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CHAPTER I 

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 the 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 experimenter taking one principle. The teaching method will 

be a lecture-demonstration. 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 I.Q., 

M.A., C.A., sex, previous science instruction and science background. 
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The results to be found by each individual participating in this study 

will be for only one or two grades in several schools. This will give 

an indication of the next grade that should be tested depending upon 

the 'perce.ntage of learning' 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 same principle. The sample 

of schools will be ch sen each year so 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 . Callahan 

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 

3 
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Z. 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 whtch science concepts, principles and 

skills may be introduced into the curriculum with optimum effective-

ness. 

Beck !._ / 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'.?./ 

From a Progress Report of the Committee on Research in 

Elementary Science for the National Association for Research in 

Science Teaching, Venill '}/ believes that with the great expansion 

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

~/Ibid., p. 177. 

3/ John Venill, 'Needed Research Studies in the Junior High Schools', 
Science Education (April, 1948), 3Z:l75-185. 
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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 fo-r more advanced science concepts.•]./ 

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

Education!:./ suggests that a twelve-year sequence of science be taught, 

based on the broad generalizations of science. As an outgrowth of 

this plan, many problems for research were recognized. MorrisotJ./ 

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. :J../ 

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-

y 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. 

}./ Ibid., p. 354. 

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

tributary to the aims of education, mainly, as Bellack says, "life 

enrichment. " J:/ 
In our society great emphasis is placed on education. Laws com-

pel schooling up to a certain 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. 

Bellack~/ further says, "In planning the sequence and place ment 

of school experiences, then, consideration must be given at 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.l/ Kingsley defines maturation as " the 

ljArno A. BeUack, op. cit., p. 42. 

!:.1 Ibid., p. 623. 

l_l Ibid., p. 625. 
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normal physical growth of the physiological functions. U these physic-

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 he will be unable to achieve success in this direction,"!/ 

In order to oetain the maximum efficiency in learning, maturation 

of the child must be cons ide red carefully. Hilbreth 1../ points out that 

U 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. Washburnel/ 

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," 1/ 
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 Natu,re and Conditions of Learning, Prentice­
Hall Inc,, New York, 1949, p. 49. 

z/ Gertrude Hilbreth, "The Difficulty Reduction Tendency in Perception 
and Problem Solving", The Journal of Education Psychology (April, 1941), 
32:305-313. 
3/ National Society for the Study of Education, Child Development and the 
Curriculum, Thirty-eighth Yearbook, 1939, Part I, University of Chicago 
Press, Chicago, Illinois • 

. ~/ Ibid., p. 3. 

5/ Marian E. Breckenridge and Elee Vincent, Child Development, W. B. 
~ Saunders c~mpany, Philadelphia, 1949. 
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been made to determine the role that maturation plays in the develop­

ment of various concepts, among them that of Pistor Y 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 other 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. Pis tor concludes that ..... evidence points 

heavily in favor of maturation rather than training as the dominating 

factor in time-concept development." ?:.I 
Piaget 3./ 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 phenomena. 

1/ Freder1ck Pis tor, "How T1me Concepts Are Acquired by Children", 
Educational Method (Nov. 1940), 20:107-112. 

!:I Frederick Pistor, op. cit. p. 111. 

31 Jean Piaget, The Child's Conception of the World, Harcourt, Brace 
& Company, Inc., New York, 1929. 
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The responses· were then placed in categories developed by Piaget. 

For example, Piaget tr·aced 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. 

Deutsche2./ 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 
or-causal !elations, 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 ... __!/ 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 11 and 12 years JJ 
Hauptl/ 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 

1J Jean Deu1sche, op. cit., p. 93. 

!:/ Ibid.,. p. 29-42. 

3 I George W. Haupt, An Experimental Application of a Philosoph~ of 
Science Teaching in an Elementary School, Teachers College, Co umbia 
University C ntl'i.butions to Education, No. 633. Bureau of Publications 
Teachers College, Columbia University, New Yvrk, 1935. 

41 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 ,1./ both take up something 

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

quality of those which come after. Westl,/ 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 

teaching 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 

!/John Dewey, Experience and Education, The Macmillan Co., New 
York, 1938, p. 7. 

2/ Joe Young West, "Do We Expect TooMuch or Too Little 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 writers, standardized-test =akers, and producers of 

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

tematic teaching of science, resulting in more and efficient learning. 



3. Design of the Experiment 

A. Scope and Limitations 

13 

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 p.-inciples. 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 1.0. obrained from the results of the administration of the 

Otis Quick-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-test. 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 Robertson!/ 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 

1/ Marhn C. Robertson, "Selection of Science Principles Suitable As 
Ooals of Instruction in the Elementary School", Science Education 
(April, 1935), 19:65..;70. 
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Nichols!/ to mean that· the demonstration illustrates 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 a small group of investigators, who 

in turn, 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 principle only. 

3. The action of the demonstmtion 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. Ntchols, New and Improved Demonstrations 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 certain 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 bas7d directly on the demon­

stration to be given. The second group 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 principle-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. 



18 

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 itEIIls on the 
y 

test, Thorndike's Teacher's ~~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 h!J,d 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 form whenever practical 

with the answer to each consisting of one correct response and three dis-

tractors. 

Wher1 the test was completed, it was preser~ted to the same board which 

had previously judged the quality of the demonstration 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 space was left after 

the number of each item for the letter of choice, 

!/ Edward L. Thorndike and 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 involv«i the administration of 

the test to approximatel;r one hundred pupils of the same grade level as 

the pupils for which it was finall.;r intended, The results were incor-

porated in an item anal;rsis which is described in a later section of this 

thesis. An;r items which were shown not to be serving especiall;r well 

were left on this final fom of the test but only those items which were 

functioning well were used in subsequent compilations. 

As the fifth step, a script to accompan;r the demonstration was written 

b;r each investigator using a sui table vocabulary selected fl'OIII Thorndike's 

word list.]} This was not to be read to the experimental group while the 

demonstration was shown but served as a guide for the demonstration 

lecture, key points of the written procedure having been committed to 

memory b;r the experimenter. This minimized the probabilit;r of the indi-

Vidual lectures varying widel;r fl'EIIIl da;r to da;r. 

The investigator then pre&eBted his lecture and demonstration to a 

few pupils inviting comments after the presentation. In this manner both 

the script and demonstration were refined. 

At this point in the procedure, the teet and the dsnonstration were 

read;r to be given. Each inveetigator had written to superintendents of 

schools, receiVing pei'IIIission to teet pupils of two particular grades in 

each school. Altogether five schoole were &elected and the pupils of two 

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

y Edward L. Thorndike and Irving Lorge, .2£• ill.• 
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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 dEillonstration. 

The largest part of the experimental work is contained in the seventh 

step. On a prearranged date at a prescribed hour all the students or one 

class 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 Fandom 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 pFe-test 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 

booklets to the demonstrator or the teacher in charge. The remaining 

half kept their 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 
y 

used by IJ.ndquist , 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 s~ected at random, lS 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 a starting point on the table by referring to a column 
y 

and row number. As IJ.ndquist states, 

"This starting point should be detennined 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." 

From the starting point and reading in the chosen direction, the first 

lS 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 

collected and half the class was removed, as stated above. This half' was 

designated as the control group, They- spent the next 15 minutes reading 

silently some non-science material in another room, 

Up to this time, the daaonstration 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 

y Everet F. Liiidquist, Statistical Anal{sis in Educational Research, 
Houghton Mifflin Company, Boston, 1940, able 18, p. 262. 

y 12!!!·. 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 minutes, 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 comer 

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. 

Meanwhile 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 PlPils, the demonstration was given to the control group 

art.er 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, 

B,y using the test-retest method, the level of previous knowledge concern­

ing the activity may be established. Using this infonnation 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 bee& computed from the I.Q. and the 

chronological age of each pupil, As was· stated above only the scores or 

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 SO per cent correct on 

this part of the post-test was not used, The second chapter of this 

thesis contains a detailed explanation of how the scores were handled 

statistically. 

The ninth and final step of the procedure was the making of a tape 

recording using the previously refined script 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 II 

SURVEY OF BELATFD LITERATURE 

1, Teaching by the Use of Principles 

The teaching of science by principle rather than by extraneous 

collections of facts hall been generally accepted by educators, 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 IDilY be developed 

and if the ideas may in tum be aaeociated into principles and generaliza­

tions that are interwoven into huull experience. Functional learning ia 

conditioned upon attainment of some such integration,~ 
Hoban says: "Education is not simply the accretion of information, 

It involves the fund!llllental knoldedge and the understaadia~ of the basic 

principles of the universe, of which ..a is a part.~ 
The inductive method,-Here the learner arrives at a general con-

elusion, e.g, certain laws of physical sciences, by examining a number of 

individual cases, 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 bas a flower; the buckwheat bas a flower; the stringbean 

1/ National Society for the Study of Education, A Program for Teaching 
Science, Thirty-first Yearbook, 19.321 Part I, P• 242, The University of 
Chicato Press, Chicago, Illinois, 

3/ Charles F. Hoban, Focus on Learning, American Council on Education, 
Washington D.c., 1942, P• .34. 
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bas a flower; we might conclude all plants have a fiower. 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 succession of particularities given in experience,1/ 

The deductive method.--The learner reasons from a principle to a 

particular. It is in this method that we shall be mainly interested, for 

we are basing our whole experiment on the reasoning 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 smount of our teaching attempts to pupils to see the implica-

tion of the laws, principles and rules that the;r 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 a few minutes. 

Advantages of deductive educative teaching: 

1. Kuch more simple than the inductive method 
2. Results in ver;r desirable outcomes 
3. Introduces factors of.organization 
4. llakes meaningful the principles that have 

been mastered already 
5. Arouses puzzle or questioning instinct, a 

very valuable aid 

'}) R. J. Jlc C&li, Basic Logic, Barnes & Noble Inc., New York, 1947. 



6. Helps pupils to derive their principles from books 
or demonstrative techniques.!/ 
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Jones, Y Leonelli,.11Jlartin !JI and others have emphasized the value 

of teaching science by principle, and have listed hundreds of principles, 

HoweTer, there is some disagreement as to what conetitutes a principle. 

H«f.,..a:nn defines a principle as •a statement of relationship between two 

or more facts.•2./ 
y 

Wilbur 1s definition a& stated by Jlartili is 11111ch more precise and 

makes a principle a very specific kind of generalization. His criteria 

state that a principle - - -

n Is stated positively and definitely 
Is true 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 which 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 criteria." 

y c. E. Holley, The Teacher• s Technique, The Century Company, New York,l924. 

y Ruth V. Jones, A stu~or the Principles of Science Found in Ninth- . 
grade Textbooks of Gener Science, UnpUblished Jlaster•s Thesis, University 
of )(1chigan, 1946. 

!J/ W. Edgar Jlartin, "A Determination of the Principles of the Biological 
Sciences of Importance for General Education•, Science Education 
(Karch, 1945), 29:1QO-l05; (April-Kay, 1945), 29:152-163. 

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

§/William Edgar Jlartin, •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 or a principle was the result of many weeks 

of consideration by a seminar in science teaching under F. D. Curtis 

at the University of W.chigan: !/ 
"a, To be a principle a statement must be a comprehensive 

generalization 
b. It must be true without exception within limitations 

specifically stated 
c. It DDlst be a clear statement or a process or an 

interaction 
d. It DDlst be capable of illustration so as to gain 

conviction 
e. It must not be a part of a larger principle 
r. It must not be a definition 
g. It must not deal with a specific substance" 

With this definition, Robertson sought to det~rmine a comprehensive 

list of principles 8\li.table as goals of instruction for elementary schools. 

He evaluated nine separate studies listing principles 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 school science teachers and 

from their ratings 113 principles were chosen. These are the principles 

used in the present stud;y. 

Some results,--There is considerable evidence that scientific 

principles can be taught effectiv~y 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 

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

Babitz and Keyes paired eight class- in chemistry in two Cali-

fornia H:i.gJ:I Schools. Four 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 problema 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 were not statistically significant, Y Kilgore paired 

120 students in high school pbysioe with respect to their previous ex-

perience in science courses studi~s and I.Q. He found at the end of his 

study that students of both high and low ability were significantly better 

in making applications of principles of p~sics when the instructor placed 

emphasis on such application.JI 

The evidence from theae studies seems to indicate that the learning 

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

y Henrietta z. Freud, and Cheronis, N. D., "Retention in the Physical 
Science Surv~ Course", Chemical Education Journal (June,l940),18:288-293 

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

-
Jl w. A. Kilgore, "Identification of Ability of APJ?lY Principles of 
Ph.ysics", Teacher's College Contribution to Education, No, 84o, Coiumbia 
University, New York, 1941, P• .34. 
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objectivea 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 tenn 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 basil 

for the use of daonstrations in teaching. Then, a review of the research 

in which the lecture-demonstration is compared with other methods of 

science teaching will be presented. 

Before discussing desirable qualities in a demonstration, Mack!/, 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 
~t and of hearin~, and lesa frequently through the 
other senses, Resu ts must follow the purpose: there must 
be conviction, compelling to an inescapable conclusion." 

Regarding lecture-demonstrations, Stuit and Englehart3/ express their 

definition by stating: 

"The tenn lecture-demonstration ill 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 student. 
observe the demonstration and ask any questions which they desire 
about the demonstration or theory involved.• 

y Joseph A. llack, "Desirable Qualities in Demonstration Apparatus•, 
School Science and Mathematics (January, 1950), 50:21. 

3/ Dewey B. Stuit, and Max D. Englehart, •A Critical Summary of the 
Research on the Lecture-Demonstration Versus the Individual Laboratory 
Method of Teaching High School Chemistry", Science Education (October1 19.32), 
16:,380. 
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Any discussion of the use of the demonstration in science teaching 

should be related to certain principles of learning, Potthofr1f has ex-

pressed awareness of such a relationship 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, attract his attention, stimulate 
his interest, and arouse his curiosity. Demonstrations 
can be helpful also in facilitating comprehension of the 
abstract, giving reality to the spoken word, and reinforcing 
it by providing impressions through· several sense avenues, 
In general, learning may be more meaningful, more accurate, 
more complete, and more pennanent if it is based upon 
actual experience with that which is being studied, 11 

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 Scienc~ 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,n 

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, 

y Edward F. Potthoff, hThe Use of Demonstrations in Science Teaching"• 
Science Education {December, 1945), 29:253. 

3/ John s. Richardson and G. P. Cahoon, Methods and Materials for 
Teachin~ General and Physical Science, McGraw Hill Book Company, 
New Yor , l951, P• 17. 



Demonstrations can be used for providing pupil exp&riences in 

thinking. Cahoon')/ views on this topic are, in part, these: 

"The demonstrations, laboratory experiments, directed 
studies, pupil project.s, motion pictures, textbook 
statements, 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 1what will 
happen•, at another as an application of a recently 
studied principle." 
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However, it must be added here, that 11A 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 m~ 

furnish little experience in thinking,'~ However, 11thinking11 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, 

y G. P, Cahoon, ''Using Dem:mstrations for Providing Pupil Experiences 
in Thinking", Science Education (Oct,, 1946), 30:196, 

~ JohnS. Richardson and G. P. Cahoon, op. cit,, 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 must be purchased." 

Cunningham's summary of "Lecture Demonstrations Versus Individual 

Laboratory Method in Science Teaching~ covers a twenty-five year period, 

The field of research includes eighteen Master'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, Cunningham~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 Lbetween the two methodi7, 

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 f!Or the enterprise!? favored the 

y Charles s. Webb, 11The Teaching of Advanced Science Using the Demon­
stration Method", School Science and Mathematics (January,l93S) , 3S:23, 

3/ Harry A. Cunningham, "Lecture Demonstrations Versus Individual Labo.-a­
tory Method in Science Teaching - A Summary", Science Education (March,l946) 
30:70-s2. 

~ ill.!!•> Po 76 



demonstration method; and in fourLQf the enterprisei7 
favored the individual laboratory method. 

All of the studies - fifteen - that gave attention to 
the time required by each of the two methods reported a 
saving of time under the demonstration method, The time 
saved varied from one-fifth to one-half." 
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Later in the summary, CunninghaJ/ 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 aRpects, The elements of the thinking process that were 
studied in some 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 tenns 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 p~il could learn to 
think about equally well by either Liiiethoy," 

This comprehensive statement is part of the concluding remarks made 

by CunninghJ: 

"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 methode in teaching a given idea in science," 

The studies presented in the SUIIIIIII1ory of Cunningham were ranked according 

to the criteria presented in an article by Stuit and Engleharty 

y Op. cit., p. 7"'b 

y Ibid., P• 79 

~ Op, cit., pp. 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 factors; 

(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 Anibel3/, 

KnOX'J/ 1 and Wile# 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, 

21 The study of Fred G. Anibel , 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, 

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

3/ Fred G. Anibel, "Comparative Effectiveness of Lecture-Demonstration and 
Individual-Laboratory Wethod", Journal of Educational Research (May,l926) 1 

1.3:.355-.365. 

'J/ W. w. Knox, "The Demonstration Method Versus the Laboratory Method of 
Teaching High School Chemistry", School Review (May,l947), 35:376-.386. 

!J/ William H. Wiley, 11An Experimental Study of Methods in Teaching High 
School Chemistry", Journal of Educational Psychology (April, 1918) • 
9:181-198. 

21 Loc, cit. 



Conclusions, in part: 
1, The imnediate 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
demonstration procedure would result in better immediate 
retention, 
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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 likel.v to profit more 
by the lecture-demonstration method than are the others, 

The study by w. W. Kno)/, which was ranked superior, is 

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

Conclusions, in part: 

as follows: 

1. The demonstration method is superior to the 
laboratory method in teaching mentally heterogenous groups 
of pupils for the purpose of immediate retention ~d 
relatively permanent retentiori7 of subject matter in high 
school chemistry, 

2, For the purpose of imparting to a group of pupils 
a sc~entific attitude and training in a method of attack 
on new problems, the demonstration method is equal, 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, 

4. So 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 method is much to be preferred 
to the laboratory method in the case of the average superior 
pupil. 

y Loc. cit •. 
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Before stating the problEm and significant conclusions of a study 

ranked inferior by Keise# according to the first six of the seven criteria 

developed by Stuit and EnglehartY, it should be recognized that the study 

made by Wile~was a pioneer enterprise, being published in 191S. 

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 
y 

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. Wilellis as follows: 

Problem: To determine the best of the three methods of 
teaching chemistry, the textbook recitation method, the 
so-called lecture ldemonstratiori7 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 [<i'emonstrati:§i 
textbook, and laboratory, so far as imparting knowledge is con­
cerned. 

2. For immediate learning the textbook method is unquestion­
ably superior, 

.3. For permanent learning the laboratory method is perhaps 
slightly superior. 

4. In every respect the lecture [<i'EmOnstratiori7method 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 • 

.Y Loc, cit, 

y Op. cit,, PP• 380-391. 

'J/ Loc. cit. 

y Note the date of publication of the first group intelligence tests. 

2/ 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 Englehart1/have also made an excellent critical analysis 

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 indication 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, 

4, For pennanent 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. 

4. 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 pennanent retention and for the purpose of 
providing technique or handling new problems, the demon­
stration method is much to be preferred to the laboratory 
method in case of average superior pupil - Khox. 

1/ Op. cit., PP• 3B8-391 



Conclusions contending that the students achieves equally 
well by either method: 
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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. 

1. 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-demonstration method seems to be 
most practicable. 

3. The written test cannot 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. 

4. The problem of the relative merits of the lecture­
demonstration and individual-laboratory methods still seems 
unsolves and as ccmplex as ever. .llore 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 experimentation has 
shown the relative superiorities of the methods in terms 
o£ outcomes, the methods should be evaluated in terms of 
the values attached to these outcomes. 

Evidence of the evolution of teaching methods particularly by the 

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



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 lllll3'" be made into real 

facts and parts of their experiEI!ce. Any method will not be overlooked 

if it can provide both clarity and simplicity combined.Y 

In the study done by Smith.J/the problem involved was: 

1. What is the relative effectiveness in ninth grade 
general sciEI!ce classes of experimental demonstrations 
performed by the teacher and equivalent demonstrations 
presEI!ted through the medium of «iucational sound motion 
pictures. 
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 sciEI!ce when they include essentially 
the same materials in so far as merit can be detennined 

!( Herbert A. Smith, "A Determination of the Relative Effectiveness of Sound 
Motion Pictures and Equivalent Teacher Demonstration in Ninth Grade General 
Science", Science Education (April, 1949), 33:214-221. 

y Paul Arthur, Lecture Demonstrations in General Chemistry, McGraw Hill 
Book Company, New York, 1939,, PP• 2-4. 

2( Op. cit., PP• 214-215. 



by the techniques employed in this investigation. The 
use of either method singly is as effective as the C'Oiiibina­
tion of the two. 
2. There is a tendency for increasPd intelligence as 
expressed in terms of an intelligence quotient to be 
accompanied by increased learning where l~rning is 
represented by the gain of final over initial test scores 
on the objective 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 Croxton)/ His problem was 

stated thusly: 
• 

11 Is the failure of children to generalize due primarily 
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 pupils' ability to 

formulate and apply a principle after eight minutes exposure to the 

essential experimental basis in the form of a demonstration or directed 

play. The tentative conclusions made by Croxtons/are as follows: 

1. 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 adequate experience basis was pro­
vided, the data together with the evident obsession mani­
fested by these children for obtaining emotional satis-

y W. C. Croxton, 11PupiiS 1 Ability to Generalize", School Science 
and Mathematics (June, 1936), 36:627-634. 

?} .ill!!·· 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 reasonable be creaited 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 1110tion 

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 de1110nstration: (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.--Bince the demonstration is the instructional 

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

the meaning of the demonstration method. 



Noll!/ has pointed out the fact that investigators seldom define 

teaching methods carefully and minutely enough, Various writers have 

recognized the need in research for accurate definition of terms. Like 

Noll, Riedelyhas made a plea for clear definition of teaching methods 

and experimental procedures. Mac~ has stated that there are as many 

definitions of "demonstration" as there are authors treating the subject, 

Preston~ also realized this and called for clarification and unification 

of terminology. 

Most of the literature on the demonstration method fails to recognize 

the difference between the lecture-demonstration, the class experiment, 

and the illustrated lecture. Prestonl/ 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 

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

y 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. 

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

~ Carleton E. Preston, 11Is the Debate in Conunon Terms?" Science 
Education (February, 1935), 19:14-16. 

1/ Loc. cit. 



Dictionary of Education!( as follows: 

•(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 sourc~ defines the lecture-demonstration thus: 

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

Prestonl/ further clarifies the concept of the lecture-demonstration as 

distinct from the class experiment: 

"In true lecture-demonstration the teacher shows every­
thing, explaining or interpreting each point as he, or 
some pupil, perfonns 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 infonnation and 
explanation is from teacher to pupils; in the class ex­
periment it is exactly the opposite.• 

. y 
Elsewhere, in defining lecture-demonstration, Preston makes the point 

that "no questions interrupt the speaker and he asks his audience none, 

other than for rhetorical effect.• 

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

!, Carter V. Good (Editor), Phi Delta Kappa, Dictionary of Education, 
McGraw-Hill Book Company, Inc., New York, 1945, p. 124 

y 121!!·. p. 238 

lf Carleton E. Preston, The Hi 
McGraw-Hill Book Company~,~In~c~ •• ~~~~~~~~~~~~~~~~~~ 

~/ Carleton E. Preston, "Is the Debate in Common Tenns?" Science Education 
TFebruary, 1935), 19:14-16. 
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the illustrated lecture as does the Encyclopedia of Modern Education:l/ 

"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 

observation made by Mack:3/ "Inherent in the concept of demonstration is 

the factor of movement of material things, not a static condition or dis-

play.• This so-called dynamic quality of the demonstration leads 

lJ.ac.;/ to exclude from the dsnonstration procedure certain standard 

teaching materials: 

•objects, unless they can be operated ••• so 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,~ it would seem that this method should also be ex-

eluded on the same basis as the other visual aids. 

Further, Mac~ states that the dsnonstration is "an appeal througjl 

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

y Harry N. Rivlin, Encyclopedia of lJ.odern Education, The Philosophical 
Library of New York City, New York, l943, p, 452 

3/ Op. cit., P• 21, 

2/ Loc. Cit. 

~ Kary A. ott, "Microtechnique for Projection Dsnonstration in General 
Science", School Science and Mathematics (January, 1946), 46:6S-73. 

2/ Op. cit., P• 21 
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senses". He would1 therefore, exclude from demonstration work materials 

that appeal to only one sense; such as1 transparencies, pictures, charts, 

recordings and radio reproductions. 

Thus certain characteristics 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. 

4• It differs from the illustrated lecture. 

5. Movement and action are essential. 

6. It is an appeal through two senses: sight and hearing. 

The necessar;r implications of each of these statements have already been 

suggested. 

Review of the literature.-! 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, 

documented with references, proved similar to this one. 

only one study1 

Mac~ covered 

many of the same sources in· developing his checklist for evaluating desirable 

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

1/ Oe• Cit., PP• 19-.3l. 
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inherent in the physical surroundings and in good techniques and as 

"qualities" those conditions inherent in the apparatus. :U:uch 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 consisting of five types of 

sources: (1) professional journals and science publications, 

(2) methodolog textbooks, (.3) teaching science textbooks, (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 Director:r, 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 qualities 

.3. Deairable characteristics 

4. Points to keep in mind 

5. Rules for d1111onatrating 

6. Suggeations for making demonstrations effective 

7. Criteria 

8. General discussions of the demonstration method Works included 

in this study fall into four categoriea: (1) Those which deal with the 

demonstration in a general sense; (2) those from the field of biolog 

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



Several of the authors in the first category, the "general•, emphasize 

only one or a few aspects of the use of demonstrations, In discussing the 

presentation of ex:ample demonstrations, Cahoony indicates certain steps 

taken to insure effectiveness of the demonstration and emphasizes only 

visibility and size of apparatus, Colviny offers three cautions to be 

observed in class demonstrations. Hofrlf emphasizes only visibility and 

planning. Pinlm;/ suggests the need for apparatus especially designed 

for demonstration purposes and stresses the factor of visibility • 

. A few in this aeme group attempt more detailed coverage, Potthof~ 
for example, offers several suggestions for performing demonstrations 

effectively and contributes many excellent ideas. In discussing the art 

of lecture table demonstration, Davison2/ mentions several rules to follow 

in demonstrating, 'BakestraJI 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, 

y stephen Sheldon Colvin, An Introduction to High School Teaching, The 
llacm:l.llan Company, Hew York, l924, Ch. 12. 

'JI Arthur G. Hoff, Secondary School Science Teaching, The Blakiston Company, 
Philadelphia and Toronto, 1947, pp. 18s:I89. 

M 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. 

Y H. F, Davison, "The Art of Lecture Table Demonstration", Journal of 
Chemical Education (June, 1927), 2:443-7. 

J.l Norris w. 'Bakestraw, "The Function and Limitations of Lecture 
Demonstration•, Journal of Chemical Education (November,l929J, 
6 :1882-1886. 
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good demonstration in his extensive discussion of lecture-demonstration 

Still others in the "general• group have systematically attempted 

to list criteria in some form. Billinge~ lists five require-

ments for a successful demonstration. Dal~ offers fourteen suggestions 

for improving demonstrations and eleven questions for evaluating them. 

Under "danonstration techniques", Haa)/lists ten steps to be completed 

before conducting the experiment and five suggestions for conducting it. 

Heissfj/ elaborates on seven excellent rules for dEI!Ionstrating. Holley2/ 

lists seven things a teacher can do to insure successful demonstrations. 

Jlac.ft/ developed a lengthy checklist of desirable qualities in danonstra­

tion apparatus. In a group thesis edited by Jlurra.;J, five criteria for 

a demonstration were listed which h/Ad been developed in a seminar 

y R. D. Biiliiiier, "Lecture Demonstration Experiments", Journal of 
Chemical Education (August, 19.37), 14:.375-7. 

y )i;dgar Dale, Audio-Visual Methods of Teaching, The Dryden Press, 
New York, 1946,-p. 125.1.30. 

if K. B. Haas, "The Demonstration and Field Trip as Training Techniques•, 
Business Education World (February, 1951), .31:291-29.3. · . 

fjj Elwood D. Heiss, Charles w. Hoffman, and Ellsworth S. Oboum, Modem 
Methods and Materials for Teaching Science, The Macmillan Company, New 
York, 1950, PP• 171-2. 

§( Qp. cit., P• 27-29. 

1/ Chalmers Murray (Editor), New and Improved DEIIIonstrations, Each 
Illustrating a Single Science Principle, Unpublished Master• s Thesis, 
Boston University, 1950. 
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discussion. Richardson and Cahoon1/ list five criteria for a good demon­

stration. Selber;/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 field of biology, only one study was found, Gramet1/ 

lists eight characteristics of the good demonstration, 

In the third category, works from the field of physics, the same 

breakdow can be made as for the first category. Among the few who 

emphasize only one aspect, Coyl,j/ stresses the value and importance of 

vertical mounting of apparatus on special boards. Also, &J.tton2/ stresses 

the need for simplicity and originality, Among his suggestions for im­

proVing physics teaching, weaver§/ stresses visibility and size of 

apparatus. 

!/ John s. Richardson and G.P. Cahoon, llethods and Materials for Teaching 
General and Physical Science, llcGraw-Hill Book Company, Inc., New York, 
Toronto and London, 1951. 

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

1/ Charles A. Grsmet, "Demonstration Lessons in Biology"• Science Education 
tFebruary, 1934), 18:33-36. 

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

2/ Richard M. Sutton, "The Importance of Scientific Instruments and Apparatus 
to the Teachers of Physics• • Review of Scientific Instruments (December, 1941) 
12:573-582. 

§/Elbert c. Weaver, •Teaching Physics Effectively", School Science and 
Mathematics (May 1944), 44-402, · 
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y 
Hitchcock emphasizes action as the essential quality of good 

demonstrations and includes, as he elaborates this theme, many other 

criteria. 

Dufr.3{ is the only one in the field of physics to make a systematic 

listing. He enumerates nine desirable qualities in demonstration experi-

menta. The fourth and final category, the works from the field of chem­

istry, may be similarly analyzed. Arthu.)f presented a lengthy dis­

cussion on visibility including many excellent suggestions. Reed~ dis-

cusses in some detail four aspects of good demonst-rations and techniques, 

Wile.2/ also deals only with a few aspects ~f successful demonstrations. 

Dunba~ lists eleven desirable characteristics in demonstrations. 

His list is based on Duff's and includes specific examples in chemistry, 

FrankZ/ provides twelve suggestions regarding use of class demonstrations 

1( Richard c. Hitchcock, "I Like Action in Physics Demonstrations•, School 
Science and Jlathematics (D-ecember, 1941), 41:8.32-8.39. 

y A. w. Duff, "Desirable Qualities in Demonstration Experiments•, School 
Science and Jlathematics (November, 1928), 28:857. 

'JI Paul Arthur, Lecture Demonstrations in General Chemist , Mc-Graw-Hill 
Book Complllly, Inc., New York and London, 19.3 , Ch. 

!/ liufus D. Reed, "High School Chemistry Demonstrations" Journal of 
Chemical Education (Novsmber, 1929), 16d905-9. 

2J L. A. Wiles, "The Value of Lecture Table Demonstrations in the Teaching 
of Chemistry•, Journal of Chemical Education (September, 1928), 5:1109-1111. 

-
§/ Balph E. Dunbar, •some Desirable Characteristics in Chemistry Demonstra-
tion Experiments•, School Science and Mathematics (January, 1950), 50:19-.31. 

1/ J. 0. Frank, The Teaching of Hi'i School Chemistry• J, 0. Frank and 
Sons, Oshkosh, Wisconsin, 19.32, P• 8-9. 

Boston University 
il!ahool of EducatioLo 

---- Library: 
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which he believes to be justified by the experience of a number of 

teachers. Goulcf:/ enumerates on eight to consider in planning and perform­

ing demonstrations. Van HomJ/ offers five suggestions for the preparation 

of apparatus and materials and four rules to follow in conducting denonstra-

tiona. 

Use of Criteria.-- The seminar in 1951 after careful consideration of 

criteria of a good demonstration in this field and cGndensation and tele-

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 

probl~. It is an assumption these are good criteria • 

. selected criteria.-- The criteria for a good demonstration as used in 

this experiment are as follows: 

CRITERIA FOR A 0000 DEIIONSTRATION 

I. THE DEiia.JSTRATION SHOUlD ILWSTRATE A BASIC PRINCIPLE. 

II. THE DEii<liSTRATI(Jl SHOUID ILWSTRATE gJ! PRINCIPLE ONLY. 

III. THE ACTiai OF THE DEiiONSTRATION SHOOLD BE CLEARLY VISIBLE 

AND AUDIBLE TO ALL. 

A. Remove all the audio-visual distractors. 

B. Make sure the lighting facilities are adequate. 

Spotlight or otherwise sufficiently illuminate 

the thing being dEI!lonstrated. 

y Arthur B. Gould, ilbemonstration Experiments and Their Place in the 
Teaching of Chemistry", Journal of Che!Di.cal Education (Febroary,l931), 
8:297-302. 

Sf Donald Van Horne, "The Lecture Demonstration Method in High School 
Chemistry", Journal of Chemical Education (January, 1930), 7:109-116. 



c. Adjust window shades so that students can see 

from all parts of the room, 

D. If necessary, rearrange the seating so that 

everyone has an unobstructed view. 

E. Be sure that those with poor hearing and Vision 

are seated appropriat~. 

F. Have the demonstration table arranged so that 

all pupils can see the demonstration. 

1) Vertical mounting of apparatus ill es­

pecially effective. 

2) Place the apparatus well fonrard on the 

desk, facing out toward the pupils. 

3) Place demonatration table in beat posi­

tion for all to see from all angles. 

G. Wherever possible, make use of color contrast to 

make the apparatus or materials stand out. 

IV, THE APPARATUS SHOOLD BE ON A LARGE SCALE. 
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A. The apparatus IIIUSt be clearly visible from the furthest 

corner of the room. 

B. Where a thermometer (or other meter) is essential 

to the demonstration, use a mock-up or wrking 

model to help the class visualize this part of 

the procedure. 

c. Large signs and diagrams may be used to supplement 

the spoken word. 



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. 
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V. THE DEMONSTRATION SHOOLD WORK: IT SHOOID BE AS INFALLIBLE AS 

POSSIBLE. 

A. Apparatus should be in sound working condition. 

* B. Apparatus should be as simple as possible. 

1) Simplicity of operation. 

2) As few parts as possible. 

3) Avoid crowding, overlapping and masking of 

the parts. 

* c. The dEI!lonstration should be rehearsed in advance. 

D. The demonstration should be well-planned and prepared. 

1) Set up apparatus and have all materials­

carefully 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 

no longer in use. 

VI. THE DEII:ONSTRATION SHOULD BE SDIPLE AND THE SPEJ!D OF ACTION SUITABLE. 

A. Use simple setups and place the equipnent in 

*-These might well be separate criteria. 
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order on the table so that the action can proceed 

logically. 

B. Talk llhile you work. Be sure to: 

~) Emphasize the main points; do not digress. 

2) Keep ~rizing as you go along. 

3) See to it that the demonstration moves on 

quickly to a conclusion; do not hurry or drag. 

c. Use a simple vocabulary. 

VII. THE DIDQSTRATIOO SHWLD BE DYNAKIC. 

A. By definition, movement and action are essential 

to the demonstration. 

B. Positive effects of motion are more impressive than 

null effects of static display. 

VIII. A SLIGHT DRAILATIC EI.li!I.!ENT IS S:JIETDO!S USEFUL. 

IX. AN EJ.EVENT OF THE UNEXPECTED IS SOMETllll!S EFFECTIVE. 
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X. THE APPARATUS SHOOLD BE OF EASU.Y AVAILABLE AND INEXPENSIVE 

MATERIAL. 

XI. THE APPARATUS usm IN THE GIVEN DEilONSTRA.TION SHOUlD BE 

STORED AWAY INTACT UNTn. IT IS TO BE USED AGAIN. 

The frequency with 'IIIlich the above-mentioned criteria were mentioned 

by the source' consulted is indicated by the chart below. The count was 

made merely for general interest. It 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 accordance with 

suggestions made by IIDs.)/, 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 homogeneous 

in nature, in order to detect higher leVels of understanding and dis-

crimination •• 

Thill "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 11a response that competent critics can agree upon as best.~ 
The competent critics in this specific situation compose a group of 

in-service science teachers. The writer has taken great care to 11make 

all distractors plausible and attractive to examinees who lack the 

y C. C. Ross, Measurement in Today• s Schools, Prentice-Hall Inc., 
Iew York, 1947, p. 150 

y' R. L. Ebel and E. F. Lindquist (Editor), Educational Measurement, 
George Banta Publishing Co., Menasha, Wisconsin, 1951, p, 2.32 
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cal distractors".Y In reference to the multiple 

Odelll/states that "they may be used to test not 
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"avoid highly techni-

choice type test, 

only knowledge of facts 

and amount of acquired information, but also knowledge of cause and 

effect relationships, ability to make comparisons, to evaluate, to apply, 

to illustrate, 

also to score, 

to define, and so forth. They are easier to prepare, and 

than some of the other types." He further add)/ "almost 

all kinds of multiple answer tests can be constructed so that they possess 

.practically 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 determine 

to ~at probable extent application and recognition, as well as under-

standing of a sciEiltific principle have been gained through the demon-

stration actiVity. For this reason, it is necessary for the examiner to 

approximate the difficulty range of the test items which he has prepared. 

It is well recognized that there are various levels of learning. 2/ In order 

1( Qp. cit., P• 234 

y .!!!!!!·. p. 235 

:JI c. w. Odell, 
Co., New York 

!t/ Op. cit,, p. 282 

The Century 

'jj w. A. Brownell and U. ll. Sims, The ){easurement. of Understanding, 
Forty-fifth Yearbook, National Society for the Study. of Education, 1946, 
University of Chicago Press, Chicago, Illinois, pp.27-43. 
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to measure these levels of learning, a testing device of various levels 

of difficulty must be constructed, The actual judgment of item difficulty 

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,,.!/ 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, Odelly states that, in 

reference to good distractors, ntheir selection ~stractori7 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,,, ,II 

The various levels of learning ~ 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 wh«t 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 learning in mind, The first third of the test is 

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

'jJ K, w. Vaughn and E. F. Lindquist (Editor), Educational Measurement, 
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 174 

y ~·• P• 286 
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the test can be said to measure three leveb of learning, all concerned 

with the same demonstration, and the same scientific principle. This 

method of testing tells the examiner to approximatsly What extent the 

pupil can recall, understand, or apply the principle, 

Vocabulacy,-It is only logical for one to 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, b~ 

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 expect a low re-

liability 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 comprehension at the grade level at which the test is used, 

The test tgout.~"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 

examiness,,~ 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 possible 

responses, Such items could be dropped completely from the test, or 
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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 limit 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 requiring about ten minutes to be read through completely. 

()dell.!/ has recommended that •on the average elementary-school pupils 

be expected to respond to three or four such exercises ffiultiple choice 

itemsJ 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 Lindquist.&' "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. 

y c. w. Odell, Traditional Examinations and New-!ype Teste, The Century 
Co., New York and London, 192S, P• 2S5. 

y A. E. Traxler and E. F. Lindquist (Editor) , Educational Measurement, 
George Banta Publishing Co., JLenasha, Wisconsin, 1951, p • .340, 
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B. Aims and Use of the Test 

Employing statistics.-The test is an instrument devised to obtain 

statistics for measuring growth of learning, due to a specific educational 

experience, namely a scientific dsonstration. Every effort has been 

made in the construction or the test to measure as precisely as possible, 

the "meaningful 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 or the tests taken by the 

examinees. In accordance with Guilford,.!/ it appears obvious that 

"statistics enable us to summarize our results in meaningful and convenient 

rom". The summaries of the test results will enable educators in the 

field or 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 so far as, "The experiment directs our 

observations and yields data. By means or statistical methods, we can 

summarize those data, interpret them, and determine their reliability.~ 
In this respect, Brownelllf 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).n 

y J. P. Guilford, Fundamental Statistics in Psycholosy and Education, 
llcGraw-Hill Book Co., New York and London, 1942, p • .3. 

~ J. P. Guilford, ap. cit., P• 156. 

'J/ W. A. Brownell, The lleasurement of Understanding, Forty-firth Yearbook, 
National Society for the Study of Education, l946, University of Chicago 
Press, Chicago, Illinois, P• 2. 
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Test-retest method.--If the educator is to measure grcwth, or 

learning, due to some specific learning activity, he cannot overemphasize 

the "importance of knowing initial status with respect to understanding.)/ 

The writer is convinced that the only re.liable 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 correctl;r attributed solel;r to the remedial prcgram /Jhe 

demonstration perio§. 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 growth."3/ For purposes of 

predicting this 0 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) ma;r be labelled as the prcbable 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 

an;r possible increase made by the control group on the post-test, B;r 

knowing approximately ~at percentage gain on the test scores may be 

attributed to "chance0
1 as determined by the control group, the writer is 

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

1/ H. R. Douglass and H. F. Spitzer, Forty-fifth Yearbook, Qp.cit,,p,24, 

3/ C. C. Boss, Op• cit., p. 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 to the results emanating !rom the test will yield 

invaluable data in predicting at what grade, or grades this specific 

scientific principle can be presented with predictively good results. 

Statistical interpretations of the test results are the means to these 

predictions. This is stated in essence by Guilto~ who states that 

"statistical reasoning is basic to all predictions". 

C. Characteristics of the Test 

Reliability of the test.-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 !or purposes of determining reliability since the 

material being tested has been presented to the examinees in the period 

intervening the two tests. 

All external !actors concerning the test have been kept as consistent 

as possible. The element of time does not detract !rom the reliability, 

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

1/ .Ibi.c1o , P• 176 
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the teat items. The influential time .factor has been kept at a minimum. 

Lindquiat!/ concurs in stating that "The procedures /JestiniJ become 

entirely unsatiatactor.r particularlY" in any teet in lihich speed is a sig-

ni.ficant element in the score"• 

The asmpling ot the material has been adequate, since all the test 

items have been constructed on the basis ot a single scientific demonstra-

tion. A test of high reliability is further assured in the length of the 

teat. It ill generally conceived that the longer the test, the higher the 

reliability. The teat in consideration contains appro:xilllately thirty 

items, measuring the understanding derived .from a single scientific 

principle. 

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

prmousl;y. The jury was composed ot in-service science teachers. 

y E. F. Lindquist (Editor), Educational Jleasurement, op.cit., p.617. 



4. 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 

of science principles 

close association between the teaching 
1/ 

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 the same class as those 
from whicA 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 reasonable 
amount of time in attempting to have pupils undepstand 
a physical science pri'nciple and learn to use it as a 
powerful tool for classifying 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 denial of the fact that many, but not all principles 
can have been partially 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 affords 
for students to adventure more widely in their environment. 
In two years, for instance, pupils may have just a few 
more noticed experiences; the membership of these experiences 

1/John G. Read, "Present Status and Problems of One Type of 
Grade Flacement Research, "Science Education, Vol.42, Number 4, 
(October,l958), pp.349-357. 



in a class of experiences is not recognized, 'rhey 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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CHAPI'l:!!R III 

EXPERIMI!!NTAL PROCEDURE 

l. The Principle 

Statement of principle.-- The scientific principle used 

by the writer in this experiment was: any body of liquid 

tree to take its own positio~ 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 

~he determination ot the grade level in which this scien­

tific principle can be understood by the students and 

taught to them most effectively. 

Plan of operAtion.-- 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 ot 

tour grades, nine through twelve; the junior high school 

consists of four grades, five 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 grade rooms of the junior high school and 

the two ninth grade rooms of the high school were used in 

the experiment. As these rooms were not separated by 

ability grouping, they were maintained as entities for the 

purpose of testiag. The students attending these cl~sses 

were all residents of Pepperell, a large, thinly settled 

town on the fringe of the suburban area of Lowell, Mass. 

The socio-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 grade classes was 

selected to be the experimental class, the remaining 

eighth and ninth grade classes were to serve as the 

control groups for their grade. 

2. In both the high school and the junior high school 

the two classes to be tested were in adjoining rooms 

so the testing program was carried out with a mini­

mum of disturbance 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 given a specific assignment 

in Civics or Social Studies to be done under the 

supervision of the homeroom teacher. 

4. The demonstration was given to the experimental 

groups at the conclusion of the pre-test. 



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. 
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6. The Otis 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 Mr. 

Lambert for his earlier experiment, with one ex­

ception. The original tape was in the form of a 

dialogue between Mr. Lambert and a young boy. The 

writer substituted his daughter for the boy with the 

resulting change of addressing Debbie, 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. 

Plate 1. 
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b. Plate 2. The second poster shows a reservoir 

located above two houses. It illustrates 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. 

c. Plate 3. The third poster shows how a community 

with its reservoir below the level of the houses 

pumps water into a standpipe to raise the water 

level so that water will rise in the houses, 

seeking the same horizontal plane as the water 

in the standpipe. 



Plate 3. 

Plate 4. 

d. Plate 4. This poster shows more clearly the 

position of the water level in the standpipe 
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in relation to the height to which the water 

must rise in the houses. 

7l 

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 the 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 . 

Plate 6. 
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3. APparatus Kit. Plate 7 displays the apparatus kit 

open and ready for the demonstration. All the ma­

terial used in the demonstration can be carried in 

the case that holds the apparatus. The case is a 

plywood box twenty-six inches long, twenty-four 

inches high, and nine inches wide. Located in the 

upper, right corner of the case is the "U" tube. 

This tube is used to 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 same 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 is 

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 i& 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 in 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 ia 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. 

Plate 7 
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3. The Test 

Description.-- The test contains 25 multiple-choice 

items written so that it could be determined whether or 

not the student had enough understanding of the principle 
1/ 

to apply it to a specific situation~ The test was made 

utilizing the following criteria: (1) items which are 

directly related to the demonstration, (2) items which 

are indirectly related to the demonstration, and (3) items 

in which a definite transfer or application ot the prin-

ciple is necessary. Each test item has tour answer cl\:oices 

only one ot which is correct. The five pages making up 

the test are stapled together into a booklet. The cover 

sheet of the booklet contains explicit directions for 

taking the test. A separate answer sheet is furnished tor 

both the pre-test and the post-test. The answer sheet 

provides space tor 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 choice is determined by circling one 

ot the capital letters, A, B, c, or D. 

1/ Francis J. Lambert, Results of Demonstration and Testing 
or Ph~sical Science Principle "AnY Bodt of Liquid Free To 
Take ts own Position will seek a~osl Ion In Which All 
Surfaces Lie In the Same Horizontal l"lane", Unpublished 
Thesis, Boston University School of Education, 1950, p.71. 



CHAPI'ER IV 

STATISTICAL PROCEDURE Al~ RESULTS 

1. Preparing the Data for Statistical Research 

Grading the tests.-- The writer, upon completing the 

testing of the principle in each class, carefully maintain­

ed separate files for each class. This resulted in four 

groups of test papers, each group containing the pre-test, 

post-test, and Otis 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 tests. 

The standard hand scoring marking device (which accompan­

ies each package of test forms) was used. To avoid diffi­

culty and confusion in compiling 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 data cards, the statis­

tical compilation began. 

2. Performance of Different Mental Age Groups 

Number of students.-- A total 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 their 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 each mental 

age interval was recorded. The median score and the 

inter-quartile 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 a~ 

interesting configuration. Although the performance table 



shows a definite difference between the experimental and 

the control groups, the difference is very slight at both 

ends of the mental age level scales. The greatest iiffer-

ence is found at the mean. This same pattern is followed 

at the inter-quartile range, although the experimental 

group is consistantly somewhat higher than the control 

group. 

Table 1. Performance of Different Mental Age Groups for 

the control and Experimental Population on Post­

test Results 

Mental Age Control Group Experimental Group 
in Years = Median Median N :Score IQ,R N Score IQ,R 

(1) ( 2) ( 3) (4) (') ( 6) ( 7) 

19* 1 2!1 25-25 # 
18 1 24 24-24 l 24 24-24 
17 3 24 24-25 6 23 22-26 
16 8 24 24-25 6 24 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 12 20 19-21 .5 20 19-:21 
11 2 14 14-14 3 13 11-14 

Total 52 51 

# The entire range is given for mental age levels with 
fewer than four cases. 

* The mental age level includes months, from o to 11. 
N • Number of cases 
IQ.R • Inter-quartile range 

3. Finding the Typical Class 

The typical class.-- The typical class is approached 
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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 1,\uick-scoring Mental 

Ability Tests. The mean and the standard deviation are com-
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puted and then the standard deviation is multiplied by 1.28. 

This deviation will now be equal to 40 percent. Scores fall­

ing outside tnis 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 

lOth 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 nave 

such widely dispersed mental age levels that it is extremely 

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. ii-ith the elimination 

of the top and oottom deciles, the range ot' abilities is 

made into a more nomogeneous and workable class. 

4. Item Analysis 

Evaluation of test items.-- ~t is necessary that an item 

analysis be made on each test item Oefore the test item 

!/Herbert G. Oxendine, The Grade Placement of the Physical 
Science Principal "Sound is Produced by Vibrating l.!iaterial" 
In Relation to Mental Ages, Unpublished Doctor's Dissertation, 
Boston University, 19,3, 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 portio3 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 
1/ 

no freedom for improvement by scoring formula~ The pro-
2/ 

portions were taken to the Fan table- where the difficulty 

index and the discrimination index of each item were ob-

tained. It was then necessary to check these results against 

the criteria set up for this series of experiments to as­

certain the items which were to be eliminated. 

criteria for eliminating test items.-- The test items 

to be eliminated were deterained by the following criteria: 

1/ J.P. Guilford, 
and Education, 
York, 1956, P• 

Fundamental Statistics in Psychology 
McGraw-Hill Book company, Inc., New 
480. 

2/ Chung-Teh Fan, Item Analysis Table, Educational Testing 
- Service, Princeton, N.J., ~952. 



1. The difficulty index indicates no gain, or a de­

crease from the lower grade to an upper grade. 

2. The item is answered by 75 percent of the pupils 

in the lower grade on the pre-test. 
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3. The item is correctly answered by 25 percent or less 

of the pupils in the higher grade on the post-test. 

4. 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. 

Items 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 Principle 

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

the elimination of all items not satisfying the criteria 

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 standard deviations of the coa­

trol 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 ta~le 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 Pre-test for the Oontrol and Ex­

perimental Groups on the Eight Item Test of the 

principles. 

Control Group Experimental Group 
Grade Standard Standard Mean Deviation Mean Deviation 

(1) ( 2) (3) (4) ( 5) 

Eight 6.68 2.74 5.58 3.31 

Nine 6.36 2.61 6.16 2.27 

Pearson product-moment coeffieient of correlation.-­

To determine the relationship 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 product-moment 
1/ 

coefficient of correlation as outlined by Greene~ 

1/Harry A. Greene, Albert N. Jorgensen, and J. Raymond 
Gerberich, Measurement and Evaluation in the Secondary 
School, Longmans, Green and Company, New York, l954, 
pp.374-380. 
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The pre-test scores were distributed along the y-axis, and 

the post-test scores were along the x-axis. The formula 

used was 

r= 

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

ber of cases, ex and cy are corrections on the x-axis and 

y-axis, and o;, and cry are the standard deviations on the 

x-axis and y-axis, and ~xy is 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 reliability of the selected items in 

the test for the principle. 



CHA.FTER V 

CONCLUSIONS 

The reliability coefficient established that the hetero­

geneous grouping:. of the eighth and ninth grade classes was 

essentially random, It was somewhat surprising that the groups, 

after the mid-eighty percent had been obtained, had as large 

a degree of homogeneity as the means and standard deviation 

indicated, As explained in the plan oi' operation, the scnool 

population comes from the lower,.middle and mid<ile income 

families, It v1as expected 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 mental age level. This is an artificial situation for the 

school and can be att:tfubilted 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, 'l'his 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 graQe than in the ninth graQe, 

- 83 -
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On the rifty 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 control 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 indicated 

border-line understanding, with an average ability group. 

The investigator suggests that a large sampling of seventh 

grade students would pinpoint the grade placement 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 sampling this belief could be upheld or refuted, 
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SCRIPT OF THE DEMONSTRATION 

Teacher... Hello, Debbie. 

Debbie •••• Hello, Mr. Lambert. What kind of a contraption 

do you have there? 

Teacher... If you have a few minutes to spare, I'll tell 

you all about it. 

Debbie •••• It looks interesting. Well, I haven't any 

special place to go so you may as well act 

like Mr. Wizard and tell me about it, 

Teacher ••• Do you know, Debbie, most boys and girls use 

water every day but they never stop to think of 

the different ways that water behaves. This con­

traption as you call 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 oil because they act the same as water, but 

to make things easier I'm going to use some 

colored water. 

Debbie.,.. What do you mean by "one special way that water 

behaves"? I've never heard of water behaving in 

any special way. All I know is that you get wet 

when it rains and that you drink it or go 



swimming in it. Let me see, my father tells me 

that I should use more of it with soap. 

Teacher... I'm sure that you•ll easily understand when I 

do a few experiments, but first let's review 

what we studied about the Romans earlier this 

year. They had a problem in getting water. Do 

you remember how they solved that problem? 

Debbie •••• Oh yes, they built aqueducts from the mountains 

to the cities and they got all the water that 

they wanted from the mountains. 

Teacher... 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 "A") 

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 Latin words meaning "to lead 

water"• 

Debbie •••• But gee, Mr. Lambert, I still can't understand 

what you mean by the way water behaves. 

Teacher... Well, Debbie, if you'll just listen carefully, 

I'll explain everything. To begin, water has 

the tunny habit of always trying to find it6s 

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. As I tip the 

bottle notice that the water 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 it. 

Debbie ••••••• Now I see that water behaves 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 you mean by level? 

Teacher •••••• Why, level simply means any straight line across 

from left to right or from east to west. Another 

way that I can explain the word level is to tell 

you about a special tool that a carpenter uses 

called a level. This tool 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 tney will look even 

or level and not look as if they would tip 

over. You can buy one like this in the five 

and ten cent store. 

(Show apparatus) 



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. 

Debbie •••• My father uses a level but you 1 11 have to tell 

me more about that thing. How does it work to 

make things level? 

Teacher ••• Do you see the air bubble? 

(Demonstrate) 

Debbie.... Yes. 

Teacher... What happens to the air bubble when I tip it? 

(Demonstrate) 

Debbie •••• That bubble always stays on top. 

Teacher... .Vhen I put it down on the flat edge of this box 

the bubble should be directly in the middle. 

(Demonstrate) 

Debbie •••• The bubble is 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. 

Teacher ••• Here•s another experiment to prove that water 

seeks its own level. Hotice what happens to 

the colored water that I pour into this "U" 

tube. 

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



the "U" tube to the other side and both are 

the same level, 

Teacher ••• Would you say then that the water on one side 

was finding its own level on the other side? 

Debbie •••• 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? 

Teacher ••• 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) 

D~bbie •••• Gee, they all fill up at the same time and 

all of them have the same level, 

Teacher ••• The same thing happens when mother fills the 

tea kettle. The water in the spout is the same 

level as the water in the kettle itself. 

Debbie •••• What•s a spout? 

Teacher ••• A spout is a part of a container that can be 

used to pour water or liquids from such as a 

cofi'ee pot or a tea kettle, 

Now let me show you another experiment and tell 

you about the way people use water every day 

and never stop to think about the way water 

behaves, Let•s pretend that we have to pour 



water into,~a container such as a steam boiler 

that heats our houses or coffee making con­

tainers that you've probably seen in a restau­

rant. The big problem 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 gaY@e which is 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 what really happens. 

(Demonstrate) 

Debbie.... 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 mvn level. By the way, 

what happened to the tube at the bottom? It 

didn't fill upl 

Teacher... Oh, the air in the tube stopped the water from 

going in. Notice what happens when I let the 

air out of tile 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 I have to do is to turn on the 

raucet in my house and out comes the water. 

Doesn't water, come !rom pipes that are under­

ground? 

Teacher ••• or course, the pipes are under the ground, but 

many cities and towns have built lakes called 

reservoirs to reed the pipes with water. These 

reservoirs collect the snow and rain that drains 

of! the hillsides and small streams. Sometimes 

these reservoirs are high enough so that the 

water moves in pipes to find the levels or houses 

which are lower than the reservoirs. 

(Show poster marked "B".) 

Notice in this picture that the water levels in 

both houses are the same as the level in the 

reservoir. 

(Demonstrate by pointing to the water p~pe 

leading !rom reservoir to house) 



Now, here's another experiment. Let's pretend 

that one container is the reservoir and the 

tube is an underground pipe. Think of the other 

container as a tall building in a city. See if 

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 plastic containers which are connected 

by plastic tubing) 

Debbie •••• Gee, the water went right up just like it did 

in the "U" tube. 

Teacher ••• What happens when I move either container up or 

down? 

(Demonstrate) 

Debbie •••• The water just moves so that it will reach its 

own level. 

Teacher ••• see what happens when I tip both of these. 

(Demonstrate) 

The water is still level isn•t it? 

Debbie •••• It stays level and I'm beginning to understand 

how water behaves now. There's only one thing 

that puzzles me know. 

Teacher... What is that, DeiJbie? 

Debbie •••• What 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 reservoir that is lower than 

all the houses in a town. This building is a 

pumping station where pumps are used to force 

or pump water up into a standpipe. This is a 

standpipe and it is 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 is 

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 is turned on, the water will try to 

find its own level. 

Debbie •••• What if we were out in the country where there's 

no reservoir, what would a farmer do to get water? 

Teacher ••• (Show poster marked "0") 



Debbie •••• 

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 

rook as you see here. 

(Demonstrate by pointing with finger) 

All the farmer has to do is to drill a well 

and he oan pump all the water that he needs. 

sometimes the water oomes through the ground 

at the bottom of a hill in a natural way and 

we oall it a spring, Often times rivers or 

lakes are formed by spring water. In some parts 

of the world muoh water oomes from the mountains 

when the snow melts. When 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) 

Notioe what happens when I pour this colored 

water, see if you oan tell me what happens, 

(Demonstrate J 

The top part of the waterfall got filled and 

the water was level, but when you added more 

water it spilled over to the bottom and the 

water was level there too, 

Teacher ••• Well, Debbie, if I had continued to pour more 



water, both the top and the bottom of the 

model waterfall would have had the same water 

level. 

Debbie •••• Gee, Mr. Lambert, I certainly learned a lot 

about the way water behaves. Have you any 

other experiments as interesting as this one? 

Teacher ••• Sorry, Debbie, that's all for today but perhaps 

you can drop in some other day. 



oontailler below holds 

A ••••• e pint 

B ••••• a quart 

c f 
••••• a can 

D ...... a gal.;Lon 

=-==~~~-- t1Dd the sample answer 

D like ~hie @ because 

that atands ror the porreot answer. 

do the rest ot the test, read the tirat 

choose the 

bet ore · it • .!f.q!L,:~~~~~!!!!!!!~!I!!!l 





~?ff 
vJotcr 11 

li~ve waterfall has been drewn showing the watar 1 r l 
i..>h ·ater goos over ~he all ani e<Pter it goes over t 
... a\ILJ.g shows tho true watsr lev .. le:? 

\ 

fills the tea l<attle. with vtate:r as shown below~ whi 
the corre"t level of water ? 

. ... ~ 
.!" ) 
\· ,.G~ tJ 
;··---~v~/ 

'_:::__/ 
o water levol ct one ·p.ttch.ei·· is correct~ Which one ? 

lk truck haa three tanks conneoted by pipes at the botto ~ 
e t.1rs·t tank is empty, u ,/ 

nmber tvo tank will sti.tl be f'ul.l.o 
t mbar t.hrea tank will be h.alf. full!\' 
_ nk$ number two ann three will be empty~ 

. l ~ " o t~nk will be half full. 
• 

o I ke ~ris pesc over Ningra Falls into Late 
· t ~t the water m v s that ~vay because& to~~ 

l~ ' 1 .. 



) ~~j_~-- ~jd 
--- .. ·------ . -~ 

c.. Nw:1ber one drum wi..~.. · e f. ill d ti.rst. 
H .. Number one, two, e.nd. thra will be f'il1ed at the an. 
c. Numbex three will bJ till first • 

• Number two will bv 11:'..1 Cl. :rirst. 

the funnel some milk was ponred '~ Tha correct. leli·el in th 
tube. ie • IJ .. c ., 

• 

. L.E'" EL .. • • •• A 

I.EVEL • • 0 • • • 

J.EVLL •, • •• •. C 

LEVEL •• •• •• D 

best 11 y for. all houses to get ·water from a r se:rv·olr 
cated at a lower level than mo t houses in a town i 

E oh house install a pump near tho reservoir. 
wf.rta- pumped into a tall ete.udpipe on top of a hi 1 • 
the ~;own deliver the water in jugs. 
oop~r pipes. instead of iron pipes. 

could r...ot see the water 1.n tll.G containel'B below, wll!c 
111.J:g the true lev·el of the cont iner~r 

3 laval a carpenter u e9 en instrument that ha. 
g , a t. be ~11th eo orad wa.tc;r and an air b 

no ·s ~ha things ace l ve14~··~ 

t ce..J.tar. 

c n, r, 
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