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NOTE

Chapters I and II represent work done by a study
group at Boston University in 1952, The writer

used these chapters as a pattern for his work.
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CHAPTER 1

INTRODUCTION

1. Introduction

The grade placement of scientific principles has been undertaken by
the Boston University School of Education, Science Department, as a
project to be carried on through the succeeding years under the direc-
tion of Dr. John G. Read. The experiment will be concluded when enough
pupils and schools have been included in the study to make the conclu-
sions statistically significant. As more data are accumulated, the ex-
tent to which J1;he study will have to be carried should become apparent.
When a sufficient number of principles has been tested a complete
overall report can be written giving the conclusions. That is, there will
be a ‘'percentage of learning’ index for each principle for each modal
mental age level. From this index it should be possible to ascertain
that if a certain principle is taught to a certain modal mental age
level then a certain percentage of the pupils can be expected to learn
the principle. .

This year both the background for the study and the design of the
experiment are being done under the guidance of Dr. Read and
Mr Herbert Oxendine. Also, the first group will start the experiment
with each experimentor taking one principle. The teaching method will
be a lecture—demoﬁstration. The amount of learning will be measured
by identical tests given before and after the lecture-demonstration.
Data to be gathered will consist of the test scores, the pupil’s 1.Q.,

M.A., C.A,, sex, previous science instruction and science background.



The results to be found by each individual participating in this study
will be for only ome or two grades in several schools. This will give
an indicatiom of the mext grade that should be tested depending upon
the ‘percentage of learming' for that modal mental age level.

As the study proceeds investigation into these principles will be
continued and others started until there is an index of the ‘percentage
of learners' for each modal mental age level for each principle. Each
experimenter starting a new principle will leave his material for many
teachers ~in-service to use when he is finished. This will include
the demonstration, a copy of the script, a tape recording of one of
the actual lecture-demonstrations and the test. The same material
will be used throughout the study for the sameprinciple. The sample
of schools will be ch sen each year so0 that complete coverage may
be made of each socio-economic level for grades 3-12.

It is assumed for this study that there will exist a difference in
the percentage of learners at different mental age levels. It is also
assumed that the time spent in a good demonstration with a care-~
fully prepared talk would produce a small increment of learning.

The committee whose responsibility it was to compile the data in-
cluded in the literature as background for this study consisted of the
following members under the chairmanship of Norman G. Mills:

Isabel L. Bouin
John T. Caliahan
James Creighton
Wallace J. Gleekman

Eugene H. Goldrick



George F. Griffin
Robert H. Jackman
Eleanor Kancevitch
John G. Minot
Henning A. Sahlberg
Vincent J. Silluzio
Schuyler G. Slater

Virginia M. Wilson



2. Justification

Very little scientific evidence is available on the grade placement
of science principles: Because of the great increase of scientific
knowledge, educators emphasize the need for research that will de-
termine the age levels at which science concepts, principles and
skills may be introduced into the curriculum with optimum effective-
ness.

Beck L/ states that because scientific knowledge is accumulating
at such a rapid rate, there is neither time nor excuse for teaching
the elementary scientific concepts in the higher grades. He points
out that the scientific background and foundation prerequisite to an
understanding of the individual science courses offered in the high
schools are lacking in the beginning students. To find a solution to
this problem, he suggests that research be started to determine,’
...what fundamentals of science can we expect most children of si-
milar ability and cultural background to master at each maturity
level’.g_/

From a Progress Report of the Committee on Research in
Elementary Science for the National Association for Research in

Science Teaching, Venill ;7’./ believes that with the great expansion

l/ Alfired D, Beck, 'Some Unanswered Questions Pertaining to the
Organization of a Twelve Year Science Sequence’, Science Education
(April, 1948), 34:176-177.

. 2/ Ibid., p. 177.

3/ John Venill, ‘Needed Research Studies in the Junior High Schools’,
Science Education (April, 1948), 32:175-185.




of scientific knowledge, concepts which previously have been reserved
for high school science courses will have to be taught in the junior
high schools. He summarizes that, ‘...studies should be made on
pupil readiness for more advanced science ccrrcepts."l/

In the Thirty-first Yearbook the National Society for the Study of

Education E/ suggests that a twelve-year sequence of science be taught,
based on the hroad generalizations of science. As an outgrowth of
this plan, many problems for research were recognized. Morrisoné/
places the selection and sequences of courses within the curriculum
and the grade placement of topics at the top of a list of needed re-
search in science teaching.

However, research on the location of curricular material in science
classes is complex. In order to make such studies objective and mean -
ingful, educators, says Bellack, must take into consideration the basic
findings from the fields of educational philosophy, sociology, child
growth and development and psychology of learning. i/

The writer believes that the aim of education is to give some
meaning, some security and purpose in life. Ideally, education should

provide an understanding of the diversity and richness of the present-

1/ John Venill, op. cit., ~.. 175.

__2_/ National Society for the Study of Education, A Program for Teaching
Science , Thirty-first Yearbook, 1932, Part I, The University of Chicago
Press, Chicago, Illinois. '

3/ Ibid., p. 354.

4-/ Arno A. Bellack, '‘Sequence and Grade Placement’, Journal of Educa-
tional Research (April, 1948), 41:623, '




day world and take into account our uncertainty on ideas of life and
the universe. More specifically, science education seeks to teach
effectively those principles and skills of science which touch so
largely upon everyday life. The aims of science teaching are con-
tributory to the aims of education, mainly, as Bellack says, “life
enrichment, " l/

In our society great emphasis is placed on education. Laws com~
pel schooling up to a certfain age, and all children are assured a free
education., It is the school’s responsibility both to society and to the
children to present those activities which will prepare the individual
student to participate intelligently in our democratic society.

Bellacle/ further says, *“*In planning the sequence and place ment
of school experiences, then, consideration must be givenat every stage
to the demands of society in regard to both the important responsibi-
lities of citizenship and the great variety of learnings and adjustments
occasioned by circumstances peculiar to our culture.’’

In part, grade placement of curricular material is a matter of
providing experiences at each grade level which are suitable to the
maturity level of the students and are designed to achieve the

objectives of the program.ﬁ/ Kingsley defines maturation as ‘*,.. the

1/ Arno A, Bellack, op. cit., p. 42.
2/ 1bid., p. 623.

3/ Ibid., p. 625.
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normal physical growth of the physiological functions. If these physio=-
logical structures have not developed to the point where the child can
carry on the activity essential for a particular kind of learning, it is
quite obvious hg will be unable to achieve success in this direction.*’l/
In order to obtain the maximum efficiency in learning, maturation
of the child must be considered carefully. Hilbreth 2/ points out that
if a child is presented with a problem which is beyond his maturity
level, he will reduce or simplify the problem to his own realm of
understanding which may lead to misconceptions and make learning
more difficult when the proper maturation level is reached. Wa.shburneé/
points out that if a child is presented with a problem above his maturity

level with the implication that he should succeed, it will give him a

feeling of failure and undermine his security. *‘Instead we must guide

him into those learning situations that he can attack effectively and with

sufficient success to yield satisfaction, encouragement and growth,“i/
Many of the studies that have attempted to assign learning experien-

ces to definite maturity levels have been concerned with motor=skill

development in pre~school children,>/ But a number of studies have

1/ Howard L. Kingsley, The Nature and Conditions of Learning, Prentice-
Hall Inc.,, New York, 1949, p. 49,

2/ Gertrude Hilbreth, ‘*The Difficulty Reduction Tendency in Perception
and Problem Solving'*, The Journal of Education Psychology {April, 1941),
32:305-313.

2/ National Society for the Study of Education, Child Development and the

Curriculum, Thirty-eighth Yearbook, 1939, Part I, University of Chicago
Press, Chicago, Illinois.

4/ Ibid., p. 3.

5/ Marian E. Breckenridge and Elee Vincent, Child Development, W. B.
‘Saunders C-mpany, Philadelphia, 1949.




been made to determine the role that maturation plays in the develop=-
ment of various concepts, among them that of Pistor 1/ who conducted
an experiment to determine how time concepts are acquired by chil~
dren, Two groups of 320 children were used in the study. In grades
four and five, traditional separate courses in geography and history
were taught to one group while the second group was taught geography
as a major course and history incidentally. In the sixth grade the
first group was given instruction with special attention placed on time
charts, time lines and other teaching aids. The §ther group had
regular instruction with no special importance placed on time concepts,
Through analysis of test results at the completion of the sixth grade,
it was found that the group with special instruction gained slightly,
‘but not significantly, in time=concept understanding, over the group
without special instruction. Pistor concludes that **...evidence points
heavily in favor of maturation rather than training as the dominating
factor in time~-concept development.* 2/

Piaget _31/ attempted to assign stages in the child's thought develop~
ment to maturity levels, Through personal interviews, questions were

asked relating to the child's ideas of the causes of natural phonomena.

_1_7 Frederick Pisior, '"How Time Concepts Are Acquired by Children’’,
Educational Method (Nov, 1940), 20:107-112.

2/ Frederick Pistor, op. cit, p. 1L

3/ Jean Piaget, The Child's Conception of the World, Harcourt, Brace
& Company, Inc., New vYork, 1929,




The responses were then placed in categories developed by Piaget.
For example, Piaget traced three steps in concept development relating
to the origin of the sun and the moon. The first step was that of
artificiality of that the sun and moon were made by some human being.
The second step was a belief that the sun and moon were developed
by a combination of artificial and natural causes. The third stage

in this development was the belief in a completely natural origin

of the sun and the moon, The implication was that the child passed
from one stage to another only when he had reached the proper
maturity level. Due partly to the complexity and the subjective

nature of interpreting the responses of the children, Piaget's method
has been criticized and his conclusions challenged.

Deutsche-l-/ conducted a study at the University of Minnesota in
another attempt to trace the development of concepts of causal rela-
tions in children. Identical demonstrations and tests were given to
children in grades three through eight. Three experts familiar with
Piaget's work attempted to classify the answers to the test items into
Piaget's categories, There was little agreement among the jury as
to where each response should be placed. It was found that there was
a great deal of overlapping, that most kinds of answers were found
over the entire age group and that the answers of children of a

given age group could not be classified into a single type. Deutsche

1 / Jean Marquis Deutsche, The Development of Children's Concepts
of Causal Rlations, The University of Minnesota Press, Minneapol's,
1937.
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concluded that '‘Causal thinking apparently does not develop by stages
but by a gradual process.”—l/ She also found that the adequach of
the answers to the test questions increased with age, and the greatest
increase noted was between the ages of 1l and 12 yearsy

Ha.upt-?f-/ sought to gather evidence to find out if young children
were capable of the mental activities associated with the ‘‘large
generalization’’ type aim. His study was limited to grades one through
six. Haupt found that the ability to generalize prevailed at all grade
levels, but that this ability was limited by the complexity of the con-
cepts studied.

Croxton's i/ study also indicates that children in the higher pri-
mary, the intermediate and the junior high school are capable of
generalizing.

However, grade placement of curricular material is not entirely
a matter of maturation. It is a matter of learning readiness which
includes maturation, experiential levels, interest and attitudes, social
pressures and training. But these factors are extremely difficult to

separate for study. In the human body every organ is an integrated

1/ Jean Deutsche, op. cit., p. 93.
2/ Ibid., p. 29-42.

3/ George W. Haupt, An Experimental Application of a Philosophy of
Science Teaching in an Elementary School, Teachers College, Columbia
University C ntributions to Education, No. 633.U Bureau of Publications
Teachers College, Columbia University, New Y rk, 1935,

4/ W. C. Croxton, ‘‘Pupils Ability to Generalize®'’, School Science and
Mathematics (Jan, 1936), 36:627-634.
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part of the whole body. If one organ is malfunctioning, it will affect

the normal activity of the whole organism. Similarly, the child is a

composite of many factors, each affecting the functioning of the other.
All experiences, according to Dewey,y both take up something

from those which have gone before and modify in .some way the

quality of those which come after. West2/ says ‘that it is useless

to show that a given volume of warm air is lighter than the same

volume of cold air before the concept that air is something that

has weight and occupies space is understood. So while the pupil

may be at the maturity level for understanding a certain concept,

if the necessary background is lacking, he will. not learn effec~

tively. Even if the maturity and experiental levels are adequate

for learning, lack of interest or proper attitudes, inadequacy of

tea ching method and materials may account for unprofitable learning.

This study is designed to establish a learning index of the

various scientific principles. This learning index will indicate the

approximate mental age level at which these principles can be

taught effectively to children of similar ability and background. Be-

cause of the complexity of the learning process, absolute values as

to where each principle should be included in the curriculum is not

1/John Dewey, Experience and Education, The Macmillan Co., New
York, 1938, p. 27.

2/ Joe Young West, **Do We Expect TooMuch or Too Litlle of Children
Trom Their Experiences in Science?’’ Science Education (Oct. 1944},
33:298.
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expected, but the results may prove helpful to curriculum planners

in determining the grade placement of these principles., The re-
sults of this study will be of importance to classroom teachers,
textbook wfiters, standardized-test makers, and producers of

visual-_a.ids. It may , moreover, help bring about an orderly, sys-

tematic teaching of science, resulting in more and efficient learning.
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3. Design of the Experiment
A. Scope and Limitations

The objective of this study is to establish a learning index for
a number of scientific principles both in the elementary and secon-
dary grades, the total study being made over a period of approxi-
mately ten years. An index of learning is to be assigned to each
level at which the experiment is carried out.

A beginning has been made here by twenty-eight students working
with different principles. Subsequent investigators using identical
techniques with the same or other principles at different age levels
may, after having secured data on a large number of pupils, pre-
dict with some accuracy where a certain principle might be taught
with knowledge of its being understandable to the majority of pupils
at that age level,

The procedure to be described is essentially the same in all the
studies made by those twenty-eitht investigators., However, since
certain of these persons could not, of necessity, meet all of the
conditions here set down because of their own teaching duties, the
procedure has had to be slightly varied in such cases. Whenever any
changes have been expedient, it will have been noted in subsequent
chapters.

The population used in the study made by this first group of
investigators is composed of pupils from the third to the twelfth
grades. They are a stratified sampling of the school population of

several New England states,
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Each pupil's mental age is known through the use of chrono-
logical age, as furnished either by the pupil himself or the teacher,
and the I,Q. obrained from the results of the administration of the
Otis _Quicit-Scoring intelligence test. This enabled the experimenter
to establish the mental modal age for each grade division of pupils
tested.

The pupils whose test scores are included in the study all have
mental ages within the limits of one year from the highest to the
lowest. Once the modal mental age had been established, only the
scores of those pupils with mental ages of plus or minus six
months from the mode were selected to be included in the subse-
quent analysis.

Each investigator has examined two class divisions in five
schools, Of the total of ten groups included, five are samples of
the same grade level and the other five are samples from a diffe-
rent grade level which are separated from the first five samples
by two years; that is, if a particular investigator chose five tenth-
grade divisions, he will also have chosen either five eights- or
five twelfth-grade divisions.

Two examinations have been given to all pupils included in this
study. The first will be known as the pre~test and the second as
the post-tést. They were identical., The post-test was given within
an hour after the administration of the pre-test. The time lapse

between the two was occupied either by the presentation of a
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demonstration serving to illustrate the particular principle being
tested, in the case of what is known as the experimental group, or by
reading non-relevant material by the group to be known as the control.
Strict discipline was maintained in each group in order that the
pupils might not communicate with one another or be distracted from
the examination or the demonstration given.
The demonstration was of large enough size, and was well

lighted, so as to be seen by all the pupils in the class room easily.

B. Discussion of Procedure

The first step involved the selection by each investigator of a
principle to be demonstrated and tested. Such accepted lists as that
compiled By Robertsonl/ were consulted,

A review of the literature established that the teaching of princi-
ples is an effective method for teaching science. It was found that
facts were retained better when pupils were taught by principles.
Also, relationships in applied learning were perceived more easily.
Further findings on science teaching by principles are discussed in
greater detail in a subsequent section.

The second step consisted in devising one or more demonstrations
which illustrated the chosen principle. The time allotted for this
teaching material was in most cases approximately 15 minutes. These
demonstrations were necessarily simple, large, and contained as nearly

as possible the ‘‘purity of concept'’ which has been interpreted by

I/ Martin L, Robertson, ‘‘Selection of Science Principles Suitable As
Goals of Instruction in the Elementary School'’, Science Education
(April, 1935), 19:65-70.
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Nicholsl-/ to mean that the demonstration illustraies one and only
one principle, But if all other principles could not be eliminated,
they were judged not to lead to a misconception of the material
taught.

The demonstration material of each experimenter was decided
upon and the apparatus set up after having been presented to and
passed on by a board consisting of é small group of investigators, who
in tirn, held their demonstration material up to scrutiny by fellow
board members.

In a subsequent section of this thesis are discussed the cri-
teria for a good demonstration. The eleven pertinent points are
summarized as follows:

1. The demonstration should illustrate a basic principle.

2. The demonstration should illustrate one primciple only.

3. The action of the demonstmation should be clearly visible
to all.

4. The apparatus should be on a large scale.

5. The demonstration should be simple and the speed of action
suitable.

6. The demonstration should work; it should be as infallible
as possible.

7. The demonstration should be dynamic.

1/ W, M, Nichels, New and Improved Demonstraiions For Use in
Teaching Scientific Principles in Chemistry, Unpublished Master's
Thesis, Boston University School of Education, 1950, p. 4.
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8. A slight dramatic element is sometimes useful.
9. An element of the unexpected is sometimes effective.

10. The apparatus should be of easily available and inexpensive
material,

11. The apparatus used in a given demonstration should be
stored away intact until it is to be used again.

All members of the group have adhered rigidly to these criteria.

It might be mentioned here that research, which will be des~-
cribed in Chapter 2, on the idea that demonstrations are effective
brought to light the fact that the demonstration is equal to or better
than any other method of teaching science. Thus it is seen that if
a particular scientific principle can be taught at a certéin age level,
the demonstration method is as good a way known to aid in the teaching
of it,

After having perfected the demonstration a third step in the proce~
dure was followed. Each investigator devised a test of the four-
answer multiple choice type to be administered in not over 15 minutes
time. This type consisted of approximately thirty items divided into
three groups. The first ten items were based directly on the demon-
stration to be given. The second gr.oup consisted of items which in-
volved transference; that is, these items did not test an understanding
of the demonstration directly but tested the ability to apply the scien-
tific princip_le-involved to other simple nearby situations. The last ten
items were more difficult; they involved an application of the principle
but were of such a nature that correct answers might be made by the

pupils who had gotten the most from the demonstration.
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All of the items were so worded that the pupil could be given this
test before the demonstration had been seen and yet answer the questions
if he understood the principle. For example, a question might be begun
with a phrase such as "If a tight wire is plucked;......"; etc,

In order to establish a suitable vocabulary for the items on the

Yy
test; Thorndike's Teacher's Word Book was used, This volume lists

words used most often in standard English reading material., Words used
in the items were compared with the list to suit either the elementary
or the secondary grades, If the particular words were not mentioned,
others had to be substituted, The final form of the test contained a
vocabulary which was suitable to the level at which each investigator was
working. A copy of the writer's test is included in the appendix,

The test items were put in the interrogative fom.whenever practical
with the answer to each consisting of one correct response and three dis-
tractors,

When the test was completed, it was presented to the same board which
had previously Jjudged the quality of the demenstration material. The items
were passed if, in the opinion of the board; they were valid, An answer
sheet for the test was devised whereby an enclosed spa.c;a was left after
the number of each item for the letter of choice,
mcmmnd Irving Lorge, The Teacher's Word Book of

30,000 Words, Bureau of Publications, Teacher's College, Columbia
University, New York, 1944. '
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The fourth step in the procedure involved the administration of
the test to approximately one hundred pupils of the same grade level as
the pupils for which it was finally intended. The results were incor-
porated in an item analysis which is described in a later section of this
thesis. Any items which were shown not to be serving especially well
were left on this final form of the test but only those items which were
functioning well were used in subseguent compilations.

As the fifth step, a seript to accompany the demonstration was written
by each investigator using a suitable vecabulary selected from Thorndikeis

Y

demonstration was shown but served as a guide for the demonstration

word list, This was not to be read te the experimental group while the
lecture, key points of the written procedure having been committed to
mémory by the experimenter. This minimized the probability of the indi-
vidual lectures varying widely from day to day,

The investigator then presented his lecture and demonstration to a
few pupils inviting comments after the presentation. In this manner both
the seript and demonstration were refined.

At this point in the procedure, the test and the demonsiration were
ready to be given, Each investigator had written to superintendents of
achools, receiving permission to test pupils of two particular grades in
each school. Altogether five schools were selected and the pupils of two

grade divisions in each school were chosen as subjects for the experiment,

1/ Edward L. Thorndike and Irving Lorge, op. cit.
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In some cases, investigators chose the elementary grades and in others; the
secondary.

The sixth step involved the administration of the Otis Quick-Scoring
intelligence test; by the investigator or the teacher of each particular
division, during a period within two weeks of the demonstration,

The largest part of the experimental work is contained in the seventh
step, On a prearranged date at a prescribed hour all the students of one
clags were pre-tested at the same time; that is; the examination was pre~
sented to the pupils before the principle was demonstrated., They were
first given a test booklet and an answer sheet marked Test 1 on which there
was a place for the filling in of the following information: name, sex,
date of birth, name of school and town, and the previous training each
pupil had in science, With regard to some of these items, in the lower
elementary grades the information noted had to be checked and, many times,
supplied by the teacher,

Each answer sheet contained a random number in the upper right hand
corner and also a place for the investigator to later fill in any informa-
tion he desired such as socio-economic background; I.Q.; etc. A sample
answer sheet is shown in the appendix,

The time allotted for the pre-iest was approximately fifteen minutes,
At the end of this time the answer sheets were collected and half of the
pupils in the class were sent to another room; after handling their test
bocklets to the demonstrator or the teacher in charge. The remaining

half kept thelr booklets and stayed in the room to see the demonstration,
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Half of the pupils were randomly selected according to a method
used by Lindquistl/. A table in his book was consulted and utilized.

To explain the use of the table, it is perhaps expedient to use a hypo=-
thetical class in a single run of the experiment. Since there_are 36
' 'pupils in this class and half are to be selected at random, 18 pupils must
be chosen arbitrarily. The first step is to assign numbers from 00 to 35
to the 36 answer sheets. This may be done in any order. Then it is
necessary to select & starting point on the table by referring to a column
and row number. As Lindquiafg/states,~

"This starting point should be determined before looking at

any number in the table. Once having selected the starting point

and direction, no pecularity in the numbers read should be permitted

to cause one to disregard the results and start anew at another
point.n
From the starting point and reading in the chosen direction; the first
18 unlike numbers below 36 are taken and the pupils previously assigned
these numbers are then one of the halves of the class,

After the class was divided, the answer sheets for the pre-test were
collecﬁed and half the class was removed, as stated above, This half was
designated as the control group. They spent the next 15 minutes reading
gilently some non-science material in another room,

Up to this time, the demonstration apparatus, which had been previously
placed in the room where the pre-~test had been given, was kept covered with

a cloth. With only half the original group present, these demonstration

I7 Everet F. Lindquist, Statistical Anal%sis in Educational Research,
Houghton Mifflin Company, Boston, 1940, table 18, p.

2/ Ibid., p. 26,
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materials were uncovered and the investigator began his experiments with
his accompanying remarks of explanation.

When the demonstration, having lasted approximately 15 mimutes, was
over, a post-test answer sheet marked Test 2 was distributed to each pupil.
This sheet was‘the same as that for the pre-test with the exception of the
identifying test number. The original closed test booklet, which was to
be used for the post-test, had been placed in the upper right hand corner
of each pupil's desk. The group had previously been cautioned by the
demonstrator not to open the booklets or talk among themselves while he
was experimenting,

The post~test, being identical to the pre-test since the test booklet
contained only the one test, was then administered to this experimental
group. At the end of the allotted 15 minutes, the booklets and both
answer sheets were collected.

Mesnwhile in the room to which the other half of the class, the
control group, had moved, the same post-test was given as was administered
to the experimental group by a teacher who also supplied the pupils with
an answer sheet marked Test 2 and a test booklet, After about 15 minutes
had elapsed, the papers and booklets were collected,

In the cases where the investigator was working with elementary
grade school pupilé, the demonstration was given to the control group
after they had taken the post-test because of the interest they undoubt-
edly had, because of administrative reasons, and; more important, because
the time element was not such an important factor as it was in the

secondary school where the control group was not given the demonstration.
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This same procedure was repeated with individual divisions in each
school until, as mentioned above, data on a total of ten divisions in
five schools was collected,

It has been found that a reliable method of measuring the amount of
learning of some specific activity, is by means of the test-retest method,
By using the test-retest method, the level of previous knowledge concern-
ing the activiiy may be established, Using this information any gain in
knowledge can be easily established., A detailed section on the test
technique will be found in the next chapter,

The eighth step in the experimental procedure involved the compila-
tion of statistics using the scores on both the pre-test and post-test,
the group modal mental age which had been computed from the I.Q. and the
chronological age of each pupil, As was stated above only the scores of
those pupils with mental ages of plus or minus six months from the mode
were included in the statistical analysis. If a pupil of the experimen-
tal group showed a lack of understanding of the questions relating
directly to the demonstration on his post-test; his scores were excluded
from the analysis. A score which was less than 80 per cent correct on
this part of the post-test was not used. The second chapter of this
thesis contains a detailed explapnation of how the scoreé were handled
statistically. |

The ninth and final step of the procedure was the making of a tape
recording using the previously refined seript for the demonstration

lecture, When this had been done and the resulting recording found
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satisfactory, it was packaged along with the test booklets, sample answer
sheets, and the demonstration material. In this way, all necessary
information and equipment will be ready for future investigators using

the same principles,
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CHAPTER IX
SURVEY OF EELATED LITERATURE
1. Teaching by the Use of Principles

The teaching of science by principle rather than by extraneoug
collections of facts has been generally accepted by educatorg. The
Thirty~-first Yearbook of the National Society for the Study of Education,
says that life enrichment, the aim of education, can best be achieved if
the schools activities are "of the kind from which ideas may be developed
and if the ideas may in tum be associated into principles and generaliza-
tions that are interwoven into human experience. Functional learning is
conditioned upon attainment of some sueh integration.“l/

Hoban says: "Education is not simply the accretion of information,

It involves the fundanental knowledge and the understanding of the basic
principles of the universe, of which man is a part.”g/

The inductive method,—Here the learner arrives at a general con-
clusion, e.g. certain laws of physical sciences; by examining a number of
individual casea. The weakness in this method is that there is a possibility
of too general a conclusion, as the enumeration of particulars can never be
totaled., For example after several enumerations of plants having flowers

such as, the cactus has a flower; the buckwheat has a flower; the stringbean

I/ Wational Soclety for the Study of Education, A Program for Teaching
Science, Thirty-first Yearbook, 1932, Part I; p. 242, The University of
Chicago Press, Chicago, Illinois.

2/ Charles F, Hoban, Focus on Learning, American Council on Edusation,
Washington DoCo, 191123 Pe 3"-'
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has a flower; we might conclude all plants have a flower. This is too
general a conclusion as there-are active fungi which do not possess
flowers. Induction is thus essentially imperfect as a mode of reasoning,
though invaluable as a means of fixing general principles and laws.amid
the succeseion of particularities given in experienee.l

The deductive method,—The learner reasons from a principle to a

particular, It is in this methed that we shall be mainly interested, for
we are basing our whole experiment on the reascning powers of the learners
to go from the principle to a particular inference to the principles in
their learning process. For example: If a learner understands the
principle of friction he can deduce that heat is released and wear between
the surfaces takes place when one body is rubbed over another,

A large amount of our teaching attempts to pupils to see the implica-
tion of the laws, principles and rules that they may have learned. As
contrasted with induction, deduction is a much simpler and shorter process,
It is an unusual situation when a bit of deductive teaching lasts longer
than a2 few minutes.

Advantages of deductive educative teaching:

1. Much more simple than the inductive method

2. BResults in very desirable outcomes

3. Introduces factors of organization

h. Makes meaningful the principles that have

been mastered already

5. Arouses puzzle or questioning instinct, a
very valuable aid

I/ R, J, Mc Call, Basic Logic, Barnes & Noble Inc., New York, 1947.
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6. Helps pupils to derive their principles from books
or demonstrative techniques,l/

Jones, Z/ Leonelli,z/ Martin &/ and others have emphasized the value
of teaching science by principle, and have listed hundreds of principles,
However, there is some disagreement as to what constitutes a prineiple,
Heinmann defines a principle as "a statement of relationship between two

5/

6
Wilburts definition as stated by llartin“/ia mich more precise and

or more facts,®

makes a principle a very specific kind of generalization. His criteria
state that a principle - -~ =

" Is stated positively and definitely

Is trus but with rare exceptions within the limitations
set up by the statement

Clearly states or implies a dynamic process or interaction

Is demonstratable experimentally

Is clearly not a part of a larger principle vwhich can be
clearly stated

Is not merely a definition or description

Has wide application in the natural environment and is
not ruled out by any of the preceding criterta."

C. E. Holley, The Teacher's Technique, The Century Company, New York,1924,

2/ Ruth V. Jones, A Stu_c_lE of the Principles of Science Found in Ninth=
rade Textbooks of General Science, Unpublished Master's Thesis, University
of Michigan, 1946,

3/ Renato E, Leonelli, Principles of Physical and Biological Science for
Grade Eight, Unpublished Master's Thesis, Boston University, 1947,

&/ W. Edgar Martin, "A Determination of the Principles of the Biological
Sciences of Importance for General Education", Science Education
(March, 1945), 29:100-105; (April-May, 1945), 29:152-163.

5/ Ailsie M. Heinmann, "A Study of General Science Textbooks", General
Science Quarterly (November, 1928), 13:11.

6/ William Edgar Martin, "A Chronological Survey of Research Studies on
Principles as Objectives of Instruction in Science', Science Education
(February, 1945), 29:45-52.
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Robertson's definition of a principle was the result of many weeks
of consideration by a seminar in science teaching under F, D. Curtis
at the University of Michigan: l/

a, To be a principle a statement must be a comprehensive
generalization
b. It must be true without exception within limitations
apecifically stated
¢. It must be a clear statement of a process or an
interaction
d. It must be capable of illustration sc as to gain
conviction
e. It must not be a part of a larger principle
f. It mast not be a definition
g It must not deal with a speecific substance®
With this definition, Robertson sought to determine a comprehensive
list of principles suitable as goals of instruction for elementary schools.
He evaluated nine separate studies listing principleé found in textbooks,
arranged according to frequency and stress, by a jury of three science
teachers and several subject matter specialists, A list of the 243
principles found was sent to fifteen elementary schocl science teachers and
from their ratings 113 principles were chosen. These are the principles
used in the present study.

Some results,~—~There is considerable evidence that scientific
principles can be taught effectively to students at the secondary level,
Freud and Cheronis readministered a comprehensive test to students of a
survey course in physical science one year after the course had been

completed., They found that principles and the ability to apply such

I/ Martin L, Robertson, "Selection of Science Principles Suitable as
Goals of Instruction in the Elementary School®, Science Education
(February-April, 1935), 19:1-4, 65-70.
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principles were retained much better than were unrelated facts.y

Babitz and Keyes paired eight classes in chemistry in two Cali-
fomﬁ. H‘.Lgh Schools, PFour of the classes, designated as the control
groups, received standard instruction; the other four designated as the
experimental groups, had direct and intensive training on the application
of principles. The tests administered at the end of the experiment re-
quired the solution of problems in chemistry and the identification of
scientific principles related these two, All the experimental groups
showed superiority over the control groups in the same schools, The
differences however iere not statistically significant. 2/ Kilgore paired
120 students in high school physics with respect to their previous ex-
perience in science courses studies and I.Q, He found at the end of his
study that students of both high and low ability were aimificﬁntly better
in meking applications of principles of physics when the instructor placed
emphasis on such application.y

The evidence from these studies seems to indicate that the learning

of principles of science, and the ability to apply them, may be attainable

i? Henrietta Z, Freud, and Cheronis, N. D., "Retention in the Physical
Science Survey Course", Chemical Education Journal (June,1940),18:288-293

g/ Babitz and Keyes, "An Experiment in Teaching Pupils to Apply Scientific
Principles", Science Education (December, 1939), 23:367-370,

2/ W. A. Kilgore, "Identification of Ability of Apply Principles of
Physica", Teacher's College Contribution Lo Education, No, 840, Columbia
University, New York, 1941, p. 34.
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objectives of the teaching of science at the secondary level provided

such objectives are emphasized in instruction,.

2. The Lecture-Demonstration Method of Teaching
A. The Effectiveness of Lecture-Demonstrations
The areas which will be treated in this section are to define
and describe the term lecture-demonstration, and then to quote freely the
written opinions of science educators with regard to the use of demonstra-
tions in science teaching, describing the psychological and logical basis
for the use of demonstrations in teaching. Then; a review of the research
in which the lecture-demonstration is compared with other metheds of
science teaching will be presented.
Before discussing desirable qualities in a demonstration, l{ackl/, in
describing and defining a demonstration, says in part:
#Inherent in the concept of demonstration is the factor of
movement of a material thing, not a static condition or dis-

play. A demonstration is an appeal through the senses of

sight and of hearing, and less frequently through the
other senses, Results must follow the purpose: there must
be conviction, compelling to an inescapable conclusion,.”

2
Regarding lecture-demonstrations, Stuit and Engleha.rt"/ express their
definition by stating:

#The term lecture-demonstration is used to describe a method of
teaching in which the teacher carries out 'a demonstration for
the entire group and lectures in parallel with it. The students
observe the demonstration and ask any questions which they desire
about the demonstration or theory involved.®

P Joseph A, Mack, "Desirable Qualities in Demonstration Apparatus®,
School Science and Mathematics (January, 1950), 50221, .

2/ Dewey B, Stuit, and Max D. Englehart, "A Critical Summary of the

Hegearch on the Lecture-Demonstration Versus the Individual Laboratory '
Methed of Teaching High School Chemistry", Science Education (October,1932),
168380.
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Any discussion of the use of the demonstration in science teaching
1
should be related to certain principles of learning. Potthorr“/ has ex=
pressed awareness of such a relatiocnship in the following writing:

"The use of the concrete, particularly where it deals

with the unfamiliar, can provide an experimental basis

for learning, whether that learning be remembering facts,
understanding processes, seeing relationships, or getting
an idea of how motor skills are executed, Direct ex-
perience, especially if it is with the unfamiliar, may
motivate the learner, attraet his attention, stimmlate

his interest, and arouse his curlosity. Demonstrations
can be helpful also in facilitating comprehension of the
abstract, giving reality to the spoken word, and reinforecing
‘it by providing impressions through several sense avenues,
In general, learning may be more meaningful, more accurate,
more complete, and more permanent if it is based upon
actual experience with that which is being studied.”

Additional emphasis on the importance of the real or direct experience

in learning has been made by Richardson and Cahoon in Methods and Materials

for Teaching General and Physical-Scienceg/ They stated that:
"Probably the most usual use of the demonstration is for
illustrating and explaining scientific principles and
their applications. For most students seeing the real
thing is much more helpful than reading about it or
looking at a picture of it,.”

Whether the demonstration precedes or follows activities such as
discussion, reading, films;, and laboratory work, it may not automatic-
ally provide an understanding; but it furnishes a real experience upon
which the teacher may build, along with other well-chosen procedures

and activities,

;7"§award F. Potthoif, "The Use of Demonstrations in Science Teaching,

Science Education (December, 1945), 29:253.

2/ John S. Richardson and G. P. Cahoon, Methods and Materials for

Teaching General and Physical Science, McGraw Hill Book Company,
New Yorﬁ, T951, P. 17,
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Demonstrations can be used for providing pupil experiences in
1
thinking. Cahoon's'/ views on this topic are;, in part, these:

"The demonstrations, laboratory experiments, directed
studies, pupil projects, motion pictures, textbook
statenents, and pupil-teacher discussions are teeming with
possibilities for pupil experience in thinking. It is
largely a matter of utilizing these appropriately as one
goes about teaching science facts and principles to pupils.

Like any other teaching aid or pupil activity, a partic-

ular exercise or experience in thinking may or may not

be appropriate to use with a particular class at a given

time.

A certain demonstration for one class may be given to

help obtain a particular fact of science, at another

time as an experience in accurate observation, at another

to utilize previous knowledge by predicting 'what will

happen', at another as an application of a recently

studied principle.” :

However, it must be added here, that "A demonstration performed
by a teacher who points out what is happening and indicates the conclusion
which should be drawn or how it illustrates a particular principle may

2

furnish little experience in thinking."‘/ However, "thinking" comes when
the principle is applied.,

Before presenting a review of the research in which the lecture-
demonstration is compared with other methods of science teaching, the

evolution of the popularity of the demonstration method should be mentioned.

1/ G. P. Cahoon, 'ﬁ]sing Demonstrations for Providing Pupil Experiences
in Thinking", Science Education (Oct., 1946), 30:196,

2/ John S, Richardson and G. P. Cahoon, op. c¢it., p. 67.
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Webb;/ states that it developed in this manner:

"The growth of the demonstration method as a substitute

for the individual experiment was accelerated by the de-
pression, during which time funds for operating the schools
were much reduced. It was argued that if the course in
science be given by demonstrations, only one set of apparatus
need be procured; whereas if it were given by student indi-
vidual or group experiments a considerable number of duplicate
sets muist be purchased.®

Cunningham's summary of "Lecture Demonstrations Versus Individual
Laboratory Method in Science Teaching"g/ covers a twenty=five year periocd,
The field of research includes eighteen-uaster's Theses; six Doctorate
Studies, and other studies. All of the reports were published in such

professional periodicals as: Journal of Educational Psychology, School

Science and Mathematics, School Review, Journal of Educational Research,

and Pennsylvania School Journal. From the results reported by the ex-

perimenters, Cunninghamé/states that:

"Twenty-eight studies gave specific attention to the general
outcome -~ immediate recall or immediate results, Twenty
gave results favoring the demonstration method; six favored
the individual laboratory method; and two said that there
was no difference /between the two methods/.

Of the twenty-four studies that gave specific attention
to delayed results, then favored the demonstration method,
eleven the individual laboratory method, and three re-

. ported no difference.

The interest stimulated in the pupils by the two methods
was studies in seven of the enterprises, The majority
of the pupils in three Z;f the entbrpriseg7 favored the

1/ Charles S, Webb, '"Ihe Teaching of Advanced Science Using the Demon-
stration Method”, School Science and Mathematics (January,1938) , 38:23,

g/ Harry A. Cunningham, "Lecture Demonstrations Versus Individual Labosa—
tory Method in Science Teaching —= A Summary", Science Education (March,1946)
30:70-82,

3/ Ibid.; po 76
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demonstration method; and in four[;f the enterprisq§7
favored the individual laboratory method.

All of the studies -~ fifteen - that gave attention to
the time required by each of the two metheds reported a
saving of time under the demonstration methed. The time
saved varied from one-fifth to one-half.”

1
lLater in the summary, Cunningham“/ tells of the treatment of
scientific thinking in these studies by these comments:

"Seventeen studies gave attention to one or more of the elements
of scientific thinking but no one undertaking made even a
slight beginning in the study of this problem in all of its
many aspects, The elements of the thinking process that were
studied in scme of the undertakings were as follows: amount
retained in thought work; making proper conclusions to an
experiment; application of principles learned; ability to
think in terms of science subject; ability to follow the

steps in scientific procedure; per cent of thought questions
answered correctly; method of attach on new problems;
scientific attitude; ability to observe; learning a scientific
principle; greater carry-over ability; ability to distinguish
between fact and superstition; and ability to generalize,

Of the seventeen studies that gave attention to some phases

of this big and very important problem; twelve favored the
demonstration method; four the individual laboratory method;
and one came to the conclusion that the pupil could learn to
think about equally well by either Zﬁethqéﬁo“

This comprehensive statément is part of the concluding remarks made
2
by Cunningham'/:
"Our decision, as to what to do in practice, is made easier
when we realize that all of our laboratory teaching need
not - should not be done by one method. It is possible that
we may be ignoring a whole continuous series of possibilities
between these two extremes. In many cases it may be found
best to use both methods in teaching a given idea in science,”
The studies presented in the summary of Cunningham were ranked according

to the criteria presented in an article by Stuit and Englehartg/

y.o.E' Citn, pa 73
2/ 1Ibid., p. 79

2/ OEc Cito, ppe 380"391.
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by Keiser;/ as to their superior or inferior value. It is well to note
here that Keiser used only the first six of the seven criteria to determine
the value of these studies, The seven criteria; as established by Stuit
and Englehart, are as follows: (1) specification of experimental factors;
(2) control of pupil factors; (3) control of teacher factorss

(4) control of general school factors; (5) duration of experiment:

(6) measurement of achievement; and (7) interpretation of experimental
date,

For comparative purposes the writer has used the studies of Anibelg/,
Knox;/, and'ﬂilewh/ in this discussion because each study is partly con~
cerned with the demonstration method versus the laboratory method of teaching
high school chemistry. The problem of the research as stated by each author
and the significant conclusions, in part; will be related.

The study of Fred G. Anibelé/, ranked superior, is as follows:

Problem: To determine scientifically through objective data

how the results of teaching high-school chemistry by lecture=

demonstration method compared with the individual laboratory
method,

;/'iouis B. Keiser, The Present Status of the Lecture-Demonstration Versus
the Individual Laboratory Method of Teaching Science in the High School,
Unpublished Master's Thesis, City College of New York, 1933.

2/ Fred G. Anibel, "Comparative Effectiveness of Lecture-Demonstration and
Individual-Laboratory Method", Journal of Educational Research (May,1926),
13:355-365.

3/ W. W. Knox, "The Demonstration Method Versus the Laboratory Method of
Teaching High School Chemistry", School Review (May,1947), 35:376-386,

5/ William H, Wiley, "An Experimental Study of Methods in Teaching High
School Chemistry”, Journal of Educational Psychology (April, 1918),
9:181-198,

5/ Loc, cit.



Conclusions, in part:

1, The immediate retention is as adequate when
material is presented by the lecture-demonstration method
as when the class is taught by the regular individual
laboratory procedure. Indications are that the lecture=
demonatration procedure would result in better immediate
retention. -

2., The delayed retention is so little different that
one method may be considered as good as the other. There
was a slight indication that the material was better re-~
membered when taught by the individual laboratory procedure.

3. The brighter students are likely to profit more
by the lecture-~demonstration method than are the others,

1
The study by W. W. Knox™ , which was ranked superior;, is as follows:

Problem: To establish the relative value of the demon-
stration and laboratory methods of science instructioen.

Conclusions, in part:

l. The demonstration method is superior to the
laboratory method in teaching mentally heterogenous groups
of pupils for the purpose of immediate retention Z;hd
relatively permanent retentiq§7 of subject matter in high
school chemistry.

2. For the purpoae of imparting to a group of pupils
a scientific attitude and training in a method of attack
on new problems, the demonstration methed is egual; if not
superior, to the laboratory method of instruction.

3+ From the standpoint of the coefficients of corre-
lation, it appears that the demonstration method provides
superior opportunity for adaptation to individual differences
in mental ability so far as teaching for immediate retention,
delayed retention, and method of attack are concerned,

~ 4s 8o far as providing knowledge and method of attack
are concerned, the laboratory method is slightly superior to
the demonstration method in the case of the average inferior
pupil,

5. For the purpose of providing knowledge for both
immediate retention and relatively permanent retention, and
for the purpose of providing a technique for handling new
problems, the demonstration methed is much to be preferred
to the laboratory method in the case of the average superior
pupil,

o~

1/ Loc. cit.
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Before stating the problem and significant conclusions of a study
ranked inferior by Keiser’y according to the first six of the seven criteria
developed by Stuit and Ehglehartg/, it should be recognized that the study
made by Wileyé/ was a pioneer enterprise, being published in 1918,

Probably it has been ranked as of inferior value because of the following

factors: no mention is made of any attempt to measure the mental abilities

L/

of the pupils™ ; the tests to measure immediate and delayed retention were

of doubtful validity; the method of scoring the tests was highly subjective;

and there was no mention made of statistical treatment of the data found,
The study made by William H. Wiley™ is as follows:

Problem: To determine the best of the three methods of
teaching chemistry, the textbock recitation method, the
so-called lecture /demonstration/ method, and the labora-
tory method,

Conclusions, in part:

1. There is not as great a difference as is ordinarily
supposed in the value of the three methods, lecture /demonstratioy
textbook, and laboratory, so far as imparting knowledge is con~
cerned,

2. TPor immediate learning the textbook method is unquestion-
ably superior.

3. For permsnent learning the laboratory method is perhaps
slightly superior,

he In every respect the lecture [Janonstratiogmethocl is
the least effective in imparting knowledge to high school
students,

5. The rate of forgetting is greatest with the text-
book method and least with the laboratory method.

17 Loc, cit.

2/ Op. cit., pp. 380-391.

3/ Loc. cit,

1_;/ Note the date of publication of the first group intelligence tests,
5/ loc. cit.



6. The different methods show decided individual
differences both for immediate and delayed reproduction.

7. Probably a combination of the three methods will
give the best results in teaching high school chemistry,

Stuit and Englehartl/gaVe also made an excellent critical aralysis
of the lecture demonstration versus the individual laboratory method of
teaching high school chemistry. A summary of their report, which con-
sisted of the combined conclusions of various investigators, is as follows:

Conclusions contending that the laboratory method is superior:

1. There is a slight indicatlion that material was
better retained when taught by the individual laboratory
method « Anibel,

2+ The order of preference of the methods studies
places the individual laboratory method before the
demonstration method ~ Horton,

3. In every respect the lecture method is least
effective in imparting knowledge to high school students -
Wiley-

4o For permanent learning the laboratory method is
perhaps slightly superior - Wiley.

5« For providing knowledge and method of attack,
the laboratory method is superior for the inferior pupil -
Knox,

Conclusions claiming that the demonstration method is
superior:

1., Bright pupils are more likely to profit by the
lecture-demonstration method than are the others - Anibel,

2. Dull pupils profit more from demonstration than
from individual laboratory work - Carpenter,

3¢ The lecture~demonstration takes less time and costs
less - Anibel, _

L. The teacher (Demonstration) method is best - Nash
and Phillips.

5. Lecture-demonstration method gives better control
over the individual since all are under teacher guidance =
Pugh.

6., For purpose of providing knowledge for both
immediate and permanent retention and for the purpose of
providing technique or handling new problems, the demon-
stration method iz much to be preferred to the laboratoery
method in case of average superior pupil - Knox,

~

1/ Op. cit., pp. 388-391



Conclusions contending that the students achieves eguallz
well by either method:

1. Immediate retention is about equal in both lecture-
demonstration and individual-laboratory methods - Anibel,

2. There is not as great a difference as is ordinarily
supposed in the value of the three methods, lecture, text-
book = and laboratory, so far as imparting knowledge is
concerned - Wiley.

3. The results of this experiment point to the con-
clusion that the majority of students in high=-school,
laboratory-chemistry classes, taught by the demonstration
method, succeed as well as when they perform the experi-
ment individually, if success is measured by instruments
which measure the same abilities as are measured by these
tests, namely, specific information and ability to think
in terms of chemistry - Carpenter.

General conclusions based on evaluation of the reported
research:

After considering the above conclusions the writers
have arrived at a few ideas which seem justifiable in the
light of the evidence given by this study,

l. No method can be considered to be the best in
every case. The objectives of chemistry teaching, the
preference of the teacher, the nature of the pupil, and
the facilities of the schools will largely determine which
method should be used,

2. In small schools where money and space are not
plentiful the lecture-demenstration method seems to be
most practicable,

3. The written test camnot be used to test all the
outcomes of a course in high school chemistry. Some sort
of manipulative tests seem necessary to test the laboratory
skills.

Lo The problem of the relative merits of the lecture-
demonstration and individual-laboratory methods still seems
unsolves and as complex as ever. More careful experimenta-
tion, involving careful control of non-experimental factors
and reliable testing, is needed in order to Justify any
definite and final conclusions. When expsrimentation has
shown the relative superiorities of the methods in terms
of outcomes, the methods should be evaluated in terms of
the values attached to these outcomes,

Evidence of the evolution of teaeching metheds particularly by the

visual method is apparent in the next study to be considered, that of

~
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Smith™ . The visual method has been long recognized by leading educators
as one of the most valuable ways of training pupils in all stages of
learning. It is difficult, as a result, to find a school that does not,
in one way or another, make use of visual aids in teaching., The alert
teacher and administrator are constantly seeking suggestions and illustrations
by means of which the vague conceptions of the pupils may be made into real
facts and parts of their experience, Any method will not be overlooked
if it can provide both clarity and simplicity combined.g/

In the study done by &nithz/the problem involved was:

1, What is the relative effectiveness in ninth grade

general science classes of experimental demonstrations

performed by the teacher and equivalent demonstrations

presented through the medium of educational sound motion

pletures,

2. The determination of the relative effectiveness of

these two instructional techniques with pupils of

different levels of intelligence.

In the plan of study three methods of presentation were used:
(1) teacher demonstration, (2) use of films, and (3} a combination of
teacher demonstrations and the use of films., The conclusions made, as a
result of this study, were as follows:

1, Educational sound motion pictures and teacher demon-

stration are of equal merit as instructive devices in

ninth grade general science when they include essentially
the same materials in so far as merit can be determined

1/ Herbert A. Smith, "A Determination of the Belative Effectiveness of Sound
Motion Pictures and Equival ent Teacher Demonstration in Ninth Grade General
Science", Science Education (April, 1949), 33:214-221,

g/ Paul Arthur, Lecture Demonstrations in General Chemistry MecGraw Hill
Book Company, New York, 1939, ppe 2=he

3/ Op. cit., pps 214-215.



by the techniques employed in this investigation. The
use of either method singly is as effective as the combina-
tion of the two.

2. There is a tendency for increased intelligence as
expressed in terms of an intelligence quotient to be
accompanied by increased learning where learning is
represented by the gain of final over initial test scores
on the cbjective tests used in this investigation. The
degree of relationship is independent of the method of
instruction utilized indicating the same relative value
for sound motion pictures and teacher demonstrations
portraying essentially identical materials regardless

of the level of intelligence of the students.

Certain similarities exist between the problem of this science seminar
and the problem investigated in the study by Groxton.l/ His problem was
stated thusly:

#Is the failure of children to generalize due }rimarily
to lack of power or tendency, or is it simply due to want
of sufficient experience....”

In this study most of the experiments tested the pupilst! ability to
formulate and apply & principle after eight minutes exposure to the

essential experimental basis in the form of a demonstration or directed

2/

play. The tentative conclusions made by Croxton™ are as follows:

l. The data indicates that many children in the higher
primary, the intermediate, and the junior-high school
grades are capable of generalizing.

2., While the experiments do not prove that most pupils
in the kindergarten and lower primary grades could not
generalize if a more adeguate experience basis was pro-
vided, the data together with the evident obsession mani-
fested by these children for obtaining emotional satis-

1/ ¥W. C. Croxton, "Pupils! Ability to Generalize®, School Science
and Mathematics (June, 1936), 36:627-634.

2/ Ibid., p. 634




faction do suggest that early childhood is preeminently

a period for satisfying reactions.

3+ There is little in these experiments to suggest that
junior-high school pupils possess markedly superior

ability to generalize than intermediate grade pupils
possess, the difference in the scores in favor of the former
being little more than might reasonasble be credited to added
experience.

In summary, therefore, of the research and studies compiled by

investigators on the value and the effectiveness of the lecture~demon=-—
stration, as compared to other methods of science teaching such as the
individual laboratory method, the textbook method, and sound motion
pictures, it can be concluded that the lecture-demonstration method of
science teaching is equal to, if not better than, any other method of
teaching. It incorporates direct experience of the pupil; pupil ex-
perience in thinking, utilization of the senses, understanding processes,
application of scientific principles, and ability of the pupil to general-
ize, Through the use of the lecture—demonstration most, if not all, of
these above qualities are satisfied. Again, the writer would like to

cite the fact that the lecture-~demonstration method is equal to, if not

better than, any other method of teaching science,

2. Criteria for a Good Demonstration

Statement of the Problem,—There are two problems involved in developing a

list of criteria for a good demonstration: (1) to define clearly the
word "demonstration" as it is to be used in this experiment; (2) to evolve,
through reference to the literature,the criteria,

Need for research.-~3ince the demonstration is the instruectional

procedure selected for use in the experiment, it is necessary to clarify

the meaning of the demonstration method.
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Noll‘/ has pointed out the fact that investigators seldom define
teaching methods carefully and mimutely encugh. Various writers have

recognized the need in research for accurate definition of terms. Like
Noll, Riedelg/gas made a plea for clear definition of teaching methods

and experimental procedures, Hack;/ has stated thal there are as many
definitions of "demonstration® as there are authors treating the subject.
'Prestonﬁ/ also realized this and called for clarification and unification
of terﬁinology.

Most of the literature on the demonstration method fails to recognize
the difference between the lecture-demonstration, the class experiment,
and the illustrated lecture, Prestoné/ attributes much of the success of
lecture-demonstrations to their actually being class experiments.

Definition of demonstration.~~The demonstration is in this experiment

actually a lecture~demonstration., Reference to the literature will help

to clarify the meaning, First, the "demonstration" is defined by the

1/ Victor H, Noll, The Teaching of Science in Elementarv and Secondary
Schools, Longrams, Green and Co., London and Toronto, 1939, p. 63,

2/ F. A. Riedel, "What, If Anything, Has Been Proved as to the Relative
Effectiveness of the Demonstration and Laboratory Methods in Science??
School Science and Mathematics (May, 1927), 27:513.

2/ Joseph A. Mack, "Desirable Qualities in Demonstration Apparatus®,
School Science and Mathematics (Jan., 1950), 50:21,

4/ Carleton E, Preston, "Is the Debate in Common Terms?" Science
Education (February, 1935), 19:14-16,

5/ loc. cit.
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Dictionary of Education™ as follows:

m(1) The Method or process of presenting or establishing
facts; (2) the procedure of doing something in the
presence of others either for means of showing them how to
do it themselves or in order to teach a principle,”

The same sourceg/ defines the lecture~demonstration thus:

"An instructfional procedure in which the verbal message 1is
accompanied by use of apparatus to illustrate principles,
determine or verify facts, clarify different parts, or
test for comprehension of material under discussion.®

Y/

Preston™ further clarifies the concept of the lecture-demonstration as
distinet from the class experiment:

"In true lecture-demonstration the teacher shows every-
thing, explaining or interpreting each point as he; or
some pupil, performs the work., In true class experiment-
ation the teacher endeavors, by well-directed questions,
to get the members of the class to observe or come to -
conclusions themselves as to the proper interpretation,
and perhaps to plan further steps or procedures. Thus,
in the lecture—~demonstration the flow of information and
explanation is from teacher to pupils; in the class ex-
periment it is exactly the opposite,®

&/

Elsewhere, in defining lecture-demonstration, Preston™ makes the point
that '"nmo questions interrupt the speaker and he asks his audience none,
other than for rhetorical effect.m

Preston, however, does not distinguish the lecture-demonstration from

T~ Carter V., Good (Editor), Phi Delta Kappa, Dictionary of Education,

-

McGraw-Hill Book Company, Inc., New York, 1945, p. 121,

2/ Ibid., p. 238

3/ Carleton E. Preston, The High School Science Teacher and His Work
McGraw~Hill Book Company, Inc., New York and London, 1936, pp.192-193,

%/ Carleton E. Preston, "Is the Debate in Common Terms?" Science Education
February, 1935), 19:14-16,
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1/

the illustrated lecture as does the Encyclopedia of Modern Education:=

"The lecture-demonstration differs from the illustrated

lecture in that the latter focuses attention on the screen

and shows the relationships by means of pictures, slides,

moving pictures or specimens while the lecture-demonstra-

tion focuses attention on the lecturer who shows the re-

lationships through the use of manipulation of physical

material, machines or appliances,"

The meaning of "demonstration" is further expanded by the following

2

observation made by Mack:-/ "Inherent in the concept of demonstration l1s
the factor of movement of material things, not a static condition or dis-
play.” This so-called dynamic quality of the demonstration leads
Mac to exclude from the demonstration procedure certain standard
teaching materials:

"objects, unless they can be operated ... 80 also, speci-

mens, samples and parts ... Likewise models, as such, are

barred unless they are working models; so also, miniatures

and enlargements."
Although micro-projection techniques are gaining increasing favor in
demonstration work,A/ it would seem that this method should also be ex—
cluded on the same basis as the other visual aids,

Further, l{acké/ states that the demonstration is "an appeal through

the senses of gight and hearing and less frequently through the other

1/ Harry N. mn,ﬁcxclogedia of Modern Education, The Philosophical
Tibrary of New York City, New York, 1943, P. Lb52

g/ OE' Cito, Pe 2.,

3/ Lec. Cit.

5/ Mary A. Ott, "Microtechnique for Projection Demonstration in General
Science", School Science and Mathematics (January, 1946), 46:68-73.

é/ QE. Citu, B pal
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senses", He would, therefore, exclude from demonstration work materials
that appeal to only one sense; such as, transparencies, pictures, charts,
recordings and radio reproductions,

Thus certain characteristies of the demonstration have been determined
by definition. These are:

1. The demonstration is an instructional procedure,

2« It is frequently used to teach principles.

3. It differs from the class experiment.

4e It differs from the illustrated lecturs,

5. Movement and action are essential, -

6. It is an appeal through two senses: sight and hearing.
The necessary implications of each of these statements have already been
suggested,

Review of the literature,——A review of the literature was made in

order to discover those basic principles which might be used as a guide
in doing demonstrations.

First, a search was made to locate any previous studies that
paralleled this investigatien. The Bibliographic Index provided the
necessary references, It was found that many investigators had subject-
ively listed criteria in one form or another., However, only one study,
documented with references, proved similar to this one. Mackl/;overed
many of the same sources in' developing his checklist for evaluating desirable

qualities of demonstration apparatus. He lists as "factors" those conditions

I/ Op. Cit., pp. 19-31.
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inherent in the physical surroundings and in good techniques and as
"qualities" those conditions inherent- in the apparatus, Much of his re-
search had to be duplicated in this review, but for a different purpose
which called for more complete and descriptive statements,

A working bibliography was developed conaisting of five types of
sources: (1) professional journals and science public'étions ’
(2) methodology textbooks, (3) teaching science textbocks, (4) audio-
visual texts and (5) books on experiments. The following reference

sources were consulted: Bibliographic Index, Encyclopedia of Educational
Research, Bibliographies and Summaries in Education, Reader's Guide,

International Index, Ulvich's Periodical Directory, Vertical File Service

and the Education Index,
There was great variety in the nature of the material covered which in-
cluded such items as:

1., Steps to follow

2. Desirable gualities .

3. Desirable characteristics

Le Points to keep in mind

5. Rules for demcnstrating

6. Suggestions for making demonstrations effective

7. Criteria

8. General discussions of the demonstration method Works included
in this study fall into four categories: (1) Those which deal with the
demonstration in a general sense; (2) those from the field of bioclogy

ﬁ; (3) those from the field of physics (4) those from the field of chemistry.



Several of the authors in the first category, the Mgeneral", emphasize
only one or a few aspects of the use of demonstrations. In discussing the
presentation of example demonstrations, Cahoony indicates certain st-gpa
taken to insure effectiveness of the demonstration and emphasizes only
visibility and size of apparatus. 'Colving/ offers three cautions to be
observed in class demonstrations. Horrz-/ emphasizes only visibility and
planning. Pj_nk'u,ay suggests the need for apparatus especially designed
for demonstration purposes and stresses the factor of visihility.

A few in this aeme group attempt more detailed coverage. Potthoff,é/
for example, offei-s several suggestions for performing demonstrations
effectively and contributes many excellent ideas, In discussing the art
of lecture table demonstration, Davisoné/ mentions several rules to follow

7
in demonstrating. Rakestra touches on six different aspects of the

1/ G.P.Cahoon, "Using Demonstrations for Providing Pupil Experiences in
Thinking®", Science Education (October, 1946), 30:196-201,

2/ Stephen Sheldon Colvin, An Introduction to High School Teaching, The
Macmillan Company, New York, 1924, Ch. 12, '

3/ Arthur G. Hoff, Secondary School Science Teaching, The Blakiston Company,
Philadelphia and Toronto, 1947, PPe 1B68-169.

L. F., Pinkus, "Some Suggestions in Demonstrations"”, Science
October 20, 1933), 78:364.

2/ Edward F. Potthoff, "The Use of Demonstrations in Science Teaching",
Science Education {December, 1945), 29:253-255,

6/ He F. Davison, "The Art of Lecture Table Demonstration®, Journal of
Chemical Education (June, 1927), 2:443=7.

7/ Norris W. Rakestraw, "The Function and Limitations of Lecture
Demonstration”, Journal of Chemical Education (November,1929;,
6:1882-1886,
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good demonstraticn in his extensive discussion of lecture-demonstration
Still others in the "general® group have systematically attempted

to list eritertia in some form, Billingerl"/ lists five require~

ments for a successful demonstration, Daleg/ offers fourteen suggestions

for improving demonstrations and eleven questions for evaluating them.

Under "demonstration techﬁiques", Ha.aaé/ lists ten steps to be completed

before condueting the experiment and five suggestioné for conducting it.

i/

Helss™ elsborates on seven excellent rules for demonstrating. Hollers-/
lists seven things a teacher can do to insure successful demonstrations,
l[a,clré'/ developed a lengthy checklist of desirable qualities in demonstra-
tion apparatus. In a group thesis edited by ltnrrayy s Tive criteria for

a demonstration were listed which had been developed in a seminar

_/ R. D. Billinger, Wlecture Demonstration Experiments”, Journal of
Chemical Education (August, 1937), 14:375-7.

2/ Edger Dale, Audio-Visual Methods of Teaching, The Dryden Press,
New York, 1946, p. 125,130,

3/ K. B. Haas, "The Demonstration and Field Trip as Training Techniques"
Business Education World (February, 1951), 31:291-293.

4/ Elwood D. Heiss, Charles W. Hoffman, and Ellsworth 8. Obourn, Modern
Methods and Materials for Teaching Science, The Macmillan company, New
York, 1950, pp. 171-2.

5/ Charles Elmer Holley, High School Teachers Methods, The Garrard
Press, Champaign, Illinois, 1937, P. 229,

é/ gE. Cit’o, Pe 27-29.

7/ Chalmers Murray (Editor), New and Improved Demonstrations, Each
Pri 1 The

Illustrating a Single Science Principle, Unpublished Master's Thesis,
Boston University, 1950. '
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discussicn. Richardson and Ga.hoonl'/ list five criteria for a good demon-
stration., Selber 2 lists sixteen common errors in demonstration tech-
niques (actually class experiment techniques) and offers an excellent ,
plan to follow in doing classroom demonstrations. In the second category,
the works from the fleld of biology, only one study was found. Gramet‘é/
lists eight characteristics of the good demonstration,

In the third category, works from the field of physics, the same
breakdown can be made as for the first category. Among the few who
emphasize only one aspect, Goyle"b/ stresses the value and importance of
vertical mounting of apparatus on speeial boards. Also, Suttoné/ stresses
the need for simplicity and originality. Among his suggestions for im-
proving physics teaching, Weaveré'/ stresses visibility and size of

apparatus,

1/ John S. Richardson and G.P. Cahoon, Methods and Materials for Teaching
General and Physical Science, McGraw-Hill Book Company, Inc., New York,
Toronto and London, 1951,

2/ Bdith M. Selbert, "A Plan for Developing Better Techniques in Giving
Science Demonstrations, Science Education (October, 1932), 16:417-420,

%/ Charles A, Gramet, "Demonstration Lessons in Biology"; Science Education
February, 193‘!-)3 18:33-36,

4/ J. P, Coyle, E. C. Hansen, and R. B. Coe, "Demonstrations Made More
Visible", Chicago Schools Journal (November, 1941), 23:64-8.

é/ Richard M. Sutton; "The Importance of Scientific Instruments and Apparatus
to the Teachers of Physics", Review of Scientific Instruments (December, 1941) -
122573582,

é/ Elbert C. Weaver, ®Teaching Physics Effectively”; School Science and
Mathematics (May 1944), 44-402, )
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Hitchcocky emphasizes action as the essential quality of good
demonstrations and includes, as he elaborates this theme; many other
criteria.

Duffg/ is the only one in the field of physics to mske & svstematie
listing. He enumerates nine desirable qualities in demonstration experi-
ments. The fourth and final category, the works from the field of chem-
istry, may be similarly analyzed. Ar'bhurz/ presented a lengthy dis-
cussion on visibility including many excellent suggestions, Reed&/ dis-
cusses in some detail four aspects of good demonstrations amd techniques,
Wileaé/ also deals only with a few aspects of successful demonstrations.

Dunbar’é/ lists eleven desirable characteristics in demonstrations.
His 1ist is based on Duff's and includes specific examples in chemistry,

ErankZ/ provides twelve suggestions regardiﬁg use of class demonstrations

1/ Richard C. Hitchcock, I Like Action in Physics Demonstrations® s School
Science and Mathematics (December, 1941), 41:832-839,

2/ A. W. Duff, "Desirable Qualities in Demonstration Experiments", School
Science and Mathematics (November, 1928), 28:857.

2/ Paul Arfhur, Lecture Demonstrations in General Chemistry, Mc-Graw-Hill
Book Company, Inc., New York and London, 1939, Ch. 1. '

4/ Bufus D. ﬁeed, mHigh School Chemistry Demonstrations" Journal of
Chemical Education (November, 1929), 16:1905-9. '

5/ L. A. Wiles, "The Value of Lecture Table Demonstrations in the Teaching
of Chemistry®”, Joumnal of Chemical Education (September, 1928), 5:1109-1111.

6/ Balph E. Dunbar, ®Some Desirable Characteristics in Ciianistry Demonstra-
tion Experiments", School Science and Mathematics (January, 1950), 50:19-31,

7/ J. O. Frank, The Teaching of m% School Chemistry, J. 0. Frank and
Sons, Oshkosh, Wisconsin; 1932, p. 88-9.

,.Boston University
@shool of Educatioy
™ Library
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which he believes to be justified by the experience of a number of

teachers. Gouldl'/ enumerates on eight to consider in planning and perform-
ing demonstrations. Van Homag/ offers five suggestions for the preparation
of apparatus and materials and four rules to follow in conducting demonstra-
tions,

Use of Criteria,~~ The seminar in 1951 after careful consideration of
criteria of a.. good demonstration in this field and condensation and tele—r
scoping of this material produced the criteria listed below. This group
feels it is of no additional value in going on any further with this
problem. It is an asaumpﬁion these are good criteria,

Selected criteria,—- The criteria for a good demonstration as used in

this experiment are as follows:
CRITERIA FOR A GOOD DEMONSTRATION
I.  THE DEMONSTRATION SHOUID ILIUSTRATE A BASIC PRINCIPLE.
II. THE DEMONSTRATION SHOULD ILLUSTRATE ONE PRINCIFLE ONLY.
III. THE ACTION OF THE DEMONSTRATION SHOULD BE CLEARLY VISTELE
AND AUDIBLE TO ALL.
A. Remove all the audio-visual distractors.
B. Mske sure the lighting facilities are adequate,
Spotlight or otherwise sufficiently illuminate

the thing being demonstrated,

I/ Arthur B, Gould, "Demonstration Experiments and Their Place in the
Teaching of Chemistry", Journal of Chemical Education (Pebruary,1931),
8:297-302, '

g/ Donald Van Horne, "The Lecture Demonstration Method in High School
Chemistry", Journal of Chemical Education (Jamuary, 1930), 7:109-116,
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Adjust window shades so that students can see
from all parts of the room.
If necessary, rearrange the seating so that
everyone has an unobstructed view,
Be sure that those with poor hearing and vision
are seated appropriately.
Have the demonstration table arranged so that
all pupils can see the demonstration.
1) Vertical mounting of apparatus is es-
pecially effective,
2) Place the apparatus well forward on the
desk, facing out toward the pupils,
3) Place demonstration table in best posi-
tion for all to see from all angles,
Wherever possible, make use of color contrast to

make the apparatus or materials stand out.

IV. THE APPARATUS SHOULD BE ON A LARGE SCALE.

A.

B.

C.

The Qpparat.ua mast be clearly visible froﬁ: the furthest
corner of the room,

Where a thermometer (or other meter) is essential

to the demonstration, use a mock-up or working

model to help the class visualize this part of

the procedure,

large signs and diagrams may be used to supplement

the spoken word.
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1) They must be previously prepared,

2) They must be clearly visible to all.

3) Green print on yellow is preferable to
black on white,

V. THE DEMONSTRATION SHOULD WORK: IT SHOULD BE AS INFALLIBLE AS
POSSIELE.
A. Apparatus should be in sound working condition,
# B, Apparatus should be as simple as possible.

1) 8implicity of operation.

2) As few parts as possible, 7

3) Avoid crowding, overlapping and masking of
the partsa.

* Cs The demonstration should be rehearsed in advance.
D. The demonstration should be #en-plan_qed and prepared.

1) S8Set up apparatus and have all materials
cafefully arranged on the demonstration
table before the class meets.

2) All the necessary measuring and weighing
should be done before class,

3) Scales and graduates should be placed
away from the demonstration table when
ne longer in use.

VI. THE DEMONSTRATION SHOULD BE SIMFLE AND THE SPEED OF ACTION SUITABLE.

A. Use simple setups and place the equipment in

#~——These might well be separate criteria.
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C.
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order on the table so that the action can proceed
logically.
Talk while you work. Be sure to:
1) Emphasize the main points; do not digress,
2) Keep summarizing as you go along,
3) See to it that the demonstration moves on
quickly to a conelusion; do not hurry or drag.

Use a simple vocabulary.

VII. THE DEMONSTRATION SHOULD BE DINAMIC.

A,

B.

By definition, movement and action are essential
to the demonstration,
Positive effects of motion are more impressive than

null effects of static display.

VIII. A SLIGHT DRAMATIC ELEMENT IS SOMETIMES USEFUL.

IX. AN ELEMENT OF THE UNEXPECTED IS SOMETIMES EFFECTIVE.

X. THE APPARATUS SH(IjLD BE OF EASILY AVAILAELE AND INEXPENSIVE

MATERIAL.

XT. THE APPARATUS USED IN THE GIVEN DEMONSTRATION SHOUID BE

STORED AWAY INTACT UNTIL IT IS TO BE USED AGAIN,

The frequency with which the above-mentioned criteria were mentioned

by the sources consulted is indicated by the chart below. The count was

made merely for general interest. Il has, however, certain obvious values,

The frequency of mention of the various criteria provides means of es-

tablishing their validity. The table shows the relative importance of the

criteria as recognized by these authorities.
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3. The Test Technique

A. Structure of the Test

Multiple choice items.-~The test is composed of approximately
thirty multiple choice items. Each item is in the form of an incomplete
sentence, or a question, referred to as the stem, accompanied by three or
more possible responses, Of the possible responses presented to the ex-
aminee, one is the best response.  The examinee is also presented an
answer sheet upon which he checks in the parenthesis the response he has
selected. The construction of the response items, in accorﬁance wlth
suggastions made by BOSS_/ has been grammatically consistent, approxi-
mately of equal length; and plausible, in so far as possible. The writer
has endeavored to make the type of responses for each item homogengous
in nature, in order to detect higher levels of understanding and dis-
crimination,,

This "best-answer" variety of the multiple choice test means simply
that one response best refers to the stem of the item, Each item pro-
vides "a response that compeltent critics can agree upon as best.”g/

The competent critics in this specific situation compose a group of
in-service science teachers. The writer has taken great care to "make

all distractors plausible and attractive to examinees who lack the

177C. C. Ross, Measurement in Today's Schools, Prentice-Hall Inc.,
New York, 1947, p. 150

2/ BR. L. Ebel and E, F. Lindquist (Editor), Educational Measurement,
George Banta Publishing Co., Menasha, Wisconsin, 1951, Pe 232
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information or ability tested by the item",l/and "avoid highly techni-
cal distractors".g/ In reference to the miltiple choice type test,
Odellé/states that "they may be used to test not only knowledge of facts
and amount of acquired information; but alse knowledge of cause and
effect relationships, ability to make comparisons, to evaluate, to apply,
to illustrate, to define;, and so forth. They are easier to prepare, and
also to score, than some of the other types.” He further addsé/ "almost
all kinds of multiple answer tests can be constructed so that they possess
epractically perfect objectivity.® The scorer is not faced with the prob-
lem of partial credit on this type of an examination. Either the response
that is checked upon the paper is correct, or it is not correct; with no

qualifications.

Levels of difficulty.=The writer is making an attempt to detemine

to what probable extent application and recognition, as well as under-
standing of a scientific principle have been gained through the demon-
stration activity. For this reason, it is necessary fér the examiner to
approximate the difficulty range of the test items which he has prepared.

It is well recognizZed that there are various levels of learning.z/ In order

1/ Op. cit., p. 234
2/ Ibid., p. 235

3/ C. W. Odell, Traditional Examinstions and New-Type Tests, The Century
Co., New York and London, 1928, p. 282

4/ Ope_cit.; p. 282

5/ W. A. Brownell and U, M. Sims; The Measurement of Understanding,
Forty-fifth Yearbook, National Society for the Study of Education, 1946,
University of Chicago Press; Chicago, Illincis, pp.27-43.
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to measure these levels of leaming;, a testing device of various levels
of difficulty must be constructed. The actual judgment of item difficuity
must be left up to the subjective judgment of the test constructor., "The
use of subjective judgment in estimating item difficulty at the stage
of item construction is to be encouraged. Such judgments; when based on
all available experience, are distinctly helpful in leading to the con-
struction of items of the desired difficulty."l/ The constructor has
ample opportunity to construct the items of various degrees of difficulty
by using more remote subject matter applications, or by including un-~
usually good distractors in the test items, Odellg/atatea that, in
reference to good distractors, "their selection /distractors/ will depend
to some extent upon how difficult it is desired to make the test, In-
correct answers should; however, never be obviously incorrect to a pupil
who knows little or nothing of the matter dealt with...."

The various levels of learning may be broken down to three broad
categories. The first level of learning may be labelled; or described
as mere factual retention. The second level employs enough understanding
of the factual retention so that the learner can recognize and apply, in
simple situations; the principles or concepts which he has retained,
The third level of learning is reached when the learner can recognize
and apply the understanding of the factual material to more complex,
unfamiliar, and difficult situations. The test has been constructed with
these three levels of leaming in mind., The first third of the test is

concerned with items of the first level of learning, and so on. Thus,

I/ K. W. Vaughn and E. F, Lindquist (Editor), Educational Measurement,
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 174

2/ Ibid.; p. 286
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the test can be said to measure three leveals of learning, all concerned
with the same demongtration, and the same scientific principle, This
method of testing tells the examiner to approximately what extent the
pupil can recall;, understand, or apply the principle,

Vocabulary.—It is only logical for one tc assume that the vocabu-
lary used throughout the experiment must be consistent, or at least on
the same level. Vocabulary comprising the test must, of necessity, be
equivalent to that used during the demonstration, Inconsistent vocabu=
lary is one of the factors which could unfavorably affect the reliability
of the testing program., If the vocabulary within the testing device is in-
consistent with that of the oral demonstration, one can axpect a low re-
1liability of the whole testing procedure. Reliability, itself, is the
consistency with which a test measures ®"what it measures¥,

The vocabulary of the testing device has been amended by the critic-
jury to establish consistency of vocabulary throughout the experiment and
vocabulary comprshension at the grade level at which the test is used,

The test tryout.——"After a set of test items has been written,

criticized by subject matter experts, and revised on the basis of their
criticisms, it must ordinarily be tried out experimentally on a sample of
examinees.“i/ Prior to any experimentation, the test was subjected to a
tryout on at least one hundred pupils of equivalent age and grade level,
but are not included in the experiment, This independent tryout tended
to expose any unusually poor items, or poor distractors among the poasible

responses, Such items could be dropped completely from the test; or

1/ Ho 8. Conrad and E. FT’Lindquist (Editor), Educational Measurement ,
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 250
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eliminated in the final tabulation of the total results,

As was stated previously, the total number of items in the test
approximates thirty, but some may be dropped due to the discretions of
the critic~Jury, or as a result of the test tryout.

The test period.—-The length of the testing period for both the

pre~test and the post-test has been indefinite, in so far as no specific
time 1imit has been set for either of the tests. The test period may
continue on until every pupil has completed the test;, in so far as
possible. Each pupil is allotted sufficient time to at least read all of
the items presented him. A multiple choice test of thirty items can be
approximated as reguiring about ten minutes to be read through completely,
Odelll/ has recommended that ®on the average elementary-school pupils
be expected to respond to three or four such exercises Zﬁhltiple choice
iteq§7 per minute.™

By allotting sufficient time for all examinees to attempt all the
items, the influential factor of time itself is eliminated. As stated
by Lindquisﬁg/ "The most common way of reducing or eliminating the in-
fluence of time on tests is to set the time limits so liberally that all,
or nearly all, pupils are able to consider or attempt all the items in
the test.” Pupils are told to complete all items, and are watched to

see that they keep at this task until finished.

1/ C. W. Odell, “Traditional Examinations and New-Type Tests, The Century
Co.; New York and London, 1928, p. 285,

2/ A. E, Traxler and E. F. Lindquist (Editor) , Educational Measurement,
George Banta Publishing Co., Menasha, Wisconsin, 19513 P. 340,
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B. Aims and Use of the Test

Employing statistics.—The test is an instrument devised te obtain
statistics for measuring growth of learning, due to a specific educational
experienée, namely a scientific demonstration. Every effort has been
made in the construction of the test to measure as precisely as possible,
the ";neaningful learning” that has been grasped by each pupil subjected
to the demonstration and the test-retest procedure. The only descrip-
tions of the learning and understanding that have taken place are the
statistics which can be applied to the results of the tests taken by the
examinees. In accordance with Guilford,y it appears obvious that
"statistics enable us to summarize our results in meaningful and convenient
form", The summaries of the test results will enable educators in the
field of science education to make general conclusions and predictions
concerning the presentation of the particular scientific principle that
has been demonstrated. Experimental and statistical methods cannot be
divorced from each other, in sc far as, "The experiment directs our
observations and ylelds data. By means of statistical methods, we can
summarize those data, interpret them, and determine their reliability."g/

In this respect, Browmell‘z/ has stated that "Altogether too commonly
understandings are disregarded in evaluation (and in teaching) in favor

of outcomes which are more easily measured (and achieved),"

I/ J. P, Guilford, Fundamental Statistics in Psychology and Edueation,
McGraw=Hill Book Co., New York and London, 1942, p. 3. B

2/ J. P. Guilford, Op. cit., p. 156

3/ W. A, Brownell, The Measurement of Understanding, Forty-fifth Yearbook,
National Society for the Study of Education, 1946, University of Chicago
Press, Chicago, Illinois, p. 2.
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Test-retest method.-~If the educator is to measure growth, or

learning, due to some specific learning activity, he cannot dvermphasize
the "importance of knowing initial status with respect to understanding."y
The writer is convinced that the only reliable method of measuring the
amount of learning, due to some specific activity, is by means of the
test-retest method. That is, by administering identical tests prior to,
and after the learning situation. It is conceded that "not all the gain
found can be correctly attributed solely to the remedial program Ehe
demonstration period/. Some of it is doubtless due to the practice effect
or to familiarity with the test itself, part of it to teaching received
outside of school, and part of it to natural growt.h."g'/ For purposes of
predicting this "probable gain®", the writer has made use of a control
group in the experiment,

What the test endeavors to determine,~Any increase in scores of

the control group on the post-test (the same test that has been given
the second time) may be labelled as the probable gain that can be
attributed to familiarity, or external factors concerning the test. The
writer has sought to determine the significant increase of the scores on
the post-test of the experimental group, and compare this increase with

" any possible increase made by the control group on the post-test, By
knowing approximately what percentage gain on the test scores may be
attributed to "chance", as determined by the control group, the writer is

able to conclude in this instance, that any significantly larger gain in

I/ H. R. Douglass and H. F. Spitszer, Forty-fifth Yearbook, Op.cit.,p.24.
g/ C. Ca. BQSB’ QE- Citvo, Po 206'
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the scores of the experiment group has been due to learning gained during
the demonstration process.

Assuming that the constructed test is both reliable and valid,
statistics applied te the results emanating from the test will yield
invaluable data in predicting at what grade, or grades this specific
scientific principle can be presented with predictively good resulis.
Statistical interpretations of the test results are the means to these
predictions. This is stated in essence by Guilford’lj who states that
wgtatistical reasoning is basic to all predictions”,

C. Characteriatics of the Test

Reliability of the teat.--The reliability, being the precision and

consistency with which the test measures "what it measures™, is a most
important characteristic of the test, In this specific testing situation,
the scores on the pre-tests and post-tests given to the experimental group
cannot be correlated for purpceses of determining reliability since the
material being tested has been presented to the examinees in the period
intervening the two tests,

All external factors concerning the test have been kept as consistent
as possible., The element of time does not detract from the reliability,

because provisions have been made for each pupil to at least consider all

1/ Ihid., p. 176
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the test items, The influential time faetor has been kept at a minimum,
Lindquisty concurs in stating that "The procedures /testing/ become
entirely unsatisfactory particularly in any test in which speed is a sig-
nificant element in the score®.

The sampling of the material has been adequate, since all the test
items have been constructed on the basis of a single scientific demonstra-
tion. A test of high reliability is further assured in the lengih of the
test, It is generally conceived that the longer the test, the higher the
reliability. The test in consideration contains approximately thirty
items, measuring the understanding derived from a single scientific
principle,

Validity.~-Validation of the test items has been by jury, as mentioned

previously. The jury was composed of in-service acience teachers,

1/ B. F. Lindquist (Editor), Educational Measurement, op.cit., p.617,
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4Le Current Literature on Grade Placement

Teaching of science principles and the learning process,-

The recent literature on grade placement of physical science
principles can be highlighted by a recent article of Dr.

Read?s describing the close association between the teaching

1/

of science principles and the learning process: ™

"learning has taken place when a pupil is able to use
a principle to classify correctly phenomena of his own
environment, Having learned, he can recognize that the
observed phenomena are members of t he same class as those
from which he derived the principle in the teaching -
learning process, He does not ever necessarily state the
principle in words, In general, except for sampling
errors in a test, he will classify correctly every common
situation of his own environment which exemplifies this
principle. The correct response will be made in the face
of strong distractors seeking to divert him from his
decision,

There is a lowest grade level at which it is pro-
fitable, in terms of efficiency, to spend a reascnable
amount of time in attempting to have pupils understand
a physical science principle and learn to use it as a
powerful tool for classifylng phenomena of his current
nearby environment., The level of efficiency was decided
upon to be fifty percent; that is, it is more profitable
to teach a principle at that lowest grade level where one
half or more of the experimental group could learn or
understand a principle as evidenced by their ability to
use it effectively in a test situation. Note that there
is no denimal of the fact that many, but not all principles
can have been pertially understood and partially used by
pupils long before they reach the grade level suggested
as a result of this research.

All of these occurrences are concerned with maturation,
One aspect of maturation is the opprtunity which it afrfords
for students to adventure more widely in their environment.
In two years, for instance, puplls may have just a few
nore noticed experiences; the membership of these experiences

1/John G. Read, "Present Status and Froblems of Ome Type of
Grade Flacement Research, "Science Bducation, Vol.,42, Number 4,
(Octover,1958), pp.349-357.
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in a class of experiences is not recognized. They are la
latent. Wnen formal teaching presents the demonstration-
exposition, these experiences are seen to be part of a
hitherto faint pattern, The latent experience is developed,
as it were, by the strong, direct, and precise thought
process as a single principle is taught."
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CHAPTER TIII
EXPERIMENTAL PROCEDURE

1. The Principle
Statement of principle,.-- The scientific prineiple used

by the writer in this experiment was: any body of liquid
free to take its own positiog will seek a position in
which all surfaces will lie in the same horizontal plane.

Purpose of experiment.-- The purpose of this experiment

was to continue the investigations of Francis Lambert in
the determination of the grade level in which this scien-
tific principle can be understoed by the students and
taught to them most effectively.

Flan of opergtion.-- The writer obtained the permission

of .the Superintendent of Schools of Pepperell, Mass,, to
work with the eighth and ninth grades of the Pepperell
schools. The senior high school in Pepperell consists of
four grades, nine through twelve; the junior high school
consists of four grades, flve through eight. Because of
extremely crowded conditions in the school system, both =
these schools occupy the same building on a split-session
basis. The principals of both schools were most cooperative

and arranged for the writer to have the necessary time for

the testing.
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The two eighth grede rooms of the Junior high school and
the two ninth grede rooms of the high school were used in
the experiment, As these rooms were not separated by
ability grouping, they were maintained =s entities for the
purpose of testimng. The students attending these classes
were all residents of Pepperell, a large, thinly settled
town on the fringe of the suburban area of Lowell, Mass,
The soclio-economic levels ranged from the lower middle-class
through the middle-class families,

The classroom procedure was as follows:

1, One each of the eighth and ninth grede classes was
seleocted to be the experimental class, the remaining
eighth and ninth grade classes were to sexrve as the
control groups for their grade,

2. In both the high school end the junior high school
the two classes to be tested were in adjoining rooms
go the testing program was carried out with a mini-
mum of dlsturbance to the normal routine of the school.
The pre-test was given to both classes, in each case,
at the same time,

3. The control groups were glven a specific assignment
in Civies or Soclial Studies to be done under the
supervision of the homeroom teacher.

4., The denmonstration was given to the experimental

groups at the conclusion of the pre-test,



67

5. The post-test was given to each of the groups at
the same time. The time limit for both the pre-
test and the post-test was fifteen minutes.

6. The Otls Quick~Scoring Mental Ability Test was ad-~
ministered to each of the students the day follow-
ing the demonstration. These tests were turned over
to the writer for scoring, and the results used to

establish the mental age levels in each class.

2. The Demonstration

Description of equipment.-- The equipment used in this

demonstration consists of one tape recording, six posters,
and one apparatus kit.

1, .Tape recording. The tape recording made by the writer
followed the script as originally written by Nr.
Lambert for his earlier experiment, with one ex-
ception. The original tape was in the form of a
dialogue between Mr., Lambert and & young boy. The
writer substituted his daughter for the boy with the
resulting change of addressing Debble, rather than
the original Jimmy. The loss of the original tape
made the new version necessary., The tape recording
relieved the writer of any danger of changes In his
explanation during the demonstration. The writer

was free to manipulate the apparatus and point out
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the features in the posters as they were mentioned

in the dialogue.

2. Posters. See Plate 1 through Plate 6.

a, Plate 1, This poster shows a large Roman aque-
duct about which the students have studied. The
application by the Romans of our science principle
brings it into the students' world of reality. The
knowledge that water will run down hill isn't new
to the students; and now the science principle,
any liquid free to take its own position will
seek a position in which all surfaces lie in the
same horizontal plane, can be associated with

something with which they are familiar.

i~ ==.4\ Ro ma_n__b_ri;ge with an aquedvet-
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b. Plate 2, The second poster shows a reservoir
located above two houses, It 1llustrates how the
water will flow under the ground to the houses
and then rise in the pipes of the houses, seeking
a position on the same horizontal plane as the
water in the reservoir, in accordance with our

principle,

Plate 2,

¢. Plate 3, The third poster shows how a community
with its reservoir below the level of the houses
punps water into a standpipe to raise the water
level so that water will rise 1n the houses,

seeking the same horizontal plane as the water

in the standpipe.



FPlate L,

d. Plate 4, This poster shows more clearly the
position of the water level in the standpipe

70
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in relation to the height to which the water
must rise in the houses,

e, Plate 5. This poster showing the fireman spraying
water on a burning building is used to illustrate
one of the many uses of water and how its avail-
ability for such a job as putting out a fire is
dependent upon the height of the water level in

a standpipe or a reservoir.

Plate 5.

f. Plate 6, This poster shows the cross-section of
a hillside, From the lake high on &he hill, the
water seeps down through the porous layer of sand
and gravel, over the solid rock and clay, until

it can break out to the surface at the base of
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the hill as a spring. Once free of the
channeling layer of sand and gravel, the water
will once again seek a position in which all

surfaces lie in the same horizontal plane,
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3, Apparatus Kit. Plate 7 dispiays the apparatus kit

open and ready for the demonstration., All the ma-
terial used in the demonstration can be carried in
the case that heolds the apparastus. The case 1s a
plywood box twenty-six inches long, twenty-four
inches high, eand nine inches wide, Located in the
upper, right corner of the case is the "U" tube,
This tube is used %o demonstrate that when water
is poured into one side of an open "U" tube, it
quickly flows into the second side and reaches a
level where both sides are on the samme horizontal
plane. In the upper, left corner is the equilibrium
tube. This tube is used to demonstrate that the

shape of any tube, which, when connected with other

tubes at the bottom, does not change the water level

in that tube from the level in the other tubes,
The copper hypsometer In the center of the case 1is

used to show that the water level in an opaque con-

tainer can be determined through the use of a trans-

parent gauge, because water iz free to move always
tries to find its own level, The set of plastic
bottles connected by the Tygon tube is used to show
how the water in any set of connected containers,
reservoirs, or tanks always moves from the highest

to the lowest levels 1n its attempt to reach a

horizontal plane., Once the horizontal plane is
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reached , movement stops, The small carpenter's

level sitting on the plastic container in the

lower, left corner of the case is used to show the
movement of the air bubble in the glass tube when-
ever the plane of the wooden base of the level is
changed., The last of the apparatus i8 the waterfall
model, This model was used to demonstrate that
different bodies of water can have different levels
as long as they are not free to move. When the water
in the higher of the two levels is free it will cas-
cade to the lower level, seeking a position where
all surfaces will lie in the same plane, If suffi-
cient water is present the lower body of water can
be brought up to the original level of the higher

body of water,




Th
3, The Test

Description.,-- The test contains 25 multiple-choice

items written so that it could be determined whether or
not the student had enocugh understanding of the principle
to apply it to a specific aituatiod% The test was mede
utilizing the following criteria: (1)} items which are
directly related to the demonstration, (2) items which
are inddrectly related to the demonstration, and (3) items
in which a definite transfer or application of the prin-
ciple 1s necessary., Each test item has four answer choices
only one of which is correet. The five pages making up
the test are stapled together into a booklet, The cover
sheet of the booklet contalns explicit directions for
taking the test. A separate answer sheet 1s furnished for
both the pre-test and the post-test, The answer sheet
provides space for the filling in of such vital informa-
tion as pre-test and post-test data, date, name, date of
birth, age last birthday, name of school, grade, and sex.
The student's answer cholce is determined by ecireling one

of the capital letters, A, B, C, or D.

T/ Francis J. Lembert, Results of Demonstration and Testing
6F Physical Science Principle "Any Body of Ligquid Free To
Take Tts Own Positlon Will Seek & Position in Whlch All
Surfaces Lle in the came Horizontal rlane”, unpublished
Tnesis, Boston uUniversity School of Bducation, 1950, p.71.




CHAFTER IV
STATISTICAL PROCEDURE AND R¥SULTS

l., Preparing the Data for Statistical Research
Grading the tests.-- The wrlter, upon completing the

testing of the principle in each class, carefully maintain-

ed separate files for each c¢lass. This resulted in four
groups of test papers, each group containing the pre-test,
post-test, and 0tis Mental Ability Test of each student
in the class. This division of tests into separate groups
for the eighth grade control, eighth grade experimental,
ninth grade control, and ninth grade experimental classes
facilitated the scoring of the tests. In the correcting
of the pre-test and post-test answer sheets, the writer
used a prepared marking card to expedite the scoring., The
score of the number of correct items was placed in the
upper, right corner of the answer sheet. The same mark-
ing procedure was followed in scoring the mental tesis,
The standard hend scoring marking device {(which accompan-
ies each package of test forms) was used., To avoid diffi-
culty and coanfusion in complling data, this investigator
designated each wrong answer by number on the right hand

margin of each test. This method proved extremely useful

when the writer was working with the Pearson product-moment

75
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computations. All scores obtained for each pupil were
finally tabulated on facsimilies of the data cards especi-
ally prepared for the grade placement survey. When all
the data was transferred to the date cards, the statis-

tical compilation began.

2. Performence of Different Mental ige Groups

'Number of students.-- A totel of 109 students partici-

pated in this experiment. Three students were eliminated
because they were absent the day of the experiment. Three
of the students were absent the day the Otis Mental Ability
Test was given, The total number of students completing

the experiment was 103. This total was divided almost
evenly, the control group having 51, and the experimental
group 52.

Charting performance of mental age groups.-- The data

cards of each of the four groups tested were arranged ac-
cording to thelr mental age level by years., The two con-
trol groups and the two experimental groups were combined.
The post-~test performance for each student in sach mental
age interval was recorded. The median score and the
inter-guartile range for each interval were found. A
chart was drawn up to show the relationship in perform-
ance between the control and the experimental groups.

Relationship in performance.-- Table 1 shows an

interesting configuration. Although the performence table
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shows a definite difference between the experimental and

the control groups, the difference ls very slight at both
ends of the mental age level scales., The greatest @differ-
ence is found at the mean, This same patiern is Tollowed
at the inter-quartile range, although the experimental
group is consistantly somewhat higher than the control
group.
Table 1, Rerformance of Different Mental Age Groups for
the Control and Experimental Population on Post~

test Results

Mental Age Control Group Experimental Group

in Years o Hedian €d 140 .
o N -"Score TR N Mgcogg IR
(1) (2} (3) (&) (5) (6) (7)
19% 1 R 2b=R5 # - - -
18 1l 24 2h=24 1 24 24=21
17 3 24 24-25 6 23. 22-28
16 8 24 2L=25 6 2L 23~25
15 9 23 23=24 10 21 19-24
14 9 22 21=-24 12 21 18-23
13 7 22 21=23 8 21 18-22
12 iz 20 19-21 5 20 19=21
11 2 14 14-14 3 i3 11-14

Total 52 51

# The entire range is given for mentel age levels with
fewer than four cases,

* The mental age level includes months, from 0 to 11,

N = Number of cases

IQR = Inter-quartile range

3. Finding the Typical Class

The typical class,-- The typical class is approasched
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1/

statistically by the mid-eighty percent of a class. The
mid-eighty percent was determined statistically from the
raw scores obtained with the Otis wulck-Scoring lental
Ability Tests. The mean and the standard deviation are com-
puted and then the standard deviation is multiplied by 1.28.
This deviation will now be equal to 40 percent. Scores fall-
ing outside tanis 40 percent limit are discarded. A check to
insure that no chance massing has occurred at either the
upper or lower levels is the determination of the 90th and
10th deciles. The scores which have been discarded should
correspond to these deciles,

Value of the typical class,.,-- The assumption that most

heterogeneous groupings of pupils in the classroom have
such widely dispersed mental age levels that it is exiremely
difficult to get a true picture of the class norm, has
brought about the acceptance of the mid-eighty percent as
representative of the typical class, with the elimination
of the top and pottom deciles, the range of abilities is
made into a more nomogeneous and workable class,

L. Item Analysis

Evaluation of test items.-- Lt is necessary that an item

anal?sis be made on each test item before the test item

L/Herbert G. Oxendine, The Grade Ilacement of the Physical
Science rrincipal "Sound is ¥Froduced by Vibrating laterial"
In Relation to Mental Ages, Unpublished Doctor's Dissertation,
Boston University, 1953, pp. 62-64.
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item can be evaluated. The item analysis makes it possible
to eliminate those items which are too difficult or too
easy. Working with the typical class of both experimental
groups, the writer determined the upper and lower 27 per-
cent of each group. Using the pre-test and post-test re-
sults of this selected portiop of the classes, the per-
centage of correct responses of each item on both the pre-
teat and the post-test was computed. A correction factor
for guessing is normally used in the detwrmination of a
difficulty index. In this specific case there were no o-
missions in any of the test papers, therefore the correla-
tion between R and W will be a perfect 1.0, which offers
no freedom for lmprovement by scoring formuld%/ The pro-
portions were taken to the Fan tablégfwhere the difficulty
index and the discrimination index of each item were ob-
tained, It was then necessary to check these results ageinst
the criterla set up for this series of experiments to as-

certain the 1tems which were to be eliminated.

Ccriteria for eliminating test items.-- The test items

to be eliminated were determined by the followlng criteria:

1/ J7.P. Guilford, Fundamental Statistics in Psychology
and Education, McGraw-Hill Book Company, Inc., New
York, 1956, p. 480.

2/ Chung-Teh Fan, Item Analysis Teble, Educational Testing
Service, Princeton, N.J., 1952,
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l, The difficulty index indicates no gain, or a de-
crease from the lower grade to an upper grade.

2. The ltem is answered by 75 percent of the pupils
in the lower grade on the pre-test.

3, The item is correctly enswered by 25 percent or less
of the puplls 1in the higher grade on the post-test,

Lo The difficulty index showed no gain from the pre-
test to the post~-test at both grade levels,

5. The difficulty index showed a gain at the lower
grade and a loss at the upper grade from the pre-
test to the post~test.

ITtems 2 and 3 were eliminated by criterion 1. Items 1,

5, 6, 7, 9, 16, 18, 20, 23, and 25 were all eliminated by
criterion 2, No items were eliminated by criterion 3., Cri-
terion 4 eliminated items 17, and 22. The last two items

eliminated were 11 and 24. They were eliminated by criterion

5.

5. The Test of the Frinciple

Rescoring the tests.-- The eight items which remain after

the elimination of all items not satisfying the criteris
are considered to constitute the test of the principle.

The tests of the entire mid-eighty percent were rescored
on the basis of these eight items, and the scores tabulated
to determine the means and standerd deviations of the com-

tTol and the experimental groups of both the eighth and the
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ninth grades. The means and standard deviations for the
pre-test are recorded in table 2. The ninth grade varies
only 0.20 mean and 0,34 standard deviation, The eighth
grade; while deviating 1,0 mean and 0.57 standard devia-
tion, still shows essentially random division.

Table 2. Grades Eight and Nine Means and Standard Devia-
tions of the Fre-test for the Qontrol and Ex-
perimental Groups on the Eight Ilem Test of the

Principles,
control Group Experimental Group
Grade
Standard Standard
Mean Deviation Mean Deviation
(1) (2) (3) (&) (5)
Eight 6,68 Re'Tl 5758 3;31
Nine 6.36 2,61 6.16 2,27

Pearson product-moment coeffielent of correlation.--

To determine the relatlionship between the pretest and the
post-test scores of the control groups a double entry
table was drawn up for each grade., These correlation
tables were established to use the Pearson produgt-moment

coefficient of correlation as outlined by Greene,

l/Harry A. Greene, Albert N. Jorgensen, and J. Raymond

Gerberich, Measurement and Evaluation in the Secondary
School, lLongmens, Green and Company, New York, 1954,
PP. 37L=-380,
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The pre-test scores were dlstributed along the y-axis, and
the post-test scores were along the x-axis, The formula

used was

Zxy_ 0ol

o Oy

in which r is the correlation coefficient, N is the num-

ber of cases, ¢y and c, are corrections on the x-axis and

y
y-axls, and g3 and 0y are the standard deviations on the
x-axls and y-axis, and Eﬁmris the sum of the product m
moments for all scores in the scatter diagram. The cor-
relation coefficient for the eighth grade control group
came out as 0,70 and for the ninth grade, 0.68. These
figures support the relisbility of the selected items in

the test for the prineiple.



CHAF¥TER V
CONCLUSIONS

The reliability coefricient estabvlishned that the hetero-
geneous grouping: of the eighth and aninth grade classes was
essentially random. It was somewhat surprising that the groups,
after the mid-eighty percent had been obtained, had asg large
a degree of nomogeneity as the means and standard deviation
indicated., As explained in the plan of operation, the scinool
population cones from the lower-middle and middle income
families. It was expecied that a greater deviation would be
caused by the spread in cultural backgrounds and socio-
economic conditions prevailing in the school population,

The ninth grade class has a population skewed toward the
low mentel age level, This is an artificial situation for the
school and can be attriouted to the crowded conditions in
the junior high school. Eleven of the ninth grade students
were assigned to the high school because there was no place
for them in the lower:.grades, This represents almost 20 per-
cent of the population of the ninth grade. Seven of these
students were in the test groups. This may account for the
apparently greater understanding of the physical principle

in the eignth grade than in the ninth grace.

- 83 =
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On the fifty percent passing basis for the assumption
that the class understands the principle, both grades would
be considered to know the principle, not only in the experi-
mental group but in the controi group as well, The findings
suggest that the optimum grade placement for this principle
is probably in the seventh grade, in as much as Mr., Lambert's
earlier results with the fourth and sixth grades Indicsated
border-line understanding, with an average ability group.
The investigator suggests that a large sampling of seventh
grade students would pinpoint the grade placemeni of the
principle as one for the average seventh grade class, a
bright sixth grade class, or a slow eighth grade class.,

After a large ssmpling tihis beiief could be upneld or refuted.
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Teacher...

Debbie.---

Teach€l...

Debbie- see

Teacher...

Debbie. s 00

SCRIPT OF THE DEKONSTRATION

Hello, Debbie,

Hello, Mr. Lambert. What kind of & contraption
do you have there?

If you have a few minutes to spare, I'1ll tell
you all about 1it.

It looks interesting. Well, I haven't any
special place to go so you may as wéll act

like Mr. Wizard and tell me about it,

Do you know, Debbie, most boys and girls use
water every day but they never stop to think of
the differeht ways that water behaves. This con-
traption as you ecall it is set up to show you
one special way that water behaves., As a matter
of fact we could use other liquids such as milk
and oll because they act the same as water, but
to make things easler I'm going to use some
colored water,

What do you mean by "one special way that water
behaves"? I've never heard of water behaving in

any special way. A1l T know 1s that you get wet

when it rains and that you drink 1t or go



Teachér...

Debbie. * S8

Teachers ..

Debbie. [N g

Teachel...

swimming in it. Let me see, my father tells me
that I should use more of it with soap.
I'm sure that you'll easily understand when I
do a few experimeﬁts, but first let's review
what we studied about the Romans earliier this
year. They had & problem in getting water. Do
you remember how they solved that problem?
Oh yes, they built aqueducts from the moubtains
to the citles and they got all the water that
they wanted from the mountains.
You see, they noticed how water behaved, so
they did something about it. It so happens that
I have a picture of an aqueduct right here.
(Show poster marked "Am)
Notice that the aqueduct looks like a long
bridge but it is different from a bridge because
it has a channel or gutter on top. The word
aqueduct is from ILatin words meaning "{to lead
water™,
But gee, Mr. Lambert, I still can't understand
what you mean by the way water behaves,
Well, Debbie, if youtll Just listen carefully,
I'1l explain everything. To begin, water has
the funny habit of always trying to find itas

own level, Now watch carefully, I'll do some



experiments to prove it.,.

(Demonstrate with bottle and measuring cup)
First, I'll take and pour some of this colored
water into this measuring cup. 4s I tip the
bottle notice that the watver is leaving the
bottle and is seeking its own level in the
measuring cup. Notice also that the water in
the measuring cup is level and will stay level
no matter how I tip 1it,

Debbiessea.ss NOW I see that water benaves in a special way
but I never stopped to think of it trying to
find its own level all the time. By the way,
what do youlmean by levelr?

Teacher...... Why, level simply means any straight line across
from left to right or from east to west. Another
way that I cen explain the word level is to tell
you about a specilal tool that a carpenter uses
called a level., This tcool is nothing but a little
curved glass tube with colored liquid inside
placed in a flat wooden bar to protect it. It
is used to build houses so they will look even
or level and not look as if tney would tip
over., You can buy one like this in the five
and ten cent store.

(Show apparatus)



Debbie.---

Teacher...

Debbieo L

TeaCherooa

DEbbiencco

Teacher...

DebbiGesee

Teachele ..

Debbiges..

If you were to take the little curved glass
tube out, it would look something like this---
(Show apparatus)
This too can be used to make things level.
My father uses a level but you'll have to tell
me more about that thing. How does it work to
make things level?
Do you see the air bubble?
(Demonstrate)
Yes.,
What heppens to the air bubble when I tip 1t?
(Demonstrate)
That bubble always stays oan top.
when I put it down on the flat edge of this box
the bubble should be directly in the middle.
(Demonstrate)
The bubble 1s right in the middle and I see,..
+there's as much water on one side as there is
on the other. I think that I understand now
what you mean by the word level,
Herets another experiment to prove that water
seeks its own level., Hotice what happens to
the colored water that I pour into this m"g»
tube.

Now I get it, the water goes from one side of



Teacher...

Debblee. ..

Teacher...

Dﬁbbiecouo

TeacheIl, ..

Debbieoooo

Teacheél...

the "U" tube to the other side and both are
the same level,
Would you say then that the water on:-one side
was finding ite own level on the other side?
Yes, but what would happen if the glass tubes
were not the same size or shape as the "U"
tube and there was more of them?
Here are four different shapes to this glass
container and all are connected to each other.
Notice what happens when I pour the water into
it.

(Demonstrate)
Gee, they all fill up at the same time and
all of them have the same level.
The same thing happens when mother fills the
tea kettle. The water 1n the spout is the same
level as the water in the kettle itself,
What's a spout?
A spout is a part of a container that can be
used to pour water or liquids from such as a
cofree pot or a tea kettle,
Now let me show you another experiment and tell
you about the way pecople use water every day

and never stop to think about the way water

behaves, let's pretend tiiat we have to pour



Debbie- s e

TeacheT e«

water into.:a container such as & steam boiler
that heats our houses or coffee meking con-
tainers that you've probably seen in a restau-
rant. The big prdblem.about these containers
is that they are made of metal and you can't
see the water level inside, But, they do have
a little gaumge which 1s the same as the one on
this container.,

(Show copper container, call attention
to gauge)

This gauge is nothing but a piece of bent glass
tubing attached to a pipe which permits water
to go in and shows the water level from the
outside of the container, Now pay attention
while I pour this colored water. See if you
can tell me whet really happens.

(Demonstrate)
I noticed the gauge filling up, then, the water
in the container must be the same level as the
gauge because you've already proven that water
always tries to find its own level. By the way,
what happened to the tube at the bottom? It
didntt £1il upl
Oh, the air in the tube stopped the water from
going in. Notice wh&t happens when 1 let the

air out of tie tube,.



(Demonstrate)
You see, the water which is heavier than air
actually pushed the air out when it started to
find another level., Notice also that the water
in this container is level too,

(Demonstrate by pointing to container)

Debbie.... But why should all these experiments be so
important? All T have to do is to turn on the
faucet in my house and out comes the water.
Doesn't water come from pipes that are under-
ground?

Teacher,.. Of course, the pipes are under the ground, but
many cities and towns have built lakes called
reservoirs to feed the pipes with water., These
reservoirs collect the snow and rain that drains
off the hilisides and small streams. Sometimes
these reservoirs are high enough so that the
water moves in pipes to find the levels of houses
which are lower than the reservoirs,

(Show poster marked "B",)
Notice in this pleture that the water levels in
both houses are the same as the level in the
reservoir.

(Demonstrate by pointing to the water pipe

leading from reservoir to house)



Debhiel LI N 3

Teacher...

Debbie--.-

Teachers..

Debbieocoo

Teacher.. .

DebbiCssss

Now, herets another experiment., Let's pretend
that one éontainer is the reservoir‘and the
tube is an underground pipe. Think of the other
container as a tall bullding in a city. See 1if
the water that I pour will reach the building
when it is held at the same level as the reser-
voir.
(Demonstrate by pouring water into one of
the plestic containers which are connected
by plastic tubing)
Gee, the water went right up just like it did
in the "U" tube,
what happens when I move either container up or
down?
(Demonstrate)
The water just moves so that it will reach its
own level,
See what happens when I tip both of these,
(Demonstrate)
The water is still level isnt't 1it?
It stays level and I'm beginning to understand
how water behaves now, There's only one thing
that puzzles me know,
What is that, Debbie®

Wnat happens when the reservoir is lower than



all the houses in the town?

Teacher... Well, to help me answer that question, I'd like
to show you three drawings. Listen carefully
while I explain each one,

{(Show poster number one)
This one shows a reservoilr that is lower fhan
all the houses in a town. This building is g
pumping station where pumps are used to force
or pump water up into a standpipe. This is a
standpipe end 1t 1s located on a high hill
which is higher than all the houses in a town
or city.

(Show poster number two)
Number two drawing shows that the water in the
standpipe easily supplies the house and the
fountain outside the house when the water 1s
turned on or free to find its own level,

(Show poster number three)
Number three drawing shows how useful water
can be in putting out fires. Againg when the
hydrant 1s turned on, the water will try to
£ind its own level.

Debble.... Wwhat if we were out in the country where there's

no reservoir, what would a farmer do %o get water?

TeacheT... (Show poster marked "C")



Debbie. LR

Teacher...

In this drawing we find that water from a hill
has formed a lake and has seeped into the
ground. This water flows along under solid
rock as you see here,

(Demonstrate by pointing with finger)
All the farmer has to do is to drill a well
and he can pump all the water that he needs.
Sometimes the water comes through the ground
at the bottom of a hill in a natural way and
we call it a spring., Often times rivers or
lakes are formed by spring water. In some parts
of the world much water comes from the mountains
when the snow melts. wWhen this happens, water
will make a waterfall. When the water falls it
is only trying to find its own level and again
it will either form a lake or river. Let me
show you a home-made waterfall model.

(Show the waterfall model)
Notice what happens when I pour this colored
water. See if you can tell me what happens.

(Demonstrate)

The top part of the waterfall got filled and

the water was level, but when you added more
weter it spilied over to the bottom and the

water was level there too,

Well, Debbie, 1f I had continued to pour more



other experiments as interesting as this
Sorry, Debbie, that's all for today but pert

you can drop in somﬁ other day.




to th& n.pamr"a!met end mite ym name, date ot b&rm;,, *"’ :
nw of/ your school, youwr town, age last btrt«haay, ana -3
g:radé. Underline BOY of GIRL , Fill all the b].an_ka_ e

and write plainly,

Af'ter you ﬁave done _this; réad the SANPLE Q,II@'I'ION : ,:h;- -
 below, .‘ ; ” .,
SAMPLE QUESTION: Which container below holds the most mm?*' k-
A se0ss B pint 3
B cvsse @ quart
C sesee & can
D re0s0 8 gallon
The sorrect enswer is D ...., & gallon. Now look at & ]
- ANSWER SHEET and f£ind the sample answer A B CD . You now
girele the letter D -likes taie because it is m' k

lstisr that stends for the porrect answer,

fo do the rest of the test, rsad the first question on

the next -i:a_ge and chooss the ccrrect answer and notice the |

letier that comes before it, Now look at the answer sheet ant

cirele the letter thet comee after the first or number ono

: 'gnmviei‘. You are now ready to do the same for all the quﬂﬂ’ﬁi
ST you. cnnnot pnswer a queetion, o on to the next questm; 1.:'_‘
~ You will bave firteen minutes to do the test.




 1iquid fs poured inve sadn PRt e DJtta tness ahown beluvr, :
""""\ nn? ahwa thﬂ ebmaat .‘ima;l. i'_ e I_.-."

'H‘_ -

fﬁ#‘

| _gﬁ’éﬂ?fitéﬁf

_J—pring water comes trcm one of thase plﬁﬁﬂﬁn-c

A, a place lower than ‘he apring.

2, a place on the same level as the spring.
Cs 2 place higher than the spring, :

D. a place where they can use a pump,

P whan tha gasoline pump bsgins to pump, it will ampty... 4
; =N number one tank ri' 3
GASOLINE POMP number two tank &
4 - ‘ . hunber three tunk_ I
all tanks at once

TANK

ke An ownnga grove bas many copnscted ditches that are filled by the .-_
’wuter from a nearby pond, When the pond hae filled all ditcheS,.ee

‘A, the ditch nearsst the pond has the highest water lével. A
- B, ths diten farthest from ths pond hae the highast water levsl, =
0. all dithhes have the same level, e L
Dy the middle d1ten has the highest water levsl,

L In ench of the following containers &z air bubble appesrs, ﬂhich
.aqontainar ghowa the air bubble in the correct plavs ?

AN

||‘ I.',-:: A.

| 4mmm.thn Sk of the Panama Canel are closed, the water inside 1&
one af the following: L




.'x& mm-beliwe waterfall has been drswn shming the water level
~ befors the water goes over the fall apd efter it goss over the rall. ;

ﬁhioh drawing shows the true water Jlevels?

B U 4 Da =

. Whan mother fills the tsa kettle with water as shown below, whisch.
spout shma the correct level of water ? )

' A millk truck has three tenks conneeted by pipes at the bottom.
-. \ When the first tank iz enptyesas’

number two tank will 8¢ill bs full.
~ pumber three tank will be half full,
 taoks pumber two and three will be empty.

':mbor two tank w:l.ll be half Tull,

the weters of Leke kris pese over Niagra Falls into Lake
y we: m that the mtnr mu that way baoanan..“




A. Number one d.m will be filled first.
B. Number ons, two, end thres will be rilled at the aama t
G, Number th‘.r.'ae will ba filled rirst,
‘D. Number two will be filled first,

ks Into tb.e funnel some milk wes ponrad. The correct level in tha
g.‘maa wube 18 seevs

EEVEL seine K
- IML (R E RN N ‘e
i 1 R < 3
IBVEL sivonse 0
IEYRY enesisé D

3

].*

Y Tha best way rcm all houses to get water from a reservoir when 1t
18 loosted at a lower level than most houses in a tawn is to h.avem

A, Tach house install & pump near the reservoir,

B, water pumped into a tall standpipe on top of a high hi:l.l. T
0. +the town deliver the water in Jjugs,

D. ecopper pipes instesad of iron pipes.

IF we could mot see .the water in the ocontainers below, wﬁioi: gu.sgq; 4
:!.a telling the truo level of the conteiner?

Sjn mke t.hinga lovel e carpenter uses &n inatrument that hag a
- ed piece of glass tube with colored water and ea air hubbla
He knows that things are lsvel;....

.  the bubblae u‘te the 2ight of center. I
s ' mlu in the le,
- 1_hmm lstt of éantar.
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| ﬁ 1iguid has been poured into each of the "U"-shaped tuhee
=) below. Whish,k one shows the correct level ?

b |

A " |

4 C. D.

)1, Four pairs of containers have water in them, One pair has the
”. current answer, Which one ? : .

C.

fir“yuu hnn 8 glaas pipe under the sink in your house, you anould
spe the wntsr level to be the same a8 seeesee




_iazpos h&w ‘been oonnoatad to the three houses shown balw, =
‘the water is turned onn, which enswer will be g aut. ? Racies
3 4

‘-‘TL

R‘umhar ons will not :
Number two will not get water on the first floor,

Number three will not get wateér on the third rloor.
None of them will get water.
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