem does not exist, if 
there is no particular reason for starting a study, then the 
matter had best be left untaught. 

This difficulty is encountered when an attempt is made 
to teach subjects. The same difficulty is found in the unit 
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method if the unit does not represent a reflective study of 
challenging problems. This is the reason ourriculum makers 
have set up a core curriculum which cuts across subject-
matter lines and bases instruction on social functions or 
social problems. It is an attempt to make the situation 
meaningful."1* 

A unit on chemistry must, of course, include a study 
of elements and compounds. An elaborate device is employed 
to be sure that they are included in the discussion. One of 
the criticisms that may be made of science courses in general 
is that instructors look upon science as organized and tested 
knowledge rather than as a method of obtaining knowledge.^ 
Courses are organized about things that nliave to be taught." 
The use of artificial devices to arouse interest and stimu
late discussion does not make a situation as meaningful as 
it ought to be. 

SUMMARY AND SUGGESTIONS 

The purpose of the unit was to develop a reflective 
study of chemical changes in order that tiie class might ap
preciate more fully the work of chemists and the function of 
chemistry in everyday life. The unit was planned to include 
a number of activities that would satisfy -the children's 
1. Dewey, Johji, "Democracy and Education." Macmillan. 1916. 
£. Ibid. 
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wishes to experiment and would also develop their understand
ing of chemical change. 

The text 1 starts the discussion by telling the story 
of the scientist who thought that everything was made of air, 
water, fire, and soil. Instead of letting the pupils wonder 
if this is true and search for data to prove or disprove it, 
the text immediately says that this is not true. No conflict 
is raised and part of the incentive to search for material 
is gone. 

The activity of collecting and examining materials rais
es questions and opens the way to answer them through experi
mentation and observation. In both the text and class pre
sentation, purely recollection-level and recognition-level 
thinking were used in the discussion of the characteristics 
of materials. There was no attempt to answer the problem 
raised in the first lesson or to test the theory presented 
there about the composition of materials. This was inconsis
tent with the plan of the unit which was to develop first the 
idea of the scientist's knowledge of the structure of matter 
and then bring out the importance of this knowledge. 

Many of the questions might have been developed by 
reflective study. If the question, "Bow does it taste?" 
had been so worded that it asked how you can find out if a 
1. Beauchamp, Blough, and ^elrose, "Discovering our World ~ 

Book II." Scott Foresman. 1938. 
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a liquid is sour, there would have been a ..choice of answers 
from which the children could have chosen the best one. As 
it was, only recognition-level thinking was needed to apply 
the knowledge that the vinegar will change the color of 
blue litmus-paper, to the use of litmus-paper as a test for 
acidity. 

The discussion does lead to the question of whether 
the characteristics of a material can be changed. The text 1 

makes the statement that there are two kinds of changes In 
materials and describes these changes. By letting the class 
believe that materials cannot be completely changed and then 
doing the experiment with sugar which indicated that a new 
material had been made, the group is led to decide for it
self that there are two kinds of changes. From this decision 
they formmlated the definition of chemistry and chemical 
change which was meaningful to them because it grew out of 
their immediate experience. 

After the discussion of characteristics of materials 
and changes in characteristics, in the next lesson we pre
sented the term "element" and tested the theory that all 
things aremade of four elements. Presenting the term before 
the meaning was established gave little opportunity for 
reflective thinking. 
1. Beauchamp, Plough, and -^elrose, "Discovering our World 

Book II." Scott Foresman. 1958. 
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In contrast, we developed the meaning of compound 
through the experiment with sugar. To test the theory that 
sugar is an element, the sugar was heated and more than one 
material was found to be present. In this way the idea of a 
compound was developed. When the children actually saw the 
white, sweet sugar break down into several materials, they 
began to realize that "things are not always what they seem." 

The question of compounds was quite fascinating and 
let to a discussion of how a chemist makes new materials. 
The introductory question for the next lesson, "Why do people 
study chemistry?" has wide and practical implication© but 
it was dropped as soon as new materials were mentioned. 

The procedure of letting the class follow a false 
trail*'- was used in the experiment with the iron and sulphur. 
The children thought a new material was being made. When the 
characteristics of iron and sulphur were not changed, they 
realized that something was wrong. By comparing the result 
of the experiment with that of heating iron and sulphur, 
they began to understand the difference between a mixture 
and a compound. 

The text introduced this same idea by the statement: 
"Whenever compounds are made, the elements do not just mix 
Ii Bayieä, K E., "The Relativity Principle as Applied to 

Teaching." Bulletin of Education. University of Kansas. 
February, 1940. 
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with each other. They unite, or join, with each other to 
form the compound." The experiments are used to corroborate 
this statement. In a reflective study the conclusion comes 
at the close of the two experiments and is formulated by the 
children. 

J-n place of the question, nHow do we use chemical 
changes?" as developed in the text, the following lesson was 
introduced by the questions, "Wh$t does the chemist do to help 
us?" The study of glass-making brought out the idea that a 
chemical change makes a material like sand more useful. 
Chemistry becomes more closely associated with everyday life 
when the children realize that a chemical change, burning, 
produces heat and cooks their food. 

Recognition-level thinking was employed in answering 
the questions about the chemical change caused by using baking-
powder in cakes. This might have been developed as a reflec
tive study if an actual experiment with baking-powder had 
been performed and if thought-provoking questions had been 
asked. 

The text introduces the Idea of harmful chemical 
changes by stating that some changes are harmful and then 
listing methods of controlling or preventing such changes. 
In introducing the problem in a reflective study, harmful 
changes were contrasted with helpful changes. The statement 
that all changes are helpful challenged the class to find 



108 
exceptions to it and brought forth such problems as, "When 
are chemical changes harmful? Can harmful changes be pre
vented?" 

The data used in solving these problems included the 
cause of the harmful change and the materials which unite 
to form a new substance. The children already knew how to 
control rusting and burning but they did not understand how 
paint prevents rusting or why water puts out a fire. In 
each case the children made their own decisions why particu
lar methods are used to prevent the chemical change. 

As the analysis indicates, this unit has many of the 
characteristics of a good reflective study although it lacks 
the spontaneity of the unit on electricity. If the study 
had grown out of a genuine problem that challenged indepen
dent thinking, the response would have been far more enthus
iastic, as well as educative.1 The difficulty lay in the fact 
that the question, "What are things made of?" did not unsettle 
previously fixed ideas in the minds of the group. There was 
no conflict, and the class was only mildly interested in the 
problem. They were rather complacent about their knowledge, 
and wanted to play with the chemicals in the chemistry sets. 

An experiment which showed a chemical change taking 
place, the question of what happened to cause the change, or 
several conflicting theories as to the nature of the change 
would possibly have been more effective in setting up a 
1. Dewey, John, "Democracy and Education." LIacmillan. I9T6. 
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challenging situation. An explosion might have been used as 
an example of a chemical change. In discussing what happen
ed, the idea of materials being made of several elements 
could have been brought out. Elements and compounds would 
then derive their meaning from this situation within the 
personal experience of the class. This brings out the 
difference between a genuine problem and one simulated for 
the purpose of conveying information about chemistry. A 
genuine problem is a pupil-problem rather than a textbook 
or teacher problem.1 

1. Dewey, John, "Democracy and Education." ^acmillan. 1916• 



CHAPTER III 

A UNIT ON FIRE CONTROL 

The third unit in this series grew out of a discus
sion of how to put out a fire in the unit on chemical changes. 
The class was quite satisfied with the explanation that a 
fire can be extinguished by using water or sand to "smother 
it." I suggested that we have a demonstration of building and 
putting out a fire in a safe spot on the school ground. 

The results of this demonstration were very poor as 
far as pupil satisfaction was concerned. The ground was 
damp; a quantity of matches were cornsumed before the paper 
used as kindling would ignite; and the paper burnt so quickly 
that the larger pieces of wood only charred. The class was 
determined to find out what was wrong with their fire-building 
and to try again. 

Back in the classroom, I asked what is needed for a 
fire. We finally decided that a material that will burn is 
the first necessity. Would not paper and wood do for a fire? 
The paper burnt too rapidly and the large pieces of wood too 
slowly. Dick suggested that some small pieces of kindling 
were needed. From this dicussion the terms combustible mater
ial, high and low kindling temperatures developed. Did we 
need to use so many matches? What had people used to light 
fires before there were matches? Fire by friction was 



Ill 
discussed and matches were seen to be another example of 
fire by friction. Charles thought if we lighted the fire 
on the side toward the wind the matches would not go out so 
quickly. 

The next day we tried the demonstration again. This 
time we were more successful; but the larger pieces of wood 
did not burn very long. The fire was easily extinguished 
with water and sand was thrown over the ashes. 

As the class was still dissatisfied with their ef
forts, 1 showed them how candles will burn in a lamp chimney. 
First, I put a glass cover over the chimney and the candles 
went out. Corel suggested that I take off the glass cover so 
the candles could get some air. The candles still went out. 
What was wrong? A kerosene lamp burns with a chimney. Since 
I had a combustible material (the candle), burning evidently 
required something else. This "something" was a current of 
air we decided when the candles burnt after the chimney was 
raised by putting lead pencils under it. The burner on a 
kerosene lamp was seen to have air holes at the bottom. 
Billy explained that our camp fire did not burn well-because 
the sticks could not get enough air. 

Why does burning require air? Ruth Mary said that the 
oxygen in the air unites with the material causing a new 
material to be formed. Could she prove this? Several ways 
of proving it were suggested. Two of them were trying to 
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burn a match in each one of the gases composing the air and 
removing the oxygen and seeing if a match would burn in the 
remaining gas. '̂ he latter möthod, we decided, would be the 
easier. How to remove the oxygen was another question. 

Remembering that iron combines with oxygen when it 
rusts, we shook iron filings In a damp test-tube and Inverted 
the tube in a pan of water. The next day, the iron filings 
had rusted and the water had risen in the test-tube indicat
ing that a gas in the air had combined with the iron. We 
found that the remaining gas would not support combustion, 
-̂ere the question was raised—was the failure to support 
combustion due to the lack of oxygen or the narrowness of 
the tube? The test was repeated with a burning match In a 
similar tube. Since the match did not go out at once, we 
decided that the narrow tube was not the reason why the first 
match went out. 

Marie wanted to know just why oxygen is necessary to 
keep a match burning. Does the oxygen burn? We decided to 
observe a fire and see what happens when materials burn. 
Perhaps our observations would help answer Marie's question* 
Watching the fire, the class noticed that heat is given off, 
a light can be seen, and the material burning becomes smaller. 
It was evident from these answers that the material changes. 
We concluded that the material must unite with the oxygen to 
form a new material. 
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Why does a candle disappear when it burns if a new 

material is formed? If it unites with oxygen, why cannot we 
see the new material? We learned that a candle is composed 
of two elements, carbon'and hydrogen, united in the compound 
paraffin. We lighted the candle and then blew it out. We 
noticed a white gas was given off at the wick. When a burn
ing match was held above the wick, the wick caught fire. 
The class decided that the paraffin first changes to a li
quid and then to a gas. The gas must contain both carbon and 
hydrogen. A cold saucer when held in the candle flame be
came black. The saucer cooled the carbon so that it did not 
burn. Tests with limewater showed that the carbon unites 
with the oxygen, as it burns, and makes carbon dioxide. 

To see what happens when the hydrogen burns, a cold 
glass jar was inverted over the candle. A film of moisture 
on the sides of the jar appeared. We concluded from this that 
the hydrogen unites with oxygen forming water. The reason 
the candle disappears when it burns is that it changes to 
colorless gases as it unites with the oxygen. 

From additional reading we learned that all fuels con
tain carbon and hydrogen so carbon dioxide and water vapor 
are universal products of burning. When a fuel burns it 
changes to two colorless gases. 

What if all of the material does not burn? What are 
ashes? What is smoke? These questions from the students 
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•who were unwilling to accept the conclusion unsettled the Is
sue again. Do all burning materials give off smoke? Why-
is some smoke black and heavy while other smoke is white and 
gray? Why did our outdoor fire smoke? Ashes must be the 
part of the fuel that is not changed into a gas or the min
erals. 

Jack said that our fire smoked because the wood was 
damp. If the fuel is damp it does not burn readily. This 
is because the material is not hot enough. Smoke, then^, is 
given off when the gases are not heated to their burning 
temperature. 

Why does a stove smoke when the damper is turned off? 
Why does it smoke when more fuel is added to the fire? Since 
the dauxper and the extra fuel both shut off the supply of air, 
we decided that lack of oxygen will also cause a fire to 
smoke. Very black smoke must contain a great deal of un-
burned carbon. 

The next question was why are water and sand or dirt 
used to extinguish fires. They "smother" the fire was the 
reply. Smothering was defined as keeping away the air. 
Of course, if oxygen is one of the things necessary for a 
fire, lack of it causes the fire to go out. Can big fires 
be controlled by cutting off the oxygen supply? Could a 
forest fire or a prairie fire be extinguished with water? 
Methods used by fire fighters were discussed. *ire lanes, 
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back fires, and blowing up large buildings in a fire zone 
prevent fires from spreading by clfagaring away combustible 
materials from the path of the fire* 

Can we say that water is the best fire extinguisher? 
Most of the class thought this is true because water not 
only shuts off the supply of oxygen but also cools the burn
ing material below its kindling temperature. 

If the grease in a fire pan catches on fire, would 
you pour water on it? Here there was a difference of opin
ions. Several of the class objected rather violently. Water, 
they said, will spread the fire. Why? No one knew but they 
were positive that water cannot be used. I mixed some water 
and kerosene together and let it stand. The oil floated on 
the top of the water. Water spreads a kerosene or gasoline 
fire because it floats these lighter liquids. 

What can be used to put out an oil fire? Sand or 
dirt can be used. Another suggestion was a fire extinguish
er. How does a fire extinguisher work? Mary thought that 
if it contained water it would not put out an oil fire. 
Billy said people carry fire extinguishers in their cars to 
put out gasoline fires. Does a fire extinguisher have water 
in it? We investigated and found that all fire extinguish
ers are not alike. The one in our hall is a carbon dioxide 
fire extinguisher. Why does it have to be turned upside 
down? Someone insisted that it hung upside down. We 
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answered this question when we saw that an acid mixes w i t h a 
chemical dissolved in the water when the extinguisher Is in
verted. This makes carbon dioxide gas which forces the water 
out on the fire. The water and gas put out the f i r e . W e 
concluded that our fire extinguisher cannot be used to p u t 
out an oil fire. 

Another type of a fire extinguisher is one that c o n 
tains a chemical called carbon tetrachloride which changes 
to a gas when it gets hot. This gas is about five times as 
heavy as air; so it settles, covers the fire, and keeps the 
air away. Bruce said this must be the kind people carry In 
their automobiles. Mary added that there are three kinds 
of materials that will put out fires—liquids, solids, and 
gases. 

After this discussion a list of safety rules to p r e 
vent fires was made by the class. These rules were derived 
from the information that the group had obtained during the 
study of fire control. • 



ANALYSIS OF UNIT 

(1) Is the situation meaningful? 
The problem of how to build and to extinguish fires 

is quite within the children's field of experience. The 
group knew how to put out a fire but they did not understand 
the principles involved in fire control. They had been 
cautioned about playing with matches and setting fires so 
much that most of them were afraid of fire. 

* (2) Do genuine problems develop within the situation? 
The problems that developed were mostly of the "why" 

type. 
1. Why did not the large sticks of wood burn? 
2. Why is oxygen necessary, for a fire? 
3. What happens when a material burns? 
4. Why does a candle disappear when it burns? 
5. Why do some fires smoke? 
6. Why does water put out fire? 
7. How does a fire extinguisher work? 
(3) Are there several solutions to the problem? 
Very few of these problems had several solutions. 

The fault seems to lie in the way the questions are stated 
and in the haste to cover the material in the class discus
sion. Such a question as "Why is oxygen necessary to fire?" 
assumed that oxygen is necessary and was answered by observ
ing what happens when a material burns. 
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If the class had been led to give several solutions to the 
problem such as "oxygen unites -with the material," "oxygen 
helps the material to burn," "oxygen catches on fire," these 
solutions could have been tested by observation and investi
gation. Failure to develop forkfed-road situations is the 
great weakness of this unit and keeps it from being a good 
reflective study. 

(4) Are data collected and observations made which 
will help in solving the problem? 

The data used in answering the questions were collected 
by experimentation. The experiments led to observations and 
further questions. These experiments Included: 

1. Building a fire which did not burn. This led to 
the question, "What materials and conditions are 
necessary for a good fire?" 

2. Lighting the candles in a chimney. This brought 
out the need of a current of air and the question, 
"Why does a fire need air?" 

2. Removing the oxygen from the air in a test tube by 
letting iron rust in it and showing that a match 
will not burn in the test tube. This proved that 
oxygen is the element in the air essential for 
combustion. 

4. Burning a candle and testing the products of com
bustion. This brought out observations of what 
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happens when paraffin burns and when other fuels 
burn. 

5. Reading and examination of diagrams of a fire ex
tinguisher. These methods were used to show that 
all fire extinguishers are not alike. 

(5) Do the children arrive at conclusions which agree 
with the data? 

When children do not see all sides of a question and 
are not faced with choosing the best solution from several 
that sound as if they might do, then arriving at the right 
conclusions is easy. The children reached conclusions that 
agreed with the data, it is true, but such conclusions were 
quite evident in view of the limitations of the discussion 
and data. Several of the conclusions had already been stated 
in the preceding unit on chemistry. 

These conclusions are: 
1. A fire requires a combustible material, a material 

with a low kindling temperature, and a current of 
air; 

2. The oxygen of the air combines with the fuel and 
forms two colorless gases". Heat and light are 
given off as the materials burn. 

3. Fires can be extinguished by removing the combusti
ble materials, by cooling the materials below their 
kindling temperature, and by shutting off the 
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supply of oxygen. 

4. Since water spreads an oil fire, there are two 
types of fire extinguishers. 

SUMMARY AND SUGGESTIONS 

The problem of how we control fire was introduced by 
building a fire which did not burn in order to raise the 
question of what is needed for a fire. The text 1 introduces 
the unit with a description of a Boy Scout troop building a 
fire. Building a furnace fire is described and the question 
of what is necessary to build a fire is asked. The children 
who read the story merely need to recall the things previ
ously mentioned to answer this question. 

The statement that a supply of fresh air is needed to 
start a fire and keep it burning is made and proved by the 
experiment with the candles and the lamp chimney. Showing 
that the candles will not burn unless the air goes in under 
the chimney is not an effective method of developing reflec
tive thinking. The illustration shows just what is going to 
happen. 

Instead of continuing with the question of why air is 
necessary for burning, the text introduces the question, "How 
do we light fires?" and answers it by a discussion of fir© 
1. Beauchamp, Blough, and Melrose, "Discovering Our Vforld 

Book III." Scott Foresman. 1939. 
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by friction and matches. Then the question, "What happens 
when things burn?" is asked and answered immediately. Let
ting the children make these observations for themselves 
raises the type of thinking from the recollection-level to 
the recognition-level. 

The description of how a scientist would solve the 
problem of finding out whether materials really need oxygen 
from the air in order to burn is a good example of scientific 
procedure. The class, however, suggested a similar procedure 
during the discussion and the experiment meant more to them 
because it was performed to test their theory. Reading the 
account in the text would not have been as satisfying as a 
method of helping them reach a conclusion. 

The experiment of burning the candle is described in 
the text so that the class may observe what happens. Faced 
with the problem of why a candle disappears, the group is 
alert to note any different substances that may be formed as 
the candle burns. The text gives a ready-made answer to this 
problem and eliminates the necessity of even watchiqg the 
experiment. 

As an answer to the question, "How can we put out a 
fire?" three methods are listed in the book. Illustrations 
of these three methods are given. There is a statement of 
why water puts out a fire and why it should not be used to 
extinguish a gasoline or kerosene fire. The carbon tetrachloride 
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and the carbon dioxide fire-extinguishers are described. 

In class presentation the children are led to ques
tion the statement that water is the best fire-extinguisher 
by deciding how to put out a grease fire. The necessity for 
several types of fire-extinguishers and the principle on 
which they work is then seen in relation to the problem. 

Instead of learning a set list of rul&s for fire pre
vention, the rules develop out of the discussion* After the 
data have been collected and evaluated, the conclusions a r e 

reached. 
The comparisons that have been made be*tween the t e x t 

and the classroom presentation Bhow quite definitely why 

this unit is not a good reflective study of fire control even 
though i t improves the textbook method. In the first place, 
there was no genuine problem to be solved. The textbook 
problem was used with a few variations in presentation. There 
was an attempt to have the conclusions come at the close of 
the study but the problems were of the right-answer type* 

This unit was taught toward the end of the school year 
when i t is always difficult to do effective teaching. Periods 
are interrupted; pupils and teachers have a hurried feeling; 
there Is an attempt to teach blocks of material or to plan 
units that will be completed in a set number of periods. A 
really reflective study of any problem cannot be developed 
under these circumstances. 
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The problem of how to control fires, although of g e n 
eral interest, is not quite broad enough to be the b a s i s of 
a teaching unit. If it had been developed as a part of the 
unit on chemical change, just as many principles probably 
could have been developed in fewer days. The unit r e p e a t s 
material that was covered in the preceding unit. D i v i d i n g 
a large problem into several smaller problems in order to 
deal with them more extensively is often a waste of t i m e that 
could better be spent in studying real problems. 

There was no issue involved in the study of t h i s p r o b 
lem. If the class had been confused by an attempt to p u t 
out a fire with water and seeing that it blazed more b r i g h t 
ly, they might have been challenged to find out "why w a t e r 
burns." From this interest, the other principles p r o b a b l y 
could have been developed. This trick is described in any 
magicianfs book. 

By suggesting and testing several theories as to w h y 
water failed to put out this fire, the class could have found 
out what is necessary for a fire and how fire can b e c o n 
trolled. Other problems that developed, such as types of 
fire extinguishers, role of oxygen in combustion, and the 
products of burning, would be related to the Initial problem. 



CHAPTER 17 

EVALUATION OF THE STUDY 

THE UNITS 
The material in the three units-presented in this 

study has been organized on the problem basis. Each unit 
presents a group of problems whose solution leads to the 
formulation of scientific principles and generalizations 
essential to the understanding of that aspect of the environ
ment with which the unit is concerned. Broad concepts can
not be taught to children as such, but must be achieved 
through a very large number of well-planned, challenging 
experiences.1 By employing the problem method of attack, 
the units attempt to lead the children inductively toward 
development of meaning and the development of better methods 

2 
of thinking. 

A comparison of the three units shows significant 
differences in the methods of presentation and the results 
achieved. The first unit on electricity promotes more re
flection-level thinking than do the others. There is a more 
challenging situation; the experiments and activities are 
1. Croxton, W. C , "Science in the Slementary School." 

McGraw Hill. 1937. 
2. Beauchamp, Blough, .and ̂ elrose, nTeacherfs Manual for 

Discovering Our World.n Scott Foresman. 1938. 
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more worthwhile. . The children collect information about elec
tricity and use It to solve such problems as: "Why does a 
bell ring?" "How is electricity brought to our homes?" "How 
does a telephone work?" Of course, some of the problems 
were on the recognition-level of thinking and much of the 
information was not used. But, as a whole, the unit is ade
quate as a reflective study of electricity. 

In contrast, the following unit on chemistry Is rather 
formal. It is well-planned to bring out problems, but it 
sets up artificial situations. The children enjoyed the ex
periments, but there was neither the eagerness nor the en
thusiasm that came from the preceding study. The problems 
were not the childrenfs problems. The study follows the 
general pattern of effective thinking and the scientific meth
od is employed in solving the problems, but the thinking 
tends to stay at the recognition-level. The children formu
late their conclusions but they are not particularly con
cerned about them. There is no real feeling of discovery 
in the solutions of the problems. 

The subject matter of the second unit is better organ
ized than that of the first one. Perhaps it is too well-
planned, and, for this reason, does not stimulate the chil
dren to independent thinking. In trying to make a unit fol
low a certain pattern, a teacher may become autocratic, even 
though the pattern attempts to set up a democratic situation. 
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Discussions should be guided, but they should not be dic
tated. The by-path a class chooses to follow may lead to 
just as important a destination as the marked route does. 

L'any teachers avoid the#problem method of teaching 
because it is much easier to let a class do just what it 
wants to do, or to teach set facts and principles, than to 
guide the children in reaching their own conclusions. It is 
hardly conceivable that all pupils should emerge from school 
with the same set of conclusions, since they come with all 
kinds of backgrounds. Uniformity of conclusions is no more 
the goal of democratic teaching than is the absence of any 
conclusions."1" 

As a reflective study, the third unit on fire control 
is the weakest of the series. It is neither planned nor 
executed on an effective problem-solving basis. Meanings 
are developed through right-answer questions instead of 
through conflicts, as in the preceding units. The unit 
follows the plan used in the textbook, except that the teach
er attempts to have the children state the conclusions. 
In a group where there are a number of bright children, it 
is inevitable that many times right answers will be given 
almost immediately if the questions are not thought-provoking. 
The teacher often has to challenge these right answers to 
1. Bode, Boyd, "Democracy as a Way of Life." Kacmlllan. 

1937. 
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keep the class from placidly accepting them. 1 If a statement 
has further implications, it should be challenged, so that, 
through thinking, these implications will be developed. 
Kost people are too willing to accept the opinions of others. 

RESULTS 

Learnings acquired 
This study is conspicuous for its lack of statisti

cal data concerning the scholastic achievements of the 
pupils. The units were taught in a system where numerical 
or letter grades are not given. Student progress is judged 
on the basis of attitude and industry rather than OIJ ability 
to recall facts. Most of the information about the progress 
of pupils is subjective rather than objective. Tests are 
given, but teacher judgment, rather than test results, is 
the basis for promotion. 

Previous to these units, the classes in science had 
been tested by summarizing activities over the unit, or 
by objective tests. The tests that were given at the close 
of each of the three units are not included in the discus
sions of the units. The test over the unit on electricity 
consisted of a number of questions about an electric bell 
1. Bayles, E. E., "The Relativity Principle as Applied to-

Teaching.n Bulletin of Education. University of Kansas. 
February, 1940. 
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connected to a dry cell. It was a test of the pupil rs abil
ity to apply, in a practical situation, the facts and prin
ciples which had been discussed. The results were only fair. 
Several of the group could do nothing with the questions. 
Pupils, who have become accustomed to memorizing facts for 
a test, have to learn how to take a thought test. Ruth Mary, 
Dick, and Howard, who were the outstanding pupils in the 
group, did exceptionally well on this type of test. They 
were the most independent thinkers in the group. 

At the close of the school year, the Stanford Achieve
ment Test was given to all of the pupils. All of the science 
classes ranked high on the science test, but the class using 
this study showed more progress than any of the others. 
This group, consisting of thirty-three members, took the teBt 

In the eighth month of the sixth grade, so their standard 
grade median was 6-8. The class median, on the science 
section, was 8-2. Twenty-six children ranked above the stan
dard median; two were in the ninth-grade group. The children 
who fell below the standard median were the same children who 
were unable to solve the thought problems in the test over 
electricity. 

These results indicate that this group was advanced 
one year and three months in their knowledge of science as 
measured by this test. The other sixth-grade class had a 
median of 7-6; the fifth-grade had a class median of 6-4; 
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the fourth grade averaged 5-8. The validity of this test 

may be questioned, but it does give a basis for comparing 
the progress of classes. 

Although memorization of facts is not stressed in 

these units, the children evidently acquired a great deal 

of science information. Emphasis was placed on finding data, 

rather than on learning them. When concepts are acquired 
through thinking, the data which help to develop these 
meanings become significant and are remfcmbered. The data 

may then be used to solve other problems. 

Attitudes established 
The real value of the method used in teaching these 

units, however, lies not in the information accumulated by 

the children but in establishing patterns of effective think

ing. Habits of thinking and attitudes are somewhat intangible 

qualities that are difficult to evaluate. Pupil comments, 

teacher opinion, and observations of parents are about the 

only ways of measuring growth in these qualities. 
In observing the behavior of different individuals 

during the progress of the units, several comments can be 

made. There were at least five pupils in the group who never 

made a voluntary contribution to any of the discussions. 

They were neither interested in, nor challenged by, the 

problems. The method could not modify their behavior beoause 

they did no real thinking. Several of the group were rather 
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bored when an obviously correct answer was challenged. If 
something is right, why bother about it? 

In contrast to the pupils who were unwilling to think 
either from inability or from laziness, most of the group 
were eager to take part in the discussions. They did not 
hesitate to recite because they might not know the answer. 
This technique of teaching encouraged the expression of 
opinions without immediate concern as to whether they were 
right or wrong. A wrong statement is often of more value 
than a right one in stimulating thought. The children soon 
realized that both right and wrong answers contributed to 
final conclusions. 

The general attitude of the class was especially fine 
during the unit on electricity. The class was doing, and 
thinking about their doing. There was quite a difference be
tween their attitude during this unit and during the third 
unit. The children were not especially interested in fire 
control. They had already discussed it in the preceding unit 
on chemical changes. The discussions did not start with any 
feeling of inadequacy in knowledge of how to put out a fire. 
Questions as what to do in case of a fire were answered im* 
mediately by the brighter members of the group. One might 
say this was because fire control is intrinsically less in
teresting to pupils than electricity. 77e do not believe BO. 
Part of the restlessness and inattention of the class was due, 
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no doubt, to the season of the year, but the ineffectiveness 
of the unit as organized was also a contributing factor. 

There is some evidence that the habits of thinking 
carried over into other subjects. In social Studies, the 
children began to look for several sources of material to 
answer their problems rather than to be content with reading 
one book. They began to question the truth of some of the 
statements in their history and geography books. They sudden
ly realized that newspapers and the radio often make state
ments that are not accurate. Disbelief in magical things and 
in superstitions also was noticed. Children who have been 
doing independent thinking are not docile members of a group, 
ready to believe everything they hear and see. 

A question might be raised: Are children out of con
trol when they question the policies of a teacher or of the 
administration of a school? Unfortunately, many teachers re-
sent having their statements challenged and the calm atmos
phere of the schoolroom "unsettled" by unorthodox opinions. 

Elementary pupils, who are alert to things going on 
about them and curious about many things, who ask questions, 
challenge statements, wish to try out things for themselves, 
demand evidence and reasons, check exaggerations, distinguish 
between the true and the "make-believe" in stories, are 
pupils who have a tendency to collect the evidence on both 
sides of a question before deciding, are open-minded and able 
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to change opinions; but they are not too easily swayed by 
their associates.1 uhildren with these healthy attitudes are 
going to grow up to be the type of citizen democracy demands. 

SUMMARY 

The description of the three science units, "Electri
city, n "Siemen tar y Chemistry," and "Fire Control," is pre
sented as an accurate account of actual teaching procedure 
in an elementary classroom. The analyses of the units in
dicate to what degree they were successful in promoting re
flection-level thinking. Suggestions for improving the 
methods used are given in the hope that they will lead the 
reader to see what might have proved more successful. The 
units are evaluated as to pupil achievement in scholarship 
and attitudes. The study indicates that the prob lern-solving 
method of organizing material, if successfully employed, is 
an effective means of increasing a pupilTs knowledge of his 
world and securing better methods of thinking. 
1. Cr ox ton, 77. C , "Science in the Elementary School*" — — 

lieGraw Hill. 1937. 
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