
THE EFFECTIVENESS OF TWO TEACHING
STRATEGIES FOR THE ACQUISITION OF SCIENTIFIC

CONCEPTS IN HIGH SCHOOL STUDENTS

Item Type text; Dissertation-Reproduction (electronic)

Authors Carazo Santaliz, Carlos Medardo

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 09:17:49

Link to Item http://hdl.handle.net/10150/289668

http://hdl.handle.net/10150/289668


INFORMATION TO USERS 

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 

University Microfilms International 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 USA 

St. John's Road, Tyler's Green 
High Wycombe, Bucks, England HP10 8HR 



78-2088 

CARAZO SANTALIZ, Carlos Medardo, 1929-
THE EFFECTIVENESS OF TWO TEACHING STRATEGIES 
FOR THE ACQUISITION OF SCIENTIFIC CONCEPTS 
IN HIGH SCHOOL STUDENTS. 

The University of Arizona, Ed.D., 1977 
Education, curriculum and instruction 

Xerox University Microfilms f Ann Arbor, Michigan 48106 



THE EFFECTIVENESS OF TWO TEACHING STRATEGIES 

FOR THE ACQUISITION OF SCIENTIFIC CONCEPTS 

IN HIGH SCHOOL STUDENTS 

by 

Carlos Medardo Carazo Santaliz 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF EDUCATIONAL PSYCHOLOGY 

In Partial Fulfillment of the Requirements 
for the Degree of 

DOCTOR OF EDUCATION 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 7 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recomnend that this dissertation prepared under my 

direction by Carlos Medardo Carazo Santaliz 

entitled The Effectiveness of Two Teaching Strategies for the 

Acquisition of Scientific Concepts in High School Students 

be accepted as fulfilling the dissertation requirement for the 

degree of Doctor of Education 

?~77 
/Dissertation Director Date 

As members of the Final Examination Committee, we certify 

that we have read this dissertation and agree that it may be 

presented for final defense. 

'OJU- P. q-ia-r? 

Final approval and acceptance of this dissertation is contingent 
on the candidate's adequate performance and defense thereof at the 
final oral examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to bor
rowers under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or re
production of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the in
terests of scholarship. In all other instances, however, permission 
must be obtained from the author. 



ACKNOWLEDGMENTS 

Appreciation is expressed to Dr. Joseph D. Gullo, who directed 

this dissertation and was chairman of the Graduate Committee. His 

guidance provided a climate of efficiency and understanding that facil

itated the completion of this endeavor. Appreciation is expressed to 

Dr. Shitala P. Mishra, the dissertation director, who together with 

Dr. Gullo contributed much of their time and effort to the fulfillment 

of this task. Their assistance is gratefully acknowledged. Apprecia

tion is also expressed to Dr. Glen I. Nicholson for his counsel in the 

graduate studies and in the dissertation, and to the other members of 

the Graduate Committee: Dr. Paul J. Danielson and Dr. Oscar Christen-

sen. 

The author is indebted to the principals of Salpointe High 

School, Rev. Vernon Malley, 0. Carm., and of Sahuarita High School, 

Mr. Earl J. Kelly, for allowing use of the facilities of their schools; 

and especially to the science teachers who participated in the study: 

Sister Judith Bisignano, O.P. and Mr. Paul Schubits from Salpointe, 

and Mr. Robert A. Lane and Mr. Larry Christensen from Sahuarita. 

The author is specially indebted to Sister Judith for her 

assistance in the preparation of the experimental materials and in 

carrying out the study. Her precious help is also gratefully 

acknowledged. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF TABLES vii 

LIST OF ILLUSTRATIONS viii 

ABSTRACT ix 

1. INTRODUCTION 1 

Teaching Strategies to Accommodate 
Individual Differences 2 

The Importance of Attitudes toward 
Instructional Strategies 4 

The Need for the Study 4 
The Purpose of the Study 5 
Definition of Terms Used 5 

2. REVIEW OF RELATED LITERATURE 7 
t 

Theoretical Formulations about Teaching 8 
Productive Thinking versus Rote Memory 8 
Accommodation and Assimilation 9 
The Structure of the Intellect 9 

Studies Searching for Teaching Strategies 11 
Strategies for Teaching to Think 12 
Instructional Treatments in Terms of Learning Styles . 14 

Studies Comparing Teaching Methods 16 
The Lecture versus the Discussion Method 17 
Teacher-Structured Method versus 
Independent Problem-Solving Method 18 

Knowledge of Results 20 
Research on the Attitudes of the Students 21 

Research on Attitudes toward Teaching Methods .... 23 

3. METHODOLOGY 25 

Design of the Study 25 
Hypotheses Tested 29 

Hypothesis One 29 
Hypothesis Two 29 
Hypothesis Three 29 

iv 



V 

TABLE OF CONTENTS—Continued 

Page 

Sampling . • 30 
Experimental Material 31 
Procedure 32 
Measuring Instruments 34 

The Achievement Test 35 
The Attitude Inventory 38 

Psychometric Characteristics of the Instrvunents 39 
The Achievement Test 39 
The Attitude Inventory 47 

4. RESULTS 51 

Performance of the Subjects on the Achievement Test ... 51 
Attitudes of the Subjects as Reflected on the 
Student's Reaction Form 53 

5. SUMMARY AND CONCLUSIONS 63 

Summary 63 
Interpretations 66 
Implications for Education 70 
Limitations of the Study 72 
Conclusions 74 

APPENDIX A: THE EXPERIMENTAL MATERIAL 75 

APPENDIX B: SAMPLE OF CARDS USED IN THE 
ANSWER-CENTERED TEACHING STRATEGY 90 

APPENDIX C: THE LABORATORY SHEETS 91 

APPENDIX D: THE ACHIEVEMENT TEST 99 

APPENDIX E: THE ATTITUDE INVENTORY 103 

APPENDIX F: THE RATING SCALE 106 

APPENDIX G: ITEM ANALYSES OF THE ACHIEVEMENT TEST 
IN ITS THREE ADMINISTRATIONS 107 



vi 

TABLE OF CONTENTS—Continued 

Page 

APPENDIX H: FACTOR ANALYSIS OF THE ITEMS OF THE 
ATTITUDE INVENTORY: INTERCORRELATION MATRIX . . Ill 

APPENDIX I: TOTAL SCALE SCORES IN THE ATTITUDE INVENTORY 
(STUDENT'S REACTION FORM) 114 

REFERENCES 119 



LIST OF TABLES 

Table Page 

1. Description of the Sample 31 

2. Science Teachers' Evaluations of the Validity 
of the Items of the Achievement Test 
as Expressed in a Rating Scale 41 

3. Item Analysis of the Achievement Test—Pretest 42 

4. Item Analysis of the Achievement Test—Posttest 43 

5. Item Analysis of the Achievement Test—Retention Test ... 44 

6. Reliability Coefficients Obtained by Spearman-
Brown Prophecy Formula 45 

7. Correlation Matrix for Relationship between the 
Three Administrations of the Achievement Test 46 

8. Factor Analysis of the Attitude Inventory 
(The Student's Reaction Form) 48 

9. Comparisons of the Two Experimental Groups 52 

10. Comparison of the Gain Scores of the Two 
Experimental Groups 54 

11. Comparison of the Two Experimental Groups in Their 
Responses to the Items of the Attitude Inventory 
(The Student's Reaction Form) 57 

vii 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Diagram of the Design of the Study and of the 
Sequence of Experimental Activities 27 

2. Diagram Illustrating the Statistical Tests 28 

3. Mean Number of Correct Responses as a Function 
of the Instructional Treatments and the 
Times in Which the Test Was Administered 55 

viii 



ABSTRACT 

The study investigated the effectiveness of a conventional 

teaching strategy named oral-explanatory (0-E), which is the tradi

tional strategy of lecturing, with one called answer-centered 

(A-C), which is an historically new teaching strategy derived from 

experimental findings based on the learning principle of knowledge of 

results. Both strategies were used to teach the scientific concepts 

of the density of substances to ninth grade students under controlled 

conditions. 

The study also surveyed the attitudes of the subjects toward 

these two strategies used to teach them in the experiment and sought 

to determine if favorable attitudes of the students toward the way 

they cire taught enhance their learning of the material. 

The sample included 204 ninth graders who comprised the entire 

enrollment of the course entitled "Introductory Physical Science" of 

two different high schools in Tucson, Arizona. Eight classes were 

taught by four teachers and each teacher taught one of his classes by 

the 0-E strategy and the other by the A-C strategy. Two experimental 

groups were formed with four classes in each group taught by the same 

strategy. 

The investigation followed a pretest, posttest, retention test 

design for.two experimental groups, using the same test all three times. 

ix 
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The analysis of the data was done using the t test technique. The 

measurement instruments were an achievement test and an attitude inven

tory specially designed for the purposes of the study. These instru

ments were validated by item analyses, experts' and teachers' opinions, 

and factor analysis. The reliability was computed by the split-half 

and test-retest methods. The validity and reliability coefficients 

were found acceptable for the purposes of the study. 

The null hypotheses tested were that there would be no differ

ence between the groups (1) in the knowledge of the concepts taught; 

(2) in the retention of the concepts learned; and (3) in the attitudes 

of the groups toward the strategies by which they were taught. To test 

the first hypothesis, the gain score means from the pretest to the 

posttest of the two groups were compared, and for the second hypothesis 

the gain score means of the two groups were compared in order to ascer

tain gains made by the subjects from the pretest to the retention phase 

of the study. For the third hypothesis, the total scale score means of 

the groups were compared and also the means of the responses of both 

groups in each of the 24 items of the attitude inventory. The results 

showed that statistical differences between the means of the groups 

appeared in the t tests computed, significant at the .01 level of 

probability, in favor of the O-E strategy. 

The rejection of the first two null hypotheses tended to indi

cate that the 0-E strategy facilitated the learning and the retention 

of scientific concepts taught experimentally. The rejection of the 

third null hypothesis tended to indicate that the subjects taught by 



the 0-E strategy had more favorable attitudes toward this strategy than 

did the other group toward the A-C strategy by which they were taught 

in the study. These positive feelings of the subjects toward the 0-E 

strategy were associated with their higher gain scores acquired during 

the experiment. 



CHAPTER 1 

INTRODUCTION 

Educators and psychologists recognize that there are differences 

in the ways individuals learn- Research in the field has traditionally 

been directed toward the differences in intelligence among the learners, 

or to what has come to be called the cognitive factor of the learning 

process. It is only recently that educational research has made some 

progress in identifying and measuring other factors in the process. 

The emergence of this trend in educational research is due in 

part to the influence of the British Open Schools together with similar 

educational experiences in the United States and in other countries. 

The study of learning activities has brought into focus something that 

teachers have always reported: that some students perceive similar 

tasks in different ways; i.e., some children comprehend the lesson 

better through lecturing, while others thrive on independent study; 

some understand concepts better through discussion while others profit 

best from reading; some are able to evaluate information quickly, while 

others need more time to do the same thing; some prefer to analyze data 

in order to arrive at principles inductively, while others prefer to 

learn the principles in order to deduce the facts. 

To individualize instruction according to the learning styles 

and abilities of the students in the classroom has long been a goal of 
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educators. However, teachers in general tend to use one method for 

teaching all their students, without taking into account the differences 

among them. Although the need for individualizing instruction according 

to individual differences has been felt in education for a long time, it 

is only recently that curricula have been changed and teaching practices 

varied to utilize the technique of individualized instruction. 

A current direction in education is an attempt to individualize 

instruction according to the learning styles of the students. This 

movement has brought about the concept of "teaching strategies" which 

implies the use of different approaches for teaching the same material 

in different ways, in order to allow the individual to learn more easily 

according to his natural facility to learn. It became obvious that 

teaching all the students in the classroom with one method does not 

facilitate the development of similar outcomes of learning. Cronbach 

(1967) has suggested that the most adequate way of coping with individ

ual differences might be to alter instructional methods to fit the 

aptitude pattern of the learner. 

The challenge for educators and researchers, then, is to look 

for and employ strategies for maximizing learning. One of the ways to 

accomplish such an instructional goal may be the use of appropriate 

teaching strategies in accordance with an individual's learning mode. 

Teaching Strategies to Accommodate 
Individual Differences 

Riessman (1967, p. 153) in writing about the individual differ

ences in a typical classroom states: 
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In any classroom, probably no two pupils learn the same things 
in the same way at the same pace. Some leam most easily 
through reading; others through listening; still others through 
doing things physically. Some prefer to work under pressure of 
deadlines and tests; others like a more leisurely pace. Some 
learn by being challenged by people ahead of them; others learn 
by helping people behind them. 

The implication of this finding for instruction is that teach

ing strategies should be used to teach every student in the classroom 

according to his natural facility to learn. The successful teacher 

should search for effective teaching strategies for every pupil, improve 

the existing ones, and develop new ones. Teachers who are successful 

with one class may not be as effective with another, and those who work 

well with one child may not be able even to establish rapport with an

other. Some students might attain a high level of comprehension simply 

by reading, while others must supplement or replace reading with hear

ing, verbalizing, or manipulating. Some pupils might learn on a largely 

cognitive level, while others may transform the bulk of their learning 

into effective terms. Words may communicate more to those with linguistic 

facility than to those who need to handle something in order to learn. 

Since students do learn differently, the teacher should employ 

different teaching strategies to allow his students to benefit most from 

the instruction that suits them best rather than forcing them to use a 

way which they do not like or which makes learning more difficult. 

Thus the role of the teacher becomes crucial, since he has to 

offer different alternatives for the student to select the mental opera

tions to be used in learning. This may be the greatest service that a 

teacher can provide for his students. 
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The Importance of Attitudes 
toward Instructional Strategies 

Another important aspect of the learning process which has to 

be taken into account by educators but which commonly is neglected in 

instruction, is the feelings of the learner toward what is taught and 

how it is taught. There is substantial agreement among most schools 

of psychology that the feelings of the students are an important com

ponent of the learning process. Kelley (1965, p. 455) in writing 

about this matter says: 

It has now become abundantly clear, from research and from 
reason, that how a person feels is more important than what 
he knows. This seems true because how one feels controls 
behavior, while what one knows does not. What one knows is 
used in behavior, to be sure, but the way it is used depends 
upon positive or negative feelings. It is possible to be a 
saint or a demon with similar knowledge. 

Since the attitudes of the students affect the acquisition of 

knowledge, the feeling of the students toward the way they are taught 

should be taken into consideration, as positive feelings about subject 

matter and how it is taught will stimulate the students to learn, while 

negative attitudes will hinder learning. 

The Need for the Study 

Even though a great deal of research has been done in the area 

of teaching effectiveness, there are still several issues which cloud 

our understanding of the teaching process which insures maximum educa

tional benefit. Research is available, but it is without regard to 

conceptual models and postulations derived from a specific theory of 

instruction. Writing about instruction, Taba (1966, p. 10) says: 



"Neither a comprehensive theory of teaching nor a set of satisfactory 

conceptual models is available to describe individual teaching acts or 

teaching strategies and their effect on learning." 

Some researchers have tried to test the effectiveness of the 

teaching methods, others have tried to discover the attitudes of the 

students toward the way they are taught. However, only a few research

ers have tried to design new teaching methods derived from learning 

theories and have attempted to test their effectiveness experimentally. 

Research indicates that there is still a need for researchers 

to move in the direction of investigating the effectiveness of new 

teaching strategies under controlled experimental conditions. Such new 

strategies would need to be compared with conventional strategies. It 

is also important to explore the reactions of the students toward vari

ous strategies, in light of the evidence that attitudes toward teaching 

cure related to learning outcomes. 

The Purpose of the Study 

The purpose of this study was to seek answers to two separate 

but highly related questions: one concerning the effectiveness of two 

different teaching strategies for teaching science at the high school 

level; and the other about the attitudes of the students toward these 

strategies after being exposed to them. 

Definition of Terms Used 

The following are the definitions and explanations of the terms 

used in this study: 
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Oral-explanatory strategy—the oral-explanatory teaching strat

egy, as used in this study, is a verbal approach to teaching in which 

basic scientific concepts are defined, explained and illustrated in an 

expository manner. Then the students are given the opportunity to apply 

the learned concepts by performing three laboratory experiments indepen

dently. 

Answer-centered strategy—the answer-centered strategy as used 

in this study is an approach in which the concepts are presented in a 

written form on a set of cards, and the students are to learn them by 

being reinforced with knowledge of results. Once the students have 

learned the concepts they have to apply them in three laboratory exper

iments to be performed independently. 



CHAPTER 2 

REVIEW OP RELATED LITERATURE 

The search for teaching strategies to fit the different learning 

patterns of the students in the classroom is a recent concern in educa

tional research, and it has become a subject for experimental research 

lately. Studies comparing the effectiveness of some teaching techniques 

as measured by the student achievement on tests have been conducted fre

quently, but in the area of the interaction between the variables of in

struction and the learner's characteristics, research is scarce. 

Some studies have tried to determine the attitudes of the stu

dents toward the teaching methods. There are other investigations 

regarding the attitudes of the students toward the school subjects, and 

some other research is available regarding the attitudes of the students 

toward the school and toward the teacher. 

In this section, four areas of research literature in teaching 

are reviewed; namely, (1) conceptual models about the purpose of teach

ing, (2) studies testing the adequacy of some strategies for teaching to 

the different learning styles of the students, (3) studies comparing the 

effectiveness of teaching strategies in the classroom, and (4) studies 

surveying the attitudes of the students toward teaching. 
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Theoretical Formulations about Teaching 

The literature reviewed under this heading consists of theoret

ical formulations about the purpose of teaching. The investigators were 

concerned with the search for more adequate instructional methods. They 

realized the necessity of finding other ways for teaching more effec

tively and encouraging the pupils to make a better use of the knowledge 

acquired. A less constricted view of teaching sought to develop long-

term skills for thinking more productively and for making better appli

cations of learning in their daily lives. 

Productive Thinking versus Rote Memory 

Wertheimer (1945) was among the educators interested in search

ing for different ways of teaching the students in the classroom. He 

carried out some experiments in the school setting regarding what he 

called the productive thinking of the students. He argued that the 

traditional education of his time was dedicated to the inculcation of 

rules by rote memory with the result that the students repeated the 

procedures of the teacher. When the student was confronted with a vari

ation of the problem learned in one way, he was unable to solve it even 

when the same basic principles applied. Wertheimer conducted studies 

in support of his arguments by comparing the techniques employed at his 

time for teaching pupils to find the area of geometrical figures with a 

method devised by him. He found that some students taught by the tra

ditional way to find the area of a rectangle refused to attempt the 

solution or else proceeded with logical but incorrect answers when the 



figure was changed to a parallelogram; while the students taught by his 

method were able to apply the principles correctly on the transformation 

of the figure. 

Accommodation and Assimilation 

Flavell (1963) is another educator who emphasizes the importance 

of teaching the students in school with adequate teaching methods. He 

postulated that the nature of the teaching to which a child is exposed 

in school will determine his intellectual functioning in later years. 

In explaining Piaget's theory of cognitive functioning, he stated that 

the processes of accommodation and assimilation constitute the prin

cipal sources of change and growth at the different mental stages and 

that appropriate teaching methods can lead the student to master ab

stract and symbolic forms of thought more systematically than if he is 

exposed to unsystematic instruction or if he is left on his own. The 

processes of accommodation and assimilation are the mechanisms by which 

the individual interacts with the environment. Accommodation is the 

process of adapting the self to the varied demands and requirements of 

reality, and assimilation is the process of adapting environmental re

alities to the self. Piaget's equilibration model of cognitive develop

ment demands a careful matching between the students' skills and the new 

stimuli presented through systematic instruction. 

The Structure of the Intellect 

Gallagher (1965) selected Guilford's theory of the structure of 

the intellect as a model for the analysis of talented students' thought 
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processes because it provided a theoretical framework for all the cog

nitive processes. Testable hypotheses were formulated about the mental 

processes and operations of the students. Teachers' behaviors that 

best develop these thinking activities were also studied. The verbal 

interaction of gifted students was recorded and analyzed in ten classes 

of junior and senior high school for five consecutive sessions in three 

subjects: English, science, and social studies. He used the mental 

categories developed by Guilford in the verbal interaction, which was 

analyzed in the following categories: cognitive memory, the simple 

recall of content; convergent thinking, the way the students processed 

and analyzed the given data to lead them to correct answers; 

divergent thinking, the intellectual activities in which new perspec

tives and operations are needed for finding more adequate data than the 

one given for solving the problem; and evaluative thinking, the value 

judgments or choices demonstrated in the verbal interactions of the 

students. Gallagher found that cognitive memory was the most prevalent 

in the groups, and that convergent thinking was the second most preva

lent. A small percent represented divergent or evaluative thinking. In 

reference to teaching strategies he found that in some types of students 

the intellectual behavior was largely directed by the teacher and close

ly related to the kinds of questions the teacher asked. He also found 

that other factors, such as the content and the composition of the class 

influenced the nature of the students' thinking. A characteristic which 

was exhibited constantly was the degree of the students' expressiveness 

which seemed not to depend on the teachers, the content, or the 
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classroom interaction. Students who were highly expressive in divergent 

thinking were also high in the other categories. He found no differ

ences between the divergent- and convergent-thinking students because 

the ones who performed well in one also did well in the other, and that 

the intellectual level of the students seemed not to have a significant 

effect on their particular mode of thinking. 

Other theoretical models that provide clues for the teacher 

looking for strategies for matching instruction for the different learn

ing profiles of the students aire expressed by Carroll (1963); Cronbach 

(1967); Siegel and Siegel (1967); and Pervin (1968). All these views 

can generate additional evidence in creating the instructional methods 

best fitted for the learning styles of the pupils. 

Studies Searching for Teaching Strategies 

Some studies will be described in this section in which the in

vestigators were dissatisfied with the kind of teaching offered in the 

school because it failed to promote the mental growth of all the stu

dents. They realized the importance of changing traditional teaching 

to help the students to do some other cognitive tasks in the process of 

acquiring knowledge. These studies pioneered the inquiry into the 

systematic ways to lead the students to use their peculiar styles for 

learning. These strategies encouraged the pupils not only to recall 

the information given to them, but also to process it by their preferred 

intellectual way, according to their potentialities. The experiments 

that will be mentioned emphasize the need for designing instructional 



practices to take advantage of the child's natural propensities to 

learn. They try to demonstrate that the teacher's actions are the most 

important influences in guiding the learning processes of the students 

and that their actions can encourage and develop autonomy in the use of 

their cognitive skills. This literature illustrates ways in which in

struction can be varied to fit the learning styles of the students in 

the classroom. 

Strategies for Teaching to Think 

The most promising studies on teaching strategies for promoting 

cognitive growth in elementary school children were done by. Hilda Taba 

and her associates at San Francisco State College, California. From 

them the term "teaching strategies" has derived its present meaning. 

Her two studies appraised some basic assumptions about the development 

of thought processes in students and examined the effects of planned 

strategies for teaching the students to think. 

The first study (Taba, Levine and Elzey, 1964) established a 

rationale for conceptualizing the process of thinking and the chief 

strategies for teaching it. This study used the concept of "cognitive 

tasks" as the central focus for organizing and integrating teaching 

strategies. The study, entitled Thinking in Elementary School Children, 

structured cognitive tasks in the social studies curriculum of an ele

mentary school in order to develop certain kinds of thought processes 

and cognitive skills in the students. Learning experiences provided 

ways to increase the cognitive development of the students, their 
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inductive reasoning, and their capacity for analysis and abstraction. 

Student achievement was measured in three areas: grouping and classify

ing, making inferences and interpretations, and hypothesizing and pre

dicting. The curriculum focused on fundamental concepts of inductive 

developmental sequence, rather than on a multiplicity of facts. 

The teaching strategies, the especially designed curriculum, 

and the especially trained teachers to develop cognitive processes in 

the students had a significant effect on the performance of the students 

in the classroom discussion and on their capacities to make inferences. 

The students became better data discriminators and more able to make 

inferences in more logical terms. The teachers' questions forced the 

students to think and to hypothesize and seemed to account for improve

ment in readily-made inferences instead of making use of the traditional 

classification of the subject matter. 

The inductive sequence was also effective in determining the 

students' level of thinking. The teachers seemed to control the stu

dents' responses by forcing them to use analysis, evaluation, and in

ductive reasoning instead of depending on memory and recall. The 

students were guided to discover ideas and conceptual organizations on 

their own, and acquired greater control over the information available 

progressively. 

The second study (Taba, 1966) involved 880 intermediate-level 

children from 20 schools in the San Francisco area. Four groups were 

formed: (1) students with one or more years exposure to Contra Costa 

County Social Studies Curriculum—teachers had social studies training; 
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(2) students, newly introduced to Contra Costa curriculum—teachers re

ceived special training during the study; (3) students newly introduced 

to Contra Costa curriculum—teachers were not trained during the study; 

(4) control group—students exposed to their usual social studies 

classes. 

Social Studies Inference Test (SSIT) and Application of Prin

ciples Test (APT), both developed for Taba's earlier study, were used as 

criterion measures. A standardized social studies achievement test, the 

Sequential Test of Educational Progress, Social Studies (STEP), was 

given pre-instruction and post-instruction, and a system of coding and 

analyzing classroom interaction was used. Information from school 

records yielded mental ability scores from a variety of tests. She con

cluded that teachers' actions were one of the most important influences 

in guiding the thought processes of students. These actions could en

courage divergent styles of thought and develop both discipline and 

autonomy in the use of cognitive skills, thereby supporting students 

and giving them freedom to explore alternatives. 

Instructional Treatments in Terms of Learning Styles 

Another attempt to use teaching strategies to fit differences 

among the learners was made in a series of studies carried out by Tall-

madge (1968) and Tallmadge and Shearer (1969; 1971) . They conducted a 

series of investigations aimed at determining whether learning can be 

enhanced by employing instructional treatments different in design as a 

function of the learners' characteristics. They displayed a detailed 
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analysis of several of the major ingredients of complex classroom exper

iences, variation in instructional methods, and differences in learning 

style among the students. They reported two courses: a "logico-

mathematical" subject matter and a "visual discrimination" topic, 

taught by two different instructional methods—"inductively," by build

ing general principles from specific cases, and "deductively" by pre

senting general principles to be applied to specific cases. The 

subjects were divided according to their learning styles: one style 

was characterized by "technological interest, low anxiety and introver

sion," and the other characterized by "social and aesthetic interest, 

high anxiety and extroversion." 

The first study of the series (Tallmadge, 1968) contrasted two 

experimental versions of a one-week course. It produced no significant 

interaction between the instructional method and the learner's charac

teristic variables, although some indirect evidence was produced sug

gesting that the nature of the material to be learned was critical and 

needed to be examined as a separate, independent variable. This hypoth

esis was the basis for the other studies (Tallmadge and Shearer, 1969; 

1971). In the first of these studies, significant learning style effects 

were obtained in terms of instructional treatments interactions. In the 

other study they also found a significant learning style effect but 

failed to verify the interactions of their earlier research. 

Tallmadge and Shearer (1969) added differences in subject matter 

to the analysis of the interaction between instruction and individual 

differences. They found significant relationships between learner 
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characteristics and instructional methods, and also found that the na

ture of the relationships changed as a function of the subject matter 

taught. The subjects showing the extroverted learning style, with 

technological interest and low anxiety performed best when the mathemat

ical subject matter was taught inductively and when the visual discrim

ination course was taught deductively. In contrast, the subjects with 

the introverted learning style with social interest and high anxiety 

performed best when the mathematical subject was taught deductively and 

when the discrimination course was taught inductively. 

In a recent study, Coop and Brown (1970) tried to determine the 

effect of teaching methods and learning styles on three different 

aspects of the subject matter: factual content, conceptual generaliza

tions and total content. They found that a teacher-structured method 

of instruction was significantly superior to an independent-problem-

solving method on the three dependent measures of subject achievement. 

Studies Comparing Teaching Methods 

The most frequently investigated area of teaching at present is 

the interaction between variables of instruction and the student's 

achievement as measured by a criterion test. Many teaching methods have 

been compared one to another in the different subjects, such as the ex

pository method; class recitation; independent study; programmed in

struction; and the teacher-structured methods in which various techniques 

executed by the teacher have been compared with the problem-solving 

methods in which the students learn by themselves and the teacher is not 

directly involved in instruction. 
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The various researches summarized in the following section are 

investigations of the same teaching methods utilized in this study. 

The Lecture versus the Discussion Method 

Oral teaching has been compared with many other teaching meth

ods. The lecture has been one of the variables more often studied by 

educational researchers. It has been compared mostly with the class 

discussion method but it also has been compared with the student's 

independent study combined with other techniques. 

The lecture has been compared to class discussion with contra

dictory results. Spence (1928) found superiority of the lecture over 

class discussion in a class of educational psychology with 150 students 

in groups of 15 each. Remmers (1933) and Ruja (1954) also found the 

lecture method to be generally superior to the discussion method. 

Bills (1952); Stern (1953); Eglash (1954); and Maloney (1956) 

found that neither the lectvire nor the discussion method was better in 

terms of achievement. Ward (1956) compared a highly structured and 

authoritarian lecture presentation with a small group method in which 

the students structured the content. The results showed that high abil

ity students did better in the group situation, but low ability students 

did better when taught by the lectvire. McKeachie (1963) found that the 

discussion method was superior to the lecture method when the objective 

was to change some attitudes in the students. 

Troost and Morris (1971) compared the relative effectiveness of 

three instructional approaches: lecture, videotaped demonstration, and 

linear' program, as evaluated by results on a criterion test and found 
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that none of the three was significantly better than the other in pro

moting conceptual understanding of the material. 

Teacher-Structured Method versus 
Independent Problem-Solving Method 

A number of studies (Barnard, 1942; Novak, 1958; Lyle, 1958; 

and Hurst, 1963) compared the teacher-structured method, in which the 

lecture is included, with the independent problem-solving method. The 

results suggested that the problem-solving method was generally inferior 

to the more conventional teaching methods when factual content acquisi

tion was used as the dependent measure; nevertheless, there did not 

appear to be sufficient evidence to support this finding conclusively. 

It is evident from these studies that most researchers investigating 

differences in the effectiveness of teaching methodologies fail to con

sider, with the exception of intelligence, any other variable. 

Friend (1970) tried to determine whether a teacher-directed 

method of teaching science to eighth graders was superior to a pupil-

inquiry method for the same curriculum. He also tried to determine 

whether the bright pupils taught by one method differed from the bright 

pupils taught by the other method, and if the average pupils differed 

in their achievement of the experimental subject matter on account of 

the different methods of teaching. The teacher-directed method con

sisted of developmental lessons, teacher demonstrations, recitation, 

and laboratory work by the pupils with emphasis on the presentation of 

information by the teacher and demonstrations to illustrate the science 

principles and facts. In the pupil-inquiry method the students were 
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active rather than passive at the receiving end of the instruction, 

manipulating materials, making observations, carrying out investigations 

and interpreting the results. The teacher served as an assistant to the 

pupils' inquiries. He found the pupil-inquiry method significantly more 

effective than the teacher-directed method in developing students' 

understanding in both classifications: bright and average. He also 

found that neither method was superior in developing critical thinking 

in either classification. 

In regard to these teaching approaches there were also contra

dictory points of view. Suchman (1960) indicated that learning by dis

covery not only reinforces the method but also strengthens the learning 

as well. Knowledge obtained in this way is more clearly formed, is 

more functional, and is retained longer than the one learned from teach

ing. Renner and Ragan (1968) state that learning by discovery not only 

develops the rational powers of the child's mind, teaches him the struc

ture of the discipline and lets him experience the tremendous thrill 

that accompanies scientific investigation, but also that knowledge 

achieved by discovery will be considered by him as the most significant 

of all that he has. 

On the other hand, Smith (1950) has pointed out that usual 

classroom treatment of problem-solving fails to consider the logical 

validity of the resulting product. The deficiency, according to him, 

is caused by the failure of psychologically-oriented analysis of think

ing to consider the logical operations that individuals must perform in 

the content. Thus, the process of fact-finding may end in irrelevant, 
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inadequate, or poorly interpreted data especially since the students 

often select problems which are not worthy of study. 

Knowledge of Results 

Knowledge of results, or informational feedback, as the prin

ciple is also known, has been found to enhance the performance of some 

intellectual tasks in the students. It is normally used in the class

room setting, but not in a systematic way as a specific method of 

teaching. 

Informational feedback has its root in other types of rein

forcement utilized commonly in the classroom as, for example, praise and 

criticism. Hurlock (1925) demonstrated that praise and reproof affected 

significantly the performance of students in a classroom situation. 

Thorndike (1935) demonstrated the effectiveness of the words "right" and 

"wrong" in increasing the frequency of the response. Since then there 

have been consistent research findings about the reinforcing effect of 

these two words in teaching simple concepts and in problem solving. 

Research evidence shows that teachers regularly use praise and criticism 

for the classroom performance of the students, but this kind of rein

forcement is used according to the judgment of the teachers, their per

sonality characteristics, and the needs of the students. 

Studies conducted by Bourne and Pendleton (1956), Chansky 

(1960), Sassenrath and Garvarick (1965), and Cameron (1966) showed that 

retention was related to the amount of information provided in the form 

of knowledge of results. Sax (1969) obtained some evidence indicating 

that the best use of knowledge of results was made when the feedback to 



the learner was immediate. In a survey of knowledge of results, Amnions 

(1956) concluded that immediate knowledge of results is a dependable 

principle of learning. 

Oliver and Taylor (1970) tried to determine the effects of 

knowledge of results on the immediate retention of the teaching of so

cial studies. One method incorporated immediate knowledge of the cor

rect response while the other provided no knowledge of results. They 

used 23 matched pairs of slow eighth grade students. The variables 

upon which the subjects were matched were age, sex, level of ability, 

and scores on social studies achievement tests. They found that the 

provision of knowledge of results had no significant effect on the 

retention of the accelerated subjects, but had a positive and signifi

cant effect on the retention of the slow subjects. 

Research on the Attitudes of the Students 

Most of the relevant empirical studies relating to the attitudes 

of the students do not regard the reactions of the students as a cri

terion measure for the evaluation of the effectiveness of a particular 

teaching method. Commonly, they use other criteria such as the acquisi

tion of knowledge, transfer of learning, and creativity. For the selec

tion of instructional methods other considerations apart from the 

attitudes toward them aire taken into account: the objective of the 

lesson, the availability of instructional materials, the grade level of 

the students, and the nature of the learning tasks. Since the students 

are the most concerned persons in the learning process, their attitudes 
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toward the teaching methods employed with them should be an important 

aspect to be considered in teaching them. 

It is a common belief that favorable attitudes of the students 

contribute to learning, but according to Jackson (1968) no substantial 

body of empirical knowledge has been developed to document such a 

belief. In a review of this subject he concluded that nearly all inves

tigations of the matter have found no statistical significant relation

ship between attitudes toward school and school achievement. 

In relation to the attitudes of the students toward school sub

jects and their achievement on such subjects, Bassham, Murphy and Murphy 

(1964) reported more favorable attitudes toward mathematics in sixth 

grade students classified as overachievers than in ones classified as 

underachievers. 

Neale, Gill, and Tismer (1970) suggested the possibility that 

while overall attitudes toward school may have no relationship to 

achievement, perhaps attitudes toward specific subjects may have a rela

tionship. In their investigation of this possible relationship between 

attitudes toward specific school subjects, they looked for significant 

correlations between social studies, arithmetic, science and reading, 

and took measures of the students' achievement in those subjects. For 

boys, attitudes and achievement were significantly correlated for social 

studies, arithmetic, and reading. For girls, attitudes and achievement 

were significantly correlated for reading. In the case of pretest 

scores the relationship wds sufficient to make correlations between 

composite attitudes and achievement significant. 
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Research on Attitudes toward Teaching Methods 

Babikian (1971) measured the reactions of junior high students 

to the effectiveness of three methods of teaching: the expository meth

od, the laboratory method, and the discovery method. It was hypoth

esized that students consider all the three methods equally interesting, 

clear, easy, and good. 

The subjects were 250 eighth grade students assigned to three 

teachers, each teacher having 82 students. The students of each teacher 

were divided into three homogenous classes: fast, average, and slow. 

Each class consisted of equal numbers of boys and girls. The three 

classes assigned to each teacher were instructed by one of the three 

methods. The students had to evaluate the methods as interesting or 

boring, easy or difficult, clear or confusing, and good or bad. 

The expository method was the method of instruction by which 

the teacher presented the science concepts verbally to the learner. 

The concepts were stated first, and then examples were given for fur

ther clarification or meaningfulness. The laboratory method was a 

method of instruction in which the teacher presented the science con

cepts as well as the procedural instructions for their verification in 

a printed laboratory manual, and provided each subject with all the 

equipment necessary for the verification of the concepts. The teachers 

stated the concept first, and then the procedure was described for 

their verification. The discovery method was the method of instruction 

by which the teacher presented the procedural instructions for the dis

covery of the unstated concepts in a printed manner, and provided the 
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students with all the necessary laboratory equipment to discover the 

concepts by themselves. 

The results showed that most of the subjects considered the 

expository method as the easiest, the clearest, and the best method of • 

science teaching. The girls evaluated the expository method as signif

icantly more interesting than the discovery method; all the treatment 

groups evaluated the expository method as significantly clearer than 

the laboratory method; and the boys, the low I.Q. students and the 

entire group evaluated the expository method as significantly better 

than the laboratory method. 

The research reviewed suggests a need to look for teaching 

strategies to facilitate the acquisition of knowledge according to 

individual differences, a need to investigate the effects of different 

teaching strategies on the learning styles of the students, and a need 

to investigate how the students feel about the ways by which they are 

taught. 

With these purposes in mind, this study moved in the direction 

of studying the effectiveness of a new teaching strategy as compared 

with an older one, and surveyed the reactions of the subjects to both 

methods after they were taught with them under controlled experimental 

conditions. 



CHAPTER 3 

METHODOLOGY 

This chapter presents the methodology of the study including 

the design, the hypotheses tested, the sampling procedures, the material 

selected, the procedures followed, and the preparation of the measuring 

instruments—an achievement test and an attitude inventory. 

Design of the Study 

The investigation followed a pretest, posttest, retention test 

design for two experimental groups, using the same test three times. 

'The sample consisted of eight classes of ninth graders. These 

classes were taught by four teachers, each teacher having two classes. 

The teachers taught each of their two classes with a different approach, 

one by the "oral-explanatory" teaching strategy, and the other by the 

"answer-centered" strategy. Two experimental groups were formed from 

the total sample by dividing the eight classes in two groups of four 

classes each. The four classes taught by the oral-explanatory method 

formed the experimental group #1, and the remaining four classes taught 

by the answer-centered method formed the experimental group #2. 

The two groups were measured in achievement at the beginning 

and at the conclusion of the study, and again one week after the 

termination of the study. The pretest intended to determine the sub

ject's knowledge of the selected scientific concepts to be taught 

25 
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before the experiment. The posstest was used to determine the subject's 

knowledge of the concepts attained during the experiment. The retention 

test intended to determine whether a particular strategy had facilitated 

the retention of the concepts taught during the experimental teaching 

sessions. The attitude inventory was administered at the end of the 

treatment to measure the reactions of the subjects toward the two dif

ferent teaching strategies used with them during the experiment. 

The design of the study and the sequence of experimental activ

ities are illustrated graphically in Figure 1. 

The experiment was carried out at Salpointe High School and at 

Sahuarita High School, both located in Tucson, Arizona. The sequence 

of experimental activities was: first, the administration of the pre

test before the experimental teaching sessions started; second, five 

consecutive class sessions of 50 minutes each; third, the administration 

of the posttest, immediately after the experimental teaching sessions 

ended; and fourth, the administration of the retention test and the 

attitude inventory, one week after the posttest in both high schools. 

The scores of the subjects on the test were the total number of 

items answered correctly. The mean score of the two experimental groups 

was compared using the statistical technique known as "t test." Five 

comparisons were performed looking for significant differences between 

the means of the two groups. The five comparisons are explained 

graphically in Figure 2. 
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Method 1. Oral-Explanatory Teaching Strategy 

Pretest > > Exposed to Concepts 
(Initial Expository Session} 

Laboratory Work: Based on 
oral explanations received 
(three experiments) 

> > 
Posttest 

Students' Reaction Form 4" 

one week I 
Retention Test 

Method 2. Answer-Centered Teaching Strategy 

Pretest Exposed to Concepts 
(Initial Expository Session) 

—) 

Laboratory Work: Based on 
knowledge of results teaching 
(three experiments) 

Posttest 

one week 

Students' Reaction Form 

I 
Retention Test 

Figure 1. Diagram of the Design of the Study and of the Sequence 
of Experimental Activities 
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t test #1 t test #2 t test #3 

Group 1 

Group 2 

Pretest 
Mean 

t 

Pretest 
Mean 

Posttest 
Mean 

t 

Posttest 
Mean 

Retention 
Test Mean 

t 

Retention 
Test Mean 

t test #4 , t test #5 

Group 1 

Group 2 

Gain Score Mean 
Pretest to 
Posttest 

Gain Score Mean 
Pretest to 
Posttest 

Gain Score Mean 
Pretest to 

Retention Test 

Gain Score Mean 
Pretest to 

Retention Test 

Figure 2. Diagram Illustrating the Statistical Tests 

Gain score: 
1. The difference between the pretest and the posttest scores of 

each subject of the two groups. 
2. The difference between the pretest and the retention test 

scores of each subject of the two groups. 

Gain score mean: the average of the gain scores of a given group. 



Hypotheses Tested 

The following hypotheses were formulated: 

Hypothesis One 

There is no significant difference between the gain scores from 

the pretest to posttest in the two experimental groups. 

Hypothesis Two 

There is no significant difference between the gain scores from 

the pretest to the retention test in the two experimental groups. 

Hypothesis Three 

There is no significant difference between the two experimental 

groups in the attitudes of the subjects toward the two different teach

ing strategies used in the study. 

To test the stated hypotheses, t tests were computed. First, 

the pretest means of the two experimental groups were compared. Second, 

the posttest means of the two experimental groups were compared, and 

third, the gain score means of the two experimental groups, from the 

pretest to the posttest, and from the pretest to the retention test, 

were compared. 

Relative to hypothesis three, a t test was run for each of the 

24 items of the attitude inventory, and another was used to compare the 

means of the total scale score of both groups. The mean of the re

sponses of Group 1 to one item was compared to the mean of the responses 

of Group 2 for the same item. Each item was checked for a significant 
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difference between the groups in attitudes toward the teaching strat

egies used with them. 

Sampling 

The subjects for the study were 204 students selected from two 

high schools in Tucson, Arizona. The sample was the total enrollment 

of the ninth grade science classes of these schools in Introductory 

Physical Science. The eight classes were taught by four teachers, each 

of whom taught two sections of the course. Each class was taught with 

a different strategy by the same teacher. The number of students in 

each class was as follows: the first teacher had two classes of 27 

students; the second had 26 students in his classes; the third had 25 

students in each of his classes; and the fourth had two classes of 24 

students. 

Students with language handicaps and reading problems as deter

mined by tests and the teacher's opinions were eliminated from the 

study. Also, those students who did not attend all the experimental 

sessions were eliminated. 

The high schools from where the sample population was selected 

were representative of two school districts of Tucson, Arizona. To 

insure competency in the teaching of science in the study, the teachers 

selected were high school science teachers certified by the State of 

Arizona, each with a master's degree from an accredited college. 

Table 1 represents the composition of the sample and schools. 
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Table 1. Description of the Sample 

Schools Males 
Group #1 
Females Total Males 

Group #2 
Females Total 

Salpointe 
High School 25 28 53 30 23 53 

Sahuarita 
High School 23 26 49 21 28 49 

Totals 48 54 102 51 51 102 

Experimental Material 

The material selected to be taught in the study (see Appendix A) 

was the section "Density" of the unit Characteristic Properties of Sub

stances from the Introductory Physical Science course. This course was 

designed especially for the ninth grade by the Introductory Physical 

Science Group, a part of the Physical Science Study Committee of the 

Educational Development Center, Inc. (I.P.S. Group, Educational Devel

opment Center, Inc., 1967a, Chapter 3, Sections 3-1, 3-2, 3-3, 3-4, and 

3-5 of the textbook, pp. 28-32; and Sections 3-1, 3-2, 3-3, 3-4, and 3-5, 

Teacher's Guide, I.P.S. Group, Educational Development Center, Inc., 

1967b, pp. 45-57). 

Introductory Physical Science is a year-long course in physical 

science in which experts in the field have agreed as to the skills, 

knowledge and understanding that comprise the correct and effective use 

of physical science in daily life. The acquisition of these scientific 

skills and knowledge are the maximum objectives to be achieved through 
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science instruction in high school. The course was designed to give all 

the students a beginning knowledge of physical science and to offer them 

an insight into the means by which scientific knowledge is acquired. 

This course is one of the most used in the schools of the nation to 

teach science to students of the ages included in the sample. 

The concept of density was selected for the study because ac

cording to the science teachers involved, it is one of the most repre

sentative concepts of the course of physical science. The unit of the 

characteristic properties includes the concepts most commonly taught 

in the science classes of the nation to ninth grade students. 

Procedure 

The two groups had an initial expository session, consisting of 

the first two class periods, in which the selected curriculum was 

taught by a different strategy to each group. 

Under the oral-explanatory strategy the teachers presented the 

selected concepts to the subjects of Group 1 in the expository session 

by defining and illustrating them orally. Examples and clarifications 

of the concepts could be offered by the teachers at that time, but by 

means of verbal communication only. This strategy did not allow the 

use of any audiovisual material. 

Under the answer-centered strategy the same teachers presented 

the concepts to Group 2 in a written form in a set of cards (see 

Appendix B) in the expository session. These concepts presented to 

Group 2 in writing on a set of cards were the same as those presented 

orally to Group 1. Basically, the same definitions of the concepts 



33 

were given to both groups (see Appendix A). Each card contained the 

definition of a single concept stated in a descriptive form with three 

options, of which only one was correct. The subjects had to look for 

the option that completed the statement correctly, and after making 

their selections, they had to check them with the correct one that was 

written on the back of each card. Under this strategy the teachers 

merely created an adequate atmosphere for the subjects to learn the 

concepts by themselves from the cards. The teacher's involvement in 

the teaching was limited to the reading of the instructions at the 

beginning of the expository session. The teachers then distributed 

the material and checked to see that the subjects carried out the pro

cedure as prescribed. The teachers stayed in the rooms for the whole 

period, but without speaking to the subjects about the material taught. 

No other audiovisual material, except the cards, was allowed under this 

strategy either. 

The instructions were as follows: "Today you will have the 

class in a new way. You are going to learn the material of today's 

lesson by yourselves. I will give you a set of cards in which the con

cepts of the Characteristic Properties of Substances are explained. 

Each card has the written explanation of a concept with three options 

of which only one was correct. You have to decide which option is the 

correct one, and after making your selection you have to check it with 

the correct answer to the statement that is written at the back of the 

card. In this form you will work during the whole period to learn the 

concepts by yourselves. I will stay in the room all the time but I will 



not talk to you about what is written on the cards, nor answer any 

questions." 

After the selected scientific concepts were presented in the 

expository sessions, a chance was given to the subjects of both groups 

to verify their knowledge obtained from the controlled experimental 

teaching in a practical laboratory situation. The subjects of both 

groups worked by themselves in three experiments as prescribed by the 

textbook and the Teacher's Guide (I.P.S. Group, Educational Development 

Center, Inc., 1967a, -b). In the third class period they worked indi

vidually on the experiment, The Density of Solids (Section 3-2, pp. 28-

29, and 46-52). In the fourth class they worked on the experiment, The 

Density of Liquids (Section 3-3, p. 29, and 52-54); in the fifth and 

last class of the study they worked on the experiment, The Density of a 

Gas (Section 3-4, pp. 29-31, and 54-56). A laboratory sheet (see 

Appendix C) was given to all the subjects at the beginning of these 

sections containing the description of the experiment and the procedural 

instructions to carry it out. Each subject was provided with the equip

ment and materials necessary for each experiment and they worked indi

vidually under the passive supervision of the teacher who remained in 

the rooms watching the subjects only to follow the procedures indicated 

in the laboratory sheet. The teachers were not allowed to teach or 

explain anything during these sessions. 

Measuring Instruments 

No standardized instruments were available to be used as cri

terion measures, so it was necessary to prepare two measuring 
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instruments especially for the purposes of this study. To measure the 

effectiveness of the utilized teaching strategies in terms of the sub

jects' knowledge of the concepts taught during the experiment, a 24-item 

achievement test was developed using a multiple-choice format (see Ap

pendix D). To survey the reactions of the subjects toward the two 

teaching strategies used with them during the study, an attitude inven

tory was devised using a 5-point scale (see Appendix E). The validation 

of these instruments was done by the conventional statistical methods. 

The Achievement Test 

The test of this study was prepared similar to the way in which 

most ninth grade teachers of the nation prepare a test to measure the 

achievement obtained by the pupils after a unit like the one used in 

the experiment has been taught. It was done in pencil-and-paper and in 

a multiple-choice format because this was the type of test most familiar 

to the subjects. The multiple-choice items consisted of two parts: the 

stem, which presented a problem, and four possible answers or choices. 

The stem was presented in an incomplete statement. The difficulty of 

the items depended on the difficulty of the material and of the process 

called for by the item. Choices which were so obviously wrong that no 

one would choose them were left out. 

An effort was made to balance out the content and difficulty of 

the items in alternative levels, grouping the items in pairs of similar 

form, content, and difficulty. 

The same test was given to both experimental groups and it 

covered the same experimental curriculum (see Appendix A) which 
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provided the subjects with the same opportunity to make a good score. 

It was assumed that the scores of the subjects in the test would demon

strate their achievement of the experimental teaching unit. 

It was necessary to check the validity and reliability of the 

achievement test prior to its use in the experiment. With this purpose 

in mind a pilot study was conducted one year before the experiment, in 

which the internal consistency of the test, the discrimination indices 

and the difficulty level of the items were calculated. The pilot study 

was done in an identical way to the study and the test was tried out at 

that time. 

A preliminary pool of 60 items was prepared directly from the 

content of the experimental teaching unit. Content validity was sought 

by selecting the content of the items exclusively from the scientific 

concepts included in the unit as explained by the experts in the text

book and in the teacher's guide. The items were prepared on the basis 

of a careful examination of the content of the unit. All concepts in

cluded in the unit were transformed to items forming a collection that 

broadly represented the experimental curriculum. The tasks requested 

by the items gave the subjects the opportunity to demonstrate their 

skills, knowledge, and understanding of the material. 

After the items were written, they were given for review and 

criticism to the four science teachers participating in the study. 

These teachers located factual errors and inadequacies which were then 

eliminated from the item pool. 

The items included in the tryout test were selected on the 

basis of a random sampling from the pool. A systematic effort was made 
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to insure that every topic included in the unit had the same chance to 

appear as an item of the test. Forty-eight items were selected for the 

preliminary test. 

The test was administered in the pilot study to a sample of 

about 300 ninth graders who were taking the Introductory Physical Sci

ence course one year before the experiment in the same schools. 

Two item analyses were done after the pretest and the posttest 

of the pilot study to determine the internal consistency of the test, 

the discrimination indices of the items, and their difficulty level. 

The criterion for the discrimination power in the analyses was 

the point biserial correlation between the correct response to an item 

and the subject's total score. A correlation coefficient of .30 was 

selected as the point of demarcation below which the items did not 

correlate sufficiently to guarantee internal consistency. All the items 

selected for the final test had a correlation coefficient of .30 or 

above. These provisions intended to assure valid discriminations be

tween the subjects at all levels of achievement. 

The other criterion for the. selection of items was the diffi

culty level. The selected items had a difficulty level ranging from 

.30 to .70. This provision helped to insure that the selected items 

could discriminate between subjects with high and low scores. 

Of the 48 items administered to the students in the pilot study, 

24 were retained after the analyses. The items accepted for the final 

test had reasonably high intercorrelations and displayed desirable lev

els of difficulty. In the final form of the test the items were grouped 



in pairs alternating them by their form, content and validity. Items 

too easy and too difficult were eliminated and the easiest of the re

tained items were placed first. 

The Attitude Inventory 

Consistent with the emotional insight to learning described pre

viously, this study intended to measure the attitude of the subjects 

toward the two strategies utilized to teach them. A new instrument was 

necessary because the ones available were not adequate for this purpose. 

A 24-item attitude inventory was developed using a 5-point scale in 

which the subjects rated the items ranging from (1) strongly agree to 

(5) strongly disagree. The items intended to measure some instructional 

variables that had been recently associated by some educators with the 

promotion of the learning process. These variables are: the stimu

lation brought about by the teaching practices, the preparation and 

organization of the material, the clarity of communication, and the in

volvement of the students in the learning tasks (Gage, 1963, 1973; 

Rogers, 1969; Hoyt, 1969a, McKeachie, 1969, 1971; Suchman, 1962; and 

Berlyne, 1960). The items of the attitude inventory surveyed the sub

jects' opinions about the appropriateness of the teaching procedures, 

its stimulation for inquiry and discovery, and its effectiveness as 

compared with the regular classroom teaching. The groups rated the 

motivational value of the strategy used to teach them and the emotional 

factors excited by the teaching approach. They also rated the prepa

ration and organization of the teaching activities, the ways of commu

nication, and their learning and retention of the material. 
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The validity of the attitude inventory was established by means of a 

factor analysis. The factorial composition of the measure intended to 

show its content and construct validity. Regarding content validity, 

the analysis provides ways to improve the instrument by suggesting un

wanted factors. Regarding construct validity, the analysis shows the 

internal structure of a set of variables trying to measure a construct, 

and the statistical cross-structures between different measures of one 

construct and those of other constructs. 

The estimates of reliability of the attitude inventory based 

on the average correlation between the items and the number of items 

was determined by using the Kuder-Richardson formula (KR-20). 

Psychometric Characteristics of the Instruments 

The Achievement Test 

One of the most important qualities to be sought in an achieve

ment test is to measure directly the performance of the subjects in a 

specific domain of knowledge. The test must stand by itself as an 

adequate measure of what it is supposed to measure, and that, in itself, 

is the criterion of performance. Content validity should be ensured by 

the plan and procedures of construction of the test (Nunnally 1967). 

For this reason considerable efforts were taken to insure the selected 

items had content validity before they were used in the final test. 

Content validity is assured also if potential users of the test, as 

well as experts in the particular subject, agree that the content of 

the items broadly represents the unit of instruction and the specific 
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domain of knowledge. For this reason, professional evaluation of the 

items was used to establish the validity of the test. Science teachers 

who were teaching the course Introductory Physical Science in the ninth 

grade in the schools of Tucson, Arizona at the time of the study were 

requested to evaluate the validity of the items of the test. A 5-point 

rating scale was prepared specifically for this purpose (see Appendix P). 

The teachers rated the items ranging from (1) strongly valid to (5) 

strongly invalid. These ratings are summarized in Table 2. 

Results shown in Table 2 indicate that almost all the partici

pating science teachers rated the items of- the achievement test from 

valid to strongly valid. The exceptions to these ratings were: items 

#15, #16, and #17 that were rated by one teacher as fairly invalid, and 

items #18 and #23 that were rated by two teachers as fairly invalid. 

To determine the internal consistency of the achievement test 

item analyses were done after its three administrations in the study 

(see Appendix G). The results of these analyses are shown in Tables 3, 

4, and 5. The results of the three analyses of the 24-item test (with 

each item used three times) indicate that 21% had a reliability coeffi

cient from .58 to .50; 35% had a coefficient between .49 and .40; 27% 

had a coefficient from .39 to .30; 15% had a coefficient from .29 to 

.20; and approximately 2% had a coefficient less than .20. 

Of the items used in the administrations of the test, 83% had a 

reliability coefficient ranging from .58 to .30, and 17% had a coeffi

cient lower than .30. Only 2% of the items had a coefficient lower than 

.20. Thus the results tend to indicate that the achievement test used 
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Science Teachers' Evaluations of the Validity of the Items 
of the Achievement Test as Expressed in a Rating Scale 

Ratings 
Strongly Fairly Fairly Strongly 
Valid Valid Valid Invalid Invalid 
(1) (2) (3) (4) (5) 

Frequency Frequency Frequency Frequency Frequency 

10 0 0 0 0 
8 1 1 0 0 
9 1 0 0 0 
7 3 0 0 0 
9 1 0 0 0 
6 2 2 0 0 
5 3 2 0 0 
8 2 0 0 0 
6 3 1 0 0 
3 5 2 0 0 
5 5 0 0 0 
3 6 1 0 0 
5 5 0 0 0 
7 3 0 0 0 
2 3 4 1 0 
3 4 2 1 0 
1 6 2 1 0 
0 4 4 2 0 
6 3 1 0 0 
2 6 2 0 0 
2 7 1 0 0 
4 2 4 0 0 
2 4 2 2 0 
1 7 2 0 0 
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Item Analysis of the Achievement Test—Pretest 

Reliability Coefficient 
.20 to .29 .30 to .39 .40 to .49 .50 to .59 

.34 
.28 

.30 

.37 

.32 

.25 
. 22  
.25 

.25 
.35 

.25 
.22 

.31 
.26 

.38 

.45 

.44 

.42 

.47 

.46 

.41 

.53 

.45 

.46 

8 items 7 items 8 items 1 item 

.33 .30 .33 .04 



43 

Table 4. Item Analysis of the Achievement Test—Posttest 

Reliability Coefficient 
Items -10 to *20 to .29 .30 to .39 .40 to .49 .50 to .59 

1 .42 
2 .40 
3 .48 
4 .51 
5 .36 
6 .53 
7 .50 
8 .35 
9 .56 
10 .26 
11 .35 
12 .57 
13 .58 
14 .40 
15 .54 
16 .53 
17 .40 
18 .15 
19 .12 
20 .54 
21 .45 
22 .53 
23 .50 
24 .57 

Totals: 2 items 1 item 3 items 6 items 12 items 

% .08 .04 .13 .25 .50 
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Item Analysis of the Achievement Test—Retention Test 

Reliability Coefficient 
.20 to .29 .30 to .39 .40 to .49 .50 to .59 

.34 
.47 

.30 

.32 
.50 

.46 

.49 

.41 

.48 
.21 

.37 

.32 
.46 
.41 
.49 

.39 
.46 

.38 
.29 

.38 

.37 
.41 

.50 
.43 

2 items 9 items 11 items 2 items 

.08 .38 .46 .08 
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as the dependent variable in this study had an acceptable level on in

ternal consistency. 

The results of the item analyses (see Appendix G) show also that 

89% of the discrimination indices of the items ranged from a correlation 

coefficient of .53 to .20. Since the point-biserial correlation formula 

can be said to be a combined measure of item-criterion and of difficulty 

level (Henryssen 1971), it can be concluded that the test was able to 

measure some differences in ability between the subjects. 

The reliability of the instrument was computed by the split-

half procedure using the odd-even technique for dividing the test into 

two equal halves. For each administration of the test, the number of 

correct responses to the even-number items were compared with the number 

of correct responses among the odd-number items. The odd-even scores 

were used to calculate the product-moment correlation coefficient. The 

Spearman-Brown Prophecy formula was used to estimate the total test 

reliability from the comparables halves; the reliability coefficients 

obtained by this method are shown in Table 6. 

Table 6. Reliability Coefficients Obtained by Spearman-Brown 
Prophecy Formula 

Administration of the Test Reliability Coefficient 

Pretest 

Posttest 

Retention Test 

.53 

.78 

.68 



To further support the reliability of the 24-item test, since it 

was administered three times, test-retest reliability coefficients were 

also computed by the product-moment correlation method using the Kuder-

Richardson formula (KR-20). The results obtained from the three admin

istrations were intercorrelated. The 3x3 intercorrelation matrix is 

presented in Table 7. 

Table 7. Correlation Matrix for Relationship between the Three 
Administrations of the Achievement Test 

Pretest Posttest Retention Test 

Pretest 1.00 .65 .58 

Posttest .65 1.00 .55 

Retention Test .58 .55 1.00 

The results shown in Table 7 indicate that the reliability co

efficients for the achievement test obtained by the test-retest method 

ranged from .65 to .55. The reliability coefficients for the achieve

ment test, obtained by different methods, show that the reliability of 

the test was satisfactory for the purposes of the study, considering 

that a difference in the scores of the subjects was expected after the 

last two administrations of the test. 
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The Attitude Inventory 

The validity of the attitude inventory was established by means 

of a factor analysis. This statistical technique analyzed the factorial 

composition of the measure by looking for a cluster or "factor" of re

lated variables which correlate among themselves more than they do with 

other variables not included in the cluster. Such correlations are 

assumed to represent the factorial validity of the instrument. 

The results of the factor analysis of the attitude inventory 

indicating three factors that emerged from the highest loadings of the 

items are shown in Table 8. (The complete intercorrelation matrix of 

this factor analysis is shown in Appendix H.) 

The first factor that emerged from the analysis of the attitude 

inventory is a strong one, since its item loadings ranged from .72 to 

.60. This factor was named for the purposes of the study as Pedagogical. 

The instructional aspects measured by the items with high loadings in 

this factor one aire the same variables that had been related with effec

tive teaching by Berlyne (1960), Hoyt (1969b), and McKeachie (1969). 

These variables are: stimulation (items #1, #19, #21, and #22); prepa

ration and organization (items #2, #3, #4, #13, and #23); involvement 

(items #12 and #14); and retention (items #20 and #24). 

The second factor emerging from the analysis was termed Person-

alism. This factor is weaker than the first one since the loadings of 

the items included were lower, the coefficients ranging from .66 to .39. 

The instructional aspects measured by the items with higher loadings in 

this second factor are the same variables that had been associated with 
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Table 8. Factor Analysis of the Attitude Inventory (The Student's 
Reaction Form) 

Correlation Coefficient 
Factor 1 Factor 2 Factor 4 

Items .72 to .61 .66 to .39 .69 to .52 

1 Interest . 70 
2 Understanding .70 
3 Quality; in general .69 
4 Quality of method .68 
5 Appropriateness .65 
6 Amount of learning .60 
7 Commitment . 39 
8 Suitability .58 
9 Helpfulness; daily life .56 
10 Use .59 
11 Helpfulness .47 
12 Involvement; teachers .71 
13 Speed of learning .66 
14 Involvement; students .68 
15 Feeling of satisfaction .66 
16 Interest; arousal .59 
17 Motivation .52 
18 Chance to discover .69 
19 Curiosity; arousal .61 
20 Retention .68 
21 Curiosity; stimulation .66 
22 Interest; arousal .69 
23 Facility; set experiments .66 
24 Application .72 



warm feelings between the teacher.and the students by Gage (1973) and 

Rogers (1969) and are considered as very important for effective teach

ing and learning. These variables in the second factor are: feeling 

of satisfaction (items #15 and #16); contentment with personal teaching 

approach (items #9, #10, and #11); and commitment to learn (items #7 and 

#10). 

The third factor that emerged from the analysis is not included 

in the table because the loadings of its items were very low. 

The fourth factor that came out from the analysis was called 

Appropriateness. This factor was not as strong as the first one since 

the loadings of the items included in it ranged from coefficients of .69 

to .52. The instructional aspects measured by the items loading high in 

this factor are the variables related by McKeachie (1969), Hoyt (1969c), 

and Suchman (1962) with the promotion of learning. These variables are: 

inquiry and discovery (items #17 and #18); and clarity of communication 

(items #6 and #8). 

The three factors that accounted for almost all the variance in 

the factor analysis were associated with the advancement of learning. 

These variables may have influenced the results of this study because 

the group that learned the concepts best, as measured by the achievement 

test, was also the group who favored these variables, as measured by the 

attitude inventory. 

The reliability of the attitude inventory was established by 

using the Kuder-Richardson formula (KR-20) to measure the inter-item 

consistency of the instrument, and to represent the mean of the 
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coefficients obtained by dividing the scale in different ways. The 

coefficient obtained by this method was .93, which shows a high degree 

of reliability. 



CHAPTER 4 

RESULTS 

The findings of this study will be reported in reference to 

three aspects: the performance of the subjects on the three adminis

trations of the test; the subjects' attitudes toward the experimental 

teaching approaches as reflected in the student's reaction form; and 

the statistics relevant to the quality of the instruments used. 

Performance of the Subjects 
on the Achievement Test 

The raw scores of the subjects of the two experimental groups 

on the three different administrations of the test were analyzed by a 

series of t comparisons: first in the pretest, then in the posttest, 

and last in the retention test. The results of these t comparisons 

are summarized in Table 9. 

Results shown in Table 9 indicate that all the three comparisons 

between the groups yielded significant differences at the one percent 

level of probability, favoring group #1 (oral-explanatory) over group #2 

(answer-centered). 

The table shows that a significant difference at p. <.01 

appeared between the groups in the pretest comparison. This difference 

meant that a common statistical baseline could not be established for 

the two groups at the beginning of the experiment. The analysis was 

51 
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Table 9. Comparisons of the Two Experimental Groups 

Groups Means 
Standard 
Deviations 

Degrees 
of Freedom t Value 

Pretest 

Group 1 
Oral-explanatory 11.66 3.75 202 2.89* 

Group 2 
Answer-centered 10.26 3.15 

Posttest 

Group 1 
Oral-explanatory 17.46 3.85 202 9.68* 

Group 2 
Answer-centered 12.27 3.79 

Retention Test 

Group 1 
Oral-explanatory 13.28 4.46 202 4.23* 

Group 2 
Answer-centered 10.82 3.82 

*p <.01 
o 



carried out in terms of individual gain scores from the pretest to the 

other administrations of the test. The comparison between the gain 

score means of the two groups made it possible to compare the groups 

in terms of knowledge of the content acquired only during the experi

mental teaching sessions. 

Two additional t test comparisons were computed between the 

gain score means of the groups from the pretest to the posttest and 

from the posttest to the retention test. The results obtained from 

these comparisons are presented in Table 10. 

Results shown in Table 10 indicate that the two comparisons of 

the groups yielded statistically significant differences in favor of 

the oral-explanatory group. The difference between the gain score 

means from pretest to posttest scores was significant at the one per

cent level of probability, and the difference between the gain score 

means from pretest to retention test scores was significant at the 

five percent level of probability. 

The mean number of correct responses obtained by the groups 

according to the type of instructional strategy and the times in which 

the test was administered is illustrated in Figure 3. Results shown 

on Tables 2 and 3 and in Figure 3 suggest a rejection of hypotheses 

one and two. 

Attitudes of the Subjects as Reflected 
on the Student's Reaction Form 

In order to test the third hypothesis of this study, a compari

son of the responses of the two groups of subjects to the items of the 
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Table 10. Comparison of the Gain Scores of the Two Experimental Groups 

Groups Mean 
Standard 
Deviations 

Degrees 
of Freedom t Value 

Pretest to Posttest 

Group 1 
Oral-explanatory 5.79 3.32 202 8.96* 

Group 2 
Answer-centered 2.00 2.66 

Pretest to Retention Test -

Group 1 
Oral-explanatory 1.61 3.71 202 2.10** 

Group 2 
Answer-centered 0.55 3.45 

*p <.01 
**p <.05 
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Figure 3. Mean Number of Correct Responses as a Function of the 
Instructional Treatments and the Times in Which the 
Test Was Administered 
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attitude inventory was made. A t test was run for each of the 24 items 

of the attitude inventory, and the t values checked for significant 

differences between the groups. The mean response of one experimental 

group to an item was compared to the mean response of the other experi

mental group to the same item. Also, the total scale score means of 

both groups were compared using another t test looking for significant 

differences between the groups. The results of these comparisons are 

shown in Table 11. The total scale score for each subject of both 

groups on the attitude inventory are reported in Appendix I. 

The t values obtained from the comparison of the responses of 

the subjects to the attitude inventory summarized in Table 6 showed 

significant differences between the two groups in 15 of the 24 items, 

11 in favor of Group 1 (the oral-explanatory) and four in favor of 

Group 2 (the answer-centered). Thirteen of these differences were 

significant at the .01 level of probability and the other two were 

significant at the .05 level. 

The items with differences in favor of Group 1 were the follow

ing: subjects instructed by the oral-explanatory strategy rated this 

method as more interesting (item #1), easier to understand (item #2), 

better (item #3), taking less.time to learn (item #13), providing ample 

opportunity to be involved in the task (item #14), motivating them to 

learn more (item #17), arousing their curiosity (item #19), retaining 

the learned concepts for a longer time (item #20), maintaining their 

interest (item #22), and making it easier to set the experiments (item 

#23). All these differences were significant at the .01 level of 

probability. 



Table 11. Comparison of the Two Experimental Groups in Their 
Responses to the Items of the Attitude Inventory 
(The Student's Reaction Form) 

Group 1 Group 2 
(0-E) (A-C) t 

Items Mean SD Mean SD df Value 

1. The method of teaching 
to which I was exposed 
was interesting 2. 28 1. ,09 3. 04 1. 23 202 -4. 68** 

2. The subject matter was 
easy to understand by 
the method of teaching 
to which I was exposed. 2. 39 1. 13 3. 19 1. 17 202 -4. 96** 

3. The method of teaching 
to which I was exposed 
is better than the 
regular way in the 
classroom 2. 39 1. 26 3. 14 1. 17 202 -4. 42** 

4. I feel that the method 
of teaching to which 
I was exposed was 
unusual. 3. 26 1. 11 2. 66 1. 17 202 3. 73** 

5. The method of teaching 
to which I was exposed 
is more appropriate 
to the subject matter 
than is the regular 
method of teaching 2. 70 1. 05 2. 58 1. 07 202 79 

6. I learned more by this 
method of teaching than 
by the regular way of 
teaching in the class
room. 2. 76 1. 19 2. 95 1. 11 202 -1. 15 

7. I committed myself to 
work more in class 
with this method of 
teaching. 2. 89 1. 07 2. 78 1. 12 202 70 
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Table 11, continued. Comparison of Attitude Responses 

Group 1 Group 2 
(O-E) (A-C) t 

Items Mean SD Mean SD df Value 

8. The method of teaching 
to which I was exposed 
is more suitable for 
my age than is the , 
regular classroom 
method. 2.81 1.24 2.74 1.07 202 .42 

9. The method of teaching 
to which I was exposed 
is more helpful for me 
in my daily life. 2.68 1.15 2.79 1.00 202 - .71 

10. The method of teaching 
to which I was exposed 
should be used more 
often. 2.84 1.01 2.56 1.17 202 1.79 

11. The method of teaching 
to which 1 was exposed 
is more helpful for 
other content than for 
the one used. 2.73 1.07 2.49 1.18 202 1.55 

12. I think that' the teach
er should be more 
involved in classroom 
work under this method. 3.34 1.08 2.32 1.13 202 6.55** 

13. I think it takes less 
time to learn the 
science concepts under 
this method than under 
the regular classroom 
method. 2.42 1.02 3.26 1.17 202 -5.45** 

14. The procedure provided 
ample opportunity to 
be involved in the 
task. 2.38 1.14 3.05 1.08 202 -4.33** 
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Table 11, continued. Comparison of Attitude Responses 

Group 1 Group 2 
(0—E) (A-C) 

Items Mean SD Mean SD df Value 

15. The method of teaching 
to which I was exposed 
gave me a feeling of 
satisfaction. 2.62 1.17 2.98 1.09 202 -2.22* 

16. The method of teaching 
to which I was exposed 
interested me to learn 
more about the material.2.69 1.19 2.81 1.18 202 - .71 

17. The procedure motivated 
me to learn more about 
the material than the 
regular classroom 
teaching. 

18. The procedure gave me 
a chance to discover 
the science concepts 
by myself more than 
the regular classroom 
teaching. 

19. The procedure aroused 
my curiosity and stim
ulated me to learn 
more about the subject 
than I would have 
otherwise. 

20. I feel that these con
cepts, acquired in 
this way, can be re
tained for a longer 
period of time than 
can those learned by 
the regular classroom 
procedure. 

2.39 1.26 3.20 1.19 202 -4.73** 

3.06 1.11 2.70 1.26 202 2.18* 

2.46 1.14 3.20 1.11 202 -4.71** 

2.43 1.11 3.07 1.12 202 -4.13** 
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Table 11, continued. Comparison of Attitude Responses 

Group 1 Group 2 
(O-E) (A-C) t 

Items Mean SD Mean SD df Value 

21. I think that this 
method should provide 
opportunity for 
asking questions. 2.67 1.17 2.11 1.01 202 3.64** 

22. The method of teaching 
to which I was exposed 
maintained my interest 
while I was working 
on it. 2.40 1.13 3.13 1.08 202 -4.68** 

23. I think that the ex
pository phase of the 
method used made it • 

easier for me to set 
the experiments them 
the standard procedure 
would be. 2.38 1.10 3.11 1.22 202 -4.49** 

24. I believe that the 
concepts learned by 
this method will en
able me to make 
applications of them 
to other real life 
situations. 2.77 1.22 2.98 1.08 202 -1.27 

Total scale score 
for both groups 63.92 14.40 68.90 12.63 202 -2.62** 

*p <.05 
**P <-01 

I 
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On the other hand, subjects instructed by the answer-centered 

strategy (Group 2) rated this method as unusual (item #4), that the 

teacher should be more involved in the classroom work (item #12), and 

that this method should provide opportunity for asking questions 

(item #21). These differences were significant at the .01 level of 

probability. 

Significant differences between the groups were found in items 

#15 and #18 at the .05 level of probability; item #15 in favor of 

Group 1 and item #18 in favor of Group 2. Subjects taught by the oral-

explanatory strategy found this method as giving them a feeling of 

satisfaction (item #15), while the group taught by the answer-centered 

strategy considered it as giving them the chance to discover the con

cepts by themselves (item #18). 

The mean differences favored the answer-centered strategy in 

item #5 "more appropriate to other subject matter than to the one that 

was used"; item #7 "committed myself more in class"; item #10 "the 

method . . . should be used more often"; and item #11 ". . .is more 

helpful for other content than for the one used." 

The mean differences favored the oral-explanatory strategy in 

item #6 "learned more by this method than by the regular way ... in 

the classroom"; item #9 ". . .is more helpful for me in my daily life"; 

item #16 "... interested me to learn more about the material"; and 

item #24 "... enabled me to make applications to other real life 

situations." 
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The last part of Table 11 indicates that the comparison between 

the total scale scores for both experimental groups yielded a statisti

cally significant difference in favor of group #1 (oral-explanatory) at 

the .01 level of probability. These results led to a rejection of 

hypothesis three in terms of total performance on the test. 

The results indicating the student's attitude toward the methods 

should not be viewed as a valid comparison of attitudes toward the two 
I 

methods of teaching used in the study since both groups of subjects were 

not exposed to both instructional modes. However, results do indicate 

the reactions of the students in each group toward the treatment they 

were exposed to. Further research is needed to ascertain the specific 

attitudes of learners toward differential teaching approaches. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

This chapter contains a review of the problem studied, sm 

explanation of its limitations and implications for further research 

in the area, and a statement relating its conclusions to educational 

practice. 

The study attempted to answer two questions concerning in

structional theory and practice in education. The first question was: 

which strategy is better to teach scientific concepts to ninth grade 

students, an oral teaching method or a written one? The second ques

tion was: which of these two strategies is preferred by the students? 

To answer these questions, the concept of density of substances 

was taught verbally to a group of 102 subjects by four teachers, and 

the same concepts were taught in a written form to another group of 102 

subjects by the same teachers. To answer the first question, the groups 

were tested with the same instrument at the beginning, at the end and 

one week after the teaching sessions. To answer the second question, 

an attitude inventory was administered to the groups seven days after 

the experiment. 

Differences between the groups in the learning of the concepts 

and in their attitudes toward the two strategies used with them were 
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hypothesized to be due to the methods employed to teach them. The t 

test was the statistical technique used for comparing the performance 

of the two groups on the criteria measures: viz, an achievement test 

and an attitude inventory. 

Correlational techniques, including factor analysis, were used 

for assessing the psychometric qualities of the instruments which were 

developed especially for the study. The .05 level of significance was 

used to accept or reject the null hypotheses. 

The study was designed to test three hypotheses. The first 

stated that there.would not be a difference between the groups in 

knowledge of the concepts taught. The second stated that there would 

not be a difference between the groups in the retention of the concepts 

learned during the study. The third assumed that the two groups would 

not differ in their attitudes toward the two strategies used to teach 

them in the study. 

To test hypothesis one, the pretest means, the posttest means, 

and the gain score means from the pretest to the posttest were compared. 

To test hypothesis two, the retention test means, and the gain score 

means from the pretest to the retention test of the two groups were 

compared. To test hypothesis three, a t test was used to compare the 

answers of the two groups to each of the 24 items of the attitude in

ventory and another to compare the total scale score means of both 

groups. 

The results obtained were as follows: the comparisons for the 

first hypothesis showed a significant difference between the groups in 
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favor of the one taught orally. The null hypothesis was rejected, a 

fact that indicates that the verbal teaching strategy facilitated the 

subjects' learning of the concepts more than the written strategy. 

The comparisons for the second null hypothesis gave similar 

results and it was also rejected. The rejection indicates that the 

concepts learned by the oral teaching strategy were retained more than 

those taught through written strategy. 

The results of the comparisons made to test the third hypothe

sis were also in favor of the oral teaching strategy. Eleven of the 

significant differences found between the answers of the subjects to 

the items of the attitude inventory favored this group and four favored 

the group taught by the written strategy. 

The group taught orally found this strategy better, easier, 

faster, more interesting, motivating, involving, and satisfying than 

did the other group in their reaction toward the written strategy by 

which they were taught. 

The group taught in a written form found this strategy more in

dependent, unusual, necessitating the presence of the teacher and the 

opportunity to ask questions, than did the other group regarding the 

oral strategy by which they were taught. 

The comparisons of the subjects' responses to the items of the 

attitude inventory led to the rejection of the third null hypothesis, 

which meant that the subjects taught orally had more favorable attitudes 

toward this strategy than did the others to the written strategy by 

which they were taught. These positive feelings toward the oral 



66 

strategy were associated with their superior learning of the concepts 

during the experiment. 

The achievement test was validated by checking the face value 

of the items content, obtaining teachers' opinions for its construct 

validity, and utilizing expert opinion regarding its content validity. 

Its internal consistency was assessed by an item analysis. The validity 

indices suggested that the test constructed was valid for the purpose of 

the study. The reliability coefficients obtained by the split-half and 

test-retest methods were also acceptable for the purposes of the study. 

Interpretations 

The reasons why the oral teaching strategy was found more effi

cient than the written one will be discussed according to other research 

findings and some theoretical considerations. 

It seems that the verbal communication of the teacher, which was 

practically the only difference between the two teaching strategies uti

lized in the study, was an important factor in deciding the amount of 

knowledge acquired by the subjects. 

This result of the study tends to confirm the findings of some 

investigations mentioned in the review of the literature. Barnard 

(1942)» Lyle (1958), and Hurst (1963) found the independent problem-

solving teaching method generally inferior to the teacher-structured 

method. Gallagher (1965); Coop and Brown (1970); and Smith (1950) found 

that students learn better when the teacher interacts with them. In 

their conclusions they imply that some mental operations of the learning 

process are performed only when the students are guided by the teacher 
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and are not done when they are left on their own. Taba (1966) found 

specifically that teachers' actions were one of the most important in

fluences in guiding the thought processes of the students, and that the 

teachers seemed to control the students' responses by forcing them to 

use analysis, evaluation, and inductive reasoning instead of depending 

on memory and recall. 

The explanation for this finding may be that the teacher guides 

the intellectual behavior of the students. The teacher stimulates the 

student to think, to hypothesize, to make inferences, and to acquire 

control over the information available. The student is led by the 

teacher to discover ideas, to make conceptual organizations, and to use 

other symbolic forms of thought instead of reproducing the given infor

mation. 

Another explanation may, be found in the interpretation of the 

research findings of Gage (1963) and Rogers (1969). These authors 

assume that the teaching methods in which the teacher is directly in

volved in the learning process by interpersonal relationships with the 

students produce better learning outcomes than methods that are more 

mechanical and require less or no teacher involvement. 

This point of view emphasizes that the teacher behavior is a 

crucial aspect in dealing with the learning of the students because he 

is conceived as a facilitator of the learning process in the classroom. 

The most important condition which facilitates learning, according to 

Rogers (1969) is the attitudinal quality of the interpersonal relation

ship between the facilitator and the learner. Some attitudes of the 



teacher and the students appear to be effective in the promotion of 

learning because the teacher is a person interacting with other persons 

and he is willing to understand their feelings, thoughts and emotions. 

A climate of trust and respect from the teacher to the students enhances 

their learning in the classroom setting. 

Some reflection on the matter will show that the intellectual 

capacity of the student is not the only factor involved in his learning 

process. Learning has most commonly been studied by the abstraction of 

the mental abilities of the human, alienating him almost completely from 

other important aspects of his being. Every learning experience is em

bedded in simultaneously experienced feelings. All organized experi

ences which are separated from their emotional components will be 

characterized by isolated perceptions of the experiences. Emotion gives 

direction to all psychological activities including, of course, the 

learning acquired by the student in the classroom. 

Emotion is the maternal origin of all types of experience and 
remains their most effective support. Whenever something 
happens to a living being, we always find an emotional mood. 
When there is a change in experience, the emotion also changes, 
either alone or together with other experiences, determining 
their course (Krueger, 1969, p. 99). 

The fact that the teacher is a person facilitating learning in 

the classroom can help generate a series of positive feelings and emo

tions which in turn may motivate the students to learn. The teaching 

methods in which the teacher interacts with the students through verbal 

communication are more stimulating to the students than are other 

methods with less or no teacher involvement. 
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Another possible reason why the subjects learned the concepts 

better when taught by the oral strategy in the study may be that the 

teacher was acting verbally; the subjects could have learned vicari

ously from him as well as from peers. While under the method where the 

teacher was passive the subjects did not have the opportunity for vicar

ious learning. Thus, the subjects also could learn from their teachers 

using the oral teaching strategy through imitation, modeling and other 

vicarious processes. These types of learning have been described by 

Bandura (1969) as observational learning. The subjects taught by writ

ten strategy in this study could not utilize these indirect types of 

learning. 

Another possible explanation for the lower performance of the 

subjects taught by the written strategy could be that they were not 

used to the kind of classroom teaching offered to them during the study. 

It is logical to assume that human beings achieve better performances . 

by familiar processes than by those which are presented for the first 

time. It is likely that this group did not learn the concepts as well 

as the other group because they were not acquainted with the teaching 

method used to teach them during the study. This group had to discover 

the concepts by looking to their correct explanation written in the 

cards. Such an unfamiliar method could have been perceived as less 

stimulating than the oral method which is more conventional in the 

classroom. The self-directed method, although it may seem initially 

attractive, may become bothersome afterwards. This explanation is 

substantiated by the results obtained from the analysis of the responses 

of the subjects to the attitude inventory. 
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In its attitudinal aspect, the survey of this study found that 

the reactions of the subjects toward the oral strategy were more posi

tive than those of the subjects toward the strategy in which they have 

to discover the concepts by themselves. This result tends to confirm 

the finding of Babikian (1971) in which the entire group used by him 

found the expository method as significantly better and clearer than 

the discovery method, and most of them found the expository method the 

easiest method of science teaching. 

Other research in the affective domain (Rosenthal, Coxon, Hurt, 

and Zimmerman, 1969) has demonstrated that the pedagogical attitudes of 

the students may be related to their learning outcomes. According to 

these research findings, the unfavorable attitudes of the subjects 

toward the answer-centered strategy, by which they were taught in this 

study, may be another reason for their inferior learning as compared 

with the other experimental group. 

In regard to the retention of the material learned by both 

groups in the experimental teaching sessions, although the gain scores 

differed the retention was very similar. Both groups showed about the 

same percentage of the material retained between the pretest and the 

retention test. The reason for this phenomenon may be that, after all 

when it comes to retaining what one has learned, one method is not much 

better than the other. 

Implications for Education 

This study was conducted as a search for teaching strategies 

appropriate to fit the learning styles of the students, and both 
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strategies investigated have proved to be effective in increasing the 

knowledge of the scientific concepts taught experimentally. 

The purpose of the study was to find out if a sample of students 

could learn scientific concepts taught in two different ways: a spoken 

strategy of teaching and a non-oral one, and by which of these methods 

they would learn the concepts better. 

The findings of this study indicate that the learning occurred 

in teaching by both strategies, and although the subjects learned the 

concepts by both ways, the oral strategy resulted in more efficient 

learning. 

The fact that the learning occurred in teaching by the two teach

ing strategies utilized immediately after exposure and was retained 

after a span of one week shows that these strategies can be further in

vestigated and even used in the classroom to individualize instruction 

according to the learners' characteristics. 

Children who learn more easily through listening and those to 

whom words communicate more because of their linguistic facility can be 

taught by the oral-explanatory strategy, while the answer-centered 

strategy can be used to teach students who profit more from reading and 

those who like to learn by themselves with a minimum of help. One needs 

to keep in mind that these strategies are useful to teach students whose 

learning styles are compatible with them. 

The oral-explanatory and the answer-centered teaching strategies 

may be used in the classroom to help the students better learn the 

material taught by allowing them the chance to use their preferred way 
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of learning. Both strategies may be used in the classroom for the 

individualization of teaching, apart or together with all the other 

teaching techniques. 

It is possible that in some years ahead these teaching approach

es may be used to enrich the individualization of school instruction in 

which every student might learn by the teaching strategy that is most 

effective for his learning style. 

Limitations of the Study 

This study has a limited scope. It has tried only to answer the 

following specific questions: what amount of knowledge was achieved by 

the students when the concepts of density of substances were taught by 

two different strategies in the classroom?; and, how do the students 

react toward these strategies? The results indicated that the subjects 

learned the material better when taught by the oral-explanatory strategy 

and that their attitudes were more favorable toward this strategy than 

to the answer-centered strategy. Nevertheless, the generalizations that 

can be inferred from this finding are very limited. 

Research conducted with human beings in the classroom is influ

enced by more variables than it is possible to control. This limitation 

has to be considered in making generalizations from the results. The 

merit of this study may lie more in its attempt than in its findings. 

This is why the relationship found between the specific teaching strat

egies and the learning of the subjects has to be taken as an exploratory 

finding and not conclusive. The tools used to measure the learning are 



imperfect and their efficiency has to be researched further and deter

mined more explicitly. The generalizations of the results have to be 

done with great caution. 

In addition to the above mentioned, this study suffered from 

these other limitations: 

1. Since the study was conducted for assessing the effectiveness 

of the two strategies for scientific concept attainment, the 

results may not be generalized to other subject matter areas. 

2. The assignment of subjects to the two teaching strategies was 

done in terms of intact groups (classrooms). Therefore, the 

condition of true randomization cannot be assumed in this case. 

In using the classrooms as the sampling unit, the two groups 

were found unequivalent in terms of the pretest scores. The 

replication of the study using randomization is needed to as

certain the validity of the inferences drawn from the study. 

3. In any teaching process the teacher plays an important role, 

and teachers' personalities are often related to the students' 

achievement in the classroom. For this reason a replication of 

the study utilizing a random group from a wide teacher popula

tion may be another way to increase the external validity of 

the results. The teachers in this study could not be assigned 

randomly because the desired population of teachers was not 

available. 

4. It must be recognized that the two groups have limited compar

ability since the oral-explanatory group has not had experience 
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with the answer-centered approach, whereas the answer-centered 

group has had experience with both approaches. 

Conclusions 

According to the findings of this study, it can be concluded 

that adequate use of verbal explanations by teachers can lead to suc

cessful educational practices, and that a non-oral teaching strategy in 

which the students are reinforced with knowledge of results is effective 

in producing some learning in the classroom. 

The results of this study provide at least a partial answer to 

the question related to the personal involvement of the teacher in the 

classroom and its consequences to the achievement of knowledge in his 

students. These findings axe especially useful at present, since 

machines and computers are used as teaching devices in the classroom. 

The educational process cannot ignore the affective growth of 

the students. The findings of this study indicate that the feelings of 

the students toward how they are taught is related to the attainment of 

knowledge in the classroom. These results suggest it is best to use 

teaching methodologies which assure that the affective as well as the 

cognitive aspects of the students are developed. 



APPENDIX A 

THE EXPERIMENTAL MATERIAL 

The experimental curriculum consisted of the concepts of the 

Characteristic Properties of Substances as defined in the text and in 

the Teacher's Guide (I.P.S. Group, 1967a, -b, pp. 28-32 and 45-89). The 

same explanations of the concepts were taught to both experimental 

groups, but by the two different teaching strategies, oral-explanatory 

and answer-centered. The definitions of the concepts as offered to 

both groups are given below. 

Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Under this strategy the teach
ers were required to teach the 
concepts by verbal communication. 
They could illustrate or clarify 
the given definition of the con
cepts but in an oral way only. 
The definitions are the following: 

Under this strategy the teach
ers presented the definitions, 
clarifications, or illustrations 
of the concepts written on 52 
cards (see Appendix B). The 
material included in each of the 
cards is the following: 

Concept: The characteristic properties of a substance. 

Concept definition: 

The characteristic properties of 
substances are properties 
particular to each substance. 

Card No. 1: 

The characteristic properties of 
substances are 
a. characteristic of all sub

stances in general. 
b. characteristic of each 

particular substance. 
c. characteristic that is the 

same for all. 
Correct answer is: b_ (on the 
back of the card). 

75 
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Oral-Explanatory Teaching Strategy 

Concept definition: 

Two substances are different 
when they have different 
characteristic properties. 

Answer-Centered Teaching Strategy 

Card No. 2: 

Two substances are different 
when they have 
a. different characteristic 

properties. 
b. different shapes. 
c. different amounts. 

Correct answer is: a. 

Card No. 3: 

The characteristic properties 
of a substance do not depend 
on the amount or the shape of 
the sample. 

The characteristic properties of 
a substance 
a. depend on the amount of 

the sample. 
b. depend on the shape of the 

sample. 
c. do not depend on the amount 

or the shape of the sample. 
Correct answer is: c_. 

Card No. 4: 

The characteristic properties 
of a substance depend on the 
composition of the sample. 

The characteristic properties of 
a substance depend on 
a. the mass of the sample. 
b. the volume of the sample. 
c. the composition of the 

sample. 
Correct answer is: c. 

Concept: Some substances reveal their characteristic properties 
apparently. 

Card No. 5: 

The difference in composition Differences in composition of 
between wood, metal, and rock wood, metal, and rock 
is directly apparent. a. are directly apparent. 

b. are not directly apparent. 
c. cannot be seen. 

Correct answer is: a. 
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Oral-Explanatory Teaching Strategy 

Concept definition: 

The difference in composition 
between water and milk is 
directly apparent. 

Answer-Centered Teaching Strategy 

Card No. 6; 

The difference in composition 
between water and milk 
a. is directly apparent. 
b. is not directly apparent. 
c. cannot be seen. 

Correct answer is: a. 

Concept: Some svibstances do not reveal their chciracteristics 
apparently. 

Card No. 7: 

To determine whether two 
apparently similar materials 
are actually of the same sub
stance, we have to look for 
properties independent of 
their physical appearance. 

To determine whether two apparent
ly similar materials are actually 
of the same substance, we have to 
look for 
a. properties independent of 

their physical appearance. 
b. properties dependent of 

their physical appearance. 
c. other properties in addition 

to weight and mass. 
Correct answer is: a. 

Card No. 8: 

The difference in composition 
between two pieces of metal 
equally shiny and difficult to 
bend is not directly apparent. 

The difference in composition 
between two pieces of metal both 
equally shiny and difficult to 
bend 
a. is directly apparent. 
b. is not directly apparent. 
c. can be perceived by the 

senses. 
Correct answer is: b. 

Card No. 9: 

The difference in composition 
between two transparent and 
colorless liquids is not 
directly apparent. 

The difference in composition 
between two transparent and 
colorless liquids 
a. is directly apparent. 
b. is not directly apparent. 
c. cam be perceived by the 

senses. 
Correct answer is: b. 
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Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: The characteristic properties of substances are independent 
of the mass and volume of the sample. 

Card No. 10: 

Mass is a property of an object 
and not of the substance of 
which the object is made. 

Mass is a property of 
a. the substance of which an 

object is made. 
b. a specific object. 
c. the quality of the sub

stance. 
Correct answer is: b.. 

Card No. 11: 

Weighing two samples of two 
substances will not differen
tiate between the composition 
of them. 

Weighing two samples of two 
substances will 
a. differentiate between the 

composition of them, 
be enough to know that they 
are different substances, 
not differentiate between 
the composition of them. 

Correct answer is: c. 

b. 

c. 

Card No. 12: 

One gram of steel and one gram 
of lead have similar masses. 

One gram of steel and one gram of 
lead have 
a. different masses. 
b. different volumes. 
c. similar masses. 

Correct answer is: c. 

Card No. 13: 

A large steel hammer and a 
small steel hammer must have 
different masses. 

A large steel hammer and a small 
steel hammer 
a. may have the same masses. 
b. must have different masses. 
c. must have the same masses. 

Correct answer is: b. 
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Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: Characteristic properties of substances are independent of 
the thickness and hardness of the sample. 

Card No. 14 s 

The force needed to bend two 
identical kinds of metals of the 
same thickness must be the same. 

The force needed to bend two 
identical kinds of metals of the 
same thickness 
a. must be different. 
b. may be different. 
c. must be the same. 

Correct answer is: c_. 

Card No. 15: 

The force needed to bend two 
identical kinds of metals of 
different thickness must be 
different. 

The force needed to bend two 
identical kinds of metals of 
different thickness 
a. must be the same. 
b. may be the same. 
c. must be different. 

Correct answer is: b_. 

Card No. 16: 

Thickness is a property of a 
specific object. 

Thickness is a property of 
a. the substance of which the 

object is made. 
b. a specific object. 
c. the quality of the sub

stance . 
Correct answer is: b_. 

Card No. 17: 

To determine if two samples are 
composed of similar or differ
ent materials, you must 
determine properties in addi
tion to the mass and volume of 
both samples. 

To determine if two samples are 
composed of similar or different 
materials, you must determine 
a. only the mass of both 

samples. 
b. only the volume of both 

samples. 
c. properties in addition to 

the mass and volume of both 
samples. 

Correct answer is: c. 



80 

Oral-Explanatory Teaching Strategy 

Concept: Density 

All samples of one substance have 
the same density. 

Answer-Centered Teaching Strategy 

Card No. 18; 

All samples of one substance have 
a. the same density. 
b. different densities. 
c. different masses of a 

given volume. 
Correct answer is: a. 

Card No. 19: 

Density is the mass of a given 
volume of a substance. 

The mass of a given volume of 
a substance is the same for all 
samples. 

If you cut a piece of aluminum 
rod into sections of equal 
volume, each section will have 
the same mass. 

Density is 
a. the mass of a substance. 
b. the volume of a substance. 
c. the mass of a given volume 

of a substance. 
Correct answer is: c_. 

Card No. 20: 

The mass of a given volume of a 
substance 
a. differs for every sample. 
b. differs for each sample. 
c. is the same for all samples. 

Correct answer is: c_. 

Card No. 21: 

If you cut a piece of aluminum 
rod into sections of equal 
volume, each section will have 
a. the same mass. 
b. different masses. 
c. different volume. 

Correct answer is: a. 

Card No. 22: 

The mass of a given volume 
of different substances allows 
us to distinguish between them. 

The mass of a given volume of 
different substances 
a. does not allow us to deter

mine if they are different. 
b. does not allow us to dis

tinguish between them. 
c. allows us to distinguish 

between them. 
Correct answer is: c. 
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Oral-Explanatory Teaching Strategy 

Concept definition: 

Density can be defined as 
the mass of one unit of volume 
of material. 

Answer-Centered Teaching Strategy 

Card No. 23: 

Density can be defined as 
a. the mass of all material. 
b. the mass of one unit. 
c. the volume of all material. 

Correct answer is: b_. 

Card No. 24: 

In the metric system, density 
is expressed in grams per cubic 
centimeters. 

In the metric system, density is 
expressed in 
a. grams 
b. cubic centimeters. 
c. grams per cubic centimeters. 

Correct answer is: c. 

Card No. 25: 

The density of a substance is 
found by dividing its measured 
mass by its measured volume. 

The density of a substance is 
found by 
a. dividing its measured volume 

by its measured mass. 
b. dividing its measured mass 

by its measured volume. 
c. multiplying the measured 

volume. 
Correct answer is: b. 

END OF THE FIRST CLASS PERIOD 
OF THE EXPOSITORY SESSION 

Concept: Thermal expansion of substances. 

Card No. 26: 

The variation of volume of 
substances on account of 
temperature is called thermal 
expansion. 

The variation of volume of sub
stances on account of temperature 
is called 
a. the range of density. 
b. characteristic properties. 
c. thermal expansion. 

Correct answer is: c. 
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Oral-Explanatory Teaching Strategy 

Concept definition: 

When substances are heated 
their masses remain the same. 

When substances are heated 
their volumes increase. 

Thermal expansion means that 
most substances expand when 
heated. 

Concept: The 

The variation in density of 
substances on account of 
temperature is called the 
range of density. 

Answer-Centered Teaching Strategy 

Card No. 27; 

When substances are heated their 
masses 
a. increase. 
b. remain the same. 
c. decrease. 

Correct answer is: b_. 

Card No. 28: 

When substances are heated their 
volumes 
a. increase. 
b. remain the same. 
c. decrease. 

Correct answer is: a. 

Card No. 29: 

Thermal expansion means that 
a. substances remain the same 

when heated. 
b. most substances expand 

when heated. 
c. substances vary in mass 

when heated. 
Correct answer is: b. 

Card No. 30: 

The variation in density of sub
stances on account of temperature 
is called 
a. thermal expansion. 
b. the range of density. 
c. characteristic properties. 

Correct answer is: b. 

range of density in substances. 
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Oral-Explanatory Teaching Strategy 

Concept definition: 

If the volume of a substance 
varies with temperature and 
its mass remains the same, its 
density also varies. 

Answer-Centered Teaching Strategy 

Card No. 31: 

If the volume of a substance 
varies with temperature and its 
mass' remains the same, its 
density 
a. also varies. 
b. remains the same. 
c. does not vary. 

Correct answer is: a. 

Card No. 32: 

On account of thermal expansion 
the density of a substance 
decreases. 

On account of thermal expansion 
the density of a substance 
a. increases. 
b. remains the same. 
c. decreases. 

Correct answer is: c_. 

Card No. 33: 

If the volume of a substance 
increases when heated and its 
mass remains the same, its 
density is less. 

If the volume of a substance 
increases when heated and its 
mass remains the same, its 
density 
a. is less. 
b. is the same. 
c. is more. 

Correct answer is: a. 

Concept: Limits of the range of density in solids and liquids. 

Card No. 34: 

The density of solids and 
liquids ranges from 20 to 0.5 
grams per cubic centimeter. 

The density of solids and 
liquids ranges from 
a. 22.5 to .00009 grams per 

cubic centimeter. 
b. .018 to .00009 grams per 

cubic centimeter. 
c. 20 to 0.5 grams per cubic 

centimeter. 
Correct answer is: c. 
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Oral-Explanatory Teaching Strategy 

Concept definition: 

Thermal expansion in solids 
and liquids is very small. 

Concept: Thermal expansion does not 
and liquids. 

Answer-Centered Teaching Strategy 

Card No. 35; 

Thermal expansion in solids and 
liquids is 
a. very small. 
b. very large. 
c. neither small or large. 

Correct answer is: a. 

affect the density of solids 

Card No. 36: 

Because thermal expansion has 
very little effect in solids 
and liquids, their density when 
heated remains almost the same. 

Because thermal expansion has 
very little effect in solids and 
liquids, their density when 
heated 
a. decreases. 
b. remains almost the same. 
c. increases. 

Correct answer is: b. 

Card No. 37: 

Because the volume of solids 
increases very little when 
heated they have a relative 
stable density at all tempera
tures. 

Because the volume of solids in
creases very little when heated 
they have 
a. a relative stable density 

at all temperatures. 
a wide variation of density 
according to the tempera
ture. 
an unstable density at all 
temperatures. 

Correct answer is: a. 

b. 

c. 
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Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: Temperature has not to be stated with the density of 
solids and liquids. 

Card No. 38: 

On account of the little change 
in density in solids and 
liquids, the temperature at 
which density is measured has 
not to be stated. 

On account of the little change 
in density in solids and liquids, 
the temperature at which density 
is measured 
a. has to be stated always. 
b. has to be stated sometimes. 
c. does not have to be stated 

at all. 
Correct answer is: c. 

Concept: Density of gases is very small compared with solids 
and liquids. 

Card No. 39: 

The mass of gases is very small. The mass of gases is 
a. very large 
b. very small. 
c. neither large nor small. 

Correct answer is: b. 

Card No. 40: 

The density of gases as compared 
with that of solids and liquids 
is 1 of them. 

1000 

The density of gases as compared 
with that of solids and liquids is 
a. _1 of them. 

10 
b. 1 of them. 

1000 
c. 1 of them. 

100 
Correct answer is: b. 
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Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: Thermal expansion is very large in gases. 

Gases behave differently than 
solids and liquids because they 
show a very large thermal 
expansion. 

Being the mass of gases so small 
and their thermal expansion so 
great, their density is greatly 
affected by density. 

Concept: 

On account that the change in 
volume of gases is considerable, 
the temperature at which their 
density is measured has to be 
stated always. 

Card No. 41; 

Gases behave differently than 
solids and liquids because they 
show 
a. a very small thermal 

expansion. 
b. neither a large nor a 

small thermal expansion. 
c. a very large thermal 

expansion. 
Correct answer: is: c_. 

Card No. 42: 

Being the mass of gases so small 
and their thermal expansion so 
great, their density is 
a. slightly affected by 

temperature. 
b. not affected by 

temperature. 
c. greatly affected by 

temperature. 
Correct answer is: c. 

Card No. 43: 

On account that the change in 
volume of gases is considerable, 
the temperature at which their 
density is measured 
a. does not have to be stated. 
b. has to be stated always. 
c. has to be stated if 

desired. 
Correct answer is: b. 

Temperature of gases has to be stated with their density. 



87 

Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: The volume of solids and liquids is hardly affected 
by pressure. 

Card No. 44: 

To compress the volume of To compress the volume of solids 
solids and liquids by applying and liquids by applying pressure 
pressure to them is very to them is 
difficult. a. very easy. 

b. very difficult. 
c. neither easy nor difficult. 

Correct answer is: b_. 

Card No. 45: 

The volume of solids and 
liquids is almost hardly 
affected by the pressure 
applied to them. 

The volume of solids and liquids 
is 
a. extremely affected by the 

pressure applied to them. 
b. greatly affected by the 

pressure applied to them. 
c. hardly affected by the 

pressure applied to them. 
Correct answer is: c. 

Concept: Density is not affected by pressure in solids and liquids. 

Card No. 46: 

Density in solids and liquids 
is almost not affected by 
pressure. 

Density in solids and liquids is 
a. very much affected by 

pressure. 
b. almost not affected by 

pressure. 
c. extremely affected by 

pressure. 
Correct answer is: b. 
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Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: Pressure does not have to be stated in measuring the 
density of solids and liquids. 

Card No. 47; 

When measuring the density of 
solids and liquids 
a. you have to state the 

pressure at which it was 
measured. 

b. you should state the pres
sure at which it was 
measured. 

c. it is not necessary to state 
the pressure at which it was 
measured. 

Correct answer is: c. 

Concept: Volume of gases is compressed by pressure. 

Card No. 48: 

By applying pressure to gases their By applying pressure to gases 
volume is very easy to compress. their volume is 

a. very easy to compress. 
b. very difficult to compress. 
c. impossible to compress. 

Correct answer is: a. 

Concept: Density changes by the pressure applied to gases. 

Card No. 49: 

When compressed by pressure the When compressed by pressure the 
density of gases changes con- density of gases 
siderably. a. does not change. 

b. changes very little. 
c. changes considerably. 

Correct answer is: c. 

When measuring the density of 
solids and liquids it is not 
necessary to state the pressure 
at which it was measured. 
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Oral-Explanatory Teaching Strategy Answer-Centered Teaching Strategy 

Concept: Pressure has to be stated in measuring the density of gases. 

Card No. 50: 

When measuring the density of 
gases the pressure at which they 
are measured has to be stated 
always. 

When measuring the density of 
gases, the pressure at which they 
are measured 
a. does not have to be stated. 
b. has to be stated always. 
c. is irrelevant. 

Correct answer is: b. 

Concept: Temperature and pressure does not have to be stated in 
measuring the density of solids and liquids. 

Card No. 51: 

In measuring the density of In measuring the density of solids 
solids and liquids both the and liquids 
temperature and the pressure a. both the temperature and 
applied have to be stated always. the pressure applied have 

to be stated always. 
b. the temperature has to be 

stated but not the pressure 
applied. 

c. neither the temperature nor 
the pressure have to be 
stated. 

Correct answer is: a. 

Concept: Temperature and pressure have to be stated in measuring 
the density of gases. 

Card No. 52: 

In measuring the density of 
gases both the temperature and 
the pressure applied have to be 
stated. 

In measuring the density of gases 
a. both the temperature and the 

pressure applied have to be 
stated. 

b. the temperature has to be 
stated but not the pressure 
applied. 

c. neither the temperature or 
the pressure applied have to 
be stated. 

Correct answer is: a. 

END OF THE SECOND CLASS PERIOD 
OF THE EXPOSITORY SESSION 



APPENDIX B 

SAMPLE OP CARDS USED IN THE 

ANSWER-CENTERED TEACHING STRATEGY 

Front of the Card 

1. Characteristic properties of substances are 

a. characteristic of all substances 
in general. 

b. characteristic of each particular substance. 

c. characteristic that is the same for all 
substances. 

Back of the Card 

1. Correct answer is: b 
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APPENDIX C 

THE LABORATORY SHEETS 

A copy of these sheets, containing the description of the 
experiments and the procedural instructions to carry them out, was 
given to each subject at the beginning of the experiments. 

Experiment 3.2 

The Density of Solids 

Name Teacher 

Period Date 

AIM: Part 1 

The first part of the experiment is designed to sharpen your 
understanding of the difference between mass and volume. You should 
better realize that two objects having similar volumes need not have 
similar masses. 

1. Examine the two cubes. 
Do they have similar volumes? 
Do they have similar masses? 

2. Measure the masses of the cubes on your balance. 
Does the cube with lesser mass have the lesser density? 
Does the cube with greater mass have the greater density? 

3. Now, just handling them, compare the mass of each of the cubes 
with that of a metal slab of different volume. Can you decide 
this way whether the slab is made of the same substance of the 
cubes or is made of a different substance? 

4. Careful measvirements and calculations must be made to determine 
if the slab is made of the same substance as either of the 
cubes. 
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5. Measure the dimensions of each of the three objects. Make your 
measurements in centimeters and estimate to the second decimal 
place (example: 1.34 cm.). Record this information in Table 1. 

Note: Care must be taken in measuring the dimensions of 
the cubes. It cannot be assumed that they are 
perfect cubes, and all three dimensions must be 
measured. In making the measurements, the cubes 
must be turned in such a way that a new dimension 
is measured each time, rather than the same on a 
different face. One way is to turn- the cubes left 
or right for the second measurement and then up or 
down followed by a second left or right turn for 
the third measurement. Another is to start at a 
corner and go three different ways. 

AIM: Part 2 

As the experiment continues, you will use the measurements 
recorded in Table 1 to determine the volume of each object. The volume 
and the measured mass of each object will then be used to calculate the 
density of each object. It will then be possible to decide whether the 
metal slab is made of the same substance or a different substance from 
either of the cubes. 

6. From the dimensions recorded in Table 1, calculate the volume 
of each of the objects. Record this data in Table 2. 

Note: If one measurement estimated to the second decimal 
place is multiplied by another number estimated to 
the second decimal place, the product (answer) can 
only be written to the second decimal place. 

Examples: 

6.72 cm 6.74 cm 
4.31 cm x 4.35 cm 
672 3370 

2016 2022 
2688 „ 2696 
28.9632 cm 29.3190 cm" 

2 2 28.9632 cm should be rounded 29.3190 cm should be rounded 
off to 28.96 cm̂ . off to 29.32 cm . 

7. Before the density of each object can be calculated, you must 
measure the mass of each substance. Make your measurements in 
grams and estimate to the second decimal place. Record this 
information in the space provided on Table 2. 
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8. It is now possible to determine the density of each object. 
Make the necessary calculations and record the density of each 
object in the space provided on Table 2. 

Example: 

33.0254 
195 ) 64,40.0000 

33.0254 should be rounded off to 33.03. 

9. Now that you have determined the density of each of the ob
jects, is it possible to decide whether the metal slab is made 
of the same substance or of a different substance from either 
of the cubes? 
Could the slab and cube #1 be made of the same 
substance? 
Could the slab and cube #2 be made of the same 
substance? 

AIM: Part 3 

In the last part of the experiment you will make use of what 
you have learned about measuring the volume of an irregularly shaped 
object by water displacement. You will need to know this procedure in 
order to determine the density of the irregularly shaped stone. 

10. To find the density of an irregularly shaped stone, you must • 
first determine its mass and volume. Record this information 
in Table 3, then calculate the density of the stone. 

11. Compare the density of your stone with the results of others 
you have used from the same rock. What reasons could you give 
for the different measured values of density? 
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Data Sheet 

Experiment 3.2 The Density of Solids 

Table 1. The Dimensions of the Three Objects 

Object Length Width Height 
(cm) (cm) (cm) 

Cube #1 

Cube #2 

Slab 

Table 2. Volume, Mass, and Density of the Three Objects 

Object Volume Mass Density 
(cm) (g) (g/cm3) 

Cube #1 

Cube #2 

Slab 

Table 3. Determinine the Density of a Stone 

Mass of stone g 

3 
Initial graduated cylinder reading cm 

3 
Final graduated cylinder reading cm 

3 
Volume of stone an 

3 
Calculated density g/cm 
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Experiment 3.3 

The Density of Liquids 

Name Teacher 

Period Date 

Purpose 

You will be given three samples of transparent and odorless 
liquids. It is not directly apparent whether the samples are the same 
liquid or different liquids. The purpose of this experiment is to 
determine whether they are the same or different by comparing their 
densities. 

Procedure 

1. Determine the mass of liquid sample #1̂  
a. Measure the mass of an empty 10 cm graduated cylinder. 
b. Pour the liquid sample into the graduated cylinder and 

measure the mass of the cylinder and liquid. 
c. Subtract-the mass;.of the empty cylinder from the mass of 

the cylinder and liquid to determine the mass of the 
sample. 

2." Determine the volume of liquid sample #1 by reading the level 
of the liquid as it is at the center of the graduated cylinder, 
away from the sides. 

3. Calculate the density of liquid sample #1 by dividing its 
measured mass by its measured volume. 

4. Measure the mass and volume of sample #2 and sample #3. 
Calculate the density of each. 

5. Record all measurements and calculations made for the three 
liquid samples in the Data Table provided. Be sure to st|te 
the units of measurements used, (g, cm , beads, beads/cm ) 

6. Compare the densities of the three liquids. 
a. Do sample #1 and sample #2 have similar densities? 

Yes No 
b. Do sample #1 and sample #3 have similar densities? 

Yes No 
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c. Do sample #2 and sample #3 have similar densities? 
Yes No 

d. Could sample #1 and sample #2 be the same liquid? 
Yes No 

e. Could sample #1 and sample #3 be the same liquid? 
Yes No 

£. Could sample #2 and sample #3 be the same liquid? 
Yes No 

Data Sheet 

Experiment 3.3 The Density of Liquids 

Data Table Sample #1 Sample #2 Sample #3 
Mass of container 
and liquid 
Mass of 
container 
Mass of 
liquid 
Volume 
of liquid 

Density 



Experiment 3.4 

The Density of a Gas 

Name Teacher_ 

Period Date 

Purpose 

When you mix Alka-Seltzer tablets and water, a large volume of 
gas is produced. You can determine the density of this gas by finding 
the mass of the tablet and the water before and after they are mixed 
and by collecting and measuring the volume of the gas. 

Procedure 

1. Place about 10 cm̂  water in a test tube. Stand the test tube 
in a small beaker to prevent the water from spilling. Place 
the beaker, the test tube with water, and one-half of an Alka-
Seltzer tablet on a balance and determine their total mass. 
Record this mass on the Data Table. 

2. Arrange the apparatus as shown in the figure below. Be sure 
the end of the rubber tube is at the top of the collecting 
bottle. This will reduce the amount of gas that dissolves in 
the water. (If the tube goes only into the bottom of the 
bottle, a considerable quantity of gas will dissolve from the 
bubbles as they rise to the top.) This will lower the volume 
of gas collected and thus increase the calculated density. 

I 

Figure 

When two half tablets are 
added to the test tube, the gas 
generated is collected by dis
placing water from the inverted 
collecting bottle. 

delivery collecting 
bottle tube 

,1 

stopper 
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3. When ready, drop the half tablet into the test tube containing 
the 10 cm water. Quickly insert the delivery tube and stopper 
into the test tube and collect the gas produced. Gas will 
evolve for about an hour from one tablet. However, at least 
95% of the gas is evolved within five minutes. 

4. Allow the gas to collect for about ten minutes. After this 
time, remove the collecting bottle from-the bucket. While 
doing this, hold your hand over the mouth of the bottle so the 
water not displaced will remain in the bottle. 

5. Determine the volume of the gas produced by measuring the 
volume of space in the collecting bottle. This can be done by 
measuring the volume of water needed to refill the bottle. 
Record this information in the Data Table. 

6. Determine the mass of the gas produced by measuring the mass of 
the beaker and test tube with water now that the Alka-Seltzer 
tablet has been dissolved. Subtract this measurement from the 
previously found mass of the beaker, test tube with water, and 
dry tablet. 

7. Finally, calculate the density of the gas from its measured 
mass and volume. Record this density in the Data Table. How 
does the density of the gas compare with the densities of the 
solids and liquids found in experiment 3.2 and 3.3? __________ 

Data Table 

Initial mass of beaker, test tube 
with water, and dry tablet 

Final mass of beaker and test tube 
with water after tablet had been dissolved g 

Mass of the gas produced g 

3 Volume of the gas produced cm 

3 Calculated density of gas g/cm 



APPENDIX D 

THE ACHIEVEMENT TEST 

Name Sex: M or P 

Teacher Period 

Directions: Circle the letter of the alternative that cinswers the 
item correctly. 

1. The measure of the amount of space which matter occupies is 
referred to as its 

a. volume c. density 
b. mass d. weight 

2. The measure of the quantity of matter in a substance is referred 
to as its 

a. volume c. density 
b. mass d. shape 

3. The amount of matter or mass in a given volume of a substance is 
referred to as its 

a. density ' c. characteristic properties 
b. mass d. volume 

4. Two samples of the same substance will always have the same 

a. mass c. volume 
b. size d. density 

5. We know that two samples are of different substances because they 
will have different 

a. characteristic c. masses 
properties 

b. volumes d. weights 
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6. The characteristic properties of a substance are 

a. dependent of the 
size of its sample 

b. dependent of the 
shape of its sample 

7. Density is measured in 

a. grams per centimeter 
b. centimeters 

8. Density is expressed in 

a. g/cm 
b. g3/cm 

c. independent of the size and 
shape of its sample 

d. dependent of the amount of 
its sample 

c. cubic centimeters per gram 
d. grams per cubic centimeters 

c. cm̂ /g 
d. g/cm 

To find the density of the wood in a rectangular block, you have to 

a. measure the length, c. measure the' length, 
width, and thickness 
of the block 

b. measure the mass and 
volume of the block 

measure the mass of the 
block 

d. measure the volume of the 
block 

10. The volume of an ice cube may be found by 

a. c. melting the ice and 
measuring the volume 
of the resulting water 

b. placing the ice cube 
in a liquid in which 
the ice is not soluble 
and measuring the 
volume of the liquid 
displaced 

11. To calculate the density of a substance, you 

c 

multiplying the distances 
of its three sides 

d. measuring the length, width, 
and thickness of the ice 

a. multiply the mass of 
the substance by its 
volume 

b. divide the volume of 
the substance by its 
mass 

divide the mass of the 
substance by its volume 

multiply the volume of the 
substance by its mass 
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12. To find the mass of a liquid from its known volume and density, 
you 

a. multiply the density c. divide the density by the 
by the volume volume 

b. divide the volume by d. multiply the mass by the 
the density volume 

13. If you compare the density of 10 cm of water with the density of 
1 cm"* of water, you will find that the 10 cm3 has the 

a. greater density c. same density 
b. lesser density d. it cannot be determined by 

the information given 

14. A student has equal volumes of two different liquids. He measures 
the mass of both liquids and finds that liquid A has more mass 
than liquid B. Concerning their densities, he could say that 

a. liquid A is more c. both liquids have the same 
dense than liquid B density 

b. liquid B is more d. it cannot be determined by 
dense than liquid A the information given 

15. The densities of various substances are listed below. Which 
density is most likely characteristic of a solid? 

3 3 
a. 0.1 g/cnr c. .01 g/cm 3 
b. 1.0 g/cm d. 10.0 g/cm 

16. A student has equal masses of two different solids. He measures 
the volume and finds that solid A has more volume than solid B. 
Concerning their densities, he could say that 

a. solid A is more c. solid A and B have the 
dense than solid B same density 

b. solid B is more d. it cannot be determined by 
dense than solid A the information given 

17. If a substance has a density of 0.00009, it is a 

a. solid c. gas 
b. liquid d. solid or liquid 

18. When air is heated in an open bottle 

a. the mass of the gas c. the volume of the gas 
remains the same remains the same 

b. the mass of the gas d. the density of the gas 
increases decreases 
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3 19. The density of solid A is 8.9 g/cm . The density of solid b is 
6.5 g/cm̂ . If submerged in water, which solid.would displace the 
greater amount of liquid? 

a. both objects will dis- c. solid B 
place the same amount d. it cannot be determined by 
of liquid the information given 

b. solid A 

20. A change in density due to the thermal expansion has little 
effect on 

a. solids and gases c. solids and liquids 
b. liquids and gases d. solids, liquids, and gases 

21. A substance showing the greatest amount of expansion when heated 
..would be 

a. a gas c. a solid 
b. a liquid d. a solid or a liquid 

22. When a substance is heated, it 

a. increases in volume c. neither increases in 
and mass volume nor in mass 

b. increases in volume d. increases in mass only 
but its mass does 
not change 

23. Most substances expand when heated. This expansion results in 

a. a decrease in density c. a decrease in volume 
b. an increase in density d. a decrease in mass 

24. Measuring the density of a gas, you have to state 

a. the temperature at c. both the temperature and 
which it was measured, the pressure at which it 
but not the pressure was measured 

b. the pressure at which d. neither the temperature 
it was measured, but nor the pressure at which 
not the temperature it was measured 



APPENDIX E 

THE ATTITUDE INVENTORY 

Name 

Teacher 

Sex: M or P 

Period 

Students' Reaction Form 

Directions: Please give candid responses to the following statements. 
Each statement is to be rated in terms of how much you 
agree or disagree with it. Use the following scale to 
indicate your agreement or disagreement. 

strongly 
agree agree 

neither 
agree nor 
disagree disagree 

strongly 
disagree 

Please rate each of the following statements by making a circle to the 
number that according to the scale expresses your opinion. 

Example 

The method of teaching to which I was SA A NAND D SD 
exposed did not allow me to talk' about 
the things I wanted. 12 3 4 5 

1. The method of teaching to which 
I was exposed was interesting. 

2. The subject matter was easy to 
understand by the method of 
teaching to which I was exposed. 
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SA A HAND D SD 

3. The method of teaching to which 
I was exposed is better than the 
regular way in the classroom. 

4. I feel that the method of teaching 
to which I was exposed was unusual. 

5. The method of teaching to which I 
was exposed is more appropriate to 
the subject matter than is the 
regular method of teaching. 

6. I learned more by this method of 
teaching than by the regular way 
of teaching in the classroom. 

7. I committed myself to work more in 
class with this method of teaching. 

8. The method of teaching to which I 
was exposed is more suitable for 
my age than is the regular class
room method. 

9. The method of teaching to which I 
was exposed is more helpful for 
me in my daily life. 

10. The method of teaching to which I 
was exposed should be used more 
often. 

11. The method of teaching to which I 
was exposed is more helpful for 
other content than for the one used. 

12. I think that the teacher should be 
more involved in classroom work 
under this method. 

13. I think it takes less time to 
learn the science concepts under 
this method than under the 
regular classroom method. 

14. The procedure provided ample 
opportunity to be involved in 
the task. 
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SA A NAND D SD 

15. The method of teaching to which I 
was exposed gave me a feeling of 
satisfaction. 

16. The method of teaching to which I 
was exposed interested me to learn 
more about the material. 

17. The procedure motivated me to learn 
more about the material than the 
regular classroom teaching. 

18. The procedure gave me a chance to 
discover the science concepts by 
myself more than the regular 
classroom teaching. 

19. The procedure aroused my curiosity 
and stimulated me to learn more 
about the subject than I would 
have otherwise. 

20. I feel that these concepts, 
acquired in this way, can be re
tained for a longer period of time 
than can those learned in the 
classroom procedure. 

21. 1 think that this method should 
provide opportunity for asking 
questions. 

22. The method of teaching to which I 
was exposed maintained my interest 
while I was working on it. 

23. I think that the expository phase 
of the method made it easier for 
me to set up the experiments than 
the standard procedure would be. 

24.. I believe that the concepts learned 
by this method will enable me to 
make applications of them to 
other real life situations. 



APPENDIX P 

THE RATING SCALE 

Science teachers teaching the course Physical Science to the 
ninth grade cure asked to evaluate the validity of each item of the 
attached test to be used in an experimental investigation. 

Validity refers to whether the test really measures what it is 
intended to measure: the skills, knowledge, and understanding that 
comprise the absolute standards of science, and its effective use in 
daily life. 

Validity refers also to whether the items are relevant insofar 
that the content and the tasks that they present to the examinee 
correspond to and represent the objectives of science teaching. 

In the following scale you can express your opinion by rating 
in the following way: 

1 
strongly 
valid 

2 
fairly 
valid valid 

3 4 
fairly 
invalid 

5 
strongly 
invalid 

Validity 

Item 1 is:: 12 3 4 5 
Item 2 is: 12 3 4 5 
Item 3 is: 1 2 3 4 5 
Item 4 is: 1 2 3 4 5 
Item 5 is: 12 3 4 5 
Item 6 is: 12 3 4 5 
Item 7 is: 12 3 4 5 
Item 8 is: 12 3 4 5 
Item 9 is: 12 3 4 5 
Item 10 is: 12 3 4 5 
Item 11 is: 12 3 4 5 
Item 12 i-: 12 3 4 5 

Item 13 is: 1 2. 3 4 5 
Item 14 is: 1 2 3 4 5 
Item 15 is: 1 2 3 4 5 
Item 16 is: 12 3 4 5 
Item 17 is: 1 2 3 4 5 
Item 18 is: 1 2 3 4 5 
Item 19 is: 1 2 3 4 5 
Item 20 is: 1 2 3 4.5 
Item 21 is: 12 3 4 5 
Item 22 is: 12 3 4 5 
Item 23 is: 12 3 4 5 
Item 24 is: 1 2 3 4 5 

Note: The test is attached to this form 
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APPENDIX G 

ITEM ANALYSES OF THE ACHIEVEMENT TEST 

IN ITS THBEE ADMINISTRATIONS 
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Table G.l. Pretest 

R R 
Item Mean Sigma (Total) (Scale) 

1 .49 .50 .34 .45 
2 .44 .49 .23 .34 
3 .69 .46 .24 .28 
4 .43 .49 ' .31 .30 
5 .72 .44 .35 .44 
6 .71 .45 .29 .37 
7 .52 .49 .37 .42 
8 .49 .50 .36 .32 
9 .49 .50 .38 .47 
10 .23 .42 .12 .25 
11 .21 .40 .15 .22 
12 .45 .49 .01 .25 
13 .28 .45 .38 .53 
14 .50 .50 .41 .46 
15 .32 .46 .21 .25 
16 .57 .49 .28 .35 
17 .64 .48 .38 .41 
18 .34 .47 .05 .25 
19 .22 .41 .05 .22 
20 .32 .46 .15 .31 
21 .49 .50 .16 .26 
22 .42 .49 .26 .38 
23 .39 .48 .29 .45 
24 .61 .48 .27 .46 

/ 
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Table G.2. Posttest 

R R 
Item Mean Sigma (Total) (Scale) 

1 .65 .47 .41 .42 
2 .67 .47 .36 .40 
3 .82 .38 .33 .48 
4 .69 .46 .45 .51 
5 .81 .39 .34 .36 
6 .72 .44 .46 .53 
7 .75 .43 .38 .50 
8 .83 .37 .28 .35 
9 .67 .47 .43 .56 
10 • 29 .45 .17 .26 
11 .60 .49 .28 .35 
12 .61 .48 .42 .57 
13 .42 .49 .53 .58 
14 .64 .48 .37 .40 
15 .40 .49 .45 .54 
.16 .65 .47 .40 .53 
17 .73 .44 .36 .40 
18 .53 .49 .01 .15 
19 .42 .49 .01 .12 
20 .59 .49 .45 .54 
21 .66 .47 .37 .45 
22 .53 .49 .46 .53 
23 .50 .50 .46 .50 
24 .70 .45 .43 .57 
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Table G.3. Retention Test 

R R 
Item Mean Sigma (Total) (Scale) 

1 .62 .48 .39 .34 
2 .50 .50 .45 .47 
3 .68 .46 .18 .30 
4 .45 .49 .19 .32 
5 .59 .49 .46 .50 
6 .55 .49 .41 .46 
7 .59 .49 .32 .49 
8 .65 .47 .36 .41 
9 .55 .49 .39 .48 
10 .30 .46 .07 .21 
11 .45 .49 .19 .37 
12 .42 .49 .25 .32 
13 .46 .49 .37 .46 
14 .50 .50 .30 .41 
15 .44 .49 .36 .49 
16 .42 .49 .31 .39 
17 .66 .47 .28 .46 
18 .43 .49 .26 .38 
19 .29 .45 .16 .29 
20 .47 .49 .36 .38 
21 .55 .49 .34 .37 
22 .49 .50 .34 .41 
23 .35 .47 .39 .50 
24 .62 .48 .29 .43 



APPENDIX H 

FACTOR ANALYSIS OF THE ITEMS OF THE 

ATTITUDE INVENTORY: INTERCORRELATION MATRIX 

Items 1 

1. The method of teaching to 
which I was exposed was 
interesting. .70 

2. The subject matter was easy 
to understand by the method 
of teaching to which I was 
exposed. .69 

3. The method of teaching to 
which I was exposed is 
better than the regular 
way in the classroom. .68 

4. I feel that the method of 
teaching to which I was 
exposed was unusual. -.07 

5. The method of teaching to 
which I was exposed is 
more appropriate to the 
subject matter than is the 
regular method of teaching. .19 

6. I learned more by this 
method of teaching than by 
the regular way of teach
ing in the classroom. .18 

7. I committed myself to work 
more in class with this 
method of teaching. .49 

Factor Loadings 
2 3 

.30 -.07 

.23 

.25 

.02 

.65 

.23 

.39 

.23 

-.14 .21 

-.08 

.82 

.38 

-.04 

.20 .09 

-.003 

-.09 

.60 

.27 
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Items 

8. The method of teaching to 
which I was exposed is more 
suitable for my age than is 
the regular classroom 
method. 

9. The method of teaching to 
which I was exposed is more 
helpful for me in my daily 
life. 

10. The method of teaching to 
which I was exposed should 
be used more often. 

11. The method of teaching to 
which I was exposed is more 
helpful for other content 
than for the one used. 

12. I think that the teacher 
should be more involved in 
classroom work under this 
method. 

13. I think it takes less time 
to learn the science con
cepts under this method 
than under the regular 
classroom method. 

14. The procedure provided 
ample opportunity to be 
involved in the task. 

15. The method of teaching to 
which I was exposed gave 
me a feeling of satis
faction. 

16. The method of teaching to 
which I was exposed in
terested me to learn more 
about the material. 
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Factor Loadings 
12 3 4 

.30 .24 .03 .58 

.13 .56 -.03 .34 

.32 .56 .14 .05 

.18 .15 .47 .38 

.71 -.03 .10 .14 

.66 .26 .01 .24 

.68 .29 -.02 .23 

.008 .66 -.05 .42 

.44 .59 .009 -.01 



Items 

17. The procedure motivated me 
to learn more about the 
material than the regular 
classroom teaching. 

18. The procedure gave me a 
chance to discover the 
science concepts by myself 
more than the regular 
classroom teaching. 

19. The procedure aroused my 
curiosity and stimulated me 
to learn more about the sub
ject than I would have 
otherwise. 

20. I feel that these concepts, 
acquired in this way, can 
be retained for a longer 
period of time than can 
those learned' by the class
room procedure. 

21. I think that this method 
should provide opportunity 
for asking questions. 

22. The method of teaching to 
which I was exposed main
tained my interest while 
I was working on it. 

23. I think that the expository 
phase of the method made it 
easier for me to set up the 
experiments than the stan
dard procedure would be. 

24. I believe that the concepts 
learned by this method will 
enable me to make applica
tions of the concepts to 
other real life situations. 
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Factor Loadings 
12 3 4 

.28 .32 .18 .52 

.39 .02 -.01 .69 

.61 .42 .10 .31 

.68 .29 .28 .25 

.66 .16 .34 -.25 

.69 .21 .009 .41 

.66 .13 .06 .30 

.72 .15 .07 .38 
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(STUDENTS' REACTION FORM) 
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Table 1.1. Teacher One 

Group 1, Treatment 1 
(Oral-Explanatory) 

Subject Total 
Number Scale Score 

Group 2, Treatment 2 
(Answer-Centered) 

Subject Total 
Number Scale Score 

1 61 
2 51 
3 59 
4 54 
5 41 
6 69 
7 62 
8 60 
9 50 
10 48 
11 75 
12 69 
13 45 
14 68 
15 59 
16 57 
17 51 
18 56 
19 63 
20 45 
21 43 
22 66 
23 63 
24 59 
25 54 
26 66 

Total Class Score 1/494 

27 • 52 
28 54 
29 72 
30 65 
31 38 
32 81 
33 70 
34 74 
35 77 
36 48 
37 89 
38 60 
39 63 
40 85 
41 72 
42 61 
43 65 
44 61 
45 82 
46 44 
47 53 
48 78 
49 79 
50 67 
51 64 
52 55 

Total Class Score 1,709 
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Table 1.2. Teacher Two 

Group 1, Treatment 1 
(Oral-Explanatory) 

Subject Total 
Number Scale Score 

Group 2, Treatment 2 
(Answer-Centered) 

Subject Total 
Number Scale Score 

53 65 
54 56 
55 44 
56 83 
57 83 
58 88 
59 44 
60 63 
61 47 
62 65 
63 38 
64 56 
65 55 
66 41 
67 51 
68 76 
69 43 
70 64 
71 66 
72 57 
73 80 
74 68 
75 64 
76 58 
77 54 
78 92 
79 56 

Total Class Score 1,657 

80 61 
81 59 
82 62 
83 100 
84 74 
85 78 
86 51 
87 61 
88 51 
89 61 
90 46 
91 73 
92 56 
93 60 
94 71 
95 81 
96 63 
97 64 
98 75 
99 51 
100 54 
101 58 
102 58 
103 94 
104 64 
105 62 
106 59 

Total Class Score 1,747 
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Table 1.3. Teacher Three 

Group 1, Treatment 1 
(Oral-Explanatory) 

Subject Total 
Number Scale Score 

Group 2, Treatment 2 
(Answer-Centered) 

Subj ect Total 
Number Scale Score 

107 52 
108 65 
109 70 
110 47 
111 78 
112 91 
113 57 
114 76 
115 58 
116 72 
117 51 
118 48 
119 72 
120 56 
121 63 
122 78 
123 101 
124 57 
125 83 
126 57 
127 42 
128 54 
129 80 
130 88 
131 92 

Total Class Score 1.688 

132 58 
133 84 
134 58 
135 70 
136 78 
137 73 
138 70 
139 65 
140 66 
141 62 
142 73 
143 72 
144 63 
145 65 
146 69 
147 75 
148 84 
149 58 
150 91 
151 76 
152 46 
153 85 
154 93 
155 88 
156 70 

Total Class Score 1,792 
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Group 2, Treatment 2 
(Answer-Centered) 

S\ab j ect Total 
Number Scale Score 

Table 1.4. Teacher Pour 

Group 1, Treatment 1 
(Oral-Explanatory) 

Subject Total 
Number Scale Score 

157 61 
158 61 
159 89 
160 77 
161 92 
162 70 
163 44 
164 89 
165 82 
166 86 
167 65 
168 64 
169 103 
170 66 
171 60 
172 61 
173 46 
174 70 
175 76 
176 54 
177 71 
178 71 
179 61 
180 62 

Total Class Score 1,681 

181 63 
182 69 
183 75 
184 85 
185 77 
186 84 
187 66 
188 91 
189 90 
190 100 
191 54 
192 77 
193 88 
194 62 
195 58 
196 62 
197 65 
198 67 
199 83 
200 75 
201 86 
202 64 
203 75 
204 64 

Total Class Score 1,780 

Group 1 Group 2 
Treatment 1 Treatment 2 

Grand Totals (Oral-Explanatory) (Answer-Centered) 

Total Group 
Score 6,520 7,028 
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