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Abstract

Teaching Upper Elementary School Science Using
Laboratory-Theory Sequence and Theory-
Laboratory Sequence Methods of Instruction

Charles M. Emslie

PU.I"BOSG

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,
tlethod 2. Theory-iaboratory sequence.

iMethod of Research

The sample of 99 students in the fouarth anc sixth gradecs
of one school were taugiht the science unit by Method 1, and
158 students in the fourth and sixth graides of another school
were taught the same science concepts using Method 2.

Mnalysis of covariance techniques w2re used with IQ
and general science achievement as covariates.

Findings

This study indicated that:

..

1. The laporatory-theory sequence method 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 pecame 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 scienc2 curric-
uila. 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 ancd worked up through the grades.
Science, being sequential in nature, requires the necessary
foundations for the mastery of higher 1levels of understand-
ing. Thus, satisfactory achievement in senior high science
depends upon adaquate foundations in junior high science
which, in turn, depends upon elementary 'science for adequate
p:eparation. The new secondary science <urricula were in-
jected into an unprepared educational system. The students,
tcachers, laboratory facilities, and the system of evaluat-
119 acnievement were geared to traditionil courses in sci-
eice 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 the new junior high
srrience programs is limited and incomplete. However, there
i a good possibility that the findings will be very much
s:.milar to those for senior high science. If it iy true
that the junior high sciences havenot properly preparcd
students for the new secondary science, then it foilows
that the achievement in the new junior high science pro-
grams will be affected Ly the preparation provided by ele-
m2ntary science experience. Since the new elementary sci-
ence materials are not complete, the majority of the
stuaents taking the new junior nigh courses will probably
expericnce difficulty adjusting to the new approach. Thus
i: seemns appropriate to study science teaching methods for
tihe 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
Ly theory-laboratory sequence or laboratory-theory sequence
m2thods of instruction developed for this investigation?

Two sub-problems are:
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l. 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 seecms to
approximate a common definition of the term "theory" given
by Bruner.3 The definitions for concept and conceptual
schene stated by Jenkins4 are close to what is assumed to
b2 the meaning intended in the literaturz when not speci-
fically defined:

"A concept is an idea based on a pattern of events.
When the child understancs the idea or attaches
meaning to the pattern, he has attainecd 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 ke considexred to have the same meaning as "theory" for
uncerstanding 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 tlhie 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
efficientlg and easily with the continuing flow of life's
problens." Heffernan® 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.
The results of a study of Anderson’ 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). Smith8 points
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out that elementary children are capable of learning con-
cepcs 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 Age Should Science Concepts Be Taught?

The learning theory developed by Piaget? 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 >f adolescence, can the yo>ung person con-
struct theories and make logical deductions as to their
consequences without the necessity for empirical
evidence."

Ausubel is in agreement with this posj.t:j.on.ll 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 tiime they reach third grade. '
Youngl3 found that children in the third and sixth grades
ware capable of developing concepts of atomic structure

and the use of atomic energy. Harrisl4 reported a signif-
icant difference in the ability of the experimental group
over the contrcl 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. 1In 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 Careyl5 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, 1l were mastered
by the above-averaye 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 above-average third grade children mastered 4
concepts.
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What Teaching Methods Are Used?

The methods of teaching science most often investigjated
by research are "discovery" learning (direct experience in
the laboratory) and lecture-demonstration. The lahoratory
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 sci:nce concepts at the ele-
mentary school level. In a study reported by But:t:s,l6
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 wvoluntarily participated 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 Buttsl? 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 when 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

. 4
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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 Voelkerl8 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 conceptual understanding. Their experiment
indicated that there was no significant difference due to
the treatment, 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 whc 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 Basslerld studied 90 sixth grade stu-
dents for retention of mathematical concepts and found
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

5 The purposes of this study are:




l. 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 instiivction 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.

associated with atoms and molecules as measured on
a delayed post test.

Statement of Hypotheses

The hypotheses to be tested are:

l. 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
\
3. To determine student retention of selected concepts

l(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.

l(b) Sixth grade students cannot learn adequately
the science concepts associated with atoms

[ and molecules where adequacy means that a

1 certain number of the students must make

correct responses to a specified number of

the post test items.

1. l(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 atoms 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
tae rejecticn of the null hypotheses set at .05. That is,
the null hypotnesis 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
ejuivalent 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 on this
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.

1o




The 60 items selected by the jury panel were analyzed
and a tabulation of the correct 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 same 60 items. This tabulation shows that
a total of eleven items were partial to one or the other
mechods 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 aot give a valid measure
of what the fourth grade students had learned about the
atomic structure of matter. Since the topic selected was
theoretical in nature, the achievement test was clearly
w2ighted with theory type items (see Appendix B). ‘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 eifect 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.




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 found 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 #l
| 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
i 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's<4 statement:

"Good teaching is as thorough as is possible at the
3 appropriate level of breadth and depth; and even at
i the elementary school level it allows for the occa-
sional introduction of atypical depth, both suc-
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 sequence of instruction was
seliected as one method of instruction because educational
reserch indicates that fourth and sixth grade students
are capable of lesgning concepts and participating in
abstract thinking<2¢26_ pjaget27 calls this stage the
operational level of cognitive development which he placus

- 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 pemmits the learner to
view an event with greater understanding and insight.
Bruner?8 describes a theory and its uses this way:

"A theory is far more and far less than an unproved
stater.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 propositdons 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 rule out learning by discovery but in reality <nhances
it. Discovery is not restricted to the act of finding out
something new "but rather includes all forms of obtaining
knowledge for cneself by the use of one's own mind. Dis-
covery, like surprise, favors the well prepared mind,"29
This preparation can come by learning the theoretical
considerations first and then experiences of surprise may
occur when new, related knowledge is encountered. Bruner
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 <oncepts
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 the designers of many of the new junior and
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senior-high school science programs recently published.
These new programs 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.3l

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
retention 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).

Ohjectives
The objectives of this study were:

l. To determine the differences in achievement of
students taught the concepts associated 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 contact 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 investigato:r 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
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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 personnei to make available
the necessary irnformation 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 Missonuri 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 ocut
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.

12
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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 lesson 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. 1In 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.

13
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Wwith 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 all 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 Achievement Test, Intermediate
I or 1I, Form W was administered about the same time in botn
school systems 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
text, Science: A Modern Approach, Book Six published in
1967, (Appendix B) . The post test was administered during
the two 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 read 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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i CHAPTER IXIIXI 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. 1In 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 number 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 items. 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 covariates 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 )

ADJUSTED GROUP MEANS CF POST TEST SCORES FOR BOTH

FOURTH AND SIXTH GRADE STUDENTS ARRANGED
ACCORDING TO TREATMENT METHOD (N=239)

Laboratory- Theory- Significance
Items Theory Laboratory F-Value Level
Total 26.340 25.538 0.022 0.883
Lab 10.298 9.938 0.000 0.987
Theory 11.73% 11.697 0.766 0.382
*0e.05 (df 1,235; F3.88)
**pe.01 (af 1,235; F=6.74)
TABLE 2
ADJUSTED GROUP MEANS OF THE POST TEST SCORES
FOR THE FOURTH GRADE STUDENTS ARRANGED
ACCORDING TO TREATMENT (N=123)
Treatment Significance
Iteus Lab-Theory Theory-Lad F-Value Level
Total 23.319 21.965 3.284 0.073
Lab 8.546 8.284 0.281 0.597
Theory 11.211 ! 10.303 bo754% 0.031
ya

——

*22.05 (af 1,119; F=3.93)
Mool (af 1,119; F26.87)
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' 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 TREATMENT (N=2120)

Treataoent Significance
Items Lab-Theory Theory-Lab F-Value Level
Total 28.068 29.954 3.676 0.058
Lab 11.484 11.926 0.768 0.383
Theory 11.844 13.39% 7446 0.007

*pc.05 (afr 1,116; F=3.93)

**p<.01 (df 1,116; F=6.87)
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TABLE 4

FREQUENCY DISTRIBUTION OF CORRECT ITEM RESPONSES
FOR THE FOURTH AND SIXTH GRADE STUDENTS

g

Fourth Grade (N = 126) Sixth Grade (N = 131)
Score Frequency Score Frequency
30 1 L7 1
22 1l L6 1
21 1 Ll 1
L3 2
20 3 k1 1
19 L
18 2 ko 6
17 6 39 4
16 9 37 2
36 5
15 8
1k 15 35 P,
13 12 34 2
12 12 33 7
11 1b 32 T
‘ 31 6
10 9
9 13 30 10
8 6 29 p,
7 3 28 11
6 b 27 9
26 8
5 2
' 1 25 3
2L 8
23 3
22 (f
X = 12.611 21 5
SD = 4.00 ' 20 ;);
* 19 i
1™ = 0.549 18 M
1 1
#Kuder-Richerdson Reliability
Coefficient.
X = 29.183
SD = 6.632
r* = 0.725
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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 TREATMENT METHOD (N=2u49)

Fourth Grade Sixth Grade Between Grades
Items | Lab-Theory |Thecry-Lab |Lab-Theory| Theory-lab F-Value
e
Total 25.149 23.769 26.400 28.139 6.845
Lab 9.222 8.94h4 10.820 11.293 1.191
Theory | 11.942 11.047 11.20% 12.628 11.452"*

*54.05 (df 3,2L4; F=2.64)
o201 (df 3,244; 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 wmethod of instruc-
tion was significantly higher than the differences between
the post and delayed post test scores ¢f the laboratory-
theory sequence groups. This was true for the total score

_5 and those Identified as theory items but not for those

~ identified as laboratory items.

TABLE 6

ADJUSTED GROUP MEANS OF POST TEST SCORZS FOR THE
FOURTH GRADE STUDENTS 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
Taeory 11.928 10.466 3.968 0.053

*0<05 (df 1,42; F=4.06)

.01 (af 1,42; F27.24)

The data used to test subhypothesis 1l (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.
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TABLE 7

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR THE FOURTH
GRADE STUDENTS RECELVING THE THEORY-LABORATORY
SEQUENCE METHOD OF INSTRUCTION (N=73)

l Significance

| Iteuns Boys Girls F=Value Level

| Total 22,143 22.000 0.024 0.878
Lab 8.390 8.181 0.102 0.751
Taeory 10.415 10.341 0.02i 0.879

*p<.05 (df 1,69; F=3.98)

<00 (df 1,69; F=7.01)

TABLE 8

ADJUSTED GRIUP MEANS OF POST TEST SCORES FOR THE SIXTH
GRADE STUDENTS RECEIVING THE IABORATORY-THEORY
SEQUENCE METHOD OF -INSTRUCTION (Nsu8)

Significance
Items Boys Girls F=Value Level
Total 28.676 29.400 0.303 0.585
Lab 11.341 12.364 2.240 0.142
Theory 12.286 12.111 0.036 0.851

*p<.05 (df 1,4k; F=k,06)

**oQOL (df 1,kk; F=7.24)
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TABLE 9

ADJUSTED GROUP MEANS OF POST TEST SCORES FOR THE SIXTH
GRADE STUDENTS RECEIVING THE THEORY-LABORATORY
SEQUENCE METHOD OF INSTRUCTION (N=72)

Significance
Itenms Boys Girls F-Value Level
Total 30.160 27.563 b.159% 0.045
~ab 11.834 11.283 0.601 0.412
‘Theory 13.690 12.153 5.337" 0.02L

*5e.05 (af 1,68; F=3.98)
*oe.01 (df 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 &nd 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, medium, 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.
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TABLE

10

ADJUSTED GROUP MEANS OF POST TEST SCOR:S FOR THE
FOURTH GRADE STUDENTS BY TREATMENT MZTHOD FOR
LOW, MEDIUM, AND HIGH IQ ABILITY (N=12l)

Laboratory-Theory Theory-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 5.5&&*{7.0&7*’

*p<.05 (daf 1,115; F=3.94)

<01 (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)

Laboratory-Theory

Theory

~Laboratory

F-Value

Items

High

Med

Low

High

Med

Low

High

Med

Low

Total
ladb

Theory

29.379
10.520

12.743

28.027
11.345

11.125

27.h22

11.996
1.2.097

30.872
11.532
14177

28.601
11.863
12.491

29.%0
12.864
13.258

0.172
0.187
0.003

0.206| 0.

0.015

Th3

0.089

0.04310.025

e A

*p¢.05 (af 1,112; F=3.9%)

<0l (af 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 por: 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 STUDENTS WITH
SIXTE GRADE THEORY-LAB STUDENTS

Semple | Degrees of | Grade | Adjusted Group Mean Scores Signifi-
8ize Freedom Level | Lab-Theory Theory-Lab | F-Value|cance
Level
119 1,115 b 1.089 0.232 0.878 | .351
120 1,116 6 0.425 0.300 0.016 | .899
24
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ADJUSTED GROUP MEANS OF THE POST AND DELAYED POST

TABLE 13

TEST SCORES FOR THE FOURTH AND SIXTH GRADE
STUDENTS ACCORDING TO TREATMENT METHOD

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

Test Itens Tab-Toeory | Theory-lab | Lab-Tneory | Theory-lab

Total 23.319 21.965 28.068 29.954
Post Lab 8.546 8.284 11.L8% 11.926

Theory 11.211 10.303 11.8uk "13.394
Delayed | Total 2L 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
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CHAPTER IV CONCLUSIONS

There was no significant difference in the total
achievement scores 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 scoxes for the sixth grade students due to the
te..ching sequence. The data indicated that the sixth grade
stulents more readily accepted the concepts without lab-
oratory motivation.

This study indicated that the concepts 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 gracle students in
tris sample wer2 able to learn the concepts associated
with atoms and inolecules.

Retention of the concepts associated with atoms and
molecules as measured by a delayed post test three months
aiter 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 than 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.
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CHAPTER V IMPLICATIONS AND RECOMMEMDATIONS

Inplications

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 provide stimulating motivational
experiences for concept learning in science.

Piaget's th.eor:y:'M 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. There 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 leagned by the
students in both treatment groups. Prutchey3 has published
the results of an investigation of retention of high-school
chemistry, in wnich 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 o€ 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 more learning centers.
A different teaching method could be used at each drade lev-
el in the same 3ystem with a minimum amount of treatment
contamination.

It is also recommended that a4 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 provide 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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I APPENDIX A

LESSON PLANS

LABORATORY-THEORY SEQUENCE OF INSTRUCTION

FPeriod I

Lesson Objective:

Given a box contsining samples of ten different items, a mag-
nifying g.ass snd 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, veight, uagnetism, etec.

Concepts developed:

1. All taterials have identifying characteristics.

2. Cleasues of materials have common characteristics.

3. Materiasls can be identified by these characteristics.
Activities:

l.

Four Jeakers vith earth, air, fire and water as sncient
theory of elevents.

Students inspected iteums im & box (3 students/box) with

magn-fier and vagnet.

3. Described paterials vith such terms as hardness, color,
lust2r, brittlemess, weight, magnetic, etec.

L. Each group selected one ites from their box and listed

its characteristics. The remainder of the class vas

asked to identify the ites frow this description.
5. Handed out folders for science materials.
6. Summary and reviev.

2.

Period II

Lesson Otﬁgctive s

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

Concei *.8 developed:

l. Each eleocent has been nawed and given a chemical symbel.
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2. There are about 103 known elements and 90 appear in
nature.

3. Elewents can be identified by certain tests (flawe, color
chenge, precipitation, etec.).

Activities:
l 1. Have one student at a tiwe build a structure 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 wmusic.

3. Perform flame test for chemical elements.

4, Two students demonstrated iodine and corn starch test.

5. Students demonstrated smmonia and coumerciasl detector
(phenothaline).

6. Summary and reviev.

Period III

Lesson Objective:

Using a tisgnifier, a magnet, a toothpick, water anc a chromato-
graph, the students should be able to ceparate three oixtures
of two 01 wore wmaterials.

Concepts developed:

1. Mixtures can be separated mechanicully.

2. Coompcunds sre nev materials and cannot be separated
vechanically.

Activities:

1. 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 chromestograph kit and observed separa-
tion of materials by color.

3. Sharing tiwe, sumsuary and reviev.

Period IV

Given several common materiasls, a flame, and some water, the
students should be able to identify and describe orally some
of the characteristics associated with chemical changes and
be capable of writing sisple chewmicel compound formulas.

Concepts developed:

1.
2.

Chemical change always produces nev materials.
Exchange of energy is sssociated wvith chemical change.

Activities:

1.

Pilm: "Chemical Chenge” (11 =in.) was shown.

32 40




2. Teacher demonstration of burning bread, wood, puper, and
sugar.

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

4. Sharing tive, summary and reviev.

Period V

lesson ObJjective:

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

Concepts developed:

l. Water is in wost dry wmaterials.

2. One test for water is color change of dry copper sulfate.
3. The two elepents in water can be separated by electrolysis.
4. 1Tvo wethods of identifying the compound carbon dioxide.

Activities:

1. Set up electrolysis experiwent and observe decouposition.

2. Dry copper sulfate on hot plate and note color change.

3. Dry pieces of chalk and collect wacer evaporated.

L. Have each child make the carbon dioxide test with either
lime water or coguercial indicator.

5. Set up long-range balloon and plastic bag for leakage ex-
perioents.

6. Observe steel wool experiment and discuss results.

Period VI

Lesson Objective:

GCiven several different materisls the students should be able
to divide each item into smaller and cmaller pieces and describe
orally the continuation of this dividing process down to the
atowic level.

Concepts derveloped:

1. The particular nature of matter.
2. All matter is composed of atoss and molecules.

Activities:

1. A different student performed each Or the folloving as a
deamonstration for the class:
a) Cut iron wire in half and throw away half until re-
mainder was too swmall to hold.
b) Same cutting process with s eugar lump.
c) Oil in wvater.
d) 01l vith detergent in water.
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ez Water in atomizer.
f) Dissolve sugar, copper sulfate, potassium perwangenate
and Nestles Quick in water and filter solution.
2. Set up long range evaporation experiwente using water,
alcohol, and oil.
3. Davp aponge balanced on a meter stick experiment.
k., Set up long range solids for sublimition experiwents.

5. Discussed the concepts of atows and molecules as building
blocks of matter.

Feriod VII

Lesson Objective:

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

Concepts developed:

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

Activities:

1. View filw, "The World of Molecules,” (11 win.).

2. Set up sugar crystal growing experiment.

3. Each student had a small dish to perform the bubble raft
expericent .

L, Passed out samples of six crystalline structures.

5. Listed and discussed size of atoms and molecules using a

series of exagples of common materials (sand, water, rain-
drop, etc.).

Period VIII

Lesson Objective:

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

Concepts developed:

There are tiny spaces between the molecules that make up a
substance.

Activities:

1. Inflated balloona and plastic bags with air over perfume,
sumonia water, vanilla - xtract and chlorine wvater.

2. Set up samwonia indicator in plastic bag over anzonia water,
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l 3. Passed out sawmples of marbles, B-B shot and sand as in-
dicatione of spaczca between molecules.
k. Perforwed 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 reviev.

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
i structure consistent with their observations.

Concepts developed:

l. 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.
L. A third particle exists called a neutyon.

Activities:

ls 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 100k~
ing at tiny perticles.
3. Each student perforwed the charged paper strips experiwment.
b, Students demoustrated hard rubter, glass, fur and silk charg-
ing experiwents.

5. Discussed atomic theories and handed out sheet describing

atonic structure of first eight elements on periodic chart.
6. Summary of concepts developad.

Period X

Lesson ObAEctiveu

Given styrofoam balls and pipe atem clesners, the students should
be able to build an atomic wmodel of one of the first eight ele-

ments on the periodic chart and describe their structure ver- l
ballyo

Coucepts developed:

l. The basic forces in our wvorld.

2. The structure of atoums.

3. The significance of the atomic number, atomic weight, number
of electrons, protons and neutrons in an atom.

k. The relative size of electrons, protons, and neutrons.

T35
e | 43




5. The structure of simple molecules.

Activities:

1. Viewed film, "Forces," (12 uin.).

2. Esch student constructed an atown using styrofoam balls and
pipe stew cleaners.

3. Performed heated ball and ring experiment.

4. Built water molecule with styrofoam balls and pipe stenm
cleaners.

5. Discussed method of writing chemical formulas for simple
compounds .

6. Passed out sheet describing the proton and showing wolecu-
lar wodelts.
7. Summary and description evaluation procedure.
THREORY - LABORATORY SEQUERCE OF INSTRUCTION
Period I

Lesson ObJjective:

Using familiar examples of common forces and the film entitled
"Forces" the students should be able to identify and descride

verbally at least three of the fundawental forces of the uni-
verse.

Concepts developed:

1. The concept of a fundamental force.
2. Tne fundamental forces of our world (gravity, electric,
maguetic, nuclear).

Activities:

1. Gave each student a folder for science materisls.

2, Introduced the topic and explained classroomw procedure.

3. Students listed fundamental forces on a sheet of paper.
(Students shared their list with the class, one at a time.)

4. Pilw entitled, "Forces,” was shown and reviewed.

5. Instructor demonstrated electric, sagnetic and gravitational

forces.
Period 11

Lesson Objectives

Using the modern descriptisn of clectrons, protons, and neutroms,
the students should be capible of describing the interacting
characteristics of these ‘hree fundamental particles.

Concepts developed:

1. Identify the fundamental particles of matter (protom,
neutron, electron).

- 36

44

e S




2. The relative weight or mass of each particle.
3. The wngnitude and sign of the charge on each particle.

Activities:

l. Reviewed fundamental forces.

2. Looked at beakers of air, earth, fire and water as ancient
, view of elewments.

3. Explained wodern theory of matter.

4, Described characteristics of three elementary particles
(mass and charge).

5. Shared student collections, summary and review.

Period IIX

Lesson Obgective:

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

Concepts developed:

1. The stomic 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 clements 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 Objective:

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

Concepts developed:

1. The molecule as a combination of two or more atoas.
2. Molecular wotion in gases, liquids and solids.
3. Chemical compounds and mixtures.

Activities:

Q 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 betveen mixtures and compounds.

| L. Described atomic structure of compounds.

5« Described short hand method of writing foramulas for chemi-
cal compounds.

6. Showed film, "World of Molecules,” (1l ®in.).

T. Gave each student a description cf the proton and sketches
of molecular structure.

Period V

Lesson Oblective:

Given styrofosm balls and pipe stem cleaners the students ehould
be able to construct an atomic wodel of one of the first eight

elements on the periodic chart and describe their structure
verbally.

Concepts developed:

1. The size and number of wolecules in a drop of wvater and
grain of gand.

2. Size of the spaces between atoms and molecules in a gas,
liquid, and solid.
3. Increased molecular motion vith teaperature rise.

Activities:

l. Reviewed atomic structure.

2. Llisted approximate number of molecules in drop of water,
gruin of sand, etc.

3. Passed around samples of marbles, B-B shot and sand as
exagple of spaces between ®clecules.

L. Heated ball and ring and discussed what parts of the atomic
structure vere expanding.

5. Each student constructed a model of a siaple chemical ele-

gent using styrofoam balls and pipe stem clesners. (A water
zolecule vas 5180 built.)

Period VI

lesson Objective:

Using a magnifier, a mgnet, s toothpick, wvater and a chromato-
graph, the students should re able to separate three mixtures
of tvo or more materials.

Concepts developed:

l. Different materials have different physical characteristics.
2. Mixture can be separated mechanically.
3. No nevw material is forwed i{n a wmixture.
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Activities:

1. Each student separated sand frow sugar snd iron filings
from sand vith toothpick and magnifier.

2. Each child asked to describe physical characteristice of
e sample of materisl.

3. Class perforeed the chromatograph experiment as sethod of
separating eixtures.

4. Long range balloon experiment wvas eet up.
5. Summary and lesson reviev.

Deriod VII

lesson ObJeetive:

Using a flame and selected chewmicsl compounds the students should
be capsble of identifying chemical elements by the flawe test

or color change and should be able to describe orally sowe of

the characteristics asssociated with chesical change.

Concepts developed:

l. Specific elements can be identifiel by certain tests.
2. A nev and different material if forwed in a chesical change.
3. The original material is used up i1 a chemical change.

Activities:

l. Used wooden b)ocks, musical trotes and letters of alphabet
as exaoples ¢f fundamental bduilding dlock for a particular
systes.

2. Identified ceveral chewmical elements using the flamwe test.

3. Tvo students demonstrated comn starch and iodine identifi-
cation.

4., Identified ssmonis using phenothaline indicator.

5. Burned wood, bread, paper and sugar as examples of chesical
change.

6. Each student performed the carbon dioxide test vith either
live water or comeercial indicator.

7. Set up the steel wvool over water experiment.

8. Summary and discussion O theories sssociated with obser-
vatiouns.

Period VII1

lesson ObJjective:

Given a carbon dioxide indicator end a wvater indicator and
severasl materials that evaporate readily, the students should
be capable of identifying water and carton dioxide and verbally
explaining evaporation and sublimsation.

Conccpts developed:

l. One method of identifying water.
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2.

One method of scparating water intou twvo gnses.

3+ VWater is in dry wmaterials.
Activitiesn:
l. Separated wvater by electrolysis.
2. Dnump sponge balanced on meter stick experiment.
3. Dry copper sulfate water indicator test.
h,

5.

6.
7.

Period IX

Set up sugnr crystal groving experiwent.

Set up inflated balloon and plastic bag experiments over
perfume, ammonia, vanilla, ete.

Set up evaporation and sublimation experiments.

Sugmary snd discussion (questions and answers) of relation-
ship of atowmic theory to observations in this lesson.

Lesson Objective:

Given severnl different materisls the students should be able
to divide these materiasls into smaller and sesller pieces and

then verbally describe the continuation of this process to the
atouic level.

Concepts developed:

1. The particulate nature of matter.

2. Dissolved particles snd spaces between wolecules.

3. The differences between physical and chesmical changes.

Activities:

1. Viewed film, "Chewmical Change,” (11 win.) and discussed
feportant ccncepts presented.

2. Stulent dezonstration of cutting irom vire, sugar cube,
wvater, etc. in one-half and discarding balf until too
small to continue.

3. Dissolved SO ecc of sugar i{n 300 cc of water and measured
325 cc of solutiom.

b, Dissolved sugar, potassiua permanginate, copper sulfate and
Nestles Quick in wmter and filtered.

Se Discussed steel wool over wvater experiment and discussed the
atowic level considerations associated wvith the experiwent.

6. Sumsary and review vith student sharing collections and
other science interests.

Period X

lesson Objective:

Using large crystaline vodels and a raft of soap bubbles the
students should he able to describe orally the structures of
simple solids using the concepts of atows and wolecules.
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Concepts developed:

l.
2.

3.

There are spaces between the particles of all matter.
Molecules of some solids are arrenged in certain crystalling
structures.

Evidences of atomic structure are indirect.

Activities:

1.
2.
3.
b,

Se
6.

Obsex-ves and discussed all the lony range experivents.
Described ways scientists look at tiny particles.
Described seuples of six basic crystalline structures.
Students perforoed bubble raft experiment as sodel of
crystalline structure,

Susmary and review of entire unit.

Discussed evaluation instrusent (purpose and method of ad-
winistration).
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ACHIEVEMENT TEST INSTRUMENT

42 50




“ ACHIEVEMENT TEST INSTRUMENT

‘ Read the following parsgraph about & scientific experiment carefully.

In an experiment, two pieces Of pure lead
and gold with very clean surfaces were

| brought into contact and clamped tightly
together. After four years, at norual
teuperatures, 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 Oon a large
scale. Thus, although lead and gold are
solids at norwal tesperatures, the two
s0lids tended to mix over the four year
period of time. At 500°C gold spreads
through lead about as fast as cog@on
salt spreads through vater at 18°C.

Nov consider each of the following statements sbout the experiment and
in the blank before each statement write the number.

1. 1if you believe that the data in the expericzent alooe
prove the statement true

2. 1if you believe that the data in the
experivent alone suggest that the
statement is probvably true dbut do
not definitely prove it

3. 1if you believe that the data in the experiment alone
are not enough to make a decision about the statement

h. 1if you believe that the data in the
experigent alone sugges” that the
statement 18 probably felse 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. Tapurities 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.
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COMPARISONS

Coampare the idea nr statement on the LEFT with the idea or statement
on the RIGHT and then check your answer in the ANSWER coluan.

(WS ]

Se

1C.

11l.

LEFT

Force with vhich a
¢ charge attracts a

- charge

Number of atoms 4in
Al 013

Nuwmber of ({ifferent
kinds of atouws
found in 820

Aaount of sugar
capable of being
dissolved in ¢ given
quantity of cold
vater

Amount of mole-
cular movement

in a sudbstance at a
high teaperature

Ability uf light to
penetrate paper

Weight of a proton

Number of atoazs in
a grain of sand

Speed of proton

Number of protons
in a 1eutral helium
atow

Number of protons
in a helium atom

ANSWER

is
is
is

is
is
is

is
is
s

is
is
is

is
is
is

is
is
is

18
is
is

is
is
is

is
is
is

is
is
is

is
is
is

greater than
the same as
less than

greater than
the same as
less than

greater than
the sawme as
less than

greater thar
the sawe as
less than

greater than
the saoe as
less than

greater than
the same as
less than

greater than
the sawme as
less than

greater than
the same as
less than

greater than
the same as
less than

greater than
the same as
less than

greater than.
the same as
less than
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RIGHT

Force with which a
- charge attracts a
+ charge

Nuaber of atoms in

Number of Jdifferent
atows found in Na Cl

Aoount of sugar capable
of being dissolved in the
sape amount of hot water

Anount of molecular move-
went 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

Nuabter of electrons in a
neutral helium atom

Nuzber of protons in
a hydrogen atoa




COMPARISONS (Continued)

i LEFT ANSWER RICHT

’ 14. Atomic number of is greater than | Numwber of electrons in
an elewent {8 the save as a neutral stom of the

‘ i{s less than same eleuent

15. Ease with which

is greater than | Ease with vhich pro-

electrons can be is the same as tons can be brushed
brushed off an i8 less than off an atoa
atown

16. Nuzber of electrons 15 greater than | Number of electrons
on positive i8 the sage as on neutral hydrogen
hydrogen iomn is less than atoa

EXPLAINING WHAT IS OBSERVEL

} good deal of science is observirg things that happen and then explain-

{ng them.

Jane said,

What do you think about the various explanations?

17. Observation: Several crystals of potas-
siun perumanganate were
dropped into a large beaker
of water. At first cmall
struvams of purple color
spread out from the crystals.
After several hours the
colorless wvater had been
changed to a uniforw purple
color.

"I think that the crystals of poiassium per-
manganate break up into countiess millions of
pieces. These pieces have a purple co0lo.~.
The potassium permanganate pleces mix evenly
apong the colorless water atoms and thus give
the solution a purple color.”

Ted said, "I think that the potassium permanganate
colored the water atows purple. All
water atoos are changed into purple atoas
at the end of the experiment and they
cannot be made coloriess again.
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EXPLAINING WHAT IS OBSERVED (Contiaued)

What do you think?

Agree with Ted but disagree with Jane.
Agree with Jane but disogree with Ted.
Agree with both Ted and Jane.

Disagree with both Ted and Jane.

Az not sure.

18. Observation: Water is placed in a besker
and the level marked with a
crayon. The beaker is placed
on a hot plate and the wvater
brcught to a bcil. After
several ominutes the beaker
is resoved froc the hot plate
an¢ the wvater sllowed to cool.
The water level is observed
to be below the crayon mark.

John said: "I think that the heat from the hot
plate burmed some of the water.
Water is wade up of hydrogen and
oxygen. Oxygen supports burning.”

What do you think?

—___Agree with everything sasid.
Agree with some things John said but

dis. 7ree with others.
Disagree with everything John said.
. Aa pot sure,

19. Observation: When a plece of paper is burned 8 black sub-
stance i8 left. When a match is burned a
black substance is left. When a lump of sugar
is burned a black substance 18 left.

Mary said, "I think the black substance left
is the same with each thing burned.
' It 1s carbon.”

Tim said, "I think that the black suhstance
left in cach case is different.
Since paper, wvood, snd sugar are
not alike, they cannot have the
/ sade natural elements in them."




EXPLAINING WHAT IS OBSERVED (Continued)

What do you think?

Agree with Mary but disagree vith Tia.
Agree with Tim but disagree vith Mary.
Disagree vith both Mary snd Tim.

An not sure.

20. Ovservation: Sowme substances are made of crystals.
The shapes of many such substances
have spooth flat sides, sharp edges,
and pointed corners. When a substance
wade of crystals is broken, it often
breaks in a definite wvay vhere the
soaller pieces still reseamble the ori-
ginal shape.

} ov consider the followving substances: salt, glass, and wood.
What do y»u ttiau?

____Only salt is wade of crystals.
——__All the substances are mace of crystals.
None of the substances are wmade of crystsals.
~ ALl the substances except glass are zsde of crystals.
-—_Ac Dot sure.

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

Which of the following weys do you think might be
the best way to get more of s solute into solution?

Pour the solution into a larger container
and add wore 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 s cloth, separate
the crystals, and suspend t.ie crystals in
the solution and watch them grow.
It is impossible to get more of the solute
into solution.
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EXPLAINING WHAT IS OBSERVED (Continued)

22, Obscrvation: Most substances expand shen heated and contract vhen
cooled.

Sue said, "I think that heat causes molecules to move faster.
As they move faster they occupy wore spaze. Thus,
bheat tends to mwake things expand.”

Tow said, "I thiok that heat makes the molecules bigger and
this makes things expend.”

Ann said, "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 mmses thea larger.”

What do you think?

Agree with Sue but not Tow or Ann.
Agree vith Tom but not Sue or Ann.
Agree wvith Ann but not Tos or Sue.
Disagree with Sue, Tom, aod Ann.
Am pot sure.

FACT AND THEORY

S:ience is made up of a lot of facts and theories. Facts are what we

cin observe and m2asure. Theories are explanations a8 to way the facts
occur. In addition, scientists use definitions or terws which they agree
upon in order to iescribe facts and theories. Consider each of the follow-
ing statements and in the blank write the letter.

F. 1f you think the statement is a fact.

T. 1if you think the statement is a theory.

D. 1if you thiok the statement is neither fact nor theory
but is a def‘uition or term agreed upon by scientists.

23. The charge on protons is positive and the charge on clectrons
is nega’ive.




FACT AND THEORY (Continued)

e, An stom i{s made up of heavy ceater parts called protons sur-
rounded by 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.

7. Elements may be broken into smaller units.

2. Eleven wolecules Oof water are written as 1l 320 aud not as

2001 -
29, Atoms aund molecules are in continuous motion.

-0. Atoms cannot be seen.

31. Substances put in a Tlave give the flawe a
characteristic color.

- Heated ©0lecules have more space among them.
33 The nuzher given to an atom is called an atomic nuamber.

1L A solvent can hold 0aly a certaia amount of
a solute.

ELEMENTS AND COMPOUNDS

Counsider each of the foilowing statements and in the blank write the
nuaber.

l. 1if th~ statement applies to elements only.

2. 1if the statement applies to compounis only.

3. 4f th: statement applies to both el:2oents and compounds.

4, 1f th> stategent applies to neither elewents ncr compounds.
35. Has physical properties characteristic of the substance.

36. Pure and not forwed by cowbination with other
substances.

37. Has weight.
38. Containa electrons and protons.
39. May form crystals.

4O, Can be illustrated by s model.

o'/

o B

-
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LLIPENTS AND COMMLUBDE (Comtlousd)

M. Substance Nas an atowmic aumbder.

b2, Found In & natural state 1o end arcund e
earth.

b3, Alvays 'ms & positive or negative chacge.

b, Occurs only es @& solid.

NATURE OF PROCP
The atouic theory of matter makes four basic assuaptions.

Matter is cowposed of exceedingly small, separate particles.

Each kind of santter is made up of its own particular kird of particles.
The particlea are in rapid and ceaseless motiom.

The particles can attract each other.

Consider each of the following statements and in the blark write the
rusber.

l. 1if the statewment is true and supports the atomic theory.
2. 1if th2 statewent 15 true but neither supports nor contradicts
the atomic theory, and
3. 1f the statewment is false.
L5, If a fev crystals of a substance are dropped into a liquid
in which it 1is soluble, the substance will diffuse through-
out the liguid.

L6, The atomic nuwmber indicates how many electrons, protons, and
neutrorns an atom has.

L7. ____ Sowe substances have characteristic colors.

48. ___ Certain substances will bum.

h9, _____Neutral atoms have excess positive or negative charges.
50. ___ Atoms can be seen under powerful microscopes.

51. The smallest pileces of a substance have differemnt 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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b APYLICATION (P PRIRCINES (Comt laued)
| 22, A solesule of samomia 18 fovesd by one alliroges (B) atom and tAree
F‘ nydrogen (n) stome. Walea of the followiag 1o "Be best fOomuale

for ssncaial

| 29 |
—l )

$3. Which is the dest wmodel tO {llustrate a ®oOlecule Of emmcunial

th. In the following model of an atom, aOw many electrons are shown?

1 electrcn h electrons
2 electrouns 5 electrons
3 electrons 6 electrons

5. Here are three different wmodels of various formws of hydrogen. Which
one shows hydrogen in its simplest forwm?

——— =

C %8 >C oo DC e D

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

H
iy
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AITLICATION CF FRINCL VS8 (Contlaued)

..
) "

e e el

7. Were are tvo sod- K|
(_‘ ; elo of tlae same .//
PR alom uader 41if- , (“' '
' N ALY ferent eonditices g( R
‘ - \‘\';-‘ "‘,l . . \.‘ “ .
v 2 . J " ’
U < L JP Ny |
A ]
I1f Vodel A s ceutral the charge co Model B ts
plus ove.
If hodel A e neu’rel the charge co Model D 1s
sinus ome.

The charge on Models A and B are the sase.
The charge oo the cluster in the cente: of the
tv) sodels s different

™

‘8. One ounce of ink is placed in e beaker. Ealf the solution is poured
out. Pure witer is added to the original level. The solution is
oixed, and half poured out again. This process is repeated seversl
tives. If 1/32 ounce cf the ink remains in the solution, vhat 1s
the number cf tives half the solution wvas poured out?

2

(DIV\W

J

9. An experiwven: was set up to break down water into i{ts two elements,
hydrogen and oxygen. Which illustration shows the experiment to te
working properly?

1 2 3 4 5 6
M\ ~
a M) ) ’1
l s ] B —~th—=
JEVIN i I 1 L Jit
R ‘ ‘_-- -

€0. In the above pictures, in whict of the nurbered tubes would you find
the hydrogen?




APPENDIX C

ZLEMENTARY SCHOOL SCIENCE TEXT SERIES: EXAMINED




Arrasnta ¢
SCIENCE TEXTIOOK XD IES

Blough, Clean 0. nad others. The Jasic Selence Progres. (hieago!
Seott, Towemma, end Co., .

Crade M ;num is Dxperisentiag
Crade 9: Sclence is Discoveri
Crede 6: 3Science is Adverturing

lyandwe in, Paul 7. and Others. Comprehensive ! cience Prqru. Nevw
York: Hs-court, Brace, and World Inc., 19%0.

Crade b: Concepts in Science b
Grade 5: Concepts in Science §
Craude €: Concepts in Science b

\
’

(raig, Gerald S. and others. Science Today and Tomorrow Scries.
New York. GCinn snd Coapany, 135.

Crede L: Discovering with Science
Crade 5: Adventuring with Science

Grade 6: Experimenting with Science

fischler, Abrahac S. and others. Modern Scien:e Series. HoOlt, Rinehart
& Winstor, Inc., New York, 1966. 7

Crade b: Science / A Modern Approach
Grade 5: Science / A Modern Approach
Grade 6: Science / A Modern Approach

Jacobson, Willard J. and others. Awmerican Bock Company Series.
American Book Company, New York: 1965,

Grade 4: Probing Into Science
Grade »: Inquiring Into Science
Grade 6: Investigating In Science
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resw tlacen  tiargs 9. end Rem N SLiome B mietd val..mtn 21‘"’"
Wurvislomen, Bee Meeey. The Slieed Bustall To LT
Ghude b, Satenes b
Srede 9 4 lanee
Cende & e
Pevarve, Joan 0., and Zafforvet, hotp.. MJ:‘Q mole Solenee Zsrtse.,
Bov Torn  Barper sad Rovw, .987.
Crade 41 Tridey'es Dasle Scteonce Seriee b
Grede 3: ﬁotef&on-ﬂuo%
Crede 61 ?iu.) 's Jasic Jcience Series

lichneider, lorman. sad ¥loa Schnetlder.

Boeton:

Crede b:
Crede 5:
Crade 6:

jeith, Herdert A
Forest,

Grade bL:
CGrede 5:
Crade 6:

‘hurder, Walter 2.., and Mary C. Durkee.

Chicago:

Grade b:
Grade 5:
Crade 6:

“llinots:

Reatd Sclence Serties.
2. C. Beeth & Co., 1969.

Sclence in Your Life
Sclence 1n Our World
Sctlence for Today end Tosorn w

end others. The latdlawv Sci-nce Series.

laidlav Brothers, 1306b.

River

Science b

g&_icnct Z
Science 6

lo=ing Science Series.

Allyn & Bacon, Inc., 1

Exploring Science b
Ex%loring Science E
Exploring Science
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ACHIEVEMENT TEST INSTRUENT ITEM ARALYSIS
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RS )

ITIN AZSICHER FOR PASTE ASD 3!ITE GAAISD
3 FER CINT CORNRECT AE3FORIES
8T IETICD (F DNSTRCTION

{ten Pourth Crede $iath Crede
3 mber Jeony ory-Lab Tas - Theory Fﬁoog-hi
)

’ 1 193 rg) 2) 16
2 13 19 n )
) 26 bl 52 13t
» 5)‘ V.} 69 n
> ¥ (2 4] 22
6 A5 57 75 n
T Y.} 63 88 80
8 s7 Y| 60 59
9 .8 \? 6 65
10 57 V] 63 62
11 26 3 37 A2
12 0 35 53
13 b7 38 49 87
15 32 29 3l 32
16 *9 35 3 M
17 36 38 n 58
18 68 b3 TN 66
19 79 63 88 81
20 k9 39 T 68
22 36 52 n e
23 21 16 19 16
2 36 39 23 30
25 36 29 12 3"
2 87 AT 6 59
28 ko 32 33 35
29 36 39 35 22
30 ST 81 68

El{fC 57 65

Aruitoxt provided by Eic:




TABLE | (Tomilaued)

{Tee P>t Grede S1atA Srede
Susher Tao-Faory B Weory - Tas ‘et - Voeory 1 ?qu:b?
18 1} ) (7.} 18]
’)2) b)g o n F 44
» 7)
" 9 1) 2: 6)
19 ) -] )] 2)
jo 2 39 67 37
37 +) n (-] 63
) 6 [ .2 69
39 10 18 21 )0
%) g1 ) o) 60 ¥
L) 3] 9 37 8
b2 2) 3N 80 29
83 17 g 1% 20
(V1 32 N2 a8
(Y} 19 37 38 6
VS 15 15 12 10
a7 36 3 38 5
V] M 38 (VY 39
a9 21 29 17 ¥ 1
50 ™ a9 (5 L3
S1 o 4 V3 3
52 36 a7 88 59
53 38 59 ™ 78
sh 36 2h 52 63
55 ™ 53 65 81
56 6h 75 88 b
57 6 18 13 S
58 15 16 17 1h
59 64 b2 60 53
60 30 b A8 61
Q 58 66

ERIC

Aruitoxt provided by Eic:




! YQNAR TIN AMALISIS "CHPaRING VAR MERIFCINES
UITH WA WTID (F DWTICTN (¢ * L)

Meogenee %‘og-gm %W ;
Pumpe? T { o4a ? conld 14 “L_&‘ ¢ .ownd :tﬂ_ﬂﬂ
: Vreag [ [ 4] 237 %0 0.8
Rigat 17 17 3 20
2 Vroag 3 ™ M W\ h y.6)
| JPT 2 26 \6
3 Vroag 60 61 ) A 6.7’
Pigat ) ) 7.} %
b Vrong 8 g 9 n 0.0y
Right 61 9 6)
) Vroag 68 69 Y 78 3.09
Rgnt 1 n » 2
6 Vroog 39 319 37 ¥ 0.29
Right 60 61 101 6
7 Vrong 21 21 S 28 1.68
Rigat 78 ™ 1) T
8 Wrong 'Y 91 n M7 0.72
Right 58 59 8h 53
9 Vrong 57 58 70 M ».29°
Right a2 (¥ 68 56
10 Wrong 39 39 n b 0.76
Rignt 60 61 81 55
11 Wrong 68 69 9 63 0.97
Right 3l 3l 59 37
12 Wrong 62 63 9% 59 0.25
Right 37 37 6h 9
13 Wrong 5h 55 91 58 0.23
Right hS NS 67 a2
b Wrong 58 59 8o 51 1.55
Right hl hl 78 9
#oc.01 X2 = 6.6k
*0<.05 X2 : 3.84

©

ERIC 59 67

Aruitoxt provided by Eic:




TABLE 2 (Continued)

Iten Reéponse | _Laboratory-Theory Theory-Laboratory Chi
Nuwmber Total |Per Cent Totel | Per Cent Square
15 Wrong 68 69 110 70 0.02
Right 31 31 48 30

16 Wrong 60 61 98 62 0.05
Right 39 39 60 38

17 Wrong bs 45 82 52 1.01
Right sk 55 76 48

18 Vrong 30 30 72 46 5.93"
Right 69 70 86 54

19 Wrong 16 16 b 28 L.64"
Right 83 8L 11h 72

20 Wrong 38 38 T3 46 1.52
Right 61 62 8s Sk

21 Wrong 66 67 113 T2 0.68
Right 33 33 L5 28

22 Wrong us L5 56 35 2.56
Right Sk 55 102 65

23 Wrong 79 80 132 8l 0.58
Right 20 20 26 16

24 Wrong 70 7L 103 65 0.8l
Right 29 29 55 35

25 Wrong 60 61 108 68 1.61
Right 39 39 50 32

26 Wrong 53 sk Th L7 1.09
Right 46 46 8k 53

27 Wrong 37 37 83 53 5.62"
Right 62 63 75 L7

28 Wrong 63 6L 105 66 0.21
Right 36 36 53 34

29 Wrong 6L 65 110 70 0.69
Right 35 35 L8 30

*ocor x2 = 6.64
p<.05 X2 = 3.84




TABLE 2 (Continued)

Item Response Laboratory-Theory Theory-Laboratory Chi
Number Total |Per Cent Total | Per Cent Square
30 Wrong 30 30 63 43 ho18%
Right 69 70 90 5T
31 Wrong b2 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 T 3.63
Right 34 34 37 23
] 3h Wrong b2 b2 82 52 2.19
] Right 57 58 16 48
) 35 wrong 72 73 123 78 0.87
‘ Right 27 27 35 22
) 36 Wrong 49 49 o 52 0.1k
] Right 50 51 76 48
' 37 Wrong U7 W7 86 5l 1.18
Right 52 53 T2 46
38 Wrong 60 61 75 47 b,21"
Right 39 39 83 53
39 Wrong Ts 75 120 76 0.05
Right 25 25 38 2l
i Lo Wrong 52 53 101 64 1.28
Right b7 47 57 36
] R Wrong 59 | 60 N1 61 0.08
- Right 4o 4o 61 39
42 Wrong 67 68 108 68 0.01
Right 32 32 50 32
43 Wrong 83 84 132 8l 0.00
/ Right 16 16 26 16
bl Wrong 62 63 98 62 0.01
Right 37 37 60 38
45 Wrong 70 71 93 59 3.68
Right 29 29 65 bl

**#5<€.01 X° = 6.64
o *pc.05 X2z 3,84 ;
ERIC

Full Tt Provided by ERIC.




TABLE 2 (Continued)

Item Response Laboratory-Theory l Theory-Laboratory Chi
Number Total |Per Cent ' Total ]Per Cent Square
' . 46 Wrong 86 87 138 87 0.0l
-' Right 13 13 20 13
| W7 Wrong 62 63 88 56 1.20
! Right 37 37 70 by
P 48 Wrong 57 58 97 61 0.37
f Right u2 42 6L 39
49 Wrong 80 81 100 63 8.90" %
Right 19 19 58 37
50 Wrong 26 26 80 51 1.92™*
| Right 73 Y 78 k9
51 Wrong 56 57 109 69 4.09%
Right 43 43 L9 31
52 Wrong 36 36 T4 47 2.73
Right 63 64 84 53
53 Wrong b1 b1 L9 31 2.89
Right 58 59 109 69
54 Wrong 55 56 89 56 2.01
Right bl Ly 69 Ly
95 Wrong 29 29 92 33 0.37
Right 70 1 106 67
56 Wrong 23 23 26 16 1.81
Right 76 77 132 8k
57 Wrong 89 90 140 89 0.10
Right 10 10 18 11
58 Wrong 83 8k 136 86 0.24
Right 16 16 22 1l
59 Wrong 38 38 83 53 4.89"
Right 61 62 75 b7
60 Wrong 60 61 78 49 3.09
Right 39 39 80 51

e 0l X° = 6.6b4
*<¢.05 X2 = 3.84

ERIC 62 '

Full Tt Provided by ERIC.
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