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ABSTRACT 

This study was designed to investigate what happens to 

the student participants in an introductory chemistry course in 

which the scientific method was stressed in a democratic learning 

environment. The students in the democratic classroom were com

pared to students in a traditionally instructed classroom. In 

both classrooms the scientific method was stressed as a valuable 

tool to problem solving. 

Five hypotheses were developed regarding outcomes of 

the investigation. These were: 

1. The science students in the democratic classroom will 

demonstrate an understanding of chemistry and science 

concepts and skill in laboratory techniques equivalent 

to that of students in the traditional classroom. 

2. The science students in the democratic classroom will 

develop a multiplex of questions concerning the world of 

science around them and will become involved in investi

gations which they see as interesting and significant, 

while the students in the traditional classroom will tend 

not to ask questions which lead them on to individual 

investigations . 

3. The science students in the democratic classroom will 

tend to utilize a significantly greater number of in and 
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beyond the classroom resources than the students in the 

traditional classroom. 

4. The science students in the democratic classroom will 

tend to develop warm, cooperative relationships with 

other members of the class to a significantly greater 

extent than students in a traditional classroom, 

5. The science students in the democratic classroom will 

tend to demonstrate significantly greater shifts in at

titude toward the value of science in their lives than 

the students in the traditional classoom. 

The investigator instructed both the experimental and the 

traditional classes. He assumed a typical teacher controlling 

role in the traditional class by selecting the textbook, choosing 

the laboratory workbook, and outlining the major areas for stu

dent study. The investigator operated from a list of behavioral 

objectives and lesson plans which stressed the scientific method. 

In the experimental class, the investigator and the stu

dents planned the course together through consultation. No pre-

course determination of materials to be covered was stipulated 

so that the investigator and the students would be free to de

termine together the areas which the students pursued. 

The following represent the results of the hypothesis 

testing where chemistry students functioned in a democratic 

learning environment: 



1. Hypothesis One dealing with student mastery of content 

and skill areas was accepted. 

2. Hypothesis Two dealing with the students 1 developing 

questions about the world of science was accepted. 

3. Hypothesis Three dealing with the students' use of class 

and outside resources was not accepted on the basis that 

the data required to support the hypothesis were not 

available. 

4. Hypothesis Four dealing with students' warm, cooperative 

relationships was not accepted on the basis that the in

struments used to collect data for this hypothesis were 

inappropriate. 

5. Hypothesis Five dealing with students' shifts in attitude 

toward science in their lives was accepted. 



CHAPTER 1 

THE PROBLEM TO BE STUDIED 

Introduction 

A persisting problem to educators has been one of provid

ing learning environments in which students can move freely to 

learn. Since learning has been defined by some educators as 

changes in behavior, it is important to find situations in which 

behavior changes occur because of positive classroom experiences 

In traditional approaches to the curriculum, the student's 

experiences are pre-set by an elaborate set of plans developed by 

the teacher.^ This approach assumes that those who plan curricula 

know which experiences will be most valuable to students--this 

even before meeting the students for whom the experiences were 

planned. 

Another approach to curriculum is one which could be con

sidered to be more open or democratic. In such a learning 

Robert F. Mager, Preparing Instructional Objectives 
(Palo Alto, Calif.: Fearson Publishers, Inc., 1962), p. 5^. 

^Sidney L. Besevinick, "An Effective Daily Lesson Plan," 
Principles and Practices of Teaching in Secondary Schools, ed. 
Florence Henry Lee (New York: David McKay Co., Inc., 1965), 
pp. 101-104. 

1 



2 

environment the students and the instructor together plan the ex

periences which they feel will have mutual value and interest.^ 

It would appear useful to determine which of these ap

proaches facilitates the learning processes to the greatest 

extent in a science classroom. 

Statement of the Problem 

The purpose of this study was to investigate the follow

ing: In conducting a first year high school chemistry course 

utilizing procedures of the scientific method and democratic 

processes, what occurs to the student participants? 

Significance of the Problem 

One of the satisfactions to a student comes from becoming 

excited about the things which are going on in his classroom. 

This is especially true when he begins to invest more time and 

effort in his investigations because he is enjoying the process 

of learning. It is a great loss when exceptional and talented 

students lose the spark of curiosity and the impulse to investi

gate things in their scientific environment simply because the 

classroom is so structured that they have little chance to 

choose, plan, and conduct investigations of keen interest to 

them. 

In the traditional high school science course, the ac

cepted approach is for the instructor, working within 

3Carl R. Rogers, Freedom to Learn (Columbus, Ohio: 
Charles E. Merrill Publishing Co., 1969), p. 62. 
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departmental and state guidelines, to decide what the curriculum 

will cover and what points should be stressed. No matter how 

valid the basis for such a curriculum, the end result will be a 

specific list of items to be learned by the student or a specific 

list of experiences for the student to go through before he is 

given credit for the course. Such lists will tend to have dif

ferential appeal to the students who must work their way through 

them. 

If in fact "the scientific method" can be regarded as a 

process of asking significant questions and seeking solution to 

various of these, then it would appear to be a desirable behavior 

pattern to cultivate in science students. It is probably correct 

to observe that students who are asking and seeking answers to 

their own questions are, to an extent, operating in ways counter 

to traditional classroom methods . Students in a traditional 

classroom often have no opportunities to ask questions of inter

est to them, but are expected simply to answer the teacher's 

questions. If students do have questions of interest to them, 

quite likely they will not be able to investigate them since the 

chance of congruency between the students' questions and the 

teacher's lesson plan is apt to be relatively low. 

The democratic process, as applied to the classroom, is 

created as the individual class members are continuously consid

ering alternatives open to them and selecting from among these in 

pursuing their special concerns. Each individual thus has the 

necessary freedom to learn in his own way. 
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Hypotheses to Be Tested 

Hypothesis One 

The science students in the democratic classroom will 

demonstrate an understanding of chemistry and science concepts 

and skill in laboratory techniques equivalent to that of students 

in the traditional classroom. 

Deduced Consequence #1: The students will demonstrate 

knowledge of scientific and chemical concepts which they have en

countered in the laboratory experiments and the classroom discus

sions , When an end of course written examination is administered 

covering scientific and chemical concepts the "E" (experimental) 

students will score at a level equivalent to that of the "T" 

(traditional) students. 

Deduced Consequence #2: The students will display skill 

in laboratory techniques. When presented problems in qualitative 

analysis, the "E" students will assay unknown chemical samples at 

a rate and with an accuracy equivalent to that of the "T" 

students . 

Hypothesis Two 

The science students in the democratic classroom will 

develop a multiplex of questions concerning the world of science 

around them and will become involved in investigations which they 

see as interesting and significant, while the students in the tra

ditional classroom will tend not to ask questions which lead them 

on to individual investigations. 
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Deduced Consequence #1: The students, in solving specif

ic problems, will generate new areas of interest for investiga

tion. When the Instructor Record Book is studied, it will be 

found that "E" students become involved in newly identified prob

lems while the "T" students tend to undertake only the teacher 

assigned work. 

Deduced Consequence #2; The students will report that 

they selected problems of decided personal interest and use . 

When consulted by the instructor, the "E" students will report 

that they selected problems on the basis of personal interest and 

significance while the "T" students will report that they com

plied with the instructor's directions and assignments and did 

not, with any significant frequency, raise questions of science 

which they later investigated. 

Hypothesis Three 

The science students in the democratic classroom will 

tend to utilize a significantly greater number of in and beyond 

the classroom resources than the students in the traditional 

classroom. 

Deduced Consequence #1: The students will seek out and 

consult with others who have special knowledge relating to their 

problem interests. When the log books of the "E" students and 

the "T,f students are compared, frequency of contacts with outside 

the classroom consultants utilized by the "E" students will sig

nificantly exceed those utilized by the "T" students. 
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Deduced Consequence #2; The students will read scientif

ic books and periodicals from the library. When the library rec

ords are studied, it will be found that the "E" students checked 

out significantly greater numbers of scientific books and period

icals than the "T" students. 

Hypothesis Four 

The science students in the democratic classroom will 

tend to develop warm, cooperative relationships with other mem

bers of the class to a significantly greater extent than students 

in a traditional classroom. 

Deduced Consequence #1: The students, in conducting 

their investigations, will tend to be interested in the problems 

of their fellow students and will consult with them on a personal 

basis regarding their problems. When the science classroom audio-

taped conversations of the students are coded, it will be found 

that the "E" students consulted with their classmates regarding 

science problems with a significantly greater frequency than did 

the "T" students , 

Deduced Consequence #2: The students will tend to origi

nate and investigate problems of science on a cooperative basis. 

When the teacher's record book is inspected, it will be found 

that the "E" students originated a significantly greater number 

of cooperatively developed and investigated problems than did the 

"T" students. 
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Hypothesis Five 

The science students in the democratic classroom will 

tend to demonstrate significantly greater shifts in attitude 

toward the value of science in their lives than the students in 

the traditional classroom. 

Deduced Consequence; The students will express a change 

of feeling toward science in their lives . When the results of a 

pre-post attitudinal instrument consisting of a Likert-type scale 

and open-ended comments are studied, it will be found that, at 

the end of the course, the "E" students indicated significantly 

more frequent changes in attitude toward the value of science in 

their lives than did the "T" students. 

Assumptions, Limitations, and Definitions 

Assumptions Underlying 
the Problem 

For purposes of this study, the following were assumed 

concerning the teaching of chemistry emphasizing the scientific 

method through the use of democratic classroom processes: 

1. The term "scientific method" is an identifiable behav

ioral pattern characterized by questioning and investi

gating phenomena. 

2. The term "democratic processes" is an identifable pattern 

of behavior characterized by special relationships which 

develop among the participants in the group. 



3. A traditional classroom and a democratic classroom can be 

conducted by the development of different relationships 

between the instructor and the students . 

4. Significant descriptions can be generated regarding dif

ferentials of scientific and social attitude, knowledge, 

and behavior which develop among the students when these 

methods are employed in different groups . 

Limitations of the Study 

The following operated as limits in this study: 

1. The study will be limited to one experimental and one 

traditional class. 

2. The investigator will instruct both the experimental and 

traditional classes . 

3. The data will be derived during one school year of approx

imately 180 days . 

Definitions of Terms Used 

The following definitions were obtained throughout the 

study: 

1. "E" students: A group of randomly selected students who 

will approach chemistry from the special type of inter

personal relationships possible in democratic process and 

who will be encouraged to use the scientific method. 

2. "T" students: A group of randomly selected students who 

will approach chemistry in a traditional teacher directed 



classroom in which use of the scientific method is 

emphasized. 

3. Scientific method; An approach to science in which the 

attitude of questioning phenomena is cultivated. When 

the questions are identified, one or another of them may 

be selected for logical investigation. 

4. Democratic process: A system of personal relationships 

within a group in which the individuals are in a position 

to continuously make choices among a range of alterna

tives . The individual is encouraged to pursue his spe

cial interests completely—and in a cooperative and fully 

participating manner. 

5. Traditional classroom: A classroom in which the instruc

tor and/or administration prescribes the curriculum which 

is to be followed by the students. This includes the 

listing of units to be covered and materials to be 

learned by the students . 

6. Democratic classroom: A classroom in which the students, 

in consultation with the instructor, consider alternative 

possibilities for study and investigation which are 

available. From these alternatives, the curriculum is 

determined and pursued by the students and instructor. 

Summary 

In this chapter the problem was identified as being that 

of what occurs to the student participants in a first year high 



10 

school chemistry course when procedures of the scientific method 

and the democratic process are utilized. A series of hypotheses 

were generated in seeking answers to the problem. Included among 

these were tentative ideas about the following: (1) an under

standing of scientific and chemical concepts and skill in labora

tory techniques, (2) the tendency for the students to develop 

questions about the world of science for investigation, (3) the 

extent to which the students used in and beyond classroom re

sources in solving their problems, (4) the extent to which they 

tend to develop warm, cooperative relationships, and (5) the 

change of attitude toward the value of science in the lives of 

the students . Deduced consequences were developed for each 

hypothesis to be used as guidelines for the investigation. 

Assumptions were detailed concerning the teaching of chemistry 

emphasizing the scientific method through the use of democratic 

classroom processes. Limitations of the study were outlined and 

terms used were defined. 

The balance of the study is organized as follows: 

Chapter 2 presents the resume of related literature. In Chapter 

3 the procedures used in the investigation are detailed. In 

Chapter 4 the data relating to each hypothesis are presented. 

Finally, in Chapter 5 the results of the investigation are sum

marized and concluded. 



CHAPTER 2 

RESUME OF RELATED LITERATURE 

In this chapter a resume of selected literature related 

to the problem is presented. A variety of views regarding the 

scientific method is considered. Literature regarding democratic 

learning environments is reviewed. 

The Scientific Method 

The scientific method, according to various authorities, 

is a phrase very much subject to interpretation, ranging from 

some who contend it is the only systematic way to investigate 

anything to those who completely deny its existence. One would 

think from the usual conception of the precision of scientists 

and researchers that there would be complete agreement as to 

method, but, as will be seen, this is not the case. 

Karl Pearson1 stated one perspective regarding the scien

tific method as follows, "There is no short cut to truth, no way 

to gain a knowledge of the universe except through the gateway of 

the scientific method." Pearson was one of the early proponents 

of the scientific method as a system in which the only unity was 

^Karl Pearson, The Grammar of Science (London: Adam and 
Charles Black, 1911), p. 17. 

11 
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one of method and not of material. He seemed to think that the 

scientific method was a precise process which was to be followed 

by an investigator who wished to find a scientific truth. 

Pearson2 detailed his view of the method thus: 

1. The scope of science is to ascertain truth in 
every possible branch of knowledge. There is no sphere 
of inquiry which lies outside the legitimate field of 
science. To draw a distinction between the scientific 
and philosophical fields is obscurantism. 

2 . The scientific method is marked by the following 
features: (a) careful and accurate classification of 
facts and observation of their correlation and sequence; 
(b) the discovery of scientific laws by aid of the cre
ative imagination; (c) self-criticism and the final 
touchstone of equal validity for all normally constituted 
minds. 

3. The claims of science to our support depend on: 
(a) the efficient mental training it provides for the 
citizen; (b) the light it brings to bear on many impor
tant social problems; (c) the increased comfort it adds 
to practical life; (d) the permanent gratification it 
yields to aesthetic judgment. 

Pearson did not employ the step-wise method which has 

been used rather often by other authorities, though it can be 

seen from the above that he inclined toward some sort of se

quenced operation. 

Thomas Huxley3, in a publication which preceded Pearson's, 

wrote, "The subject matter of the Biological Sciences is different 

from that of other sciences but the methods are all identical, 

2Ibid., p. 37. 

3Thomas H. Huxley, Science and Education (New York: 
D. flppleton and Co., 1896), pp. 52-53. 
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and these methods are (1) Observation of facts . . . ; (2) Com

parison and classification . . . ; (3) Deduction . . . ; 

(4) Verfication . . . ." Huxley thereby indicated his belief in 

a step-wise approach to scientific investigation. The steps 

which he felt were important tended to be at variance with vari

ous other writers on the matter. 

Alfred North Whitehead^ noted that the scientific method 

is being used when the investigator meets two criteria: (1) He 

must have a conviction in the "Order of Things," and (2) the in

vestigator must have conviction in the "Order of Nature." Here 

again, as with Pearson, there is no real step-wise formulation of 

a scientific method—even though he reported that such must be 

used in order to work in science. 

Fox, Garbunny, and Hooke in 1963 wrote that the scientific 

method is made up of only three steps: (1) Question, (2) Test, 

and (3) Conclusion. They5 stated further that, "Any type of ex

ploratory research can be shown to contain these elements." 

A five step scientific method was suggested by Van Dalen^ 

which contains the features of: (1) a felt difficulty, (2) loca

tion and definition of the difficulty, (3) suggested solutions to 

^Alfred North Whitehead, Science and The Modern World 
(New York: The Macmillan Co., 1926), p. 5. 

"'Russell Fox, Max Garbunny, and Robert Hooke, The Science 
of Science (New York: Walker and Co., 1963), p. 11. 

6Deobold B. Van Dalen, Understanding Educational Research 
(New York: McGraw-Hill Book Co., 1962), pp. 23-24. 
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the problem, (4) deductively reasoning out the consequences of 

the suggested solution, and (5) testing the hypothesis. He be

lieved that this process must have been used by such men as 

Newton and Galileo and their successors. Van Dalen7 indicated 

that the scientific method "is basically used when inductive and 

deductive thought processes are combined." 

A six step model of the scientific method was represented 

by Asminov.® This model can be best described by: (1) recogni

tion of a problem, (2) definition of the problem, (3) gathering 

data about the problem, (4) using data to make a generalization 

about the problem, (5) prediction of experimental results, and 

(6) drawing conclusions as to whether experiment worked or not. 

As has been briefly indicated, great variety of position 

exists among those who suggest that there is some actual kind of 

a "scientific method" which is used by scientists to solve prob

lems . Certain other scientific writers have quite a different 

view of the "scientific method." 

James B. Conant^ took direct opposition to the idea of a 

"scientific method" when he stated, "but one point I believe al

most all historians of the natural sciences will agree and be in 

opposition to Karl Pearson. There is no such thing as the 

7Ibid., p. 23. 

®Isaac Asminov, The Intelligent Man's Guide to Science 
(New York: Basic Books, Inc., 1960), p. 86. 

q 
^James B. Conant, Science and Common Sense (New Haven: 

Yale University Press, 1951), p. 45. 
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scientific method," He pointed out that discoveries have not 

been made by the use of any particular method, but have been made 

in some sort of a "stumbling way," quite by accident. Conant10 

indicated that only those who get their information from a text

book could "really believe in any step-wise method of science." 

Hell g0 so far as to observe that the "scientific method" 

consists of "asking clear answerable questions in order to direct 

observations 

After considering the scientific method, Lewis-1-2 took 

exception to those who felt it a complicated, step-wise procedure 

when he said, "I take that the scientific method of which so much 

has been heard is hardly little more than the native method of 

solving problems, a little clarified from prejudice and a little 

cultivated by tx'aining." Another investigator, Popper, noted 

that the scientific method depends quite completely on the inves

tigator. Popper^ took the position that "the positivist who 

believes there is only empirical science needs and uses a scien

tific method while the philosopher has very little use for such 

methodology." 

l°Ibid., p. 44. 

i;LIbid., pp. 49-50. 

^Gilbert N. Lewis, The Anatomy of Science (New Haven: 
Yale University Press, 1926), p. 6. 

•^Karl R. Popper, The Logic of Scientific Discovery (New 
York: Basic Books, Inc., 1539), p. 49. 
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In 1970, Burns14 analyzed the problem of the term "scien

tific method" when he stated: 

It must be recognized that the term "scientific 
method" is extremely vague and general. Some authori
ties believe that it is an exact or specific plan and 
they list various steps which are intended to prove 
their point. Actually there are as many scientific 
methods of investigation as there are investigators. 
In fact, it would be relatively uncommon to find any 
two complex problems which would require the same solu
tion. The exact plans in solving problems are best 
recognized as strategies . 

A sampling of the literature concerning "the scientific 

method" serves to solidify agreement on one point—there appears 

to be very little agreement as to what constitutes the scientific 

method or even whether such a term is appropriate. Based on such 

an uncertain report, it would seem that if an investigator had no 

strong opinion of his own, he could "pay his money and take his 

choice 

It is interesting to note that institutional research 

and reporting are frequently prepared "as if" there were no 

question as to the validity of the scientific method. The format 

of such reports usually consists of a step-wise approach to a 

problem similar to that which was detailed by Van Dalen.1^ The 

employment of this step-wise method probably was grounded in the 

tradition and need for uniformity. The scientific method has not 

been demonstrated to hinder investigation and if its only value 

14J. T. Burns, The Scientific Approach (London and New 
York: Academic Press, 1970), p. 105. 

15Van Dalen, op. cit., pp. 23-24. 
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is one of assisting in organizing studies and reporting results, 

it can be considered useful. 

The Democratic Process 

In a world filled with scientific phenomena, it would 

appear highly desirable that young people continuously inquire, 

asking all kinds of questions about their physical, biological, 

and social environment. No precise methodological approach can 

supply the creative impulse which prompts this curiosity. 

The special relationships which develop between the 

science teacher and the students can range from situations of 

total teacher direction with no concern for student interests, to 

situations of openness where student interests are the basis of 

the classwork. 

In the traditional classroom, the teacher, often in con

sultation with colleagues and administrators, is normally ex

pected to select a textbook, a laboratory manual and other 

references to be purchased by the student or school district. 

According to Delaney,^ the teacher then determines what is to be 

used in working through these references and how it is to be done 

by constructing series of lesson plans. This selection may be on 

the basis of teacher interest with little regard to student in

terest. Usually the teacher is expected to accomplish this 

^6Arthur E. Delaney, "Lesson Plans—Means or End?", 
Principles and Practices of Teaching in Secondary Schools, ed. 
Florence Henry Lee (New York: David McKay Co., Inc., 1965), 
pp. 105-108. 
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selection and planning prior to meeting any of the students who 

will be in his classes. The instructor should plan his work so 

carefully, according to Mager,that the outcomes in terms of 

rather exact student behaviors can be stipulated. 

In the democratic classroom, on the other hand, the mate

rial which will be developed and used needs to come through a 

process of consultation between teacher and student, and between 

student and student, according to Silberman. The need for this 

consultation is made clear in the following: 

While children in informal infant schools work at 
what interests them, the teacher easily and decisively 
influences those interests through the environment she 
creates . Teenagers, on the other hand, arrive in 
school with their interests, their likes and dislikes, 
and their values much more clearly formed. They are 
far less susceptible to the teacher's influences .18 

In the democratic classroom, the students may ultimately 

work on the same materials which have been presented in the 

authoritarian classroom, or they may never cover the materials 

which would have been pre-selected by the instructor. Carl 

Rogers-^ indicated that the open or democratic type classroom is 

the only way in which students can prepare to meet the perplexi

ties of life in their complicated environment. Silberman 

17Robert F. Mager, Preparing Instructional Objectives 
(Palo Alto, Calif.: Fearson Publishers, Inc., 1962), p. 10. 

18Charles E. Silberman, Crisis in the Classroom (New 
York: Random House, 1970), p. 324. 

l^Carl r. Rogers, Freedom to Learn (Columbus, Ohio: 
Charles E. Merrill Publishing Co., 1969), p. 62. 
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believed that there is more to education than just the learning 

of information. 

Certain skills or abilities are also essential to 
the educated man: the ability to learn for himself, to 
take hold of a subject and "work it up" for himself, so 
that he is not dependent upon his teacher's direction; 
the ability to think for himself, "to ask the right 
critical questions and to apply rigorous tests" to his 
hunches, so that he is not dependent upon the ideas and 
opinions of others; the ability to communicate his 
ideas and feelings to others. The fact that there, 
therefore, should be no one curriculum to be specified 
for everyone does not mean, therefore, that there 
should be no curriculum at all.2^ 

In the traditional science classroom, the learning ex

periences often tend to be of a "cut and dried" nature. 

Besevinick2^ indicated that a good teacher plans work very care

fully, making sure all of the experiments will go as described 

in the laboratory manual. Student assignments for homework, he 

suggested, need to be carefully planned to coincide with the 

lecture material which is in turn correlated with the textbook. 

The classroom activities in such sequenced experiences are sys

tematically initiated by the instructor. Skinner22 suggested 

that most things which are taught in the classroom could be 

taught by stating specific objectives—and then using 

2(^Silberman, op. cit., p. 333. 

21Sidney L. Besevinick, "An Effective Daily Lesson Plan," 
Principles and Practices of Teaching in Secondary Schools, ed. 
Florence Henry Lee (New York: David McKay Co., Inc., 1965), 
pp. 101-104. 

22B, F. Skinner, "The Science of Learning and the Art of 
Teaching," Educational Psychology, ed. Ellis Batten Page (New 
York: Harcourt, Brace and World, Inc., 1964), pp. 242-252. 
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reinforcement of various types to assure appropriate types of 

student learning. 

In a democratic environment, the teacher will not appear 

so constrained in his relationship with the students, since he 

will be consulting with them about their interests--and since 

these relationships of consultation constitute extremely signif

icant data in the democratic processes . If the instructor pre

selects the experience for his students, it is quite possible 

that they could go through an entire course without ever feeling 

a real need to solve any of the problems given to them. Max 

Rafferty2^ stated that, "The subjects of the school should arise 

out of the 'felt needs' of the pupils." In the democratic 

classroom the "felt problems" are the very basis of the course— 

and the democratic process. 

Silberman indicated one major problem in the open or dem

ocratic classroom is the tendency for the course to range over a 

greater variety of areas than would be the case in the tradi

tional classroom. Even an outstanding teacher with fine equip

ment, he ventured, would not be able to cover his field in an 

introductory science course . In pointing out this problem ' 

Silberman24 stated: 

Despite the fact that PSSC physics course was devel
oped by some of the most distinguished physicists in the 

2'5Max Rafferty, What Are They Doing to Your Children 
(New York: Signet Books, 1966), p. 58. 

p A 
^Silberman, op. cit., p. 331. 
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United States, it became clear that this was not 
the curriculum for the year, the decade, or the cen
tury .... In part, this is because of the diversity 
of the student population to be served, in part because 
no single course can "cover" physics or do more than 
provide an introduction to it, and physicists them
selves disagree on which concepts and approaches to 
emphasize. 

According to Cronbach,2^ human relationships should be 

considered to be an important phase of the student's school life. 

In the traditional science classroom, the value of the student's 

ideas is questioned. Frequently the student with ideas other 

than those under scrutiny in the classroom at the time is dis

couraged and, if possible, diverted to the group consideration. 

The instructor often tends to avoid consideration of individual 

ideas. since they could lead the entire class off the pre

selected subject. The consequence of this is to leave many stu

dents feeling that they have little to contribute to the class .^6 

In the democratic environment the work is centered around 

the needs, ideas, and questions of the individual members of the 

class. In this process, the instructor encourages the student to 

question--and to pursue these questions to logical conclusions. 

In a democratic classroom the student tends to learn that his 

ideas and interests are important and significant--and he thus 

begins to see himself as a more worthy and significant human 

being. 

25Lee J. Cronbach, Educational Psychology (New York: 
Harcourt, Brace and World, Inc., 1963), pp. 32-52. 

26Ibid., pp. 406-422. 



22 

It appears to the present investigator that if the scien

tific method is valuable in the pursuit of scientific truth, stu

dents should be encouraged to develop and use this tool. Since 

the scientific method and the democratic classroom seem to offer 

a combination of processes compatible to learning, it appears 

that these should be put to the test in combination within the 

science areas. 

Summary 

In this chapter selected literature pertaining to the 

scientific method was presented. This literature revealed that 

there is wide variation of opinion about the nature of the scien

tific method. Some authorities contended that there is no 

scientific method while others argued that the scientific method 

consists of a quite precise step-wise process for problem solv

ing . The position of the investigator was that the scientific 

method is a useful description of an approach to science in which 

problems are identified and solutions are sought in a systematic 

form. 

The literature suggested that the democratic process is a 

system of personal relationships in which individuals are in a 

position to continuously make choices among a range of alterna

tives . The individual is encouraged to pursue his own interests 

whether alone or on a cooperative basis . The democratic class

room appeared to involve the students and the teacher in close 
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consultation with each other regarding what was to be learned and 

the ways this would proceed. 



CHAPTER 3 

RESEARCH PROCEDURES 

In this chapter, the various research procedures are 

presented as follows: (1) the method of selecting the groups, 

(2) the various instruments for collecting the data, (3) the two 

types of learning environments, and finally, (4) the actual 

classroom processes. 

Selection of the Groups 

The students selected for this study were juniors and 

seniors registered for first year chemistry at Canyon del Oro 

High School in the fall semester of 1972. All students regis

tered for one or another of the chemistry sections during the 

regular registration process. There was no foreknowledge on the 

part of the instructor and the registrars as to which section 

would eventually become the experimental group for this study 

and which would become the control group. 

Upon completion of registration, rosters of the classes 

were examined and it was arbitrarily decided that the fifth 

period class of fifteen students would become the experimental 

group while the fourth period class of eighteen students would 

be used as the control for this study. The fifth period class 

24 
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was selected as the experimental group since it met the last 

period of the day, thus allowing more time for the instructor to 

complete observation records and talk with the student partici

pants . The same criterion was used to select the fourth period 

class as the control group. This class met just prior to the 

lunch hour, thus providing a thirty-minute time period for in

structor observation record keeping and conferences. Both 

classes were taught by the investigator. 

Methods for Collecting the Data 

With one exception, no standardized tests or other mea

suring instruments were available with which to measure the 

specific behavioral and attitudinal changes of students. It was 

therefore necessary to construct special instruments for this 

purpose. A variety of instruments were used in testing the 

various hypotheses . These are listed below in association with 

their respective hypotheses and deduced consequences: 

1.0—Hypothesis One. The science students in the 
democratic classroom will demonstrate an understanding 
of chemistry and science concepts and skill in laboratory 
techniques equivalent to that of students in the tradi
tional classroom. 

1.1—Deduced Consequence #1. The students will 
demonstrate knowledge of scientific and chemical con
cepts which they have encountered in the laboratory 
experiments and classroom discussions. 

The instrument designed to measure this deduced conse

quence was an End-of-Course Written Examination prepared by the 

instructor covering the concepts specifically studied in the 

traditional class. 
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1.2—Deduced Consequence #2. The students will 
display skill in laboratory techniques . 

Data on this deduced consequence were collected through 

the use of an Instructor Developed Unit on Qualitative Analysis 

introduced as a final activity in both the traditional and ex

perimental classes. 

2.0—Hypothesis Two. The science students in the demo
cratic classroom will develop a multiplex of questions con
cerning the world of science around them and will become 
involved in investigations which they see as interesting and 
significant, while the students in the traditional classroom 
will tend not to ask questions which lead them on to indi
vidual investigations. 

2.1—Deduced Consequence #1. The students, in solv
ing specific problems, generate new areas of interest 
for investigation. 

Information regarding this deduced consequence was ob

tained from the Instructor Record Book and from the Student Log 

Book maintained by each student in both groups in which each in

vestigation undertaken was noted. 

2.2—Deduced Consequence #2. The students will re
port that they selected problems of decided personal 
interest and use. 

Information regarding this deduced consequence was col

lected by the teacher who interviewed the students in both the 

"T" and the "E,T classes each nine-week grading period. During 

the interview, the students were asked about their reasons for 

selecting their investigation problem. This information was 

gathered in the Instructor Record Book from the Quarterly Evalu

ation Form. 
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3.0—Hypothesis Three. The science students in the 
democratic classroom will tend to utilize a significantly 
greater number of in and beyond the classroom resources 
than the students in the traditional classroom. 

3.1—Deduced Consequence #1. The students will 
seek out and consult with others who have special 
knowledge relating to their problem interests . 

3.2—Deduced Consequence #2. The students will 
read scientific books and periodicals from the 
library. 

Information for deduced consequences 3.1 and 3.2 was re

corded by the students on page three of their individual write-

ups in the Student Log Book. 

4.0—Hypothesis Four. The science students in the 
democratic classroom will tend to develop warm, coopera
tive relationships with other members of the class to a 
significantly greater extent than students in a tradi
tional classroom. 

4.1—Deduced Consequence #1. The students, in 
conducting their investigations, will tend to be in
terested in the problems of their fellow students and 
will consult with them on a personal basis regarding 
their problems. 

To obtain this information, it was originally stipulated 

that the Bishop Psychological Warmth Code (Bishop 1972) would be 

applied to the audio-taped recordings of classroom activities. 

It was later found that the information so gathered was not ap

propriate to evaluate this deduced consequence. The difficulty 

with the coded records was twofold: (1) the coded records did 

not provide sequential information regarding any particular stu

dent or group and (2) individuals speaking could not be readily 

identified from the tapes. Deduced consequence 4.0 was therefore 

eliminated from this study. 
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4,2—Deduced Consequence #2. The students will 
tend to originate and investigate problems of science 
on a cooperative basis. 

The Instructor Record Book was used to record the numbers 

of students who tended to work together during the course of de

veloping and investigating their problems. 

5.0—Hypothesis Five. The science students in the 
democratic classroom will tend to demonstrate significantly 
greater shifts in attitude toward the value of science in 
their lives than the students in the traditional classroom. 

Deduced Consequence. The students will express 
a change of feeling toward the value of science in 
their lives . 

An investigator prepared Pre-Post Attitudinal Instrument 

was developed and administered to both groups at the beginning 

of the course and at the completion of the course in order to 

determine shifts in attitude which occurred to the student par

ticipants during the year. 

The following equation was developed to calculate the 

Index of Change so that the overall shifts in attitudes of the 

"T" students could be compared to the overall shifts in attitudes 

of the "Etf students on each of the statements: 

I =E [(X± - Yi) ZiJ 

Where I = Index of Change 
X = Post-course percentage 
Y = Pre-course percentage 
Z = Category value factors 
i = Separate various category instances 

Z Category Values: Strongly agree = 2, Agree = 1, 
Undecided =0, 
Disagree = -1, Strongly disagree ~ -2 
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The Index of Change provides that a larger positive num

ber indicates a greater attitude change in favor of the value of 

science for the group being considered. Negative attitude change 

about the value of science would be indicated by a negative 

number. 

Learning Environment 

Both the traditional and experimental groups were taught 

by the investigator. Two distinct learning environments were 

generated by the instructor, one for the traditional group and 

the other for the experimental group. Major differences in 

course methods are listed as follows: 

1.0--lnstructor Orientation 

1.1—Traditional Class. In the traditional class, the 

instructor assumed a typical controlling role by selecting a 

textbook, choosing a laboratory workbook, and outlining the major 

areas for student study. Teacher selected units and materials 

were used exclusively. The units were presented to the students 

by means of lecture, laboratory exercises, and regularly assigned 

readings from various printed sources including the textbook. 

The scientific method was emphasized throughout the course. 

Regular evaluations were conducted using both teacher made and 

standardized tests and quizzes. Student conduct including atten

dance, attentiveness, industry, compliance, consideration, and 

safety of others was emphasized in both the lecture and the 

laboratory sessions. 
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1.2—Experimental Class. The instructor made no pre-

course selection of teacher instructional methods or student 

materials to be used in the class. It was intended that the in

structor and the students would plan the course together through 

close consultation. Though personal and group safety were con

sidered to be extremely important, they were achieved by seeking 

the cooperation of the students rather than by directive. 

2.0—Instructor Preparation 

2.1—Traditional Class. Prior to beginning each unit the 

instructor prepared an outline of various concepts and factual 

data which he determined should be learned by the students. A 

list of behavioral objectives for the students was also prepared. 

Assignments of reading materials from the textbook were planned. 

Laboratory experiments to be completed and end-of-chapter ques

tions to be answered by the students were determined. A calendar 

was then prepared so that students would know exactly what they 

were expected to do on each day of class . All of the above in

formation was listed on the blackboard or on overhead transpar

encies for the students to copy. 

The instructor, additionally, prepared a set of lecture 

notes in which the items to be covered in the various teacher 

presentations was detailed. Several short quizzes were developed 

for each unit to be administered at various times in the respec

tive unit and a one-hour final examination was prepared and ad

ministered at the end of each unit. 
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2.2—Experimental Class. Since no specific instructional 

materials were stipulated for the students, it was necessary for 

the instructor to consult v/ith the students individually and in 

small groups in order to determine what interests they wished to 

pursue. It was expected that each student would identify a 

project or investigation which he or she saw as interesting and 

valuable. 

When the student selected an interest he wished to pur

sue, he was asked to fill out the first page of the write-up 

section of his log book. This consisted of listing his problem, 

hypothesis about the problem, and his method or approach to a 

solution including a list of required equipment and materials. 

The student and the instructor then discussed the proposed work 

and decided what each would be responsible for. Before the stu

dent began work, he was asked to establish a tentative completion 

schedule for the various phases of his work. 

3.0—Instructor Behavior 

3.1—Traditional Class . The instructor was careful to 

assure that the schedule was strictly adhered to in the tradi

tional group. The lesson plan which was developed, including 

lecture notes, examination times and demonstrations, was closely 

followed by the instructor. The instructor stressed the impor

tance of the unit content mastery and the utility of the scien

tific method as a practical approach to solving any type of 

personal problem. The instructor, furthermore, made certain that 
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the necessary materials and equipment were available for the stu

dents to complete their assigned work on schedule. Discipline 

and safety were continuously stressed. 

3 .2—Experimental Class. The instructor spent consider

able time at the onset of the course ascertaining various areas 

.of individual and mutual student interest within the group. He 

emphasized the process of locating problems to pursue which held 

an interest for them rather than attempting things simply to 

please the teacher. The instructor consulted with the students 

regarding project completion times which might reasonably be 

within the students' capabilities. He checked with the students 

to determine their specific equipment and supply needs and then 

worked individually with each student in making the necessary 

arrangements to conduct his work. 

Teacher preparation for each class required considerable 

time in checking research related to the current interest areas 

of various students. This was necessary in order to be suffi

ciently informed to adequately consult with the students about 

various problems. The students and instructor were often able 

to share items of mutual interest in this way. Safety was often 

discussed, normally with the individual student in connection 

with the apparatus being used on his specific problem. 

4.0—Instructor Evaluation 
of Student Work 

4.1—Traditional Class . The teacher evaluated the stu

dents in the traditional class by comparing their performance 
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with all other students taking chemis try in the traditional en-

vironment on the basis of: (1) s hort quizzes, (2) teacher made 

unit examinations, (3) laboratory write-ups, (4) completion of 

assigned work, and (5) semester exa~Qnations. The students were 

assigned points for each of the above performances. Scores were 

recorded in the grade book and totaled at the end of each grading 

period. Deviations were calculated and applied to the points 

thus accrued. Grades ranging from 1 to 5 were assigned to the 

students on the basis of total points obtained. 

4.2--ExperimentaJ. Class. The instructor made .himself 

available to consult continuously with the students. As a stu-

dent completed his problem, he prepared and submitted a write-up 

summarizing the work. The student di scus sed with the instructor 

the strengths and weakness es of the \1\JOrk as he saw it. Students 

were not compared with e(tch oth.e.r i n the class. At the end of a 

grading period, each st~dert;t w~s pri.vate l y interviewed regarding 
·":tt.:E~ .. 

his feelings and his re(ow\lr~~ndat\ ons about the course. At the 
~. : # •• ~t~~ \ ·:·.., 

completion of this inte.~~.JJt.ic;;~ :-. the st~de.nt was asked to assign 
{~~~t~ ~ . 

himself a grade based on '~at~~eJ'" cri t e r ia he felt were appro-
.~~ ~~ 

priate. This grade · was ~.U.b~\tte.d. to the school administration 
'/'~ ... 
··}.~· ·. 

and recorded for that stli.aent. . o i ns t ructor criterion was estab-

lished as to the amount of work required for a particular grade. 

5.0--Laboratory Assistants 

A laboratory assistant was available during both the ex-

perimental and the traditional classes. They were chosen from 
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among the outstanding students in the previous year's classes. 

These students received no pay for their work, but did receive 

course credit toward graduation. The laboratory assistants were 

responsible for: (1) keeping attendance records, (2) preparing 

laboratory materials needed by students in their class, 

(3) checking in and out equipment as required by students, 

(4) tutoring the students requiring this type of assistance, and 

(5) handling of the audio-tape equipment and making recordings 

during class. 

An additional laboratory assistant was trained to code 

the audio-tapes which were recorded, using the Bishop Psycholog

ical Warmth Code (Bishop 1972). 

The Study 

The investigation emphasizing student involvement in the 

scientific method in which two learning environments, the one 

traditional classroom process and the other the democratic class

room process, were compared proceeded as follows: 

The course work began with the "T" (traditional) students 

reviewing mathematics and the use of the slide rule. This review 

was followed by units of study in the areas of: (1) atomic 

theory, (2) kinetic theory, (3) chemical bonding, (4) liquids and 

solids, (5) solubility equilibria, (6) acids and bases, (7) in

troduction to organic chemistry, and (8) qualitative analysis. 

The course was structured in such a way as to emphasize 

laboratory work and to stress the "scientific method." The 
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students were given problems to solve in the laboratory. The 

format for the assigned laboratory write-ups included the follow

ing sections: (1) listing of the problem considered, (2) stating 

the hypothesis, (3) collecting of the data, (4) evaluation of the 

data, and (5) conclusions. The students were also asked to list 

outside books used and resource persons contacted, and include 

this in the appropriate section of their write-up. 

The regular course work for the "E" (experimental) group 

began with the students and the instructor considering alterna

tive approaches to the study of chemistry. The students, in 

consultation with the instructor, determined the direction of 

study as well as the type of evaluation which was to occur. The 

general intent was that the course would center around the appli

cation of scientific and chemical principles to topics of inter

est to the students. 

In testing Hypothesis 5.1, which was concerned with stu

dent attitude shifts regarding the value of science in their 

lives, the pre-course attitudinal instrument was administered to 

both the "T" and the "E" students. The instrument was developed 

from a series of broad general statements about science expecta

tions, and the students were asked to consider and respond to 

each of the statements. It consisted of a Likert-type scale in 

which students were asked to evaluate statements about science on 

the basis of whether they agreed or disagreed and to what extent. 

It also provided space for comments which the students were 
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encouraged to make. The results were compiled and tabulated so 

that the initial response of the "T" students could be compared 

to that of the "E" students. This same instrument was repeated 

in the form of a post-course instrument at the end of the year 

so that shifts in attitude could be compared. 

Both the "T" and the "E" students maintained a personal 

log book during the year which contained a section in which the 

students listed outside the classroom source persons contacted 

as required for Hypothesis 3.1, This hypothesis had to do with 

the fact that students would seek out and consult with others who 

have special knowledge needed by the students. In this section, 

students were asked to list the person contacted, the purpose of 

the contact, and any remarks. The data from this section were 

then compiled in order to ascertain the differences in the number 

of contacts which the students made outside the classroom. The 

number of contacts made by the "T" students were compared to the 

number of contacts made by the "E,r students. 

Information for Hypothesis 3.2 indicating that students 

would read books and periodicals from the library was also ob

tained from a section of the student log book, in which they 

kept track of the books and periodicals which they obtained from 

the library or elsewhere. In this section, the students were 

asked to write down the name of the book or periodical used. 

This made it possible to compare the amount of outside the class

room reading done by the various students. No specific outside 
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reading assignments were made for either group during the year 

except that the traditional students were required to read from 

the selected textbook. The "T" and the "E" students' statements 

about the amount of outside the classroom readings were then 

compared for the year. 

The instructor maintained a written record which con

tained the following: (1) a list of names and attendance for all 

students as well as any grades assigned to the students as re

quired by the school administration, (2) results of personal in

terviews and individual discussions which date and list how the 

students reported their feelings about the utility of the work 

they were doing, and (3) unusual and noteworthy events including 

descriptions of some of the projects attempted by the various 

students. This information was used to compare the "T" students 

with the "E" students in regard to Hypotheses 2,1 and 2.2. 

Hypothesis 2.1 is concerned with students generating new items of 

interest for further research and Hypothesis 2 .2 considers the 

reports of students about their feelings regarding the utility of 

what they are doing in the class from the standpoint of personal 

interest and use. This information was obtained initially from 

the students by using the Quarterly Evaluation Form at the end 

of each grading period. Results of this survey were transcribed 

into the Instructor Record Book. 

During the year, conversations of both the "T" and the 

"E" students were audio-taped . These recordings were made of the 
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various discussions which took place in the classroom in both 

laboratory and lecture sessions for the "T" students . Recordings 

were also made of "E" classroom sessions. A laboratory assistant 

was trained to listen to the tapes and code them according to the 

Bishop Psychological Warmth Code.1 The Bishop Code provides a 

method to measure the various degrees of warmth and cooperation 

which is taking place in group interactions based on the conversa

tions of the participants. It was later discovered that the 

materials so gathered were too general and could not be applied 

to Hypothesis 4.1, and it was deleted from the study. 

At the beginning of the last five weeks of scheduled 

classwork in the school year, a qualitative analysis unit was 

completed by both the "T" and "E" students . The unit consisted 

of analysis of various chemical samples using a set of directions 

which divides the analysis process into analysis of the common 

cations and anions. Students checked out unknown samples of each 

of the groups for analysis. After completion of the prescribed 

analysis, the students reported their findings to the instructor 

and their results were scored. During the final three days of 

the unit, the students were given a general unknown to solve 

which contained cations and anions from any and/or all of the 

groups previously studied . As Hypothesis 1.2 requires, a record 

was maintained for the student results and the "T" students were 

^Towne Charles Bishop, "Verbal Patterns of an Informal 
Group Which Employs Democratic Process" (unpublished doctoral 
dissertation, University of Arizona, 1972). 
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compared to the "E" students on the basis of: (1) the number of 

unknowns attempted, (2) the number of unknowns solved correctly, 

and (3) the percent of general unknowns solved correctly. 

Hypothesis 1.1 required that a final examination be given 

at the end of the course. This was written and administered by 

the instructor in order to test the students' knowledge of 

scientific and chemical principles. The examination was given 

to both the "T" and "E" students so that content mastery of tra

ditional chemical concepts could be compared between the two 

groups. 

Summary 

In this chapter methods for selection of groups were 

listed, instruments for collecting the data were stated, and 

finally, differences in learning environments and classroom 

processes were considered. The following chapter considers the 

data bearing on the research problem. 



CHAPTER 4 

COLLECTED DATA 

In this chapter the data bearing on the research problem 

are presented. The chapter is organized by specific hypotheses 

and their respective deduced consequences. First the research 

problem is restated, followed by a brief introduction to Hypoth

esis One and a restatement of the hypothesis. Then the deduced 

consequences derived from the hypothesis are presented together 

with the data bearing on each consequence. On the basis of these 

data the hypothesis was either accepted or rejected. This pat

tern of presenting the data is followed throughout the chapter. 

The research problem dealt with the question of what 

occurs to the members of a first year high school chemistry class 

when they were exposed to a science teacher who linked the 

scientific method with democratic classroom procedures in con

ducting the class. The problem was formally stated as follows: 

"In conducting a first year chemistry course utilizing procedures 

of the scientific method and the democratic processes, what occurs 

to the student participants?" 

The first hypothesis related to the research problem had 

to do with the recurrent question of the extent to which students 

will learn the content and skills of the subject when processes 

40 
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defined as democratic are employed by an instructor, as compared 

to the content and skill mastery of students when processes de

fined as traditional are employed. The hypothesis was stated as 

follows: 

1.0—Hypothesis One. The science students in the demo
cratic classroom will demonstrate an understanding of 
chemistry and science concepts and skill in laboratory 
techniques equivalent to that of the students in the tra
ditional classroom. 

Two deduced consequences were employed in testing Hypoth

esis One. The first of these consequences suggested that chemis

try students who worked in a democratic learning environment 

would do as well in a final examination testing their knowledge 

of scientific and chemical concepts as would chemistry students 

who worked in a traditional learning environment. The deduced 

consequence was stated as follows: 

1.1—Deduced Consequence #1. The students will 
demonstrate knowledge of scientific and chemical con
cepts which they have encountered in the laboratory 
experiments and the classroom discussions . When an 
end-of-course written examination is administered 
covering scientific and chemical concepts, the ex
perimental students will score at a level equivalent 
to that of the traditional students. 

The written examination consisting of thirty-one multiple 

choice questions was administered during the final week of 

classes to both the traditional ("T") students and the experi

mental ("E") students. See Appendix G for a copy of this test. 

The examination was scored and an analysis of the thirty-one 

questions was completed to determine if there were significant 

differences in the results obtained by the "E" students when 
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compared to those of the "T" students. The scores of the "T" 

group were used to determine the expected frequency for the "E" 

group and a chi-square statistic was calculated to determine if 

there were differences in the group performances on the examina

tion at the 0.01 level of significance. See Table 1. 

As a high score on the written examination, one student 

in each of the groups was able to answer twenty-four of the 

thirty-one questions correctly. The lowest score in the "T" 

group was ten correct responses out of a possible thirty-one, 

while the lowest score in the "E'r group was eight. The mean of 

the scores for the "T" group was sixteen as compared to a mean 

of fourteen for the "E" group. Even though the "T" students 

average score was slightly higher than that of the "E" students 

on the written chemistry examination, the analysis of scores re

mained within the limits of chance occurrence at the 0.01 level 

of significance. 

The deduced consequence dealing with this part of Hypoth

esis One stated, "When an end-of-course written examination is 

administered covering scientific and chemical concepts, the 

experimental students will score at a level equivalent to that 

of the traditional students . The above data tend to support that 

part of Hypothesis One dealing with the students understanding of 

scientific and chemical concepts as shown on the written 

examination. 
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Table 1. A Comparison of Examination Scores of "T" and "E" 
Students on a Thirty-One Item Examination 

"T" Students 
n - 18 

"E" Students 
n = 12 

High score 24 High score 24 

Low score 10 Low score 8 

Mean score 16 Mean score 14 

The second deduced consequence related to Hypothesis One 

suggested that the students who worked in the democratic environ

ment would develop laboratory skills which would be equivalent to 

the laboratory skills of the students in the traditional class

room. The deduced consequence is stated as follows: 

1.2—Deduced Consequence #2. The students will 
display skills in laboratory techniques. When pre
sented problems in qualitative analysis, the experi
mental students will assay samples with a degree of 
accuracy equivalent to that of the traditional 
students. 

A block of time consisting of twenty-two school days was 

set aside for the students of both the "T" and the 1TE" groups to 

assay chemical samples of cations and anions. The system of 

qualitative analysis employed semi-micro techniques of assay for 

the identification of separate cations and anions contained in 

common inorganic substances. Students were asked to check out 

samples containing ions in various categories and test the sam

ples for the ions they contained. The results of the testing 
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were submitted to the instructor and checked for accuracy. A 

record was kept for each student indicating the number of samples 

attempted and the accuracy of analysis of each. Following this 

analysis, the students were asked to assay a general unknown 

sample containing selected ions from the various groups of cations 

and anions previously tested. The results of this general un

known sample were checked by the instructor and the percent of 

ions correctly identified was tabulated for each of the students. 

See Table 2. 

The traditional group attempted to assay an average of 

19.8 of the samples per student while the experimental group 

attempted 20.8 samples per student. The percent accuracy was 

calculated by comparing the number of samples in which all ions 

were correctly identified with the total number of samples at

tempted . The percent success for the traditional students was 

68.1 while the experimental students scored 66.3 percent. A 

chi-square statistic was calculated to determine if the differ

ence was significant. It was found that differences were not 

significant at the 0.01 level. Both groups had assayed approxi

mately the same number of samples. When the general unknown for 

each student was checked and the group averages were computed, 

it was found that the traditional students averaged 72.9% and the 

experimental students averaged 85.8%. A chi-square statistic in

dicated that there was a significant difference in the average 

scores. The "E" students scored significantly higher than the 

"T" students. 
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Table 2. A Comparison of Qualitative Analysis Results for the 
"T" and the "E" Students 

"T" Students "E" Students 
n = 18 n = 12 

Number of samples attempted 
per student 19.8 20.2 

Percent of samples assayed 
correctly 68.1% 66.3% 

General unknown sample percent 
assayed correctly 72.9% 85.8% 

The deduced consequence dealing with this part of Hypoth

esis One stated, "The experimental students will assay samples 

with a degree of accuracy equivalent to that of the traditional 

students." The above data support that part of Hypothesis One 

dealing with student's development of skills in laboratory 

techniques. 

Hypothesis One, which asserted that science students in 

the democratic classroom would demonstrate an understanding of 

chemistry and science concepts and skill in laboratory tech

niques equivalent to that of the students in the traditional 

classroom, was accepted on the basis that both deduced conse

quences 1.1 and 1.2 were supported. 

The second hypothesis related to the research problem 

dealt with the extent to which students developed questions about 

the world of science in which they live. A classroom where the 
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teacher employed democratic processes was compared to a classroom 

where traditional processes were employed. The hypothesis was 

stated as follows: 

2.0—Hypothesis Two. The science students in the demo
cratic classroom will develop a multiplex of questions con
cerning the world of science around them and will become 
involved in investigations which they see as interesting 
and significant, while the students in the traditional 
classrooms will tend not to ask questions which lead them 
on to individual investigations. 

Two deduced consequences were employed in testing Hypoth

esis Two. The first of these consequences suggested that the 

chemistry students who worked in a democratic learning environ

ment would tend to develop more areas of interest than would 

students who worked in a traditional learning environment. The 

first deduced consequence was stated as follows: 

2.1—Deduced Consequence #1. The students, in 
solving specific problems, generate new areas of 
interest for investigation. When the Instructor 
Record Book is studied, it will be found that the 
"E" students become involved in newly identified 
problems while the "T" students tend to undertake 
only the teacher assigned work. 

The "T" students were assigned specific textbook informa

tion to be learned and experimental work to be performed. If "T" 

students became interested in pursuing other problems, they were 

encouraged to do so. The "E" students were given the opportunity 

to develop their own problem-interests. Each student's initial 

problem was noted and logged by the instructor. Subsequent prob

lems undertaken by each student were similarly recorded. 
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Table 3 lists the initial and subsequent investigations 

pursued by the "E" students during the year. It is evident from 

the list that each of the students in the "E" group did generate 

new areas of interest for investigation during the year. In no 

case did the "T" students actually investigate problems which 

could be related to newly identified interests. They completed 

teacher assignments only. In one case, however, two of the "T" 

students did express an interest in learning to use the spectro

scope and were encouraged to do so. These students exerted no 

special effort, however, and the investigation did not 

materialize. 

The deduced consequence dealing with this part of Hypoth

esis Two stated, "When the Instructor Record Book is studied, it 

will be found that the 'ET students become involved in newly 

identified problems while the 'T* students tend to undertake only 

the teacher assigned work." The above data support that part of 

Hypothesis Two dealing with students generating areas of interest 

for investigation. 

The second deduced consequence suggested that the stu

dents who worked in the democratic environment will report that 

they selected problems based on personal interest and use to a 

significantly greater extent than the students in the traditional 

classroom. The deduced consequence is stated as follows; 
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Table 3. Areas of Interest Generated by the "E" Students 
During the Year 

Student 
No. Interest Areas Generated Total 

1. Smoking Machine/Effects of Tars/Atomic Theory/ 
Laboratory Manual Experiments 

2. Water Pollution/Lethal Dose-50 Goldfish/Anatomy 
of Fish/ Static Electricity/Oxygen Bomb Calorim
eter/Diet Soda Pop/ Techniques of Blueing/Silver 
Plating/ Constant Temperature Water Bath 

3. Nitrogen Fixation/Plant Seeds/(parents requested 
that student study from textbook for balance of 
year) 

4. Vitamin C Assay/Sour Gum Effects and Teeth/ 
(moved at end of nineteen weeks) 

5. Water Pollution/Lethal Does-50 Goldfish/Anatomy 
of Fish/Microscopic Slide Preparation/Atomic 
Theory/Laboratory Manual Experiments 

6. Acupuncture/Photography Developing and Printing/ 
Tin Plates/(ill nine-week duration) 

7. Glass Figurines/Glass Blowing/Soft Glass Making/ 
Black Powder/Explosives/Computer Design 

8. Water Pollution/Lethal Dose-50 Goldfish/Anatomy 
of Fish/Static Electricity/Oxygen Bomb Calorim
eter/Diet Soda Pop/Techniques of Blueing/Silver 
Plating/Constant Temperature Water Bath 

9. Water Pollution/Lethal Dose-50 Goldfish/Anatomy 
of Fish/Crook's Tube/Jacobfs Ladder/Properties 
of Oxygen/High Voltage Generator 

10. Crystal Formation/Solar Energy Car/Fats, Oils, 
and Soaps/(stopped attending class—quit school 
later in year) 

11. Fermentation/Wine/Beer/Whiskey/Silver Jewelry/ 
Water Purification/Kinetic Theory 
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Table 3, Continued 

Student 
No. Interest Areas Generated Total 

12 . Crystal Formation/Solar Energy Car/Fats, Oils, 
and Soaps/Bell Kit Crystals/(moved at end of 
twenty-seven weeks) 4 

13. Polymers/Plastics/Silver Assay/Plastic Bubbles/ 
Silver Jewelry/Water Purification 6 

14. Glass Figurines/Glass Blowing/Soft Glass Making/ 
Black Powder/Explosives/Spectroscopy/Spcetro-
scope Calibration/Spectroscope Analysis 8 

15. Vitamin C Assay/Sour Gum Effects and Teeth/Sound 
and Stringed Instruments/Pottery Assay for Lead 4 
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2 ,2--Deduced Consequence #2. The students will 
report that they selected problems of decided per
sonal interest and use. When consulted by the in
structor, the experimental students will report that 
they selected problems on the basis of personal in
terest and significance while the traditional students 
will report that they complied with the instructor's 
directions and assignments and did not, with any sig
nificant frequency, raise questions of science which 
they later investigated. 

At the end of each grading period, the students were 

asked to report why they had decided to work on the particular 

investigation they had chosen. Responses were recorded on the 

Student Evaluation Form and transcribed into the Instructor 

Record Book. (See Appendix B for a copy of the Student Evalua

tion Form.) Most of the "E" students reported that they had 

chosen their investigations on the basis of personal utility or 

personal interest. Only two of the "E" students stated that 

their work was teacher assigned rather than of personal interest 

and utility. This occurred during the third and fourth grading 

periods . 

All of the "T" students indicated that they worked for 

the entire year on teacher-assigned materials only. Only two of 

the "T" students in the third grading period and six in the 

fourth grading period reported that the work they were doing had 

personal interest or utility. See Table 4. 

The deduced consequence dealing with this part of Hypoth

esis Two stated, "When consulted by the instructor, the experi

mental students will report that they selected problems on the 

basis of personal interest and significance while the traditional 
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Table 4. A Comparison of "T" and "E" Student Responses to 
Question: "Why Are You Doing the Work You Are 
Currently Involved in?" 

No. of Students Involved Responding 
to Each Category by Grading Period 

Group Student Response 1st 2nd 3rd 4th Average 

"T" Teacher assigned 18 18 16 12 16 

Personal interest 0 0 2 6 2 

Personal utility 0 0 0 0 0 

*"E" Teacher assigned 0 1 2 " 2* 1.3 

Personal interest 7 9 6 4 6.5 

Personal utility 8 5 6 6 6.5 

"Students moved or dropped school. 

students will report that they complied with the instructor's 

directions and assignments and did not, with any significant 

frequency, raise questions of science which they later investi

gated." The above data tend to support that part of Hypothesis 

Two dealing with reporting that problems investigated had per

sonal interest and utility. 

Hypothesis Two, which stated that the students in the 

democratic classroom would become involved in investigations 

which they saw as interesting and significant to a greater extent 

than the students in the traditional classroom, was accepted on 

the basis that both deduced consequences 2.1 and 2.2 were 

supported. 
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The third hypothesis related to the research problem had 

to do with the question of how students in the democratic class

room tend to utilize in and beyond classroom resources when com

pared to the students in the traditional processes classroom. 

The hypothesis was stated as follows: 

3,0--Hypothesis Three. The science students in the ex
perimental classroom will tend to utilize a significantly 
greater number of in and beyond the classroom resources 
than the students in the traditional classroom. 

Two deduced consequences were employed in testing Hypoth

esis Three. The first of these consequences suggested that the 

chemistry students who worked in a democratic learning environ

ment would tend to consult with others who have special knowledge 

relating to their interests to a greater extent than the students 

who worked in the traditional learning environment. The deduced 

consequence was stated as follows: 

3.1—Deduced Consequence #1. The students will seek 
out and consult with others who have special knowledge 
relating to their problem interests. When the log books 
of the "E" students and the "T" students are compared, 
frequency of contacts with outside-the-class room con
sultants utilized by the "E" students will significantly 
exceed those utilized by the "T" students. 

Both the "T" and the "E" students were asked to list in 

their log books the names of individuals contacted in their ef

forts to investigate various problems. The students were fre

quently reminded to maintain this list. Thirty individual 

write-ups were selected from the Student Log Books of each class 

to compare the frequency of individuals contacted. In the 

write-ups selected for the "T" students, there were no instances 
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of individuals listed as having been contacted by the students. 

In a comparable number of thirty "E" student write-ups, nineteen 

individuals were listed. See Table 5. 

The deduced consequence dealing with this part of Hypoth

esis Three stated, "When the log books of the lE' students and 

the 'T' students are compared, frequency of contacts with outside 

the classroom consultants utilized by the 'E' students will sig

nificantly exceed those utilized by the 'T' students." These 

data tend to support that part of Hypothesis Three dealing with 

the contacting of outside the classroom consultants. 

The second deduced consequence suggested that the stu

dents in the democratic environment would read scientific books 

and periodicals to a greater extent than the students who worked 

in the traditional environment. The deduced consequence is 

stated as follows: 

3.2—Deduced Consequence #2. The students will read 
scientific books and periodicals from the library. When 
the library records are studied, it will be found that 
the "E" students checked out significantly greater num
bers of scientific books and periodicals than the "T" 
students. 

A program was established with the library to meet the 

criteria described in deduced consequence #2 above in which the 

school librarian agreed to check out books and periodicals. 

Library records were to reflect the numbers of books and period

icals checked out by both the "T" students and the "E" students. 

As the year progressed, however, student help was used in the 

library and the librarian failed to instruct these students to 
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Table 5. A Comparison of Outside the Classroom Resource Persons 
Contacted by the Traditional and Experimental Students 

Number of Contacts with Outside 
Group the Classroom Resource Persons 

30 Student 
Investigation 

Write-Ups D 

"E" 
30 Student 

Investigation 
Write-Ups 19 

keep the required records for this study. The investigator felt 

that the incomplete data thus obtained would be invalid and 

should not be included. Deduced consequence 3.2, therefore, was 

not treated statistically. As a consequence, it was not used as 

a test for Hypothesis Three. 

As a matter of general interest the Student Log Bookt, 

which contained a section asking for records of printed, non-text 

references, was studied. Thirty Student Log Book write-ups were 

surveyed from both the "T" group and the "E" group. The "T" 

students listed no other than textbook references in their write-

ups while a similar list of thirty write-ups of the "E" students 

listed thirty-two references. See Table 6. 

The deduced consequence dealing with this part of Hypoth

esis Three which stated, "When the library records are studied, 
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Table 6. A Comparison of Printed Non-Text References Listed by 
Students 

Number of References (Non-Test) 
Group Used in Various Investigations 

HJIf 
30 Student 

Investigation 
Write-Ups 0 

"E" 
30 Student 

Investigation 
Write-Ups 32 

it will be found that the "E" students checked out significantly 

greater numbers of scientific books and periodicals than the "T" 

students," was not supported. 

In reviewing the data used to test Hypothesis Three, it 

was determined that deduced consequence #1 which suggested that 

the students in the democratic classroon environment will seek 

out and consult with others who have special knowledge relating 

to their problem interests to a significantly greater extent than 

the UT,T students was supported. The second deduced consequence r 
which suggested that the students will read scientific books and 

periodicals from the library to a greater extent than the "T" 
• . * 

students was not supported. Hypothesis Three was not accepted 

since deduced consequence #2 was not supported. 

The fourth hypothesis related to the research problem had 

to do with development of warm, cooperative relationships with 
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other members of the class, when in a classroom which employed 

the democratic processes as compared to a classroom which em

ployed traditional classroom processes. The hypothesis was 

stated as follows: 

4.0—Hypothesis Four. The science students in the demo
cratic classroom will tend to develop warm, cooperative 
relationships with other members of the class to a signifi
cantly greater extent than students in the traditional 
classroom. 

Two deduced consequences were employed in testing this 

hypothesis. The first of these consequences suggested that the 

"E" students will tend to consult with their classmates on a 

personal basis regarding their problems with a significantly 

greater frequency than the "T" students. The deduced consequence 

is stated as follows: 

4.1—Deduced Consequence #1. The students, in con
ducting their investigations, will tend to be interested 
in the problems of their fellow students and will con
sult on a personal basis regarding their problems. When 
the science classroom audio-taped conversations of the 
students are coded, it will be found that the "E" stu
dents consulted with their classmates regarding science 
problems with a significantly greater frequency than did 
the nTlf students. 

This part of the investigation was attempted by employing 

the Bishop Psychological Warmth Code which makes use of audio-

taped conversations . It was found that the data which had been 

gathered could not be used to support or not support deduced 

consequence #1 and was deleted from the study. 

The second deduced consequence suggested that the stu

dents who worked in the democratic environment would tend to 
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originate and investigate problems of science on a cooperative 

basis to a greater extent than the students who worked in the 

traditional environment. The deduced consequence is stated as 

follows: 

4.2—Deduced Consequence #2. The students will tend 
to originate and investigate problems of science on a 
cooperative basis. When the teacher's record book is 
inspected, it will be found that the "E" students orig
inated a significantly greater number of cooperatively 
developed and investigated problems than did the "T" 
students. 

The Instructor Record Book contained a list of the number 

of students who originated and worked together on various investi

gations throughout the year. In the "T" group, two students were 

asked to work together as "laboratory partners." One of the "T" 

students selected another student to work with and it was in

tended that these two students would work together all year. 

In the "E" group, no conscious effort was made to struc

ture the number of students who worked together. When students 

did work together on investigations, it was by mutual consent of 

each member of the group. Length of time in which students 

worked together varied with the interest problem in which they 

were involved. During the year it was noted that the number of 

students involved in an investigation varied from one student to 

five students. No student worked by himself for the entire year. 

When students asked the instructor to make assignments to them, 

this was done, however, instructor assignments were not consid

ered as student originated investigations in either class. 
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The "E" students originated a total of forty-six investi

gations during the year. Twenty-five of these were individual 

projects, seventeen investigations were done by a group of two 

students, three investigations were done by a group of two stu

dents, and two investigations were carried out by a group of five 

students. See Table 7. 

None of the "T" students were observed to originate and 

investigate any problem during the year. 

The deduced consequence dealing with this part of Hypoth

esis Four stated, "When the teacher's record book is inspected, 

it will be found that the 'Er students originated a significantly 

greater number of cooperatively developed and investigated prob

lems than did the 'TT students." The above data tend to support 

the part of the hypothesis dealing with originating and investi

gating problems on a cooperative basis. 

In reviewing the data used to test Hypothesis Four, it 

was determined that deduced consequence #1, which suggested that 

the "E" students would consult with their classmates on a coop

erative basis regarding their problems could not be supported 

from the data which were collected. The second deduced conse

quence which suggested that the "E" students would tend to orig

inate and investigate problems of science on a cooperative basis 

to a greater extent than the "T" students was supported. Hypoth

esis Four could not be accepted since deduced consequence #1 was 

not supported. 



Table 7. Problems Originated and Investigated by the "E" 
Students 

1 
Individual 

Number 
2 

in Group 

of Students 
3 4 

in Group in Group 
5 

in Group 

Number of 
Investigations 25 17 3 0 3 

The fifth hypothesis related to the research problem had 

to do with the comparison of the shifts in attitude toward the 

value of science in the lives of the students in the democratic 

classroom as compared to the students in the traditional class

room. The hypothesis was stated as follows: 

5.0—Hypothesis Five. The science students in the demo
cratic classroom will tend to demonstrate significantly 
greater shifts in attitude toward the value of science in 
their lives than the students in the traditional classroom. 

One deduced consequence was employed in testing Hypothe

sis Five. This deduced consequence suggested that the chemistry 

students in the democratic classroom would express a greater 

change of feeling toward science in their lives than the students 

in the traditional classroom. The deduced consequence was stated 

as follows: 

Deduced Consequence. The students will express a 
change of feeling toward science in their lives. When 
the results of a pre-post attitudinal instrument con
sisting of a Likert-type scale are studied, it will be 
found that, at the end of the course, the "E" students 
indicated significantly greater changes in attitude 
toward the value of science in their lives than did the 
"T" students. 
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The "T" students and the "E" students were asked to re

spond to an attitudinal instrument consisting of four statements 

about science. Both groups indicated agreement or disagreement 

with the various statements at the beginning of the year and 

again at the end of the year. The percent of each group respond

ing with agreement or disagreement to each of the alternatives 

was calculated at the beginning of the course. This percentage 

was then compared to the post-course statements for each of the 

groups. An index of change was then calculated in order to de

termine comparisons of the "T" group and the "E" group. 

The first statement which the students considered was, 

"I find it exciting to consider why things happen as I observe 

them." When the results of the pre-course instrument regarding 

this statement were tabulated, the following was noted for each 

of the groups: 22% of the "T" students strongly agreed, 61% 

agreed, and 17% were undecided. In the "E" group, 27% strongly 

agreed, 47% agreed, and 27% were undecided. Neither group had 

students who disagreed with the statement. On the post-

attitudinal instrument, 29% of the "T" students indicated strong 

agreement, 64% indicated agreement, and 6% were undecided. The 

"E" students strongly agreed to the extent of 50%, 42% agreed, 

and 8% were undecided. See Table 8. 

An index of change was calculated for statement number 

one to combine the pre-source responses of each group with the 

corresponding post-course responses. The index of change for 

the "T" group was eighteen while the index of change for the 
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Table 8. Student Responses to Statement Number One on Pre-Post 
Attitudinal Instrument: "I Find It Exciting to 
Consider Why Things Happen as I Observe Them" 

Category 

"T" 
Pre-

n = 18 

Students 
Post-* 

n = 17 

"E" Students 
Pre-" Post-

n = 15 n = 12 

Strongly agree 22% 29% 27% 50% 

Agree 61% 64% 47% 42% 

Undecided 17% 6% 27% 8% 

Disagree 0% 0% 0% 0% 

Strongly disagree 0% 0% 0% 0% 

*Not 100% due to rounding. 

"E" group was fifty-one. The quantitative comparison of the 

groups indicated that the "E" group had a greater positive change 

regarding statement number one than the "T" group. (See 

Chapter 3, page 28, for the equation for the calculation of index 

of change.) 

The second statement on the Pre-Post Attitudinal Instru

ment was, "I like to experiment with things in order to find out 

how they work." Computation of the results of the pre-course 

instrument showed the following: for the "T" students, 11% had 

strong agreement while 61% agreed, 17% were undecided and 11% 

disagreed. For the "E" students 34% were in strong agreement, 

and 67% agreed. On the post-course instrument administered at 

the end of the year, the "TM students showed 24% strongly agreed, 
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64% agreed, and 12% were undecided. The "E" students had 42% who 

strongly agreed, and 58% who agreed. See Table 9. 

The index of change was calculated to combine the pre-

source responses of each group with the corresponding post-course 

responses for the second statement. The value obtained for the 

"T" students was forty and the value obtained for the "E" stu

dents was seven. The "T" students had a greater positive re

sponse to statement two than did the "E" students. 

The third statement on the Pre-Post Attitudinal Instru

ment was, "It is interesting to see how the experiments I do in 

my science classes demonstrate certain scientific principles." 

The "T" students stated that they strongly agreed to the extent 

of 17%, agreed 72%, 6% were undecided, and 6% disagreed. The "E" 

students stated that they strongly agreed to the extent of 7%, 

agreed 46%, and 46% were undecided. 

On the post-course instrument administered at the end of 

the course, the "T" students showed 18% strong agreement, 71% 

agreement, 6% undecided, and 6% disagreed. The "E" students 

showed 33% strong agreement, 42% agreement, and 24% undecided. 

See Table 10. 

The index of change was calculated to combine the pre-

course responses of each group with the corresponding post-course 

response for the third statement. The value obtained for the "T" 

students was zero and the value obtained for the "E" students was 

forty-eight. The "E" students had a greater positive response to 

statement two than did the "T" students. 
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Table 9. Student Responses to Statement Number Two on Pre-Post 
Attitudinal Instrument: "I Like to Experiment With 
Things in Order to Find Out How They Work" 

"T" Students "E" Students 
Pre- Post- Pre-" Post-

Category n = 18 n = 17 n = 15 n = 12 

Strongly agree 11% 24% 34% 42% 

Agree 61% 64% 67% 58% 

Undecided 17% 12% 0% 0% 

Disagree 11% 0% 0% 0% 

Strongly disagree 0% 0% 0% 0% 

"Not 100% due to rounding. 

Table 10. Student Responses to Statement Number Three on Pre-
Post Attitudinal Instrument: "It Is Interesting to 
See How the Experiments I Do in My Science Classes 
Demonstrate Certain Specific Principles" 

"T" Students "E" Students 
Pre-"' Post-" Pre-" Post-* 

Category n = 18 n = 17 n = 15 n = 12 

Strongly agree 17% 18% 7% 33% 

Agree 72% 71% 46% 42% 

Undecided 6% 6% 46% 24% 

Disagree 6% 6% 0% 0% 

Strongly disagree 0% 0% 0% 0% 

"Not 100% due to rounding. 
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The fourth of these statements was, "X think science can

not be separated from things that are most interesting to me." 

When the results of the pre-course instrument regarding this 

statement were tabulated, the following was noted for each of the 

groups: for the "T" students, 17% strongly agreed, 45% agreed, 

27% were undecided, and 11% disagreed. For the "E" students, 46% 

strongly agreed, 15% agreed, and 39% were undecided. On the 

post-attitudinal instrument, 29% of the "T" students indicated 

strong agreement, 29% of the students indicated agreement, 18% 

were undecided, and 24% disagreed. Thirty-three percent of the 

"E" students indicated strong agreement, 50% indicated agreement, 

and 17% were undecided. See Table 11. 

The index of change for the "T,r students for statement 

number four on the Pre-Post Attitudinal Inst raiment was negative 

seventeen, while the index of change for the "E" students was 

nine. The "E,f students had a greater positive response than did 

the "T" students. 

The index of change for the "T" students for statement 

number one on the Pre-Post Attitudinal Instrument was eighteen; 

for statement two, forty; for statement three, zero; and for 

statement four, negative seventeen. The sum for this group of 

statements representing the "T" students was forty-one. A com

parison of the values for the "E" students was, statement one, 

fifty-one; statement two, seven; statement three, forty-eight; 

and statement four, nine. The sum for the statements of the 
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Table 11. Student Responses to Statement Number Four on Pre-Post 
ftttitudinal Instrument: "I Think Science Cannot Be 
Separated from Things That are Most Interesting to Me" 

Category 

"T" Students 
Pre- Post-
n = 18 n = 17 

"E" Students 
Pre- Post-
n = 15 n = 12 

Strongly agree 17% 29% 46% 33% 

Agree 45% 29% 15% 50% 

Undecided 2 7% 18% 39% 17% 

Disagree 11% 24% 0% 0% 

Strongly disagree 0% 0% 0% 0% 

"E" students was 115. Both groups tended to express changes which 

were positive on the Pre-Post flttitudinal Instrument, however, the 

changes for the "E" students were significantly greater than the 

corresponding changes reported for the "T" students. See 

Table 12. 

In reviewing the data used to test Hypothesis Five, it was 

determined that the deduced consequences which suggested that the 

"E" students would express a change of feeling toward science to 

a greater extent than the "T" students was supported. On the 

basis of the evidence, Hypothesis Five, which stated that the 

students in the democratic classroom will tend to demonstrate 

significantly greater shifts in attitude toward the value of 

science in their lives than the students in-the traditional class

room, was accepted. 
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Table 12. A Comparison of Index of Change for "T" and "E" 
Students on Pre-Post Attitudinal Instrument 

Statement ITT" Students "E" Students 

1 18 51 

2 40 7 

3 0 48 

4 -17 _9 

Totals 41 115 

Hypotheses One, Two, and Five were accepted, while Hypoth

eses Three and Four were rejected. 

In this chapter the data bearing on the research problem 

were presented together with corresponding hypotheses and various 

deduced consequences. Based on the data collected, each hypothe

sis was either accepted or rejected. In the chapter which follows 

the study is summarized and conclusions are stated. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Summary 

This study was designed to investigate what happens to 

the student participants in an introductory chemistry course in 

which the scientific method was stressed in a democratic process 

environment. The students in the democratic classroom were com

pared to students in a traditionally instructed classroom. In 

both classrooms the scientific method was stressed as a valuable 

tool to problem solving. 

With regard to the students in the democratic classroom, 

the hypotheses stated that: (1) They would understand chemistry 

and science concepts equal to the students in the traditional 

classroom; (2) They would develop a multiplex of questions about 

science to a greater extent than students in the traditional class

room; (3) They would use in and beyond the classroom resources to 

a greater extent than students in the traditional classroom; (4) 

They would develop warm, cooperative relationships to a greater 

extent than students in the traditional classroom; (5) They would 

demonstrate shifts in attitude toward the value of science to a 

greater extent than students in the traditional classroom. 

Deduced consequences for each of the five hypotheses were 

developed. They functioned to: (1) provide direction for the 

67 



68 

studyi (2) aid in developing instruments for use in the study, 

(3) aid in collecting data for the study, (4) aid in organizing 

the data, and (5) aid in the process of describing, examining, 

and analyzing the data. 

Six instruments were developed to compare and contrast 

the students in the democratic classroom with those in the tradi

tional classroom. These included: (1) a written end-of-course 

examination, (2) an instructor developed unit on qualitative 

analysis, (3) an instructor record book, (4) a quarterly evalua

tion form, (5) a student log book, and (6) a Pre-Post Attitudinal 

Instrument. 

Both the experimental class and the traditional class 

were taught by the investigator. In the traditional class the 

investigator assumed a typical controlling role, selecting a 

textbook, choosing a laboratory workbook, and outlining the major 

areas for student study. Teacher selected units and materials 

were used exclusively. The scientific method was emphasized 

throughout the course. A list of behavioral objectives was pre

pared for each topic covered during the year and the students 

were evaluated on the basis of these. 

In the experimental class the investigator made no pre-

course determination of topics to be covered in the course. It 

was intended that the instructor and the students would plan the 

course together on the basis of individual choicing. The in

vestigator attempted to be available to consult continuously with 

the students. Evaluation was based on interviews between the 
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instructor and the students on an individual basis. The students 

discussed their progress on the various investigations, noting 

areas of satisfaction and difficulty. No attempt was made to 

compare the work of the various students in the class. 

Findings of the Study 

In seeking answers to the research question, five hypoth

eses were tested. These follow, together with their associated 

deduced consequences tested, and the outcomes of the testing. 

Hypothesis One stated that the students in the democratic 

classroom would demonstrate an understanding of chemistry and 

science concepts and skill in laboratory techniques equivalent to 

that of the students in the traditional classroom. Deduced con

sequence #1, which suggested that the experimental students would 

obtain scores equivalent to the scores obtained by the tradition

al students on a written end-of-course examination, was supported. 

Deduced consequence #2, which suggested that the experimental 

students would be able to assay chemical samples with a degree of 

accuracy equivalent to that of the traditional students, was also 

supported. Hypothesis One was therefore accepted. 

Hypothesis Two stated that the experimental students 

would develop questions about the world of science in which they 

live to a greater extent than the traditional students. Deduced 

consequence #1, for this hypothesis, which stated that the experi

mental students would become involved in newly identified prob

lems while the traditional students would tend to undertake only 
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teacher assigned work was supported. Deduced consequence #2, 

which suggested that the students in the democratic environment 

would generate new areas of interest for investigation to a sig

nificantly greater extent than the students in the traditional 

environment, was also supported. Hypothesis Two was therefore 

accepted. 

Hypothesis Three contended that the experimental science 

students would utilize a significantly greater number of in and 

beyond the classroom resources than the traditional science stu

dents. The first deduced consequence for this hypothesis, which 

stated that the experimental students would consult with outside 

the classroom consultants with a greater frequency than the tra

ditional students, was supported. The second deduced consequence, 

which suggested that the experimental students would check out a 

significantly greater number of scientific books and periodicals 

from the library than the traditional students, could not be sup

ported. It was intended that library records would reflect the 

numbers of books and periodicals checked out by the various stu

dents. Library personnel failed to maintain the required records 

for this study. The data needed to support this deduced conse

quence were therefore unavailable. On this basis, Hypothesis 

Three was not accepted. 

Hypothesis Four suggested that the experimental students 

would develop warn, cooperative relationships to a greater extent 

than the traditional students. The first deduced consequence, 
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which stated that the students would consult with their class

mates on a personal basis regarding their problems to a signifi

cantly greater extent than the traditional students, could not be 

supported. This part of the investigation was attempted employ

ing the Bishop Psychological Warmth Code1 which makes use of 

audio-taped recordings. The investigator was not able to use the 

data collected from the audio-taped recordings because the stu

dents could not be identified when the Bishop Psychological Warmth 

Code was applied. The second deduced consequence for this hypoth

esis, which indicated that the experimental students would origi

nate and investigate a significantly greater number of 

cooperatively developed problems than the traditional students, 

was supported . Since data for deduced consequence #1 was not 

available, Hypothesis Four was not accepted. 

Hypothesis Five stated that the science students in the 

democratic classroom would tend to demonstrate significantly 

greater shifts in attitude toward the value of science in their 

lives than the students in the traditional classroom. The de

duced consequence for this hypothesis, which stated that the 

students in the democratic classroom would express a change of 

feeling toward science to a greater extent than the traditional 

students, was supported. Hypothesis Five was accepted. 

^Towne Charles Bishop, "Verbal Patterns of an Informal 
Group Which Employs Democratic Process" (unpublished doctoral 
dissertation, University of Arizona, 1972). 
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Conclusions 

The following conclusions were drawn from this study: 

1. The students in the democratic classroom demonstrated an 

understanding of chemistry and science concepts and skill 

in laboratory techniques equivalent to that of the stu

dents in the traditional classroom. 

2. The students in the democratic classroom did develop 

questions to investigate the world of science in which 

they live to a greater extent than the traditional 

students. 

3. The students in the democratic classroom did consult with 

individuals having special knowledge relating to their 

interests to a greater extent than did the students in 

the traditional classroom. 

4. The students in the democratic classroom did tend to 

originate and investigate a significantly greater number 

of cooperatively developed problems than the traditional 

students. 

5. The students in the democratic classroom tended to demon

strate significantly greater shifts in attitude toward 

the value of science in their lives than did the students 

in the traditional classroom. 



APPENDIX A 

PRE-POST INSTRUCTION ATTITUDINAL INSTRUMENT 

Instructions: Please read the first statement in this 

questionnaire. Then on the line scale just below the 

statement place an X at the point which most nearly shows 

your feeling of agreement or disagreement with the 

statement. 

After placing an X on the scale, would you please com

ment on the statement in any way you desire in the space 

provided—then move on to the next statement. 

1. I find it exciting to consider why things happen as I 
observe them. 

2. I like to experiment with things in order to find out how 
they work. 

strongly 
agree 

agree uncertain disagree strongly 
disagree 

strongly 
agree 

agree uncertain disagree strongly 
disagree 
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3. It is interesting to see how the experiments I do in my 
science classes demonstrate certain scientific principles. 

strongly agree uncertain disagree strongly 
agree disagree 

4. I think that science cannot be separated from the things 
that are most interesting to me. 

strongly agree uncertain disagree strongly 
agree disagree 



APPENDIX B 

STUDENT EVALUATION FORM 

1. How do you feel about the progress you are making in this 
chemistry course? 

Excellent Good Average Poor 

Remarks: 

2. Why are you doing the work you are currently involved in? 

Teacher Assigned 

Personal Interest 

Personal Utility 

3. What grade do you recommend for yourself for the current 
grading period? ("E" students only.) 

1 2 3 4 5 
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APPENDIX C 

STUDENT LOG BOOK 

Instructions: You are asked to keep a complete record 

of each experiment or project you undertake. The items 

listed below on this page indicate the things you should 

enter in this notebook in the spaces provided. 

Section I. 

A. Name of experiment: 

B. Problem considered: 

C. Hypotheses: 

D. Experiment procedures: 
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E. Data collected: 

F. Data evaluation: 

G. Conclusions: 

H. Suggested further study: 

Section II. 

Notes (use any way you wish): 
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Section III. 

Record in this section all outside resource people contacted, 

purpose for contact, and any results of this contact: 

Date 
Name of 

Resource Person Purpose Results 

Section IV. 

Record in this section the names of books or periodicals used 

as reference for this investigation. Do not list assigned text

book or laboratory manual. 

Date Name of Book or Periodical Used 



APPENDIX D 

INSTRUCTOR RECORD BOOK 

Student's name 

Personal interview notations: 

Date: Comments: 

Date: Comments: 

Date: Comments: 

Date: Comments: 

79 



APPENDIX E 

RECORD OF STUDENT LIBRARY USE 

Student's name 

Librarian Use Instructor Use 

Date 
Name of Book or 

Periodical Checked Out Scientific Other 
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APPENDIX F 

INDIVIDUAL STUDENT QUALITATIVE 
ANALYSIS RESULTS 

Section I. Unknown samples tested and identified: 

Group No. I II III IV V Silver Barium Soluble 

Cation Analysis Anion Analysis 

Section II. Totals unknowns solved: 

Student 
No. unknowns 

attempted 
No. unknowns 
identified 

Percent 

Section III. General unknown results: 

Student Percent correct 
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APPENDIX G 

WRITTEN EXAMINATION OF SCIENTIFIC 
AND CHEMICAL CONCEPTS 

Instructions; DO NOT WRITE ON THIS FORM. Use the answer 
form provided for this test. Indicate the best answer to 
each question by placing an X through the number listed 
on the answer form which corresponds to the examination 
form. 

1. When a clear colorless solution of KSCN is added to a slight 
yellow solution of Fe(N03)3) the solution becomes a dark 
amber brown. The most likely explanation for this would be 
(1) The combination of yellow and clear colorless solutions 

is usually amber brown. 
(2) The molecules are rearranged to form a different angle. 
(3) The temperature has changed such that the materials has 

burned. 
(4) There is no possible explanation for this phenomena. 

2. A chemist needs a solution which is neutral to litmus but 
has only a solution which is acidic. His best selection of 
a substance which would make this solution neutral would be 
(1) An acidic anhydride 
(2) A basic anhydride 
(3) Water 
(4) Vinegar 
(5) Carbonated beverage 

3. A chemist is concerned about the effect of citric acid in 
sour candy on teeth. His first step in solving this problem 
would be 
(1) Find out how much citric acid is in sour candy. 
(2) Add citric acid to the diet of several experimental mice. 
(3) Apply citric acid to the teeth of children. 
(4) Secure several individuals to experiment on. 
(5) Consult his periodic table for the formula of citric 

acid. 
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4. A chemist can be more sure of the data secured if 
(1) The experiment is done using very precise measurements, 
(2) The experiment is done over a long period of time. 
(3) The experiment is done by more than one experimenter. 
(4) Only one variable is used in the experiment. 
(5) The experiment is repeated many times. 

5. Helium was found on the earth only after it was known to 
exist on the sun because 
(1) There is more helium on the sun than the earth. 
(2) Helium has the same chemical properties on the sun as on 

the earth, 
(3) Helium traveled from the sun to the earth but did not 

arrive until discovered. 
(4) The earth and sun have exactly the same elements present. 
(5) Observations about the spectrum caused scientists to 

believe that helium could be found in both places . 

6. A cylinder is evacuated and then filled with a gas which con
tains equal numbers of molecules of helium, oxygen, and ni
trogen. A small hole is drilled in the wall of the cylinder. 
The pressure inside the container is the same as the atmo
spheric pressure. All gas molecules can pass through the 
hole. At the end of a period of time 
(1) Numbers of each kind of molecule will be the same inside 

the cylinder. 
(2) There will be less nitrogen molecules in the container 

than helium and oxygen. 
(3) There will be less helium in the container than oxygen 

and nitrogen, 
(4) There will be less oxygen in the container than helium 

and nitrogen. 
(5) There is not enough information above to know this 

information. 

7. Which is a fundamental quantity? 
(1) area (4) density 
(2) mass (5) velocity 
(3) volume 

8. Which procedure is not a safe laboratory practice? 
(1) Use open flames near volatile, flammable liquids. 
(2) Always wear protective glasses while working in the 

laboratory. 
(3) Always dilute acids by pouring the concentrated acid 

into constantly stirred water. 
(4) Flood with water any area of your person which has come 

into contact with a corrosive chemical. 
(5) When heating solids or liquids in a test tube, hold the 

tube at an angle and keep in constant motion so that 
heating occurs uniformly. 
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9. A rectangular solid has a surface area of 61.2 cm^ on its 
base. Its height measures 11 cm and its mass is 780.421 
grams. Which best relates its density in g/cm3? 
(1) 1.15927 (4) 0.862 
(2) 1.16 (5) 8.62 X 10"1 

(3) 1.12 

10. Which generally applies to the liquid phase of matter? 
(1) definite shape 
(2) diffuses slowly 
(3) fairly compressible 
(4) no definite volume 
(5) exerts very slight vapor pressure 

11. Which has the highest electronegativity? 
(1) Rh (atomic number =45) 
(2) Rb (atomic number = 37) 
(3) sb (atomic number = 51) 
(4) Se (atomic number = 34) 
(5) CI (atomic number =17) 

12. Which statement concerning the s 
curve in the graph is true? 
(1) More entropy is present at 

b than at c. 
(2) Heat supplied at c increases 

the kinetic energy. 
(3) Particles at a have the 

greatest kinetic and poten
tial energies . 

(4) Particles at b have more 
kinetic energy than those 
at d. 

(5) Heat supplied at b increases 
the random kinetic energy of 
solid particles. 

13. Which represents the ground state electronic configuration 
of phosphorus, P (atomic number = 15)? 

(1) 
If 2s 2p 3s 3 p 4s 

(1) tl tl tl tl t tl tl t 
( 2 )  tl tl tl tl t tl t t 1 
( 3 )  tl tl tl tl t tl t t t 
( 4 )  ti tl tl tl t tl t t t 
( 5 )  tl tl tl tl t ti t t t t 

tate of affairs along the 

Typical heating cure* 

For a pur* tolld . 

Energy • 
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14. Which property is characteristic of a liquid? 
(1) It has a constant volume. 
(2) Intermolecular distances are large. 
(3) Diffusion is faster than in a gas. 
(4) Intermolecular forces are not very significant. 
(5) Expansion is appreciable as its temperature changes. 

15. When HC1 dissociates in water which species is least likely 
to exist? 
(1) H+ (4) H7O3+ 
(2) H3O+ (5) H904+ 

(3) H502+ 

16. The species Ca+2 is terms a(an) 
(1) polyatomic ion 
(2) diatomic ion 
(3) molecule 
(4) cation 
(5) anion 

17. Balance the following expression. Select the set of coeffi
cients which corresponds to those in the balanced equation. 

? NH4OH + FeCl3*? NH4CI + ? Fe(0H)3 

(1) 1-1-3-1 
(2) 3-2-3-2 
(3) 3-1-3-1 
(4) 1-3-3-1 
(5) 2-3-2-3 

18. How many molecules are there in 30.0 grams of ethane, C2H6? 
(1) 8 
(2) 30 
(3) 6^2 x 1023 

(4) 6.02 X 1023 

(5) 30 X 6.02 X 1023 

19. Name this compound, Ba(0H)2 
(1) barium oxide 
(2) barium hydride 
(3) barium dioxide 
(4) barium peroxide 
(5) barium hydroxide 
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20. Which of the following enables the calculation of the heat 
transferred from a body to its surroundings? 
(1) temperature change 
(2) temperature change and mass 
(3) temperature change and heat capacity 
(4) temperature change, mass, and length of time heat 

transferred 
(5) temperature change, specific heat, and length of time 

heat transferred 

21. Of the systems noted, which is nearly at its maximum poten
tial energy? 
(1) a run down clock 
(2) water at the top of a dam 
(3) a rock at the bottom of a cliff 
(4) two magnetic south poles far apart 
(5) two unlike electrical charges near one another 

22. In the process of fractional distillation, which fraction 
comes off first? 
(1) the least volatile fraction 
(2) the fraction containing miscible liquids 
(3) the fraction containing the solid residue 
(4) the fraction with the highest boiling point 
(5) the fraction with the highest vapor pressure 

23. A 0.010M solution has a pH of 5. What is its pOH? 
(1) 11 (4) 9 
(2) 2 (5) 5 
(3) 7 

24. Which set is a conjugate acid-base pair in this equation? 
CH3COOH + NH3 = NH4+ + CH3C00" 

(1) NH3 and CH3COO" 
(2) CH3COOH and CH3COO-
(3) NH3 and CH3COOH 
(4) NH4+ and CH3COO-

(5) NH4+ and CH3COOH 

25. How many kcal are released when 3.00 grams of water change 
from the gaseous phase to the liquid phase of 100°C? molar 
heat of vaporization = 10.0 kcal/mole; molar heat of 
fusion = 1.44 kcal/mole 
(1) 0.138 (4) 30.0 
(2) 1.67 (5) 54.0 
(3) 4.32 
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26. How many ml of 0.100 MH2SO4 solution will exactly neutralize 
50.0 ml of 0.200 MKOH? 
(1) 25.0 (4) 150 
(2) 50.0 (5) 200 
(3) 100 

27. We recognize the existence of equilibrium by observing 
(1) that equilibria are dynamic. 
(2) a constancy of microscopic properties. 
(3) that an imposed stress causes a change. 
(4) a static state of microscopic properties. 
(5) that the forward and reverse rates of reaction are equal 

28. Which symbolizes a change in heat content? 
(1)AE (4)AP 
(2 ) A G ( 5 ) A S 
<3)A H 

29. Which statement is true concerning cathode rays? 
(1) They are streams of electrons. 
(2) They are electromagnetic radiation. 
(3) They always stream toward the cathode. 
(4) Magnetic lines of force have little effect upon them. 
(4) Their nature and properties depend upon their sources. 

30. Where on the periodic chart will the most nonmetallic ele
ments be found? 
(1) top of Group VII A 
(2) top of Group I A 
(3) top of Group III A 
(4) bottom of Group VI A 
(5) Bottom of Group II A 

31. One tenth, 0.10, mole of H3PO4 is added to 100 ml of 1.0 
N NaOH. The products of the reaction will be water and 

(5) H2O only 

(1) H3PO4 (4) 

(2) H2PO4 (5) 

(3) HPO42 
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