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The major problem of this study was to compare the views

of the role of the student in a science class as reported by

college science educators and secondary science teachers of

grades 6-8 and of grades 9-12.

The research was conducted to compare ideal classroom

teaching practices advocated by science educators and science

teachers of grades 6-8 and 9-12, and actual classroom teach-

ing practices of science teachers of grades 6-8 and 9-12.

The population for this study was randomly chosen and

included 100 science educators, 150 science teachers grades

6-8, and 150 science teachers grades 9-12 in California.

The data studied and analyzed represented 63 science educa-

tors, 108 science teachers grades 6-8, and 100 science

teachers grades 9-12.

The Science Activities Attitude Sort (SAAS) was

administered to obtain data relative to ideal and actual

classroom teaching practices that related to indirect

(Student-centered) and direct (teacher-centered) science

teaching.



The data were analyzed in respect to the pertinent

sub-groups responding to the instrument. In order to

establish a relationship of the indirectness and directness

in teaching science, the statistical analysis utilized was

a t-test of significant differences between Q-sort means of

indirect and direct items for the subgroups. The .05 level

of significance was used to determine the acceptance or

rejection of each hypothesis.

Findings and Conclusions

1. Comparison between ideal and actual within the three

groups. Significant differences were found within the

groups in favor of the indirect method for both ideal

and actual science teaching. These differences exceeded

the .001 level of significance.

2. Comparison between ideal and actual science teaching by

teacher groups.

a. There were no significant differences in grades

9-12.

b. Significant differences were found at the .05 level

in grades 6-8 in favor of ideal direct teaching.

3. Comparison between actual teaching by teacher groups

and ideal teaching by science educators.

a, There were no significant differences between

science teachers of grades 6-8 and science educators.



b. Science educators were significantly more indirect

than were science teachers of grades 912,

4. Comparison between ideal science teaching among the

three groups,

a, Science educators were significantly more indirect,

than were science teachers of grades 6,8.

b. Science educators were significantly more indirect,

than were science teachers of grades 9-12.

c. There were no significant differences between

science teachers of grades 6-8 and science teachers

of grades 9-12.

5. Comparison of actual teaching practices between grades

6-8 and 9-12.

a. Science teachers of grades 9-12 were significantly

more direct than were science teachers of grades 6-8.

6. Analysis of individual items. The Q-sorts indicate

that all groups in this study recommend greater emphasis

on student activities, student discovery, student

questions, teacher accepting students' new ideas and

viewpoints, student freedom to ask any science question,

student enjoyment of science, more time spent in doing

things other than listening, student ease in getting

equipment, student revealing likes and dislikes in

science, student maintenance of science equipment and

student use of laboratory equipment.
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CHAPTER I

INTRODUCTION

Since Sputnik was placed in orbit in October, 1957,

much emphasis has been given to the improvement of science

teaching. In the past decade there has been a revolutionary

change in teaching philosophies in science education that

has influenced the objectives of instruction, the methods of

teaching, and the subject matter content of science courses

(2). New developments in equipment, facilities, and audio-

visual media have been developed along with many new curri-

cular materials.

The national government has participated in recent

efforts to reform and improve science teaching through the

retraining and education of science teachers in programs

financed by the National Science Foundation (10). This

reform movement in science education has given rise to

widespread interest among secondary school science teachers

and science educators which is clearly reflected in new

curricula that have been developed and in research that

has been conducted in each of the major areas of science

(7).

Welch (11) reports that during the biennium of 1968 and

1969 a total of 204 research documents on the secondary

1
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science level were published. A breakdown of the focus and

number of documents are listed here: instructional proce-

dures, 48; evaluation, 33; curriculum development, 20;

academic acheivement, 18; teacher characteristics, 14;

student characteristics, 13; teacher education, 11; learning

theory and process, 11; international education, 9; edu-

cational programs, 8; and others, 19; for a total of 204.

This research and these programs of retraining and education

may lead science teachers and science educators to re-

examine some of the views about science teaching on which

they have been operating (4).

The central idea of this study was to determine the

extent to which science teachers agree with and utilize the

recommended and available views of science educators about

science teaching in their school settings.

Statement of the Problem

The problem of this study was to compare the views of

the role of the student in a science class as reported by

college science educators and science teachers of grades

6 - 8 and grades 9 - 12.

Purposes of the Study

The purposes of this study were

1. To compare the views about ideal and actual science

teaching as reported on the Science Activities Attitude Sort

between
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a. Ideal for science educators and actual for

science teachers of grades 6 - 8,

b. Ideal for science educators and actual for

science teachers of grades 9 - 12,

c. Ideal for science teachers of grades 6 - 8

and actual for science teachers of grades

6 - 8,

d. Ideal for science teachers of grades 9 - 12

and actual for science teachers of grades

9 - 12.

2. To compare the views about ideal science teaching

as reported on the Science Activities Attitude Sort between

a. Science educators and science teachers of

grades 6 - 8,

b. Science educators and science teachers of

grades 9 - 12,

c. Science teachers of grades 6 - 8 and science

teachers of grades 9 - 12.

3. To compare the views about actual science teaching

as reported on the Science Activities Attitude Sort between

science teachers of grades 6 - 8 and science teachers of

grades 9 - 12.

Hypotheses

To carry out the purposes of this study, the following

hypotheses were formulated.
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1. There will be no significant difference between the

views about ideal and actual science teaching as reported on

the Science Activities Attitude Sort between

a. Ideal for science educators and actual for

science teachers of grades 6 - 8,

b. Ideal for science educators and actual for

science teachers of grades 9 - 12,

c. Ideal for science teachers of grades 6 - 8

and actual for science teachers of grades

6 - 8,

d. Ideal for science teachers of grades 9 - 12

and actual for science teachers of grades

9 - 12.

2. There will be no significant difference between the

views about ideal science teaching as reported on the Science

Activities Attitudes Sort between

a. Science educators and science teachers of

grades 6 - 8,

b. Science educators and science teachers of

grades 9 - 12,

c. Science teachers of grades 6 - 8 and science

teachers of grades 9 - 12.

3. There will be no significant difference between the

views about actual science teaching as reported on the

Science Activities Attitude Sort between science teachers of

grades 6 - 8 and science teachers of grades 9 - 12.
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Background and Significance of Study

During the past decade an unprecedented amount of

change has taken place in the practices of high school

teaching across the United States. This change is clearly

indicated in research programs that have been developed and

tested in different instructional methods of science. These

instructional methods in science are six fold; individualized,

inquiry, student-centered, teacher-centered, discovery

learning, and problem solving. This study was designed to

compare the views of science educators with those of science

teachers. There is a need for obtaining information regard-

ing student responsibility and teacher responsibility

for both the science activities and the instructional methods

used in the science class.

With increased emphasis on student autonomy, activity

programs, inquiry training, discovery-learning, and indi-

vidualized instruction, student-centered methods are receiving

more emphasis in science classes. Thus, it is desirable to

identify the perceptions of educators concerning the acti-

vities, conditions, and processes that lend themselves to

student-centered and teacher-centered methods of learning

and instruction.

The idea that methods could be found by which we could

teach students to solve problems more readily has been with

man perhaps for as many millennia as there have been teachers.

Nevertheless, this hope for methods has continued over the
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years under various titles: training the faculty of rea-

soning, critical thinking, problem solving, inquiry training,

discovery learning, and most recently, process education.

They all have the same elements of hope that students in the

classroom will emotionally favor and become successful at

some kind of autonomous question-asking and question-answering

process.

The significance underlying research on the role of the

student in the classroom is that there may be patterns of

teaching behavior that characterize effective teaching;

effective in the sense that the learning situation results

in relatively higher student achievement. The determination

of categories of teacher and student roles in the classroom

in such a way that views of teaching patterns can be com-

pared between science educators and science teachers is

needed. If "student-centered" strategies are good for

students in a classroom setting, then we should train

teachers to impart these strategies. If "teacher-centered"

strategies are good for students in a classroom setting,

then we should train teachers to impart these strategies.

Gardner (6) states that science teachers will encourage

students in elementary, junior, and senior high to learn by

doing, by investigating, by discovery, and by inquiring, if

their science teachers use these methods. Although "inquiry"

approaches to science teaching have been much heralded

through the 1960's, especially with federally-funded programs,
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there continues to be no convincing evidence that general

problem-solving strategies belong more to the "student-

centered" than to the "teacher-centered" method.

According to Doll (3), analysis of research supports

the argument that the child must be involved as a partner in

inquiry and in shaping content. McCurdy (9) found that it

was obvious that students who were more successful perceived

themselves as being more self-directed. Kalin and McAvoy's

(8) findings indicated that a student has a preference for

learning in a sensory input channel; that a student knows in

which sensory channel he learns most efficiently, and that

allowing a student to learn in the sensory channel in which

he thinks he learns most efficiently results in significantly

higher learning rates than in channels unlike his choice.

Gardner (6) reports findings in which many teachers

tend to emulate their previous instructional examples;

teachers teach as they have been taught. If the science

professor learns to use inquiry methods, the investigative

approach, and to develop a more informal, personal type of

relationship within his classes, then our prospective

teachers in pre-service programs will have this kind of

science instruction as a model.

A review of research studies indicates that many

different approaches to the teaching of science are being

investigated. This study, however, attempts to determine
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the approaches that are advocated and the ones that are

actually being used in relationship to indirect and direct

science teaching.

Definition of Terms

For the purposes of this study, the following defini-

tions were formulated.

1. Actual sort: refers to scores on the Science

Activities Attitude Sort (SAAS) which indicates how science

teachers say science is actually being taught.

2. Ideal sort: refers to scores on the SAAS which

indicates how science educators and science teachers say

science ought to be taught.

3. Direct science teaching: refers to those state-

ments on the Science Activities Attitude Sort that are most

representative of teacher responsibility.

4. Indirect science teaching: refers to those state-

ments on the Science Activities Attitude Sort that are most

representative of student responsibility.

5. Science educator: refers to the sample of respon-

dents taken from the list of science educators who are mem-

bers of the Association for the Educators of Teachers in

Science (AETS) living in California, National Association of

Research in Science Teaching (NARST), California Academy of

Science, and college and university secondary science educa-

tors.
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6. Views: refers to thoughts or opinions of science

educators and science teachers concerning the role of the

student in a science class. As used in this study, views

were defined in terms of measures obtained on the Science

Activities Attitude Sort (SAAS).

Instruments

The Science Activities Attitude Sort (SAAS) was

utilized to measure views about indirect and direct science

teaching.

The SAAS was developed as a Q-sort measure (Russell

Yeany, Jr., 1973) of pre-service teachers' attitudes toward

the role of pupils in science classes. This instrument

includes forty statements describing student roles and

activities that range from extremes of student-centered con-

cepts to teacher-centered concepts.

A jury of natural and social science educators were

instructed to construct an ideal ranking of the statements

ranging from those representative of inductive/indirect

activities (pupil-centric) to those representative of expos-

itory/direct activities (teacher-centric). The agreement

between the individual juror's rankings of the statements

ranged from a correlation of .629 to .912 with an average

correlation of .796.

Yeany states that the true-score reliability of the

sorts have been between .65 and .75. These values refer to
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scores of pre-service teachers. The subjects were asked to

sort the concepts into seven groups ranging from those on

which they have the most agreement to those on which they

have the least agreement.

There were sixteen indirect items, sixteen direct

items, and eight neutral items on the SAAS instrument. The

sixteen indirect items and sixteen direct items were used in

the statistics for this study. The neutral items were not

used in this study. The neutral items were ranked by the

expert jury as those items which identified a teacher behav-

ior as neither direct nor indirect.

A personal data sheet was used to obtain the following

information from the respondents: sex, degree held, age,

academic preparation, years of teaching experience, grade

level taught, present title, and participation in science

institutes.

Procedures for Collecting Data

The population selected to complete the data sheet was

comprised of college science educators and science teachers

in California. There were five samples selected for this

study: one group of science educators, two groups of science

teachers grades 6 - 8, and two groups of science teachers

grades 9 - 12. The science educators, one sample of science

teachers grades 6 - 8, and one sample of science teachers

grades 9 - 12 completed the ideal sort of the SAAS, and one
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sample of science teachers grades 6 - 8, and another sample

of science teachers grades 9 - 12 completed the actual sort

of classroom practices of the SAAS.

The science educators came from lists of science educa-

tors who were members of one of the following groups: the

Association for the Education of Teachers in Science (AETS)

living in California, members of the National Association of

Research in Science Teaching and California Academy of

Science, and college and university secondary science

educators.

The science teachers were from selected metropolitan

school districts in the San Francisco Bay Area and the Los

Angeles Area of California. From a pool selection of all

the counties in the two metropolitan areas a random sample

of four counties were chosen from each metropolitan area. A

public school directory was obtained from the State Depart-

ment of Education with a list of secondary schools grades

6 - 8 and 9 - 12 in each of the eight counties.

A random sample of 100 was chosen from the pool of

science educators. From the pool of secondary schools

grades 6 - 8, two random samples, one of 75 life science

teachers and one of 75 physical science teachers were chosen.

From the pool of secondary schools grades 9 - 12, two random

samples, one of 75 life science teachers and one of 75

physical science teachers were chosen by alternate selection.
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The total sample for this study elicited responses from 400

science educators and secondary science teachers grades 6 -

8 and 9 - 12.

A science teacher from each of the selected schools was

mailed an explanatory letter, personal data sheet, Q-sort

instruction (Appendix A), and a SAAS instrument (Appendix

B), on which the categories of explanation were to be checked

and returned by mail.

Each respondent was asked to arrange the forty state-

ments from most favorable to most unfavorable in the follow-

ing manner:

Most Most
Favorable to Unfavorable
Columns A B C D E F G
Items per
Column 3 5 7 10 7 5 3

Items
1.
2.
3.
4.
5. t__ _ _

The three most favorable statements were to be checked

in column A. Then move to column B and repeat the procedure

with the next five most favorable statements. Then check

the seven statements for column C, ten for D, seven for E,

five for F, and the three most unfavorable in the last

column, G.
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A follow-up note was sent to respondents who failed to

return the SAAS and personal data sheet within two weeks.

The accepted minimum return of SAAS instruments for each

group was set at sixty percent.

Procedures for Treatment of Data

The Q-sorts obtained from the study were assigned

numerical values. Each item checked received a value of

seven to one in decreasing order from column A to G. The

three most favorable statements in column A received a

numerical value of seven each, column B six each, column C

five each, colum D four each, column E three each, column F

two each, and column G one each.

The instrument was scored twice, once for indirect

items and once for direct items. The mean of the indirect

items and the mean of the direct items were obtained. A

Fisher t-test was computed to ascertain if the difference

between the means of the indirect items and the direct items

within each group was significant (5).

The tenability of each hypothesis was determined by

using the Fisher t to determine if the means scores for

direct and indirect items were significantly different among

the five groups. The statistical technique was most appro-

priate for this study where only two groups at a time were

compared. The .05 level of significance was used to deter-

mine the acceptance or rejection of each hypothesis.
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A description of the population was made from the per-

sonal data categories of respondent variables.
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CHAPTER II

REVIEW OF RESEARCH STUDIES

This chapter presents a review of the related research.

To ascertain the role of the student in a science class,

research on classroom instruction, teaching methods, and

student attitude and achievement in the science classroom

was reviewed. The research is reviewed under the following

headings: (a) Inquiry training and discovery-learning, (b)

individualized instruction, and (c) indirect and direct

instruction.

Inquiry Training and Discovery-Learning

An analysis by Kaufman (16) states that definitions of

inquiry or discovery-learning vary widely, but do contain

common elements. These common elements are students' free-

dom in choosing, individual perception of problems, making

personal observations, formulating alternative hypotheses,

testing hypotheses, and deriving solution with the teacher

serving primarily as a resource person. Some other elements

are the students' independence of rote rules and routines.

Inquiry training and discovery-learnings' main objective is

to unregiment the learning routine and provide for indi-

vidual differences and flexibility. This section of related

re search was concerned with common elements, students'

16
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independence, and flexibility in a classroom setting that

utilizes inquiry traning and discovery-learning as teaching

methods.

Schlenker's (27) research with students in grades five

through eight, concludes: (a) students receiving inquiry

training develop a significantly greater understanding of

science and scientists, as well as greater fluency and pro-

ductivity in using skills of inquiry or critical thinking;

and (b) no consistent difference in content mastery or

retention of knowledge of the usual content of elementary

school science was found. Schymansky and Matthews (28), in

an inquiry study, observed students under "student struc-

tured learning" and "teacher structured learning" and found

significantly greater use of inquiry skills by children in

the "student structured learning" classes. Jones (15) used

lessons from Suchman's Inquiry Development Program with

seventh-grade students. Two groups were taught with com-

ments such as "right" or "that agrees with what most

scientists believe at this time," when correct answers were

given; two other classes were given no acknowledgement of

correct suggestions to inquiry problems. The non-directed

group achieved significantly more (.05 level) on the Co-

operative General Science Test after fourteen weeks of

instruction.
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Renne, Kass and Nay (24) on data from a study of eighth

grade science say it would appear that student verbal parti-

cipation in the inquiry classroom is associated with achieve-

ment at the higher cognitive levels of the Bloom taxonomy.

Anyone asking question is likely to be actively preoccupied

with the problem under consideration. In attempting to

relate and evaluate the different ideas posed in the inquiry

session in order to formulate their own questions, the par-

ticipants may have been more keenly analytical of the

questions asked by others. The result emerged in differences

when I.Q. was controlled. Students who avoid verbal parti-

cipation should be encouraged to take part, even if their

contribution is limited to the more elementary questions.

Cheong's (9) data supported the idea that the self-

instructional program on inquiry process criteria rules did

induce a set to learn and improve student ability to carry

out inquiry tasks.

Wright (33) studied the verbal behaviors of teachers

which enabled them to exhibit behaviors which promote

inquiry learning on the part of their students. Teachers

were found to talk the most in a noninquiry setting, less in

a teacher-centered inquiry setting, and least in a student-

centered inquiry setting. The total proportion of teacher

talk decreased throughout the program but became more

direct in student-centered inquiry than in either teacher-

centered inquiry or noninquiry settings. The investigators
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concluded that, using a well-designed staff development

program, teachers can modify their behaviors and thereby

promote more effective inquiry.

In summarizing the research studies dealing with

instructional issues, it was found that inquiry training

stresses the increased use of multi-media methodologies such

as independent study, student structured activities, tutorial-

assisted instruction, and the trend toward laboratory use in

classroom teaching. Teachers' attitudes were more positively

oriented toward the teaching of science following inservice

seminars on the use of an inquiry approach. Student-centered

teachers exhibit behaviors consistent with the goals of

providing inquiry training.

Individualized Instruction

Individualized instruction received a strong impetus

with Bloom's (5) paper in 1968 in which he urged that

instruction be designed to allow most students to master an

explicitly defined set of materials by allowing students

varying amounts of time to achieve mastery. Individualized

study has a range of meanings. Usually, individualized

study allows the students to choose their favored time for

study, and alternative programs for various students or

groups of students are possible. Usually a staff tutor is

available for counsel whenever students need personal assis-

tance. The student roles that were considered in the research
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studies were design and organization of instruction, proce-

dure, and use of instructional time for improvement in

student achievement and attitude.

Call (7) made a comparison of individualized and tradi-

tional methods for teaching high school chemistry. A sig-

nificant difference was found in favor of the individualized

instruction group over the traditional group on five indi-

vidual science unit examinations. A student attitude survey

indicated the students believed individualized instruction

was more difficult than traditional methods of instruction,

but they said they learned more, enjoyed the course more,

and preferred individualized instruction. Students involved

with the individualized instruction method also indicated

they had increased their ability to study, organize their

work, and that they had been more responsible for the

learning process.

The data of Altieri and Beckt (1) indicate the students

achieve more in chemistry, as measured by the ACS-NSTA

Chemistry Test, and have a more positive attitude toward the

study of chemistry in the experimental, individualized chem-

istry classes than in traditional chemistry classes used in

the study. Pare and Butzow (20) found that students who

were more independent were the highest achievers in the AT

(audio-tutorial) physical science course. Given the usual

constraints that the objectives of a course must be com-

pleted in a semester, the AT procedure appears to be more



21

suitable to the more independent students. Students'

informal remarks during the course also supported the

findings. Some said that they had very great difficulty in

forcing themselves to work under conditions where there was

no instructor pressure to do so. Other students reported

enjoying being able to concentrate on the course at their

convenience.

Ray (23) studied the effects of teaching micrometer

skills and principles to ninth-grade boys from three junior

high schools using two methods (direct-detailed and directed-

discovery) of tape recorded instruction. The directed-

discovery treatment was superior to the direct-detailed

treatment on both transfer tests and on both retention

tests. In another study Rowlett (26) concluded that (a) the

directed-discovery group was superior to the direct-detailed

group on a six-week transfer test, (b) there was no evidence

of interaction, (c) the average ability directed-discovery

students were superior to the average ability direct-detailed

students on the six-weeks retention test, and (d) the low

ability direct-discovery students were superior to the low

ability direct-detailed students on the six-weeks transfer

measure.

Hefferman (12) used the individualized Intermediate

Science Curriculum Study and the New York State Traditional

Science Instruction Syllabus to compare pupils' understanding

of the scientific enterprise and scientists, and pupils'
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understanding of the methods and aims of science. All were

taught by the same teacher. Post-test scores were treated

with a simple 2x2 analysis of variance. There were no sig-

nificant differences at the .05 level in the mean scores of

either group on any instrument. Humphreys (13), in an

individualized study, concluded that independence of

learning required gradual development by most students. The

academic performance of the teacher-structured group was

superior to that of the student-structured experiences

group, but some student-structured experiences students were

able to develop independent learning behavior as evidenced

by superior achievement scores. Denton (11) used a computer

to produce individually prescribed instructional guides for

high shcool physics students. Using the content from two

chapters of PSSC physics, he compared achievement of a class

using traditional group methods with that of classes receiv-

ing a computer individualized program. There was no signif-

icant difference in achievement on post tests administered

to the classes.

Steck (30) conducted a study comparing the scores made

on an achievement test by two groups of students, one group

receiving instruction on a one-to-one basis while the other

group received instruction under a group format. Tape

recorded instruction was used. The students who learned in

a group had a significantly smaller score variance than

those learning individually. Anderson and Artman (2) found
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that nearly all students using cassette tape recorders for

problem solving in physics reached mastery (75% correct) and

showed a positive attitude toward the instruction. Hurlock

(14) states that no differences were found among the experi-

mental conditions in performance of training time with

student-controlled and program-controlled instruction, but

it was discovered that students who controlled their own

programs maintained more favorable attitudes to computer-

assisted instruction than those using program-controlled

instruction.

Simmons and Esler (29) studied the effect of a Process

Approach science program on science attitudes of sixth

graders as opposed to a textbook-oriented program. They

found a generally higher attitude toward science for stu-

dents in the process program. A higher percentage of

students in the Process Program indicated a preference for

their science class; they also reported comparatively more

ease and sense of fun and accomplishment with regard to

science activities.

Bloom, Hastings and Madaur (6), in a study on Formative

and Summative Evaluation of Students' Learning, report that

learning for mastery involves strategies which take individ-

ual differences into consideration and at the same time pro-

mote the fullest development of the individual. Quality of

instruction, materials, and the amount of time available for

learning should be made appropriate to the characteristics
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and needs of each student. Some of the key elements that

are associated with characteristics and needs are individ-

ualized study, small group study, alternative learning

resources, and tutorial help.

In summary, a substantial focus was found on individ-

ualized instruction. In general, these studies support the

effectiveness of individualized instruction methods over

traditional group instruction; it should be noted that the

primary values of individualized instruction were tailoring

instructional technology to the capabilities of the individ-

ual student and the decreased time needed to attain mastery

of learning objectives. Also, individualized instruction

places an increased emphasis on student autonomy, activity

programs, self-direction, and tutorial assistance.

Indirect and Direct Instruction

Indirect and direct instruction involves interaction in

the classroom that are characteristics of student and teacher

responsibilities, respectively. These studies of student-

teacher interaction in the classroom have the underlying

assumption that there are patterns of teaching behavior

which reliably produce certain student attitudes and achieve-

ment results. The role of the students and the role of the

teacher were of primary concerns in the related research

studies that reported significant differences in student

attitudes and achievement.
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Strozak's (31) findings on directive problem-solving

(teacher-centered) approach and non-directive problem-

solving (student-centered) approach to secondary science,

showed that students receiving the non-directive method of

teaching had statistically greater achievement at the .05

level on the standardized achievement tests. These same

students did not show statistically higher scores on an

attitude scale. There was a positvie correlation at the .05

level, between student achievement and student attitude

toward the course for students receiving the non-directive

method. Significant correlations between achievement and

attitude for students receiving the directive method were

also noted.

The findings of Wolfson (32) indicate that students

taught by teachers with a higher I/D (indirect/direct) ratio

will achieve higher scores on a standardized achievement

test in either chemistry or general science and will achieve

higher scores on a retention test given four months later,

than will students of teachers of lower I/D ratio. While

the higher I/D ratio teachers could not be considered high

I/D ratio teachers according to Flanders' research, neverthe-

less there was a significant difference in the I/D ratios of

the "higher" and "lower" teachers. It is also of interest

that the higher I/D ratio teachers varied more during the

year than did the lower I/D ratio teachers. This is consis-

tent with Flanders' findings. This "flexibility" may well
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be the teaching factor that accounts for the differences in

student achievement and retention. Certainly this question

should be investigated further. Behavior modification

theory indicates that postivie reinforcement, temporally and

spatially positioned, can generate desired behavior. A high

I/D ratio teacher is one who more often praises and accepts

a student's feelings and ideas. It seems that I/D ratio is

highly related to such behavior modification and its success

may well stem from that concept. Cangemi (8) made a compari-

son between high and low I/D groups by analysis of covariance,

using the variables achievement, attitude toward the course,

and attitude toward the teacher. Among the general general

conclusions of the study was that higher I/D classes produced

students with higher achievement and generally more favorable

student attitudes toward the course than lower I/D classes.

Kilburn (17) used the student-centered learning method

and the teacher-centered activities method and made exten-

sional learning measurement one year after the units were

taught. Treatment differences observed were (a) process

knowledge learning was enhanced by the teacher-centered

treatment, (b) students in the two groups perceived science

differently, and (c) experienced teachers were more effec-

tive in teaching science content by a different method than

were inexperienced teachers.

Lunetta (19) found that indirect-instructed students

achieved significantly higher scores in PSSC physics than
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directed-instructed students. Students were learning sig-

nificantly more through indirect instruction methods than

through direct instruction in significantly less time.

Barnett (3), in a study of high school biology students

showed the following results: Students who perceive their

teachers as non-directive tend to indicate a preference for

application and tend to be higher achievers than students of

teachers perceived as being directive. The students of

teachers perceived as being directive also tend to prefer

memory to application.

Lauren (18) found that varying teacher roles in the

classroom produced significant effects on students' percep-

tions of classroom climate, and on the teachers' indirect

versus direct behaviors. Indirect teaching results in more

positive student perception and increased achievement in

earth science. The study has greater importance because it

sought to find relationships among a group of low-achieving

students. Citron and Barns (10) state that slow learners

are capable of being educated more efficiently by special

instructional techniques. These techniques include (a)

special guidance--a concentrated effort at reinforcing goal-

seeking, (b) special planning--an improvement of the rela-

tionship of teacher and student through joint planning of

work to be done, (c) special curricular design--giving

priority to the most significant concepts by teaching less

but teaching the important things well, and (d) special
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teaching pattern--a maintenance of interest through the use

of the most effective teaching devices. It should be noted

that in each of the above-stated instructional techniques

there is the implication that a high indirect to direct

teacher-student interaction ratio is beneficial for the slow

learner during the teaching process.

Puranajoti (23) measured the relationship between ver-

bal interaction of elementary science teachers and their

students' creativity. Significant positive correlation was

found at the .05 level between the student scores on

Torrance Test for Creative Thinking (TTCT) in these areas:

(a) indirect teacher behaviors, (b) percentage of time spent

in accepting feelings of students and praising and encour-

aging students, (c) percentage of time spent in accepting

students' ideas, (d) percentage of time teachers spent in

asking questions, and (e) percentage of time in student

talk-initiation. Creativity in girls was found to be

influenced to a greater extent by teacher behavior than was

creativity in boys.

Shymansky and Matthews (28), in a summary of the mean

student behavior scores in fifth grade science for the

student-structured and teacher-structured students, reveal a

pattern of student behaviors favoring the student-structured

group. Students in the student-structured classroom spend

approximately 26% of the class time exchanging ideas about

the science lesson (initiating interaction with student,
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receiving ideas from students, and giving ideas to other

students), while students in the teacher-structured class-

room spent approximately 7% of the class time exchanging

ideas about the science lesson.

Roth (25), after studying teacher-student interaction

patterns in science, recommended more indirect influence by

teachers on students' motivation and control techniques,

utilization of student ideas, and avoidance of criticism and

justification of authority. Randall (22) reports the atti-

tudes and perceptions of students toward having science

teachers lecture to them and found the attitudes and percep-

tions to be more negative at the higher levels. Students at

all grade levels (7-12) like teachers to show enthusiasm and

interest in their teaching.

Bird's (4) study of the differences in behavior that

the open-minded (indirect) teacher and the closed-minded

(direct) teacher exhibit in teaching science gives the fol-

lowing results. Open-minded teachers interacted more fre-

quently with small groups of students, while the closed-

minded teachers interacted more frequently with large groups.

Closed-minded teachers spent more time questioning the large

group, giving information, asking rhetorical questions, giv-

ing directions and suggesting alternatives. Open-minded

teachers were less likely to exhibit behaviors inconsistent

with the goals of providing inquiry training.
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In summary, the research studies on indirect and direct

instruction tend to show that almost any reasonable student-

centered method of teaching will have success as measured by

student achievement and attitudes toward the program.

Student-centered instruction is generally more

effective in improving attitudes and achievement than teacher-

centered instruction. Teachers that employ the student-

centered method of instruction are more likely to exhibit

behaviors consistent with the goals of providing inquiry

training.

Several studies were reported using interaction analy-

sis between teachers and pupils. These studies suggest that

pupil achievement and pupil attitudes are better when

teachers employ "indirect" questioning approaches rather

than "direct" approaches. Some studies report success in

training teachers to be more aware of their questioning

strategies in the classroom and to achieve more indirect

strategies. Most of the studies favor an indirect type of

teaching behavior and show an inherent assumption that this

kind of behavior is the best for all kinds of learning.

Student attitudes and behavior tend to be generally

higher toward science and science activities and toward the

teacher in an indirect science program. Students are in

favor of laboratory activities in the indirect approach but
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generally do not wish to have teachers lecture to them. The

students who are more successful perceive themselves as

being more self-directed.
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CHAPTER III

PROCEDURES AND RESULTS

This chapter consists of descriptions of the study, the

science educators and science teachers, the instruments and

the procedures used for collecting data, the procedures for

statistically treating the data, the description of the

population, results of group comparisons, item comparisons,

and testing the hypotheses.

A Description of the Study

The purposes of this study were to compare the views of

the role of the student in a science class as reported by

college science educators and science teachers of grades

6 - 8 and grades 9 - 12. To accomplish this, the SAAS instru-

ment (Appendix B) was administered to compare the teaching

practices that were advocated and the ones that were actu-

ally being used in the classroom setting that related to

direct and indirect science teaching.

Science Educators

The science educators selected to complete the data

sheet came from lists of science educators who were members

of one of the following groups: the Association for the

36
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Education of Teachers in Science (AETS) living in California,

members of the National Association of Research in Science

Teaching (NARST), and college and university science edu-

cators.

Science Teachers

The science teachers selected to complete the data

sheet were life science and physical science teachers who

were presently performing teaching assignments in life and

physical science. The science teachers were from selected

metropolitan school districts in the San Francisco Bay Area

and the Los Angeles area of California. One group of life

science and physical science teachers taught grades 6 - 8,

and the other group taught grades 9 - 12.

Instruments

The Science Activities Attitude Sort (SAAS) was uti-

lized to measure views about indirect and direct science

teaching.

The SAAS was developed as a Q-sort measure (Russell

Yeany, Jr., 1973) of pre-service teachers' attitudes toward

the role of pupils in science classes. This instrument

includes forty statements describing student roles and

activities that range from extremes of student-centered

concepts to teacher-centered concepts.
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A jury of natural and social science educators in

Yeany's study were instructed to construct an ideal ranking

of the statements ranging from those representatives of

inductive/indirect activities (pupil-centric) to those

representatives of expository/direct activities (teacher-

centric). The agreement between the individual juror's

rankings of the statements ranged from a correlation of .629

to .912 with an average correlation of .796.

Yeany states that the true-score reliability of the

sorts have been between .65 and .75. These values refer to

scores of pre-service teachers. The teachers were asked to

sort the concepts into seven groups ranging from those on

which they had the most agreement to those on which they had

the least agreement.

In addition to the Q-sort, data about the research

population was gathered in eight categories with a personal

data sheet. The categories selected were as follows: sex,

degree held, age, academic preparation, years of teaching

experience, grade level taught, present title, and parti-

cipation in science institutes.

Procedures for Collecting Data

There were five samples selected for this study: one

group of science educators, two groups of science teachers

grades 6 - 8, and two groups of science teachers grades

9 - 12. The science educators, one sample of science teachers
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grades 6 - 8, and one sample of science teachers grades

9 - 12 completed the ideal sort of the SAAS. One sample of

science teachers grades 6 - 8, and another sample of science

teachers grades 9 - 12 completed the actual sort of class-

room practices of the SAAS.

A random sample of 100 was chosen from the pool of 175

members which constituted the pool of science educators.

There were twelve counties in the two metropolitan

areas. A random sample of four counties from each area was

made. A public school directory was obtained from the State

Department of Education which contained a list of all the

schools of grades 6 through 12 in these counties. One sci-

ence teacher from each of the schools constituted the

population pool of science teachers.

There were 400 schools grades 6 - 8 and 420 schools

grades 9 - 12. A random sample of 150 schools grades 6 - 8

and 150 schools of grades 9 - 12 was made. A packet ad-

dressed to a physical science or life science teacher was

mailed to each of these schools. The packet contained an

explanatory letter, Q-sort instrument and personal data

sheet (Appendix A), and a SAAS instrument (Appendix B). A

self-addressed envelope was enclosed.

Each respondent was asked to arrange the forty state-

ments from most favorable to most unfavorable in the follow-

ing manner:
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Most Most
Favorable to Unfavorable
Columns A B C D E F G
Items per
Column 3 5 7 10 7 5 3

Items
1.
2.
3.
4.
5.

The three most favorable statements were to be checked

in column A. The procedure was repeated for column B with

the next five most favorable statements. Seven statements

were checked for column C, ten for D, seven for E, five for

F, and the three most unfavorable, in the last column, G.

A personal data sheet was sent along with the SAAS

instrument. The personal data sheet supplied a description

of the population. A follow-up note was sent to respondents

who failed to return the SAAS and personal data sheet within

two weeks. (See Appendix C for follow-up note.)

The accepted minimum return for SAAS instruments for

each group was set at sixty percent. The percentage of

responses received from each group follows: Science educators,

63 percent, science teachers grades 9 - 12, 69 percent for

the ideal sort and 64 percent for the actual sort, and

science teachers grades 6 - 8, 73 percent for the ideal sort

and 70 percent for the actual sort.
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Procedures for Treatment of Data

The Q-sorts obtained from the study were assigned

numerical values. Each item checked received a value of

seven to one in decreasing order from column A to G. The

three most favorable statement in column A receive a numer-

ical value of seven each, column B six each, and column C

five each, column D four each, column E three each, column F

two each, and column G one each.

The instrument was scored three times, once for indi-

rect items, once for direct items, and once for neutral

items. The mean of the indirect items, mean of the direct

items, and mean of neutral items were obtained.

The tenability of each hypothesis was determined by the

Fisher t to test the significance of difference between the

means value obtained for each group from the value assigned

for each item in the SAAS (2). This statistical technique

was appropriate for this study in which only two groups at

a time were compared. (See Appendix E for the formulas

used.) The .05 level of significance was used to determine

the acceptance or rejection of each hypothesis.

A description of the population was made from the

personal data, categories of respondent variables. These

personal data categories present the academic experiences

and educational qualifications of the respondents.
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Description of the Population

There were 100 science educators, 75 physical science

teachers, and 75 life science teachers of grades 6 - 8; and

75 physical teachers and 75 life science teachers of grades

9 - 12. A total of 271 replies were received. This gives

an overall return of 68%. The return of science educators

was 63%. The return of 75 science teachers of grades 6 - 8

ideal sort was 73%, and the return of 75 science teachers of

grades 6 - 8 actual sort was 70%. The return of 75 science

teachers of grades 9 - 12 ideal sort was 69%, and the return

of the other 75 science teachers of grades 9 - 12 actual

sort was 64%. Table I gives the frequency distribution of

replies from the research sample by type of Q-sort and

respondent group.

TABLE I

FREQUENCY DISTRIBUTION OF REPLIES FROM THE RESEARCH
SAMPLE BY Q-SORTS AND RESPONDENT GROUPS

Type of IdealActual Total
Q-sort Q-sort Q-sort

Re sp ondent Sc i. $ci. ci . ~Sci~~~~ ~i~~ ~~~

Edu. Tea. Tea. Tea. Tea.
Grades Grades Grades Grades
6-8 9-12 6-8 9-12

Sent 100 75 75 75 75 400

Returned 63 55 52 53 48 271

Percentage
Returned 63 73 69 70 64 68
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Seventy-four percent of those participating in the

research were males and 26% were females. Sixty-seven

percent of the science educators reported holding doctoral

degrees. Forty-nine to 67% of all groups of science teachers

reported holding Masters degrees. Science educators reported

41% and 29% having physical science and life science majors,

respectively. There were 62% of the science educators whose

present title involved them in work that had something to do

with teaching. Among the science teachers group 98% were

involved in some form of teaching. From 45% to 55% of all

respondents have attended from two to four science insti-

tutes and 48% of science educators have conducted two or

more science institutes. To ascertain the complete des-

cription of the population, see Appendix D for the personal

data chart.

Results of Comparison of Direct and Indirect
Science Teaching for the Five Groups

The ideal Q-sort of science educators was significantly

more indirect than direct on the method of teaching science.

The results gave a t of 15.333 which was significant at the

.001 level. The data for this comparison is shown in Table

II.
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TABLE II

COMPARISON BY t TEST OF SCIENCE EDUCATORS ON
INDIRECT VERSUS DIRECT METHODS AS BEING

THE IDEAL WAY FOR TEACHING SCIENCE

Indirect Values t Significant of t Direct Values

N=63 N=63

X=4.59 X=3.17

cF=0.44 15.536 .001 OT=0.58

S-=0.05 S-=0.07

The ideal Q-sort of science teachers grades 6 - 8 was

significantly more indirect than direct on the method of

teaching science. The results gave a t of 7.205 which was

significant at the .001 level. The data for this comparison

is shown in Table III.

TABLE III

COMPARISON BY t TEST OF SCIENCE TEACHERS GRADES 6 - 8 ON
INDIREC T VERSUS DIRECT METHODS AS BEING THE

IDEAL WAY FOR TEACHING SCIENCE

Indirect Values t Significant of t Direct Values

N=55 N=55

X=4.35 X=3.58

6~=0.49 7.205 .001 dI=0.62

S-=0.07 .S-.=0.08
x__x
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The actual Q-sort of science teachers grades 6 - 8 was

significantly more indirect than direct on the method of

teaching science. The results gave a t of 11.331 which was

significant at the .001 level. The data for this comparison

is shown in Table IV.

TABLE IV

COMPARISON BY t TEST OF SCIENCE TEACHERS GRADES 6 - 8 ON
INDIRECT VERSUS DIRECT METHODS AS BEING THE WAY

THEY ARE ACTUALLY TEACHING SCIENCE

Indirect Values t Significant oft Direct Values

N=53 N=53

X=4.47 X=3.32

cF=0.47 11.331 .001 6T=0.57

SX=0.06 S-=0.08

The ideal Q-sort of science teachers grades 9 - 12 was

significantly more indirect than direct on the method of

teaching science. The results gave a t of 8.051 which was

significant at the .001 level. The data for this comparison

is shown in Table V.
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TABLE V

COMPARISON BY t TEST OF SCIENCE TEACHERS GRADES 9 - 12 ON
INDIRECT~VERSUS DIRECT METHODS AS BEING THE

IDEAL WAY FOR TEACHING SCIENCE

Indirect Values t Significant of t Direct Values

N=52 N=52

X=4.35 X=3.58

T~=0.40 8.051 .001 J~=0.55
Sx=0..06 Si=0.08

The actual Q-sort of science teachers grades 9 - 12 was

significantly more indirect than direct on the method of

teaching science. The results gave a t of 7.319 which was

significant at the .001 level. The data for this comparison

is shown in Table VI.

TABLE VI

COMPARISON BY t TEST OF SCIENCE TEACHERS GRADES 9 - 12 ON
INDIRECT VERSUS DIRECT METHODS AS BEING THE WAY

THEY ARE ACTUALLY TEACHING SCIENCE

Indirect Values t Significant of t Direct Values

N=48 N=48

X=4. 40 X= 3.59

T=0.51 7.319 .001 C=0.58

_ _ =__. 08
x II
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These data indicate all groups saw themselves as being

significantly more indirect.

Item Comparison

The ten items that best represent what science teachers

perceive to be actually going on in the classroom are pre-

sented in Table VII. It will be noted that three of these

items represent direct teaching, four represent indirect

teaching, and three were classified as neutral.

The ten items that best represent what science educa-

tors and science teachers perceive to be the ideal way of

teaching science are presented in Table VIII. It will be

noted that two of these items represent direct teaching,

five represent indirect teaching, and three were classified

as neutral.
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TABLE VII

RANK-ORDER OF THE ACTUAL Q-SORT MEAN OF THE SAMPLES
OF SCIENCE TEACHERS

Direct (D)
Rank Item Item Mean Indirect (I)

Neutral (N)

1 5 A student should be encour- 6.29 I
raged to ask questions
in science class.

2 35 Students should do activi- 6.27 I
ties which allow them
to discover things.

3 6 A student should enjoy the 5.85 N
activities of a science
class.

4 25 Most science class time 5.76 I
should be spent doing
things other than
listening.

5 28 Students should feel free 5.68 N
to ask any questions dur-
ing science class.

6 7 A science teacher should 5.58 I
accept new ideas and
viewpoints from students.

7 13 Students should be allowed 4.93 D
to reveal likes and dis-
likes in science class.

8 2 Science equipment and sup- 4.81 N
plies should be easy for
the students to get.

9 9 Students should be involved 4.76 D
in science equipment
maintenance.

10 22 The teacher should decide 4.48 D
what lab materials stu-
dents will use.
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TABLE VIII

RANK-ORDER OF THE IDEAL Q-SORT MEAN OF THE SAMPLES
OF SCIENCE EDUCATORS AND SCIENCE TEACHERS

Direct (D)
Rank Item Item Mean Indirect (I)

Neutral (N)

1 35 Students should do activi- 6.26 I
ties which allow them
to discover things.

2 5 A student should be encour- 6.21 I
aged to ask questions
in science class.

3 28 Students should feel free 5.86 N
to ask any questions dur
ing science class.

4 6 A student should enjoy the 5.81 N
activities of a science
class.

5 25 Most science class time 5.76 I
should be spent doing
things other than
listening.

6 7 A science teacher should 5.56 I
accept new ideas and
viewpoints from students.

7 2 Science equipment and sup- 5.08 N
plies should be easy for
the students to get.

8 13 Students should be allowed 4.94 D
to reveal likes and dis-
likes in science class.

9 9 Students should be involved 4.70 D
in science equipment
maintenance.

10 31 Students should have a 4.00I

chance to try their own
ways of doing lab work.
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Appendix F shows comparisons of individual items for

each group of the research sample.

Testing the Hypotheses

To test the hypotheses, comparisons were made between

the indirectness and directness within the group and on the

indirect, and direct means between the groups.

Hypothesis la

There will be no significant differences between the

views about ideal and actual science teaching as reported on

the SAAS sorts between ideal for science educators and

actual for science teachers of grades 6 - 8.

Table IX presents data relative to hypothesis la. None

of the t tests reached the required level of significance;

therefore, hypothesis la is retained.
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TABLE IX

COMPARISON OF SCIENCE EDUCATORS IDEAL Q-SORT AND
SCIENCE TEACHERS OF GRADES 6-8 ACTUAL Q-SORT

Science Educa- Science Teachers
Items tors Ideal t Grades 6-8 Actual

Q-Sort Q-Sort

N=63 N=53

X=4.59 X=4.47
Indirect 1.481+

J=0. 44 cJ=0.47

S-=0.06 S-=0.06x x

N=63 N=53

X=3. 17 +X=3. 32
Direct 31.3293

~=0.58 dC=0.57

Sx=O.07 SR=0.08

+ Not Significant

Hypothesis lb

There will be no significant differences between the

views about ideal and actual science teaching as reported

on the SAAS sorts between ideal for science educators and

actual for science teachers of grades 9 - 12.
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Table X indicates that science educators were signifi-

cantly more indirect than science teachers actual. Science

teachers actual were significantly more direct than science

educators ideal.

Since there were significant differences between ideal

for science educators and actual for science teachers of

grades 9 - 12, the hypothesis is rejected. There are signi-

ficant differences between the groups in the sample for this

hypothesis.

TABLE X

COMPARISON OF SCIENCE EDUCATORS IDEAL Q-SORT AND
SCIENCE TEACHERS OF GRADES 9-12 ACTUAL Q-SORT

Science Educa- Science Teachers
Items tors Ideal t Grades 9-12 Actual

Q-Sort ~_Q-Sort

N=63 N=48

X=4. 59 X=4 .40
Indirect 2.144*

~=0.44 f=0.51

SX=0.06 Si=0.07

N=63 N=48

X= 3.17 X= 3.59
Direct 3.754***

T~=0. 58 6"= 0.58

S =0.07 S=0.08

*** Significant at the .001 level
* Significant at the .05 level
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Hypothesis ic

There will be no significant differences between the

views about ideal and actual science teaching as reported on

the SAAS sorts between ideal for science teachers of grades

6 - 8 and actual for science teachers of grades 6 - 8.

Table XI indicates no significant difference between

indirectness of the groups. Ideals were significantly more

direct.

Since there were significant differences between ideal

and actual science teachers of grades 6 - 8, the hypothesis

is rejected. There are significant differences between the

groups in the sample for this hypothesis.
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TABLE XI

COMPARISON OF SCIENCE TEACHERS OF GRADES 6-8 IDEAL
Q-SORT AND SCIENCE TEACHERS OF GRADES 6-8

ACTUAL Q-SORT

Science Teachers Science Teachers
Items Grades 6-8 Ideal t Grades 6-8 Actual

Q-Sort Q-Sort

N=55 N=53

X=4.35 +X=4.47
Indirect 1.316*

c-=0.49 F~=0.47

SX=0.07 SX=0.06

N=55 N=53

X=3. 58 X= 3.32
Direct 2.330*

6=0.62 '=0.57

SX=0.08 S=0.08

* Significant at the .05 level
+ Not Significant

Hypothesis ld

There will be no significant differences between the

views about ideal and actual science teaching as reported on

the SAAS sorts between ideal for science teachers of grades

9 - 12 and actual for science teachers of grades 9 - 12.
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Table XII presents data relative to hypothesis ld.

None of the t tests reached the required level of signi-

ficance; therefore, hypothesis ld is retained.

TABLE XII

COMPARISON OF SCIENCE TEACHERS OF GRADES 9-12 IDEAL
Q-SORT AND SCIENCE TEACHERS OF GRADES 9-12

ACTUAL Q-SORT

Science Teachers Science Teachers
Items Grades 9-12 Ideal t Grades 9-12 Actual

Q-Sort Q-Sort

N=52 N=48

X=4. 35 X=4. 40
Indirect 0.053+

J=0.40 Y=0.51

SX=0. 06 S-=0.07

N=52 N=48

X=3.58 X=3.59
Direct 0.044+

6=0.55 6=0.58

SX=O.08 Sg=0.08

+ Not Significant
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Hypothesis 2a

There will be no significant differences between the

views about ideal science teaching as reported on the SAAS

sort between science educators and science teachers of

grades 6 - 8.

Table XIII indicates that science educators ideal were

significantly more indirect than science teachers of grades

6 - 8 ideal. Science teachers of grades 6 - 8 ideal were

significantly more direct than science educators.

Since there were significant differences between ideal

for science educators and ideal for science teachers of

grades 6 - 8, the hypothesis is rejected. There are signif-

icant differences between the groups in the sample for this

hypothesis.
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TABLE XIII

COMPARISON OF SCIENCE EDUCATORS AND SCIENCE TEACHERS
OF GRADES 6-8 IDEAL Q-SORTS

Science Educa- Science Teachers
Items tors Ideal t Grades 6-8 Ideal

Q-Sort Q-Sort

N=63 N=55

X=4. 59 X= 4 .35
Indirect 2.863**

T~=0. 44 T=0.49
SX=0.06 S-=0.07

N=63 N=55

X=3.18 X=3.58
Direct 3.700***

TF=0. 58 J= 0.62

SX= 0 .07 SX=0.08

***Significant at the .001
**Significant at the .01

level
level

Hypothesis 2b

There will be no significant differences between the

views about ideal science teaching as reported on the SAAS

sort between science educators and science teachers of

grades 9 - 12.
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Table XIV indicates that science educators ideal

results were significantly more indirect than were the

results of the science teachers of grades 9 - 12 ideal. The

science teachers of grades 9 - 12 ideal results were signif-

icantly more direct than were the results of the science

educators ideal.

Since there were significant differences between ideal

for science educators and ideal for science teachers of

grades 9 - 12, the hypothesis is rejected. There are

significant differences between the groups in the sample for

this hypothesis.



59

TABLE XIV

COMPARISON OF SCIENCE EDUCATORS AND SCIENCE TEACHERS
OF GRADES 9-12 IDEAL Q-SORTS

Science Educa- Science Teachers
Items tors Ideal t Grades 9-12 Ideal

Q-Sort Q-Sort

N=63 N=52

X=4.59 X=4.35
Indirect 3.172**

6=0.44 O'=0.40

SX=0.06 SX=0.06

N=63 N=52

X=3.17 X=3.58
Direct 3.891***

=0. 58 60=0. 55

SX=0.07 SX=0.08

***Significant at the .001 level
** Significant at the .01 level

pothesis 2c

There will be no significant differences between the

views about ideal science teaching as reported on the SAAS

sort between science teachers of grades 6 - 8 and science

teachers of grades 9 - 12.
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Table XV presents data relative to hypothesis 2c. None

of the t tests reached the required level of significance;

therefore, hypothesis 2c is retained.

TABLE XV

COMPARISON OF SCIENCE TEACHERS OF GRADES 6-8 AND
SCIENCE TEACHERS OF GRADES 9-12

IDEAL Q-SORTS

Science Teachers Science Teachers
Items Grades 6-8 Ideal t Grades 9-12 Ideal

Q-Sort Q-Sort

N=55 N=52

X=4. 35 X=4.35
Indirect 0.034+

c=0.49c6=0.40

S-=0.07 S-=0.06

N=55 N=52

X=3.58 X=3.58
Direct 0.0+

6~=0.62 6 =0.55

S-=0.08 S-=0.08

+ Not Significant
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Hypothesis 3

There will be no significant differences between the

views about ideal science teaching as reported on the SAAS

sort between science teachers of grades 6 - 8 and science

teachers of grades 9 - 12.

Table XVI indicates no significant differences between

indirectness of the groups. Grades 9 - 12 actuals were sig-

nificantly more direct.

Since there were significant differences between actual

science teachers of grades 6 - 8 and grades 9 - 12, the

hypothesis is rejected. There are significant differences

between the groups in the sample for this hypothesis.

In summary, hypotheses la, ld, and 2c proposed in this

study have been supported by the data. Hypotheses 2a and 2b

were not supported by the data. Hypotheses lc and 3 were

partially supported by the data.
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TABLE XVI

COMPARISON OF SCIENCE TEACHERS OF GRADES 6-8 AND
SCIENCE TEACHERS OF GRADES 9-12

ACTUAL Q-SORTS

Science Teachers Science Teachers
Items Grades 6-8 Actual t Grades 9-12 Actual

Q-Sort Q-Sort

N=53 N=48

X=4. 47+ X=4. 40

Indirect 0.731
0~=O.47 6=0.51

SX=0.06 SX=0.07

N=53 N=48

X=3. 32 X=3.59
Direct 2.374**

6=0.57 0=0.58

SX=0.08 SX=0.08

** Significant at the .01 level
+ Not Significant
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CHAPTER IV

SUMMARY, FINDINGS, CONCLUSIONS, DISCUSSION,

AND RECOMMENDATIONS

The purpose of this Chapter is to summarize the study,

to state the findings of the study, to make conclusions

based on the findings, give implications for education, and

to make recommendations for further study.

Summary of the Study

The problem of the study was to compare the views of

the role of the student in a science class as perceived and

reported by college science educators and science teachers

of grades 6 - 8 and grades 9 - 12. The SAAS instrument was

administered to obtain these views, and comparisons were

made in relationship to direct and indirect methods of

teaching science.

The population of the study included 63 science edu-

cators who were members of one of the following groups: the

Association for the Education of Teachers in Science (AETS)

living in California, members of the National Association of

Research in Science Teaching (NARST), and college and uni-

versity secondary science educators, 108 science teachers

64
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grades 6 - 8, and 100 science teachers grades 9 - 12 from

selected metropolitan school districts in the San Francisco

Bay-Area and the Los Angeles Area of California.

Findings of the Study

Analysis and interpretation of the data revealed the

following.

1. The mean Q-sort score obtained for indirect teach-

ing was significantly greater than the mean Q-sort score

obtained for direct teaching for the three groups used in

the study.

2. Hypothesis la stated that there will be no signifi-

cant differences between the views about ideal and actual

science teaching as reported on the SAAS sorts between ideal

for science educators and actual for science teachers of

grades 6 - 8. There were no significant differences between

the groups on direct or indirect teaching, and therefore the

null hypothesis was accepted.

3. Hypothesis lb stated that there will be no signifi-

cant differences between the views about ideal and actual

science teaching as reported on the SAAS sorts between ideal

for science educators and actual for science teachers of

grades 9 - 12. Significant differences were found between

how science educators believed science should be taught and

how science teachers in grades 9 - 12 reported that they

taught science. Science educators scored significantly
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higher on indirect teaching and science teachers signifi-

cantly higher on direct teaching. These differences were

significant at the .05 and at the .001 levels, respectively.

The null hypothesis was therefore rejected.

4. Hypothesis lc stated that there will be no signifi-

cant differences between the views about ideal and actual

science teaching as reported on the SAAS sorts between ideal

for science teachers of grades 6 - 8 and actual for science

teachers of grades 6 - 8. Significant differences were

found between how science teachers 6 - 8 believed science

should be taught and how science teachers grades 6 - 8

reported that they taught science. No significant dif-

ferences were found between indirect teaching. Science

teachers ideal scored significantly higher on direct teach-

ing. This difference was significant at the .05 level. The

null hypothesis was therefore rejected.

5. Hypothesis ld stated that there will be no signifi-

cant differences between the views about ideal and actual

science teaching as reported on the SAAS sorts between ideal

for science teachers of grades 9 - 12 and actual for science

teachers of grades 9 - 12. There were no significant

differences between the groups on direct or indirect teach-

ing at the .05 level and therefore the null hypothesis was

accepted.
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6. Hypothesis 2a stated that there will be no signifi-

cant differences between the views about ideal science

teaching as reported on the SAAS sorts between science edu-

cators and science teachers of grades 6 - 8. Significant

differences were found between how science educators and

science teachers of grades 6 - 8 believed science should be

taught. Science educators scored significantly higher on

indirect teaching and sicence theachers of grades 6 - 8

significantly higher on direct teaching. These differences

were significant at the .001 level. The null hypothesis was

therefore rejected.

7. Hypothesis 2b stated that there will be no signifi-

cant differences between the views about ideal science

teaching as reported on the SAAS sorts between science edu-

cators and science teachers of grades 9 - 12. Significant

differences were found between how science educators and

science teachers of grades 9 - 12 believed science should be

taught. Science educators scored significantly higher on

indirect teaching and science teachers significantly higher

on direct teaching. These differences were significant at

the .01 and at the .001 levels, respectively.

8. Hypothesis 2c stated that there will be no signifi-

cant differences between the views about ideal science

teaching as reported on the SAAS sorts between science

teachers of grades 6 - 8 and science teachers of grades
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9 - 12. There were no significant differences between the

groups on direct or indirect teaching and therefore the null

hypothesis was accepted.

9. Hypothesis 3 stated that there will be no signifi-

cant differences between the views about actual science

teaching as reported on the SAAS sorts between science

teachers of grades 6 - 8 and science teachers of grades

9 - 12. No significant differences were found between

indirect teaching. Significant differences were found

between direct teaching. Science teachers of grades 9 - 12

scored significantly higher on direct teaching than science

teachers of grades 6 - 8. This difference was significant

at the .01 level. The null hypothesis was therefore rejected.

10. An analysis of individual items on the Q-sort indi-

cates that all groups in this study recommend greater empha-

sis on student activities, student discovery, student

questions, teacher accepting students' new ideas and view-

points, student freedom to ask any science question, student

enjoyment of science, more time spent in doing things other

that listening, student ease in getting equipment, student

revealing likes and dislikes in science, student maintenance

of science equipment and student use of laboratory equipment.

Conclusions

From the data analyzed in this study and from related

research, the following conclusions are drawn.
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1. In actual practice science teachers in grades 6 - 8

reported that they tend to closely approximate ideal teach-

ing as advocated by science educators and science teachers

in grades 6 - 8. This is not true, however, of teachers in

grades 9 - 12 who tend to use more direct teaching methods

than are advocated ideally by science educators. In actual

and ideal practices science teachers in grades 9 - 12

reported that they tend to emphasize the same direct

methodology.

2. Ideally, science teachers in grades 6 - 8 and

9 - 12 reported that they tend to emphasize different

teaching methods more often than is advocated by science

educators. Ideally science educators tend to emphasize

indirect teaching methods, whereas, science teachers in

grades 6 - 8 and 9 - 12 identify more direct teaching as

being ideal.

3. In actual practice science teachers in grades 6 - 8

and 9 - 12 reported that they tend to utilize different

teaching methods. Science teachers in grades 6 - 8 reported

that they utilize more indirect teaching methods. Science

teachers in grades 9 - 12 reported that they utilize more

direct teaching methods. With the recent emphasis on account-

ability, science teachers in grades 9 - 12 might feel a

personal and professional responsibility to guarantee that

their students have certain minimum learning experiences.
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Usually students in the 6 - 8 grades science classes are

participating in more discovery learning activities and the

teachers are not pressed into the soon-to-be high school

graduation scene.

4. An interesting situation occured with teachers of

grades 6 - 8. While advocating for indirect teaching at the

.001 level of significance, they indicated at the .05 level

of significance more direct teaching in actual classroom

practice. In the absence of frequent observations by peers

and direct feedback from students, science teachers in

grades 6 - 8 are not often cognizant of the fact that they

utilize direct teaching methods as often as they do in ideal

teaching.

Discussion and Implications

The evidence in this study indicates that science

teachers of grades 6 - 8 and 9 - 12 do not generally agree

with science educators ideally on the methods of teaching

science. Also, science teachers of grades 9 - 12, on actual

practices of teaching science, do not agree with the ideal

way of teaching science advocated by science educators.

Only science teachers of grades 6 - 8, in actual practice,

agree with the ideal method of teaching science by science

educators. This observation does not hold true for samples

of science educators and science teachers of grades 9 - 12

in this research study. If the results can be generalized,
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and if teachers do not generally see science teaching in the

same way as science educators, then the effort spent criti-

cizing science teacher education programs might well be

directed toward the methods emphasized in the training

programs for teachers. Perhaps the area of training which

needs attention lies in the techniques of transmittal of

indirect teaching strategy in science. Science educators,

because of their high ideal indirect views, could be readily

available as consultants to secondary teachers who would

like to use many of the advocated views but who do not quite

know how to do so. This type of situation lends itself to

systematic research, investigation, evaluation, and imple-

mentation. Another positive outcome or results would be the

opportunity for science teachers to examine and compare

their ideal with their actual teaching practice.

Since all members of the sample were more indirect in

their views, and considering the current research emphasis

on the teaching of science as an indirect discipline, the

findings support the inclusion of inquiry training, dis-

covery learning, individualized learnings, student-centered

training methods, and a study of the role of the student in

a science class, in the educational program of prospective

science teachers. There is also sufficient evidence in this

study advocating the indirect teaching method to warrant

some intensive research support for teacher-training y



72

programs in science emphasizing teacher and student roles in

the classroom. These programs need to be available to

science teachers, and these teachers should be strongly

urged to participate in in-service education or summer

institutes from which evaluation of effectiveness might be

obtained.

Recommendations for Further Study

Based on a survey of research findings and the data

presented in this study the following recommendations are

made.

1. An interesting research project would be to ana-

lyze, using appropriate statistical techniques, separate

groups of teachers who identify themselves as indirect

teachers and those who identify themselves as direct teachers.

It may also be possible to identify certain personality

characteristices that are common to teachers who are suc-

cessful users of the indirect method of teaching.

2. A research study investigating whether there are

institutional effects in understanding the nature of indi-

rect and direct methods of teaching is needed. Significant

differences were generally found between the three academic

levels included in this research. There were some differences

whose level of significance reached .001. Study of other

schools is needed to determine the generality of the con-

clusions reached in this study. Careful analysis of additional
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research might lead to information on what kind of insti-

tution or institutions will contribute to the development of

a curriculum nurturing the indirect method of teaching

science.

3. Further, research is needed along the dimensions of

observing teachers teach and interact with students in the

actual classroom practice of indirect teaching, after the

teachers have been identified by the SAAS instrument.

Teacher-personality traits and techniques may be detected

that suggest effectiveness with certain views on the role of

the student in a classroom.



74

APPENDIX A

1101 Middlefield Road
Palo Alto, California 94301

Dear

Your school has been selected to participate in a study
to determine the direction of secondary science teaching in
the state of California. The information gathered will be
used to determine components of a teaching model for secon-
dary science on the role of the student in a science class.

You are one of one hundred selected in a random sam-
pling. Your pa rticipation (statistic) is very much nee~ed.

Please take about 20 minutes sometime du'Ting the next week
to fill out this Science Activities Attitude Sort (SAAS).
The instructions are on the back of this letter.

Please return the SAAS in a few days, no later than one
week from today, in the enclosed self-addressed stamped
envelope.

If you would like a copy of the results, please send
your request directly to me. I will be more than glad to
mail a copy to you as soon as the results have been tabu-
lated. Thank you for your cooperation and time.

Respectfully,

Thomas J. Cooper

(over) Q-Sort Instructions
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Q-Sort Instructions

The Ideal Sort: the way science ought to be taught.

Please arrange the forty statements from most favorable

to most unfavorable according to your views about how sci-

ence teaching ought to be practiced. The checking of the

SAAS is done in the following manner:

Most Most
Favorable Unfavorable
Columns A FB C ID JE IT.F G

Items
1.
2.
3.
4.
5.

Items per
Column 3 5 7 l0 7 5 3

I I
The three most favorable statements are to be checked

in column A. Now move to column B and repeat the procedure

with the next five most favorable statements. Then check the

seven statements for column C, ten for D, seven for E, five

for F, and the three most unfavorable in the last column, G.
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Q-Sort Instructions

The Actual Sort: the way science is actually being taught.

Please arrange the forty statements from most favorable

to most unfavorable according to your views about how you are

actually teaching science. The checking of the SAAS is

done in the following manner:

Most
Favorable
Columns A B C D E
temns per
Column 3 5 7 10 7 5 3

Most
Unfavorable

F G

The three most favorable statements are to be checked

in column A. Now move to column B and repeat the procedure

with the next five most favorable statements. Then check

the seven statements for column C, ten for D, seven for E,

five for F, and the three most unfavorable in the last

column, G.

Items
1.
2.
3.
4.
5.

--f*v - -I - -- - I -- I-
T

iti 
:
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APPENDIX B

SCIENCE ACTIVITIES ATTITUDE SORT (SAAS)

Note: M.F. - Most favorable, M.U.F. - Unfavorable, Col. -
Column, and I.C.C. - Number of Items to Check in
Column.

ITEMS

1. Science equipment and supplies
belong to the students.

2. Science equipment and supplies
should be easy for the students
to get.

3. Students should make decisions
about how science class is run.

4. The science class belongs equally
to teacher and students.

5. A student should be encouraged to
ask questions in science class.

6. A student should enjoy the acti-
vites of a science class.

7. A science teacher should accept
new ideas and viewpoints from
students.

8. The student should have a role
in deciding his science grade.

9. Students should be involved in
science equipment maintenance.

10. Students should be permitted to
visit socially in a science class.

11. Students should be allowed to
organize their own time in sci-
ience class.

12. Students should be allowed to or-
ganize their own classroom.

13. Students should be allowed to re-
veal likes and dislikes in sci-
ence class.

14. Teachers should speed up students
working at a slow pace in science.

15. Students should be allowed to work
at any pace they desire in sci-
ence.

M.F. to M.U.F.
Col. A'B CD E F G

I.C.C. 3 5 7 1 7 5 3
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ITEMS

16. The students should make most of
the decisions in science class.

17. The teacher should make most of
the decisions in science class.

18. The students should set the pace
of science instruction.

19. The teacher should set the pace
of science instruction.

20. The student should be able to
choose what he wants to learn
in science.

21. The teacher should decide what is
to be learned in science.

22. The teacher should decide what lab
materials students will use.

23. Remembering information is the stu-
dents' main job in science class.

24. The student should be able to se-
lect lab materials for available
media.

25. Most science class time should be
spent doing things other than
listening.

26. Students should be allowed time
in science class to talk among
themselves.

27. Demonstrations should be done by
students rather than by the sci-
ence teacher.

28. Students should feel free to ask
any questions during science
class.

29. Most of the talk in a science class
should be student talk.

30. Students should talk as much or
more than the teacher during sci-
ence class.

31. Students should have a chance to
try their own ways of doing lab
work.

32. The teacher should settle all the
questions which come up in sci-
ence class.

M.F. to M.U.F.
Col. AB-C D E FG

I.C.C. 3 57 1 75 3
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ITEMS

33. Most of the time should be spent
telling the students about sci-
ence.

34. If there is a disagreement, the
teacher should decide who is
right.

35. Students should do activities which
allow them to discover things.

36. All students in a science class
should follow the same routine
in an activity.

37. The science problems pursued
should be determined by the
teachers.

38. Most of the talk in a science class
should be teacher talk.

39. Students should be told step by
step what they are to do in sci-
ence class.

40. All students should be doing the
same science activity at the same
time.

M.F. to M.U.F.

TC 357 io7 5 3
M
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PERSONAL DATA SHEET

Please make a check or supply the information for the
appropriate response.

Sex
1. Male 2. Female
Degree held
3. Bachelor 4. Masters_ _5. Doctors____
Age
6. 20 to 29 years____7. 30 to 39 years
8. 40 to 49 years_____9. 50 to 59 years

10. 60 and above
Academic Preparation

11. Major field_____________________
12. Minor field
13. Present teaching field
14. Years of teaching experience
Year of Graduation

15. Bachelor 16. Masters 17. Doctors
Grade Level taught

18. Grades 6-8 19. Grades 9-12
20. Junior College_ 21. College_
22. University
Present title

23. Teacher 24. Department Chairman
25. Curriculum Supervisor 26. Science Educator
27.Others
Science Institutes

28. Number attended 29. Number conducted

Please return to:

Thomas J. Cooper
1101 Middlefield Road
Palo Alto, California 94301
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1101 Middlefield Road
Palo Alto, California 94301

Dear

A few weeks ago, a Science Activities Attitude Sort
(SAAS) was sent you to enlist your cooperation on a research
project. I realize I am asking a favor requiring your time
and thought, but your participation will help contribute to
the limited knowledge we have concenring the role of a stu-
dent in a science class. Your assistance will be very help-
ful in improving the programs for the education of science
majors and prospective science teachers.

Since it is quite possible that the original letter may
have been missent or misplaced, I am enclosing another copy
of the SAAS. I would be grateful if you could take the time
to complete both sides of the Q-sort and return them to me
in the enclosed stampled envelope. You may be assured that
nothing you might say will be published in any connection
with you as an individual. All data will be handled on a
group basis only, with no references to individuals in any
way.

Your cooperation and assistance will be greatly appre-
ciated.

Respectfully,

Thomas J. Cooper
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PERSONAL DATA CHART

Personal Data Categories, Respondent Variables, Percentage
Response of Science Educators, Science Teachers

Grades 6-8 and Science Teachers
Grades 9-12

Percentage Response. .
Respondent Ideal Ideal Ideal Actual Actual

Categories Variables Sci. Tea. Tea. Tea. Tea.
Ed. 6-8 9-12 6-8 9-12

Sex

Highest
Degree

Age

Academic
Major

Academic
Minor

Male
Female

Bachelor
Masters
Doctors

20- 29
30-39
40-49
50-59
60 and
Above

Phy. Sci.
Life Sci.
Gen. Sci.
Math
Sci. Ed.
Sec. Ed.
Soc. Sci.
Psy.
No. Resp.

None
Phy. Sci.
Life Sci.
Gen Sci.
Math
Sci. Ed..

86
14

. .

33
67

24
48
25
3

41
29

6
2
6
9
2
2
3

19
3
5

24
11

71
29

51
49
. .

25
53
15

7

11
65

5
2

13

2
2

2
38
9
9

16

73
27

33
67
. .

19
35
29
15

2

29
59

6
2
2
2

2
48
10
2

15
. .0

68
32

36
62
2

23
43
26

6
2

15
43
11
4
2
8
9
6
2

28
11

8
15

2

67
33

29
65

6

21
27
29
23
. .

40
44

6
2

2

2

4

35
13
4

21
. .

- - - - - - - - - - .. - - - - - - - - - t - - q - i -' ---------- ---------------I-
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e-rc n toage Response.
Respondent Ideal Teat Ideal Actual Actual

Categories Variables Sci. Tea. Tea. Tea. Tea.
______6__8_. Ed. 6-8 9-12 . 6-8 . 9-12

Present
Teaching
Field

Years of
Teaching
Experience

Year
Bachelor
Earned
1925-1974

Year
Masters
Earned
1925-1974

Sec. Ed.
Soc. Sci.
Psy.
No Resp.

None
Phy. Sci.
Life Sci.
Gen Sci.
Math
Sci. Ed.
Sec. Ed.
Superv.
Tch. Trng.
No Resp.

1-4
5-9
10-14
15-20
21-25
26-30
31-35
36 and
Above
No Resp.

25-34
35-44
45-54
55-64
65-74
No Resp.

None
25-34
35-44
45-54
55-64
65-74
No Res'.

11
6
5

16

3
28
16

3
21

8
5

11
5

2
14
10
33
16

9
5
2

9

2
10
52
25

5
6

2
6

24
41
18
9'

4
13

2
7

11
9

78

2

13
35
25
20

7

..

"..

..

2
11
38
42
7

51
..

--

4
9

31
5.

6
6
2
9

. .

27
42
25

2

2

15
23
17
29
8
2
6

2
8

21
33
29

7

34

8
25
33

13
8
6
9

2
8

13
77

2

19
36
21
13

5
4

2

2

21
21
53
3

36

6
15
41

2'

8
4
2

13

. .

33
36
29

2

12
17
31
15
17

8

6
36
29
29
. .

33

2
7

25
33

I
I

I
I- - -L

, i t 1
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PercegntageResponise
Respondent Ideal al I deal Actual Actual

Categories Variables Sci. Tea. Tea. Tea. Tea.
.Ed_6__8._.9___Ed. 6-8 9-12 6-81 9-12

Year
Doctors
Earned
1925-1974

Grade
Level
Taught

Present
Title

Science
Institutes
Attended

Science
Institutes'
Conducted

None
25-34
35-44
45-54
55-64
65-74
No Resp.

6-8
9-12
Jr. Col.
College
Univ.

None
Teacher
Asst. Prof.
Dept. Chr.
Superv.
Sci. Ed.
Consultant
Team Ldr.
Couselor
No. Resp.

None
1-2
3-4
5-6
7 and
Above
No Resp.

None
1-2
3-4
5-6
7 and
Above
No Resp.

32
2
2
6

19
36
3

19
25
56

.. "

24
6

11
16
36

5

2

13
30
22
14
8

13

19
22
13

5
8

33'

98

2

100

51

45
2

2

13
31
25

7
4

20

36
7
2

2

53

94
6

100

2
62
2

34

17
29
27
17

. .

10

40
8

2

50

98

2

100

43
. .

45
6

4
2

17
38
9
2
2

32

21
15
2

2

60'

90
2
2

2
4

100

. .

54

42
2

2

19
10
35
15
2

19

40

8

52
I,
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Sci. Edu. N=63
Sci. Tea. Ideal 6-8 N=55
Sci. Tea. Ideal 9-12 N=52

Sci. Tea. Actual 6-8 N=53
Sci. Tea. Actual 9-12 N=48
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STATISTICAL FORMULAS USED

For comparing means within groups and between groups,
the t test was used. The value for t was computed from the
following formula:

(1) t= =____

2DUS + +SS- x2

Where: Dy =the difference between the means of the scores
for the two groups.

s
DX =the best possible estimate of the standard error

of the difference.

X1 =the mean of the scores of group 1.

X2  =the mean of the scores of group 2.

Sx12 =the square of the standard error of Mean 1.

Sy2 2 =the square of the standard error of Mean 2.

Sjj-i2 =the standard error of the difference between Means.

( 2 )Sj= = and SX2

N1 -- 1 N 2 - 1

Where: Si =the standard error of the mean of group 1.

37 =the standard deviation of the scores for group 1.

N1 =the number of cases in the first group.

Sx2 the standard error of the mean of group 2.

O1 =the standard deviation of the scores for group 2.

N2 =the number of cases in the second group.
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(3) S 1 +2  + S2

Where: SX =the standard error of one of the samples.

Sx2 =the standard error of the other sample.



88

APPENDIX F

A RANK-ORDER COMPARISON OF Q-SORT ITEM NUMBERS BY SCIENCE
EDUCATORS, SCIENCE TEACHERS OF GRADES 6-8, AND SCIENCE
TEACHERS OF GRADES 9-12 ON INDIRECT, DIRECT, AND

NEUTRAL METHODS AS BEING THE IDEAL OR ACTUAL
WAY FOR TEACHING SCIENCE

Methods Indirect ___Direct Neutral

r-4 (UC U S v:3 (U CU0 r1 (U CU i
(U 0)4j cdU 4) 3i +) C 4) i 4)
4) '(d 4) U 4)'j 4~ U 4) 'db4U U

' H U *j ( HUUe i ( HU
Cd N N Cd N N C N N

Re po d nt4) 0 ' 000o '-i 00 '-I 4) 00 v-4 00 '-1Respondents i T *T* T *e * ' ** '

I 3 O5 35 O5 35 13 O9 '33 O3 6 63 6O 6

7 H H H H 
72-2E+E H 2H ~ 9 H H -7 H7H 6H H

'H -i 'H 'H * 'H H *H 'H o 'HSHr*H H '
U U U U U U U U U U U U U U U

C!) C/) C/) Cl) Cl) Cl) Cl) C/) Cl) C!) Cl) Cl) C/) C/) C/)

35 5135 5 35 13 9 13 1313 6 6 6 6 6
5 35 535 5 9 21 22 99 22 22 2
28 28 28 2528 21 13 922 21 4 26 427 4
2525 7 725 19 22 19 2122 26 29 2729 26

7 7 25 28 7 2719 21 1719 27 27 2 26 27
31 31 31 30 31 37 17 17 19 17 29 4 29 4 29
24 30 24 31 30 17 37 37 37 37 10 1110110 10

Items 8 24 M7112T 14 14 14 14 14 1 10 1 1 1
30T 8 24,11 34 36 34 36 34 .. .. .. .. ..
3 11 11 8 8 36 39 36 34 40 .. .. .. .. ..

11 8 3 1 $ 3 40 34 38 39 36 .. .. .....
1W3 18 3 18 39 40 3940 23 . .. ..
1220 20 2020 38 3240 3839 . .. ..
20 12 15 12 12 32 23 32 32 38 .. .. ..
16 15 12 15 16 23 38 23 23 32 .. .. .... ..
15 16 16 16 15 33 33 33 33 33 .. .. .....

The items above the underscore receive a mean between

4.0 and 6.5 from the respondents.
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