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ABSTRACT
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theory-laboratory sequence. The sample of 99 students in one school
was taught the science units through method (1) and 158 students in
another school were taught the same science concepts using method
(2). Analysis of covariance techniques were used, with IQ and general
science achievemert.: as covariates. Findings included the following:
the laboratory-theory sequence method was a bett-er way to teach

science concepts in the fourth grade; the theory-laboratory sequence
method was a better way to teach science concepts in the sixth grade;
the concepts taught were too difficult for most fourth grade students
but not too difficult for sixth grade students; concept retention
after three months was extremely high for most of the students; sixth
grade boys in the theory-laboratory sequence method scored
significantly higher than girls; and there was no significant
interaction between the treatment groups and IQ ability groupings.
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Abstract

Teaching Upper Elcmentary School Science Using
Laboratory-Theory Sequence and Theory-

Laboratory Sequence Methods of Instruction

Charles M. Emslie

Purpose

This study compared the relative effectiveness of. teach-
ing selected concepts associated with the study of atoms and
molecules to fourth and sixth grade students using two con-
trasting teaching methods which were:

Method 1. Laboratory-theory sequence,
nethod 2. Theory-laboratory sequence.

Method of Research

The sample of 99 students in the fo,arth ane sixth gracies
of one school were taught the science unit by Mt2t1iod 1, and
158 students in the fourth and sixth grades of another school
wflre taught the same science concepts using Method 2.

Analysis of covariance techniques were used 11it1i IQ
and general science achievement as covariates.

Findings

This study indicated that:

1. The lat)oratory-theory sequence metnod was a better
way tc teach science concepts in the fourth grade.

2. The theory-laboratory sequence method was a better
way to teach science concepts in the sixth grade.

3. The concepts taught were too difficult for most
fourth grade students.

4. The concepts taught were not too difficult for sixth
grade students.

5. Concept retention after three months was extremely
high for most of the students.

6. Boys in the theory-laboratory sequence method scored
significantly higher than girls in sixth grade.

7. There was no significant interaction between the
treatment groups and IQ ability groupings.
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CHAPTER I INTRODUCTION

Research in science and technology produced a consider-
able body of new scientific knowledge during and after World
War II. It became clear to many scientists and educators
that, in order for students to master the necessary science
course materials, and become competent in science, some
changes would have to be made in the school science curric-
ula. Since the science curriculum reform movement was
initiated by physicists and college teachers, it was nat-
ural that the high school science programs were changed
first. It might have been better if they had started with
elementary school science and worked up through the grades.
Science, being sequential in nature, requires the necessary
foundations for the mastery of higher levels of understand-
ing. Thus, satisfactory achievement in senior high science
depends upon adequate foundations in junlor high science
which, in turn, depends upon elementary Icience for adequate
preparation. The new secondary science :urricula were in-
jected into an unprepared educational system. The students,
teachers, laboratory facilities, and the system of evaluat-
i:Ig achievement were geared to traditionil courses in sci-
e.lce and this may account for some of the inconsistent
results in the achievement of students who have completed
one of the new courses of study.2

The research designed to measure thr: new junior high
science programs is limited and incomplete. However, there

a good possibility that the findings will be very much
s:Arlilar to those for senior high science. If it is true
that the junior high sciences havenot properly prepared
sudents for the new secondary science, then it follows
that the achievement in the new junior high science pro-
grams will he affected by the preparation provided by ele-
mantary science experience. Since the new elementary sci-
ence materials are not complete, the majority of the
stuaents taking the new junior high courses will probably
experience difficulty adjusting to the new approach. Thus

seems appropriate to study science teaching methods for
the elementary school level.

Statement of the Problem

The problem investigated by this study was: What will
be the relative achievement of fourth and sixth grade stu-
dents on a science unit, atoms and molecules, when taught
Ix/ theory-laboratory sequence or laboratory-theory sequence
methods of instruction developed for this investigation?

Two sub-problems are:

1
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1. At which grade-level can the concepts associated
with atoms and molecules best be introduced to
the students?

2. Will retention of the science concepts be greater
for the students who were taught by the theory-
laboratory sequence method of i struction or the
laboratory-theory sequence methud?

Related Literature

The literature contains very little information directly
focused on the term "theory" but there is a vast amount deal-
ing with the terms "concept" and "Conceptualization." Many
authors use the term "conceptual scheme" which seems to
approximate a common definition of the term "theory" given
by Bruner.3 The definitions for concept and conceptual
scheme stated by Jenkins4 are close to %.at is assumed to
ba the meaning intended in the literature when not speci-
fically defined:

"A concept is an idea based on a pattern of events.
When the child understands the idea or attaches
meaning to the pattern, he has attained the concept."

"A conceptual scheme is a generalization made up of a
group of related concepts as evidenced by a common
element or characteristics among them."

Since there are almost no references in the literature that
deal with theory specifically, the term "conceptual scheme"
will be considered to have the same meaning as "theory" for
understanding the related literature.

Can Children Learn Science Concepts?

A considerable amount of research has been conducted to
determine whether or not elementary school children are
capable of developing abstractions. There is general agree-
ment among the authors that they are able to formulate mental
models to explain their observations of natural phenomena.
It is quite clear that concept developMent is central to the
entire process of education, because "concepts are powerful
intellectual tools which enable their possessor to cope
efficiently and easily with the continuing flow of life's
problems."5 Heffernan6 states that the teacher who is aware
of the way concepts are developed will seek continually to
provide children with a wide variety of sensory experiences.
Me results of a study of Anderson7 indicates that it is
plausible to teach science in a manner that permits chil-
dren to become actively engaged in the process of formulat-
ing theoretical or mental models (concepts). Smit1i8 points
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out that elementary children are capable of learning con-
cepts and that it is the teacher's task to help the chil-
dren "develop concepts so that they become useful tools
at a conscious level which can be verbalized and consciously
and deliberately applied."

At What A e Should Science Conce ts Be Tau ht?

The learning theory developed by Piaget9 states that
abstract thinking becomes possible when the child reaches
adolescence. Extensive research on Piaget's theory has
been conducted by several investigators with the con-
clusions being similar to those of Almy: 10

"Truly abstract thinking involving the ability to deal
with the possible without reference to the actual, ac-
cording to Piaget, is a later development. Not until
he enters the final stage of formal operations, at the
beginning af adolescence, can the yaung person con-
struct theories and make logical deductions as to their
consequences without the necessity for empirical
evidence."

Ausubel is in agreement with this position.11 Raven,12
however, reporting on a study he did with children in the
primary grades found that they were capable of developing
the concept of momentum, which involved the concepts of
conservation of matter, speed, and the proportional use
of mass and speed. He states that on the average, chil-
dren can conceptualize by the time they reach third grade.
Young13 found that children in the third and sixth grades
ware capable of developing concepts of atomic structure
and the use of atomic energy. Harris14 reported a signif-
icant difference in the ability of the experimental group
over the control group of children in the fourth, fifth,
and sixth grades, in a study specifically designed to
measure the mental age of children capable of science
conceptualization. He also found that mental age is one
of the variables affecting the ability of the child to
develop science concepts. In his study the average and
high ability groups showed significant gains after instruc-
tion in science concepts, but the low ability group did not.
Pella and Carey15 conducted a study to determine the rel-
ative levels of understanding of certain concepts within
the conceptual scheme, "the particle nature of matter,"
achieved by children in grades two through five. They
found that out of a total of 16 concepts, 11 were mastered
by the above-average fourth grade students and 15 concepts
were mastered by the above-average fifth graders. The
above-average second grade children mastered 2 concepts
and the aborve-average third grade children mastered 4
concepts.
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What Teaching Methods Are Used?

The methods of teaching science most often investigated
by research are "discovery" learning (direct experience in
the laboratory) and lecture-demonstration. The laboratory
centered method has received considerable attention in cur-
rent research because the new science curricula have devel-
oped materials centered around the laboratory experience.

There are an increasing number of research projects
being reported in the current educational journals on
effective ways of teaching scince concepts at the ele-
mentary school level. In a study reported by Butts,16
who was measuring the degree to which children conceptualize
.from experiences in science, there was no consistent sig-
nificant concept development when the individual manipulation
method was used. His subjects were fourth, fifth, and sixth
grade students who voluntarily Nirticipated in the experience
on an after school science class basis. The students were
confronted with a phenomena in a science experience, and
little else. The students were allowed to do what they
wanted to in the experience except discuss the experience
with other class members. All the experiences were centered
around four concepts which were: Displacement; Inertia;
Action-Reaction; and Depth-Pressure Relationship. Butts
observed that a certain amount of external direction was
necessary for children prior to the ninth grade if self-
discovery is to be rewarding and motivating. He summed it
up this way:

"Although the evidence from this study causes us
to question seriously the adequacy of independent
manipulation of data as being sufficient for concept
development, we do not mean to infer that it has no
importance. Further study is needed to determine
what factors in addition to first-hand experience
will aid the child to develop conceptual understand-
ing.

In another study Butts17 used very bright fourth, fifth,
and sixth grade children to see whether or not experience
in science was equal to understanding. He found that when
the equation consisted of experience plus independence of
manipulation there was no significant progress in under-
standing. But wtken he added direction to the experience
and manipulation, there was a significant change in their
understanding. He explained direction this way:

"The teacher is not telling the student or playing
the role of information giver. The teacher is
classifying the relationships within the students
experience in such a way that he is motivated to
continue to search for understanding. The attitude

11
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of the teacher in this intellectual guidance may
well be the most important determining factor of
future cognitive growth of the student."

Pella and Voelker" carried out research in teaching
the concepts of physical and chemical change to elementary
school children in grades two through six. The experimental
group formulated or discovered the generalization and the
teacher formulated the generalizations in the control group.
As a part of this study they were interested in determining
whether the maturity of the learner was a factor contributing
to the level of oonceptual understanding. Their experiment
indicated that there was no significant difference due to
the treatnent, but they did find that the understanding of
the fourth, fifth, and sixth grade students was signifi-
cantly greater than the second and third grade children.
There was a significant relationship between the scores
earned by pupils in grades two through six who received
the treatment (teacher assumed the responsibility for
formulating and stating the generalization) on the class-
ification phase of the test and the number of times they
supported correct classifications with correct reasons.

Retention of knowledge deserves consideration as a
part of the total learning experience. Some research has
been done focusing on retention in relation to teaching
method. Gage and Bassler19 studied 90 sixth grade stu-
dents for retention of mathematical concepts and bound
that one of the best aids to memory was systematic review.
Wittrock20 in research conducted using college students
found that explicit and detailed direction seems to be
most effective when the criterion is initial learning of
a few responses. Some intermediate amount of direction pro-
duced the best results when the criteria was retention and
transfer of knowledge. Bruner 21 says that unless detail
is placed into a structured pattern it is rapidly for-
gotten.

Research points to the fact that elementary school
children are capable of learning concepts in science and the
most appropriate age for conceptualizing the instruction seems
to be in the upper elementary grades. The most effective
way to teach science concepts is not clear from the litera-
ture partly because there is a lack of consistent, adequate
definitions and terminology. Apparently retention of know-
ledge is facilitated by placing details in a structured
pattern followed by frequent reinforcement.

Purpose of the Study

The purposes of this study are:

5
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1. To determine the difference in achievement of
students taught the concepts associated with atoms
and molecules by the contrasting methods of theory-
laboratory sequence and laboratory-theory sequence
methods of instli:ction as measured by a validated
objective post test instrument.

2. To determine the proper grade placement for instruc-
tion in the theoretical concepts associated with
atOms and molecules.

3. To determine student retention of selected concepts
associated with atoms and molecules as measured on
a delayed post test.

Statement of Hypotheses

The hypotheses to be tested are:

1. There will be no significant difference in the
achievement of fourth and sixth grade students
taught the concepts associated with atoms and
molecules by the contrasting methods of a theory-
laboratory sequence and a laboratory-theory se-
quence of instruction as measured by a validated
objective post test instrument.

1(a) Fourth grade students cannot learn adequately
the science concepts associated with atoms
and molecules where adequacy means that a
certain number of the students must make
correct responses to a specified number of
the post test items.

1(b) Sixth grade students cannot learn adequately
the science concepts associated with atoms
and molecules where adequacy means that a
certain number of the students must make
correct responses to a specified number of
the post test items.

1(c) There will be no significant difference
between the achievement scores of fourth
and sixth grade boys and girls measured
at each grade level when taught selected
science concepts associated with atoms and
molecules by either a laboratory-theory or
a theory-laboratory sequence method of
instruction as measured by a validated
post test.

1(d) There will be no significant difference
between achievement scores on the

6
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post test items of the high, medium, and low
IQ fourth and sixth grade students taught
selected science concepts by a theory-lab-
oratory sequence method and the differences
in achievement scores on the post test items
of the high, medium, and low IQ fourth and
sixth grade students taught the same con-
cepts by a laboratory-theory sequence method
of instruction.

2. There will be no significant difference in the
retention of concepts associated with abams and
molecules for students taught by the laboratory-
theory sequence and the theory-laboratory se-
quence methods of instruction as measured by a
delayed post test instrument administered three
months after the post test.

The results of the statistical analysis are included
with each hypothesis tested and the significance level for
the rejection of the null hypotheses set at .05. That is,
the null hypothesis was rejected if the results obtained
would occur less than five percent of the time by chance.

Limitations of the Research

This research is limited to a study of fourth and sixth
grade students located in the rural area of north central
United States. The sample included six intact classrooms
form one elementary school system and from intact class-
rooms from another school system located about sixty miles
apart in south central Iowa and northern Missouri. The
students in the classes of the two schools were essentially
equivalent to each other in every observable respect. Both
schools had heterogeneous ability groupings and self con-
tained classrooms for all but the three sixth grade classes
in the Missouri school system. The students in these three
classes were taught by the same science teacher.

The statistical analysis was based on the achievement
scores of a test instrument designed to be used with a sixth
grade science test which included a unit entitled Atoms and
Molecules. No statistical information was available-6E ihis
instrument so it was submitted to a jury of science super-
visors and high school and college chemistry and physics
teachers for a validity check. Members of the panel con-
sidered the evaluation instrument difficult for fourth and
sixth grade students. The panel agreed on the answers to
60 of the 91 items. Because the test was considered dif-
ficult it was decided that a satisfactory level of com-
petence would be reached if about 50 percent of the group
tested made correct responses to about 50 percent of the
60 items.



The 60 items selected by the jury panel were analyzed
and a tabulation of the oorrect response percentages for
each grade level is shown in Table 1 of Appendix D. This
distribution indicates that the majority of the items were
not partial to students of either method of instruction

Table 2 in Appendix D shows the data from a Chi Square
analysis of the sane 60 items. This tabllation shows that
a total of eleven items were partial to one or the other
mealods of instruction at a confidence level of .05 or less.
Six of the items significantly favored the laboratory-theory
sequence students and five items favored the theory-lab-
oratory sequence students.

The evaluation instrument used co measure student
achievement was difficult and did not give a valid measure
of what the fourth grade students had learned about the
atomic structure of matter. Since the topic selected was
tworetical in nature, the achievement test was clearly
weighted with theory typeitems (see Appendix 13). The
experimental design provided equal amounts of time for both
methods of instruction but not all the concepts developed
could be observed in the laboratory. Thus, while the lab-
oratory work was tested by the exam, there were fewer lab-
oratory questions than theory questions. The total score
for the sixth grade students, however, provided a measure
of the treatment effect on their achievement.

The motivation for learning was noticeably high in
both the fourth and sixth grade classes. This was primarily
due to the fact that the instructor was a special science
teacher, creating a different learning atmosphere in the
classroom.

8
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CHAPTER II PROCEDURES

Selection of Science Unit

The science unit selected to teach the fourth and sixth
grade students was about atoms and molecules. This partic-
ular topic was selected because the theories associated with
the atomic structure of matter are basic to all the sciences.
Tamppari22 foumd that physical science concepts are pre-
requisite to the learning of biology principles and that
elementary children are not adequately exposed to physical,
chemical, and general science. Also, the National Assess-
ment of Educational Progress23 in a summary of Report #1
indicated lower achievement in the physical sciences. An
examination of ten elementary school science text series
(Appendix C) revealed that two of the fourth grade and
seven of the sixth grade texts treated topics related to
atom and molecules in varying degrees of completeness.
Only one (Holt, Rinehart and Winston, Inc., 1967) sixth
grade text treated the topic in-depth with a considerable
amount of atomic theory. Additional support for including
this kind of a topic at the elementary school level is
found in Ausubel' s24 statement:

"Good teaching is as thorough as is possible at the
appropriate level of breadth and depth; and even at
the elementary school level it allows for the occa-
sional introduction of atypical depth, both sub-
stantively and methodologically, to give the student
a taste of scholarship and of research inquiry."

Variables Studied

The independent variables were two methods of teach-
ing science (theory-laboratory sequence and laboratory-
theory sequence methods of instruction) and grade level.
The theory-laboratory sequence of instruction is defined as
the sequence which develops detailed mental models and con-
cepts of the structure of matter as they relate to atoms
and molecules before performing laboratory experiments.
Basic scientific definitions are established during this
same Period of instruction. The laboratory experiences
serve as reinforcement and the student is led to discover
interpretations of his observations in terms of his the-
oretical foundations.

The theory-laboratory sequemce of instruction was
selected as one method of instruction because educational
reseIrch indicates that fourth and sixth grade students
are capable of leqgning concepts and participating in
abstract thinking" ,26 . Piaget27 calls this stage the
operational level of cognitive development which he places

9
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at the beginning of adolescence. On the average, this coin-
cides with the age of sixth grade students. This sequence
of learning experience permits the acquistion of a wider
variety of knowledge based on one theoretical conceptual

scheme. Learning the theory first permits the learner to
view an event with greater understanding and insight.
Eruner28 describes a theory and its uses this way:

"A theory is far more and far less than an unproved
statew.ant of facts. It is something more than a
generalization about what happens--or more than a
statistical statement about what is more and what
is less likely to happen. It is, rather, a formal
model, a set of propositions about things and ways
of reordering those propositions that generate from

time to time, predictions about the world to which
the theory hopefully relates. Armed with a theory,
one is guided to things to look for and, if the the-
ory is a good one at all, it whould provide one with
a terse account of what is known without the burden
of details. A theory is not only the fruit of ex-
perience with what is known, but a product of the

imagination and careful fantasy in ways of express-
ing it so that one can go beyond the known. It is

a canny way of keeping in mind a vast amount while
thinking about a very little."

The theory-laboratory sequence of instruction does

not rale out learning by discovery but in reality enhances
it. Discovery is not restricted to the act offinding out
something new "but rather includes all forms of obtaining
knowledge for oneself by the use of one's own mind. Dis-

covery, like surprise, favors the well prepared mind,"29
This preparation can oame by learning the theoretical
considerations first and then experiences of surprise may
occur when new, related knowledge is encountered. Bruner30
says that "discovery in its essence is a matter of rear-
ranging or transforming evidence in such a way that one is
enabled to go beyond the evidence so assembled to addi-

tional new insights." With a good foundation in theory,
discovery becomes much more probable.

The laboratory-theory sequence method was selected

as the second method of instruction because this is the
traditional way elementary school science is taught. This
method is usually thought of as going from the known to the
unknown. In this sequence of instruction the concepts
associated with atoms and molecules were introduced first
by observing some physical or chemical changes in matter.
Each experiment was followed immediately by a guided dis-
covery of the concepts about atoms and molecules directly
related to the observed changes. Another reason for using
this method of instruction was that this sequence is recom-
mended by tht designers of many of the new junior and

10
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senior-high school science programs recently published.
These new program3 place considerable emphasis on the
laboratory and the discovery-inductive method of teach-
ing and learning. In addition there is a considerable
amount of research reported in the science journals fa-
voring this approach to learning.31

The second independent variable was grade level. The
fourth and sixth grades were selected because students in
these grades would provide a contrast in age level and
cognitive development.

The two dependent variables were the achievement and
retenti.on of fourth and sixth grade students as measured
by an objective validated post and delayed post test instru-
ment. A published test for this science unit was made
available for these evaluations, (Appendix B).

Ob'ectives

The objectives of this study were:

1. To determine the differences in achievement of
students taught the concepts as:iociated with
atoms and molecules by the contrasting methods
of theory-laboratory sequence and laboratory-
theory sequence of instruction as measured by
a validated objective post test instrument.

2. To determine whether instruction in the the-
oretical concepts associated with atoms and
molecules is appropriate in grades four and/
or six.

3. To determine the effect of the teaching method
on student retention of the concepts associated
with atoms and molecules as measured by a de-
layed post test.

Description of Treatment

First mntact was made with both school systems in
August of 1970 when preliminary arrangements were made
with the school administration and teachers to conduct
this research in their classrooms. The dates for the
classroom instruction were agreed upon and a schedule was
established for the investigatol to visit each classroom
several times prior to the formal classroom instruction.
Also the text materials associated with the unit on atoms
and molecules were identified and the teachers agreed to
omit these materials from their lesson plans. In some
cases the teachers made references to the materials
omitted but there was no formal instruction on atoms and

11
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molecules before or after the ten days of instruction
associated with this research project.

Each classroom was visited by the investigator three
times prior to the unit of instruction in an effort to
become familiar with the students, the teachers, and the
established classroom procedures. During the last visit
at each school final arrangements were made with each
classroom teacher involved in the project specifying the
exact teaching schedule and explaining what their respons-
ibilities would be during the teaching and testing phases
of the project. Since they would not be involved in the
actual teaching, they were asked to assist with the mechan-
ics associated with the laboratory work and to help main-
tain a learning atmosphere in the classroom during the more
informal periods of instruction.

Arrangements were also made with the administration
and the guidance and counseling personne2,. to make available
the necessary information from the cumulative records for
all the students included in the sample.

All the classroom teaching for the selected science
unit was done by the investigator. Based on his previous
experience of teaching a similar science unit to fifth
grade students in the University of Michigan Laboratory
School, it was decided to have ten 40 minute class periods
for each method of instruction.

The teaching phase of the research was completed during
the month of January, 1971. The fourth and sixth grade
classes in the Iowa school system were taught the science
unit during the first two weeks using the laboratory-the-
ory sequence method of instruction. The fourth and sixth
grade students of the Missouri school system received the
theory-laboratory sequence method of instruction during
the last two weeks of the month. The delayed post test
was given three months later.

It was considered important to use the same 25 lab-
oratory experiments for both methods of instruction. The
investigator chose to use the laboratory-theory sequence
of instruction in the first school in order to work out
the management problems associated with performing lab-
oratory experiments in the regular classroom. The ten
days of experience in the first school proved to be very
valuable preparation for the classroom instruction in the
second school where the same laboratory experiments were
completed in five periods. There were many complications
associated with the laboratory work which were not antici-
pated when the lesson plans were developed. Of major
importance was the time factor associated with passing out
and collecting the equipment and supplies for each student.
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After the first period of the laboratory-theory sequence
of instruction the lesson plans were modified to include
only those experiments which clearly supported the the-
ories considered most important to the study of atoms and
molecules.

Each one of the ten lessons using the laboratory-the-
ory sequence method of instruction started with a labora-
tory experiment. The students were either given some
equipment and materials and asked to perform some specific
experiment or several of the students were selected to con-
duct a laboratory demonstration illustrating changes which
could be explained by the atomic theory. After the ex-
periment was completed the explanation of what probably
took palce to produce the observed changes was discussed
with the class. Since there were a total of 25 experi-
ments it was necessary to perform two or three experiments
each class period. The detailed final ilesson plans for
both the laboratory-theory sequence and the theory-labora-
tory sequence methods of instruction are in Appendix A.

In the second school system where the theory-labora-
tory sequence method of instruction was used the time factor
proved to be most critical. There were three fourth and
three sixth grade classes participating in the project and
the school day was divided into a total of nine 40 minute
periods. Because of special scheduling for art, music,
physical education, and reading there were some minor
adjustments in the regular science instruction period
reserved for each class. As a general rule, the three
fourth grades had their science the first three periods
in the morning and the three sixth grade classes had their
science the first three periods after lunch. This cor-
responded to the time schedule for the science periods in
the first school.

The theory-laboratory sequence method of instruction
began with five periods devoted to the discussion of the
theories associated with the atomic structure of matter.
The students were exposed to the theories associated with
three fundamental forces (gravity, electric and magnetic),
the fundamental atomic particles (electrons, protons and
neutrons), the relative mass of each particle, the way the
particles are combined to form the different chemical
elements, how compounds are formed, and the idea that
there are spaces between the atoms and molecules in all
matter. In general each lesson started with a review of
the concepts introduced in the previous lesson, followed
by an inquiry session, a film, or a simple demonstration
by the investigator to focus attention upon the new lesson
materials. These activites were limited to mental exercises.
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With the help of the periodic chart of chemical ele-
ments, most of the students were able to identify the
fundamental particles necessary to make models of the

first eight elements on the periodic table by the end of

the fifth period. During the fifth period each student
constructed an atomic model of one of the first eight
elements shown on the chart. A water molecule model was

made and placed above the chalkboard in each classroom and
used for reference during the next five periods.

The remaining five periods were devoted to laboratory

experimentation. The same 25 experiments used in the first

school system were completed here in five periods; thus it
was necessary to perform several experiments during each
class session. Some experiments were performed by each

student and others were performed by half the class as a
demonstration for the remainder of the class. In ail cases

the atomic concepts and theories revealed in the experiments

were identified and discussed by the class.

The Evaluation of Achievement and Learning

The appropriate Stanford Xchievement Test, Intermediate
I or II, Form W was administered about the same time in both
schoorsystems by the regular classroom teacher or the

school counselor. The scores on the science section of the

test were used as a measure of each students' general know-

ledge in science.

The instrument used for the post and delayed post test

was a published test designed for the unit entitled Atoms
and Molecules in the Holt, Rinehart and Winston science

text7§FieiCi: A Modern Approach, Book Six published in
1967, (745Toilaix E)711-11Post test was adirastered during
the tdo succeeding science periods on the two regular
school days following the ten days of formal instruction.
Part I started with the section entitled Comparisons on
page two of the test booklet and ended with the items in

the section entitled Fact and Theory. Part II began with

the section entitled Elements and Compounds and continued
to the end of the test booklet. The items on page one were
included as the last section of Part II because they were
considered to be the most complex. The test was duplicated
and a copy given to each student so that he could read the
items and make his responses in the test booklet. The stu-

dents also heard each item mad twice by means of an audio
tape prepared for this research by an assistant who was a
certified elementary school teacher. This audio-visual
method of testing was used to obtain a better measure of
science achievement by minimizing the reading ability
variable known to exist at these grade levels. Bond and
Tinker32 report a normal range of reading ability from a
1.7 to 6.5 grade level in the fourth grade and from a 2.5

to 9.5 grade level in the sixth grade.
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CRAFTER III RESULTS

The data obtained from this research were tabulated
and punched into computer cards. All of the statistical
analysis was done by an IBM 360/67 computer programmed to
test the Null hypotheses.

Hypothesis 1

Analysis of covariance was used to test the first
hypothesis. In this design the independent variables
were the two grade levels and the two methods of instruc-
tion. The three dependent variables were the achievement
scores on the post test and identified as total, labora-
tory, and theory items. In all cases the score represented
the total nunber of correct responses to the test items in
each category. From the items included in the total, a set
of items was selected which the investigator considered
would favor the student who had had the laboratory-theory
sequence method of instruction and these were called lab-
oratory itemo. A second set was identified as theory items
which would favor students taught by the theory-laboratory
sequence method of instruction.

The student IQ and general science achievement scores
were oovariates and controlled in the analysis. The ad-
justed means obtained were used rather than the observed
means in order to increase the precision of the analysis.

Three separate computer analyses were performed on the
experimental data. The first computer run used the method
of instruction as the independent variable and compared the
differences in adjusted means of the combined fourth and
sixth grade students in the laboratory-theory sequence
groups with the differences in the adjusted means of the
combined fourth and sixth grade students receiving the the-
ory-laboratory sequence method of instruction.

The data in Table 1 shows that the achievement of the
theory-laboratory sequence students was not significantly
higher than the achievement of the laboratory-theory se-
quence students. This analysis used the total sample and
compared the achievement scores of all the fourth and
sixth grade laboratory-theory sequence students with all
the fourth and sixth grade theory-laboratory sequence
students.

The second and third computer runs compared the achieve-
ment scores for the fourth and sixth grade students sep-
arately. Each analysis measured the effect of the teaching
method on the achievement of the students at each grade
level.
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TABLE 1

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR BOTH
FOURTH AND SIXTH GRADE STUDENTS ARRANGED

ACCORDING TO TREATMENT METHOD (Nu239)

Items
Laboratory-

Theory
Theory-

Laboratory F-Value
Significance

Level

Total 26.340 25.538 0.022 0.883

Lab 10.298 9.938 0.000 0.987

Theory 11.734 11.697 0.766 I 0.382

*pe..05 (df 1,235; Fu3.88)

pc..01 (df 1,235; F:6.74)

TABLE 2

ADJUSTED GROUP MEANS OF THE POST TEST SCORES
FOR THE FOURTH GRAM STUDENTS ARRANGED

ikCCORDING TO TRF,ATMENT (N=123)

Treatment
F -Value

Significance
LevelItems Lab-Theory Theory-Lab

Total 23.319 21.965 3.284 0.073

Lab 8.546 8.284 0.281 0.597

Theory 11.211 10.303 4.754* 0.031

*pe.05 ((If 1,119; Fr4.93)

**K.01 (df 1,119; Fu6.87)



Table 2 shows the tabulation of the results obtained
for the fourth grade students. These data indicate that
the fourth grade pupils receiving the laboratory-theory
sequence method of instruction achieved higher scores on
the post test than the students receiving the theory-lab-
oratory sequence method os instruction. There was a sig-
nificant difference in the adjusted means identified as
theory items and the difference in the adjusted group
menas of the total score reached a .07 level of confidence.
There was no significant difference in the adjusted means
identified as laboratory items.

The data recorded in Table 3 shows the effect of the
teaching methods on the adjusted group means of the achieve-
ment scores of the sixth grade students. These data re-
vealed that the sixth grade students receiving the theory-
labloratory sequence method of instruction scored higher on
the post test than the students in the laboratory-theory se-
quence group. There was a significant difference in the
adjusted mean scores identified as theory items ard the
difference in the adjusted means of the total score reached
a .06 level of confidence.

TABLE 3

ADJUSTED GROUP MEANS OF THE POST TEST SCORES
FOR THE SIXTH GRADE STUDENTS ACCORDING

TO TREATMNT (N=120)

Treatment
F-Value

Significance
LevelItems Lab-Theory Theory-Lab

Total 28.068 29.954 3.676 0.058

Lab 11.484 11.926 0.768 0.383

Theory 11.844 13.394 7.446** 0.007

*
p4.05 (df 1,116; F=3.93)

"p.01 (df 1,116; F=6.87)

WEI
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TABLE l

FREQUENCY DISTRIBUTION OF CORRECT ITEM RESPONSES

FOR THE FOURTii AND SIXTH GRADE STUDENTS

Fourth Grade (N = 126) Sixth Grade (N = 131)

Score Frequency Score Frequency

30 1 47 1

22 1 46 1

21 1 44 1

43 2

20 3 41. 1

19 4
18 2 4o 6

17 6 39 4

16 9 37 2

36 5

15 8
14 15 35 5

13 12 34 2

12 12 33 7

11 14 32 7
31 6

10 9
9 13 30 10

8 6 29 5

7 3 28 11

6 4 27 9
26 8

5 2
1 25 3

24 8

23 3

22
x = 12.611 21 5

SD = 4.00 20 5

1- a 0.549 18 2
14 1

*Kuder-Richerdson Reliability
Coefficient.
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Guilford33 states that the reliability coefficient
applies to a certain instrument administered to a certain
pupulation under certain conditions and indicates the dif-
ficulty level of the instrument for the sample tested. The
value of .55 shows that the instrument was difficult for
the fourth grade students and there would be a 50 percent
chance that the same students would not repeat their scores
in a test re-test situation. From these data it was con-
cluded that this sample of fourth grade students was not
capable of understanding the concepts associated with this
unit of instruction.

The data on the sixth grade students shown in Table 4
indicated competency. The mean score was 29.18; 65 of the
131 students in the sample achieved a score of 29 or more
which is evidence that this group of sixth grade pupils
met the established criteria. The reliability coefficient
of .73 also indicated that these students would reproduce
about the same score in a controlled test re-test situation.

The analysis of the difference in adjusted means of
the fourth and sixth grade students is shown in Table 5.

TABLE 5

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR THE

TOTAL SAMPLE ARRANGED ACCORDING TO GRADE
LEVEL AND TREADIENT METHOD (Nr-249)

Fourth Grade Sixth Grade Between Grades
Items Lab-Theory Theory-Lab Lab-Theory Theory-Lab F-Value

Total

Lab

Theory

25.149

9.222

11.942

23 .769

8.944

11.047

26.400

10.820

11.204

28.139

11.293

12.628

6.845**

1.191

11.452**

*p05 (df 31244; 722.64)

4-11.p..01 (df 31244; F=3.86)
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These data indicate that differences between the post and
delayed post test scores of the fourth and sixth grade stu-
dents in the theory-laboratory sequence method of instruc-
tion was significantly higher than the differences between
the post and delayed post test scores of the laboratory-
theory sequence rjroups. This was true for the total score
and those identified as theory items but not for those
identified as laboratory items.

TABLE 6

ADJUSTED GROUP/CANS OF POST TEST SCOMS FOR THE
FOURTH GRADE smarm RECEIVING THE LABORATORY-
THEORY SEQUENCE METHOD .OF INSTRUCTION (N=46)

Significance
Items Boys Girls F-Value Level

Total 24.155 22.673 1.506 0.267

Lab 8.971 8.177 1.165 0.287

Theory 11.928 10.466 3.968 0.053

*p405 (dr 1,42; F=4.06)

p.c.01 (dr 142; F=7.24)

The data used to test subhypothesis 1(c) are included
in Tables 6 through 9. This analysis indicated that there
was no statistically significant difference between the
adjusted mean scores of boys and girls in the fourth and
sixth grade laboratory-theory sequence method of instruc-
tion or in the theory-laboratory sequence method of instruc-
tion for the fourth grade students. The analysis of the
sixth grade theory-laboratory sequence students adjusted
mean scores showed a significant difference in the total
score and those identified as theory items. The achieve-
ment of the sixth grade boys was significantly higher than
the sixth grade girls for this teaching method.

2 0
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TABLE 7

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR THE FOURTH
GRADE STUDENTS RECEIVING THE THEORY-LABORATORY

SEQUENCE MEMOD OF INSTRUCTION (N=73)

Significance
Items Boys Girls F-Value Level

Total 22.143 22.000 0.024 0.878

Lab 8.390 8.181 0 .102 0.751

Theory 10.415 10.341 0.024 0.879

44p<.05 (df 1,69; Fz3.98)

"p<.01 (df 1,69; F=7.01)

TABLE 8

ADJUSTED GIMP MEANS OF POST ZEST SCORES FOR THE SIXM
GRADE STUDENTS RECEIVING THE LABORATORY-THEORY

SEQUENCE METHOD OF .INVERUCTION (N148)

Significance
Items Boys Girlc F-Value Level

Total 28.676 29.400 0.303 0.585

Lab 11.341 12.364 2.240 0.1142

Theory 12.286 12.111 0.036 0.851

44pl405 (df 1,144; F.14.06)

"p401 (df 1,44; Fu7.24)
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TABLE 9

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR THE SIXTH
GRADE STUDENTS RECEIVING THE THEORY-IABORATORY

SEQUENCE METHOD OF INSTRUCTION (N=72)

Significance

Items Boys Girls F-Value Level

Tothl 30.160 27.563 4.159
*

0.045

Lab 11.834 11.283 0.681 0.412

Theory 13.690 12.153 5.337* 0.024

f

*PG.05 (df 1,68; F=3 .98)

"p<.01 (cif' 1,68; F=7.01)

The effect of the treatment on students in high, medi-
um, and low IQ ability groups was also measured by analysis
of covariance and the resulting data are recorded in Tables
10 and 11. The analysis was made by grade level and was
used to test Subhypothesis 1(d). These data revealed only
small differences in adjusted mean scores of fourth grade
students in the laboratory-theory sequence method compared
with the theory-laboratory sequence students when separated
into high, meAlum, and low IQ ability groupings. There was
a statistically significant difference in the adjusted means
in the differences between the high and low IQ groups and in
the differences between the medium and low IQ groups for the
post test scores identified as theory items. There were no
statistically significant differences in any of the ability
groupings for the sixth grade students.

2 2
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TABLE 10

ADJUSTED GROUP MEANS OF POST TEST SCOMS FOR THE
FOURTH GRADE STUDENTS BY TREATMENT METHOD FOR
LOW, MEDIUM, AND HIGH IQ ABILITY (0121)

Laboratory-Theory Theo r -Laboratory F-Values
Items High Medium Low High Medium Low Hi-Med Hi-Low Med-Low

Total 24.640 23.180 22.158 21.540 21.670 22.707 0.743 3.77 1.273

Lab 8.533 8.105 9.030 8.056 7.997 8.820 0.089 0.045 0.007

Theory 12.403 11.300 9.415 10.769 9.940 10.181 0.051 5.544 7.047**
i

*peoO5 (df 1,115; F=3.94)

**1).401 (df 1,115; F=6.90)

TABLE 11.

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR THE SIXTH
GRADE STUDENTS BY TREATMENT METHOD IN HIGH,
MEDIUM, AND LOW IQ ABILITY GROUPS (N=124).

Items
Laboratory-Theory Theory-.Laboratory F -Value
High Med Low High Med Low High Med Low

Total

Lab

Theor,1

29.379

10.520

12.743

28.027

11.345

11.125

27.422

11.996

12.097

30.872

11.532

14.177

28.601

11.863

12.491

29.960

12.664

13.258

0.172

0.187

0.003

0.206 0.743

0.015 0.089

0.043 0.025

*p(05 (df 1,112; F=3.94)

p<.01 (df 1,112; F=6.90)
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Hypothesis 2

Analysis of covariance was used to test the second
hypothesis. In this research design the independent vari-
ables were the two grade levels and the two methods of
instruction. The two dependent variables were the total
achievement scores on the post and delayed pc1F;1 tests. In
all cases the scores used represented the total number of
correct responses to the test items. The students' IQ and
general science achievement scores were covariates and
controlled in this snalysis. The adjusted means were used
rather than the observed means to increase the precision
of the analysis.

The differences in the adjusted means of the post and
delayed post test scores were compared by grade level and
treatment method. Table 12 indicates no statistically
significant difference in either the fourth or sixth grade
mean scores of the post and delayed post test adjusted
means for each grade level.

Table 13 provides a comparison of the adjusted means
for the post and delayed post test scores for the fourth
and sixth grade students separately. The delayed post test
scores were consistenly higher than the post test scores
for all but two of twelve scores compared. Theese higher
scores indicated the possibility that the students in both
methods of instruction were learning the concepts and the
application of principles associated with the atomic theory
rather than facts about atoms and molecules.

TABLE 12

COMPARISON OF ADJUSTED MEANS FOR THE DIFFERENCES IN POST AND

DELAYED POST TEST SCORES COMPARING FOURTH GRADE LAB-THEORY

STUDENTS WITH FOURTH GRADE THEORY-LAB STUDENTS
AND SIXTH GRADE LAB-THEORY STUMPS WITH

SIXTH GRADE THEORY-LAB STUDENTS

Sample
Size

Degrees of
Freedom

Grade
Level

Adjusted Group Mean Scores Signifi-
cance
Level

Lab-Theory Theory-Lab F-Value

119 1,115 1.089 0.232 0.878 .351

120 1,116 6 0.425 0.300 0.016 .899
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TABLE 13

ADJUSTED GROUP MEANS OF THE POST AND DELAYED POST

TEST SCORES FOR THE FOURTH AND SIXTH GRADE

STUDENTS ACCORDING TO TREATMENT METHOD

Test

Fourth Grade (N=123) Sixth Grade (N=120)

Items Lab-Theory Theory-Lab Lab-Theory Theory-Lab

Total 23.319 21.965 28.068 29.954

Post Lab 8.546 8.284 11.484 11.926

Theory 11.211 10.303 I 11.844 "13.394

----I

Delayed Total 24.485 22.366 28.460 30.041

Post Lab 9.410 8.591 *11.118 12.186

Theory *11.180 10.571 12.603 13.487

*
Lover delayed post test score

25
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CHAPTER IV CONCLUSIONS

There was no significant difference in the total
achievement soores for the fourth grade students due to
the teaching sequence. The data indicated an overall
tendency favoring the laboratory-theory sequence as the
preferred method of instruction. It was assumed that the
laboratory experiences created a high motivation for
learning theoretical concepts.

There was no significant difference in the total
achievement scores for the sixth grade students due to the
te,ching sequence. The data iAdicated that the sixth grade
sttZents =pre readily accepted the concepts without lab-
oratory motivation.

This study indicated that the cancepts associated with
aotms and molecules were not learned adequately by the ma-
jority of fourth grade students in this sample.

This study indicated that sixth grade students in
this sample were able to learn the concepts associated
with atoms and molecules.

Retention of the concepts associated with atoms and
molecules as measured by a delayed post test three months
after the post test was extremely high.

This study indicated that sixth grade boys in the
theory-laboratory sequence group scored significantly
higher on the total post test items Chan the sixth grade
girls in the same group.

This study indicated that there was no significant
interaction between the treatment groups and IQ ability
groupings.



CHAPTER V IMPLICATIONS AND RECOMMENDATIONS

Implications

The results of this research imply that science teach-
ing in the lower and middle elementary school grades should
introduce science concepts with laboratory activities. The
laboratory experiments can ,irovide stimulating motivational
experiences for concept learning in science.

Piaget's theory" of cognitive development states that
students are progressing from a concrete operational stage
to a formal logical operational at about adolescence. This
research seems to confirm the idea that these changes are
taking place in the mental development of fourth through
sixth grade students. Teaching methods should be adjusted
to capitalize oa the changes. The recommendations are that
laboratory experiences should be used to introduce science
principles to fourth grade students but the development of
theoretical concepts should be used to introduce science
principles to sixth grade students. Since theoretical con-
cepts are important in both grade levels, elementary school
teacher education should include in-depth theoretical studies
the biological, physical, and earth sciences. Also, in-
service training and summer school science teaching improve-
ment programs should focus on these basic foundations.

The results of this research may have implications for
designers of the elementary science curriculum. Ttere is
an indication that laboratory experimentation plays a dif-
ferent role in the learning experiences of fourth and sixth
grade students because the students are at different levels
of cognitive development.

The increase in the majority of the delayed post test
scores over the post test scores implies that science
principles rather than science facts were learned by the
students in both treatment groups. Frutchey33 has published
the results of an investigation of retention of high-school
chemistry, in which tests designed to measure attainment in
various educational objectives were administered at the
beginning of the course, at the end of the course, and again
a year later. The percentage of the gain retained in the
application of principles was 92 percent. For knowledge of
facts it was 84 percent and for chemical terminology it was
66 percent. Another study by Tyler36 shows similar results.

Recommendations

It appears from the analysis of the data that this
research design controlled many of the variables known to
exist in educational research and it is recommended for
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further studies in science education.

It is further recommended that research using the con-
trasting teaching methods of this study be conducted in
biological science and earth science as well as other units
in physical science. In the process of developing other
units of instruction the designer should select a topic for
which there are several laboratory experiments that clearly
demonstrate the theoretical concepts associated with the
unit of instruction and that the evaluation instrument
adequately measure the effect of the laboratory and the
theory equally.

This experimental design would have been strengthened
if half of the fourth grade and half of the sixth grade stu-
dents in each school system had received one of the con-
trasting instruction methods. This change would be possible
in larger school systems with two or =pre learning centers.
A different teaching method could be used at each grade lev-
el in the same lystem with a minimum amount of treatment
contamination.

It is also recommended that a pre-test be included in
the design and that a longer period of time be scheduled
between the administration of the post and delayed post
tests. By including the pre-test, a measure of the amount
of gain due to the treatment could be obtained and the per-
centage of the gain retained after a period of six or eight
months rather than the three month interval in this study
would provlde a better measure of retention due to the
treatment.

The writer sincerely hopes this research will inspire
other investigators to conduct similar studies in methods
of teaching science.
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APPENDIX A

LESSON PLANS

LABORATORY-THEORY SEQUENCE OF INSTRUCTION

Periol I

Lesson Ob ective:

Gtven a box containing samples of ten different items, a mag-
nifying Cass and a magnet, the students should be able to
describe orally the physical characteristics of each item, us-
ing identifying terms such as hardness, brittlenest, color,
luster, weight, magnetism, etc.

Concepts deleloped:

1 All naterials have identifying characteristics.
2. Classes of materials have common characteristics.
3. Materials can be identified by these characteristics.

Activities:

1 Four 'aeakers with earth, air, fire and water as ancient
theory of elements.

2. Students inspected items in a box (3 students/box) with
magw.fier end magnet.'

3. Desc'zibed materials with such term as hardness, color,
luattr, brittlemess, weight, magnetic, etc.

4. Each group selected one item from their box and listed
its 2haracteristics. The remainder of the class vas
asked to identify the item from this description.

5. Handed out folders for science materials.
6. Summary and review.

Period II

Lesson Ob ective:

Using a periodic chart, a flame, and selected chemicals, the
students should be able to identify five chemical elements by
a flame test or color change and describe these changes orally.

Conceits developed:

1. Each element has been named and given a chemical symbol.
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2. There are about 103 known elements and 90 appear in
nature.

3. Elements can be identified by certain tests (flame, color
change, precipitation, etc.).

Activities:

1. Rave one student at a time build a utructure with wooden
blocks and identify his structure for the class.

2. Use letters of alphabet and musical scale analogy of
building blocks for language and music.

3. Perform flame test for chemical elements.
4. Tvo students demonstrated iodine and corn starch test.

5. Students demonstrated ammonia and commercial detector

(phenothaline).
6. Summary and review.

Period III

Lesson Objective:

Using a inagnifier, a magnet, a toothpick, water and a chromato-
graph, the students should be able to separate three mixtures
of two or more materials.

Concepts developed:

1. Mixtures can be separated mechanically.
2. Compcunds are new materials and cannot be separated

mechanically.

Activities:

I. Each student given a magnifier, a mixture of salt and sand,
a mixture of iron filings and sand, and a toothpick and
asked to separate the salt and iron filings from the sand.

2. Each student given chrometograph kit and observed separa-
tion of materials by color.

3. Sharing time, summary and review.

Period IV

Given several common materials, a flame, and some watax, the

students should be able to identify and describe orally some

of the characteristics associated with chemical changes and

be capable of writing simple chemical compound formulas.

Concepts developed,:

1. Chemical change always produces new materials.

2. Exchange of energy is associated vith chemical change.

Activities:

1. Film: "Chemical Change" (11 min.) vas shown.
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2. Teacher demonstration of burning bread, wood, paper, and
sugar.

3. Steel wool over water experiment was set-up, students pre-
dicted what would happen.

It. Sharing time, summary and review.

Period V

Lesson Objective:

Given a carbon dioxide indicator and a water indicator, the
etudents should be capable of identifying these two chemical
compounds and describing their observations verbally.

Concepts developed:

1. Water is in moat dry materials.
2. One test for water is color change of dry copper sulfate.
3. The two elements in water can be separated by electrolysis.
e. Tvo methods of identifying the compound carbon dioxide.

Activities:

1. Set up electrolysis experiewnt and observe decomposition.
2. Dry copper sulfate on hot plate and note color change.
3. Dry pieces of chalk and collect wavser evaporated.
4. Have each child make the carbon dioxide test with either

lime voter or commercial indicator.
5. Set up long-range balloon and plastic bag for leakage ex-

periments.
6. Observe steel wool experiment and discuss results.

Period VI

Lesson Ob ective:

Given several different materials the students should be able
to divide each item into smaller and tmaller pieces and describe
orally the continuation of this dividing process down to the
atomic level.

Concepts dfweloped:

1. The particular nature of matter.

2. All matter is composed of atoms and molecules.

Activities:

1. A different student performed each of the following as a
demonstration for the class:
a) Cut iron wire in half and throw away half until re-

mainder was too small to hold.
b) Same cutting process with a eugar lump.

c) Oil in water.
d) Oil with detergent in water.
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1
Water in atomizer.
Dissolve sugar, copper sulfate, potassium permangenate
and Nestles Quick in water and filter solution.

2. Set up long range evaporation experiments using water,
alcohol, and oil.

3. Damp aponge balanced on a meter stilk experiment.
4. Set up long range solids for sublimition experiments.
5. Discussed the concepts of atoms and molecules as building

blocks of matter.

Feriod VII

Lesson Ob ective:

Using large crystaline models and a raft of soap bubbles, the
students should be able to describe orally the structures of
simple solids using the concepts of atoms and molecules.

Concepts developed:

1. Many solids have crystalline shapes.
2. Six tasic crystalline structures.
3. Atom and molecules are very, very small.

Activities:

1. View film, "The Wbrld of Molecules," (11 min.).
2. Set up sugar crystal growing experiment.

36 Each student had a small dish to perform the bubble raft
experiment.

4. Passed out samples of six crystalline structures.
5. Listed and discussed size of atoms and molecules using a

series of examples of common materials (sand, water, rain-

drop, etc.).

Period VIII

Lesson Ob ective:

Using inflated balloons and plastic bags held in an atmosphere
of perfume, vanilla extract, etc., and mixing sugar with water,
the stwitnts should be able to describe verbally boy these ma-
terials could penetrate and mix without a corresponding change

in volume.

Concepts developed:

There are tiny spaces between the molecules that make up a

substance.

Activities:

1. Inflated balloons and plastic bags vith air over perfume,
ammonia water, vanilla .xtract and chlorine water.

2. Set up ammonia indlcator in plastic bag over ammonia water.
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3. Passed out samples of marbles, B-B shot and sand as in-
dications of spaccb between molecules.

4. Performed experiment of dissolving 50 cc of sugar in 300
cc of water for a total volume change of 325 cc of solution.

5. Observed changes in length of inflated balloon and plastic
bag experiment set up during Period V.

6. Sharing student collections and lesson review.

Period IX

Lesson Objective:

Using the concept of the particulate nature of matter the stu-
dents should be able to describe verbally a theoretical atomic
structure consistent vith their observations.

Concepts developed:

1. Atoms are composed of two different kinds of charged
particles.

2. Individual charged particles exert forces on other charged
particles.

3. Charged particles are named electrons and protons.
4. A third particle exists called a neution.

Activities:

1. Observed and discussed the observed changes in all the ex-
tended time experiments. (Balloons, plastic bags, evapora-
tion, etc.).

2. Slide projector as model of electron microscope for look-
ing at tiny particles.

3. Each student performed the charged paper strips experiment.
4. Students demonstrated hard rubter, glass, fur and silk charg-

ing experiments.
5. Discussed atomic theories and handed out sheet describing

atomic structure of first eight elements on periodic chart.
6. Summary of concepts developd.

Period X

Lesson Ob ectives:

Given styrofoam balls and pipe atem cleaners, the students should
be able to build an atomic model of one of the first eight ele-
ments on the periodic chart and describe their structure ver-
bally.

Concepts developed:

1. The basic forces in our world.
2. The structure of atoms.
3. The significance of the atomic number, atomic veight, number

of electrons, protons and neutrons in an atom.
4 The relative size of electrons, protons, and neutrons.
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5. The structure of simple molecules.

Activities:

1. Viewed film, "Forces," (12 min.).
2. Each student constructed an atom using styrofoam balls and

pipe stem cleaners.
3. Performed heated ball and ring experiment.
4. Built water molecule with styrofoam balls and pipe stem

cleaners.
5. Discussed method of vriting chemical formulas for simple

compounds.
6. Passed out sheet describing the proton and showing molecu-

lar modele.
7. Summary and description evaluation procedure.

THEORY-LABORATORY SEQUENCE OF INSTIWCTION

Period I

Lesson Objective:

Using familiar examples of common forces and the film entitled

"Forces" the students should be able to identify and describe
verbally at least three of the fundamental forces of the uni-

verse.

Concepts developed:

1. The concept of a fundamental force.
2. The fundamental forces of our vorld (gravity, electric,

magnetic, nuclear).

Activities:

1. Gave each student a folder for science materials.

2. Introduced the topic and explained classroom procedure.

3. Students listed fundamental forces on a sheet of paper.

(Students shared their list with the class, one at a time.)

4. Film entitled, "Forces," was shown and reviewed.

5. Instructor demonstrated electric, magnetic and gravitational

forces.

Period II

Lesson Ob ective:

Using the modern description of electrons, protons, and neutrons,

the students should be capsble of describing the interacting

characteristics of these three fundamental particles.

Concepts developed:

1. Identify the fundamental particles of matter (proton,

neutron, electron).
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2. The relative weight or mass of each particle.
3. The mngnitude and sign of the charge on each particle.

Activities:

1. Reviewed fundamental forces.
2. Looked at beakers of air, earth, fire and water as ancient

view of elements.
3. Explained modern theory of matter.
4. Described characteristics of three elementary particles

(mass and charge).
5. Shared student collections, summary and review.

Period III

Lesson Objective:

Using the fundamental particles and the periodic chart the stu-
dents should be able to verbally describe the composttion of
the first eight elements on the periodic chart.

Concepts developed:

1. The atomic model of the atom.
2. Definitions of element, atom, molecule, ion nucleus, etc.
3. The systematic way the particles are organized to form the

103 elements on the periodic chart. (Include interpreting
the various numbers.)

Activities:

1. Conducted a review session of forces and particles.
2. Described possible arrangements of fundamental particles.
3. Described elements and the meaning of the numbers on the

periodic chart.
4. Gave each student a small periodic chart for their science

folder.

Period IV

Lesson Ob ective:

Given a list and description of the known chemical elements,
the students should be capable of verbally describing elements,
compounds, and mixtures and be able to write simple compound
formuLss.

Concepts developed:

1. The molecule as a combination of two or more atoms.
2. Molecular motion in gases, liquids and solids.

3. Chemical compounds and mixtures.

Activities:

1. Reviewed forces, particles and atomic structure theory.
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2. Described the three states of matter (gas, liquid and
solid).

3. Described the differences between mixtures and compounds.
4. Described atomic structure of compounds.
5. Described short hand method of %rriting formulas for chemi-

cal compoumis.
6. Shoved film, "World of Molecules," (11 min.).
7. Gave each student a description rf the proton and sketches

of molecular structure.

Period V

Lesson Ob ective:

Given styrofoem balls and pipe stem cleaners the students should
be able to construct an atomic model of one of the first eight
elements on the periodic chart and describe their structure
verbally.

Concepts developed:

1. The size and nutber of molecules
grain of sand.

2. Size of the spaces between atoms
liquid, end solid.

3. Increased molecular motion with

Activities:

in a drop of vater

and molecules in a

temperature rise.

and

gas,

1. Reviewed atomic structure.
2. Listed approximate number of molezules Ln drop of vater,

grain of mmul, etc.
3. Passed around samples of marbles, B-B shot and sand as

example of spaces between molecules.
4. Heated ball and ring and discussed what parts of the atomic

structure were expending.
5. Each student constructed a model of a simple chemical ele-

ment using styrofoam balls and pipe stem cleaners. (A water

molecule vas also built.)

Period VI

Lesson Objective:

Using a magnifier, a magnet, a toothpick, water and a chromato-
graph, the students should .t able to separate three mixtures

of two or more materials.

Concepts developed:

1. Different materials have different physical characteristics.
2. Mixture can be seperated mechanically.
3. No new material is formed in a mixture.



Activities:

1. Each student separated sand froa sugar and iron filings
from sand vith tcothpick and sagnifier.

2. Each child asked to describe physical characteristics of
a sample of material.

3. Class performed the chromatograph experiment as aethod of
separating mixtures.

4. Long range balloon experiment vas set up.
5. Summery and lesson review.

Period VII

Lesson Ob ective:

Using a flame and selected chemical compounds the students should
be capable of identifying chemical elements by the flame test
or color change and should be able to describe orally sone of
the characteristics associated with chemical change.

Concepts developed:

1. Specific elements can be identifiel by certain tests.
2. A nev and different material if formed in a chemical change.
3. The original material is used up ia a chemical change.

Aetivities:

1. Use4 vooden blocks, musical notes and letters of alphabet
as examples cf fundamental building block for a particular
system.

2. Identified several chemical elements using the flame test.
3. Tvo students demonstrated corn starch and iodine identifi-

cation.
Identified Begonia using phenothaline indicator.

5. Burned wood, bread, paper end sugar as examples of chemical
change.

6. Each student performed the carbon dioxide test vith either
lime water or commercial indicator.

7. Set up the steel vool over water experiment.
8. Summary and discussion of theories associated with obser-

vations.

Period VIII

Lesson Ob ective:

Given a carbcm dioxide indicator and R water indicator and
several materials that evaporate readily, the students should
be capable of identifying vater and carbon dioxide and verbally
explaining evaporation and sublimation.

Concepts developed:

1. One method of identifying muter.
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2. One method of separating voter into two gases.
3. Water is in dri, materials.

Activities:

1. Separated taster by electrolysis.
2. Dnmp sponge balanced on meter stick experiment.
3. Dry copper sulfate water indicator test.i. Set up sugnr crystal groving experiment.
5. Set up inflated balloon end plastic bag experiments over

perfume, ammonia , vanilla, etc .
6. Set up evaporation and sublimation experiments.
7. Summary and discussion (questions and answers) of relation-

ship of atomic theory to observations in this lesson.

Period D:

Lesson Objective:

Given several different materials the students should be able
to divide these materials into smaller and smaller pieces and
then verbally describe the continuation of this process to the
atomic level.

Concepts developed:

1. The particulate nature of matter.
2. Dissolved particles sod spaces between molecules.
3. The differences between physical and chemical changes.

Activities:

1. Vievrd film, "Chemical Change," (11 min.) and discussed
important concepts presented.

2. Student demonstration of cutting iron vire, sugar cube,
latter, etc. in one-half and discarding half until too
smell to continue.

3. Dissolved 50 cc of sugar in 300 cc of voter and measured
325 cc of solution.

h. Dissolved sugar, potassium permanginate, copper sulfate and
Nestles Quick in voter and filtered.

5. Discussed steel wool over water experiment and discussed the
atomic level considerations associated with tbe experiment.

6. Summary and reviev with student sharing collections and
other science interests.

Period X

Lesson Ob ective:

Using large crystaline models and a raft of soap bubbles the
students should be able to describe orally the structures of
simple solids using the concepts of atoms end molecules.
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Concepts developed:

1. There ere spaces between the particles of ell matter.
2. Molecules of some solids are arranged in certain crystalling

structures.
3. Evidences of atomic structure are indirect.

Activities:

1. Observes and discussed all the long range experiments.
2. Described ways scientists look at tiny particles.
3. Described samples of six basic crystalline structures.
4. Students performed bubble raft experiment as model of

crystalline structure.
5. Summery and review' of entire unit.
6. Discussed evaluation instrument (purpose and method of ad-

ministration).
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ACHIEVEMUT TEST INSTALMENT

Read the following paragraph about a scientific experiment carefully.

In an experiment, two pieces of pure lead
and gold with very clean surfaces vere
brought into contact and clamped tightly
together. Alter four years, at normal
temperatures, lead was detected at a dep-
th of 3/16 inch in the gold. On the other
hand, at a depth of 1/32 of an inch in
the lead there was enough gold to have
paid to extract it if done on a large
scale. Thus, although lead and gold are
solids at normal temperatures, the tvo
solids tended to mix over the four year
period of time. At 5000C gold spreads
through lead about as fast as common
salt spreads through water at 18°C.

bow consider each of the following statements about the experiment and
in the blank before each statement write the number.

1. if you believe that the data in the experiment alone
prove the statement true

2. if you beltrre that the data in the
experiment alone suggest that the
statement is probably true but do
not definitely prove it

3. if you believe that the data in the experiment alone
are not enough to make a decision about the statement

4. if you believe that the data in the
experiment alone suggest that the
statement is probably false but do
not definitely prove it, and

5. if you believe that the data in the experiment alone
contradict the statement and prove it false

1. Impurities in gold make such gold less
valuable than pure gold.

2. Silver, if placed with lead for a period of
four years, could be detected at a depth of
3/16 inch in the lead.



COMPARISONS

Compare the idea or statement on the urr vith the idea or statement
on the RIGHT and then check your answer in the ANSWER column.

II

LEFT

Force with vhich a
4-charge attracts a
- charge

Number of atoms in
Al C13

5. Number of different
kinds of atoms
found in H20

E. Amount of sugar
capable of being
dissolved in L given
quantity of cold
vater

7. Amount of mole-
cular movement
in a substance at a
high temperature

8. Ability uf light to
penetrate paper

9. Weight of a proton

1C. Number of atoms in
a grain of sand

11. Speed of proton

12. Number of protons
in a leutral helium
atom

- 13. Number of protons
in a helium atom

ANSWER

is greater than
is the same as
is less than

is greater than
is the same as
is leas than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than
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RIGHT

Force with which a
- charge attracts a
+charge

Number of atoms in
Na2 SOk

Number of different
atoms found in Na Cl

Amount of sugar capable
of being dissolved in the
same amount of hot water

Amount of molecular move-
ment in same substance at
a lower temperature

Ability of X-rays to
penetrate paper

Weight of an electron

Number of atoms in a
rock

Speed of electron

Number of electrons in a
neutral helium atom

Number of protons in
a hydrogen atom



COMPARISONS (Continued)

LErr

14. Atomic number of
an element

15. Ease with which
electrons can be
brushed off an
atom

16. Number of electrons
on positive
hydrogen ion

ANSWER

is greater than
is the same as
is less than

is greater than
is the same as
is less than

is greater than
is the same as
is less than

RIGHT

Number of electrons in
a neutral atom of the
same element

Ease with which pro-
tons can be brushed
off an atom

Number of electrons
on neutral hydrogen
atom

EVLAINING WHAT IS OBSERVEE

A good deal of science is observing things that happen and then explain-

'Jig them. What do you think about the various explanations?

17. Observation: Several crystals of potas-
sium permanganate were
dropped into a large beaker
of water. At first amall
struams of purple color
spread out from the crystals.
After several hours the
colorless water had been
changed to a uniform purple
color.

Jane said, "I think that the crystals of potassium per-
mangmnate break up into countiess millions of
pieces. These pieces have a purple cam-.
The potassium permanganate pieces mix evenly
among the colorless water atoms and thus give

the solution a purple color."

Ted said, "I think that tte potassium permanganate
colored the water atoms purple. All
water atoms are changed into purple atoms
at the end of the exreriment and they
cannot be made colorless again.



EXPLAINING UMW IS OBSERVED (Continued)

What do you think?

Agree with Ted but disagree with Jane.
Agree with Jane but disagree with Ted.
Agree with both Ted and Jane.
Disagree with both Ted and Jane.
Am not sure.

18. Cbservation: Water is placed in a beaker
and the level marked with a
crayon. The beaker is placed
on a hot plate and the water
brcught to a boil. After
several minutes the beaker
is removed from the hot plate
and the water allowed to cool.
Tin water level is observed
to be below the crayon mark.

John said: "I think that the heat from the hot
plate burned some of the water.
Water is made up of hydrogen and
oxygen. Omen supports burning."

What do you think?

Aixee with everything said.
Agree with some things John said but

dis. Tree with others.
Disagree with everything John said.
Am not sure.

19. Observation: When a piece of paper is burned a black sub-
stance is left. When a match is burned a
black substance is left. When a lump of sugar
is buzned a black substance is left.

Mary said, "I think the black substance left
is the snme with each thing burned.
It is carbon."

Tim said, "I think that the black substance
left in each case is different.
Since paper, wood, and sugar are
not alike, they cannot have the
same natural elements in them."
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EXPLADING WHAT IS OBSERVED (Continued)

What do you think?

Agree with Mary but disagree with Tim.
Agree with Tim but disagree with Mary.
Disagree with botb Msry and Tim.
Am not sure.

20. Observation: Some substances are made of crystals.
Ihe shapes of many such substances
have smooth flat sides, sharp edges,
and pointed corners. When a substance
made of crystals is broken, it often
breaks in a definite way where the
smaller pieces still resemble the ori-
ginal shape.

Pow consider the following substances: salt, Elass, and wood.

What do pm ttiak?

CND

MED

IND

IMP

Only salt is made of crystals.
All the substances are made of crystals.
None of the substances are made of crystals.
All the substances except glass are mode of crystals.
Am not sure.

21. Observation: A solvent can hold only a certain amount of a solute.
When it holds all that it can, the solution is said
to be saturated.

Which of the following wys do you think might be
the best vay to get more of a solute into solution?

Pour the solution into a larger container
and add more of the solute.
Heat the solution and add more of the solute.
Cool the solution and add more of the solute.
Grind the solute into finer particles and
add to the solution.
Pour the solution through a cloth, separate
the crystals, and suspend tie crystals in
the solution and watch them grow.
It is impossible to get more of the solute
into solution.



EXPLAINING WHAT IS OBSERVED (Continued)

22. Observation: Most substances expand /hen heated and ccmtract when
cooled.

Sue said, "I think that heat causes molecules to valve faster.
As they move faster they occapy more spaze. Thus,
heat tends to make things expend."

Tom said,

Ann said,

"I think that heat makes the molecules bigger and
this makes things expand."

"I think that heat is a kind of substance. Hot things
have more heat. Therefore, not things have the mole-
cules and the heat, which mates them Larger."

What do you think?

Agree vith Sue but
Agree with Tom but
Agree with Ann but
Disagree vith Sue,
Am not sure.

OD

not Its or Ann.
not Sue or Ann.
not Tom or Sue.
Tom, and Ann.

FACT AND THEORY

Szience is made up of a lot or facts and theories. Facts are what ve
cAn Observe and mmasure. Theories are explanations as to Way the facts
occur. In additim, scientists use definitions or terms which they agree
upon in order to lescribe facts and theories. Consider each of the follow-
ing statements ami in the blank write the letter.

F. if you think the statement is a fact.
T. if you think the statement is a theory.
D. if you think the statement is neither fact nor theory

but is a der'nition or term agreed upon by scientists.

23. The charge on protons is positive and the charge On electrons
is negative.

4 8
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FACT AND THEORY (Continued)

An atom is
rounded by

made up of heavy center parts called protons sur-
electrons.

25. The physical properties of a substance remain
the same regardless of the quantity of the
substance.

25. One substance can be unlike another substance.

27. Elements may be broken into smaller units.

20. Eleven molecules of water are vritten es 11 H20 and not as

H22° 11.

29. Atoms and molecules are in continuous motion.

:O. Atoms cannot be seen.

31. Substances put in a flame give the flame a
characteristic color.

t2. Heated molecules have more space among them.

33. The number given to an atom is called an atomic number.

14. A solvent can hold only a certain amount of
a solute.

ELEMENTS AND COMPOUNDS

Consider each of the following statements and in the blank write the
number.

1. if th,l statement applies to elements only.
2. if the statement applies to compounis only.
3. if the statement applies to both elements and compounds.
4. if the statement applies to neither elements ncr compounds.

35. Has physical properties characteristic of the substance.

36. Pure and not formed by combination with other
substances.

37. Has meight.

38. Contains electrons and protons.

39. May form crystals.

O. Can be illustrated by a model.
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LIJNEWTS AND ZORKUICO C oat tame4)

Sobetaace hos as atoste summer.

142. l'oun4 in a nataral state la end *sound UM
earth.

43. Always Ise positive or rwmativ charge.

44. Occurs only as a solid.

NATURE 07 PROW

The atomic theory of matter makes four basic assuaptions.

Matter is composed of exceedingly small, separate particles.
Each kind of matter is made up of its ow particular kind of particles.
The particles 4re in rapid and ceaseless motion.
The particles :an attract each other.

Consider each of the following statements and in the black write the
number.

1. if the statement is true and supports the atomic theory.
2. if tht statement is true but neithcr supports nor contradicts

the atasic theory, awl.
3. if the statement is false.

If a ft.4 crystals of a substance are dropped into a liquid
in which it is soluble, the substance will diffuse through-
out the liquid.

46. The atomic number indicates how many electrons, protons, and
neutroLs an atom has.

47. Some substances have characteristic colors.

48. Certain substances will burn.

49. Neutral atoms have excess positive or negative charges.

50. Atoms can be seen under powerful microscopes.

51. The smallest pieces of a substance have different properties
from larger pieces of the same substance.

APPLICATION OF PRINCIPLES

Consider each of the following and check the answer which you think best.
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APTI.SCATMS OP MUM= (ComittAmed)

y?. A bioissul at' smmomta ts formed by coo attragea (S) awls wm4 woe
%rumps (m) stems. Whtsa at tut foilowla4 to tee ot forwls
for emoste

53. Which is the best smxtel to illustrate a molecule of emmonlal

!h. In the following model of an atom, how meny electrons ere shove

1 electron
2 electrons
3 electrons

electrons
5 electrons
6 electrons

55. Here are thrue different models of various forms of hydrogen. Which
one shows hydrogen in its simplest form?

56. Sugar is couposed of twelve atoms of carbon (0, twenty-two atoms
of hydrogen (H), and eleven atoms of oxygen (0). Which formula
is the simplest one for sugar?

12C11(H20)

c1211112°
C121122011
6(0011)0

11

5 5 9
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frj
A

If Model A is
plus cee.

If Mdel A is
ings S.

The charge on
Tbe charge oo

WI models

or mactrAita (Coestaesmil)

Sere are %we set.
ts t tee sees
atom oder 4If.
fermi seallittasa

neutral the charge cs Model 2 is

neutral the charge ce Model II is

Models A and 2 are the saes.
the cluster in the cent*: of the
is different

44j111°

'8. one ounce of ink is placed in a beaker. Leif the solution is poured
out. Pure leiter is added to the originsl level. The solution is
mixed, and half poured out again. This process is repeated several
times. If 1/32 ounce cf the ink regains ln the solution, what is
the nueber cf tines half the solution was poured out?

2

3
5
8

$9. An experimenv. vas set up to break down water into its two elements,
hydrogen and oxygen. Which illustration shows the experiment to be
working properly?

1 2 3 4 5 6

O. In the above pictures, in *which of the numbered tubes would you find
the hydrogen?

12
3

5
6
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6 Wrong 39 39 57 36 0 .29
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7 Weft 21 21 45 28 1 .68
a ligt 78 79 113 72

8 Prong 41 41 74 47 0.72
Right 58 59 84 53

9 Wrong 57 58 70 44 .29.
RiOt 42 42 88 56

10 Wrong 39 39 71 45 0.76
Right 60 61 87 55

11 Wrong 68 69 99 63 0.97
Right 31 31 59 37

12 Wrong 62 63 916 59 0.25
Right 37 37 64 41

13 wrong 511 55 91 58 0.23
Right 45 115 67 42

14 Wrong 58 59 80 51 1.55
Right 41 41 78 49

"pC.01 X2 6.64
<.05 X2 3.84
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TABLE 2 (Continued)

Item
Number

Reaponse - lAboratory-Theorx...
Per Cent

Theory.:Laboratory_ Chi
SquareTotal Total Per Cent

15 Wrong 68 69 110 70 0.02

Right 31 48 30

Wmng 6o 61 98 62 0.05
Right 39 39 6o 38

17 Wrong 45 45 82 52 1.01

Right 54 55 76

Wrong 30 30 72 5.93*
Right 69 70 86 54

19 Wrong 16 44 28 4.64*
Right 83 84 114 72

20 Wrong 38 38 73 46 1.52
Right 61 62 85

21 Wrong 66 67 113 72 0.68
Right 33 33 45 28

22 Wrong 45 56 35 2.56
Right 55 102 65

23 Wrong 79 80 132 84 0.58
Right 20 20 26

24 Wrong 70 71 103 65 0.84
Right 29 29 55 35

25 Wrong 60 61 108 68 1.61
Right 39 39 54 32

26 Wrong 53 54 74 47 1.09

Right 46 46 84 53

27 Wrong 37 37 83 53 5.62*
Right 62 63 75 47

28 Wrong 63 64 105 66 0.21

Right 36 36 53

29 Wrong 64 65 110 70 0.69
Right 35 35 48 30

p<.01 X 2 0.04*
p<.05 X2 2 3.814

so 68
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TABLE 2 (Continued)

_

Item
Number

Response

1

Laboratory-Theory Theory-Laboratory_
Per Cent

Chi
S.uareTttal Per Cent Total

30 Wrong 30 30 68 43 4.18*
Right 69 70 90 57

31 Wrong 42 42 61 39 0.37
Right 57 58 97 61

32 Wrong 64 65 107 68 0.26
Right 35 35 51 32

33 Wrong 65 66 121 77 3.63

Right 34 34 37 23

34 Wrong 42 42 82 52 2.19

Right 57 58 76 48

35 Wrong 72 73 123 78 0.87

Right 27 27 35 22

36 Wrong 49 49 82 52 0.14

Right 50 51 76 48

37 Wrong 47 47 86 54 1.18

Right 52 53 72 46

38 Wrong 60 61 75 47 4.21
*

Right 39 39 83 53

39 Wrong 74 75 120 76 0.05

Right 25 25 38 24

40 Wrong 52 53 101 64 3.28

Right 47 47 57 36

41 Wrong 59 60 97 61 0.08

Right 40 40 61 39

42 Wrong 67 68 108 68 0.01

Right 32 32 50 32

43 Wrong 83 84 132 84 0.00

Right 16 16 26 16

44 Wrong 62 63 98 62 0.01
Right 37 37 60 38

45 Wrong 70 71 93 59 3.68
Ri:ht 2' 6 41

p4'.01 X 2 6.64
*p4.05 X2 3.84

6169
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TABLE 2 (Continued)

Item
Number

Response Laboratovr-Theory Theory-Labpratory
Total ,..Per Cent

Chi
SquareTotal Per Cent

46 Wrong 86 87 138 87 0.01
Right 13 13 20 13

47 Wrong 62 63 88 56 1.20
Right 37 37 70 44

48 Wrong 57 58 97 61 0.37
Right 42 42 61 39

49 Wrong 80 81 100 63
**8.90

Right 19 19 58 37

50 Wrong 26 26 83 51 14.92**
Right 73 74 78 49

51 Wrong 56 57 109 69 4.09*
Right 43 43 49 31

52 Wrong 36 36 74 47 2.73
Right 63 64 84 53

53 Wrong 41 41 49 31 2.89
Right 58 59 109 69

54 Wrong 55 56 89 56 a.01
Right 44 44 69 1414

55 Wrong 29 29 52 33 0.37
Right 70 71 106 67

56 Wrong 23 23 26 16 1.81
Right 76 77 132 84

57 Wrong 89 90 1.40 89 0.10
Right 10 10 18 11

58 Wrong 83 84 136 86 0.24
Right 16 16 22 14

59 Wrong 38 38 83 53 4.89*
Right 61 62 75 47

&a Wrong 60 61 78 49 3,09
Right 39 39 80 51

*111)(.01 X
2 = 6.64

*PG05 X2 = 3.84

6 2 70
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