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- Statement of Focus

The Wisconsin Research and Development Center for Cognitive
Learning focuses on contributing to a better understanding of cogni-
.. tive learming by children and youth and to the improvement of related
educational practices. The strategy for research and development is
comprehensive, It includes basic research to generate new knowl-
edge about the conditions and processes of learning and about the
processes of instruction, and the subsequent development of research~
based instructional materials, many of which are designed for use by
teachers and others for use by students. These materials are tested
and refined in school settings. Throughout these operations behav-
ioral scientists, curriculum experts, academic scholars, and school
people interact, insuring that the results of Center activities are
based soundly on knowledge of subject matter and cognitive learning
and that they are applied to the improvement of educational practice.

This Technical Report and Practical Paper published in conjunc-
tion with it are from the Prototypic Instructional Systems in Elemen-
tary Science Project in Program 2. General objectives of the Program
are to establish rationale and strategy for developing instructional
systems, to identify sequences of concepts and cognitive skills, to
develop assessment procedures for those concepts and skills, to
identify or develop instructional materials associated with the con-
cepts and cognitive skills, and to generate new knowledge about
instructional procedures.
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Abstract

L
S T N AT

The purpose of this project was to develop a series of lessons
and associated materials (tests, demonstrations, pupil activities,
‘etc.) related to teaching concepts included in the schem« "The
Particle Nature of Matter" for grades 2 through 6. The hypothesis
that served as the base for development is "theoretical concepts
related to the particle nature of matter can be learned by pupils in
grades 2 through { when analogous mechanical models comprehend-’
ible to pupils of these ages are employed.“ The intent was to pre-
sent abstract ideas in concrete terms.

The processes used in the’ natural sciences in theory develop-
ment were employed in the teachlng strategies; a real phenomenon
was witnessed; the requirements for a useful model were identified;
a mechanical model was proposed; and inferences were made from
] ' the analogous model to the phenomenon. The result was a theoreti-

. cal concept that was usable in exploring that particular phenomenon.

In subsequent lessons other phenomena not explainable with this

- present model (theory) were in a similar manner witnessed, and the
pupil and teacher proceeded to modify the theory to make it useful
in all of the phenomena witnessed up to that point. The concepts
in the scheme began with "all matter is made up of particles" and
terminated with "molecules are -made up of atoms that are held wo-
gether vy electrical forces."

The associated tests were in a motion picture format and the

items were of the alternate response type. The use of visual mate-

" rials to minimize reading was consistent in all phases of the project.

Data in the form of frequencies of responses collected under ex-

perimental conditions involving the materials used by regular elemen-
tary classroom teachers were analyzed to determine reliability, valid- :
ity, and usability of the test items. The usability of the materials '
and strategies and the feasibility of teaching the concepts were i
judged against criteria including pre- and posttest scores of experi- ) !
mental and control groups, teacher opiniong, and pupil opinions.
The criteria were met by essentially all concepts at all grade’levels.
The hypothesis appears to pcssess some credibility and the materials
developed are usable in the hands of regular classroom teachers.,
Pupils in grades 2 through 6 appear_to be interested in learning the
particle theory of matter and in participating in theory developrrer\t
using analogous mechanical models,
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Introduction
Procedures the basis for further scientific studies,
‘ . and at times the knowledge that is ap~
i The intent in this series of lessons is to plied by the technologist.... Cor-
} utilize inductive and deductive procedures cepts are important not only because
} that involve generalizations, inference, and they are the warp and woof of scictice,
invention in formulating theoretical concepts. ' but also because they provide the pos-
f In the process of generalizing the learner will sessor with a means of coping with the
S seek consistencies within results that enable development of knowledge in the future. :
’ him to make appropriate pradictions. The It seems that one way kncwn to proizide ;
process of inference involves extensive se~ for maximum coverage of old and new i
a lective reviews by the learner of his past ex- knowledge is through the development
;» perience and the ‘correlation of incidenrts from of a classificational system. The
,J past experience with new experiences., In the formation of concepts or conceptual
b black box activity the learner asks himself schemes is one method of classifica-
; the question, "What do I know from the past tion which results in such economical
; that acts like this ?" He then applies his use of human intelligence. ([Pella,
15 selected experience to the new situation to 1966, p. 31]
. L find out whether it fits in a functional manner
@ —whether it makes explanation possible. The Each concept corsidered for learning must
f process of invention comec in the way ideas be judged ir %itr:s o1 its present and future
i or experiences of the past are put together. functional wvajues ¢ in terms of the efficiency
% Each invented idea must be judged with refer- ‘of learning. fdeally, there is a‘lowest grade ;
ence to what it enables a person to do, its level at which it is efficient to teach a given - :
& usefulness. science principle and this level is not the t
* : same for all science principles. Further, it X
; is recognized that the index of maturity of the 3
£ Concept learning learner also remains to he identified. It now
i } appears that the index of maturity utilized in 2
g The teaching of theoretical concepts in- learning a concept is related to the teaching
_,& - ., volves placing the learner beyond the level of strategy utilized. If there is a minimum of
*f ‘ concrete experiences; hence; educationally reliance on reading and other verbal communi-
5’ there are two alternatives open—omit such cation and a maximum reliance on comprehend- :
g,i teaching uritil learners have reached the ma- ible analogous models, grade level and 1Q, '
5‘,ii turity level when they are able to function . traditionally used as indices of maturity for X
u outside of the concrete realm or develop . learning, are of little value as predictors
o teaching strategies that bring the concepts into. (Pella & Ziegler, 1967; Carey. 1968; Strauss,
e o concrete raalm. When and if a functional - 1968; Helgeson, 1968; Voelker, 1968). 3
g‘_ teaching strategy is developed, other judg- ' ) 1
‘ ments must be made; the fact that children . _ « « « We may expect.to accomplish a 4
'}:.": can learn a concept does not mean children grade placement of material by . . . ‘i
'” should learn the concept at that age,.or at all. analyzing the major generalization
) ‘, \ . into smaller generalizations, princi- 7"5
S Concapts have been cited as the: " . ' ples, and concepts from which it has i
prod::nts of scientific processes, as ‘ - been synthesized and by subsequent

)

Preiai A aaia e

£y
—

o | 11




subdivigion of these until they are re-
duced‘_‘tu elements appropriate for the
. different grades. [NSSE, 1932, p. 49]

Scientific Models

Since theories in science are expressed as
words, mathematical formulas, or mechanical™
inventions that are based upon facts, it is
possible to select from among the theories
those that can be represented by analogous
mechanical models.

Building theoretical models in science
must not be interpreted as the construction

. of replicas but rather must be accepted as the

exemplification of ideas; the rare coincidence
when a theoretical model turns out to be a_
replication is the exception. A model formed
in-science is the result of the inventiveness
and past experience of the model former. A
model is a portrayal of an idea that niay or
may not k€ credible for a real life phenomenon.

Theoriés do not emerge completely devel-
oped in the scientific community. Most theor-
ies have an evolutionary history, beginning
with a simple idea and continuing through
many modifications, additions, and limita-.
tions. This occurs because the scientists
have agreed that one of the virtues of science
is its simplicity. Some of the rules of theory
formation are:

1. If there is a choice between {wo
theories that are equally adequate
for use in explaining a given phe-
nomenon and if one is complex and
the other is simple, the simple
theory is chosen.

[
.

If there is a choice between devel-
oping a new theory and modifying
an existing theory, both being ade-
quate for use in the same phenom-
enon, the choice is to modify the
existing theory.

w
)

If there is a choice between a
theory that cannot be modified
and one that can be modified in
the future, both being adequate
for use in the same phenomenon,
the choice is the theory that can
be modified.

It is noted that no concern has been regis-
tered for "making the model a replica of na- "

" ture."” The idea that science could develop a

photoyraphic image of nature was- abandoned .
many years ago. The desire of the scientist
is to help make the world of natural phenomena

2

" understandable; this means that he must often

create ideas. The creation of ideas in the
scientific community is not completely under-
stood. It is not known what parts of an idea
are "new" and what parts are newly inferred.
It may be argued that a new idea results when
old ideas are structured in a new way but

this would be of no help to us in this unit.
The concern in this unit will be the inferring
of old ideas to new situations, a very diffi-
cult procedure. The forming of inferences
seems to be a very high level mental process
and should be approached slowly with chil-
dren.

Inferences are rational and logical and are
based on fact. They are not wild ideas if
they are based on facts and are arrived at
using the criterion of usefulness. Ideas not
accepted in science are those involving super
natural powers or magic. Science depends
upon many facts if credible ideas are going
to evolve.

As the teacher leads the learners through
the phases of the various models for matter,
note should be made of the adherenze to some
rather simple rules generally followed in sci-
ence:

1. The model proposed must be as
simple as possible.

2, The model must be consistent
with the facts.

3. An existing model should be modi-
fied rather than a new model formed
whenever possible.

4, The model need not look like what
is being modeled.

5. The model adopted must fit the
new as well as the old phenomena.

.Concept Selection

Reflection upon these qualities of theo-
retical models leads one to the conclusion
that theoretical concepts vary in complexity.
It is further observed that the complexity of
the concepts appears to depend upon the num-
ber of factors involved and the degree to
which the relationship between the facts is
quantitative., The concepts in the scheme
"The Particle Nature of Matter" included here
involve qualitative properties of particles and
phenomena. The criteria employed in select-
ing the concepts to be lncluded in this unit
were:

1 They must be theoretical

+. 12




2. It must be possible to construct
an analogous mechanical model
for each.

3. Those included must be instruc-
tiznally sequential.

4, The phenomena they serve to ex-
plain must be within the common
experience or be made a part of
the common experience of children
in grades 2 through 6.

Estimates of the worth of the conceptual
scheme, "the Particle Nature of Matter, " are
revealed in the fact that:

(a) NSTA included the scheme as one of
those recommended for curriculum

building: . -

I. All matter is composed of-
units called fundamental par-
ticles; under certain conditions
these particles can be trans- .
formed into energy and vice
versa. II. Matter exists in
the form of units which can be
classified to hierarchies of
organization levels. [NSTA,
1964, p. 20]

(b) Feynman, a physicist, and associ-
ates have made the following state-
ment:

If, in some cataclysm, all of
scientific knowledge were to
be destroyed, and only one
sentence passed on to the
next generation of creatures,
what statement would con-
tain the most information in

the fewest words? I believe

it is the atomic hypothesis

(or the atomic fact, or what-
ever you wish to call it) that
things are made up of atoms
—little particles.tt2t move
around in perpetual motion, at-
tracting each other when they
are a little distance apart, but
repelling upon being squeezed
into one another. In that one
sentence, you will see there is
an enormous amount of informa-
tion about the world, if just a
little imagination and thinking
are applied. [Feynman, Leigh-"
ton, & Sands, 1963, pp. 1-2]

Lesson Structure

The lessons in this unit are designed to
provide opportunities for young children to
learn more about how problems resolved by
theory development are attacked. The first
lesson aims at the development of classifi-
cational concepts where the learner forms
operational definitions of matter and energy.
In the following lessons the learner is
assisted in evolving a model for matter that
enables him to explain natural phenomena.

Throughout the lessons the rules for theory
formation are followed. The learne: Is re-
minded that theoretical models must be use- -
ful in explaining specific natural phenomena
if they are to be retained and that there are
no general models of matter separate from a
natural phenomenon involving matter. As the
learner proceeds he finds that a model that is
useful in explaining a change in the phase of
matter from liquid to gas is not necessarily
adequate to help explain chemical changes.
To the learner, the adequacy of the model '
must always be judged from the frame of 1of-
erence of the phenomenon to be explained.

In the lessons the student experiences a
natural phenomenon, judges some models,
and suggests or judges modifications of a
model. Opinions concerned with conceit
teaching in science are somewhat confused;
hence, you are alerted at this point. There
are some teachers who believe that the stu-
dents should discover the theory and there
are others who say that discovery of a theory
is impossible since theories are inventions
of the human mind. The procedure followed
here is based on the opinion that theories
evolve as more facts are accumulated and as
more ideas are invented by people; theories
in science are invented by people and not
discovered in nature. If you wish to believe
that the processes involved in making infer-
ences are discovery you may say that some
discovery takes place here.

The lessons that describe the teaching pro-
cedure include extensive use of mechanical
models and films for suggesting ideas to the
learnars. The learner judges the reasonable~-
ness of adding each inferred idea to the model
to be used in explaining the phenomena. Some
ideas he accepts, some he rejects, and some
he modifies. The factors used in modifying
aii existing concept to meet the requirements

" of a new sjituation are introduced singly so the

learner is protected from confusion that is con-
sequent to "too many factors" at one time,
Pupil activity, in addition to manipulating

. apparatus, witnessing demonstrations, and
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viewing films involves the building of models
on an overhead projector. The overhead pro-
jector activities appear to help the pupils to
build mental models involving the idea of par-
ticles.

Testing

The evaluation instruments are in the form
of motion picture films with each test item
identified in terms of the associated concept.
The administration and assessment of the re-
sults of the test are simple in that the number
answered in an acceptable manner per concept
is the important indicator. The key and con=-
cept identification are included for your ref-
erence. |

The motion picture type of instrument has
been found to be interesting to elementary
school children and easily administered. The
five items for each concept have been classi-
fied into ‘wo groups based on the quality of
the items. This makes the development of
shorter or equivalent forms of a test instru-
ment possible. The classification of the items
in terms of quality is found in Chapter III.

Selected Concepts

The concepts from the scheme "The Particle
Nature of Matter" selected and ordered as pre-
sented experimentally, indlvidually, and in units
are:

1. All matter is made up of particles.

2. Particles of matter have spaces be=~
tween them,

3, Particles of matter are very small.
4. Particles of matter are in motion.

S. Particles of matter move faster when
the matter is heated.

. 6, Particles of matter usually move
! farther apart when the matter is
heated.

7. In the solid state, the particles of .
matter are packed together in a pat=- .
tern and move within a small space.

8. In the liquid state, the particles of
matter are loosely clustered together
and move about.

10,

11.

In the gas state, the particles of
matter are far apart and move freely.

The state of matter can be changed
from solid to liquid and from liquid
to solid.

The state of matter can be changed

- from liquid to gas and from gas to

12,

13.

14,

1S.

16,

17.

18.

19.

20.

21.

22.

23.

24,

25,

liquid.

The push against the surface by a
gas depends upon the number and
rate of motion of particles of the
gas.

Some particles of matter (mole-
cules} are made up of simpler
particles {atoms).

Some molecules are made up of
only one kind of atom (element).

Some molecules are made up of
two or more kinds of atoms (com-
pounds) .

Some samples of matter contain
more than one kind of molecule
(mixtures).

Each type of molecule is formed
from definite numbers and kinds
of atoms.

Particles of matter have mass and
occupy space.

The average size and mass of the
atoms of each element do not vary.

Atoms are made up of particles:
protons, neutrons, and electrons.

Electric charges are associated
with the particles of matter.

The particles of matter attract each
other.

The mass of an atom is determined
by the number and kinds of partl-
cles that it contains.

All atoms of a given element are
made up of the same number of elec~
trons and protons.

Molecules are made up of atoms that
are held together by electrical forces.
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- Experimental Testing and Results

The lesson plans, models, films, and
tests described in this report and included
in the accompanying Practical Paper were
revised many times based on the results of
their use in pilot projects with individual
pupils, small groups, and entire populations
of elementary schools. The teaching mate-
rials described and included in this report
are slight modifications (wording of ques-
tions, etc.) of those used in the study.
Minor problems noted during the last tryout
were rectified. The last activity in the proj-
ect was that of having regular elementary
school classroom teachers use the materials
in teaching the concepts in a public elemen-
tary school,

Pyoblem

Is it feasible to teach selected concepts
from the scheme "The Particle Nature of Mat-
ter” to elementary school children?

Discussion

Since understanding of the individual con-
cepts gained as a result of the teaching
strategies employed was the central goal of
the project, the teaching strategies and the
materials becanie the factors under experi-
mental examination. The judgment that none,
some, or all of the concepts can be taught
must thus be given from this frame of refer-
ence. If the judgment is negative, the infer-
ence may be either that the concepts are not
appropriate to the learning goals or maturity
of the pupils or that the strategies are not
adequate, It is obvious that these proposi-
tions are!credible only if it is assumed that
the teacher is adequately prepared for the
- task. If this assumption is rot accepted and
the outcomes are negative, it may not be pos-

- achievement.

sible to reject the concepts or to judge the
strategies inappropriate for a given group of
pupils.

Criteria

The criteria for the acceptance of a con-
cept are:

1. fifty percent of the experimental group
earn a score of 60% (three of five items
correct) or higher on the locally pro-
duced test;

N
.

the concept posttest mean score earned
by the experimental group is higher than
that of the control group;

3. the concept posttest mean score earned
by the experimental group is higher than
the corresponding pretest score;

4, the opinions of the classroom teachers
are generally positive; and

5. the opinions of the pupils are generally
positive,

Instruments Used

The scores eamed on the locally-produced
motion picture type tests, Forms C, M, S, U,
and X, consisting of five items per concept,
were used to indicate the levels of pupil
The instruments served both as
pre- and posttests.,

Teacher opinions were ascertained through
the use of a locally prepared checklist that was
completed by each teacher immediately follow-

- Ing his teaching of a given ¢oncept (Appendix A),

Pupil opinions were ascertained through the
use of a locally prepared checklist that was

5
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completed by each pupil following his study
of a given concept (Appendix B).

Experimental Procedure
School Selection

In order to produce data that would allow
some generalizations, it was necessary %u:

1. compare experimental and control

groups in terms of concept test
achievement scores,

2. ascertain the opinions of classroom
teachers relative to the appropriate-
ness of the concepts and the suita-

- hility of the materials and teaching
stratogies, and

3. ascertain the opinions of pupils rela-
tive to the suitability of the materials.

These requirements necessitated the in-
volvement of:

1. two or more similar classes per grade,

2. teachers from schools using self-
contained classrooms who were will-
ing to devote some of their time to
the learning of the concepts, how to
use the materials, and to teaching
the concepts; and

3. a school system that would be willing
to allow the experiment to be carried
on in one or more schools.

Teacher Preparation

The classroom teacher instructional program
consisted of one 2-hour period per week con-
ducted by members of The University of Wis-
consin Research and Development Center staff.
The content of each teacher instruction session
included the concepts and teaching strategies
to be used by the teachers in the 5 days to
follow,

Teaching Period

The term of the experiment, including both
teaching and testing, involved 40 school days
and each puplil instructional period was 30 min-
utes in length. The experimental classes at
all grade levels received instruction related to
a given concept on the same day. :

Results

The elementary school selected had the fol-
lowing characteristics:

1. two or more classes per grade level,

2. pupils at each grade level except
grade 6 were randomly assigned to
classes (One group of academically
talented pupils from several area
schools formed one sixth grade
class [AT-6]; however, all other
pupils at that grade level were
randomly assigned.), and

3. the teachers and administrators were
willing to participate in the program,

Experimental Class Selection

The school principal selected one class at
each grade level 2 through 6 to become the
experimental population.

Population

Number. The numbers of pupils per grade
level varied slightly from grade to grade and
section to section; however, the numbers at
each grade level in the experimental and con-
trol groups who completed all of the pre- and
posttests were about equal (Table 1).

Pre-and Posttests

The locally developed concept tests were
administered as pre- and posttests to the ex-
perimental and control groups. All pretests
(Forms C, M, S, U, and X) were administered
to both groups prior to any instruction related
to the concepts. Posttests were administered
to the control and experimental groups by the
University production staff immediately follow-
ing the teaching of the related lessons to the
experimental groups.

The questionnaires related to the individual
concepts were completed by the teachers and
pupils on the day that the lesson on a concept
was completed. .

Comparability. The credibility of the as-
sumption of comparability of the control and
experimental groups may be tested for grades !
2and 5. Note from Table 2 that the groups
are similar in IQ, reading, mathematics, and

‘science (5th grade).
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2 Table |
%‘ Numbers of Students in Experimental and Control Classes
& Completing the Test Items by Grade Level
i Grade Experimental Control
73 Level Pre Post Pre Post
& T
i 2 26 26 .23 23 :
£ 3 23 22 24 24 ;
l ;%“ 4 27 26 27 27
| B 5 26 25 27 26
’ 6 26 25 25 24
}f Total ' 128 124 126 124
L
] %
%‘
4 _ Table 2 -
Mean Scores on Standardized Tests for the Second and ,T |
Fifth Grade Experimental and Control Classes |
Second Grade Fifth Grade
Experimental Control Experimental Control
N=26 N=22 : N=25 N=23
IQ (Kuhlman-Anderson) 114.1 110.1 114.7 116.5
Reading (Stanford
Achievement Test)* 4.54 4.59 5.84 5.83
Mathematics (SAT)* . 6.00 5.36 5.84 6.30 :
Science (SAT)* S— —— 6.08 5.82

*Scores in stanine units
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The orientatic - of the concepts and the
teaching strategy «mployed in this unit placed
very little emphasis on reading as a tool for
learning. Consistent with this idea, the de-
velopment of the evaluation procedures em-
ployed also minimized reading. Basic to the
plan to minimize reading in this unit was the
belief that the conceptual background devel-
opment possibilities of an individual are not
limited to the reading level of the individual;
the conceptual level of the individual may
exceed his technical reading vocabulary. The
evaluation instruments developed for this unit
of study, therefore, had to meet thecriterionof
"demanding minimal reading skills and vocab-
ulary."

item Criteria

All items used in the tests were expected
to satisfy at least six of the eight criteria that
follow:

1. The item is concerned with the selected
concept. (Each item must be specific
to a given concept.)

N
«

The proportion of the population select-
ing the accepted response when the in-

strument was administered following in-
struction is greater than 0.50, the level
attributable to random guessing.

3. The proportion of the population select-
ing the accepted response to each item
is greater when the instrument is admin-
istered as a posttest than when it is
administered as a pretest.

4. The proportion of the instructed bopula-
tlon is greater than the proportion of the
noninstructed population choosing the

(-]
.

accepted response to each item when
the instrument is administered as a
posttest.

The proportion of the instructed popula-
tion at each class level selecting the
accepted response to each item in-
creases progressively with grade level
when the instrument is administered as
a posttest,

The items are not of extreme difficulty
when included as a posttest for the in-

. structed population (-20 < Xgqg < + 20),

<
.

[« ]
.

1.

2.

The items are positive discriminators
when included as a posttest for the in-
structed population (8 >+ 0,30),

The items are usable with groups in a
classroom.

In addition to minimal reading the following
characterize the evaluation insfruments:

The items are stated in an objective form,

There are five individual items related
to each concept.

3. Each test item involves a natural phe-

nomenon and the theoretical concept.is
useful in explaining the phenomenon.

4. All items are in the media of colored

still or motion pictures and sketches.

5. Written captions are included so the

teacher may read them to the pupils. :

6. The five items related to an individual

concept in a given test are sequenced
at random.
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7. Sample items are included to serve
in giving directions to the pupils.

8. The total evaluation instrument con-
sists of five parts and five items per
concept; 1. Concepts 1-6, 2. Con-
cepts 7-11, 3. Concepts 12-16,

4, Concepts 17-21, and S. Concepts
22-25.

9. The pupils indicate their responses
on separate answer sheets.

The Test

The items included in each of the five
test parts are indicated for your information.
It is impossible to show the several colors
used to avoid the development of student
clues and for you to observe the motion;
however, each sketch includes shading and
an indication that the sketch is dynamic or

- static.

The five items related to each concept
and the position of each item relative to
other items are indicated. For example,
Test Part C includes Concepts 1-6 and item
C-5 is the fifth item on the test, Test Part
M includes Concepts 7-11 and M-15 is the
15th item on the test, Test Part S includes
Concepts 12-16, Test Part U includes Con-~
cepts 17-21, and Test Part X includes Con-~
cepts 22-25.

For a detailed explanation, see Concepts
1-25 in Chapter IV of the accompanying Prac-
tical Paper (No. 173).

Evaluation of the ltems

The evaluation of the items included two
phases; determination of the usability of this
type of item and determination of the quality
of the items. A more complete analysis may
be found in a report by Doran {1969). -

Phase |

The field test employed to determine the
usability of this type of pictorial test in~
volved all of the pupils in grades 2 through
6 in one elementary school. The criteria of
usability employed were "the pupils can re~
spond to the choices™ and "the responses
following a period of instruction are above
the chance level."

In order to examine the usability of the
test type it was necessary to admintster all

10

items as parts of a pretest and a posttest and
also to tea:ch all of the concepts at the several
grade levels, It was admitted that these data
would give some bases for judgment; however,
it was quickly observed that certain clues
could unconsciously be built into the items.
Some clues noted as possible were: (a) The
color red is more dominant in the desired
choices. (b) The desired choices include
more circles. (c) The choice that inclues
motion is the one desired. In order to gain
informationrelative to this problem, it was
necessary to observe the reactions and re-
sponses of children to each of the items. In
addition, the individual tests were studied by
12 graduate students in Science education for
this purpose. : -

This phase of the study of the instruments
resulted in the recasting of many of the ques-
tions to eliminate some and also to introduce
a variety of natural phenomena that were
needed to make certain of the items reason-
able. The general question "Which is the
better model for matter?" was quickly found
to be not appropriate for the unit or the test-
ing technique since in such a question there
is no frame of reference. Hence, those cap-
tions had to be rewritten in terms of " phe-
nomena to be explained.” This first field
test essentially resulted in the complete re-
writing of the items.

Phase Il

This phase of the item evaluation was more
formally structured since it was judged that
Phase I had provided the prerequisite facts
and the desire was to account for as many
variables as possible.

The Generalized Item Analysis Program
{Baker & Martin, 1968) was utilized in com-
puting item statistics: difficulty, X.,, and B.

The quality of thé individual items in terms
of the eight accepted criteria is included in
Tables 3 and 4 (see pages 11 and 12 respec-
tively); examination of those reveals that:

1. With the exception of Concept 12, there
are three or more items per concept that
satisfy six or more of the eight criteria.

2. Criterion No. 5, "The proportion of the
experimental population at each class
level selecting the accepted response
to each item increases progressively
with grade level when the instrument is
administered as a posttest,” is not sat-
isfied by all except two items (C 18 and
M 24). This may be due to the failure in
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Table 3

* Total Numher of Criteria Satisfied by Each Item
Arranged Acccrding to Item Number and Concept Number

Total Total Total Total
Num- Num- Num- Num-
ber ber ber ber
of of of of
Con- Cri- Con- Cri- Con- Cri- Con- Cri-
cept teria cept teria " cept teria cept teria
Num- Item Satis- Num- Item Satis- Num- Item Satis- Num- Item Satis-
ber Number fied ber Number fied ber Numbver fied ber Number fied
C-1 7* M-1 7* S-5 6* U-2 7*
C-4 7* M-6 . 6% S-8 7* U-12 7*
1 C-12 7* 7 M-10 7* 13 S-12 °~ 7= 19 U-14 7*
C-20 6* M-12 5 S-19 ar U-16 5
C-26 7* M=-17 6* §-23 7¢ U-18 7*
C-2 7* M=2 4 S-2 7* U-1 7*
Cc-7 6* M-8 6* S-9 6* U-6 7*
2 C-11 7* 8 M-13 7* 14 S-14 7* 20 U-9 7*
" C-16 7* M-19 6% S-17 7* U-15 7*
Cc-27 7* M=-22 7* S-25 6* U-20 7*
C-5 5 M-4 7* S-3 6* U-7 7*
C-17 6* M=7 5 S-7 7* U-11 6*
3 C-19 7* 9 M-15 6* 15 S-13 6* 21 U-~17 7*
Cc-23 7* M-21 6* S-15’ 6* =21 6*
C=-30 7% M-24 g* S-18 7* U-25 6*
C-9 5 M=-5 6* S-4 4 X-2 7*
C-14 5 M-14 . 6* S-11 7* X-6 S 7%
4 C-21 6* 10 M-16 - 7* 16 -S-16 7* 22 X-12 6*
C-25 7* M=-23 7* S-21 5 X-17 3.
C-29 6* M-25 7* S-24 7* X-19 7*
Cc-8 6* M=-3 7* U-3 7* X-~1 5
C-15 4 . M-9 7* U-s 6* X-7 6*
5 C-18 8* 11 M-11 7* 17 U-13 7* 23 X-9 6*
C=-22 7* . M-18 7% U-19 7* X-14 5
C-24 7* M-20 7% U-24 7* X-18 7*
. C-3 5 S-1 7* U-4 7* X-4 6*
C-6 7* S-6 5 U-8 7% . X-8 7*
6 C-10 7* 12 S-10 5 18 U-10 6* 24 .X-11 7*
C-13 6* S-20 5 U-21 7* X-16 7*
Cc-28 5 S-22 4 U-23 5 X-20 7*
- X-3 5
X-~5 7*
. 25 X-10 7*
* Indicates that the item sat- X-13 7*
isfied at least six criteria. X~15 7*
. 11

%




Table 4
Items Ranked by "Goodness"

Concept Rank of Quality
Number Highest : Lowest
1 C-12 C-4 C-1 C-26 . C-20
2 C-27 C-16 C-2 C-11 C-7
3 C-23 C-30 C-19 C-17 C-5
4 C-25 Cc-9 C-29 C-21 C-14
S C-18 C-24 C-22 C-15 Cc-8
6 C-6 C-10 C-13 C-3 C-28
7 M-10 M-1 M-12 M-17 M-6
& M-13 M-8 M=-22 M-19 M-2
9 M-24 M-4 M=-21 M-15 M=7
10 M-16 M-23 M=25 M-$5 M-14
11 M-20 M-11 M-18 M-9 M=3
12 S-1 S-10 S-6 S-22 S-20
13 S-8 S-12 S-23 S-19 S=5
14 S-17 S-14 S=2 $-9 S=25
15 S-18 S-7 S-13 S-3 S-15
16 S-11 S-24 S-16 s-21 ’ S-4
17 U-19 U-13 U-24 U-3 U-5
18 U-21 U-8 U-4 U-10 U-23
19 U-12 U-14 U-2 U-18 U-16
20 U-1 U-6 U-20 U-15 U-9
21 U-17 U-7 U-25 U-11 U-22
22 X-6 X-19 X-2 X-12 X=-17
23 X-18 X-9 X-7 X-14 X-1
24 X-8 X-11 X-16 X-20 - X-4
25 X-13 X-5 X-10 X-15 X-3

For that reason, the items related to each'con-
cept have been rated in an order of descending

12

the use of the unit to reach the limits

of the intellectual maturity of the pop-
ulation, that is, all of the concepts

may properly be included. A second
explanation relates to the possibility
that the form of the test item provides
clues to pupils of all levels of maturity.

It may be inferred from the summary statis-~
tics related to these test items that fewer than
five items per concept could be used in test-
ing puplls or that equivalent forms of the test
could be developed. These practices would
be based on the assumption that each of the
items for each concept is equally "good,"

If that assumption is not credible, it is
only reasonable to want to use the best items.,

quality (Table 4). The arrangement of the five

items

per concept in terms of their relative

quality was accomplished as follows:

1. The items were ordered in terms of

2.

3.

the number of criteria satisfied.

If there were equivalent ratings
assigned to two or more items in
1, they were ranked in terms of
the 8 values (difference greater
than 0.25). '

If there were two or more equivalent

_ratings noted for items when 1 and 2

were applied, they were divided
according to proportion of the past
experimental scores earned on the
items that were greater than 0,50,
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4. If 2 and 3 failed to make the separa-
tion of two or more items possible,
they were ranked according to pre-
post gain scores earned by the ex-
perimental grouv.

5. If 2, 3, and 4 failed to enable the
separation of two or more, they were

ranked according to differences be-
tween posttest scores earned by ex-
perimental and control groups.

6. If 2, 3, 4, and 5 failed to enable the
- separation of two or more items, they
were ranked according to the Xs50
above -2¢0.
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Concept Feasibilify i

Lessons

Evaluatior of the lessons is reported in
three parts: (1) the two grades for which
current data were available are described in
terms of correlations among sex, age, IQ,
scores earned on standardized general
achievement tests, and scores earned on
the pre- and posttest; (2) the mean scores
earned on the total test by each group in the
total populatica and by each group at each
grade level; and (3) the data for determining
each of the criteria of feasibility. A more
complete analysis of the lessons can be
found in a report by Green (1970).

Correlative Data

The assumption was made that within any
particular grade level the degree of student
performance on the posttest would not be
strongly related to sex, age, IQ, or scores
earned on standardized general achievement
test. From Tables 5 and 6 it can be seen
that although the data are not consistent,

this assumption cannot be accepted without
qualification.

Total Test '

A summary of the results of the total test,
when administered to the control and experi-
mental groups as a pretest and a posttest, is
presented in Tables 7 and 8 and in Figures |
and 2,

It is noted from Tables 7 and 8 and Figures
1 and 2 that when the total pre- and posttest
scores earned by all the experimental and
control groups are treated using the Hoyt
Analvsis of Variance procedure that the in-"
ternal consistency reliabilities were 0.50 or

above, a level considered adequate for de-
cisions about group achievement (Harris,
1968). The reliabilities of the posttest
scores for the experimental groups at each
grade level were also consiste::tly above
0.50.

It should be pointed out that the relia-
bility coefficient obtained for the total popu-
lation might be spuriously high because of
the tendency for a wide range of scores sb-
tained over a range of age groups to increase
the estimate (Walker & Lev, 1969, p. 233j.
On the other hand, the reliability estimates
for the more homogeneous groups at each
grade level (Table 8), although somewhat
lower, are still well above the 0.50 level in
most cases,

Feasibility Criteria

The data related to Criterion 1, "56% of
the treatment group at any particular grade
level must answer at least 60% (three of
five) of the items coirectly," included in _
Table 9 reveal that the condition was met
for many concepts in experimental and con-
trol classes prior to Instruction and for es-
sentitrily all concepts in the experimental
classes following instruction.

When the level of achievement is raised
to 80% it can be seen that a much larger dif-
ference exists between the number of con-
cepts meeting the criterion on the pre- and
posttest by the experimental group and be-
tween the number meeting the criterion on
the posttest by the control and experimental
groups.

Criterion 2 and Criterion 3 will be pre-
sented together utilizing the data in Tables
D-1 through D-25 and Figures D-1 through
D-25 {Appendix D). The data for a single
concept are displayed in each Tak'e and

\‘23' ‘15
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Table £

Correlations Among Sex, Age, Standard 3cores, and
Total Test Scores—Experimental Group-—Grade 2

Sex Age IQ

Reading Math Pre Post
Sex 1.000
Age -, 241* 1.000
IQ -.464 -.154 1.000
Reading -.365 .000 .447* 1.000
Math -.423* -.024 .301 .548%% 1.000
Pre .045 .035 .141 .074 .114- 1.000
Post -.177 -.057 .394* 0 524%* 593 **% .262 1.000

* = Significant at .0S level.

*¥ = Significant at .01 level,

Table 6

*#++ = Significant at .00l level.

Correlations Among Sex, Age, Standérd AScores, and
Total Test Scores—Experimental Group—Grade §

Sex Age IQ Reading Math Science Pre Post
Sex 1.000
Age -.021 1.000
IQ | -.582%*% - 371* 1.000
Reading -.585** -,219 .767%%* 1,000 .
Math -.342 -.154 607 %%* .662%** 1,000
Science -,543** -,101 .660*%x* - BllA** .385 1.000
Pre -.209 -.009 .310 2 579%* .185 .653*** 1,000
Post -.473* -.001 501 ** T1Bx*% .706%** 1,000

J739%** .229

* = Significant at .05 level.

** = Significant at .0l level.

Table 7

*** = Significant at .001 level.

Mean, Standard Deviation, Reliability, and Standard Error of
Measurement of Total Pretest and Posttest Scores—
Control and Experimental Groups

Standard Standard Error

Mean Deviation Reliability of Measurement
Pretest Control 72.20 7.83 0.60 4.93
. Experimental 74.09 8.65 0.67 4,94
(76.41)1 (10.22) (0.77) (4.89)
Control 76.06 8.37 0.66 . 4.88
Posttest  py perimental 89.23 12.02 0.85 4.57
(93.07) (14.45) (0.91) (4.37)

1Data using results from academlcél'l'f( talented

3

6th graders (6-AT) are shown in parentheses,

16




Ry

e

Table 8

Mean, Standard Deviation, Reliability, and Standard Error of
Measurement of Total Pretest and Posttest Scores—
Control and Experimental Groups

Standard

Adminis- Treat- Standard Error of

Grade tration ment Mean Deviation Reliability Measurement

2 Pretest Cont. 66.43 5.92 0.26 5.07
Exp. 68.11 7.72 0.57 5.06

Posttest - Cont. 70.87 6.44 0.40 4,97

Exp. 88.04 10.92 0.82 4,67

3 Pretest Cont.  69.58 6.84 0.49 4.86
Exp. 71.27 7.80 0.58 5.00

Posttest Cont. 70.83 6.99 0.50 4.90

Exp. 82.50 9.79 0.76 4,76

4 Pretest Cont. 73.18 6.60 0.45 4.88
Exp. 73.27 7.48 0.57 4,86

Posttest Cont. 76.52 6.32 0.40 4,89

Exp. 85.62 12.48 0.87 4,53

5 Pretest Cont. 74.27 7.37 0.56 4.86
Exp. 74.92 7.44 0.56 4,93

Posttest Cont. 78.92 8.25 0.66 4,77

Exp. 93.04 11.76 0.85 4.44

6 Pretest Cont. 76.29 8.45 0.68 4,72
Exp. 82.92 5.65 0.30 4,71

Posttest Cont. 82.67 7.50 0.61 4.67

Exp. 96.32 10.33 0.83 4,22

6-AT Pretest  Exp. 89.36 8.30 0.71 4.44
Posttest Exp. 144,72 4.06 0.56 2.67

Figure combination. Criterion 2 was “the
mean score earned on the posttest by the
experimental group at any particular grade
level must be greater than that earned by

the control group." Criterion 3 was "the .
mean score earned on the posttest by the

experimental group at any particular grade
level must be greater than that earned on
the pretest."

From Tables D-1 through 25 and Figures
D-1 through 25 (Appendix D), it may be
noted that Criterion 2 was satisfied for

’ ' 17
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Fig. 1. Mean Scores Earned by the

- Control and Experimental
Groups on the Total Pretest
and Posttest.

1, : .
.Concepts 1 through 25 at all grade levels
with the following exceptions:

1. Second grade—Concept 25 -
2. Third grade—Concepts 5 and 10
" .3 Pourth grade—Concepts -2, 13, 16,
and 23 .
4, Flfth grade—Concept .23 :
S. Slxth grade—Concepts 4, 22, and
23

From Tables' D-1 . through 25 and Figures -
D-1 through 25 (Appendix D), it.may bé noted . .
that. Criterion 3 was satisfied .for Concepts 1
through 25 at all grade levels wlth the follow- -
ing exceptlons- R .

1 Thlrd grade—Concepts S 18, and
, ' 23 o
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Fig. 2. Total Pretest and Posttest Mean
Scores by Grade for Control and
Bxperlmental Groups.

2, Fourth grade--Concepts S and 25
3. Slxth grade—Concepts 12, 16, and
23

The data related to Criteria 4 and S shown

. in Table 10 reveal that Criterion 4, "positive
teacher opinion," was satisfied for all concepts
in grades 4, 5, 6, and 6-AT and for most con-
cepts .at 'grades 2 and 3., "Positive student

. opinion," Criterion 5, was definitely positive.

"~ Table 1l is a summary of the five criteria
and the grade levels at which they were satis-
fied. It can be seen that the greatest prepon-
derance’of the concepts satisfied four of the

- five crlterla ~at-all grade levels. However,
two concepts, 2 and 23, did not satisfy four
of the five criteria at two grade level.,, and

_-Concept S did not satlsfy four of the five cri-
L terla at one grade level
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Criterion 1: Concepts in Which 50% of Class Earned a Score of 60% or Higher

Pretest

Posttest

Con-
cept

Control Group

Experimental Group

Control Group

Experimental Group

Num-
ber

Grade
4 5

. 6 6=-AT

Grade
3 4 5

(=]

2 3 4

- Grade

5 6 6-AT

O ONOU B

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

.25
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x = 50% of class earned a score 6?60% or higher., xx = 50% of class earned a score of 80%

Table 10

Teacher and Student Evaluation of

Concept Feasibility:

Concept
Number

~ Grade Level at Which Concept
is.Not Considered Feasible

By Teacher.

By Students

oW L& W -

— -

2,3

3

" (Cont. in né.)étlébluni_r‘{):

9 )
%E c

2,

(Table 10 cont.)

or higher.

P

Concept
Number

Grade Level at Which Concept
is Not Considered Feasible

By Teacher

By Students

12
13
14
15
16
17
18
19
20
21
2
23
24
25

2,3
2

3
2
2
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Table 11
) Summary of the Five C_riteria_ of Feasibility by Grade

(Boxes'ihdicaté concepts where 4 of the 5 criteria were.not met at the grade level.)

w R R R R R R R R R X %
< XK EXN X X KNXNKNKRRKN K KN % X
© o XX XXMM XIXXNN XKKR XXX XX X %
o« XM X XX XMXKNXXRRXRRN XN | |%x
- R R R R E R R EEEEREEE R LR
w R E R R R
< R R R R R R T
w o HXMHNN M M XRR N XNRRKRK KK KKK XX
~ HXKXHNKXNHRRRRRRRN K KRR XX
- MXMHN MM MRRRKXRRRRK KK KNKRR XX
w xQxx XXX KMKKXKRRKRKK NN X
- wlxfs % % % % X% X% xRR R KKK KRR X
< o mxx'xx MK KKK X KKKKHNNK KK KRN K
™ x| xxxoxox xHx KK XK XXX KKK X
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Summary

1.

The test contained three or more items for
each of the 25 concepts, with the e;zcep~-
tion of Concept 12, that satisfied six or
more of the eight item criteria.

The item criteria that were satlsﬂed by
most of the items were as follows:

a. The item is concerned with the selected
concept (Criterion 1).

b. The proportion of the population select-
ing the accepted response when the
instrument was administered following
instruction is greater than 0.50, the
level attributable to random guessing
(Criterion 2), o

c. The proportlon of the population select-
ing the accepted response to each item
is greater when the instrument is admin-
istered as a posttest. than when it is
administered as a pretest (Criterion 3).

d. The proportion of the instructed popula- -

tion is greater than the proportion of the
noninstructed population choosing the
accepted response to each item when
the instrument is administered as a
posttest (Criterion 4),

e. The items are not of extreme difficulty
when included as a posttest for the in-

. structed population (-2¢ < XSO < + 20)
(Criterion 6). , : '

f. The items are posltlve dlscrlmlnators
_when included as.a posttest for the'
instructed populatlon (B >+ 0.30) .
(Criterion-7).

"g..The items are usable wlth groups ln a

classroom (Crlterlon 8)

290
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3.

Criterion 5, “The proportion of the in-
structed population at each class level
selecting the accepted response to each
item increases progressively with grade
level when the instrument is administered
as a posttest," was met by only two items.

The five items related to each concept’
could be arranged in an order of *goodness"

- or quality for purposes of constructing a

TN
.

test of the particle nature of matter with
fewer ltems. :

The reliability (Hoyt internal consistency)
of the total test when administered to the
total population or to specific grades was
above 0,50, a level considered adequate
for decisions about group achievement. )

Four of the following five criteria were met
by all grade levels for each of the 25 con~
cepts with the exceptlon of numbers 2,5,
and 23 where they were not met at one or -
two of the grade levels:

a. 50% of thevexperlmental group earned a
score of 60% (3 of S items correct) or
hlgher on the test (Criterion 1),

b. The concept posttest mean score earned

by the experimental group was higher than

that of the conirol group (Criterion 2).

. The concept ppsttest mean score earned
. by the experimental group was higher
than the corresponding pretest score

(Criterion 3).

d. The opinions of the classroom teachers
were generally positive (Criterion 4).

e. ‘The opinions of the pupils were gen-
erally positive (Crlterlon S.

21




Conclusions

" 1. A motion picture format emphasizing the
identification of models for explaining
natural phenomena is a useful method for
producing test items which are valid,
reliable, and usable in testing concepts

%

related to the particle nature of-matter in
grades 2 through 6. -

2, The feasibility of teaching selected con-
cepts related to the particle nature of mat-
ter in grades 2 through 6 is confirmed by
analysis of test results and by the positive
opinions of teachers and students,
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Appendix A
Teacher Evalnatipn Checklist

Toa

Tt

g

CONCEPT N UMBER _ GRADE LEVEL P

MO

(circle your answer)

- Do you helieve that it is feasible to teach this . S YES NO
- d concept at this grade level?

If no, why not?

oot it

STUDENTS:

Did the students have a sufficient background of YES NO
science knowledge to begin to study tl:us concept? :

If no, what was lacking? ' ‘ . -

Was the vocabulary appropriate for the students? YES I;IO‘
If no, what words gave' trouble ?

Were the students able to follow the lesson? ' YES ' NO ‘ J
If no, why not?

Do you think most of the students understood the
~concept ? o . YES NO

Did the lessons create any additional discipline .
problems ? ; . : YES 'NO

- _ If yes, what was the cause?

. ) " Do you feel that the students were l.nterested ln YEé NO
the lesson and seemed to enjoy it? :

_ K ~ - . How would you judge the level of dlfﬂculty of
e Ko - this concept?

a4

Appropriate for: superior students superior and excellent students

superior, excellent and average students all students,

' B - o Additional Comments:- L o
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LESSONS:

Was the lesson, as described, éatisfactory for
‘use in teaching the concept?

If not, where did it fail?

Were the lesson plans and background informa~-
tion adeqguate for you as a teacher of this concept?

If not, what was missing?

Do you feel that the lesson restricted your teaching

of this concept?
If yes, how?

Was the allotted time adequate for the lesson ?

Was the éiﬁount of student activity provided for
in the lesson excessive?

Was the amount of student activity provided for
in the lesson too meagre?

Additional Comments:

EQUIPMENT AND SUPPLIES:

Were the aw}ailable.equipment and suppllés
adequate?

If not, what was missing?

Were the skills involved in the manipulation of

the equipment appropriate for the students' level
of development?

If not, wﬁat gave them trouble?

Were the visual aids adequate?
If not, what could be improved?

Was the demonstration equipment too dlfﬂcult
for you to set up or handle?

If yes, what gave you trouble ? -

Additional Comments?

: TABULATION OF STUDENT CHECKLIST

Do you think this idea was. too hard ﬁor you to learn?

‘Did you enjoy this lesson?

YES

YES

YES

YES

YES

YES

YES

. YES

YES

YES

" YES

_ YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

- NO

NO
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Appendix B
Student Evaluation Checklist

Do you think this idea was too hard for you to learn? . YES___ NO

Did you enjoy this lessca? ' YES__NO
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Appendix C

Tables C~1-—C~75: Data on Test Items
Related to Concepis 1-25
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: Table C=-1
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 1

A

: Control Experimental
iz
& Item . . rade Level
}; Number All Grades All Grades 2. 3 4 S 6
el Pre .40 . Pre .45 .19 .30 .41 .58 77
¢ Post .49 Post .85 .77 .91 .81 .88 .88 :
Ced Pre .38 Pre .36 .31 .22 .19 .62 .46 -
Post .42 Post .64 .81 .50 .46 .80 .60
C-12 Pre .21 Pre .22 .08 .13 .07 .54 .27
_» Post .30 Post .57 .85 .59 .46 .60 .52
c-20 Pre’ .21 Pre .20 .23 .26 .15 .19 .15
Post .27 Post .44 .65 .73 .15 .52 .60 4
Ce26 Pre - .48 - Pre .45 .31 .22 37 .50 .42
Post .52 - Post .65 .69 .59 .38 .84 .72
Table C-2 Table C-3
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to - g
No. 1 When Administered to the Experimental - Concept No. 1 g
Group as Part of a Posttest i b
tem :
Item X Number 1l 2 3 4 5 6 7 8
Number S0 - B “c-l * % % % x % % 3f
C-1 . -1.29 1.30 C-4 LA S L
C-4 " =-0.38 2.27 C-12 ook ok ok ok ok i
C-12 - -0.20 2.31 C-20 * *.ox ok
c-20 +0.16 - - 2.09 C-26 LA S LA A
C-26 ~0.50 1.14 *Indicates criterion was satisfied. ,
N Z
Table C-4 4
Proportions of the Control and Experimental Groups Choosing {
the Accepted Responses to the Test Items Related to Concept No. 2 :
Control  Experimental 3
Item - : . Grade Level . q
Number " All Grades All Grades 2 3 4 5 6 3
- k!
o2 © Pre .72 | . - . Pre . .83 .81 .78 .81 .92 .81 2
Post .79 : . . Post .88 .B8 .91 .92 .80 .88 ;3
oy~ Pre- .25 . . Pre .27 .19 .30 26 .31 L2 3
Post .31 f| -~ Post .33" .38 .18 .19 52 .36
ou11 Pre .43 | ©  ee .s2. 42 . .52 - .44 .58 .62 %
Post .47 . Post .53 .69 .45 .35 .56 .60 a
c-16 Pre .66 || . - Prer .73 77 74 .56 .88 .73 3
A Post .62 . || . Post .77 .88 .68 .65 .76 .88 8
cla7 Pre ~.34 . . - 'pre. .40 T |. .46 .39 .30 .46 .38
- post .46 - | Post .57 |7 .73 .s§ .35, . .60 .64
29




Table C-5

Statistics of the Test Items Related to Concept
‘No. 2 When Administered to the Experimental"

Group as Part of a Posttest

‘Table C-6

Evaluation of the Test Items Related to
: Concept-No. 2

30

Item Criterion Number
Item % Number 1 2 3 4 5 6 7 8
- Number 50 8 =
C-Z * * * * * * *
C-2 -1.94 0.76 C-7 * * ok * ok K
C-7 +0.57 1.23 C-11 L L S * k%
C-11 -0.12 0.94 C-16 | * * x * * k%
C-16 -1.16 0.86 C=27 * ook kK L
C-27 -0.22 1.66
*Indicates criterion was satisfied,
Table C-7
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 3
Control Exgeﬂmental
Item : Grade Level.
Number All Grades All Grades 2 3 -4 S 6
Cos Pre +73 Pre .72 - .81 .78 .81 .54 .65
Post .79 Post- .67 .73 .68 .58 .72 .64
C-17 Pre .91 Pre .84 77 .70 .85 .96 .88
Post .96 Post .91 .96 . .91 .85 .88 .96
c-19 Pre .80 _ Pre .85 .81 .87 .85 .88 .85
Post .81 Post .90 .92 .91 .88 .84 .92
G23 Pre .54 Pre .63 73 .74 .63 .50 .58
o Post .60 . Post .65 .65 .73 .69 .52 . .64
C-30 Pre .26 Pre .20 .08 .22 .07 .38 .27
' Post .27 Post .65 .85 .55 .50 .72 .64
_ - Table.C-8 Table C-9
Statlst@és of the Test Items Related to Concept Evaluation of the Test Items Related to
No. 3 When Administered to the Experimental - Concept No. 3
Group as Part of a Posttest ’ < .
Item . . _Criterion Number
Item ‘ X ’ Number 1 2 3 4 5 6 7 8
Number .80 B —
S L - T G-5 * ok * k%
C-5 ' =0.52 - 1.55 C=17 *ok L
S C-17 .. -1.64 1.44 C-19 Xk k w * e w
C-19 . -, v.-1,99 . 0.81. - C=-23 ook kK * ok %
C-23 o o =0.437 1.70 .C=30" * ook k% * ok %
C-30 '4'-0.5"8 0.93 ——) :
L SRR - o *Indicates criterfon was satisfied.
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. Table C-10
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 4

Control Experimental
Item . Grade Level
Number All Grades All Grades 2 3 4 5 6
G-9 - Pre .97 Pre .98 1.00 .96 1.00 .96 1.00
A Post .94 Post 1.00 1.00 1.00 1.00 1.00 1.00
C-14 Pre .88 Pre .96 .96 1.00 .96 .92 .96
Post .85 . . Post .93 .92 .82 1.06 .92 .96
C-21 Pre .38 ~ Pre .37 .35 .26 .44 .38 .38
- Post .31 Post .48 .54 .36 .42 .56 .48
C-25 Pre .71 Pre .71 .73 .74 .67 .88 .54
Post .71 Post .73 .62 .77 .65 .84 .80
C-29 Pre .94 Pre .96 1.00 .96 .96 .92 .96
‘ Post .95 Post .96 .96 .95 1.00 .92 .96
Table C-11 Table C-12

Statis.tlcs of the Test Items Related to
Concept No. 4 When Administered to the

Evaluation of the Test Itéms Related to

Concept No. 4

CV

o

-

Experimental Group as Part of a Posttest Item Criterion Number.
= Number 1 2 3 4 5 6 7 &
Item X ‘
Number 50 B C-9 LA X X =
i C-14 ") * . * * *
C-9 ---_-- = v C-21' * * % * ok *
C-14 -2,28 0.83 25 e r e o« . % o«
c-21 +0.07 2.15 G-29 . » N . o«
C-25 -0.76 1.45 :
C-29 -1.80 4,21 * Indicates criterion was satisfied.
. - X Indicates value was-not calculated.
|  Table C-13
Proportions of the Control and Experimental Groups Choosing.
the. Accepted Responses to the Test Items Related to Concept No. 5
Control AEerrlmental
Item _ - . Grade Level -
Number 'All Grades All Grades - 2 3 -4 [ 6
ol Pre .75 Pre .72 77 .57 .85 (69 .69
. . Post .65 ‘Post .67 .54 .36 .62 .88 .92
G-l Pre .65 “Pre - .75 | .85 .52 .81 77, .77
- _Post .59 Post. .74 " .69 .59 .77 .80 .84
Ce18. ‘Pre .60 Pre - .69 | .65 .61 .74 .69 .73
) _Post .50 Post .70 .62 .64 .69 .76 .80
‘Ge22 Pre .86 CPre .83 | .73 L1 a1 .81 .88
©YT%% . Post .83 .~ Post .85..|....88 .- .77 .69 .96 .92
Giga - Pre .63 . pre. .68 .46 .70 = .56 .81 .88
5 ~Post .58 .- Post - .77 |7 .69 .73 .81. .84 .80
~31
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Table C-14

Statistics of the Test Items Related to Concept

No. 5 When Administered to the Experimental
: Group as Part of a Posttest

Table C-15

Evaluation of the Test Items Related to’
Concept No. §

32

Itc;m . Criterion Number
- Number 1 2 3 4 5 6 7 8
Item X
Number S0 8 ' C-8 *' * " % ...
: C-15" * * X X *
*C-8 -0,69 0.83 C-18 LA A T e T
C=15 = ceeee - C-22 * k% % * * *
C-18 -0.62 1.64 C-24 LI S A LI
C-22 -1.80 0.69
C-24 -0.87 1.73 * Indicates criterion was satisfied.
_ X Indicates value was not calculated,
Table C-16 - )
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 6
Control Experimental
Item v : ' Grade Level
Number All Grades All Grades . 2 3 4 5 6
' C-3 Pre .92 Pre .90 .96 .91 1.00 " .81 .81
Post. .93 Post .89 .96 .86 .92 .76 .92
C-6 Pre .52 . Pre .55 .42 .43 .56 .58 .77
Post .53 PQSt, .78 .69 .68 " .69 .96, .88
c-10 Pre .69 Pre .71 77 .78 67 .54 .8l
. Post _.-.81 . _Post .88 .73 .86 .96 .92 .92
co13 Pre .39 Pre .42 42 .48 44 .31 .46
Post .43 Post .45 .42 .41 .46 - .52 .44
C-28 Pre .52 Pre - .54 .35 .61 .56 .42 .77
Post: .53 Post .51 .58 .59 .46 .40 .52
Table C-17 : ~ Table C-18 ‘
Statistics of the Test Items Related to Concept : Evaluation of the Test Items Related to
-No. 6 When Administered to the Experlmental Concept No. 6
Group as Part of a Posttest -
- Item B Criterion Number
Item X : Number 123 4 5 6 7 8.
Number 780 B ‘ - -
ST ‘ . C=3 Tk * ok *
- C-3 =1.55 ‘1.25 . C-6 * e e x ox w
C-6 -0.93 1,83 C-10 ook kK LA S
C-10 T -1,88 0479 - C-13 * * . ok ok
C-12 +0,15 C "-1 51 -C-28 *ok * ook ok
C-28 - .=0,03 . - 0 96 : B =

*Indicates criterfon was satisfied.
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. Table C-19
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 7.
y:3 : . =5
% Control - ' Experimental
Item Grade Level
Number All Grades . All Grades 2 3 4 5 6
: Mol Pre .21 Pre .22 A2 2 A9 .35 19
] . Post .29 Post .70 .77 .50 .65 .80 .76
2 M-6 Pre .92 : Pre .86 .85 .87 .85 .85 .88
I : : Post .90 . Post .93 © .96 .95 .85 .88 1.00
. M-10 ' Pre .93 Pre .92 .85 1.00 .89 .88 1,00
_ S Post .94 Post ,97 .85 1,00 1.00 1.00 1.00
' 1 Mol2 Pre .85 Pre .84 | .77 .76 .89 .81 .92
Post .85 Post .94 - .81 .91 -1,00 1.00 .96
¢ M-17 Pre .90 . Pre .84 .81 .82 .81 .73 1,00
Post .84 ~ Post .94 .92 .86 .96 .92 1.00
)
Table C-20 - Table C-21
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to
No. 7 When Administered to the Experimental . ) Concept No, 7
Grpup as Part of a Posttest Item Criterion Number
Item _ Cx E : . Number 1 2 3 4 5 6 7 8
Number 50 ‘ B M-1  x % % w
M-1 , _=0.64 1.49 - M-6 LA S R *ox
M-6 ' ~2.07 . 0.99 M-10 LA A B L I
M-10 - -1.92 - 3.61 M-12 * * ok X X . *
M-12 . e o Cmm— M-17 ook ok ok LI
M-17  T2.08 1.06 * Indicates criterion was satisfied,
! X Indicates value was not calculated,
o Table C-22
Proportions of the Control and Experimental Groups Choosing
: the Accepted Responses to the Test Items Rela_t__ed to Concept Ne, 8
a Control ; . - - ' Exgérlmental
ok tem .~ - N | Grade Level _
N _ Number All Grades . . " All Grades R 3 4 5 6

M-8 Pre . .80 Pre .85 .69 .87 .93 .88 .85
B Post .87 - Post .93 | .88 - .86  1.00 92 .96
© Mas o Pre .19 Pre .25 .35 17 .26 .08 .38

ST Post .23

.-;:". R b. Pre.»:b‘l:z :

. - .. . . Post '13 [
B . Post .89 .

‘Post. .62 .| .65 . .55, .65 .48 - .76
CPre . .16 | .19 .26 .04 .15 .19
. Post .45 . | 62 .32 - .31 .56 44
. Pre: .89 7| 730 .91 .93 .92 .96
Post .93 | " .9z - .95 - .96 .84 .96

Mg Pre .75 Pre .62 | .62 .52 .78 .73 .46
- 7 Post 73" - . Post .48 ) | .27 .46 .48 .84




Statistics of the Test Items Related to Concept

Table C~23

No. 8 When Administered to the Experimental

Group as Part of-a Posttest

Table C-24
Evaluation of the Test Items Related to

Concept No. 8 -

Item Crlterloh ‘Number
Item X Number 1 2 3 4 5 6 7 8
Number 50 B8 :
M-2 * *  x %
M=2 +0.08 1.02 M-8 LA A * ok
M-8 -2.14 0.93 M-13 AR TR S * ok %
M-13 -0.41 1.11 M-19 * * * ok x
M-19 +0.16 1.25 M-22 * ok kX * ok ok
M-22 =-1.98 1.09
*Indicates criterion was satisfied.
Table C-25 ,
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 9
Control - Expsiimental
Item S L _ ' o ~ Grade Level
Number All Grades " All Grades . 2 3 4 5 6
" Met Pre .27 Pre .27 A9 0 .39 s .27 .35
o -..Post .1§ Post .57 ° 77 77 45 .38 52 .72
M<7 Pre .33 ‘Pre .39 .50 .35 .37 35 .38
Post .19 Post .27 .19 .14 .12 .56 .36
M-15 Pre .80 Pre . .80 ©-.65 .83 . .81 .8l .88
Post: .83 Post .91 .85 . <82 .96 .96 .96
Me21 “Pre-: .08 . Pre: .07 .04 .04 o4 - .08 .15
‘Post .15 ‘Post .25 .23 .18 .12 .40 .32
M-24 Pre .40 Pre .30 .38 .22 .41 .23 .31
. Post .21 Post .69 .58 .59 .65 .72 .92
- Table C-26 o _ Table C-27
Statistics of the Test Items Related to Concept Evaluation of the Test Items ‘Related to
_ No. '9 When Administered to the Experimental ' Concept No 9
Group as Part of a Posttest
Item | ] Criterion Number .
Item X ' Number 1-2 3 4 5 6 7 8
Number 50 "B S : ‘
o ‘ ) M..4 . * ) %* %* ‘ %* ‘ %* %* %*
. M-4 -0.22 - 1.49 - M-7 L L
M=7 © +0,84 - 1,03 M-15 L S * %
M-15 . "=2.36 -+ ..0.69 M-21" * Sk ke ke ko
- M-21 +0,92 .. 1,07 M-24 ook ok ok ok ookx k
M-24 .=0.80 .. 0.8l - ‘ '

*Indicates criterion was satisfied, =
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Table C-28
Proportlons of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 10

et

" Control . o _ Experimental” ~
Itein _ ' : Grade Level
Number All Grades . All Grades 2 3 4 5 6
M-5 Pre . .82 Pre .80 .73 .70 .78 .88 .88
Post .85 Post .85 .73 .82 .88 .84 1.00
M-14 Pre .56 Pre .56 .58 .57 56 .54 .58
: Post .69 - Post .S58 .62 .45 .54 .68 . 60.
M-16 Pre .80 . Pre .71 .54 .83 .52 .85 .85
Post .86 Post .90 .81 .86 .92 .96 .96
M-23 Pre .78  fi*  Pre .81 .69 .83 67 .92 .96
Post .84 Post .90 .73 .86 .92 1.00 .96
M35 Pre .75 Pre .72 |. .65 .70 70 .69 .85
Post .75 Post .86 R .85 W73 .85 .96 .92
S ‘Table C-29 e Table C=30 .
& : Statistics of the Test Items Related to Concept ‘ Evaluation of_ the Test Items Related to
o A No. 10 When Administered to the Experimental o Concept No. 10
: Group as Part of a Posttest Ttom Criterion Number
. Item X Number. 1- -2 3 4 S 6 7 8
2 ML SOV 8 M-5 * ok x ' * % x
M-5 -1.17: 2.11 M-14 LA X X
M-14 -0.26 1.24 M-16 * % x * e
. " M-16 -1.32 6,59 M-23 LI LA S
M-23 -1.28 5.0S M-25 _ * ok ok ok * * %
M-25 -1.70 0.84 *Indicates criterion was satisfied,
Table C-31 .
Proportions of the Control and Experimental Groups Chooslng
the Accepted Responses to the Test Items Related to Concept No. 11
Control - Exgerlméntal
; Item " v : . Grade Level .
i Number All Grades - ‘All Grades - 2. 3 - 4 5 6
Mo Pre .40 . Pre .44 .31 .35 .63 .58 A1
4 Post .47 .. Post .56 " .46 .82 .58 .48 .52
. © M-9 "Pre .68 ..Pre: .73 - 62 - .70 . ,70 . ,65 .96
: L Post .69 Post .85 .92 . .82 .69 .92 .92
M-L1 Pre .56 ~Pre .53 | ' .46 .30 .48 .58 .81
o Post ».,61 . Post’ 73 . .62 .. .59 v 73 " .76 .96
M-18 Pre .83 Pre .74, | .69 .70 0 67,73 .92
, Post .88 “Post .94 | .88 - .86 '~ .92 1,00 1,00
. Me2o . Pre.s1 . Pre .66 .62 .48 .63. .65 .88
- - Post .60 . Post ~.77 = % .46 .59 77 1,00 1,00
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Table C-32

Statistics of the Test Items Related to Concept
No. 11 When Administered to the Experimental
Group as Part of a Posttest

Table C-33

Evaiuatlon of the Test Items Related to

Concept No. 11

Item Criterion Number :
Item X Number 1 2 3 4 5 6 7 8
Number S0 B
» - M..3 * * * * * * *
M-3 -0.26 0.83 M-9 LA S B ook W
M-9 -1.28 1.46 M-11 * ok ok w * ok
- M-11 -0.72 1.79 M-18 ok ok w * ok w
M-18 -1.94 1.26 M-20 LA A * ok
M-20 -0.75 4.14 ~
*Indicates criterion -was satisfied,
Table C-34
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 12 -
. Control Experimental
Item Grade Level :
Number " All Grades All Grades 2 3 4 5 6
§-1 Pre .53 Pre .50 .31 .52 .48 .38 .81 -
. Post .79 Post .90 .92 .82 .88 .92 .96
-6 Pre .90 Pre .88 .77 78 .93 .88 1.00
. Post .92 Post .98 "1.00 .86 - '1.00 1.00 1.00
5-10 Pre .80 Pre .82 .69 .70 . .89 .85 .96
Post .75 Post .90 .88 77 .92 .96 .92
$-20 Pre .66 Pre .76 .77 .61 .81 .77 .81
Post .60 Post .58 .38 .45 .69 .72 .64
5-22 Pre .79 Pre .88 .81 .83 .85 .92 .96
Post .73 Post .86 .85 .73 .88 .92 .92
. Table G-35 Table C-36
Statistics of the Test Items Related to Concept Evaluation gi;g: theI:Z Ittler;s Related to
"No. 12 When Administered to the Experimenta Lo
Group as Part of a Posttest -
' _ Item” Criterion Number
Number 1 2 '3 4 S5 6 7 8
Item X ,
Number - 50 : B ‘
- - - s-l * * * * * * *
. . . S-6 * *  * * X X *
S-1 -1.61 v 1.37 '§-10 * k% * X X *
g-‘lso """ ' === §-20 * ok * * *
$-20 -0.26 1,23 - 522 Lt o xx o
§8-22 @ eeeaa : ———t * Indicates criterion was satisfied.

X Indicates value was not calculated.
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Table C-3
Proportions of the Control and Experi \ntal Groups Choosing
the Accepted Responses to the Test Items Rglated to Concept No. i3
Control . Exgerlmesj‘};a_;_
Item . Grade Level . : ‘
Number All Grades All Grades 2 3 4 S 6 5
S-5 Pre .23 Pre .20 .23 .30 .11 .12 .23
* Post .23 Post .27 .50 .18 .19 .20 .28
s.g - Pre .42 Pre .59 .42 .61 .48 .65 .77 &
_ ' Post .53 Post .80 .85 W77 .77 .88 .72 B
sz  Pre .56 Pre .40 .50 48 .33 27 .42 i
Post .56 Post .60 .46 .50 .58 .56 .92 3
S-10 Pre .67 - e .56 .42 .61 .52 .58 .69 B
Post .63 Post .56 .50 . - 45 .54 "~ .52 .76 g
523 Pre .60 Pre .55 .54 .39 .44 .54 .81 :
Post .60 ~ Post .72 .62 .6 .77 .84 .72 i
.y
Table C-38 : Table C-39 %
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to %
No. 13 When Administered to the Experimental Concept No. 13 g
. . i
[Group as Part of a Posttest Item Criterion Number fx
Ttem X _ Number 1 2 3 4 5 .6 7 8 _ {E
Number 50 8 §=5 * * % *  x ;
§-5 +1.46 0.45 s-8 LA L LA R 3
-~ s-8 -1.17 1.02 - S-12 ok ko LI 1:
s-12 -0.37 1.04 s-19 * * ok % k3
§-19 ~0.18 ¢ 1.27 s-23 R L 3
§-23 -0.89 . ' 0.85 *Indicates criterion was satisfied. ’;
RS
. Table C-40 3
Proportions of the Control and Experimental Groups Choosing u
the Accepted Responses to the Test Items Related to Concept No. 14 :‘
. R
. 3
Control L - Experimental &
Item ) : . ‘Grade Level ,é‘
Number All Grades , All Grades z2 . 3 . 4. 5 6 -5
A3
S-2 Pre .44 Pre . .48 ., .42 .48 .37 . .42 .69
Post .38 : Post .65 .69 .73 .§2 _ .52 “72
S-‘9 Pre .15 _ Pre .15 .12 .13 .07 .19 .23
Post .23 Post .47 .42 .32 .54 .52 .52
S-14 Pre .20 Pre .31 .23 .48 .22 .27 .38
% Post .30 _Post .67. - .69 .45 .62 .76 .80
5 517 Pre .63 | Pre .56 . .54 .61 .63 42 .62
2 "7 . Post .54 J Post .66 - 62 .85 .77 .64 . .72
4 aons Pre .34 Pre .43 4] " .sa 3 .30 .42 .50
i Post .32 Post -.50. 1" | . .46 .32 .46 .52 72
_ 37
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Table C-41 , Table C-42

Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to
P No. 14 When Administered to the Experimental Concept No, 14
: P . Group as Part of a Posttest : L
} i A ' Item .- Criterion Number
I Item : X Number 1 2 3 4 5 6 7
| : Number 50" B - _
| ; S-2 ok % % * %
S-2 ~ =0,72 0.66 s-9 * * * *
5-9 +0.10 1.57 5-14 ook k¥ * ok
S-14 -0.74 0.74 - s-17 L I S *
§-17 -0.54 1.37 §-25 * L L
§-25 +0.00 1.48
*Indicates criterion was satisfied, ,
Table G-43 . "

Proportions of the Control and Experimental Groups Choosing i
the Accepted Responses to the Test Items Related to Concept No. 15

Control Experimental
Item ’ . Grade Level
Number All Grades All Grades 2 . 3 -4 5 6
 §-3 Pre .77 .. Pre .84 .81 .87 .93 W77 - .85
‘ Post .76 . Post ,84 77 .86 .81 .84 .92
S-7 Pre .26 Pre .38 .27 30 0 .22 46,65
Post .37 Post ,90 .92 .86 .92 .84 .96
.§-13 ' Pre .75 . Pre .70 .69 - .61 .74 *.69 .73
Post .85 Post .80 .77 .64 .85 .88 .84
S-15 Pre .39 Pre .44 .35 .52 .41 .43 .50 !
S-18 Pre .78 Pre .81 77 .70 .93 .88 .77 i
Post .84 Post .89 .77 .82 .96 .92 © .96 ;
“Table C-44 " . Table G-45 . |
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to :
#  -No.15 When Administered to the Experimental Concept No. 15 ' !
Group as Part of a Posttest .
— Item - Criterion Number i
Item X ’ _ . Number 1 2 3 4 5 6 7 8 '
Number . 50 - ' 8 -
‘ S-3 * ok * * ok *
s-3 ‘ -1.35 - ©T 1,08 7 §-7 LA L B ook ok
S=-7 ’ -1.73 . l.14 S-13 * ok & ’ * ok ok
S-13 : - =1,09 . ) 1.20 ) S-15 * * ok ok :
S-15 ‘ +0,09 -1.01 _ S-18" LA I ook
s-18 -1.32 U 7" SRR ' i : !
v L *Indicates criterion was satisfied, :
38 5
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Table C-46
Froportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items‘Related to Concept No. 16

Control Exgerlmenfal ..
Item - : Grade Level
Number All Grades All Grades 2 3 4 . 5 6
S-4 Pre .72 Pre .67 69 .87 .59 .6y .54
Post .69 Post .42 .19 .59 .31 .72 .32
S-11 Pre .65 Pre .57 .31 .48 .48 .73 .85
Post .63 Post .81 .88 .82 .77 . .76 .80
S-16 Pre .73 Pre .70 .54 .70 .85 .65 .73
Post .76 Post .84 W77 .86 .85 | .88 .84
S-21 Pre .48 Pre .59 .42 .65 .56 .65 .69
Post .57 Post .57 .42 .55 .69 .60 .60
S-24 Pre .60 Pre .59 .58 43 .67 .62 .65
Post .56 Post .80 .88 .68 .85 "~ .76 .80
: Table C-47 ~ Table C-48
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to
No. 16 When Administered to the Experimental Concept No. 16
_Group as Part of a Posttest Item Criterion Number
Item X Number 1 2 3 4 -5 6 7 8
Number ‘ \:.t"- 50 8 -4 N . % %
S-4 _ : +0.33. 0.78 S-11 * ok -k % * ok ok
S-11 -1.32 0.86 S-16 LA * ok &
S-16 . -1.53 0.85 s-21 * % * o ox X
§-21 -0.26 0.99 S-24 LA S * ok %
S5-24 -1.23 0.92 *Indicates criterion was satisfied.
‘ Table C-49 - :
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 17
Control Experimental
Itém Grade Level :
Number All Grades ~ All Grades 2 3 4 5 6
U3 Pre .51 Pre .59 .62. .52 .56 .62 .62
Post .57 Post .81 .88 .73 .85 .76 .80
U-s Pre .73 Pre .70 .62 .70 - .78 .73 .65
] Post .73 Post .86 .85 .86 .96 .76 .88
U-13 Pre .56 "Pre .55 .50 .43 .52 .62 .69
Post .52 Post .67 .85 .73 .31 .72 .76
U-19 =~ Pre .50 Pre .48 .62 .30 .44 .38 .62
. : Post .53 Post .69 .73 .59 .62 .72 .80
U-;24 Pre .52 Pre .- 59 .38 .78 .56 .46 .77
Post .52 Post .65. .77 .55 .50 .64 .80
39
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Table C-50

Statistics of the Test Items Related to Concept
No. 17 When Administered to the Experimental
Group as Part of a Posttest

Table C-51

Evaluation of the Test Itern{s Related to -
Concept No. 17

Item Criterion Number
Item X Number 1 2 3 4 5 6 7 8
Number 50 B
) U-3 * * * * * * *
U-3 -1.52 0.69 U-5 * ok k% * %
U-5 -2.10 0.61 U-13 * ok ok * ok %
~U=-13 -0.54 1.36 U-19 * ok k& * ok %
U-19 -0.66 1.20 U-24 * ok k% LA
" U-24 -0.55 1.04
*Indicates criterion was satisfied.
Table C-52
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 18
Control Experimental
Item ' Grade Level
Number All Grades All Grades 2 3 4 5 6
U-4 Pre .54 Pre .53 .46 57 .44 .69 .50
Post .56 Post .66 .62 .68 .50 .80 .72
U-8 Pre .71 Pre .61 .46 57 .74 .58 .69
Post .61 Post .75 .46 .82 .73 .88 .88
U-l(f Pre. .89 Pre .82 .69 . .91 .89 .69 .92
. Post .82 Post .86 .85 .82 .88 .92 .84
U-21 Pre ..52 Pre .47 .50 .39 .44 T .42 .58
Post .58 Post .64 .69 .50 .62 .72 .64
U-23 Pre .45 Pre .51 .46 .52 .56 .35 .65
Post .40 Post .41 .35 .09 .35 .60 .64
Table C-53 ' Table C-54
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to
No. 18 When Administered to the Experimental . Concept No. 18
Group as Part of a Posttest _
Item "~ Criterion Number
Item X Number 1 2 3 4 S5 6 7 8
Nuniber 50 B .
] U-4 L2 B S * k&
U-4 -0.52 1.35 U-8 LI B ok
U-8 -0.88 1.19 . U=10 LA L A Sk
U-10 -2.15 0.59 - U=21 * ok k% L A
U-21 ) =0.49 1.01 T U-23° * - * LI A
U-23 +0.33 0.95 :
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Table C-55
_Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No, 19.
Control ' ' Experimental .
Item Grade Level
Number All Grades . All Grades 2 3 4 S 6
| ; ez - Pre .25 Pre .36 .62 17 .37 31 .31
[ : Post .47 Post .55 .77 .50 .42 .60 .44
Y12 Fre .31 Pre .34 .23 .22 .33 .50 .38
g Post .46 Post .66 .62 .68 .69 .64 .68
£ U-14 Pre .25 Pre .37 .23 .43 37 . .27 .54
- ) Post .37 . Post .56 ©.62 .27 .58 .56 .72
B U-16 Pre .33 Pre .35 38 .30 .4l .27 .38
8 Post .45 Post .42 | . .23 .41 54 - 44 .48
B N
L U-18 Pre .37 Pre .48 .35 .48 . .56 .50 .50
? Post .54 Post .56 .54 .41 .65 .64 .52 2
B o )
e Table C-56 Table C-57 . |
B Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to B
B No. 19 When Administered to the Experimental Concept No. 19 i
- Group as Part of 3 Posttest Item Criterion Number a
i Ttem X ‘ Number 1l 2 3 4 s 6 7 8 4
: \ Number : 50 B U-2 r % % * % % 3
- ® o U-2 . =0.18 0.93 U-12: LA S * ok .
U-12 -0.71 0.72 U-14 ok W * ok w g
B U-14 -0.24 . 0.75 ‘U-16 * * * ok %
U-16 '+0.31 : 0.86 U-18 L R A * ok % ¥
‘3 u-i8 ~0.24 : 0.72 *Indicates criterion was satisfied,
B , Table C-58
i Proportions of the Control and Experimental Groups Choosing 4
S » ‘ the Accepted Responses to the Test Items Related to Concept No. 20
73 Control o - Experimental e
Item o ' Grade Level : B
Number . All Grades All Grades 2 3 4 S 6 %
3 - - A
! Uel Pre .44 Pre - .43 - .50 .43 .33 .42 .46 =
i Post .75 ~ Post .81 - .92 .86 .69 .76 .84 3
= U-6 Pre .82 Pre .82 .88 .87 .74 .73 .88 "§
o Post .83 Post .90 .92 .82 .81 .92 1.00 \’4}
& - : , g
B _ U-9" Pre .69 Pre .70 .69 .57 .70 .73 .81 3
SR - Post .88 Post .89 T.73 1,00 .81 .96 .96 W
£ U-15 Pre .52 Pre .45 |. .50 .39 .33 .42 .62 N
Post .44 Post .65 .65 .59 .50 .72 .80
U-20 Pre .56 Pre .58 | .46 - .6l .52 .58 .73
Post .59 . Post .75 | . .62 .82 .77 .72 .84
Co - . . 4l
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Table C-59

» ’ Statistics of the Test Items Related to Concept
| No. 20 When Administered to the Experimental

Group as Part of a Posttest

Table C~60
Evaluation of the Test Items Related to

Concept No. 20

} item . Criterion Number
| Item X Number 1 2 3 4 5 6 7 8
‘ Number - 750 B -
| . U-1 *  x  *x  *x * *
U-1 -1.00 2.06 U-6 LI B B * ok
U-6 -1.40 2.01 U-9 ok ok ok * ok
U-9 -1.43 1.61 U-15 * ok ok ok * ok
] U-15 -0.49 1.35 . U=20 LI I N *ox
5 ‘U=-20 -0.80 1.58
*Indicates criterion was satisfied.
’ c
Table C-61
Prdportlons of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 21
Control Experimental
item ' : : Grade Level
Number All Grades All Grades 2 3 4 5 . 6
U-7 Pre .79 Pre .77 .66 .78 .93 .69 .81
Post .89 Post .92 .88 .91 .88 .92 .1.00
U-'1‘1 " Pre” .81 . Pre .78 .50 .83 .70 .92 .96
Post .81 Post .91 - .85 .91 .92 .88 1.00
U-17 Pre .40 Pre .39 .27 .30 .37 .38 .62
Post .54 Post .69 .69 .77 .65 .56 .80
U-22 _ Pre .15 " Pre .30 .23 .17 .41 .23 .42
Post .22 ~Post .47 .50 .23 .46 .44 .68
U=25 Pre. .61 Pre .66 .65 .52 .70 .73 .69
- Post .85 Post .85 .77 .91 .92 .76 .88
} Table C-62 ] ) Table C~63
Statistics of the Test Iterhs Related to Concept Evaluation of the Test Items Related to
No. 21 When Admlnlstgred'to the Experimental + Concept No. 21
Group as Part of a Posttest .
Item Criterion Numbér
Item X : Number 1 2 3 4 5 6 7 8
Number 50 .B. -
X U..7 * * * * * * *
u=-7 -1.58 1.94 U-11 LA S *
U-11 -2,32 0.72 U-17 Tk ok ok I T
" U=-17 - =0,60 1.59.- U=22 * k% * ok
U-22 -+0.10 " 1.40 - U-25 L N LA B
U=-25, -1.22 . 1.54 - ~ . . . .
’ ) : *Indicates criterion was satisfied., .
42
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Table C-64

Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 22
Control . K Experimental
Item _ Grade Level
Number All Grades . All Grades 2 -3 4 5 : 6
X-2 Pre .€8 Pre .63 .50 .65 .63 .69 .69
Post .77 Post .82 .81 .82 .85 . .80 .84 *
et Pre .43 : Pre .38 | .46 .52 .33 .27 .35 :
Post .40 Post .56 .65 .64 .38 ;.64 .52 ﬁ
X-12 Pre .75 i Pre .83 .88 .70 .74 .88 .92 - |
Post .90 Post .88 .96 .73 .85 .96 .88 & ‘
%e17 Pre .79 Pre .80 .69 74,81 ;88 .88
Post .83 ' " Post .79 .81 .68 .81 .88 .76 _ X
x-19 - Pre .44 Pre .45 .50 .52 .41 .50 .35
) Post .48 Post .55 .58 .55 .50 .56 .56
;
Table C-65 Table C~-66 3
Statistics of the Test Items Related to Concept - Evaluation of the Test Items Related to
No. 22 When Administered to the Experimental . Concept No. 22
_ Group as Part of a Posttest Ttem Criterlon Number
Item X i Number 1l 2 3 4 § 6 7 8
N_umber ‘ 50 8 x-2 * * * * * * *
X=-2 -1.18 1.25 X-6 * ok % * ok
X-6 . -0.21 ) 1.27 X-12 * ok ok * ok ox
X-12 -1.45 : 1.38 ’ X-17 LA * k%
X=17 ‘ -0.95 1.62 X-19 * ok x *  x ]
X-19 ’ -0.15. 1.27 *Indicates- criterion was satisfied. 3
) Table C-67
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No, 23
N . - - - ’l
Control . Experimental
Item ‘ ' : "Grade Level
Number . All Grades All Grades L2 3 4 5 6
; R Pre .76 1 e .a .73 .83 . .85 .77 .88
L Post .84 || - Post .81 .92 .59 .88 .80 .80
e g7 Pre .71 . Pre .80 .69 .83 .74 .81 .92 f
Post .71 Post .75 . .69 .64 " .85 .76 .80 ;
X9 Pre .60 _ Pre .55 . .54 .65 ° .59 .50 .50 3
Post .66 Post .57 .62 .73 .46 .56 .52 é :
x-1a  Pre .38 .. Pre . .38 .35 .39 .37 -0 .31 .46 &
Post .47 ‘ - " Post .41 .58 .55 .35 .24 .36
%-18 Pre .83 Pre } .85 .85 .78 .89 .85 .88 i
Post .83 S 'Po'st;-' .90 .81 .91 .96 .96 .88 5
43
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Table C-68

Statistics of the Test Items Related to Concept

No. 23 When Administered to the Experimental
Group as Part of a Posttest

Table C-69
Evaluation of the Test Items Related to

~ Concept No, 23

= Iitem Criterion Number
Item X Number 1 2 3 4 5 6 7 8
Number S0 8
X=1 LN L R
- X=1 -1.17 1.10 X=7 * * LA S
X=7 -1.41 0.55 X-9 ook LA
X-9 -0.29 0.80 . X-14 * * LA
X-14 +0.42 0.64 X-18 LA S S LA S
X-18 -1.81 1.03
- *Indicates criterion was satisfied.
Table C-70
Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 24
Control Experimental
Item . Grade Level
Number All Grades" All Grades 2 - 3 4 ) 6
e Pre .80 Pre .84 73 .87 .78 .92 .88
Post. .77 Post .79 .65 .91 .88 .84 .68
X-8 Pre .47 Pre .57 .54 .65 .70 .38 .58
Post .47 Post .66 .54 .68 .69 .64 .76
X-11 ‘Pre .50 Pre .58 .65 .48 .48 .73 .54
: . Post .60 Post .70 .85 .59 .62 .76 .68
X-16 Pre .63 Pre .72 .73 .61 .81 - .69 .73
Post .71 Post .81 .58 .82 .81 .92 .92
. x=20 -Pre .56 Pre .60 .46 .57 .52 .62 .85
Post .67 Post .74 .77 .59 .65 .80 .88
Table C-71 Table C-72
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to
No. 24 When Administered to the Experimental "~ Concept No. 24
Group as Part of a Posttest -
= ‘ Item Criterion Number
Item X - Number 1 2 3 4 5 6 7 8
Number 50 B
' : N ] X=-4"" * % * * x %
X-4 -1.07 1.15 . - X-8 * ok % ok &
X-8 -0.54 1.18- X-11 ook ok Tk LA B
X-11 -0.68 1.23° X-16 ok ok LA B
X-16 - -1.01 1.6 - X=20 L LA B
X-20 -1.13 0.70 i . ‘
‘ ‘ *Ind;cates criterion was satisfied.
44
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Table C-73 |
. Proportions of the Control and Experimental Groups Choosing
the Accepted Responses to the Test Items Related to Concept No. 25 3
I E
Control , Experimental 1
Item - ' . Grade Level 3
Number All Grades All Grades -2 3 4 5 6 H
%3 Pre .63 Pre .72 S4 4 .81 8l .69
' Post ,72 Post .70 .73 77 .58 .68 .76
X5 ~ Pre .53 : Pre .59 .38 .65 .59 .62 .73
Post .52 Post .76 .81 .82 .58 .72 .88 :
%10 Pre .42 Pre .59 L2 .65 .78 .62 .62 =
Post .59 Post .72 - .65 .68 .65 .80 .80 ¥
%13 Pre .55 " Pre .52 .46 .48 .67 .46 .54 5
Post .53 Post .77 .77 .82 .88 .64 .72 3
Xe15 Pre .60. . Pre .5l .58 .57 .44 .58 .38
. Post ,52 . Post .61 .62 .68 .54 .60 .64 i
;
Table C-74 ' Table C-75 -
Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to
No. 25 When Administered to the Experimental . Concept No. 25 :
Group as Part of a Posttest - %
, Item Criterion Number 3
item . X ’ Number 1 2 3 4 5 6 7 8" E
Number 50 : B
. E X~3 * ok * Tk *x 5
X-3 -0.61 1.73 X-5. LA ok w ;
X=-5 , ~0.93 1.14 X-10 LA *k ok
X-10 _— -0.77 1.13 © X-13 LA A Tk Tk
X-13 -1.02 1.00 - X-15 LA A A * % * ‘,
X-15 -0.53 0.65 - , )
. : i *Indicates criterion was satisfied. 4
4
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Tables D-1—D-25 and Figures D-1—D-25: Group
. Mean: Test Scores by Grade for Concepts. 1-25
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Table D-1

Control and Experimental Group Mean Test
Scores by Grade - Concept 1

Grade »
2 3 q 5 6 6-AT

pre C[1.36 1.18 1.70 1.83 1,93 ----

E |1.44 1.08 1.18 2.25 2.00 2.28
post C | 1-30 1.33 1.85 2.61 2,79 ----
o3t B | 3.77 2.68 2.27 3.64 3.32 4.96

AT = Academically Talented

Mean Soxre

....... Control
S - Experimental
4 J
3 o
o,
] ]
' i
2 4
T H I
I H
1N ] ]
= HHEETY : ! ) H
] 11 ' e ]
HI B HE
. i i it i
re Post  Pre Post Pre Post Pre Post Pre Post Pre Post

2 3 q S 6 .6=AT
Grade

Fig. D~1. Graph of Table D-1,

‘Table D-2

Control and Experiméntal Group Mean Test
Scores by Grade - Concept 2

" Grade _
2 3 4 5 6 6-AT

pre C | 2:04 2.07 2.59 2,34 2,14 =---
- E | 2.55 2.62 2.37 2,93 2,70 2.32

post C | 2-56 2.75 2.55 2,69 2,67 ----
ost g | 3.5

.58 2,77 2.46 3.24 3.36 4.60

'AT = Academically Talented

....... Control

S - Experimental
4 J
[ ]
8
(2]
£°] |
]
g : ' e ' !
' -1 [T B H"e '
2-!0 HE o H T H
' H K i '
. ' 1] HH HH
' ' 4 1K 1|
] 1K " I '
'l HEH i ' HE
| ER R e e i '
EHHEEIHE HEE HEE
i BRI 1k
111 HH HH i H HH
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 3 4 H 6 6-AT
Grade

Fig. D=2, Graph of Table D-2,

Tabie D-3

Control and Experimental Group Mean Test
Scores by Grade - Concept 3

Grade
2 3 4 5 6 6-AT

2.96 2.70 3,33 3.07

Pre C 3,21 -=--
E |3.07 3.17 3.22 3.03 3.11 3,08
Post C | 3.39 3.58 3.48 3.54 3.12 ===-
E | 4.11 3.77 3.50 3.68 3,80 4.44
AT = Acadeinically Talented
....... Control
S - . Experimental
.
% 1 ! [} ]
“ 3 H : | ' 't )
s A ! th H 1]
] ‘e HTHERLL H HE
= : : "1 th N ' ]!
2401 H B K 1K
1 H R H I H R H R
! 1 el -t il
110 3N tle il t]
= HHERTHEI HE H L
HHER H B R H R
4 4 I I I
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 3 4 H 6 6=-AT
Grade

"Fig. D-3. Graph of Table D-3.,
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Table _D-4

Control and Experimental Group Mean Test
Scores by Grade -~ Concept 4

. Grade
2 3 4 S 6 6-AT

Pre C |3.36 3.55 3.89 3.62 3,75 ==w==
E |3.89 3.75 4.04 3.78 3.70 3.76
C |3.22 3.62 3.92 3.77 4,25 ===<
Post E

4,04 3.91 4.08 4.24 4.20 4.80

AT = Academically Talented

ctemame Control
S 4 Experimental
4
E , 1k
8 ' : 1 H¥
34y ' '
g " THEIREIHERIE
I H I H R H R E
2 31 H I ' H K 'y
H K T ERIH H K
THEEH I H B
|_.= :. ' :l ' '
: l' .. ' ll 1
! i { K
1 H R H R
:! l! L 1.4 A 'l l!
Pre Post  Pre Post Pre Post Pre Post Pre Post Pre Post
2 3 4 S 6 6=AT
) Grade

Fig. D-5.' Graph of Table D-5.

....... Control
§ arv————— . Expetimental
| o Table D-6
e i 1HET Control and Experimental Group Mean Test
g N dHEE HEL Scores by Grade - Concept 6
s’ TH I HERTHEE
: | THEE R :
o HH I H B I H Grade
]
HHE HEE o 2 3 4 s 6 6-AT
R HH I H R H B H I ;
' ' 1 .
' HHE HIHEE pre  C |2.80 2.59 2.81 2.65 3.35 ----
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post E 2.81 3'0.8 3.22 2.46 3.48 2.84
: oo s N Post C | 3-35 3.08 3.18 3.11 3.42 ----
' Grade E |3.38 3.41 3.50 3.56 3.68 4.36
Fig. D-4. Graph of Table D-4. AT = Academically Talented
sd4 0000 smeeee- g:nlrol |
7 iment.
Table D-5 e
Control and Experimental Group Mean Test LU
Scores by Grade - Concept 5 g ' ' . |
e 3 : i H =
° H i i ' | ' '
Grade =1 THEIHER ! HE
. : “1! " [N N
2 3 4 5 6 6-AT {HIHH R H IR H E
" 1 H ' |
. 1 4! i : ' | ' ]
| | '
pre C|3.04 3.04 3.52 3.14°3.68 ---- E | 1 1 HEH
E |3.33 3.17 3.78 3.50 3.81 3.68, Pre Fost Fra Post Pre Post Pre Fort —re soai Fre Fank
post C | 283 3.12 2,81 3.08 3.96 --- 2 3 « s 6 ear
E | 3.42 3.09 3.58 4.24 4.28 4.56 . - .- 'Grade
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Table D-13 °

Control and Experimental Group Mean Test
Scores by Grade - Concept 13 '

Grade A
2 3 4 S 6 6-AT
" Pre C.| 2.84 2,18 2,15 2.41 2,78 ===-
E 2,15 2,37 1.89 2,18 2,89 2,68
Post C 2.43 2,46 2,96 2,04 2,87 ----
E 2.92 2,54 2,85 3,00 3,40 3.88
AT = Academically Talented
J OOOOOOO Control
S Experimental
44
5 4
L o
! = |
S [ | N { H
2 : : | | : = (R 1] =
" ihil 1l !
h e p il 1
I -y [} i | ) Hh ]
K iy 'h tH !
! K 'y 1! 1
' HH Y HH 1
! Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 3 4 S 6 6-AT
Gm!o

Fig., D-13, . Graph of Table D-13,

Table

D-14

Control and Experimental Group Mean Test
Scores by Grade - Concept 14

- Grade

4

5 6

6-AT

Pre

Post

t':l(').t':l(')

1.76 1,59
1.89 2,08

1.83 1.67
2.88 2.36

1.81
1.59

1.55
3.00

1.62 .2.14
1.78 2,37

1.69 1.62
2,96 3.48

2,56

4,80

AT = Academically Talented

....... Control
$ 1 —— Expetimental
4 o
%3-
=
2 . |
' H - |
THEHE BN U
i 1 H B T
141 THEIK 1K 11
1 \ [ ' ] "t
THERIHE1E il il
! : N | Ll ! ’ A ’
Pre Post <Pre Post Pre'Post PnPolg Pre Post Pre Post
2 3 4 S 6 6-AT
Grade

Fig. D-14, Graph of Table D-14,

Table D-15

Cohtrol and Experimental Group Mean Test
Scores by Grade - Concept 15

Grade -
2 3 4 S 6 6=AT
pre O | 2-52 2,96 2,89 3,07 3,32 ~=--
E |-2.92 2,96 3.22 3,18 3,48 3,80
.Post C | 2.87 2.54 3,18 3,46 3,79 w=w=-
E | 3.61 3.41 4.27 4,00 4,16 4,52
AT = Academically Talented
....... Control
S -4 Experimental
N |
'
| i
@ 3 ' i 1
g il HH R i
$ i 11 H I E |
=210 ol i e 18
i 1] ' 1! 13
th i} 1 i K
L4 AU I HEEE 1
1l iy o ! '
L] 1 ' = 1t 1
H ! ;. l th ! 1
Pre Post . Pre Post Pre Post Pre Post Pre Post 'Pre Post
2 - 3 4 s 6 6-AT
Grade, ‘

"‘Fig. D-15. Graph of Table D-15.
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Table D-16

+«Control and Experimental Group Mean Test
Scores by Grade - Concept 16 '

Grade
2 3 4 5 6 6-AT
pre  © 3.08 3.07 3,33 3,10 3,07 ----
E 2,59 3.12 3.15 3.46 3.48 3,88
Post C ] 296 2,92 3,63 3,23 3,25 ==--
E 3.15 3.50 3,46 3,72 3.36 4,08
AT = Academically Talented
....... Control
H -{ e Expecirente!
4
[ ]
3 ! ] |
[ 3 o (] . [ ] ] ] [} ]
O HH T H O I H I
I H I I I O
1 H 1 opyoe
] ] | ] ] ' | !
| i Hk i1l
1L ] ] = 1
130 H 1 1
11 ' 1 (AN
h i ' H 1 :
HiK H R R ! HH :
Pre Post Pre Post Pre Post PrePost Pre Post Pre Post
2 3 ] s 6 6-AT
Grade

Fig. D-16, Graph of Table D-16.

Table D-17

Control and Experimental Group Mean Test
Scores by Grade - Concept 17

‘Grade
2 3 4 5. 6 6-AT
pre C | 2.96 3.30 3.00 2.34 2,28 =---
E | 2,70 2,79 2.85 2.86 3.33 3.48
Post C | 2-83 2.75 3.18 2.81 2,79 -=--
E | 4.08 3,45 3.23 3,60 4.40

4.72

AT = Academically Talented’

54

Mean Score

' eswwess Control
Experi 1
]
11 [}
L o ! | |
) ]
1K i 1, 1l !
J1h i [} 1 1 ‘ [
] 1 1 ] 1 ! ] ] !
T H W R "
i HEIHE L 1!
41 | 1{1 t!
1 [} 1 1] 1!
IHERH NI
1 H 1 HH HH
Pre Post  Pre Post Pre Post Pre Post Pre Post Pre Post
2 4 S 6 6-AT
Grade -

Fig. D-17. Graph of Table D-17,

Table D-18

Control and Experimental Group Mean Test

Scores by Grade - Concept 18 .

Grav:'le
2 3 a4 s 6 . 6-AT
ore C | 2.48 3.04 3.26 3.31 3.18 --m-
E 2,52 2,96 3,07 2.78 3,33 4.00
Post C1l 2,78 2.42 3,04 3.23 3,42 ww--
E 2.96 2,91 3.08 3.92 3,72 4,40
AT = Academically Talented
el L 1 2] uml
H -+ - Experimental
4
§
'
Fal ! | ii i i
il THERIHERTH
i 1 i ] : H
i 1K q {
K 1K o} !
113 AR F 1
1 1) ! 1 ! 1
il ] ! 1
HE ! H
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 3. 4 s ' 6-AT
Grade

Fig. D-IB., Graph of Table D-18,
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Table D~-19

AT LS Y e e e e gz mpaa

Control and Experimental Group Mean Test
Scores by Grade - Concept 19

_ Grade
2 3 .4 ) 6 6-AT
Pre Cl1.60 1.04 1.52 1.79 1,86 --==
E 1.81 1.54 2.04 1.82 2,04 3.28
Post Cl| 2.00 1.92 2.41 2.61 2,46 =----
E 2,77 2.27 2.88 2.88 2.84 4.76
AT = Academically Talented ‘
d esemee- Control
S e Experimental
4
(R
3 o
]
' ]
: 4 ! l '
I i "t
[} I ! 1 = [}
! i !
1 411 1, t
L ' 'l
! i1l |
il HHIE
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 3 4 s 6 6-AT
Grade

Fig. D-19. Graph of Table D-19.

Table D-20

Control and Experimental Group Mean Test
Sqores by Grade - Concept 20

_Grade
2 3 4 5 6 6-AT
pre - C |2.56 3.11 2.89 3.45 3.03 ----
"~ E [3.07°2.83 2.63 2.78 3.48 3.76
post C [3-09 3.00 3.41 3.88 3.87 ----
E |3.85 4.09 3.58 4.08 4.44 4.88

AT = Academically Talented

B T B T IR0t
X ,

s csmaaaa Control
Experimental
4 4
; 1
]
' ]
8 . i
ad (. ! "y '
A HEETHE R I
= THEIHEH T
: Wiy il L H i
T : ! : ! : : 1
]
] THE BT 1H
1 i thel Y it
1 1 ! T !
Ll )
' 1 HE : i : ! H H
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 -3 4 s 6 6-AT

Grade

- Fig. D=20. Graph of Table D-20,

Table D-21

Control and Experimental Group Mean Test
Scores by Grade - Concept 21

Group

4

S

6-AT

Pre

Post

MmO MmO

2.40
2.22

3.30

3.69

2.67
2.58

3.21
3.73

2.74
3.11

2.96
3.85

2.86
2.96

3.42
3.56

3.72

4.76

AT = Academically Talented

------- co.mol
$ - Experimentel
. ‘ - ,
. % v 0 !
R ' '
g
O PR T O T I
2 ]! A H 1]
| ' THE |
1 1 [ ‘ 1
‘1 ! HH R !
1 41 ! i1t | i
] ! 1| | 1
R ! K | !
H H H H H
‘Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 3 4 $ 6 6-AT
Grade
_Fig. D-21. Graph of Table D-21.
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Table D-22

Control and Experimental Group Mean Test
Scores by Grade - Concept 22

Grade
2 3 4 S 6 6-AT

2,32-3.00 3.22 3.44 3.11 =-=-

o
Pre g | 2.96 3.12 2.92 3.25 3.22 4.08
c | 3.13 3.00 3.37 3.77 3.58 ==--

Post E

3.81 3.41 3.38 3.84 3.56 4.28

AT = Academically Talented

crmom== Control
§ + Experiments)
4 o
e i
§ [} : = ]
'2 3 ] | 1 ]
e ' ! ' '
s 11 ! 1 1
2 a0 | ] 1
1 | i th
11t [} ] | =
1! ! HE H
y it ] ] H
) | o
H : H
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 B | | H 6 6-AT

Fig., D~22. Graph of Table D-22,

Table D-23

Control and Experimental Group Mean Test
Scores by Grade - Concept 23

Grade
2 3 4 S 6 6-AT

3 3.17 3.07 -=--

Pre C ] 3.00 3.41 3.6
E | 3.18 3.50 3.44 3.28 3.63 3.56

" Post C ) 3.52 3.25 3.63 3.73 3,37 ~-=-=
E | 3.61 3.41 3,50 3,32 3.36 4.40 .

AT = Academically Talented

56

escceea= Control
S - — Experimental
4 J .
°
K] ]
3' | : ( 1 i : }
3 - 1 ]
i 1 THEL i il
= | ', e 1 E 18
. | 1h | 1!
2 ! [} [} |
- h h 14 |
' il h i "
' il ' 1l TH
{ i} an i
1 <49 1t L ] [}
] 1]t 1|y (A4 A
HIERHE R
: i ! ! [ LIt i !
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
2 . 3 4 H 6 6-AT
Grade :

Fig. D-23. Graph of Table D-23.

Table D~24

Control and Experimental Group Mean Test
Scores by Grade ~ Concept 24

Grade
2 3 4 S 6 6-AT

2,72 3.30 2.67 2.86 3,11 ~==-

o
Pre £ | 3.07 3.21 3.30 3.36 3.55 3.92
post C | 309 3.29 2,92 3,50 3.29 ----
E | 3.38 3.59 3.65 3.96 3.92 4.80

AT = Academically Talented

....... Contro}
5'{ ————  Experimental
4 d
§ 1T
i
e ] 1
- ]
§3 ': |= |= (1 1]
s ' h ] l' 1R
1k A K il
o O O L
L "l ' THERIT
: THEHER b
i b HTHEL H R
| :l =| |= 1!
! HHE HH
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
‘2 3 ) § T 6  6-AT

Grade

Fig. D~24. Graph of Table D-24,
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Table D-25 s4 0 o= Bommental’
Control and Experimental Group Mean Test
Scores by Grade - Concept 25 oY .
H i
i i
Grade §3 2 = ! ;
‘ LI Y] ] I 1Y H I ¢
2 3 4 5 6  6-AT B HI T H L
. 1 I ' i
' T NIRRT
e C|240 2.44 2,78 3.21 2,50 ---- 14! 1HEI I H BRI
E | 2.30 3.04 3.30 3.07 3.00 3.32 ; 1HE ' i 1k
. . 1 i1l L 111
Po'st c 3.74 2.75 2.41 3.15 3.42 weee Puzl’on Pu:on Pro‘l’on Pre:on Pu:o-t Pf:-::ﬂ
E |3.58 3.77 3.23 3.44 3.80 4.36 crade

AT = Academically Talented Fig. D-25, Graph of Table D-25.
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