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PREFACE

During the last decade, Thailand has undergone a rapid modernization through
the processes of social economic and technological development. In this connection,
the country has a great demand for qualified manpower.

The educational system is supposed to be the primary source for developing
the qualified manpower. However, considering the quality of education which is
mostly based upon rote-learning method, a fundamental question may be raised: Is
the educational system qualified to develop the manpower for effective national de-
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‘velopment 7 The answer, we are afraid, in negative.

This Research Project on A Scientific Inquiry Model of Instruction” is an
attempt to improve the quality ot education at the grass-root leve! of teaching and
learning processes. It aims at developing a teaching method which can bberate the
vast human potentials through the expression of “thinking abilities”, creativity and
achievement motivation.

Through this research undertaking, we have found that the Investigative
Method of inquiry {(QEPC Inguiry) is a very promising approach to develop inquiry
thinking skills, concept formation and creativity.

Thie Research Project has been generously supported by the Asia Foundation.
We would like to exnress our deep gratitude and sincere thanks to the Asia Foun-
dation for this kind suppaort. We would like also to extend cur thanks to all admi-
nistrators, teachers and students who had cooperated with this Research Project.

Weerayudh and Colleagues
30 April 1975

SYNOPSIS

The Investigation Model of Inquiry (IMY) or OEPC Inquiry is the study under
the Inquiry Development Project at Prasarnmit College of Education, Bangkok, Thai-
tand. The Project started since 1970 by its principal investigator, Dr. Weerayudh
Wichiarajote”, the College of Education* *, Prasarnmit Road, Bangkok. OEPC Inguiry,
as an approach or a style of instruction, attempts to encourage and promote the
learner to think, to search and to investigate through the.facts so that they will find
the meaning ot a certain degree of discovery, rather than let them merely perceive
what they are suppnsed to learn according to the teacher's presentation in the. class.
Various teaching methods and techniques could be applied as much as suitaBle to
reach the pre-set instructional objectives.

OEPC came from the basic research stages of Observation, Explanation,

Prediction and Control as well as Creativity respectively. These stages of O, E, P
and C are the main frameworks of the lnvestlgatlon Model of Inquiry {IMI). That is
the reason why OEPC Inquiry and IMI are the two phrases that are considered in-
terchangeable as the name of this approach of teaching.

In order to find out about the effectiveness of the OEPC Inquiry in the real

educational context and to obtain the much needed information in the development
and implementation program of IMI in the future, including the effort concerning
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the promotion of science teaching in the country, eleven studies of the first Pilot
Project were carried on in 1971, This study was one of those eleven. Particularly,
it was conducted mainly to determine whether the teaching of science by OEPC
inquiry would have improved the capacity of the pupils in the aspects of CREATIVI-
TY. CONCEPT FORMATION and INQUIRY ABILITY,

After 12 weeks of the experimental treatment, the benefits from this QEPC
Inquiry were found to be favorable toward improving the above-mentioned capaci-
ties. The researcher, however, suggested some more consideration and practical
Research & Development program for this instructional strategy.

"Present position is at ACEID, UNESCO Regional Office for Education in Asia, Bangkok.

* ' Present name g Sri Nakhannwirole Umiversity

Chapter 1

INTRODUCTION AND HYPOTHESES

1. Background

If Science Education is to play a major role in economic development of
the country, then the instructional technology especially the one for the improving
of the teaching of science should be considered, researched and developed more
so ever. We should have more ideas, techniques and approaching frame works
to select and apply to the extent that we might have the best optimal treatment
for the science teaching for developing technologically competent manpower
required for the achieving of development goals. To this end, an inquiry appraoch
is recommended. One of the Inquiry Process that has been studied and developed
in the Inquiry Development Project is the Investigation Model of Inquiry. Dr.
Weerayudh Wichiarajote proposed an OEPC Inquiry for the Investigation Model
of Inquiry which'is an act of seeking truth, information or knowledge about the
nature, the characteristic and the relationship among variables in existing pheno-
mena. Generally speaking, the main principles of IM| are to maite a searching
Inquiry* first, to find the underlying variables; and to make a systematic process
of investigation** afterwards; to find the relationships so that we could proceed
into the utilization stage of maximizing the desirable effects: by controlling some
specific independent variables in such a way that they would effect the dependent
variables in a way we want them to be.
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The functions of OPEC in making a searching inquiry and a systematic
process of investigation are shown in the folloing diagram.
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Diagram 1. The funciions of O, E, P and C sragés of Inquiry.

*“Suab suan” in the Thai language.
'*Saub suan” in the Thai language.

To apply the main principie of IMI as the fundamental approach to teach-
ing, we will simply call it, the IMI approach of instruction, - i.e. the OEPC.Inquiry
approach of instruction, hereafter. As seen in Diagram 1 and Diagram 2, such
an approach of instruction seeks to develop and improve various cognitive styles
and cognitive structures by the application of and suitable methods and teach-
niques (as shown by the outermost circle of Diagram 2] and by providing the
ADVANCE ORGANIZER, as a basic foundation for accommodating the discovery
or learning of something new and necessary, and as the enhancement of Cogni-
tive Motivation so that the learning could be persued to reach the level of Mastery
Learning. While, Y = f(x) in the center of the circle emphasizes an investigation
to seek for a discovery of the relationships among the variables concerned.

Then, the immediate research problem is whether it will be true that the
OEPC iInquiry approach would enhance the pupils’ identity and abilities in such
a prescribed way: if it's true, then how could we seek the compromisation, after-
wards, between the values that are good for the creation of the active cognitive-
oriented society which the OERC Inquiry would iikely to improve and the vatues
that pertain to the trédi;ional trend. This is the probiem of how to harmoniously
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introduce an educational innovation into the existing educational and social sys-
tem. And also, in accordance with the effort concerning the promotion of teach-
ing of Science in the country that inspired the researcher to conduct his study
to examine the effects of OEPC Inquiry approach on the dependent variables of

Creativity, Concept Formation and Inquiry Ability, How %o harness the potential
transformation power of science and technology in national development.

Purposes of the study

1. To study the effects of IMI (OPEC Inquiry) as a teaching approach on
Inquiry Ability, Concept Formation and Creativity.

2. To study the relationships among Inquiry Ability, Concept Formation and
Creativity.

2. Scope of the study
Sampling

3 classes of the']th graders in the purposively selected school in Bangkok {197 1)
were the subjects of this study. They were as following:

Control group 21 boys 17 girls 38 S's
Experimental group | 22 boys 15 girls 37 S's
Experimental group Il 18 boys 15 girls 33 S's
Total 61 boys 47 girls 108 S’s
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The Investigation Model of Inquiry ;
An Interactive Integration

(As designed by Dr. Weerayudh Wichiarajots
Daepartment of Educational Research
College of Education
Bangkok, Thailand
7515)
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Variables

{1 } The in dependent Variable was the style or approach of teaching. The ex-
perimental group was treated by IMI (OEPC Inquiry) style of teaching while the
Control group was the Non-IMi Style of teaching. The utilization of abstract and
concrete things to teach the two Experimental groups was the same, but the
visual symbol of the first experimental group was with charts and pictures, while
the second’s was with slides, which were the reproduction of the aforementioned
charts and pictures.
(2)  Dependent Variables were the abilities in three aspects, namely; Inquiry
Ability, Concept Formation and Creativity. These abilities, herein, were defined
as the resulted scores from the following tests

“(2.1.)  Inquiry Ability tests

(2.2.) Concept Formation tests

(2.3) Creativity tests

Terminology, Basic Assumptions and Operational Definitions

The researcher prescribed the terminologies that had been used as the
variables in this study. Those were IMI style of teaching, that referred to the
application of QOEPC Inquiry principle in science teaching;

Non-IMI style of teaching, that referred to any MODEL of teaching that
did not apply OEPC Inquiry Principle in teaching:

Inguiry Ability, that was general category of questioning ability which
was elicited and shown as the responses from Inquiry Ability tests;

Concept Formation, that was the ability related to the Discriminative Res-
ponse trom the various stimuli presented by the Concept Formation Tests, here,
not the one of Piaget's Conservational concept from the genetic Epistemology
points of viav;

Creativity, that was the ability 1o seek the ways to solve the problem from
various possible ways from the facing stimulus and the ability to see new things,
new forms and new applications from some related characteristics of the stimulus.
And the stimuli were the creativity tests.

3. Theories and Related Literatures
According to Dr. Weerayudh Wichiarajote OEPC Inquiry is based on the
following foundations. Philosophical foundation emphasizes the philosophy of IMI

as the process-oriented {more than the product-oriented) approach of instruction.

Psychological Foundation bases on the human cognitive development of
Jean Piaget, the function of the optimal discrepancy and the conceptua! conflict
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with the accommodating advance organizer as one of enhancing the cognitive
motivation. The Piget’s concept of disequilibrium and the two cognitive processes
of assimilation and accommodation were the foundations of the assimilative
structure and accommodative structure of IMi approach of teaching With the
creating of conceptual conflict that is suitable to the advance organizer provided
for the pupils, their cognitive structures would progress through the structures
of Assimilation and Accommodation and reach to a certain degree of discovery.
The teacher has to expand his responsibility not only as the disseminator of the
information but also as the big helper, the coordinator, the guide etc. as to help
make the pupils THINK more, to find more Meaning of their learning.

Research Foundation of the IMI could be seen through the stages of 0,
E, P and C. 0 is the same as the Concept Formation or the Cencept Learning
Process, that leads to the next processes of research. E is the same as Theori-
zation Process, the one of Principle Learning, that would identify the relation
among variables or concepts. The theoretical construct could be expected here.
P is the Verification Process to test and verify the proposed theory (hypothesis).
With more new information collected we could test whether the proposed hy-
pothesis could predict the new conditions or not; whether the data reveal that
the new conditions agree with the pre-set hypothesis. C is the controlling &
Creativity Process. It's the generalization of the learned information and process
to the new and various utilizations and also to the new ways of starting, again,
the next investigation. The application of the information theory in IMi is to be
seen largely at the O stage. Since the teacher would try to encourage the student
to observe and hypothesize as much as possible he then will answer only as
“yes” or “no”. If the pupil’s question is not clear enough, it's the teacher's turn
to prpbe with the questions like, “think of the other aspects .too”, “there should
be more than that’ or “does it depend on ..., .. ..” etc. In light of the Informa-
tion theory, the questions that require “yes-or-no” answers of the pupil are with
the very high efficiency in searching for the information

The main processes in |Mi approach of instruction were summarized as
follows :-
1) Advance organizer; the process that tries to relate the entry behaviors
of the pupils with the likely-to-happen learning process, the amount and detail
of this process depend on both the condition and character of the pupils and
the condition and character of “what” to be learned as well.

(2) Learning environment setting and observation; the process that pupils
are stimulated to observe the facing phenomena, to look for the defining charac-
teristics, to observe and think analytically till the conceptual conflict occurs.

Teachers are to encourage the pupils to seek for the information, to ask

the question that requires ‘“yes-or-no” type of answer. That is to train the pupil
to think as well as to seek the answer by dividing the answering possibility into
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two and eliminating the half that is not used. On doing this, sequentially, the
“right half” will be smaller and smaller and will help the pupils a lot in seeking
the right information and in training to think.

{3) Explanation, the process that pupils are “catalysed” to find the explana-
tion of the “conceptual-conflict” problem, or observe more to find the more neces-
sary defining characteristics from the information-seeking process, the experiment,
the observation of some demonstrations etc. to set up the proposed explanation.
The explanations are likely to come in the form of antecedent . consequent or
cause-effect relationship, y = f(x).

(4} Prediction, the process that pupils try to verify the proposed explanation
(hypothesis), i.e., the using of the relational principle from the hypothesis to
predict the phenomena in the other condition. The question used to verify the
proposed explanation would be in the form of; “If (X) then (V) ? In science
class this process is very much apt to the introduction of experiment or demon-
stration to test the hypothesis.

{5) Controlling, Creativity, Conclusion and Confirmation, the process that
pupils are to conclude or confirm the  proposed explanation relation-ship; and
apply the principle into use, to control the new condition (independent variable) to
-create the needed result, or set up new conceptual conflict to start the process

of observation again. When the pupils could investigate till they “discover” some
reliable retationship, they, then ,come to the point where they are prompted to
create something or some idea that is suited to their level.

As the member of the study-group of the IMI approach of teaching, the
researcher and his colleagues, hoped that the result and feedback from the studies,
and the other studies to come, would provide a lot of information in developing
and improyving the TECHNIQUES that will best suit this STYLE of teaching in
the future.

4. Theoretical Space

From the theories and related literatures, the researcher had set up the
theoretical space for the proposed explanation of the afore-said variables and
some principles as shown in the next page.

This theoretical space indicated the relationships among nature of science,
science concept, scientific inquiry, the Investigation model of inquiri{ and the
Inquiry ability. It also indicated the proposed relationships among Inquiry Ability,
Creativity and Concept Formation. That these three variables seem to have many
common characteristics, for example, they are concerned with th'a cognitive
structure {1), the interpretation {2}, the abstraction (3), the activeness and ability
to learn (4), the reasoning {5), tbe imagination (6), etc., in order that they would
seek the way to solve the problem (7}, and the environments that are likely to
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enforce those ability were the reinforcement (8), the respect of the individual's
ability (9) and so forth. As for the Concept Formation, it also requires the dis-
crimination (10}, and classification ability (11); which both, in turn, are two of
the main characteristics of inquiry Ability as well. The Creativity, basides those
8 properties, also shows the diversity (12), that would lead to the discovery
(13), which the requirements of the independency (14}, freedom (15) to express
savely, {16) and the feeling of confidence
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to think (17). These 6 properties are the same as the one of Inquiry ability as
well . Anyway, the indication like that is just the one of the variable - constructs
from theories and hypotheses. We still need the Tests (A, B and C) as the in-
struments, to test and elicit responses from the pupils, according to the opera-
tional definitions of the test constructions, to measure and observe the data so
that we could test or verify this indication from the theorstical space, fater on.

Hypotheses

From the theoretical space and related literatures, the research hypotheses
for this study were :

1. Concerning Inquiry Ability
1.1 The experimental groups should improve on the inguiry Ability.

1.2 The control group should improve on the Inquiry Ability to a lesser
extent.

1.3 The experimental groups should show higher leve! of Inquiry Ability
than tha control group.

1.4 Both experimental groups shouid show no differencs in Inquiry Ability
from each other.

1.6 The experimental groups should show the better increment of Inquiry
Ability than the control group.

1.6 Both experimental groups should show no difference in the increments
of Inguiry Ability.

2. Concerning the Creativity
2.1 The experimental groups should improve on the Creativity.
2.2 The control group should improve on the Creativity to a lesser extent.

2.3 The experimental groups should show higher level of Creativity than
the control group.

2.4 Both experimental groups should show no difference from each other
in Creativity.

2.5 The experimental groups should show the better increment of Creati-
vity than the control group.

2.6 There should be no difference between the increments of Creativity
of both experimental groups.

3. Concerning Concept Formation

3.1 Every group shouid improve on the Concept Formation.
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3.2

3.3
3.4

3.5

The experimental groups should show higher tevel of Concept Forma-
tion than the controi group.

There should be no difference between two of the experimental groups.

The experimental groups should show better increments of concept
Formation than the control group.

There should be no difference between the increments of Concept For-
mation of both experimental groups.

4. Concerning the relationships among those three variables. The relationships
among those three variables should be positive.
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Chapter 2

RESEARCH PREPARATION AND PROCEDURE

Praparation

Eleven graduate students under the Inquiry Davelopment Project had started
working in the research preparation with the Principal Investigator, Dr. Weerayudh
Wichiarajote, and other advisors since as early as October, 1970. The prepara-
tions, in brief, were as the followings:-

1. Workshop concerning IMI theory, the teaching of science, ressarch metho-
dology and related theories.

2. Curriculum Analysis including the analysis of the educational objectives,
the instructional objectives, and content analysis both for the 7th graders and from
the 1st to the 6th grades.

3. The Teaching Model! including the purposes and objectives, content, ad-
vance organizer, the concept that was expected to be discovered, materials,
teaching and lsarning behaviors, the evaluation and/or the special comment.

4. Micro teaching and preliminary feedbacks.
b, Material selection and preparation.

5.1 Instructional Materiais
Based on the teaching model, some of the materials were made by
the members of the group, some of the materials were borrowed. from
the Chemistry Department, the Physics Department, College of Educa-
ticn, Prasarnmit Road; or from the other schools in Bangkok.

5.2 Testing Materials

Testing Materials that were used in this study including, Creativity
Test, Concept Formation Test and Inquiry Ability Test.
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Creativity Test

2 from 5 subtests for Creativity of Sawai Liamkaew, which were adapted
from the one of Wallach & Kogan, were selected for this study. They were the
subtests of similarity and the subtest of Lina-meaning.

The subtest of Similarity

It was ths test that required pupiis to recall and compare the similarity and
the difference of each given pair of things, like: '‘a train and a tractor’’. There
were 10 such pairs in this subtest that tha pupils were given 55 minutas to write

down as much as possible the similarity and the ditference they could recall.
The subtest of Line-meaning

It was the one that required pupils to consider whiie looking at the given
line: what the line, like the example below, could be or what it looked like.

There were 8 such a line in this subtast that the pupils were given 55
minutes to write down as much as possible “'the meaning’’ they could think it out.

Scoring Criteria
They were 'Objectivity’’ and *‘validity”’
The objectivity meaned every subject’s answer sheet was scored by the

same criterion conditions. The validity meaned the one towards the operational
definition or the construct of Creativity, i.e., 1 point per 1 direction of meaning.

Sawai Liamkaew also used another kind of '’identity score’’ but this kind
of scoring was not employed in this study.

Tast Reliability
Sawai Liamkaew (2514: 25) and Orathai Sethsakko (2514: 32-33) re-
ported the reliability that:

Similarity Subtest was with the reliability of .900 (Sawail and .881
(Orathai). Line-meaning Subtest was with the reliability of .B84 (Sawail and .910
(Orathai).
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Concept Formation Test

2 subtests for Concept Formation of Niti Suwankin (2515: 24-34, 100-
117) were used in this study. They were the verbal tests which based on the
idea of Underwood and Richardson; and the geometrical-form test which based
on the one cf Tagatz.

The Verbal Test

The were 20 items of verbal concept.test. The pupils had to consider the
main attribute of the focus word and used that attribute to select 3 from the
other 6 words which possessed the same attributes. They were required also
to write down that attribute in the answer sheet along with the three words
selected.

The Geometrical-Form Test

There were B ttems of geometrical-form test. The pupils had tb concen-
trate on the 4 attnibutes of the focus card, each attribute was with two charac-
teristics.  Those were shown in the table helow:

Attribute Characteristic
Form quadrangle, triangie
Number one . two
Color red . green
Frame one line , two lines

Only one characteristic would be intended to represent the ‘‘correct caon-
cept” for each item.

While concentrating on the focus card, the pupils had to recognize well
which and which characteristics were in that focus card. Each of the next

coming 2nd, 3rd and 4th card would eliminate one characteristic consegifently so
that the '‘correct concept’’ was concluded as the answer, at last.

Scoring criteria

The Verbal Concept Test score was just only one category of ‘‘Verbal
Score'’, while there were as much as 4 categories of the geometricalform test.
Those four were the ldeal Strategy, Conservative Strategy, Perceptual Error and
Correct Answer-Types of scoring.

ldeal Strategy

The possibility of getting this ideal Strategy score was when the answers of
each following 2nd, 3rd and 4th card were in the scope that led to the Correct
Answer.
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Conservative Strategy

The possibility of getting this score was both the same condition as the
possibility of getting the Ideal Strategy Score and also when the answers of each
following 2nd, 3rd and 4th card wers in the scope that were related with the
attriites of each card.

Perceptual Error

The possibility of getting this score was when it could not be applied with

the criteria of both the Ideal Strategy and the Conservative Strategy to the answer
of any card.
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Correct Answer

This score would be obtained when the pupil wrote down the ‘‘Correct
Concept’’ for each item in the answer shest.

Each category of scoring provided 1 point once it occured.
Test Reliability

Aftor It was producsd as a slide-sat

Catagory Niti Ty Coef. glpha
ldeal Strategy .825 .8169 7179
Consarvative Strategy .854 .7848 .6150
Perception Error .843 L7901 .6673
Correct Answer — .7821 6674
Average: r - 7932 .64569

(by Fisher’'s Z table

Inquiry Ability Yest

2 subtests of Inquiry Ability Test of Boonluu Tongyoo (2514) and Orathai
Sethsakko (2514} were employed for this study. They were the subtests of picture
and passage.

Tha Subtast of Picture

The pupils were required to write down the questions as much as possible
from 10 black and white pictures of 6" x 9" in 50 minutes.
The Subtest of Passage

The pupils ware required to write down the guestions as much as possible
from 10 sheet passages in 50 minutes.

Scoring Criteria

1. One point would be given to every question according to the criterion of the
Number of Question.
2. One point would be given to evary question of Observation process. Two

points, three points and four points would be given to svery question of Explana-
tion Process, Prediction Process and Control Process, respectively. These were
the criteria of the Characteristic of Quastion.

Test Reliability

The reliability of tests, by the split-half 1echnique, of the picture subtest
= 0.8877, of the passage subtest = 0.8767.

Test Construct-Validity
- positively related (p <{01) with Creativity and Scientific Achievement.
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- Internal consistency .94 - .96
- When divided the group of subjects into three groups of higher, medium and lower
and administered the test; the difference between higher and medium and medium
and lower groups were ail significant at .01 level.
Procedure
The experimental procedure included the process of Pretest, Treatment and
Posttest of two experimentat groups and one controf group.

All groups studied the same subject matter content in the topics of Energy,
Fuel, Electricity and Life on Earth. The treatment had been done in the second
quarter of 1971, 3 times a week for 12 weeks.

t X t
Syty S1X? Sity

R Soty ;J> S,X, [:> S,ty
Sat] 83X3 83t2

Diagram 3 The Experimental Design

R = Random Sampling

5, = Control group

52 = Experimental group 1

83 = Experimental group 2

ty = Pretest

13 = Posttest

)(1 = Non-IMI approach of teaching

)(2 = IMI approach of teaching - Exp. 1

X3 = |MI approach of teaching - Exp. 2

Data Analysis Design

(1} The test of difference between pretast and posttest scores of each variable
by using the t-test idependent measures) technique {(MacNemar, 1950: 109).

{2) The analysis of covariance of Pretest and Posttest scores. In case that

there was a significant difference between group means, the critical ratio would be
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computed by the adjusted value of posttest mean score, that had been adjusted
through the correlation coefficience of the regression of posttest mean score on the
pretest mean score, in order to test the difference between two particular groups by
t-test (adjusted mean) technique (Lindquist, 1956: 317-327).

(3) The one-way analysis of Variance-Simple Randomized Design {Linquist, 1956:
56) of the increment of each variable computed by the difference between posttest
and pretest scores. If the significant difference between groups was found, again,
the critical ratio of the increment scores would be computed, in order to test the
difference betwseen the increment in each variable of the two particular groups,
by t-test (independent) technique (Edwards, 1958: 104).

(4) The correiation coefficient among variables, by the Product Moment Cor-
relation technique (Garett, 1956: 143).

Related References from Chapter 2

Andersen, 1972: 11, 49-54 (the Thai language)

Keisler, 1960: 310-316 Inquiry Development Project 2513-
Thorndike, 1971: 411-415 Orathai Sethsakko, 2514

Weigand, 1971: 6-7, 42-80 Booniuu Tongyoo, 2514

Cochran, 1963: 11 Sawai Liamkaew, 25614: 18-22
MacNemar, 1959: 109 Niti Suwankiri, 2515: 24-34, 100-117
Lindquist, 1956: 66, 317-327 Somphong Siricharoen et, al. 2506: 179
Edwards, 1958: 104 Waraphorn Chaiopas, 25615

Garett, 1966: 143 Pote Chantaraweerakul, 2515: 27

Kaw Sawastdipanitch, 2514: 36
Weerayudh Wichiarajote, 25613 A:75
Chacwana Yuthasuriyaphan, 2514: 21-100

Chapter 3

Results

Only the data from sample subjects that completed every set of 76 pupils
were analysad, and the finding will be illustrated here, later on.

1. Concerning the Inquiry Ability

a. Hypothesis 1.1 was confirmed. The experimental groups had made a pro-
gress in inquiry Ability. {(Table 1. & 2.)

Table 1. Pretest average scores X) and Posttest average seores (Y) from
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Inquiry Ability tests of the experimental group 1.

Scores X \4 D sb t
Number of Questions 54.6923 99.3846 44,6923 5.4476 8.2041**
from PicTure subtest
Characteristic of 85.7308166.6769 70.8462 8.1240 8.7206**
Questions from
PicTure subtest
Number of Questions 68.8846 78.56385 9.6638 3.3613 2.8721**
from PasSage subtest
Characteristic of 91.8077114.3846 22.5769 5.3130 4.2494**
Questions from
PasSage subtest
= pCon
Table 2. Pretest average scores (X) and Posttest average scores (.\-(-l from
inquiry Ability tests of the experimental group 2.
Scores X Y i) s t
NQPT 60.9565 78.0000 27.0435 4.3025 6.2855**
CapPT 73.2174123.1304 49.9130° 5.6106 8.8963**
NQPS 55.1304 67.3913 12.2609 3.1162 3.9358**
Caprs 81.3913 99.4348 18.0435 5.3751 3.3669**

Hypothesis 1.2 was not supported by the data. The control group also

made a progress in Inquiry Ability. (Table 3.}

Table 3. Pretest average scores (X} and Posttest average scores (7) from
Inquiry Ability tests of the control group
Scores X Y D s t
NQPT 76.8889 100.8889 24.0000 5.0550 4.7478**
CQPT 114.3333141.1852 26.8519 7.4328 3.6127**
NQPS 18.0370 85.1852 17.1481 2.4499 6.99956*"
caes 91.0370111.8889 20.8519 3.5408 5.8889**
** p <01)
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c. Hypothesis 1.3, “the experimental groups shoutd show higher Inquiry
Ability than the control group’, was confirmed by the differance in the
number of questions from Picture subtest {NQPT} and the characteristic of
questions from Picture subtest (CQPT), between the experimental and
control groups (Table 4, 5, 6 & 7).

Tabie 4. The analysis of covariance of NQPT scores

sources of 88, sp 3 85 df ms F
variation

between 10155.6278 5789.0457 7899.9690 4796.8519 2 2398.4259 3.9244"*
groups

Within 34811.1616 25312.7438 82408.8206 44002.7991 72 611.1b600
groups

total _ 44966.7896 310097896 7030R.7896 487996509 74
x(p <L 05)

Tabie 6. Tha comparison of NQPT scores betwseen groups, aftar the adjust-
ment by the regression of ¥ on X

by = 26312.7436/34811.1616
= 0.7271
Samples n X v v t
exp.1 28 54,6923 $9.6179 104.2961) 2 6316
exp.2 23 50.9566 78.9496 86.6278) _ ‘5162
control 27 76.8889 100.8889 89.6814) _1'9773.
exp.1 28 54.6923 99.6179 104.2961) '

* {p < .05)
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Table 8. The analysis of covariance of CQPT scores

sources of

o 88
variation

X 8p s, 58, df ms, F

B%&vgseﬂ 22602.1296 6292.3866 13663.9679 16710.8416 2 9366.4207 7.0539**

ithi
g’r'ou'p”s 77113.0284 64337.7196 149171.0289 06492.1338 72 1326.2796
total 99716.1679 69630.1063 162824.9868 114202.9763 74
« *{p <.01)
Table 7. The comparison of CQPT 8COress between groups, after the adjust-
ment by the ragrassion of Y on
64337.7196
b = -
w 77113.0284
= 0.9343
Samples n Y v Y t
control 27 114.3333 141.1862 122.6403) 4 g734s.
axp. 1 26 86.7308 166.6769 161.8960) 2.1800‘
exp.2 23 73.2174 123.1304 138.8884) 1'3941
control 27 114.3333 141.1862 122.6403) '
. {p <.06) ** ip <.01)

But this hypothesis was not supported by the data from Passage $ubtest
(Table 6 & 9).
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Tabie 8. The analysis of covariance of NQPS scores

sources of

Varlation 8y 8p 88y ss, df ms,, F
g:’;;"::" 2856.3008 3030.9016 3972.9335 1011.6733 2 §06.7868 2 5358
within

groups  33706.2265 26281.2663 33324.0139 14361.8812 72 199.4706

total 36662.6263 28312.1679 37296.9474 16373.4545 74

Table 9. The anslysis of covariance of COPS scores

sources of o sp ss ss df ms 3
variation X

betwesn
groups 1819.4645 2224.8420 3083.4747 576.6218 2 288.3109 5313

within
groups 57408.4797 44964.1211 74288.4727 39071.1633 72 542.8560

total 69027.9342 47188.7632 77371.9474 39847.7851 74

d. Hypothesis 1.4, “the experimental groups themselves should show no diffsrence
in Inquiry Ability”, was not supported by the dsta from the Picture subtest (Table
4, 5,8 & 7). But was confirmed by the data from the Passage subtest (Table
8 & 9).

e. Hypothesis 1.6, “the increment of Inquiry Abitity of the experimental groups
should be higher than that of the control group”, was confirmed by tha data
from Plcture subtest (Table 10, 11, 12 & 13). But was not supported by tha
data from Passage subtest (Table 14 & 15).
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Table 10. The analysis of variance of the Increment of NQPT scores

Sources of variation SS

df ms F

between groups

6481.5060 2

3240.7525 5.0773*

within groups 46594.4950 73 638.2808
totat 53076.0000 756
* (p < .05B)

Table 11. The comparison of the increment of NQPT scores

2

Samples n D ) 1
control 27 240000  689.9231)
-2.7844**
exp. 1 26 44.6923 771.6815)
: 2.5424*
exp.2 23 27.0436  425.7708)
4586
control 27 24.0000  689.9231)
* {p < .0B) ** (p< .01

Table 12. The analysis of variance of the increment of CQPT scores

sources of variation Ss

df ms F

between groups

within groups

25671.3161 2

97608.6181 73

12B35.6581 9.5996* "

1337.1044

total 123279.9342 75

*2 (n < .01)

Table 13. The comparison of the increment of CQFT scores

2

samples n D S t
control 37 26.8519 1491.5926)
-3.9955**
exp. 1 26 70.8462 1715.9754)
2.1202"
exp.2 23 49.9130  723.9921)
2.4764*
control 27 26.8519  1491.5926)
** (p < .01) * (p < .05)
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Table 14. The analysis of variance of the incremsnt of NOQPS scoras

o s @ m
between groups 767.4311 2 383.7155 11,7010
within groups 16467.7268 73 2255853

total 17236.1679 75

Table 15. The analysis of variance of the increment of CQPS scores

enatone s o ms F
between groups 253.6452 2 126 8226 2217
within groups 41768.7101 73 5721741

total 42022.3553 75

f. Hypothesis 1.8, “the increment of Inquiry Ability of both experimental groups
should not be different”, was not supported by the data from Picture subtest
(Tabie 10, 1%, 12 & 13). But was confirmed by the data from the passage
subtest {Table 14 & 15).

2. Concerning the Creativity

a. Hypothesis 2.1 was confirmed. The experimental groups had made a progress
in Creativity (Table 16 & 17).

Table 16. Pretest average scores (3J and Posttest average scores (Y) from
Creativity tests of the experimental group 1

scores X Y D SD t
simitarity 36.2308 51.2692 15.0385 1.6802 8.9505**
tine-meaning 40.34862 55.9615 15.6154 3.0215 5.18681**

**p<.0N
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Teable 17. Pretest average scores (X} and Posttest average scores (.\7') from
Creativity tests of the experimental group 2

scores X Y T sD t
similarity 32.2174  41.0000 8.7826 2.0888 4.2025**
line-meaning 31.7391 46.4348 14:6957 4.1800 3.5t157**

* {p < .0B) **{p<.01)

b. Hypothesis 2.2 was confirmed if we considered the whole data in comparison
with the data of the experimental groups, but if we considered subtest by subtest,
the data from Similarity subtest still confirmed the hypothesis while the one from
Line-meaning subtast showed the deviant. {Table 18)

Table 18. Pretest average scores (X) and Posttest average scores {¥) from Crea-
tivity tasts of the control group
scores X Y D sD t
similarity 45.4926 48.1852 2.5926 1.8345 1.4132
line-meaning 34.6296 46.4815 11.8519 1.9094 6.2070**
**p < .01)

c. Hypothesis 2.3, “the experimental groups shouid show higher Creativity than
the control grQup”, was confirmed by the data from Similarity subtest (Table

19 & 20). But was not supported by the data from Line-meaning subtest (Table
21}
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Table 19. The analysis of covariancs of Creativity scores from Similarity subtest

sources of
variation

88

sp

11

ssy df

between
groups

Within
groups

2398.0583 B42.8878

1339.4816 1388.1734 2

8897.0488 6782.4217 11275.1895 £985.8040 72

total 11085.1052 7635.2895 12614.6711 7374.0683 74

694.0867 B8.3487+*

Table 20. The comparison of average scores from Similarity subtest sfter

*tip<.01)

the adjustment by the regression of Y on X

bW = 6782.4217/8697.0489
= 0.7798
gamples n X Y Y 1
control 27 AB.BB28 4B.1882 42.5313)
~-3.89834++
axp.t 28 38.2308 61.2892 62.81B6)
2.7060**
axp.2 23 322174 41.0000 45.7780)
1.11886
control 27 45.5928 48.1862 42.6313)
**{p<.01)
412
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Table 21. The analysis of covariance of Creativity scores from Lina-maaning

subtest
sources of
variation 38y sp 35, ss, dt ms,, . F
:f;:::" 953.0169 1146.8619 1644.2771  313.6999 2 166.8499 .7122
within .
Spe 7914:6167 3990.7697 21401.3545 16866.7917 72 234.2810

totat 8867.6316 7137.6316:22946.6316 17200.4916 74

d. Hypothesis 2.4, “the experimental groups themselves should show no difference
in Creativity”, was not supported by the data from Similarity subtest {Table 19
& 20). But was confirmed by the data from Line-meaning subtest {Table 21).

e. Hypothasis 2.5, “the increment in Creativity of the experimental groups should
be higher than that of the control group”. was supported by the data from Simi-
larity subtest (Tabls 22 & 23). But was not supported by the ones from Line-
meaning subtest (Table 24}).

Tabie 22. The analysis of variance of the increment of Creativity scores from
Similarity subtest

Sources of

L 85 df ms F
variation

between groups 2061.8043 2 1026.9021 11.6882**

within groups 6407.3831 73 87.7726
total 8469.1974 758
** {p<.0)

Table 23. The comparison of the increment of scores from Similarity subtest

samples n T s° 1
control 27 2.5921 96.8661) )
-5.0031**
exp. 1 26 15.0385 73.3985
axp.2 23 B.7821 100.4506 } 2.3330*
2.2260*
control 27 2.5921 96.8661
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. {p <.05) **p <.01)

Table 24. The analysis of variance of the increment of scores from Line-meaning

subtest
arton s a ms F
between groups 203.5692 2 101.7846  .4286
within  groups 17334.4308 73 237.4580
total 17538.0000 75

f. Hypothesis 2.6, “the increment ot the Creativity of the experimental groups
themselves should be no difference”, was not supported by the data from Simi-
larity subtest (Table 22 and 23). But was confirmed by the data from Line-

meaning subtest (Table 24).

3. Concerning the Concept Formation

a. Hypothesis 3.1, was not supported by the data. We could not say that
the progress in Concept Formation was the same in every group (Table 26,
26 and 27).

Table 25. Pretest average scores (X} and Posttast average scores (-YT from
Concept Formation tests of the experimental group 1.

scores .-)-(. Y D sO t
Ideal Strategy (IS) 17.8164 22.8462 6.2308 12481 4.1908”
Conservative (CS8) 23.4231 25.6154 2.1923 1.1596 1.8906
Strategy
Perceptual Error 8.3077 6.0385 -2.2692 1.1060 -2.0517’
{PE)
Correct Answer (CA) 2.1154 3.7692 1.6538 3841 4.3060"
Verbal Concept 77.6538 90.9231 13.2692 1.5890 8,3609*
(WORD)
. p <.05) - {p <.01)
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Table 26. Pretest average scores (X) and Posttest average scores (Y} from

Concept Formation tests of the experimental group 2.

scores X Y D 55 1
1S 12.3043 20.1304 7.8281 1.2378 6.3224**
Cs 20.7828 23.8696 3.9870 . 7668 4.0789**
PE 10.8896 8.1304 -2.73N .8826 -3.1767**
CA .8698 2.9130 2.0436 4146 4.9294**
WORD 78.8967 88.0436 11.3478 1.8469 7.3407**
** (p<.01)

Table 27. Pretest average scores {X) and Posttest average scores V) from
Concept Formation tests of the control group.

scores X Y D SO t
IS 19.18567 21.9630 27778 1.0104 2.7492*
CS 23.6296 24.4074 .1778 .9433 8245
PE 8.2963 6.6667 -1.6296 9713 -1.6778
CA 2.7778 3.7778 1.0000 4270 2.3419~¢
WORD 84.2598 89.1481 4.8889 1.0865 4.4998**
* {p < .05} ** (p < .01)

b. Hypcehesis 3.3, “the experimental groups should show tigher ability in
Concept Formation”, was confirmed by the data from verbal subtest (Table

28, 19).

Table 28. The analysis of covariance of Verbal Concept (WORD) scores.

sources of
variation 88,

Y

af

ms

between groups’ 877.8922

~18.3118

104.3182

153.8168

2 76.9078 3.3608°*

within groups  3665.9394 874.5760 1882.2101 1647.7136 72 22.8849

total 4443.6318 856.2632'1966.6282 1801.5292 74

* (p <.0B)
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Table 29. The comparison of Verbal Concept scores after the adjustment
by the regression of Y and X

alarr'\ples n X 7 Y
control 27 84.2583 B89.1481 88.0633
‘ " ~2.3959"
exp. 1 26 77.6638  90.9231  91.4136)
‘ 1.9282
oxp.2 23 76.8957 '88.0436 88.7626)
5048
control 27 84.2693 89.1481 88.0633)
* {p < .05}

But this hypothasis was not supported by the data from the Geometrical
Form subtest (Table 30, 31 and 33)

Table 30. The analysis of covariance of ideal Strategy scores.

sources of ss sp s s
variation X SSV s Y msy F

between groups 631.5736. 203.7137 92.6753 271717 2 13.5858 .5444
within groups 1643.0975 564.7337 1990.9563 1796.8669 72 24.9583
total 2274.6771 76B.4474 2083.6316 1824.0286 74

Table 31. The analysis of covariance of Cons. Strategy scores.

source of

. L1 sp 58 55 df ms
variation X

Y Y A

between groups 121.4840 46.4789 46.8242 22,8745 2 11.4373 0.85587
within groups 1072.6656 316.86527 1349.6527 1255.7951 72 17.4416
total 1184.0395 363.1318 1389.1053 1278.6696 74
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Table 32. The analysis of covariance of Percept. Error scores.

sources of

variation

ss, sp ss ssy df ms

between groups 105.7495 72.8813 55.5877 29.3863 2 14.8932 .9026

within groups  1003.7768 1B8.7603 1207.5702 1172.0776 72 '16.2789

total

1108.56263 261.6316 1263.1579 1201.4639 74

Table 33. The analysis of covariance of Correct Answer scores.

sources of ’ ’
variation $5x se SSy s’y af  ms, F
between groups 46.0182 219282 11.8787 2.1734 2 1.0869 .3387
within groups 179.9292 60.0981 251.1081 231.9348 72 3.2088
tota 225.9474 82.0263 2629868  233.20868 74
c. Hypothesis 3.3, “between the two experimental groups there should be no
difference in Concept Formation” was confirmed by the data (Table 293,
30, 31, 32 and 33}.
d. Hypothesis 3.4, “the increment of Concept Formation in the experimental

PC 216

groups should be higher than that of the Control group”, was supported by

the data from Varbal subtest (WORD}, and the Ideal Strategy scoring category
of the Geometrical Form subtsast (Table 34, 35, 36 and 37).
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Table 34. The analysis of variance of the increment of WORD scores.

e

'sources of variation SS df ms F‘
between groups 1018.6321 2 509.3161 10.1060**
within groups, 3678.9994 73 50.3973

total 4897.6316 75

** (p<.01)

Table 35. The comparison of the increment of WORD scores.

—— 2

samples n D S t
contro! 27 4.8889 31.8718)

~-4.3537**
exp.1 26 13.2692 65.6446)

8667
axp.2 23 11.3478 54.9644)
3.4183**

control 27 4.8889 31.8718)
** p<.ON)

Table 36. The analysis of variance of the increment of 1S scores

sources of variation ss df ms F
between groups 316.8215 2 168.4107 4.6171* -
within groups 2604.5864 73 34.3094

total 2821.4079 78

* {p < .06)

Table 37. The comparison of the increment of IS scores.
2

samples n 5} S t
control 27 2.7778 27.56641)

-1.6278
exp.1 26 5.2308 40.50486)

-1.4754
exp.2 23 7.8267 35.2411)

3.1594**
control 27 2.7778 27.5641)
** p < .01)
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But the hypothesis was not supported by the data in the other scoring
categories of the Geometrical Form subtest {Table 38, 39 and 40)

Table 38. The analysis of variance of the increment of CS scores.

sources of variation 8s 7 df ms F -
between groups 68.3504 2 34.1752 1.3949

within groups 1788.6312 73 24.5004

total 1856.8816 75

Table 38. The analysis of variance of the increment of PE scores.

sources of variation sS df ms F
between groups 16.5746 2 7.7873 .3100
within groups 1833.8465 73 251212

total 1849.4211 75

Table 40. The anaiysis of variance of the increment of CA scores

sources of variation SS df ms F
between groups 14.0404 2 7.0202 1.6487
within groups 310.8412 73 4.2581

total 324.8818 75

e. Hypothesis 3.5, “between the two experimental groups there should be no
difference in the increment of Concept Formation”, was confirmed by the
data {Tabie 35, 37, 38, 39 and 40).

4, Concerning the Relationship

The hypothesis, “there should be a positive relationship among these three
variables”, was confirmed by the data as seen in the matrix {Table 41). These
average 7 scores of both within one variabie and among all variables were com-
puted after the transformation of each correlation coeffient among sub-categories
of all 3 variables into Z scores {Arkind and Carlton, 1250: 122-123), the average
Z scores then were retransformed, again, into the average correlaticn coeefients
within and among the variables.
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Table 41. The correlation coeffient among and within variables.

Inquiry Ability Creativity Concept Formatjon
inquiry Ability .7668** 5649 " .4700**
Creativity .3607** .3959**
Concept Formation 6511 **

**(p <.01)

In order to indicate the relational nature both within and among tests, sub-
tests and subcategories; the correlational coefficient matrix among the varia-
bles will be illustrated later as in table 42.
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DISCUSSION, EVALUATIVE SUMMATION AND RECOMMENDATIONS

1.

422

General Discussion

The main purpose of this study was to inquire into the effects of teach-
ing of science by the Investigation Model of Inquiry approach of teaching. It
was found that the application of IMI on Science Teaching had improved the
pupils’ capability of Creativity, Concept Formation and Inquiry Ability more than
the conventional teaching that the |MI was not applied to.

In order to evaluate this study, the researcher had discussed through the
internal and external validities as his principal criteria {Weerayudh Wichiarajote,
2516A; Pote Chantaraweerakul, (no date); Van Dalen, 1956:244-253, 261-2686,
442-454),

Internal Validity

— All hypotheses had been tested from the data available through testing
instruments with reliability. The fact that only the data of 76 pupils
were used in the hypotheses testing had been considered as another
sampling procedure limitation which criterion was *’'... from the sample
subjects that had done alt the subtests in this study”.

— Extraneous variables might exist and confound the results of the
study to some extent. For examples:
It had been conducted in the regular servicing school and naturally
there were some factors that were out of our capacity to manage as
we would like them to be, eg., the grouping of the pupils had been
done by the school regulations.
The pupils interactions out of classes.
The difference in the teachers’ personality and characteristics and
teaching techniques.

The too-many-tests effects.
The learning from tests

Including the socio-economic status of S’'s might be different. But
as far as the observation could be employed and the public type of
the experimental school was concerned, the researcher would like
to assume that they were, generally, in the same population.

Concerning the extraneous variables, since the general controllable
extraneous variables had been awared of and controlled. For exam-
ples, the general school conditions, the same measuring instruments,
the same content materials etc,. The technique of statistical control
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(Huck, 1972 :42-46) had also been employed. The researcher
admitted that this was not as rigidly controlled as the one in the
laboratories. ~He furthered his comment that, probably, the extraneous
variables might be less influential than the factors like; the period of
time treated, the explicitness of the teaching model, the competency
of the teachers of proceed on the model both in the experimental and
control groups. These experimental factors were to be discussed
later.

External Validity

~—  The school was purposively selected {Cochran, 1963 : 11), so it was

' not a random samphng unit. But by one of the purposes that it had
been selected we might be able to say that this school was a
{purposively} representative of the general upper primary school in
Bangkok. Then the next problem was that how high we could be
sure that it represented the general upper primary school of the whole
country.

The researcher suggested the consideration of this study as a pilot
project that followed the principles of the fisld experimental educa-
tional research to stir the spirit of inquiry of whom it would concern,
to stir the movemant of science education research and the deve-
lopment and to seek for the better information for improving the
approach of teaching.

He also proposad a hypothesis for the further study that the other
groups of pupils should simiiarly enjoy the benefits of IMI approach
of teaching and hoped that it would really lead to many more studies
in this area.

2. Discussion ahout Variables

Creativity

—  The data from Similarity subtest supported the research hypothesis
more than the data from Line-meaning subtest. The researcher
discussed the contention of Similarity subtest, to recail and compare,
that was much agreed with the OEPC inquiry process: to observe the
physical definining atribute first, this was to train the pupils to think
analytically, and proceeding on with the explanation, prediction -
testing hypothesisand controlling-creative process. And this finding
reconfirm the effect of OEPC Inquiry training on the pupils’ Creati-
vity. Where as one of the contentton of Line-meaning subtest, to
grasp the relationship among the differences in forms, this aspect
might agree with the generai conventicnal teaching as well.

The researcher suggested the other possibilities behind this result, for

examples:

1. The period of treatment might be too short to efficiently effect the
improvement of Creativity which requires a higher level of thinking
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capacity of divergent thinking (Sawai Liamkaew, 2514), of thinking
differently from the normal ways (Lindgren, 1966), of not just irra-
tionally imitating from the others (Surang Koawtrakul, 2508). He
discussed the previous six years under the hidden maessages (Bennett,
1973 :9, 11-12) of the educational system that the pupils were used
to learning by heart, to think convergently, that needed much more
effort to improve the creative thinkiﬁg.

The pilot project, as the step towards 'the practice of OEPC Inquiry

still needed a lot of techniques, and the competency to effectively’

practice in the school situation that tended to be the content-oriented
system {(Bennett, 1973: 6-9). He explained that these OEPC Inquiry
practitioners were so new to competently control and adjust the
process so that in such a rigid time-table like that, oftenly, the whole
process of OE P and C were not completed before the end of the
alotted time.

The compstition amang pupils, who were friends of each other and
know, somehow, that they were to be compered to each other. And,
as for the pupils in the control group, the feeling of trying tha new
things and of changing the atmosphers from the regutar class, whan
thay were to perform the tests.

Concspt Formatlon

The data obtained did not distinctly support or oppose the research
hypotheses that all of the groups should improve on the Concapt
Formation. It was, however, likely to indicate the less-varied lineness
of Concept Formation scores of the experimental groups than the
ones of control group. This pointed out the effects of IMI approach
of teaching on Concept Formation. Though, Concept Formation
itself could be developed along with the level of maturity, but its
rate of development would be quickened if there was a certain
treatment concerened (Bantoon Chernpathanaphong, 2515 : 36).

More than that, the data indicated the cases that the experimental
groups possessed higher Concept Formation than the control group:
that the increment of Concept Formation was larger in the experi-
mental groups. These were not in line with the findings of Voelker
(Ramsey and Howe, 1969 : 32), which there was no difference
between the concepts the pupils learned from two strategies of
generalization. The one placed more roles on pupils and the other
on the teacher. The researcher commented that it might be because
the Concept Formation, herein, was emphasized on the characteristics
and strategies of the formation of concept than the learning of concept
as Voelker did. Another discussion was that Voelker studied on the
basis of the two apparently opposite sides of the continuum while the
approach of IM! here tried to seek the compromization in each
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classroom situation Consequently the latter was likely to agree with
the suggestion of Kolb (Ramsey and Howe, 1969 : 32) that if the
teacher tried to harmonize the related concepts into the integrated
unit that would help facilitate the forming of concepts.

Since Concept Formation required the analytic observation for the
necessary data, the researcher saw to it that this would eliminate the
irrational inferrence of the pupils, to some extent. So that they couid
think more rationally. They could employ the scientific way in seeking
their knowledge (Brandwin, Watson & Bilackwood, 1958 : 28} in
solving the problems (Reed, 1946 : 71-87) in reasoning and thinking
as the basis for the further and higher level of learning {Weerayudh
Wichiarajote, 25612 : 82-83)

Inquiry Ability

— As both the control and experimental groups had shown the p<01
differance between pretest mean scores and posttest meanscores, the
researcher suggested the following discussion

1. It conformed to the previous finding (Orathai Sethsakko, 2514)
that the average 13 years old pupils, which were able to show tha
ability of reciprocal thinking, of hypothetical thinking, of combina-
torial structuring etc.; were also prompted to the Inquiry Abitity.
Then he commented one mora question that, in general, how much
the educational system had encouraged those capacities of our
pupils to be cognitively developed.

2. The learning-from-tests effects and the competition.

3. The out of class interaction might provide the opportunity for the

dissemination of new information among the members of both the
control and experimental groups.

The significant difference between the experimental groups and the
control group both in Inquiry Ability and the increment of Inquiry
Ability made it possible to say that IMl approach of teaching is
one of the treatments to develop the Inquiry Ability. This finding
was in agreement with all the other 10 studies in the Project, and
be in line with the study of Suchman {(1962).

On the fact that the scores from Passage subtest did not show
the significant difference between the control and experimental
groups, the researcher proposed the supposition that IF the
treatment was extended to the longer period and the extraneous
variables had been eliminated off as much as we could, it MIGHT
better be ssen.
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Comparison within the experimental groups

—~ Though this was not the main purpose of this study the differences among these
two exprimental groups could be considered as the comparison of results of the
two types of media utilization. These were only the differences, of the visual
symbol presentation, while the other abstract and concrete presentations were
still the same and message content was the same. Those were also the reasons
why research hypotheses had been set up that the result should not be different,
The effects on Concept Formation supported those hypotheses. So did the ones
from Line-meaning subtest of Creativity and Passege subtest of Inquiry Ability.
The other findings rejected the hypotheses.

This was to say that the quality of message was explicitly influenced by its media.

It was of the same opinion as “the medium is the message” of Marshal Mcluhan

(Bennett, 2516 : 6} and that of the characteristic of the contact will influence
the perceiving of message (De fletr and Larsen, 1958 : 40). The medium itself
contains its own message or meaning that will be sent off at the same time as
the message intended by the sender is sent. Here, for example, the still picture
possesses its own message {Somphong Siricharoen, et. el., 2506 : 33-74), while

the slide projection also processes its own different message {Pruang Kumut,
2518} as well.

Another point of interest might be the interactions between medium and message,
medium and learner, message and medium and learner as well as medium and
other environments.

In this study the use of still picture in presenting the visual symbol showed better
result than the one of slide projection; by the data from Creativity (Similarity) and
inquiry Ability (Picture).

One more explanation about this was, since the slides used for projection were
just the reproduction from those still pictures, thus might lessen the quality of
the reproduced positive slides, to some extent.

The reason why the data from Creativity (Line-meaning) and Inquiry Ability (Pass-
age) did not show such a difference might simply be that the influences of media
utilized were less than the other aspects of treatment.

More than that, the experimental group 2 that was with slide projection showed
the significant {p < 01) improvement in the CS and PE of Concept Formation
distinctively from the experimental group 1. The Concept Formation (Geometrical
Form) itself employed the slide projection as its media of presentation. This sug-
gested some influences of the familiarity and transferability in learning.

These interesting aspects were worth studying in the more details
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The relationship among variables

—~ The positive relationships between Inquiry Ability and Creativity were the same
as the finding of Orathai Sethasako {2514 : §7) and the other colleagues of the
Project who studied these relationships as well (Bamroong Boonyong. 2514; Som-
chai Ongsuwan, 2515).

The fact that Inquiry Ability was highly positively related {p < 01} with Line-mean-
ing suggested the tendency of Inquiry Ability to be related with Creativity more
on the analytical and categorical aspects than the aspect of relational mode of
thinking, which was agreeable with the findings of another colleague in the Project
{Noo Prathan, 2516) that Inquiry Ability was highly positively related with analy-
tical and categorical cognitive styles, but tended to show the non-significantly
negative relationship with the relational cognitive style. Inquiry Ability and Concept
Formation were significantly positively related. This supported the afore-said
theoretical construct (Theroetical Space P. 101. So did the relationship between
Creativity and Concept Formation as well as the one between Inquiry Ability and
creativity.

As a generalization, we could say that the CONSTRUCT of Creativity, Concept
Formation and Inquiry Ability was existed and agreeable with the THEORETICAL
SPACE. Or we could reasonably explain the relational construct of those three
variables by that proposed theoretical space. But the deatils of that might need
to be changed, to be modified or reformulated. That would be up to the further
more researches and studies and also the new ways of looking.

The Evaluative Conclusion of this Study

=~ The study had completed its objectives of determining the effects of OEPC Inquiry
in the educational context with the emphasis on three dependent variables of
Creativity, Concept Formation and Inquiry Ability.

It was reasonably valid but there were still many points awaitig for the careful
consideration and improvement.

Recommendation for the Instructional Research and Development
= There should be more encouragement on the research and development programme

to find the various techniques that could effectively and efficiently develop the
human resource, especially the quality of thinking and scientific literacy.

The IMI itself, as a way of thinking and as theory and principle, has also developed
through the process. of accommodation and assimilation, through the verificat

ion precess so that the new synthesis is broader and more substantial than it
used to be when it was just started. It also needed
further research and development in many areas, like the following sugges-

tions :
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1. There should be the study in the rural area of the country
2. There should be the study for the out-of-school education as well.

3. There should be more basic studies with the rigid control as well as the ap-
plication  ones.

4. There should be the study in the other levels of pupils
6. There should be the study in the other subject content

6. The specific IMI test should be considered and distinguished from the Inquiry
Ability test that followed the operation of just “to ask” or “to inquire”.

7. Considering the complete Interactive Integration IMi moel with the added
EM (Evaluation and Moral Commitment), the researcher would like to repeat

that diagram (p. 4), to emphasize that OEPC without EM might not be a
complete process for human society.

Recommendation for Educational Process and the Teacher Training

~ Teaching-and-learning process, as a system, is with a possibilty to be developed.
The people who are involved, or are going to be involved, in the teaching-and-
learning process should consider it as a system. The compectency needed to
develop each element and subsystem should also be considered as such. The

Project had confirmed, to some extent, that the teaching competency development
is possible.

The researcher recommended these following recommendations for educational
process and the teacher training.

1. The basic teaching competency should be considered and developed, parti-
cularly the ones concerning IMI.

2. On curriculum development effort, besides the specialists in the subject con-
tent and the servicing teachers, there should include the ones in the basic
competency development and also the style and technique of teaching.

3. The competencies and special techniques particularly needed in various
educational environments, e.g., the up country, in the very large classroom,
out-of-school education etc.,, should be researched, developed and publicized.

4. IMlis with the interdisciplinary characteristic, i.e., the behavioral science,
psychology, philosophy, science process and so forth. And this covers many
fields of education such as the instructional media, instructional system
technology, educational administration and supervision, educational commu-
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nication, personality development and guidance, message design, educational
research, educational psychology, curriculum development including the
method of teaching in the particular fields of content and so forth. It is
needed, for the benefit of human community, that the strong co-operation
among the specialists in different fields should be materialized.

The interactions among teacher and -pupils, the familiarity towards the IMI
and the environmental backgrounds should be considered in the application
of {MI to the real educational contexts.

Concerning the resistance to innovation (Schime, 1968; Mieler. 1971; Wee-
rayudh Wichiarajote, 2518), the delicate and wise techniques of communi-
cation and dissemination of information is necessary (Chom Phumiphark,
2506; Wyck, 1971 : 90-91)

Schools and departments concerning with education and the teacher training
should co-operate with, and inquire into these teaching competencies.

The centre for research and development for the teaching style, teaching
competency, curriculum and teaching, educational system evaluation and
improvement should be encouraged.

That would be also the centre of co-operation among many fields of interest,
and of specialization, and should be with some educational authority.

429



Kaw Sawatdipanitch, “Teaching for Thinking not just for Memorizing”, 25 14.

Kaw Sawatdipanitch, “New Trend of Thinking in Education” 251 5.

Inquiry Development Project, THE TRANSFORMATION OF THE PURPOSES OF SCIENCE
TEACHING IN THE UPPER ELEMENTARY SCHOOL INTO THE REHAVICQRAL STATE-
MENTS, 25 13.

Chom Phumiphark “The Adoption of New Ideas and Practices”, 2506

Chaowana Yuthasuriyaphan, THE COMPARATIVE STUDY OF THE CRE ATIVITY OF
THE ELEMENTARY AND SECONDARY PUPILS IN THE DEMONSTRATION SCHOOLS
AND THE SCHOOLS THAT USE NORMAL CURRICULUM, M Ed. Thesis, 2514.

Chote Petchuon, THE COMPARATIVE STUDY OF THE CREATIVITY OF THE STUDENTS
IN DIFFERENT FIELDS OF OCCUPATION, M.Ed. Thesis, 2514.

Thasanee Khunawatanawuti, THE COMPARATIVE STUDY OF THE EFFECTS OF OEPC
INQUIRY ON INQUIRY ABILITY, COGNITIVE STYLES AND CURICSITY, M.Ed.
Thesis. 2515.

Tipa Petdee, THE STUDY OF TEACHING OF SCIENCE BY OEPC {NQUIRY ON INQUIRY

ABILITY; CRITICAL THINKING AND THE DEPENDENT-INDEPENDENT THINNING,
M.Ed. Thesis, 2515.

Narintr Chamchumras, THE STUDY OF THE EFFECTS OF TEACHING OF SCIENCE
BY OEPC INQUIRY ON THE EXTROVERT-INTROVERT PERSONALITY, AND AN-
XIETY, M.Ed. Thesis, 2515.

Nuanpen Wichiarajote, “Be Able to Think”, Measurement Bulletin, Vol. 6. 1970.

Niti Suwankiri, THE RELATIONSHIP BETWEEN THE 5th. 6th and 7th GRADERS
CONCEPT FORMATION AND READING ABILITY, M.Ed. Thesis, 251 5.

Bantoon Chernphatanaphong, THE STUDY OF THE EFFECTS OF CONCEPT TEACHING
8Y MULTI-MEDIA IN THE KINDERGARTEN LEVEL; M.Ed. Thesis, 25 15.

Bamroong Boonyong, THE STUDY OF THE EFFECTS OF OEPC INQUIRY ON INQUIRY
ABILITY CREATIVITY AND THE ATTITUDE TOWARDS SELF-CONTROLLING,
M.Ed. Thesis, 2515.

Boonluu Tengyeo, THE STUDY OF THE STRUCTURAL RELATIONSHIPS AMONG
INQUIRY ABILITY, SCIENTIFIC ACHIEVEMENT AND KRENGCHAI, M.Ed. Thesis,
2514.

PC 216 431



Bennet, Nicholas, “Television : The medium for Mis-Education 7”. 2516

Pathom Nikamanond, THE RELATIONSHIPS AMONG READING ABILITY COGNITIVE
STYLE AND CONCEPT FORMATION, M.Ed. Thesis, 25 14.

Pruang Kumut, THE INTERVIEW BY THE RESEARCHER, 2516.

Pruang Kumut, NOTE FROM THE LECTURE IN THE COURSE OF MESSAGE DESIGN,
2614.

Pote Chantaraweerakul, GENERAL EVALUATION FORM FOR RESEARCH APPRAISAL,
(no date)

Pote Chantaraweerakul, THE RELATIONSHIPS AMONG CURIOUSITY, ATTITUDE TO-
WARDS INTERNAL-EXTERNAL POWER AND READING ABILITY, M.Ed. Thesis,
2515.

Pote Sapianchaiy, PRINCIPLES OF RESEARCH IN BEHAVIQURAL SCIENCES, 2515.

Pitaks Rakspoldet, SCIENCE EDUCATION POLICY, 2513

Mongkol lemsam-arng, MIND CAPTURE, TTU Document, 2516.

Mongkol lemsam-arng, THE TEACHING COMPETENCY BASED TEACHING MODEL
TTU Document, 2515.

Mongkol lemsam-arng, Noo Prathan, Pot Chantaraweerakul and others, SCIENCE
PROCESS SKILLS, TTU Document, 2nd. draft, 2516

Mongkol femsam-arng, Noo Prathan, Rayab Trisadikun and others, SCIENCE PROCESS,
TTU Document, 1 st. draft, 2515.

Yupa Anantasit, THE STUDY OF THE EFFECTS OF TEACHING OF SCIENCE BY OEPC
INQUIRY ON INQUIRY ABILITY, SCHOLASTIC APPTITUDE AND THE SENSE OF
RESPONSIBILITY, M.Ed. Thesis. 251 5.

Waraporn Chaiopas, THE WRITING OF PERFORMANCE STATEMENT, TTU Document,
2515.

Waraporn Chaiopas, THE SYSTEMATIC OBSERVATION AND ANALYSIS OF THE
TEACHING AND LEARNING OF SCIENCE BY OEPC INQUIRY AND THE CONSTRUC-
TION OF TEACHING MODEL, M.Ed. Thesis, 2515.

Department of Education Technique, min. of Ed., READINGS IN EDUCATIONAL IN-
NOVATION AND TECHNOLOGY, 2515.

432 PC 216



Weerayudh Wichiarajote, “OEPC Inquiry; Teaching for Thinking” 2514

Weerayudh Wichiargjote, “Theoretical Model about the Educational Philosophy for
Thailand”,  2516.

Weerayudh Wichiarajote, SCALES FOR THE RESEARCH EVALUATION, 2516.
Weerayudh Wichiarajote, “Thai Society in the Transition Phase”, 2513.

Weerayudh Wichiarajote, DOCUMENT FOR WORKSHOP AT THEPSATREE TEACHER
COLLEGE. 26 15.

Weerayudh Wichierajote, DOCUMENT FOR THE WORKSHOP AT TTU. IPST, 25 15 8.

Weerayudh Wichiarajote, DOCUMENT FOR THE WORKSHOP OF THE INSTRUCTORS
OF EDUCATION FACULTIES, 2515 A.

Weerayudh Wichiarajote, NOTE FROM THE WORKSHOP OF THE INQUIRY DEVELOP-
MENT PROJECT, 2513.

Weerayudh Wichiarajote, NOTE FROM THE WORKSHOP OF THE INQUIRY DEVELOP-
MENT PROJECT, 2514.

Weerayudh Wichiarajote, “The lllinois Test of Psycholinguistic Ability (ITPA)”, 2612.

Somchai Ongsuwan, THE STUDY OF THE EFFECTS OF TEACHING OF SCIENCE BY
OEPC INQUIRY ON INQUIRY ABILITY, CREATIVITY AND KRENCHAI, M.Ed. Thesis,
2515.

Somphong Siricharoen, et. al, MANNUAL FOR THE AUDIO-VISUAL MATERIAL UTI-
LIZATION, 2506.

Somsakdi Suntornsuk, THE STUDY OF THE EFFECTS OF OEPC INQUIRY ON SCIEN-
TIFIC ACHIEVEMENT, ACHIEVING MOTIVATION AND INQUIRY ABILITY, M.Ed.
Thesis, 25 15.

Samart Sichamnong, THE EFFECTS OF TEACHING OF SCIENCE BY OEPC INQUIRY
ON PUPILS’ CLASSROOM BEHAVIOURS, 2 5 16.

Saroj Buasri, BUDDHISM AND THE PROGRESSIVE EDUCATION, 25 10

Sippanont Ketthat, “A Thought on Science Education, Technology, Science Education
Policy and the Development”, 25 16.

Sippanont Ketthat, “Science and Technology in the Educational Development”, 2515.

PC 216 433



Surang Koawtrakul, “The Creativity”, 25009.

Sawai Liamkaew, THE CREATIVITY AND SCHOLASTIC. APPTITUDE OF THE T7th.
GRADERS, M.Ed. Thesis, 2514.

Noo Prathan, THE STUDY OF THE EFFECTS OF OEPC INQUIRY STYLE OF TEACHING
ON INQUIRY ABILITY AND COGNITIVE STYLES, M.Ed. Thesis, 2516.

Adool Wichiarcharoen, “The Problems about Education and Intellect of Thailand in
the Year 2000". 2514.

Anant Chankawea, THE STUDY OF THE RELATIONSHIPS AMONG THE ACHIEVING
MOTIVATION, INQUIRY ABILITY _AND THE SCHOLASTIC APPTITUDE, M.Ed.
Thesis, 2514.

Orathai Sethsakko, THE STUDY OF THE RELATIONSHIPS AMONG INQUIRY ABILITY,

CREATIVITY AND THE OTHER'KIKIDS OF THINKING, M.Ed. Thesis, 2514.
'

Aras Sanhashawee, “The Creative Teaching”, 2 5 10.
Anderson Hans O., DIALOGUES WITH THE RESEARCHER, at TTU, 2516.

American Association for the Advancement of Science, Science - A Frocess Approach ;
Commentary for Teachers, Commission on Science Education AAAS ?XEROX Corpo-
ration 1870, 316 pp.

Anderson, Hans O., Competency 8ased Instruction for Science Teacher Preparation in
Developing Countries, 1972, 1 1 pp. (Mimeographed)

Anderson, Hans O., and Koutnik, Daul G, Toward More Effective Science Instruction
in Secondary Education, The Macmillan Company, New York 1972, 241 pp.

Anderson et al., Developing Children’s Thinking Through Science, Prentice - Hall, Inc.,
Englewood Cliffs, New Jersey, 1970, 370 pp.

Arkin, H. & Colton, R., Tables for Statisticians, College Outline Series, Barnes & Noble,
Inc., New York, 1950, 152 pp.

Ausubel, David P., “The Use of advance Organizer in the Learning and Retention of

Meaningful Material,” Journal of Educational Psychology, 51 {1960) pp. 267-272.
from Developing Children’s Thinking Through Science, p. 36.

Bennett, Nicholas, The Crisis i Formal Egucation n Thailand, A Paper Presented to
the Seminar on “Education and the New Media”, Held at Thammasat University
from 19th to 21st of July 1973.

434 PC 216



Berlo, David K.,Jhe Process of Communicaton, Holt, Rinehart and Winston Inc., New
York 1963, 318 pp.

Best. John W., Tesearch in Fducation, Prentice Hall Inc.. Englewood Cliffs, New Jersey,

399 pp.
Bills, Frank Lynn, “Developing Creativity Through Inquiry” Science Education 55 (3] :

417, July-Sept., 1971.

Blosser, Patricia E., “Principles of Gestalt Psyctiofogy and Their Application to Teach-
ing Junior High School Science,” Scrence £ducation, 57 (1) : 43 + 53, 1973.

Brandwin, Watson and Blackwood. Teaching Highschoo! Science A Book of Methods,
Harcourt, Brace and World Incorporation, New York 1058, 568 pp.

Carter, J.C., “The Authoritarian VS. the Inquiry Approach,” School Science & Mathe-
mauc, 33 {6) : 36 « 39, February, 1968.

Compton, Mary Frances, “An Attempt to Foster Creative Thrnking in Teacher,” Dis-
sertation Abstracts, 29 : 164-A, 1968.

Dale, Edgar, Audic *Visual Methods in Teaching, 3rd ed. The Dryden Press Holt, Rine-
hart and Winston Inc., New York, 1969.

Davis Gary A., , “Teaching for Creativity”, Journal of Research and Development in
Education, 4 {3) : 29 34, Spring, 1971.

De Cecco, John 1., The Psychology of Learning and /nstruction, Prentice Hall, Inc.,
Englewood Cliffs, New Jersey, 1968, 800 pp.

De Fleur, Melvin L and Larsen, Otto N., The Fow of Information An Experiment in
Mass Communication, Harper & Brothers New York 1958, 302 pp.

Edwards, Allen L., Statistical Methods for the Behavioural Sciences. Rinehart & Co.
Inc., New York, 1954, 542 pp.

Elkind, David, “Canservation and Concept Formation,” from Elkind and Flavell Studies
i1 Cognitive Development . Essays /7 Honor of Jean Piaget, (pp 177 - 189) 2nd
printing, Oxford University Press New York 1969, 1970, 503 pp.

Elkins, F.S., et al., “An Instructor & Behavioral Objective & Multimedia Success,
Audio Visual Instruction, January, 1970 (1 5) 19 2 1.

Efy, Donald P., “Defining the Field of Educational Technology.” Audio Visua/ Mnstruc-
tion, March 1973, Vol. 18 (3} pp. 52 53.

Ferguson, George A., Siatistical Analysis in Psychology and Education, 2nd - ed. Mc-
Graw Hill New York, 1966, 446 pp.

PC 216 435



Gage N.L., {editro} Handbook of Research on Teaching, 3rd printing Rand McNally
and Co. Chicago 1963, 1964, 1218 pp.

Gagne, Robert M., The Conditions of Learning, N.Y. Holt Rinehart & ‘Winston 1970,
406 pp.

Garrett, Henry Edward, Elementary Statistics, 2nd ed. Mc Kay, New York, 1962, 203
PP.

Garett, Henry E., Staustics in Psychology and Education, McGraw Hill Book Company,
New York, 1966, 538 pp.

Getzels, J.W., and Jackson, P.W., Creativity and iIntefigence, New York, John Wiley
& Sons, Inc.. pp. 455 - 456, 1962.

Gerlach and Ely, Teaching and Media : A systematic Approach, Prentice - Hall, Inc.,
Englewood Cliffs, New Jersey, 1971, 31 2 pp.

Good C.V., Dictionary of Education, 2nd ed. New York McGraw Hill 1959, 676 pp.

Guilford, Joy Paul, Fundamental Statistics n Psychology and £ducation, 3rd edition,
McGraw Hill New York, 1956, 565 pp.

Gordon, Glen, The Delicate Balance ; An Env ronmental Module Interdisciplinary Appro-
aches to Chemistry, An Instructional Progress for High School Chemistry 197 1 -

1972 Trial Edition, Chemistry Associates of Maryland, Inc., 1972, 72 pp.

Hammerman, Donald R., “Outdoor Inquiry,” Instructor, June - July 1970 Volume
79 No. 10 pp. 22.

Heinich, Robert, Audio Visual /nstruction, May 1973, 18 (5} : 46 “Is there a Field
of Educational Communication and Technology,” pp. 44 - 46.

Hesso, Mary, Models and Analogies in Science, Sheed & Ward, 1963 from School
Council Publication 1970.

Hildreth, Gertritde H., Introduction to the Gifted, McGraw - Hill, Inc., 1966, 572 pp.

Huck, Schuyler W., “The Analysis of Covariance : Increased Power Through Reduced
Variability,” The Journal of Experimental Education, 4 1 { 1) Fall 1972 pp. 42 . 46.

The Inquiry Development Project, Proceedings of the Meetings 1970.
James, Helen H., “Effects of Supervisory Methods Upon Development of a Teaching

Strategies by Student Teachers,” Journal of Research in Science Teaching, V.8
w.4 pp. 335 - 338, 1971.

436 PC 216



Keisler, “A Descriptive Approach to Classroom Motivation,” The Journal of Teacher
Education, 1960 {11) : 310 . 315.

Kinder, James, Audio Visuval Materials and Techniques, American Book Company, New
York, 1950.

Krech & Cruchfield, Flements of Psychology, Alfred A. Knopf, New York 1958, 720
PP.

Lewis and Potter, The Teaching of Science ini the £lermentary Schon! 2nd. Edition 1970.

Lindgren, Henry Clay. Psychology, New York, John Wiley & Sons, Inc., 1966, 5860
PP.

Lindquist, E.F., Design and Analysis of Experiment 12 Psychology and Education, 1953,
1956 impression 393 pp.

Lindsmith, A.P. and Strauss A.L., Socia/ Psychology, the Dryden Press Ine., 1957,
703 pp.

MacNemar, Quinn, Psychological Statistics, John Wiley and Sons, Inc., New York
1959, 408 pp.

Miller, James G., “Desiding Whether and How to Use Educational Technology in
the Light of Cose + Effectiveness Evaluation,” in S.G. Tickton, ed. To Improve
Learning, New York, 197 1.

Mitchel Brace, “The Classroom Persuit of Creativity : One Strategy that Worked”
Journal of Research and Development i Fducation, 4 {3} Spring 1971, pp. 57 + 61.

Nielsen, H.A., Methods of Natural Science An /ntroduction, Prentice - Hall, Inc., Engle-
wood Cliffs, New Jersey, 1967, 70 pp.

Kuanpen Kosolsreth, A =study of Parent - Child Relationships in Cognitive Styles, Mas-
ter's Thesis, University of Illinois, 1964, 11 1 pp.

Newton, David E., “Can Science Teaching be Relevant 7" School Science and Mathe-
matics, June 1971, pp. 531 - 534.

National Science Teacher Association, Theory /nto Action : The Conceptual Schema
of Science, NSTA Pamphlet Stock Number 471 - 14282 Washington D.C. 1964.

Okey, James R. and Fiel, Ronald L., Science Process Skifs Programme, Laboratory
for Educational Development [Experimental Edition) Indiana University, Blooming-
ton, Indiana, 197 1.

PC 216 437



Ramsey, Gregor A. and Howe, Robert W., “An Analysis of Research Realted to In-
structional Procedure in Elementary School Science,” Soence and Children, April
1969, pp. 25 - 36.

Ratana Tanboontek, An Analysis of College Teachers’ Conception of Goals, “ The Doc-
torate Thesis. Teachers College, Columbia University, 1967 Kurusapha Ladprao
Press, 1969.

Reed, H.B., “Factors Ihfluencing the Learning and Retention of Concepts,” Journal
of Experimental Psychology, 1946, (36) pp. 71 87.

Richmond, W. Kenneth fed.) The Concept of Fducational Technology, Weidenfeld and
Nicolson, 1970, 254 pp.

Robinson, James T., The Aarure of Science and Science Teaching, Wadsworth Publis-
hing Company, Inc., Belmont, California, 1968, 149 pp.

Sarcj Buasri, A Philosophy of Education for Thailand The Confluence of Buddhism
and Democracy, Ministry of Education, Bangkok, Thailand 1970, 80 pp.

Salstrom, David, “A Comparison of Conceptualization in Two types of Guided Dis-
covery Science Lesson,” 1966 in Ramsey & Howe, Soence and Children, 1969,
p. 32.

Scheme, Alexander, “Science Education and Instructional System,” in Robert A.
Weisgerber {ed.} nsiructional Process and Media nnovation, Rand McNally, Chicago,
1968.

Schumann, John, Communication Techniques, Peace Corps/The Language Research
Foundation. Peace Corps, Washington, D.C. 33 pp. (mim.) no date.

Scott, William A. and Wertheimer, Michael, Introduction t¢ Psychological Research,
John Wiley & Sons, Inc., New York, 1962, 445 pp.

Seares, John E., A System for /nstruction, International Textbook Company, Scranton,
Penn. 1967, 170 pp.

Smith, Edward W. and Others, The Educaror's Encyclopedia, Prentice = Halt Inc., Engle-
wood Cliffs, New Jersey, 1961, 914 pp.

Suchman, J. Richard, (Principal Investigator) The Elementary School 7raming Programme
in Scientific Inquiry, 196 2, 1 2 8 pp.

Suchman, J. Richard, “Inquiry : The Conditions for Inquiry.” The /nstructor, 75 {1)
30 November, 1968.

438 PC 216



Sullivan, Edmund V., “The Issue of Readiness in the Design and Organization of tt..
Curriculum,” Education Technology, April 1970, 10 {4} : 39 . 48.

Sind, Robert B, and Trowbridge, Leslie W., Teaching Science by Inquiry m the Secon-
¢ary School, Charles E. Merril Publishing Co. Columbus Ohio, 1967, 357 pp.

Thorndike, Robert L., Educational Measurement, 2nd Edition pp. 411 415, Washing-
ton D.C. American Council on Education 1971, 768 pp.

Torrance, E. Paul, “Creativity and Infinity.” Journal of Research and Develcpment in
Education, 4 (3}~ 35 - 38, Spring, 1971.

Torrance, E. Paul, Rewriting Creative Behaviour, Prentice .+ Hall, Inc., Englewood Cliffs,
N.J., 1965, 353 pp.

Van Dalen, Deobold P. and Meyer, William J., Understanding Educational Research,
McGraw - Hill Inc., New York. 1966, 525 pp.

Washton, Nathan S., Teaching Science Creatively in the Secondary School, W.B. Saun-
ders Company, 1967, 430 pp.

Weigand, James E. (editor) Developing Teacher (Competencies, Prentice,- Hall Inc.,
Englewood Cliffs, New Jersey, 197 1, 32 1 pp.

Wyck, Wiliam F. Vvan, “Reducing Teacher Resistance to Innovation,” Audio Visual
Instruction, 10 (3) : 90 91, March 197 1.

PC 216 439



=)
=

=.
=2

Weugaudnne lssRunTiuRaw

469 DUUWITANT UDILITRNA LUANTEUAT NTINWY 10200
Ins. 2803542, 2810541, 2813180, 2822114 WWNT 2813181
widlzad esmanu JRuME lsn e 2ss0

U

s {UAY 2539




