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This investigation was designed to analyze change in critical . 

thinking between students in laboratory- centered and lecture-demon- 

stration-centered patterns of instruction in high school biology. 

Twenty biology classes were randomly selected from the four 

senior high schools in the Salt Lake City School District. Class en- 

rollment ranged from nine students in one class to thirty -six in 

another. Of the twenty classes selected, ten were randomly selected 

and taught by the lecture -demonstration- centered patterns of instruc- 

tion; the remaining ten classes were taught by laboratory- centered 

patterns of instruction. Sixteen teachers taught the twenty classes. 

The students participated in a pre -testing program during the 

first two weeks of December 1964. The testing program provided 

statistical basis for general scholastic ability with a pre -test 



knowledge of the understanding of science; critical thinking; and at- 

titudes of open and closed mindedness. Final testing was conducted 

during the first two weeks of May 1965, to determine the students' 

gains in these areas during the school year. 

Each group of ten classes used the same course of study. The 

course materials consisted of two Laboratory Blocks developed by 

the BSCS. Plant Growth and Development and Animal Growth and De- 

velopment were the blocks used. The course materials were the same, 

the teaching methods were different. 

Data used in this study were obtained from five tests. They 

were: Otis Quick Scoring Mental Ability Test, Gamma: Form Am, 

Watson- Glaser Critical Thinking Appraisal, Form Ym, Cornell Cri- 

tical Thinking Test, Form X, Dogmatism Scale, Form E, Test on 

Understanding Science, Form W. 

The following conclusions were drawn from the data analyzed in 

this investigation. 

1. The change in critical thinking and understanding of science 

of students in the laboratory -centered patterns of instruction 

was significant for all levels of intelligence at the 0. 5 percent 

level. 

There was no significant change in critical thinking and 

understanding science of students in the lecture- demonstra- 

tion -centered patterns of instruction. 



2. Evidence was obtained indicating a moderate correlation, but 

substantial relationship between change in critical thinking and 

change in understanding science. 

3. Evidence was obtained to indicate that there was no relation- 

ship between a student's mental ability and change in critical 

thinking. Students with high mental ability made higher scores 

on critical thinking tests than those with lower mental ability, 

but the amount of increase in test scores at the higher mental 

ability level was approximately equal to the amount of in- 

crease in test scores at all lower mental ability levels. Men- 

tal ability was not directly related to change in critical think- 

ing. 

4. Evidence was obtained to indicate that there was no relation- 

ship between a student's mental ability and change in under- 

standing science. 

5. Change in dogmatism of students in the laboratory- centered 

patterns of instruction was significant for all levels of intel- 

ligence at the 0. 5 percent level. Students with high mental 

ability showed very little change in dogmatism. They scored 

low on the Dogmatism Scale when tested, thus they remained 

open- minded. 

The higher the mental ability of the student, the less dog- 

matic he was. Conversely, the lower the mental ability of 



the student the more dogmatic he was. 

The amount of change in dogmatism at each level of men- 

tal ability was approximately equal. The evidence to support 

the above statement pertains only to the laboratory- centered 

classes.. There was no significant change of students in the 

lecture- demonstration classes. 
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CHANGE IN CRITICAL THINKING BETWEEN STUDENTS IN 
LABORATORY- CENTERED AND LECTURE- DEMONSTRATION- 

CENTERED PATTERNS OF INSTRUCTION IN HIGH SCHOOL BIOLOGY 

CHAPTER I 

INTRODUCTION TO THE STUDY 

Critical thinking has been one of the major teaching objectives of 

science teachers since early in the 1930's. Little evidence has been 

obtained as to whether this objective is ever fully realized in teaching 

high school biology. Although numerous studies have been conducted 

about critical thinking, very few studies have been made to determine 

if the method of teaching had any significant influence on the students' 

ability to think critically, or to what degree this ability had been im- 

proved during a given period of time. 

In the 1930's the results achieved in the teaching of science were 

questioned. Noll (45, p. 3 ) stated: 

We teach science in our schools so that pupils may 
pass examinations, but it is highly improbable that 
many of them form habits of thinking that will be of 

value later on. In fact, what evidence we have on 
the matter indicates that no systematic attempt is 
being made anywhere in our secondary schools to de- 
velop scientific habits of thought. The acquisition 
of facts may not be regarded as an end to itself, but 
merely as a means to an end. 

Schwab (59, p. 143) stated that the responsibility of the science 

educator is heavy. It requires a complete revolution in the teaching 
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and learning aspect which has characterized American science edu- 

cation in the past. For the purpose of science, facts can no longer be 

treated as 'self- existing givens'. They are matters contingent on the 

knower, on the operations he performs to bring them into view, and 

on the conceptions which organize and control his operation. 

Dressel (23, p. 200) stated: 

Anyone who emphasizes the importance of providing 
opportunities for the student to think for himself runs 
the risk of being accused of de- emphasizing the im- 
portance of knowledge. That one cannot think produc- 
tively about a problem without relevant knowledge is 
self - evident. It is easy to argue from this that the 
initial courses in any area should concentrate on add- 
ing to the store of knowledge and that only at some 
later date should significant thinking be expected or 
even permitted. The fallacies in such reasoning are 
many and obvious. The encyclopedic mind is not nec- 
essarily a thoughtful one. Thinking depends on know- 
ledge, but is not automatically triggered by weighty 
accumulation of facts. 

A poll made by Schwab of seven physicists (58, p. 45) placed the 

life expectancy of a body of knowledge in small -particle physics at no 

more than four years, and though some subsciences, like embryology, 

have had little recent success in developing fresh attacks on their 

problems, the modal rate of revision is probably of the order now of 

fifteen years. Thus some of the knowledge gained by a high school 

graduate in 1965 is likely to be obsolete by 1980. 

If knowledge is subject to change every four to fifteen years, it 

seems apparent that the emphasis formerly placed upon learning large 
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quantities of knowledge must be supplemented and partially replaced 

with new skills or abilities that are not subject to rapid change. 

Bloom (10, p. 38) stated that: 

Improvement in critical thinking is an urgent neces- 
sity. This is apparent in all disciplines by the grow- 
ing emphasis placed upon training in critical thinking. 
The need is focused by educators who emphasize that 
more assistance be given to students to develop prob- 
lem-solving methods which will yield more complete 
and adequate solutions in a wide range of problem situ- 
ations. 

After a review of related literature, it became apparent that 

methods of teaching science have been too much concerned with how 

best to transmit facts to the individual students. While it is important 

for the student to know facts in order to do critical thinking, the trans- 

mitting of facts does not constitute the basic problem of teaching tech- 

niques and curriculum organization. 

The main objectives of this study were to investigate the rela- 

tive effectiveness of the laboratory -patterns and the lecture - 

demonstration patterns of instruction in influencing the high school 

biology student's capability to improve in his critical thinking, to in- 

vestigate the influence the understanding of science had on the high 

school biology student's capability to improve in critical thinking, and 

to investigate the influence open and closed- mindedness (dogmatism) 

had on the student's capability to improve in critical thinking. 



The Problem 

Statement of the Problem 

4 

The major problem involved in the study was to determine change 

in critical thinking exhibited by students in laboratory -centered and 

lecture- demonstration - centered patterns of instruction in high school. 

The following null hypotheses were tested in this study: 

1. There is no difference in change in critical thinking between 

students in laboratory- centered and lecture- demonstration- 

centered patterns of instruction in high school biology as de- 

termined by the Cornell Test of Critical Thinking, Form X. 

2. There is no difference in change in critical thinking between 

students in laboratory- centered and lecture- demonstration- 

centered patterns of instruction in high school biology as de- 

termined by the Watson -Glaser Critical Thinking Appraisal, 

Form Ym. 

3. There is no difference in change in understanding science 

between students in laboratory- centered and lecture - 

demonstration- centered patterns of instruction in high school 

biology. 

4. There is no relationship between change in critical thinking, 

as determined by the Cornell Test of Critical Thinking Form 

X, and change in understanding science. 



5. There is no relationship between change in critical thinking, 

as determined by the Watson -Glaser Critical Thinking Ap- 

praisal, Form Ym and change in understanding science. 

6. There is no relationship between student's mental ability and 

change in critical thinking as determined by the Cornell Test 

of Critical Thinking Form X. 

7. There is no relationship between student's mental ability and 

change in critical thinking as determined by the Watson - 

Glaser Critical Thinking Appraisal, Form Ym. 

8. There is no relationship between student's mental ability and 

change in understanding science. 

9. There is no difference in change in dogmatism (open and 

closed- mindedness) between students in laboratory- centered 

and lecture -demonstration- centered patterns of instruction 

in high school biology. 

Delimitations of the Problem 

The study has been delimited as follows: 

1. The problem was limited to the four senior high schools 

of Salt Lake City, Utah. 

2. The study was further limited to twenty biology classes 

randomly selected from the four senior high schools. 

The sample was considered by experts in statistics and 

5 
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education to be representative and of adequate size for 

statistical treatment. 

3. The teacher of each biology class was determined by the 

random selection of classes. 

4. The subject matter taught consisted only of the laboratory 

blocks Plant Growth and Development, and Animal Growth 

and Development. 

5. Test taking is a learning experience. Achievement on 

the post -test may be affected by the experience of taking 

the pre -test. 

6. Student growth in critical thinking during the study maybe 

influenced by learning experiences other than biology. 

Definition of Terms 

Critical Thinking. Critical thinking is a process of careful evalua- 

tion of premises and evidence drawing conclusions cautiously through 

consideration of all pertinent factors. 

Watson and Glaser (66, p. 10) have defined critical thinking as a 

composite of attitudes, knowledge, and skills. This composite in- 

cludes (1) attitudes of inquiry that involve an ability to recognize the 

existence of problems and an acceptance of the general need for guid- 

ance in support of what is asserted to be true; (2) knowledge of the 

nature of valid inferences, abstractions, and generalizations in which 
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the weight or accuracy of different kinds of evidence are logically de- 

termined; (3) skills in employing and applying the above attitude and 

knowledge. 

Ennis (27, p. 84) lists twelve aspects of critical thinking. 

1. Grasping the meaning of a statement. 
2. Judging whether there is ambiguity in a line of reasoning. 
3. Judging whether certain statements contradict each other. 
4. Judging whether a conclusion follows necessarily. 
5. Judging whether a statement is specific enough. 
6. Judging whether a statement is actually the application of a 

certain principle. 
7. Judging whether an observation statement is reliable. 
8. Judging whether an inductive conclusion is warranted. 
9. Judging whether the problem has been identified. 

10. Judging whether something is an assumption. 
11. Judging whether a definition is adequate. 
12. Judging whether a statement made by an alleged authority is 

acceptable. 

Laboratory- Centered Patterns of Instruction. These instructional 

patterns require individual or group laboratory work on the part of all 

students. They are primarily concerned with the development of criti- 

cal thinking; independent powers of analysis; scientific attitudes, 

knowledge, and skills to perform in problem- solving activities. 

Lecture -Demonstration -Centered Patterns of Instruction. These 

instructional patterns are focused upon a verbal message from the 

teacher accompanied by his use of apparatus to illustrate principles, 

determine or verify facts, clarify difficult parts, or test for compre- 

hension of the material under discussion. Individual or group 
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laboratory work on the part of students is not included in these pat- 

terns of instruction. 

Understanding Science. For many years, science educators have 

acknowledged the importance of teaching and learning certain so- called 

"intangible" aspects of science. These intangibles include an under- 

standing of the nature of scientific inquiry, of science as an institution, 

and of scientists as people. According to Cooley and Klopfer (17, 

p. 3 -4) understanding science is divided into three major areas: 

Area I - Understanding about the scientific enterprise. 

Area II - Understanding about scientists. 

Area III - Understanding about the methods and aims of science. 

Each area is broken down into several themes that provide a more 

clear definition of understanding science. 

Area I - The scientific enterprise. 

Theme 1. Human element in science 

2. Communication among scientists 

3. Scientific societies 

4. Instruments 

5. Money 

6. International character of science 

7. Interaction of science and society 

Area II The scientist. - 

- 
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Theme 1. Generalizations about scientists 

2. Institutional pressures on scientists 

3. Abilities needed by scientists 

Area III - Methods and aims of science. 

Theme 1. Generalities about scientific methods 

2. Tactics and strategy of sciencing 

3. Theories and models 

4. Aims . of science 

5. Accumulation and falsification 

6. Controversies in science 

7. Science and technology 

8. Unity and interdependence of the sciences 

Mental Ability. According to Otis (52, p. 1) mental ability is 

thinking power or the degree of maturity of the mind. He stated that 

it should be understood from the outset that it is not possible to mea- 

sure mental ability directly. It is only possible to measure the effect 

mental ability has had in enabling the pupil to acquire certain know- 

ledge and mental skill. 

Dogmatism (Open and Closed- Mindedness). Dogmatism refers to 

a number of things: a closed way of thinking which could be associated 

with an ideology regardless of content, an authoritarian outlook on 

life, an intolerance toward those with opposing beliefs, and a 

. 
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sufferance of those with similar beliefs. To say that a person is dog- 

matic or that his belief system is closed is to say something about the 

way he believes and the way he thinks - not only about single issues 

but also about networks of issues. According to Rokeach (55, p. 57) 

dogmatism is the extent to which a person can receive, evaluate, and 

act on relevant information received from the outside on its own in- 

trinsic merits, unencumbered by irrelevant factors in the situation 

arising from within the person or from the outside. 

Basic Assumptions 

In this study it is assumed that: 

1. The Otis Quick Scoring Mental Ability Test, Gamma Form 

Am, provides an evaluation of the student's general scholas- 

tic ability. 

2. The Watson -Glaser Critical Thinking Appraisal, Form Ym, 

indicates the student's ability to use critical thinking skills. 

3. The Cornell Critical Thinking Test, Form X, indicates the 

student's ability to use critical thinking skills. 

4. The Rokeach Dogmatism Scale, Form E, measures individual 

student's differences in openness or closedness of belief sys- 

tems. 

5. The Test on Understanding Science, Form W, indicates the 

student's opinions and attitudes towards the scientific 
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enterprise, the scientist, and the methods and aims of science. 

6. The laboratory blocks, Plant Growth and Development and 

Animal Growth and Development, for students in the labora- 

tory-centered patterns of instruction, provide a twelve -week 

biological curriculum where each student is given the oppor- 

tunity to carry out a series of investigations on a given topic. 

This will enable him to develop an understanding of the nature 

of research in the biological sciences as well as the scientific 

enterprise as a whole. The student will learn biology as a 

biologist learns it. 

7. The laboratory blocks, Plant Growth and Development and 

Animal Growth and Development, for students in the lecture - 

demonstration- centered patterns of instruction, provide a 

twelve -week biological curriculum where the learning acti- 

vities are a verbal presentation by the teacher, accompanied 

by teacher use of apparatus to illustrate principles, deter- 

mine or verify facts, clarify difficult parts, or test for com- 

prehension of the material under discussion. 

8. The measuring instruments used for this study are valid and 

reliable. 

Importance of the Study 

The training of students in critical thinking has generally been 
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accepted as a function of the school. Educators have expressed con- 

cern with this function over a period of half a century. John Dewey's 

How We Think (19) is credited by most experts as being one of the 

classic analysis of the thinking process. 

More recently, the Educational Policies Commission (24, p. 4) 

defined the development of rational thinking power of man as the Cen- 

tral Purpose of American Education: 

To be free, a man must be capable of basing his choices 
and actions on understandings which he himself achieves 
and on values which he examines for himself. He must 
be aware of the basis on which he accepts propositions 
as true. He must understand the values by which he 
lives, the assumptions on which they rest, and the con - 
sequences to which they lead. He must recognize that 
others may have different values. He must be capable 
of analyzing the situation in which he finds himself and 
of developing solutions to the problems before him. He 
must be able to perceive and understand the events of 
his life and time, and the forces that influence and shape 
those events. He must recognize and accept the prac- 
tical limitations which time and circumstance place on 
his choices. The free man, in short, has a rational 
grasp of himself, his surroundings and the relation be- 
tween them. 

He has the freedom to think and choose, and that free- 
dom must have its roots in conditions both within and 
around the individual. Society's dual role is to guar- 
antee the necessary environment and to develop the 
necessary individual strength. That individual strength 
springs from a thinking, aware mind, a mind that pos- 
sesses the capacity to achieve aesthetic sensitivity and 
moral responsibility, an enlightened mind. These 
qualities occur in a wide diversity of patterns in dif- 
ferent individuals. 

Burnett (12, p. 94 -95) stated that if one hundred science teachers 
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were selected at random and were asked to list their five chief teach- 

ing objectives, it is almost certain that everyone would include on 

their list the development of scientific attitudes and critical thinking. 

Improvement in critical thinking appears to be a necessity. This 

is apparent in all disciplines by the growing emphasis placed upon 

training in critical thinking.. Bloom (10, p. 43) stated that the need 

is focused by educators who emphasize that more assistance be given 

to students to develop problem- solving methods which will yield more 

complete and adequate solutions in a wide range of problem situations. 

In recent years progress in critical thinking has been made in at . 

least three directions, (1) A recognition of the need for improvement, 

(2) a clarification of the meaning of the term critical thinking, and 

(3) analysis of the deterrents to better performance. In the definition 

of the concepts of critical thinking, Dressel and Mayhew (24, p. 179) 

have referred to five abilities. 

1. The ability to define a problem. 

2. The ability to select pertinent information for the solution of 

a problem. 

3. The ability to recognize stated and unstated assumptions. 

4. The ability to formulate and select relevant and promising 

hypothesis. 

5. The ability to draw conclusions validly and to judge the valid- 

ity of inference. 

. 
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In the analysis of the deterrents to better performance Bloom 

(10, p. 42 -43) has concluded that: 

1. Students tend to avoid real problem solving. 

2. Students apply only a limited stock of techniques to solve them. 

3. Students are satisfied with a partial solution. 

4. Students change the problem completely. 

5. Students escape from the problem entirely. 

Schwab (58, p. 46) stated that: 

To teach science as inquiry means, first to show 
students how knowledge arises from the interpreta- 
tion of data. It means, second, to show students 
that the interpretation of data - indeed even the search 
for data - proceeds on the basis of concepts and as- 
sumptions, which change as our knowledge changes 
too. It means, third, to show students that because 
these principles and concepts change, knowledge 
changes too, It means, fourth, to show students that 
though knowledge changes, it changes for good reason - 

because we know better and know more than we knew 
before. The converse of this point also needs stress; 
the possibility that present knowledge may be revised 
in the future does not mean that present knowledge is 
false. Present knowledge in science is based on the 
best tested facts and concepts which we presently pos- 
sess. It is the most reliable, rational knowledge of 
which man is capable. 

Recently the appearance of interested leadership and the avail- 

ability of financial resources have made possible several massive pro- 

jects in curriculum revision for high school science. The scope of 

these projects has brought about a concentration of talent heretofore 

unknown in curriculum revision efforts. For the most part, they have 
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been spearheaded by college and university scientists, but they have 

included on their working and advisory staffs educational specialists 

and high school science teachers. Ample support, primarily from 

the National Science Foundation, had made possible the intricate ma- 

chinery necessary for experimental trial teaching of the materials, 

followed by immediate revision and retrial. 

The Biological Sciences Curriculum Study was one of the curri- 

culum projects to emerge from the recent high school science curri- 

culum programs. The group's primary purpose was to prepare high 

school biology courses suitable for wide use in the average high school. 

The author's objective was to have biology taught as a method of seek- 

ing answers through effective critical thinking. To do this, they 

stressed underlying concepts and understandings. The students' work 

was centered in the laboratory where real problems were explored; 

open -ended experiments and other materials were used as the media 

for conveying an understanding of biology. Through emphasis on basic 

concepts and the illustration of such concepts in many varied ways, 

the student was given practice in drawing generalizations. 

If there appears to be significant gain in critical thinking by stu- 

dents being instructed in the laboratory- centered patterns of instruc- 

tion, as compared to those being instructed in lecture- demonstration 

patterns of instruction, knowledge of these gains and their educational 

implications should be of value to teachers, science educators, 
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science curriculum writers, and school administrators. 

The analysis of the data obtained from this study provides valu- 

able information to those writing biological curriculum for any level 

of instruction. For those individuals who are motivated to investigate 

further, the data provide a sound basis for future study. 

Procedure 

The Setting 

The Salt Lake City School District has been a leader in education 

in Western United States for the past fifty years, being the most popu- 

lous district west of Denver, Colorado, and east of San Francisco, 

California. Because of its size and its strategic location, the Salt 

Lake City School District had many resources from which to draw 

for educational purposes. 

Salt Lake City grew both in population and economic resources 

following the conclusion of World War II, as did hundreds of other 

cities. This growth demanded more and better schools. Meeting 

this demand, ,Salt Lake City School District in 1965 had forty -six 

elementary schools, twelve junior high schools and four large metro- 

politan senior high schools. The high schools were located in the 

west, south, east and southeast sections of the city. 

Each high school enrolled approximately 2, 500 students, which 
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enrollment required faculties in excess of one hundred teachers per 

school. Diligent efforts had been made to place in each classroom 

an academically trained teacher qualified to teach the subject assigned 

him. 

It required approximately twelve teachers in each high school to 

teach the offerings in science education. Because the science teach- 

ers had laboratory preparation in addition to teaching as a daily acti- 

vity, most science teachers taught five of the seven periods. 

Of the twelve science teachers in each high school, seven or 

eight were employed to teach the biological sciences. During the 

1964 -65 school year there were approximately 125 classes of biologi- 

cal science taught in the four senior high schools in Salt Lake City 

School District. Of these 125 classes, one class of nine students was 

grouped homogeneously. 

The four senior high schools in Salt Lake City School District 

were well staffed with qualified science teachers, had ample science 

equipment, supplies and textbooks, as well as excellent school librar- 

ies. 

The four senior high schools of Salt Lake City School District 

provided the setting for this study. 

Sample Selection of Classes 

Twenty biology classes were randomly selected from the four 
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senior high schools in the Salt Lake City School District. Class en- 

rollment ranged from nine students in one class to thirty -six in an- 

other. Of the twenty classes selected, ten were randomly selected 

and taught by lecture- demonstration -centered patterns of instruction; 

the remaining ten classes were taught by laboratory- centered patterns 

of instruction. 

Sixteen teachers taught the twenty classes. Two teachers each 

taught three classes by lecture- demonstration- centered patterns of 

instruction. Each remaining class was taught by one teacher. 

Course Content 

To provide a common area of instruction for the lecture - 

demonstration- centered and the laboratory centered patterns of in- 

struction, two laboratory blocks, Plant Growth and Development and 

Animal Growth and Development were selected. The two laboratory 

blocks were developed by the committee on Innovation in Laboratory 

Instruction, a section of the Biological Sciences Curriculum Study. 

The committee chairman was Addison E. Lee, University of Texas. 

Sources of Data 

Data used in this study were obtained from five tests. 

1. The Otis Quick Scoring Mental Ability Test, Gamma Form 

Am. 
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2. The Watson -Glaser Critical Thinking Appraisal, Form Ym. 

3. The Cornell Critical Thinking Test, Form X. 

4. The Rokeach Dogmatism Scale, Form E. 

5. The Test on Understanding Science, Form W. 

Student Evaluation 

Students were pre- tested during the first two weeks of December 

1964 to provide statistical control of general scholastic ability and 

previous relevant knowledge. The following instruments were utilized. 

1. The Otis Quick Scoring Mental Ability Test, Gamma Form 

Am. 

2. The Watson -Glaser Critical Thinking Appraisal, Form Ym. 

3. The Cornell Critical Thinking Test, Form X. 

4. The Rokeach Dogmatism Scale, Form E. 

5. The Test on Understanding Science, Form W. 

Post- testing was conducted in May 1965 to determine the outcome 

of the educational experiences in biology classes. Instruments em- 

ployed in the May evaluation included: 

1. The Watson -Glaser Critical Thinking Appraisal, Form Ym. 

2. The Cornell Critical Thinking Test, Form X. 

3. The Rokeach Dogmatism Scale, Form E. 

4. The Test on Understanding Science, Form W. 
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Teacher Evaluation 

Teachers teaching the twenty experimental biology classes were 

evaluated prior to the beginning of the study. They were evaluated to 

determine their critical thinking skills and open- and closed- minded- 

ness (dogmatism). The following instruments were employed: 

1. The Watson -Glaser Critical Thinking Appraisal, Form Ym. 

2. The Cornell Critical Thinking Test, Form X. 

3. The Rokeach Dogmatism Scale, Form E. 

4. The Test on Understanding Science, Form W. 

Administration and Scoring of the Instruments 

Student evaluation materials were administered and scored by the 

writer to provide a uniform testing procedure. 

Analysis of Data 

Data from the various sources were tabulated on the University 

of Utah Computer Center standard data sheets. The data were then 

transferred to the standard IBM card. An inter -correlation program 

was written for processing, then processed by the IBM Model 7020 

computer. Levels of significance of class means and variances were 

computed utilizing the "t" and "F" test scores. 

Other analyses were conducted directly from the data sheets. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

Widespread research has been pursued in many areas of educa- 

tion to determine teaching methods which are appropriate to pupil 

growth. However, limited study has been conducted in the area of 

science education and even more limited in biology education. 

A review of selected, relevant investigations and related litera- 

ture is discussed in this chapter. The chapter is divided into two 

sections: 

1. Reports and studies concerned with historical and philosophi- 

cal development. 

2. Reports and studies concerned with teaching methods. 

Historical and Philosophical 

Science in America before 1875, stated Downing (22, p. 42), 

was primarily "book learning ". Demonstration lectures in physics 

and field trips in botany were about as close to any kind of live reality 

the curriculum could offer. Laboratory work being done individually 

was unthought of. Most texts that were written were filled with re- 

ligious doctrine because they were written primarily by the clergy. 

Thus, much of the scientific discoveries were held in disfavor as 

being untruths. 
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Hoff (34, p. 3 -7) stated that colleges began to accept science 

courses as entrance requirements about 1875. This, of course, was 

a stimulus to the subject. But because most of the high school text 

books in science were written by college professors, the subject be- 

came college dominated. Because of college domination, the high 

school teachers taught more specific courses about their own specific 

field. They did not attempt to give a view of the entire field. 

It was not until after the first world war, said Beauchamp (9), 

that general science instruction began to assume importance. This 

was brought about because a new emphasis was being placed upon the 

more practical aspects of education fitted for true life situations. It 

happened that a shift of emphasis was made from botany, zoology, 

geology, astronomy, chemistry, and physics to general science, gen- 

eral biology, physiology and health. The purpose of this shift was to 

give a more well rounded presentation of the subject matter, thus 

falling away from the more specialized subject area. 

In the early 1930's Tyler (65, p. 1 -2) stated: 

The first step in the rebuilding of science education 
is to recognize scientific method or critical thinking 
as a major objective of science instruction. It is true 
that lip- service has been given to the importance of 

scientific method as an objective of education, but 
rarely have courses of study actually been developed 
by considering the kinds of educational experiences, 
and the teaching methods most likely to be effective 
in teaching scientific method. If scientific method is 
to be taught effectively, it requires that students shall 
work with real problems, that they shall seek data 
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which may frequently be conflicting, that they shall be 
expected to generalize and to test the validity of the hy- 
pothesis. Frequently these generalizations will be im- 
perfect, and they should have later experiences which 
require the reformation of hypothesis to fit additional 
data. Only by such direct experiences can we hope that 
boys and girls will come to recognize the tentativeness 
of a scientific formulation, and to see the means by which 
we may increasingly achieve closer approximation to gen- 
eralizations which will help to interpret our physical and 
social world. 

Since the early 1930's many writers have expressed their opinion 

about the necessity of including scientific method or critical thinking 

as a major objective of science instruction. 

Edwards (26, p. 265) stated: 

The ability to do critical thinking is generally regarded 
as one of the most important aims of education at all 
levels and in all areas. This ability is given a high 
place by such authoritative committees as the Educa- 
tional Policies Commission, the Harvard Faculty, and 
the American Council on Education. 

At the present time there is not sufficient evidence to 
settle the argument whether you can or cannot teach 
pupils to think. At least part of this difficulty stems 
from a lack of suitable devices to measure the inevitable 
slow improvement in thinking ability. 

Edwards (26, p. 269 -270) further stated: 

The teaching of critical thinking in the schools is es- 
tablished as an objective by means of an authoritative, 
dogmatic statement. Accepting this objective, there 
are many teachers who try hard to improve the thinking 
ability of their pupils. They are not content to assume 
that proof of the acquisition of knowledge is also proof 
that such knowledge will be rightly used. 

Critical thinking is assumed to require abilities involved 
in reaching conclusions by means of facts. 

. 
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It appears that ability to do critical thinking is a valid 
objective of the schools in that it is possible to isolate 
techniques of critical thinking and test for the acquisi- 
tion of skill in the use of these techniques. 

On the other hand, if pupils are to be taught to think 
they must first be given something to think about. 
Thinking is possible only with familiar concepts for 
most people. Pupils will not, in general, be able to 
think about materials to which they have been merely 
exposed. It is obvious, however, that if pupils are 
given only useless information, they will be able to 
think only useless thoughts. 

Obourn (47, p. 388) stated: 

Problem solving, or scientific thinking, is an accepted 
outcome of science teaching in schools over the coun- 
try. In the past, such attention has been given to this 
objective in science education literature and there ap- 
pears to be an increasing interest in it at present. Very 
little reliable evidence is available to indicate the ex- 
tent to which the problem solving objective is provided 
for in day to day classroom activities. Still less evi- 
dence is available on the extent to which the objective is 
achieved with the young people who study science. 

Obourn (48, p. 20 -21) further stated: 

Curricula are being revised and in many places com- 
prehensive programs are being designed from K -12. 
And yet the most significant curriculum research is 
now many years old, and the current production appears 
in many instances to be spotty and peripheral. 

The shelves of drug stores from one end of the country 
to the other are packed with patent medicine and nos- 
trums which are bought in quantity to reach into the 
billions of dollars annually. Our populace is fearful, 
and lives are controlled by superstition and unfounded 
belief. Why? How can such scientific illiteracy per- 
sist in a Nation that presumes to have the highest stan- 
dards of living created by an advanced technology such 
as has never been known in recorded history? 
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The one conclusion that seems inevitable in the face of 
all the evidence, is that these things are in response 
to a public mind, a mind that is void of scientific under- 
standing and of those intellectual skills that would eman- 
cipate it from such behavior. 

This seems to me to be the most crucial thing facing 
the teaching of science today, for it poses a challenge 
to us that is far more formidable than the loss of phy- 
sical freedom posed by the legions and the missiles 
of a foreign adversary - the loss of freedom of the hu- 
man intellect. 

And what, you may reasonably ask, does this have to 
do with research in science teaching? I believe that it 
poses a challenge to us of unprecedented dimensions. 
Why has our science teaching failed to reach into the 
inner thinking mechanisms of the common man? Have 
we neglected the basic research that would point the way 
to a greater yield in modifying the behavior of the in- 
dividual? What are the basic and unresolved issues in 
this and other areas which can be defined and can guide 
us to the specific research problems which must be 
solved? 

Smith and Anderson (60, p. 1221) in reviewing the studies made 

in evaluation in science education reported: 

These studies attempted to relate accepted objectives 
of science instruction to actual classroom practices 
and, in addition, employed some of the newer testing 
techniques to obtain valid and reliable measures of the 
abilities desired as the outcome of good science instruc- 
tion. More research of this quality is needed in the 
area of science education, to determine factors contri- 
buting to student achievement of the objectives of science 
instruction, and to make possible their effective use in 
the teaching situation. When this becomes an accom- 
plished fact, science teaching will improve immensely. 

Beauchamp (9, p. 57) stated: 

While science teachers commonly accepted the method 
of science as a valid objective, they tended to trust 
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that it would be achieved as an outcome incidental to 
other outcomes, that an occasional unit on the subject 
was adequate, and that it was acquired by observing 
the teacher. 

Dressel and Mayhew (24, p. 180) in reviewing the status of re- 

search in critical thinking, made the following observations: 

Much of the research accomplished to date has been 
divorced from teaching practice. In this same con- 
nection, there is a noticeable lack of suggestions and 
evidence as to how critical thinking can be taught, or, 
for that matter, how any mental trait of adult humans 
can be developed through planned experiences. 

Still one further weakness in critical thinking research 
lies in the fact that the way it is presented, too often 
suggests that emphasizing critical thinking can be a 

mechanical sort of operation tacked onto some particu- 
lar college course. Such an implication leaves teachers 
free either to reject attempts to teach for critical think- 
ing as an improper and unbearable extra burden, or to 
regard it as an extra frill requiring little time and no 
real modification of their heavy factual orientation. 

Having pointed out the lack of adequate research data 
to date, we are constrained to advance some ideas 
which we believe might be fruitful in the area of critical 
thinking. Perhaps the first step in the development of 

major research in this area is for teachers to become 
concerned about the development of thinking on the part 
of their students. So long as teachers are unaware or 
unconcerned about the apparent fact that imparting in- 
formation by means of class lectures or reading text- 
books is relatively ineffective in the development of the 
higher mental processes, the importance of research 
in connection with critical thinking is likely to be over- 
looked. 

To fulfill the major need of research in connection with 
critical thinking, it is essential for such research to 
be basically oriented toward and integrally related to 
classroom practice. 
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Much of the present practice in science teaching would suggest 

that the situation has not changed markedly in the past twenty -five 

years. 

From the articles cited and others read it was unanimous that the 

need for basic research in areas of critical thinking be continually 

pursued. 

Barnard (7) stated that numerous reports and studies had been 

conducted in an effort to define the specific behaviors involved in 

critical thinking as it related to problem solving in science. One 

study conducted in the early 1930's stated that some science teachers 

believed that the study of science concomitantly resulted in the devel- 

opment of behaviors related to critical thinking. Others felt that a 

lesson now and then would accomplish the same objective. 

The dependence of thinking on knowledge has led to the miscon- 

ception that thinking proceeds automatically out of knowledge. 

Glaser (32, p. 418) stated: 

Such evidence as there is points to the development of 

critical thinking as a long term task in which but small 
gains will be shown for any particular course. It is, 
therefore, of the utmost importance that fostering the 
ability to think critically becomes the aim of all teach- 
ers for the entire period of a student's schooling. Criti- 
cal thinking, then, is evidently the deserved integrat- 
ing principle or goal of education - the achievement 
which promises that there will be a lifelong interest in 
learning. 

Reiner (53, p. 30) stated: 

No longer is the mere memorization of facts considered 
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to be the main aim of a science course. The pupil is 
expected to think critically and to solve problems; to 
develop interests, attitudes and appreciation, to make 
wise functional and consumer applications of informa- 
tion he has learned; to develop an understanding of 
science as a force in molding society and world power 
and other outcomes too numerous to mention. 

Such goals as the mastery of factual information can 
be fairly well measured by pencil and paper type tests. 
However, critical thinking, scientific attitudes, and 
growth of interests require appraisal instruments of 

more searching and complicated nature. 

Fox (28, p. 357) stated: 

Procedures which were reported to be most difficult 
to use require higher levels of critical thinking on the 
part of the student - to analyze, interpret, and evaluate 
information; to evaluate sources of information; and to 
determine the most reasonable and logical conclusions. 
The procedures which were reported to be the least dif- 
ficult to use are the procedures for gathering informa- 
tion, and most of them require only a passive type of 
thinking of learning on the part of the students - to 
gain information from audio visual aids, to gain infor- 
mation by listening to others. This does not mean that 
such activities are without value, on the contrary, they 
are essential procedures for developing skill in critical 
thinking and for solving problems. However, they are 
only preliminary steps in critical thinking, not ends in 
themselves. 

In May 1932, the Executive Board of the Progressive Education 

Association assigned the Committee on the Function of Science in 

General Education, the task of examining the fundamental problems 

of education at the secondary level for the Commission on Secondary 

School Curriculum. The Committee set up criteria for the construc- 

tion of a set of tests to measure the amount of critical thinking in the 

- 
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sciences. In their preliminary investigations they decided that the 

following points or interpretations should be made by students in inter- 

preting data; reading points, comparison of points, causes, effect, 

value judgment, recognition of trend, comparison of trends, extrapola- 

tion, interpolation, sampling, and purpose. They also decided that 

the data should be presented in various forms, should relate to various 

subject fields, relate to major problem areas, and include various 

types of relationships. In order that the interpretation may not be 

made from memory, it is necessary that the data be "new" to the stu- 

dent in the sense that in this particular organization of facts, his re- 

sponse may represent recall of an interpretation made by another and 

not give a measure of his own ability to interpret. As far as the 

writer could determine, the work of this Committee is the most ex- 

tensive examination of critical thinking tests on record. A similar, 

but not nearly as extensive, study was done in the Stanford Evaluation 

Workshop. 

Brandwein (11, p. 419) stated: 

Many of the more recent tests by the College Board and 
Educational Testing Service have utilized the multiple 
choice method to test the ability to apply scientific fact 
and principles. One College Board examination in 
science consisted of two parts: first, a sixty -item mul- 
tiple choice "glossary" section requiring thirty minutes 
which covered understanding of the basic forms and con- 
cepts in the six areas of science; second, a seventy - 
item, multiple choice section requiring ninety minutes 
and covering the ability to apply scientific facts and 
principles to the understanding of data such as one might 
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encounter in further study of science in college or life. 
The answers to the questions require, in many cases, 
the application of quantitative thinking, particularly in the 
understanding of graphs or in reading of tables. The 
basic steps in scientific thinking are applied in reaching 
conclusions from descriptions of experiments. 

In concluding this portion of the review of the literature, it should 

be pointed out that the ability to think critically is not the same ability 

that is measured by the I. Q. There is some relationship between 

these two abilities, but in most reports and studies that have examined 

these two factors, it was found to be slight. 

Downing (21, p. 87), using a test which he c o n s t r u c t e d ,makes 

the following observations: 

It would appear from these results that ability to think 
scientifically is a complex of a number of component 
abilities, and that these develop at varying rates and 
differently in different communities ... The conclusion 
seems inevitable that general intelligence as expressed 
by the I. Q. is something quite different from ability to 
handle the elements or safeguards of scientific think- 
ing. 

Getzels and Jackson (30) compared the highly creative and the 

highly intelligent adolescent in an attempt at differentiation. They 

separated the students into two groups. Group one was called the 

High Creativity Group which was made up of subjects in the top twenty 

percent in creativity, but not in the top twenty percent in I. Q. Group 

two was called the High Intelligence Group made up of subjects in the 

top twenty percent in I. Q. when compared with like sexed age peers, 

but not in the top twenty percent in creativity. Some of their 
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conclusions that would have implications to this study were that the 

creative and intelligent groups were equally superior to the total popu- 

lation in school performance, as measured by the standardized achieve- 

ment tests. The two experimental groups differered significantly in 

their fantasy responses - the creative group making greater use of 

stimulus free themes, unexpected endings, humor, incongruities, and 

playfulne s s. 

Summary 

1. Critical thinking was recognized early in the twentieth cen- 

tury as being an essential goal for the teaching of science. 

Some teachers attempted to employ critical thinking in their 

classrooms, but usually they were unable to recognize much 

success. 

Z. Later reports and research suggested that critical thinking 

could be taught. It was pointed out, however, that those who 

would teach for critical thinking must understand the behavior 

involved. 

3. The phase of scientific thinking dealing with application of 

principles and interpretation of data is closely related to a 

knowledge of scientific facts and principles. 

4. It appeared that meaningful learning was closely related to 

critical thinking. 
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5. From the reports and research, it appeared there was an 

urgent need for broader research in critical thinking at the 

secondary level, specifically the high school. Many of the 

studies made in this area have been done with college stu- 

dents, using only slightly different teaching methods. 

Studies Concerned with Teaching Methods 

Many experiments and studies in teaching methods have been per- 

formed at both the secondary and college levels. In order to furnish 

adequate background for this study, experiments and research at both 

levels need to be cited. It seems that most of the earlier experimen- 

tal research in methods of teaching science involved comparison of 

the lecture- demonstration method and the individual laboratory method. 

In the earlier reports and studies, Cunningham (13, p. 849 -851), 

Downing (20, p. 688 -698), Anibal (5, p. 355 -356), Lantz (42, p. 17), 

and Barnard (6, p. 121 -132) all drew the same conclusion that there 

is no significant difference between the two methods in results ob- 

tained. In 1946 Cunningham (14, p. 70 -82) analyzed thirty -seven 

studies which included six Doctoral dissertations, eighteen Master's 

theses, and thirteen articles. He concluded that neither method was 

favored, and that the desirability of one method over the other was 

determined by the objectives sought and the conditions under which 

the course was taught. Other studies by investigators on various 
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aspects of this problem have yielded diverse results. 

Beauchamp (8, p. 47 -48) conducted an experiment in the teaching 

of elementary physical science at the secondary level. One class had 

specific assignments, while the other class had general assignments 

with no specific emphases. The classes with specific assignments 

showed greater significant gains when tested with a general achieve- 

ment test than did the classes that had been given general assignments. 

Isenbarger (37, p. 618 -622) compared the lecture- demonstration- 

recitation technique with the laboratory method in teaching biology. 

He concluded "That insofar as fact -getting is concerned, lecture- 

demonstration methods of biology instruction are superior to labora- 

tory methods". 

Experimental studies by Schafer (57) showed that it was not 

enough to teach principles so that students are able merely to write 

them out on paper in answer to customary examination questions, but 

that in order for the students to retain a knowledge of a relatively 

large number of scientific facts and principles over a period of time, 

they should participate actively in laboratory, field, and classwork 

involving some applications of the scientific principles. 

Downing (22, p. 129 -145) evaluated experimental data which have 

been accumulated by three dozen teachers in four dozen schools, in- 

volving approximately four thousand students. Usually two classes 

have been equalized on the basis of I. Q. 's, one class then being taught 
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by the individual laboratory method, and the other by the demonstra- 

tion method. Teacher -constructed tests and /or standardized tests 

were administered to each class at the end of the exercise and some- 

times at the end of the course. From such data Downing concluded 

that as far as the acquisition of knowledge is concerned, the demon- 

stration method was as effective as the laboratory method under pre- 

sent conditions. 

In order to evaluate the science program and its effect on achieve- 

ment in high school science courses, Jayne (38, p. 47 -58) obtained 

evidence from ten high school classes in general science, that pupils 

taught by the lecture method showed greater immediate gain than did 

the experimental class which utilized silent motion pictures in dealing 

with certain topics. Those taught by the lecture method did not re- 

tain as much of the material as did those taught by the use of motion 

pictures. 

Anderson, Montgomery, and Ridgeway (3, p. 295 -298) conducted 

a pilot study in an attempt to discover the relative value of various 

multi- sensory methods in the teaching of high school biology. Eight 

Kansas high schools in second- and third -class cities were selected 

for the experiment. Eight classes were used with a total enrollment 

of 192 students. Four groups were set up: a control group, a film 

group, a laboratory group, and a film- and -laboratory group. The 

control group was taught by the traditional textbook method. The film 
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group was taught by the use of appropriate instructional films that 

supplemented the textbook materials. The laboratory group was fur- 

nished with various materials for dissection and examination in the 

laboratory. The film- and -laboratory group was taught by both the in- 

structional film and the laboratory method. Scores obtained from the 

California Test of Mental, Maturity and the Minnesota State Board Ex- 

aminations in Biology, revealed that the four groups in this study 

achieved in differing degrees when taught with different multi -sensory 

techniques. The students in the film- and -laboratory group achieved 

significantly more than did the students in the control, film, and lab- 

oratory groups. The difference in mean achievement of the last three 

groups was not significant. 

Colyer and Anderson (16, p. 50 -58) compared the effectiveness 

of two methods of teaching formulas in high school chemistry - the 

traditional method and the sequence method as developed by Anderson. 

For purposes of comparison, the sample consisted of four chemistry 

classes in which formula writing was taught by the sequence method. 

The Otis I. Q. Test and scores obtained from a teacher -prepared test 

were used as measuring instruments. On the basis of the data, it 

was concluded that on an average and within the limitations of the ex- 

periment, when the factors of pre -test knowledge and intelligence 

were held constant, the experimental group achieved significantly 

more than did the control group on the formal writing test. 
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Stafford (61, p. 737 -742) conducted a study to compare the effec- 

tiveness of teaching biology in one class using the textbook, with that 

of teaching biology in another class using supplemental materials only. 

The students were equated on the basis of I. Q. , age, and sex. Mea- 

surement of achievement was based on test scores made on the 1947 

Minnesota State Board Examination for Biology. Analysis of the data 

revealed that (1) every student grew in biology achievement during 

both semesters under both systems; (2) in the first semester the group 

using textbooks grew more in achievement than did the group using 

supplementary materials, the difference in growth amounting to an 

average of 1.70 points per pupil; (3) in the second semester the group 

using supplementary materials grew more in achievement than did 

the group using textbooks, the difference in growth amounting to an 

average of 1.31 points per pupil; and (4) the difference in growth in 

achievement in biology of the textbook group over the supplementary 

materials group was not significant in either semester. 

Stefanish (62) studied the relative effectiveness of two methods of 

teaching science in fourth, fifth, and sixth grades. His aim was to 

determine whether teachers who had been taught by the lecture method 

did a more effective teaching job than did those teachers who had been 

exposed to the individual laboratory method. Experimental and con- 

trol groups of in- service teachers participated, with the instruction 

centered around a list of forty principles of science. Pupils were 
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pre- and post- tested to determine gains or losses in interest, attitude, 

and subject matter. Results seemed to favor the teaching done by 

those teachers who had been instructed by the individual laboratory 

method. 

Dawson (18, p. 395 -404) investigated relative effectiveness of 

the lecture method and the problem -solving method in teaching ele- 

mentary soil science. For the study a beginning soil course (Agron- 

omy I) was used, requiring seven hours per week of the students' 

time. Approximately 140 students were involved in three lecture 

method sections and three problem- solving sections. Three tests 

were given during the study - a pre -test, given before teaching the 

first unit; a second test given halfway through the semester and con- 

taining some items of the pre -test; and a final test, given upon com- 

pletion of the course and containing the remaining questions of the pre- 

test. From this study it was concluded that (1) the lecture- recitation 

and problem -solving recitation methods are equal in terms of achieve- 

ment on tests which required recall of specific information, and (2) 

the problem- solving method has significant advantages over the lec- 

ture-recitation method in terms of achievement on tests covering cer- 

tain abilities in problem solving. 

William Kastrinos (39, p. 2251 -2252) investigated the relation- 

ship of the textbook -recitation method versus the principles-critical 

thinking method of teaching high school biology students. One class 
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was taught by each of the two techniques by the investigator. The 

Watson -Glaser Critical Thinking Appraisal was utilized as a post- 

test, and the Nelson Biology Test as a pre -test and post -test. 

The results of Kastrinos' study indicated that critical thinking 

can be improved in one semester. A second finding was that the class 

taught by the textbook -recitation method did not exceed the principles - 

critical thinking group in any area tested. 

Anderson, Montgomery, Smith, and Anderson (4, p. 49 -50) con- 

ducted an experiment for the purpose of discovering the contribution, 

if any, which might be made to understanding and applying principles 

of biological science as a result of the use of educational films. Re- 

sults of the experiment revealed significant differences in achieve- 

ment among different ability groups as a result of the use of a parti- 

cular method of presenting materials. There was a significant dif- 

ference in achievement between a group of high ability students and 

a group of low ability students. No differences were observed in the 

group from the middle ranges of intelligence. 

Olson (50) used a general biology course on a college level to de- 

termine the relative effectiveness of the teacher - centered method and 

the student -centered method of instruction. The teacher -centered 

method was much like the traditional lecture method, while the student - 

centered method involved teacher -pupil planning and discussion. The 

results of this experiment were determined by measuring the students' 
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ability to recall and apply biological facts and principles with the use 

of some inductive aspects of scientific thinking. It was revealed that 

both methods increased subject matter competence, but that the tea- 

cher- centered plan produced somewhat higher scores, not statisti- 

cally significant. The student - centered plan appeared to be better for 

scientific thinking. 

In an experiment to improve critical thinking skills, Kemp (41, 

p. 321 -322) found that students with "open" belief systems progressed 

better than students with "closed" belief systems. He further con- 

chided that improvement in critical thinking skills were accelerated 

by favorable conditions. These conditions included permissive small 

groups and directed instruction. An important implication of Kemp's 

study was that schools should be concerned with the development of 

individuals with open minds. 

A study was conducted by Alterman (1) in learning and using phy- 

sics principles at the college level. The control group started with a 

given principle and then illustrated it by applying it to a given situa- 

tion. The experimental group developed the principle by demonstra- 

tion and analysis. The experimental method produced significantly 

better results with students who were low in ability. The higher 

ability group profited more by the control method. Also, there was 

a high correlation between the ability of the students to recall facts 

and principles of physics, and their ability to apply them to a new 
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situation. 

Hubbell (35) compared the achievement of three groups of eighth 

grade students when instructed by three different teaching techniques 

the textbook method; the audio visual method, using filmstrips; and the 

pupil- activity approach. The results revealed that the students in- 

structed by the pupil- activity or project method ranked highest, those 

instructed by the audio visual method using filmstrips ranked second, 

and those using the textbook method ranked lowest. 

A study similar to the one by Hubbell was conducted by Carpenter 

who studied the effectiveness of elementary science instruction. in 

Honolulu by comparing the problem solving method, based on demon- 

strations and experiments, with the textbook -discussion method. 

Three hundred twenty -three pupils in three non -public elementary 

schools were equated on the basis of intelligence, age, and sex. The 

teachers were equated on the basis of education, experience, and rat- 

ing by administrators. The two topics selected for experimental use 

were "Magnets" and "The Adaptation of Animals. " Each group of stu- 

dents studied one unit by the problem solving method, and the other by 

the textbook -discussion method. Tests were then administered. In 

each instance when the group utilized the problem solving method, 

greater gains in achievement were recorded. Students ranking high- 

est in scholastic ability were less influenced by the change in teaching 

methods than were those ranking lower. 

- 
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Mason conducted a study in the teaching of scientific thinking in 

biological science on the college level and developed the following con- 

clusions (44, p. 276): 

1. The telling method of teaching can be an effective method for 

teaching students factual information. 

2. Ability to think scientifically can be a concomitant outcome of 

science instruction. 

3. Ability to think scientifically can be taught more effectively 

when the students are given direct training in the methods 

of science than when they do not receive such training. 

4. Scientific attitudes can be concomitant outcomes of science 

instruction. 

5. Scientific attitude can be taught more effectively when students 

are given direct practice in developing such attitudes. 

6. Problem solving can be an effective method for teaching both 

facts and skills inherent in the methods of science. 

Frings and Hichar (29, p. 255 -261) conducted three laboratory 

classes in zoology. Live animals for demonstration along with the 

lecture were used with one class, labeled drawings and the lecture 

were used with the third class. All the lectures were of the same 

nature but were taught by different teachers. It was thought at the be- 

ginning of the experiment that using live animals would produce the 

best results; however, no significant differences in achievement were 
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obtained. The use of live animals aroused interest among some stu- 

dents, but to others it was distasteful. 

Anderson and Montgomery (2, p. 386 -394) used a physics course 

to measure the effectiveness of the conventional method as compared 

with the film method of instruction. Two large high schools within the 

same school district participated in the evaluation. Each of the two 

treatment groups was divided on the basis of intelligence quotients 

into three sub -groups - above average, average, and below average. 

On the basis of appropriate statistical analysis, it was found that (1) 

the students with above average, average, and below average intelli- 

gence quotients in the experimental classes did not achieve signifi- 

cantly more than did their counterparts in the control classes; (2) 

the film method was superior to the conventional method of teaching 

physics for those students with average and below average intelligence, 

but not for those with above average intelligence. 

Oliver (49) conducted a study to compare the relative 

efficiency of three methods of teaching biology in high schools 

classes utilized during the 1957 -1958 and 1958 -1959 years were com- 

pared by means of achievement scores. Outcomes evaluated were the 

acquisition of factual information, over -all achievement, application 

of principles, attitudes toward science and attitudes toward the scien- 

tist. Mental ability was controlled utilizing test intelligence scores 

of the Otis Mental Ability Test. Other instruments used were the 

- 
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Nelson Biology Test and the Indiana High School Biology Test. 

Results of the evaluations indicated that there were no significant 

differences in outcomes of classes taught by each of the three methods. 

In the area of attitudinal development, it was found that students with 

over 100 I. Q. on the Otis Mental Ability Test had more desirable atti- 

tudes toward science and scientists than did lower I. Q. students. 

In a more recent study pertaining to the relative effectiveness of 

methods of teaching, Taylor (63, p. 442 -446) compared the effective- 

ness of two methods of instruction in high school biology. One class 

was taught by individual study, lecture, and class discussion. A 

second class, formed by random procedure, was taught by small - 

group work in place of the lecture. A third class, formed by using 

data from sociometric tests, was taught by small -group work in place 

of the lecture. Students in the upper, middle, and lower I. Q. range 

of the classes were compared on the basis of over -all achievement 

as measured by the Cooperative Biology Test. The F -tests showed 

no significant difference among the classes at any of the levels. When 

the data from a teacher -constructed test were analyzed, however, the 

results showed that the lower third of class 3 was superior to the 

lower third of class 1, while there was no significant difference be- 

tween classes 1 and 2 or between classes 2 and 3 at the lower level. 

On the basis of the results of the reports and studies, the follow- 

ing conclusions were drawn: 
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1. High school biology students will acquire a general knowledge 

of biology when taught by the lecture method or when taught 

by the group discussion method, using either random groups 

or sociometric groups. 

2. Regardless of the initial knowledge of biology, when compared 

with others of the same initial level of achievement, high 

school biology students, selected either at random or socio- 

metrically, will acquire as much knowledge of biology, whe- 

ther taught by the lecture method or by the group discussion 

method. 

3. High School biology students of poor reading ability selected 

either at random or sociometrically, will acquire as much 

knowledge of biology when taught by the lecture method as 

when taught by the group discussion method. 

4. High school biology students will retain as much knowledge 

of biology whether taught by the lecture method or the group 

discussion method, using either random groups of sociometric 

groups. 

Colyer (15, p. 52 -58) compared the relative effectiveness of the 

principle -unit method and the lecture method of teaching biology at 

the college level. Four four -year church - related colleges of liberal 

arts participated in the experiment. On the basis of the analysis of 

test scores, it was concluded that the principle -unit method prepares 
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the students to achieve biology at the college level better than does the 

lecture method of teaching. Also, there were very few differences be- 

tween the control classes and the experimental classes in terms of 

knowledge, comprehension, and application. 

Olsen (51, p. 27) compared a teacher -centered method and a stu- 

dent- centered method in teaching biological science in General Edu- 

cation to college students. He found that the teacher- centered group 

excelled over the student -centered group in general achievement, but 

there was no difference in critical thinking ability. He used the Coopera- 

tive Biology Test and the Burmeisters Ability to Think Scientifically Test. 

Schwab (59), Richardson (54, p. 249 -252), and Hurd (36) are 

among science educators who have stressed the need for biological 

science courses based on appropriate laboratory and field experien- 

ces. Direct investigation through observation, experimentation, and 

research should be exemplified in each course. 

Lyle (43, n, 129) concluded from his study that methods in criti- 

cal thinking showed no significant improvements in critical thinking 

or factual problem solving material. He used the problem solving 

method opposed to the teacher centered method. He used a Test of 

Critical Thinking by the American Council of Education Cooperative 

Studies of Evaluation in General Education. 

Dressel and Mayhew (24, p, 180) reported that a general education 

biology course, with emphasis on scientific method, with 208 subjects, 
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improved from a mean score of 29 to an adjusted post -test mean of 

29. 5. 

Yudin (68) in a program especially designed to improve critical 

thinking, compared two methods of instruction in the development of 

critical thinking. None of the groups used in the study showed signi- 

ficant gains. 

Glaser (32, p. 418 -420) reports in a study made in English 

classes at the Senior high school level that the mean gain of the ex- 

perimental group over the control group is statistically significant. 

He used the Watson -Glaser Test as an evaluation instrument. 

Hurd (36, p. 210 -211) investigated the teaching methods used by 

high school biology teachers and found that demonstration -discussion 

techniques, lectures, and test -recitation were the most often cited 

methods. From his investigation it was disclosed: 

Laboratory work was not considered a primary method 
for teaching biology; only 3% of the teachers stated the 
method was frequently used, while 34% classified it as 
a less commonly used technique. Individualized methods, 
projects, and research -problem approaches were used 
by 1% of the teachers. Older experienced teachers were 
more inclined to lecture and teachers rated as conser- 
vative by a jury, spent two -thirds of their time in a 
lecture- textbook -recitation routine. Teachers rated 
progressive by a jury spent 69% of their teaching time 
in laboratory work, projects, or demonstrations and 
also had more students entering science fairs. 

Hurd noted that the methods rated as the most effective by teachers 

were not the methods they usually used. 
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Novak (46, p. 217), in an experiment comparing the conven- 

tional and project -centered methods of teaching a college general 

botany course, came to the following conclusion: 

No significant difference in means were found under 
the two methods of instruction, with the exception that 
a two -way analysis of variance of the fact retention 
post -test scores and ACE percentile ranks indicated 
a significant difference in means on the fact retention 
test in favor of the group taught by the conventional 
method. The same analysis showed a significant in- 
teraction between ability group and method of instruc- 
tion. It was also shown that the group taught by the 
project centered method was significantly more vari- 
able in achievement on tests for botanical knowledge. 
The latter data together with data from the two -way 
analysis of variance suggested that the project cen- 
tered method provided better for individual difference, 
with achievement under this method proportional to 
level of ability. 

Teich/Tian (64, p. 279) in a study that c o m p a r e d ninth grade 

general science groups, used two methods in teaching these classes. 

One group was taught with an emphasis on the ability to make conclu- 

sions and the other was not. His conclusions were: 

1. A teaching technique which emphasizes the ability to make 

conclusions, to judge conclusions, and to state reasons why 

some conclusions were faulty was found to produce signifi- 

cantly higher scores on tests for some aspects of the ability 

to make conclusions, among ninth year general science stu- 

dents in a large city high school, than did teaching techniques 

which did not emphasize these techniques. 
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Z. Students with high mental ability are more likely to show ini- 

tial skill in the ability to make conclusions than those with 

poorer mental development. 

3. Students with good reading ability are more likely to show 

initial skill in ability to infer than those not so well able to 

read. 

4. Mental ability and reading ability are very poor indicators of 

the ability to improve one's skill in making conclusions. 

Summary 

From the many reports and studies reviewed, it seems apparent 

that there is no one way of teaching, no one curriculum, no one phil- 

osophy which fits all classroom situations, all community environ- 

ments, all subjects, or all teachers. 

Reports and research to date yields no one method applicable to 

the teaching scene generally. It appears that teaching is essentially 

based upon psychological results available. 

Use of a variety of methods and procedures enables a teacher to 

serve various objectives and provide multiple opportunities to learn. 

The method of teaching may be chosen in relation to the nature of 

the anticipated achievement, plus the teacher's own capacities. 
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CHAPTER III 

DESIGN OF THE STUDY 

This chapter has been divided into three sections: 

1. Selection of classes and teachers. 

2. Selected instruments and statistics. 

3. Characteristics of instructional patterns. 

The first section discusses in detail how the classes of high school 

students and teachers were selected to be the subjects for this study. 

The second section consists of pertinent information concerning the 

instruments used and their specific application to the study. Statisti- 

cal procedures for analyzing student abilities are described. Section 

three discusses in detail the instructional content and instructional 

procedures. 

Selection of Classes and Teachers 

Selection of Classes 

Authorities in both science education and statistics recommended 

a minimum sample of six classes devoted each to lecture- demonstra- 

tion and laboratory- centered patterns of instruction. To remove any 

doubt regarding the size of the sample, ten classes of each type were 

selected. 

The number of biology classes that would be taught in the Salt 
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Lake City Schools during the 1964 -65 school year had to be determined 

by the administrator of each of the four participating senior high 

schools. After this information was obtained, each biology class was 

assigned a number beginning with 01 and continuing 02, 03, 04, etc. 

until all classes had been given a number. The numbers were then 

placed in a basket for the purpose of drawing ten numbers to be desig- 

nated as laboratory- centered classes, and ten numbers to be desig- 

nated as lecture- demonstration classes. The first number drawn was 

designated laboratory- centered, the second number lecture- demon- 

stration, the third number laboratory- centered. This procedure con- 

tinued until the sample classes had been selected. The laboratory - 

centered class number was drawn first, because alphabetically it was 

first. The number and kind of classes from each high school are 

listed in Table I. 

TABLE I. SCHOOL, NUMBER, AND TYPE OF SAMPLE CLASS. 

School 
Lecture- 
Demonstration 

Laboratory - 
Centered Total 

A 2 3 

B 4 3 7 

C 2 3 5 

D 3 2 5 

Table II shows the total enrollment of each class, both laboratory- 

centered and lecture -demonstration- centered, per teacher per school. 

1 
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TABLE II. ENROLLMENT OF EACH CLASS BOTH LABORATORY - 
CENTERED AND LECTURE- DEMONSTRATION- 
CENTERED PER TEACHER. 

Class Enrollment 
Teacher Laboratory -Centered Lecture -Demonstration- Centered 

1 33 
2 31 
3 36 

4 36 
5 31 
6 33 
7 (a) 32 

(b) 37 

(c) 33 
8 28 

9 23 

10 24 
11 33 
12 22 
13 28 

14 (a) 32 
(b) 33 

(c) 28 

15 35 
16 9 

Total 288 309 

Selection of Teachers 

Each biology class in the school system had been assigned a 

biology teacher prior to obtaining information for this study. The 

assigned teacher of the sample class drawn automatically became the 

teacher of the sample class either lecture- demonstration or labora- 

tory-centered. 
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Teacher Information 

All sixteen teachers participating in this study were male except 

one. 

Teaching experience of participating teachers ranged from 1. 5 

years to 41 years. Table III indicates teacher, age, sex, total years 

of experience, and years of experience in Salt Lake City Schools. 

TABLE III. TEACHER, TEACHER AGE, SEX, TYPE OF CLASS, 
TOTAL YEARS EXPERIENCE, AND EXPERIENCE 
IN SALT LAKE CITY SCHOOLS. 

Teacher Age 
Total Years 

Sex Type of Class Experience 
Years Experience 
in Salt Lake 

1 37 M Lecture Demonstration 7 1 

2 31 M Laboratory Centered 7 1 

3 30 M Laboratory Centered 4 4 

4 32 M Lecture Demonstration 4 4 

5 43 M Laboratory Centered 13 13 

6 33 M Laboratory Centered 8 7 

7 24 F Lecture Demonstration 1. 5 1. 5 

8 33 M Laboratory Centered 6 2 

9 56 M Lecture Demonstration 23 11 

10 25 M Laboratory Centered 2 2 

11 63 M Laboratory Centered 41 22 

12 28 M Lecture Demonstration 5 5 

13 51 M Laboratory Centered 19 19 

14 28 M Lecture Demonstration 4 4 

15 28 M Laboratory Centered 6 5 

16 60 M Laboratory Centered 37 21 

Average 37 11.8 7.6 

Preparation in the biological sciences and related sciences, as 

well as recentness of preparation, varied considerably from teacher 

to teacher. Table IV indicates the number of quarter -hours of 
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preparation for each teacher in the biological sciences, chemistry and 

mathematics. Preparation in biology ranged from a low of 55 quarter 

hours to a high of 115; chemistry from 5 to 45; and mathematics 0 to 

28. 

TABLE IV. TEACHER, TYPE OF CLASS, QUARTER -HOURS PRE - 
PARATION IN; BIOLOGICAL SCIENCES, CHEMISTRY, 
MATHEMATICS, AND YEAR LAST SCIENCE COURSE 
WAS TAKEN. 

Teacher Type of Class 
Qtr. Hrs. 
Biology 

Qtr. Hrs. 
Chemistry 

Qtr. Hrs. Year last 
Math Course Taken 

1 Lect. Demon. 95 35 24 1964 

2 Lab. Centered 86 25 21 1963 

3 Lab. Centered 98 45 28 1964 

4 Lecture Demon. 75 10 0 1964 

5 Lab. Centered 98 25 20 1960 

6 Lab. Centered 87 5 17 1961 

7 Lecture Demon. 55 15 21 1963 

8 Lab. Centered;: 70 15 6 1964 

9 Lecture Demon. 65 25 5 1959 

10 Lab. Centered 74 5 15 1963 

11 Lab. Centered 115 22 9 1961 

12 Lecture Demon. 96 6 11 1964 

13 Lab. Centered 75 40 10 1960 

14 Lecture Demon. 72 23 20 1961 

15 Lab. Centered 80 5 16 1960 

16 Lab. Centered 72 5 0 1962 

Average 73.3 19.1 13.9 

Each biology teacher was assigned a complete teaching schedule 

- 
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by their administrator for the school year 1964 -65. Table V indicates 

the complete teaching schedule of each teacher. The classes marked 

by asterick ( *) identifies each cooperating class in this study. 

TABLE V. CLASS SCHEDULE FOR EACH BIOLOGY TEACHER IN 
THIS STUDY. 

Class Period Teaching Schedule 
Teacher Type of Class 1st 2nd 3rd 4th 5th 6th 7th 

1 Lecture Demon. C B B* B B - 

2 Lab. Centered - B B B B B* 

3 Lab. Centered B* B B B B 

4 Lecture Demon. B B - HS B* B 

5 Lab. Centered B B B B - - B* 

6 Lab. Centered B - - B B* B B 

7 Lecture Demon. B* B* HS HS - B* - 

8 Lab. Centered B B B B - B* 

9 Lecture Demon. B B* B - - B B 

10 Lab. Centered B B* - B B - B 

11 Lab. Centered B* B B - B B 

12 Lecture Demon. R B* B B - B 

13 Lab. Centered B* B B B B 

14 Lecture Demon. B* - B B B* B* 

15 Lab. Centered B B* B - B B - 

16 Lab. Centered B* B B B B 

HS High School Science C Chemistry R Russian B Biology 
*Classes participating in this study. 

Prior to the study each participating teacher took the same tests 

administered to the students with the exception of the Otis Quick 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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Scoring Mental Ability Test. 

Each teacher was evaluated for his or her critical thinking ability 

by the Cornell Test of Critical Thinking Form X, and the Watson - 

Glaser Critical Thinking Appraisal, Form Ym. From the Cornell 

Test of Critical Thinking, Form X the raw scores ranged from 8 to 

59 with a mean score of 41.75. 

From the Watson -Glaser Critical Thinking Appraisal, Form Ym, 

raw scores ranged from 61 to 88, with a mean score of 77. Data on 

both critical thinking tests indicated the teachers possessed approxi- 

mately a normal range of critical thinking ability for college- educated 

adults. 

To determine the teacher's dogmatic attitude, or open and closed 

mindedness, each teacher was tested by Rokeachs' Dogmatism Scale. 

Raw scores ranged from 103 to 160 with a mean of 131. 25. Data in- 

dicated the teachers possessed a more open mind or non -dogmatic 

mental attitude than average college- educated adults. The standard- 

ized mean for college- educated adults was 143. 2. 

To evaluate the teacher's understanding of science as an enter- 

prise, the scientist, and the process of science, each teacher was 

tested by the Test on Understanding Science, Form W. Raw scores 

ranged from 37 to 55, with a mean of 44.25. Data indicated the tea- 

chers possessed a much greater understanding of science as tested 

by the Test on Understanding Science, Form W, than most high school 
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graduates. Means for adult groups for this test are nonexistent. 

Test scores are listed in Table VI. 

TABLE VI. TEACHERS' TEST SCORES OF CORNELL AND WATSON- 
GLASER TEST OF CRITICAL THINKING, DOGMATISM 
SCALE, AND TEST ON UNDERSTANDING SCIENCE. 

Teacher Type of Class 
Cornell 

Test 
Watson- 
Glaser Dogmatism 

Test on 
Understand- 
ing Science 

1 Lecture Demon. 50 87 150 51 

2 Lab. Centered 47 80 138 45 

3 Lab. Centered 52 80 131 45 

4 Lecture Demon. 47 79 143 44 

5 Lab. Centered 32 73 130 48 

6 Lab. Centered 38 63 130 39 

7 Lecture Demon. 46 79 120 41 

8 Lab. Centered 43 83 139 51 

9 Lecture Demon. 46 88 112 41 

10 Lab. Centered 44 78 129 46 

11 Lab. Centered 8 61 126 42 

12 Lecture Demon. 59 76 152 37 

13 Lab. Centered 49 72 147 37 

14 Lecture Demon. 41 80 150 55 

15 Lab. Centered 44 75 103 47 

16 Lab. Centered 22 79 160 39 

Mean Score 41.75 77.00 131.25 44.25 

- 
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Selected Instruments and Statistics 

Otis Quick Scoring Mental Ability Test 

The Otis Quick Scoring Mental Ability Test, Gamma: Form Am 

was selected to statistically control the mental ability of the students. 

The test consisted of 80 multiple choice items with an answer sheet 

attached to the booklet. Administration time for the test was thirty 

minutes. 

Standardization norms (52) for the Form Am Test were based on 

a comparison of scores on Form Em with Form Am by means of an 

experiment in which 1176 pupils in grades 10 -12 were tested. The odd 

versus even item reliability coefficient for Form Em, corrected by the 

Spearman -Brown formula, was . 92 for tenth grade students. The 

standard error of measurement was 3. 0 points. 

The Otis Mental Ability Tests have been widely used and are ac- 

cepted as general mental ability tests. 

Watson -Glaser Critical Thinking Appraisal 

The Watson -Glaser Critical Thinking Appraisal was selected to 

evaluate student progress in critical thinking. Form Ym was used as 

a pre -test and post -test. The test consists of five subtests designed 

to reveal how well the student was able to reason logically and analyti- 

cally. These subtests were: (1) Inference, 20 items; (2) Recognition 
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of Assumptions, 16 items; (3) Deductions, 25 items; (4) Interpretation, 

24 items; and (5) Evaluation of Arguments, 15 items. The 100 items 

were multiple choice and true -false. Separate answer sheets were 

provided with reusable test booklets. Time for administration was 

fifty minutes. 

The Manual of Directions stated (66, p. 1), "The Critical Think- 

ing Appraisal is designed to provide problems and situations which 

require the application of some of the important abilities involved in 

critical thinking. " The authors' concept of critical thinking involves 

three areas: 

1. An attitude of wanting to have supporting evidence for opinions 

or conclusions before assuming them to be true. 

2. Knowledge of the methods of logical inquiry which help de- 

termine the weight of different kinds of evidence and which 

help one to reach unwarranted conclusions. 

3. Skill in employing the above attitude and knowledge. 

The reliability of Form Ym has been computed for 180 ninth grade 

students and ZOO senior college women using corrected split -half re- 

liability coefficients. With standard errors of 3. 8 and 3. 7 the coef- 

ficients of . 82 for the ninth grade and college senior women respec- 

tively represent satisfactory test reliabilities (31, p. 4). 

Correlation of the Watson -Glaser Critical Thinking Appraisal 

with the Otis Gamma Test has been computed to be 66, and . 68 with . 
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the California Test of Mental Maturity Total Score (31, p. 6 -9). The 

CTA also correlated with the California Non- Language resulting in 

an r of .43. These correlations, and other correlations with diver- 

gent thinking tests, indicate the Critical Thinking Appraisal measures 

convergent thinking skills and is different from scholastic aptitude 

tests. 

Rust (56, p. 177 -181) conducted a factor analytic study in 1955 

utilizing three critical thinking tests including the Critical Thinking 

Appraisal, Form BM. While there were low intercorrelations ob- 

tained among the tests of critical thinking, nearly all subtests in the 

Critical Thinking Appraisal were high on Rust's Factor A which she 

considered to be a General Reasoning Factor. 

The Watson- Glaser Critical Thinking Appraisal was selected to 

evaluate student gains in critical thinking. 

Cornell Critical Thinking Test, Form X 

The Cornell Critical Thinking Test, Form X, like the Watson - 

Glaser Critical Thinking Appraisal, was selected to evaluate student 

progres in critical thinking. Form X, was used as the pre -test and 

post -test. The test is divided into four sections: (1) Induction 23 

items, (2) Reliability, 24 items, (3) Deduction, 14 items, and (4) 

Assumption- Finding, 10 items. The 76 items were all multiple 

choice. Separate answer sheets were provided with reusable test 
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booklets. Time for administration was fifty minutes. 

Statistical data for Form X, was derived originally from the ad- 

ministration of the test in May, 1961. Form X, was given to all stu- 

dents in the seventh and eighth grades of "Central School A" (in cen- 

tral New York State). The school serves a district that is largely 

upper -lower and lower- middle class in composition. 

Standardization norms for the Form X were based on a compari- 

son of scores by means of an experiment in which 1, 109 eighth grade 

students were tested. The mean using R - 2 scoring was 28. 0. The 

split -half reliability estimate with a total of 71 items was .85. The 

split -half reliability estimate for each of the four divisions of the test 

were: Induction Section (23 items) . 85, Reliability Section (24 items) 

. 77, Deduction Section (14 items) . 60 and the Assumption- Finding 

Section (10 items) . 26. 

Correlations of Form X with the California Test of Mental Mea- 

surement, Form S were .49. Total I. Q. . 49, Language . 59, and 

Non -Language . 35. Correlation with the New York State Junior High 

Survey Test in English, Form B, Experimental Edition (1961) were: 

Vocabulary . 56, and Comprehension . 58. 

Correlations with New York State Junior High Survey Test in 

Mathematics, Form G, Experimental Edition (1961) were: Concepts 

. 61, Computations .49, and Problems . 55. 

Form X took an average of 34 minutes for the students to complete. 
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Ninty -five percent were finished in fifty minutes. 

Scores on Form X indicated that the top possible score was 71, 

lowest possible score was -35. The actual range was -14 to 56 (67). 

Test on Understanding Science 

The Test on Understanding Science was developed at the Harvard 

University Graduate School of Education. Cooley (17, p. 1 -2) stated: 

For many years, science educators have acknowledged 
the importance of teaching and learning certain so- called 
"intangible" aspects of science. These intangibles in- 
clude an understanding of the nature of scientific inquiry, 
of science as an institution, and of scientists as people. 
Such understandings are particularly important today, 
as our nation and the world are increasingly affected 
by the results of scientific activity, and as we seek to 
attract young people into scientific career fields. How- 
ever, while a large variety of tests has been prepared to 
measure student achievement in the facts and principles 
of science, no adequate instrument has yet been con- 
structed to assess the extent to which the important in- 
structional outcome of understanding science and scien- 
tists has been achieved. Numerous studies of science 
curriculum methods assert that a particular technique 
or procedure has contributed to these understandings in 
the student, but in the absence of a valid instrument, such 
judgments cannot be made objectively to any extent. Thus, 
there exists a definite need for an instrument that ade- 
quately measures these understandings. It is the purpose 
of the Test on Understanding Science to meet this need. 

Form X consisted of sixty four - choice items, distributed among 

the various themes in the three areas being tested as follows: Area I 

- 18 items, Area II - 18 items and Area III - 24 items. 

In October 1960, Form X was administered to 3, 000 students in 
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108 high schools throughout the country. Form X was administered 

again to most of the same students in March 1961. The data from 

these administrations provided the basis for most of the presently - 

known statistical characteristics of the Test on Understanding Science. 

(These characteristics are believed to be fully applicable to the pub- 

lished form, Form W which is the same as Form X with a few minor 

improvements.) 

It was felt that Form W, must serve a broad range of student 

understandings, therefore, a wide distribution of item difficulty was 

desired. The proportion passing the items (p) ranges from 0.09 to 

0, 90, and the distribution of (p) is approximately rectangular between 

0. 80 and O. 20. 

On the basis of the item analysis, most of the weak alternatives 

were eliminated. 

Reliability was determined by applying the Kuder- Richardson 

Formula 20 to Form X, test data from 2535 students. The results of 

the analysis are as follows in Table VII: 

TABLE VII. RELIABILITY AS DETERMINED BY APPLYING KUDER- 
RICHARDSON FORMULA 20, TO FORM X. 

Scale Reliability 

Area I .58 
Area II . 52 

Area III . 58 

Total .76 
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The reliability for the total score yields a standard error of mea- 

surement of 3. 49. Thus, the likelihood that the observed total score 

will not deviate from an individual's true score by more than (plus 

or minus) 3.45 score points is about two to one. 

Norms for Test on Understanding Science are found. in Table 

VIII. 

TABLE VIII. NORMS FOR TEST ON UNDERSTANDING SCIENCE. 

Grade 10 Grade 11 Grade 12 

Mean Score 28.58 31.57 32.25 

Standard Deviation 7.66 7.02 7. 38 

Number of Students 1064 994 753 

(17, p. 12) 

Correlation with Scholastic Aptitude 

The relation of Test on Understanding Science to general scholastic 

aptitude (17, p. 13) was investigated by administering the Otis Mental 

Ability Test, Form AM, at the same time the Test on Understanding 

Science, Form X, was given in October 1960. The data for a sample 

of 2980 students in grades nine through twelve who took both tests are 

found in Table IX. 
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TABLE IX. CORRELATION WITH SCHOLASTIC APTITUDE. 

Total 
Number Score Raw Score Product 

of TOUS Standard Otis Standard Moment 
Grade Students Mean Deviation Mean Deviation Correlation 

9 198 29.47 6.03 47.96 9.35 0.65 

10 1055 28.58 7,66 47.18 12.91 0. 69 

11 985 31.57 7.02 53.09 10.71 0.64 

12 742 32.25 7.38 53.78 11.33 0.65 

(17, p. 13) 

The Dogmatism Scale, Form F 

The primary purpose of The Dogmatism Scale was to measure 

individual differences in openness or closedness of belief systems. 

The scale also serves to measure general authoritarianism and gen- 

eral intolerance. Rokeach (55, p. 72) stated: 

Our procedure in constructing the Dogmatism Scale 
was essentially deductive. We scrutinized the various 
defining characteristics of open and closed systems. 
We then tried to construct statements designed to tap 
these characteristics. 

Our assumption was that if a person strongly agrees 
with such statements it would indicate that he possesses 
one extreme of the particular characteristics being 
tapped, and if he strongly disagrees, that he possesses 
the opposite extreme. Insofar as possible we looked 
for statements that express ideas familiar to the aver- 
age person in his everyday life. Some of the statements 
appearing in the Dogmatism Scale were inspired by spon- 
taneous remarks we overheard being made by persons 
we thought intuitively to be closed- minded. Above all, 
each statement in the scale had to be designed to trans- 
cend specific ideological positions in order to penetrate 
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to the formal and structural characteristics of all 
positions. 

The Dogmatism Scale is preceded by the following instructions, 

which are the same as those used with the F Scale (55, p. 72). 

The following is a study of what the general public 
thinks and feels about a number of important social 
and personal questions. The best answer to each 
statement below is your personal opinion. We have 
tried to cover many different and opposing points of 
view; you may find yourself agreeing strongly with 
some of the statements, disagreeing just as strongly 
with others, and perhaps uncertain about others; 
whether you agree or disagree with any statement you 
can be sure that many people feel the same as you do. 

The Dogmatism Scale was divided into three general divisions, 

each division into several areas and each area into several sub -areas 

(55, p. 73 -80). 

I. Items involving the belief -disbelief dimension. 

A. Isolation within and between belief and disbelief systems. 

1. Accentuation of differences between the belief and 

the disbelief systems. 

2. The perception of irrelevance. 

3. The coexistence of contraditions within the belief 

system. 

B. Relative degrees of differentiation of the belief and the 

disbelief systems. 

1. Relative amount of knowledge possessed. 

2. Dedifferentiation within the disbelief system. 
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II. Items involving the central- peripheral dimension. 

A. Specific content of primitive beliefs. 

1. Beliefs regarding the aloneness, isolation, and 

helplessness of man. 

2. Beliefs regarding the uncertainty of the future. 

3. Beliefs about self- adequacy and inadequacy. 

4. Self- aggrandizement as a defense against self- 

inadequacy. 

5. Paranoid outlook on life. 

B. Formal content of the intermediate belief region. 

1. Authoritarianism. 

2. Intolerance. 

C. Interrelations among primitive, intermediate, and peri- 

pheral beliefs. 

1. Tendency to make a party -line change. 

2. Narrowing (referring to the selective avoidance of 

contact with facts, events, etc. , incongruent with 

one's belief - disbelief system). 

III. Items involving the time- perspective dimension. 

A. Attitude toward the past, present, and future. 

B. Knowing the future. 

C. Belief in force as a way to revise the present. 

The Dogmatism Scale went through a number of revisions. The 
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revisions were made in order to increase reliability and also to re- 

flect the many modifications, elaborations, and refinements that took 

place over several years. 

Rokeach stated: (55, p. 84) 

The initial Form A was composed of 57 items and its 
corrected reliability was . 70. Following an item analy- 
sis, we eliminated 14 items to get Form B. Its cor- 
rected reliability was . 75. A second item analysis led 
to Form C, which was essentially the same as Form B 
except that the seven items with the poorest discrimina- 
tory power were further eliminated. Form C, however, 
yielded reliabilities somewhat lower than expected, and 
in the next revision we added 30 new items. The cor- 
rected reliability of the 66 -item Form D was.. 91. Then 
to shorten the scale, we eliminated 26 items on the 
basis of a third item analysis. This final 40 -item scale, 
Form E, was found to have a corrected reliability of . 81 
for the English Colleges II sample and . 78 for the En- 
glish worker sample. In other samples subsequently 
tested at Michigan State University, Ohio State Univer- 
sity and at a VA Domiciliary, the reliabilities ranged 
from . 68 to .93. 

Rokeach continued: 

These reliabilities were considered to be quite satis- 
factory, especially when we remember that the Dog- 
matism Scale contains quite a strange collection of 
items that cover a. lot of territory and appear on the 
surface to be unrelated to each other. The fact that 
subjects agree or disagree with these items in a con- 
sistent manner is borne out by item analyses. These 
analyses compare subjects scoring in the upper and low- 
er quarters of the frequency distribution on each of the 
items. They typically show that high and low dogmatic 
subjects differ consistently and in a statistically signifi- 
cant manner on the great majority of items. 

Statistical Controls and Analysis of Data 

Pupil's general scholastic aptitude and relevant previous 
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achievement were measured by pre -testing in December of 1964. The 

Otis Mental Ability Test provided an estimate of the general scholastic 

aptitude of the sample classes. Critical thinking abilities of the stu- 

dents were sampled by the Cornell Test of Critical Thinking Form X 

and the Watson -Glaser Critical Thinking Appraisal, Form Ym. The 

pre -test for each was also given early in December 1964. Student 

open and closed mindedness were measured by Rokeachs' Dogmatism 

Scale Form E as a pre -test in December 1964 as was the Test on 

Understanding Science which was used to determine the students' gen- 

eral understanding of science as an enterprise, the role of a scientist, 

and the process of science. 

Final evaluations to determine student gains were completed 

during the final week of May 1965. The Cornell Test of Critical 

Thinking, Form X, the Watson -Glaser Critical Thinking Appraisal, 

Form Ym, Rokeachs' Dogmatism Scale, Form E, and the Test on 

Understanding Science were all completed by the students. 

Statistics were computed from data of students who completed 

both the December 1964 and May 1965 testing. Data of students who 

withdrew or who entered into a sample class after the December pre- 

testing were not used in the computations. 

Class means and standard deviations were calculated for all 

tests administered in December 1964 and May 1965. The mean for 

each test was computed by totaling the raw scores for each class and 
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dividing by the number of students. 

The data for each test were analyzed using the t test for corre- 

lated data. 

The data were analyzed for each group as a whole and for groups 

of students stratified on the basis of their intelligence test scores. 

Stratification consisted of I. Q. groups of 130 - 139, 120 - 129, 110 

119, and 80 - 109. Consequently there were two sets of data. 

1. Data for the group as a whole. 

2, Data based on stratification into four arbitrary groups. 

Characteristics of Instructional Patterns 

Instructional Content 

The Laboratory Blocks, Plant Growth and Development and Ani- 

mal Growth and Development prepared under the direction of the Bio- 

logical Sciences Curriculum Study Committee on Laboratory Innova- 

tions, made up the instructional content for this study. 

In the development of the laboratory blocks an active research 

scientist was requested to provide the initial material for a given 

block. The material was then turned over to a staff of experienced 

high school teachers and project associates, who tried out the mater- 

ials in a special nonteaching laboratory set up by the Biological 

Sciences Curriculum Study for this purpose. Schwab (58, p. 499) 

- 
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stated that the project associates did the experiments suggested by 

the research scientist for the laboratory blocks under various condi- 

tions and with such modifications as they thought might make them 

practical for use in the high school laboratory. 

After the laboratory blocks were completed they were pretested 

under the direction of regular classroom teachers and revised as 

needed. 

After an elaborate evaluation of each laboratory block the final 

editions were printed up in laboratory manual style and published. 

Plant Growth and Development and Animal Growth and Development 

were two of the original four that were first published. 

A teacher's and a student's edition were made available for each 

student and teacher using the laboratory blocks. The teacher's edi- 

tion contained all the material found in the student's edition, including 

introductory remarks, lead questions, experimental design, a sched- 

ule, technique instructions, graphs, reading references, a glossary 

and an appendix. In addition to all the material in the student's edi- 

tion, the teacher's edition contained suggestions for procedures, 

possible difficulties, equipment needs, specific examples of data and 

other results obtained in the initial tryouts of the material, and an- 

swers to many possible questions. 
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Plant Growth and Development Laboratory Block 

The principle objective of the Plant Growth and Development 

block was to develop in the minds of students an understanding of 

growth and development. To accomplish this objective students in- 

vestigated germination, increase in size, internal organization, met- 

abolism, and regulation of these phenomena in plants from embryos 

to mature plants. 

In a study of seed germination the student determined seed viabil- 

ity, volume change during imbibation, and order of emergence of 

various parts from the seed. They observed changes in the external 

features of seedlings during early growth and development. The ef- 

fects of various factors such as temperature, oxygen supply, nutrient 

supply, and the role of light were studied by experimental approach. 

Students measured growth and determined the patterns of growth in 

several plants. 

The cellular basis for growth was investigated by observation of 

cell size, number, and specialization. Attention was then turned to 

metabolism involved in growth and development. Experiments were 

conducted showing enzyme activity and respiration during germination 

and growth. Photosynthesis was investigated from the standpoint of 

determining the conditions that promote or inhibit this process. 

Finally, the students investigated regulation of growth and 

.. 
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development. There they were given the opportunity to search out 

evidence concerning the role of auxins in plant growth, the effects of 

gibberellin on plant growth, and the response of plants to various 

stimuli. 

Animal Growth and Development Laboratory Block 

The laboratory block Animal Growth and Development provided 

each student the chance to see for himself the series of events by 

which an apparently single egg converted itself into an organized 

array of differentiated structures that make up a complex animal. 

By working with living, developing eggs of frogs and chickens, the 

students acquired an understanding of the steps by which an animal 

was formed. In comparing the development of the frog egg, which is 

laid in water, with the development of the hen's egg, which is laid 

on land, the students' attention was directed to the evolutionary chan- 

ges in the reproductive mechanism that helped make it possible for 

vertebrates to become land- living animals. In addition to the work 

on normal development, a series of experiments were provided on the 

influence of such agents as temperature, hormones, and enzyme acti- 

vity on eggs and embryos. The aim of these experiments was to help 

students gain some insight into the ways in which the problems of 

development may be analyzed. Of particular interest were experi- 

ments on the role of the thyroid gland in controlling metamorphosis 
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in the tadpole, and on the effect of sex hormones on the differentiation 

of masculine characteristics in the newly hatched chick. There were 

also optional sections describing experimental studies on regeneration 

and growth in planaria and hydra. 

Instructional Procedures 

The laboratory blocks Plant Growth and Development and Animal 

Growth and Development were published as individual laboratory 

books. Each provided a pattern for laboratory investigation for the 

student. A six weeks "block" of time was required for each investi- 

gation. 

Although the intentions of the laboratory blocks were to provide 

investigatory experiences for those who used them, it was also pos- 

sible for them to be used as lecture -demonstration materials in 

schools with limited laboratory space and facilities. The teacher 

could demonstrate many of the exercises and make observations that 

could be passed on to his students at the appropriate time. An inter- 

play of ideas could then be carried out concerning the teacher's re- 

search findings. 

With the two laboratory blocks serving as the common instruction- 

al content for this study, the instructional procedures were very dif- 

ferent. The laboratory- centered -patterns of instructions were com- 

pletely investigatory. The lecture- demonstration -patterns were 
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completely illustrative. The purpose of this study was to place stu- 

dents and teachers into both the laboratory- centered -patterns of in- 

structions and the lecture -demonstration patterns of instruction and 

analyze each method's ability to develop critical thinking. 

Laboratory Centered Patterns of Instruction 

Students in the laboratory- centered -patterns were expected to 

acquire the background information needed to investigate the prob- 

lems at hand. Some of this information was provided in the Labora- 

tory Block as well as in other books and journals. Other information 

was provided by the teacher at appropriate times. However, for the 

most part each student was required to study a given series of prob- 

lems, make observations and obtain data relative to them. Once he 

obtained the data he was expected to interpret his observations and 

data and arrive at conclusions which would not only answer specific 

questions relating to the problem he was investigating, but also in- 

crease his understanding of the fundamental biological principles. 

The laboratory- centered -patterns were designed to guide the stu- 

dent to make discoveries for himself. Questions or problems were 

posed, but no answers were given in advance. To some degree the 

outlined procedure for the laboratory patterns of instruction brought 

the student to the frontiers of science. It provided each student an 

opportunity to learn facts and techniques. They gained invaluable 
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practice in working as a scientist. 

Lecture -Demonstration Patterns of Instruction 

Students in the lecture- demonstration patterns of instruction were 

not expected to follow investigatory procedures. The teacher and the 

textbook were their main sources of information. Within the group 

of students there were few problem - solving activities going on for 

any length of time. Students were assigned questions to answer either 

in the classroom or at home. They were then submitted to the tea- 

cher for checking and grading. 

If the teacher so desired, he would demonstrate to the students 

a problem and its solution. At all times the teacher gathered the data 

and placed it on the chalkboard to be copied by each student. The 

teacher conducted a discussion concerning the meaning and implica- 

tions of the data collected. The conclusions drawn from the demon- 

stration were usually those of the teacher. Never did the student do 

any investigatory work himself. 
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CHAPTER IV 

THE STUDY 

The main objective of this study was to analyze change in critical 

thinking skills between students in laboratory- centered and lecture - 

demonstration- centered patterns of instruction in high school biology. 

The null hypothesis held for each comparison was that critical think- 

ing skills were independent of instructional method and that, therefore, 

the mean gain in critical thinking of students taught by these methods 

is equal, regardless of instruction. 

The test of significance used in each analysis was the t test and 

F test. When the null hypothesis was accepted, it was inferred that 

the difference among the mean gain in critical thinking could be attri- 

buted to chance. Therefore, one method of instruction was assumed 

to be as effective as the other method. On the other hand, the null 

hypothesis was rejected when the t test indicated significance at the 

5, 2. 5, 1 or O. 5 percent level of significance. When the null hypo- 

thesis was rejected, it was inferred that the difference among the 

mean gains in critical thinking were not due to chance alone. There- 

fore, the difference was assumed to have been the result of the in- 

structional method. 

Data utilized in the analysis were secured from students and 

teachers in the four public high schools of Salt Lake City, Utah. The 
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students participated in a pre -testing program during the first two 

weeks of December, 1964. The testing program provided statistical 

controls for general scholastic ability with a pre -test knowledge of 

the understanding of science; critical thinking skills; and attitudes of 

open and closed mindedness. Final testing was conducted during the 

first two weeks of May 1965, to determine the students' achievement 

in these areas during the school year. Participating teachers were 

administered the same tests as the students prior to their active par- 

ticipation in the study. 

All data were transferred to a University of Utah computer center 

standard data sheet. Data were then punched on standard I. B. M. 

cards. 

Data which will be presented in this chapter will be discussed in 

two parts. 

1. Student gains resulting from experimental procedure. 

2. Relationship of learning outcomes to teaching methods. 

Student Gains Resulting from Experimental Procedure 

This section presents data concerning the general scholastic level 

of the students and the learning outcomes of the classes during the 

last semester of the 1964 -65 school year. Class gains are presented 

for the following instruments: The Cornell Test of Critical Thinking, 

Form X; Watson -Glaser Critical Thinking Appraisal, Form YM; 
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Rokeach's Dogmatism Scale, Form E; and the Test on Understanding 

Science, Form W. 

The student sample consisted of twenty classes sub -divided into 

two samples of ten classes each. One student sample consisted of 

288 students. This sample was referred to as laboratory- centered. 

The other ten classes consisted of 308 students. It was referred to 

as lecture- demonstration- centered. 

All of the students were pre- tested early in December 1964, and 

post- tested in early May 1965. Testing was conducted to provide a 

control of the students' scholastic ability to determine skills, atti- 

tudes and knowledge. The data were analyzed for the groups as a 

whole, and for groups of students stratified on the basis of their in- 

telligence test scores. Stratification was arbitrarily made up of four 

groups: 130 - 139; 120 - 129; 110 - 119; 80 - 109. Grouping by in- 

telligence test scores was suggested by Kastrinos (40, p. 345) who 

conducted a similar study correlating I. Q. scores and critical thinking 

test scores. 

General Scholastic Ability 

The Otis Mental Ability Test, Gamma: Form Am, was utilized to 

determine the general scholastic ability of the students. The I. Q. 

stratification for the laboratory- centered classes and lecture- 

demonstration-centered classes is presented in Table X. 
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TABLE X. I. Q. STRATIFICATION, LABORATORY-CENTERED AND 
LECTURE -DEMONSTRATION CENTERED. 

Number of Number of 
Students Students 

I. Q. Group Laboratory- Lecture - 
Stratification Centered Demonstration -Centered 

130 - 139 8 2 

120 - 129 47 30 

110-119 72 80 

80 - 109 161 197 

Based upon I. Q. scores, the population yielded nearly a normal 

curve. Table XI indicates the expected frequencies of a normally dis- 

tributed population and the frequencies actually obtained by the popu- 

lation as a whole, the laboratory patterns portion of the sample and 

the lecture- demonstration patterns portion of the sample. 

TABLE XI. COMPARISON OF EXPECTED FREQUENCIES OF A 
NORMAL CURVE AND DISTRIBUTION OF GAMMA I. Q. 
FOR LABORATORY- CENTERED, LECTURE- DEMON- 
STRATION -CENTERED, PATTERNS OF INSTRUCTION 
AND SAMPLE AS A WHOLE. 
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Critical Thinking Skills 

The Cornell Test of Critical Thinking, Form X, and the Watson - 

Glaser Critical Thinking Appraisal, Form Ym, were utilized to mea- 

sure critical thinking skills of the students. The same form of both 

tests were used as pre- and post- tests. During the interval between 

the pre- and post- testing, each group of students was instructed from 

a common course of study. The major difference between each group 

was the method in which they were instructed. One group, ten classes, 

was instructed by laboratory- centered patterns of instruction. The 

other group, ten classes, was instructed by lecture- demonstration- 

centered patterns of instruction. 

Pre- and post -test means, mean differences, pre- and post -test 

variances, t scores and F scores for the Cornell Test of Critical 

Thinking, Form X, and the Watson -Glaser Critical Thinking Apprais- 

al, Form Ym for the laboratory- centered and lecture -demonstration- 

centered patterns of instruction are presented in Tables XII, XIII, 

XIV, and XV respectively. 

Kastrinos, (40, p. 341). stated that: 

A significant increase in mean achievement score and 
significant increase in variability would be very de- 
sirable goals. The reason for the increase in mean 
score is obvious; the increase in variability would be 
associated with better provision for the needs of each 
pupil. Conversely, a significant decrease in varia- 
bility would indicate that there are factors that pre- 
vent all students from developing to their capacity. 
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This decrease in variability might be associated with 
limitations due to the inability of the teacher or to the 
ineffectiveness of the testing instruments. A "ceiling 
effect" with the test instrument could result in a de- 
crease in variance due to the fact there would be a little 
increase in the top of the score range. Therefore, any 
increase in the performance of students in the lower 
part of the range would result in a lowering of the total 
variance. 

TABLE XII. LABORATORY- CENTERED CORNELL TEST OF CRITI- 
CAL THINKING, FORM X, PRE- AND POST -TEST 
MEANS, MEAN DIFFERENCES, PRE- AND POST -TEST 
VARIANCES, t, AND F SCORES. 

Groups N 

Pre- 
Test 
Mean 

Post - 
Test 
Mean 

Differ - 
ence Pre -S2 Post -S2 t F 

Entire 288 33. 53 39. 65 6, 12 0.013 0.017 11.41d 
Group d 

Group I. Q. 
Stratification 

130 - 139 8 52.75 58. 12 5.37 60. 14 43. 57 3.87d 1. 38 

120 - 129 47 47. 10 51, 93 4.83 46. 14 68.84 4. 83a 0. 67 

110 - 119 72 38. 54 43.93 5.39 98.23 109.73 6.98d 0. 89 

80 - 109 161 26.38 33. 29 6.91 114. 11 91.78 8. 63d 1.24 

a Significant at 5 percent level, b Significant at 2. 5 percent level, c 

Significant at 1 percent level, d Significant at 0. 5 percent level. 

Table XII indicates that students in all I. Q. ranges increased 

their mean scores. Each group indicated a significant gain at the 

0. 5 percent level of significance obtained from each t value. The 

mean differences between pre- and post -tests at each level are 

- 

0.76 



82 

approximately equal. From the results of the means of this test there 

appears to be a direct correlation between student I. Q. and ability to 

use critical thinking skills. It also indicates that at each level stu- 

dents all make approximately the same increase in skills. 

Changes in variability of the different I. Q. groups ranged in de- 

creases from 60. 14 to 43. 57 and 114. 11 to 91. 78 in I. Q. groups 130 - 

139 and 80 109 respectively, An increase was indicated from 46. 14 

to 68. 84 and 98. 23 to 109. 73 in I. Q. groups 120 - 129 and 110 - 119 

respectively. Although there appears to be a significant increase and 

decrease in variance the F test did not indicate this at the five 

percent level, 

The results of this test would indicate that all students in all 

I. Q. groups increased their mean scores significantly, I. Q. groups 

120 - 129 and 110 - 119 increased their variance while I, Q. groups 

130 - 139 and 80 - 109 decreased their variance. 

Table XIII indicates that the group as a whole did not show an 

increase in mean from pre -test to post -test. A very slight decrease 

in the mean score from 32. 80 to 31. 91 was indicated. 

An increase in I. Q. group 130 - 139 from 50. 00 to 52. 00 was 

the only mean increase indicated. All other I. Q. groups remained 

approximately at the same level or decreased slightly. None of the 

decreases nor the increase was at a level of significance. 

No significant results were revealed when the variances were 

- 



TABLE XIII. 
83 

LECTURE -DEMONSTRATION- CENTERED CORNELL 
TEST OF CRITICAL THINKING, FORM X, 
PRE- AND POST -TEST MEANS, MEAN DIFFERENCE 
PRE- AND POST -TEST VARIANCES, t, AND F 
SCORES. 

Groups N 

Pre- 
Test 
Mean 

Post- 
Test 
Mean 

Differ - 
ence Pre -S2 Post -S2 t F 

Entire 309 32.80 31.91 -0.89 0.011 0.012 1.49 0.90 
Group 

Group I. Q. 
Stratification 

130 - 139 2 50. 00 52, 00 2 00 32. 0 72. 0 0.28 0.44 

120 - 129 30 45. 07 45. 10 0. 03 74.48 129. 89 0. 10 0.57 

110 - 119 80 40. 18 37. 06 -3. 12 126. 97 141.41 0. 97 1.00 

80 - 109 197 27. 78 27. 61 -0. 17 175.40 173. 75 0. 72 1.00 

a Significant at 5 percent level, b Significant at 2. 5 percent level, 
c Significant at 1 percent level, d Significant at 0, 5 percent level. 

examined. The student group with I. Q. range of 80 - 109 showed a 

small decrease from 175. 40 to 173. 75. The remaining variances 

showed increases, but none of them was significant. 

Table XIV indicates that students in all I. Q. ranges increased 

their mean scores. I. Q. group 130 - 139 increased their mean from 

81. 50 to 83. 00, significant at the five percent level. I. Q. group 120 - 

129 increased their mean score from 73. 97 to 76. 49, significant at 

the one percent level. An increase from 65. 62 to 68, 47 and 56. 30 to 

59. 88 respectively were calculated to be significant at the 0. 5 percent 

level for students in the I. Q. groups 110 - 119 and 80 - 109. 
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TABLE XIV. LABORATORY- CENTERED WATSON -GLASER CRITI- 
CAL THINKING APPRAISAL, FORM YM PRE- AND 
POST -TEST MEANS, MEAN DIFFERENCES, PRE - 
AND POST -TEST VARIANCE, t AND F SCORES. 

Groups N 

Pre- 
Test 
Mean 

Post - 
Test 
Mean 

Differ - 
ence Pre -S2 Post -S2 t F 

Entire 
Group 288 62.25 65.38 3.16 0.0040 0.0044 6. 39 0.90 

Group I. Q. 
Stratification 

130 - 139 8 81.50 83.00 1. 50 36.29 49.31 2. lla 0.73 

120 - 129 47 73, 97 76.49 2. 52 60. 19 47. 39 2. 75 1.27 

110 - 119 72 65.62 68.47 2.85 65. 56 83.21 3. 51d 0.78 

80 - 109 161 56.30 59.88 3. 58 88.33 53. 59 6. 34d 1.63c 

a Significant at 5 percent level, b Significant at 2. 5 percent level, 
Significant at 1 percent level, d Significant at 0. 5 percent level. 

Changes in variability for the different I. Q. groups decreased 

from 60. 19 to 47. 39 and 88. 33 to 53. 59 in I. Q. groups 120 129 and 

80 - 109 respectively. The latter being significant at the one percent 

level. An increase was indicated from 36. 29 to 49. 31 and 65. 56 to 

83. 21 in I. Q. groups 130 - 139 and 110 - 119 respectively. Each in - 

crease approached a significant increase at the five percent level. 

Table XV indicates that the entire group decreased its mean from 

the pre -test 61. 02 to the post -test 60. 00. The obtained t score was 

significant at the five percent level. When the students were divided 

c 

c 

- 

.. 
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TABLE XV. LECTURE - DEMONSTRATION- CENTERED WATSON- 
GLASER CRITICAL THINKING APPRAISAL, FORM YM 

PRE- AND POST -TEST MEANS, MEAN DIFFERENCE, 
PRE- AND POST -TEST VARIANCE, t and F SCORES, 

Groups N 

Pre- 
Test 
Mean 

Post - 
Test 
Mean 

Differ - 
ence Pre -S2 Post -S2 t F 

Entire 309 61.02 60.00 -1.02 0.0035 0.0037 2. 32a 1.00 
Group 

Group I. Q. 
Stratification 

130 - 139 2 80. 50 81. 00 0. 50 5. 0 8. 0 0. 14 0. 62 

120 - 129 30 69. 27 69. 26 -0. 01 88. 34 85. 03 0. 73 1. 03 

110 - 119 80 65. 27 64. 58 -0. 69 86. 64 162. 53 1. 00 0. 53c 

80 - 109 197 57.48 56. 52 -0. 96 71.42 101.41 0. 10 0. 070a 

a Significant at 5 percent level, b Significant at 2. 5 percent level, 
c Significant at 1 percent level, d Significant at 0. 5 percent level. 

into I. Q. groups none made significant improvement in their mean 

scores from pre -test to post -test. The calculated t for each group 

indicated no level of significance change. 

Changes in Lvariability indicated a significant increase from 

86. 64 to 162. 53 at the one percent level of confidence and from 71, 42 

tp 101. 41 at the five percent level of confidence. No other I. Q. group 

increased or decreased its variability significantly. 

The relationship between the Cornell Test of Critical Thinking, 

Form X, and the Watson -Glaser Critical Thinking Appraisal, Form 

YM, was indicated by a correlation of 0. 65 pre -test score and 0. 64 
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post -test score. The obtained t showed a significance at the one per- 

cent level. A correlation was also obtained between the two tests for 

the laboratory- centered patterns of instruction and the lecture - 

demonstration- centered patterns of instruction. The results are sum- 

marized in Table XVI. 

TABLE XVI. CORRELATIONS BETWEEN CORNELL TEST OF CRI- 
TICAL THINKING, FORM X, AND WATSON -GLASER 
CRITICAL THINKING APPRAISAL, FORM YM. 

Tests Pre -Test Post -Test 

Cornell and Watson -Glaser, Lab. Centered 0. 65 0. 64 

Cornell and Watson -Glaser, Lecture Demon. 0. 55 0. 57 

Cornell and Watson -Glaser, Entire sample 0. 60 0. 64 

Each correlation is significant at the one percent level. 

Dogmatism 

The Rokeach Dogmatism Scale, Form E, was used to determine 

the open and closed mindedness of the students. The same form of 

the test was used for pre - and post- testing. 

Pre - and post -test means, mean differences, pre- and post -test 

variances, t scores and F scores for the laboratory- centered and 

lecture -demonstration -centered patterns of instruction are presented 

in Tables XVII and XVIII respectively. 
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LABORATORY CENTERED ROKEACH DOGMATISM 
SCALE, FORM E PRE- AND POST -TEST MEANS, 
MEAN DIFFERENCES, PRE- AND POST -TEST 
VARIANCES, t AND F SCORES. 

Pre- Post - 
Test Test Differ - 

Groups N Mean Mean ence Pre -S2 Post -S2 t F 

Entire 288 169.45 161.92 -7.53 0.030 0.023 7. 12d 1.30 
Group 

Group I. Q. 
Stratification 

130 - 139 8 142. 00 141. 87 -0, 13 5817.42 1029. 85 0. 01 5. 69b 

120 - 129 47 163. 15 156. 87 -6. 28 542. 65 816.43 6, 89c 0. 66 

110 - 119 72 166. 91 159. 89 -7. 02 474. 64 501. 18 3. 07c 0. 94 

80 - 109 161 173. 78 165. 29 -8. 49 4752. 26 534. 45 5. 65c 8. 89d 

a Significant at 5 percent level, b Significant at 2. 5 percent level, 
c Significant at 1 percent level, d Significant at 0. 5 percent level. 

A high score on the dogmatism scale indicates closed- minded- 

ness. A low score indicates open -mindedness. A decrease in mean 

score from pre -test to post -test is desirable. 

Table XVII indicates that the entire group decreased their mean 

from 169. 45 to 161. 92. The obtained t equaled 7. 12 indicating a 

significance at the 0. 5 percent level. 

Each stratified group decreased their mean from pre -test to 

post -test. Only the I. Q. group 130 - 139 did not show a significant 

decrease in mean score. Each of the remaining three groups showed 

a significant decrease in mean scores at the one percent level. 
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The variability of the 130 - 139 I. Q. group decreased significantly 

at the 2. 5 percent level. I. Q. group 80 - 109 also showed a signifi- 

cant decrease at the 0.5 percent level. The remaining two I. Q. groups 

showed an increase in variance, but not significantly in either group. 

The results of this test indicated that students in the laboratory - 

centered patterns of instruction became less dogmatic at the time of 

post- testing than they were at the time of pre -testing. I. Q. group 

130 - 139 remained approximately at the same pre- and post -test 

scores. The mean difference was from 142. 00 to 141.87. The na- 

tional standardized mean score for the Dogmatism Scale, Form E, 

was 145, therefore, students at the upper I. Q. levels were less dog- 

matic to begin with then the remainder of the students upon comple- 

tion of the post -test. 

Table XVIII indicates that the entire group decreased their mean 

from pre- to post -test 168. 89 to 168.41. The obtained t equaled 0.43. 

The decrease was not significant. 

Each stratified I. Q. group except group 80 - 109 decreased their 

mean scores from pre- to post -test. None of the decreases was sig- 

nificant as determined by the t test. 

The variability of this test showed a decrease in variance from 

pre- to post -test in I. Q. group 130 - 139. The F score of 3. 38 indi- 

cated that the decrease was not significant. The size of the sample 

seemed to bear strongly against a significant change. The other three 
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TABLE XVIII. LECTURE -DEMONSTRATION CENTERED ROKEACH 
DOGMATISM SCALE, FORM E PRE- AND POST- 
TEST MEANS, MEAN DIFFERENCES, PRE- AND 

POST -TEST VARIANCES, t AND F SCORES. 

Groups N 

Pre- 
Test 
Mean 

Post - 
Test 
Mean 

Differ - 
ence Pre -S2 Post -S2 t F 

Entire 309 
Group 168.89 168.41 -0.48 0.0292 0.0290 0.43 1.00 

Group I. Q. 
Stratification 

130 - 139 2 153. 50 143. 00 -10. 50 61. 00 18. 00 0. 23 3. 38 

120 - 129 30 156.73 155.46 -1.27 699.93 713.26 0.47 0.98 

110 - 119 80 165.46 164.18 -1. 28 830.31 617.36 0. 29 1.34 

80 - 109 197 172.29 172.36 0.70 408.32 236.73 1. 54 1.72 
c 

a Significant at 5 percent level, b Significant at 2. 5 percent level, c 

Significant at 1 percent level, d Significant at 0. 5 percent level. 

I. Q. ranges indicated a decrease in variance from pre- to post -test. 

Only group 80 - 109 showed a decrease that was significant. The cal- 

culated F test was 1. 72, significant at the one percent level. 

The results of this test indicated that students in the lecture - 

demonstration- centered pattern of instruction did not change their 

scores from pre- to post -test significantly on the Dogmatism Scale, 

Form E. It appeared that the group attitude of open -and closed - 

mindedness remained unchanged. 
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Understanding Science 

The Test on Understanding Science, Form W, was used to deter- 

mine the students' understanding about the scientist, science as an 

enterprise and the process of science. The same form of the test was 

used for pre- and post- testing. 

Pre- and post -test means, mean differences, pre- and post -test 

variances, t scores and F scores for the laboratory- centered and the 

lecture -demonstration- centered patterns of instruction are presented 

in Tables XIX and XX. 

TABLE XIX. LABORATORY - CENTERED TEST ON UNDERSTANDING 
SCIENCE, FORM W PRE- AND POST -TEST MEANS, 
MEAN DIFFERENCES, PRE - AND POST -TEST VARI- 
ANCES, t AND F SCORES. 

Groups N 

Pre- 
Test 
Mean 

Post- 
Test 
Mean 

Differ - 
ence Pre -S2 Post -S2 t F 

Entire 288 
Group 

Group I. Q. 
Stratification 

130 - 139 8 

120 - 129 47 

110 - 119 72 

80 - 109 161 

29.80 

41. 50 

36. 53 

31. 13 

26.66 

32.25 

44.37 

39.40 

33, 53 

28.99 

2.45 

2.87 

2.87 

2.40 

2.33 

0.009 

31.71 

5.84 

17.76 

31.73 

0.011 

273.85 

27.39 

18.73 

67. 14 

6.74d 

2.34a 

3.93c 

4. 52 
C 

4.33C 

0.81 

0. Old 

0.21d 

0. 94 

0.47d 

a Significant at 5 percent level, b Significant at 2. 5 percent level, c 

Significant at 1 percent level, d Significant at 0. 5 percent level. 
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Table XIX indicates that the mean scores for the entire group in- 

creased from 29. 80 to 32. 25 from pre -test to post -test. The obtained 

t = 6. 74 was significant at the O. 5 percent level. 

When the students were divided into I. Q. groups, all made signi- 

ficant improvement in their mean scores from pre -test to post -test. 

The is ranged from 2.34 to 4.33. The increase of all groups was 

significant at the one percent level with the exception of the 130 - 139 

I. Q. group whose increase was significant at the five percent level. 

All I. Q. groups showed an increase in variability. All groups in- 

creased with the exception of the group 110 119 with the F test in- 

dicating a level of significance at O. 5 percent. 

The results of this test indicate that the difference between the 

means at the O. 5 percent level of significance could hardly be due to 

chance alone. The difference was assumed to have been the result of 

the instructional method. 

The significant increase of the variance scores from pre- to post- 

test would also indicate that the method of instruction provided more 

adequate provision for the needs of each pupil. 

Table XX indicates that the mean scores for the entire group in- 

creased from 28.42 to 29. 21 from pre -test to post -test. The obtained 

t = 2.46 was significant at the five percent level. 

All I. Q. groups showed an increase in mean test scores from 

pre -test to post -test. Two I. Q. groups 110 - 119 and 80 - 109 

- 
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TABLE XX. LECTURE- DEMONSTRATION - CENTERED TEST ON 
UNDERSTANDING SCIENCE, FORM W PRE- AND POST- 
TEST VARIANCES, t AND F SCORES. 

Groups N 

Pre- 
Test 
Mean 

Post - 
Test 
Mean 

Differ - 
ence Pre -S2 Post -2 t F 

Entire 309 
Group 

28.,42 29.. 21 0. 79 0.008 O. 009 2.,46a 0. 88 

Group I. Q. 
Stratification 

130 - 139 2 44, 00 44. 50 0, 50 0. 00 5. 0 0. 33 1. 61 

120 - 129 30 34.40 36.00 1. 60 28. 20 17. 51 1.44 1. 61 

110 - 119 80 31. 14 32. 20 1.06 38.92 52.94 1.90a 0.73 

80 - 109 197 26.25 26.81 0. 56 38.85 40.97 1.78a 0.94 

a Significant at 5 percent level, b Significant at 2. 5 percent level, c 
Significant at 1 percent level, d Significant at 0. 5 percent level. 

increase was significant at the five percent level. 

No I. Q. group increased or decreased its variability at any ac- 

ceptable significant level. 

The results of this test indicated that the difference between the 

means at the five percent level in groups 110 - 119 and 80 - 109 could 

not be due to chance alone. Perhaps the lecture- demonstration- 

centere d patterns of instruction partially met the needs of the two 

lower level I. Q. groups. However, the two higher level I. Q. groups 

change may have been due to chance. Their increases were not suf- 

ficient enough to obtain a t that was significant. 

a 
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Summary 

A sample of students from randomly selected classes in the four 

high schools of Salt Lake City, Utah, was tested in early December 

of 1964 and May 1965. Student evaluations included: The Cornell Test 

of Critical Thinking, Form X; the Watson- Glaser Critical Thinking 

Appraisal, Form Ym; Rokeach's Dogmatism Scale, Form E; and the 

Test on Understanding Science, Form W. The following conclusions 

may be drawn: 

1. Students participating in the laboratory- centered patterns of 

instruction mean scores gained significantly from pre -test 

to post -test on the Cornell Test of Critical Thinking and the 

Watson -Glaser Critical Thinking Appraisal. Students parti- 

cipating in the lecture- demonstration- centered patterns of in- 

struction mean scores remained approximately the same from 

pre -test to post -test. The slight increases and decreases in 

both tests were not considered to be significant. 

2. Variability of students' pre -test and post -test scores of the 

laboratory- centered patterns of instruction and lecture - 

demonstration- centered patterns of instruction on both the 

Cornell Test of Critical Thinking and the Watson -Glaser 

Critical Thinking Appraisal was considered. An increase in 

variability would be associated with better provision for the 
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needs of each individual. A decrease in variability may indi- 

cate that there are factors that prevent all individuals from 

developing to their capacity. A decrease in variability might 

be associated with limitations due to the inability of the tea- 

cher or to the ineffectiveness of the testing instrument. 

The variability scores both increased and decreased from 

pre -test to post -test. None of the increases or decreases was 

considered to be significant in either pattern of instruction 

with the exception of I. Q. group 80 - 109 in the laboratory - 

centered patterns of instruction on the Watson- Glaser Criti- 

cal Thinking Appraisal. The decrease from 88. 33 to 53. 59 

was significant at the one percent level. The other exception 

was in the lecture -demonstration patterns of instruction. 

I. Q. groups 110 - 119 and 80 - 109 variability increased from 

86. 64 to 162. 53 significant at the one percent level and 71.42 

to 101.41 significant at the five percent level. The latter 

exception was in reference to the Watson -Glaser Critical 

Thinking Appraisal. 

3. A high score on the Dogmatism Scale indicates closed- minded- 

ness. A low score indicates open- mindedness. A decrease 

in mean score from pre -test to post -test is desirable. 

Students participating in the laboratory- centered patterns 

of instruction mean scores changed significantly from pre -test 
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to post -test on the Dogmatism Scale, Form E, at each I. Q. 

group with the exception of group 130 - 139. Each gain was 

significant at the one percent level. 

Students participating in the lecture- demonstration pat- 

terns of instruction mean scores remained approximately the 

the same from pre -test to post -test. A change in mean score 

of I. Q. group 130 139 was rather large. Because the sam- 

ple was so small the change was not considered to be signifi- 

cant as determined by the t test. 

4. Variability of student pre -test and post -test scores of the 

laboratory- centered patterns of instruction and the lecture- 

demonstration patterns of instruction on the Dogmatism Scale, 

Form E, was considered. In the laboratory- centered group 

significant decreases (considered to be gains) in variance 

occurred in I. Q. group 130 - 139 and 80 - 109. The gains 

were from 5817.42 to 1029. 85 significant at the one percent 

level and 4752. 26 to 534.45 significant at the 2. 5 percent 

level of significance respectively. 

There were no significant gains or decreases in the 

lecture -demonstration patterns of instruction group except 

in L Q. group 80 - 109. A decrease or gain in variance from 

408. 32 to 236. 36 was observed significant at the one percent 

level. 

- 
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5. Students participating in the laboratory- centered patterns of 

instruction mean scores gained significantly from pre -test 

on the Test on Understanding Science. Students in the lec- 

ture- demonstration patterns of instruction mean scores re- 

mained approximately the same from pre -test to post -test 

with the exception of I. Q. groups 110 - 119 and 80 - 109 who 

showed gains from 31.14 to 32,20 significant at the five per- 

cent level and 26.25 to 28.81 significant ât the five percent level. 

Variability of student pre -test and post -test scores of 

the laboratory -centered and lecture- demonstration -centered 

patterns of instruction on the Test on Understanding Science 

was considered. ;Significant gains at the 0.5 percent level 

were shown for all I. Q. groups except 110 119 in the lab- 

oratory- centered patters of instruction. I'b significant gain or 

decrease in variance of student scores from the lecture - 

demonstration- centered patterns of instruction vas indicated. 

Relationship of Learning Outcomes to Teaching Methods 

From the many reports and studies reviewed, it seemed apparent 

that there was no one way of teaching biology. It appeared that teach- 

ing was essentially based upon psychological results available. Use 

of a variety of methods and procedures enabled a teacher to serve 

various objectives and provide multiple opportunities to learn. It was 

- 
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said that the method of teaching may be chosen in relation to the na- 

ture of the anticipated achievement, plus the teacher's own capacities. 

Testing of the Null Hypotheses and Findings 

One of the major problems that initiated a portion of this study 

was questioning the ability of students to learn and practice skills in 

critical thinking. Another portion of the problem was questioning the 

understanding students had about science. What was the student's 

concept of the scientist, of science as an enterprise, and of science 

as a process? Could one determine whether or not there was a re- 

lationship between the student's skill to do critical thinking and their 

understanding of science? Was there a relationship between the stu- 

dent's mental ability and understanding of science? Were students 

able to show a change in open- and closed-mindedness? 

Of the twenty high school biology classes randomly selected for 

this study, ten were designated as laboratory- centered classes. The 

remaining ten classes were designated as lecture- demonstration- 

centered classes. Each group of ten classes used exactly the same 

course of study. The course materials consisted of two Laboratory 

Blocks developed by the National Science Foundation's team of scien- 

tists and educators. The two Laboratory Blocks were Plant Growth 

and Development and Animal Growth and Development. The course 

material was the same, the teaching methods were different. 
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Students in the laboratory- centered and lecture- demonstration- 

centered classes were subdivided according to the I. Q. score that was 

obtained from each student early in December 1964. L Q. groups 

were: 80 -109; 110 -119; 120 -129; 130 -139. 

The test used to determine significant gain of mean scores was 

the t test. If the t test indicated no level of significance, it was as- 

sumed that the gain could have occurred by chance. On the other 

hand, if the t test indicated a significant gain in the mean scores, 

the gain was significant and did not occur by chance. It may be in- 

ferred that the gain was the result of the instructional method. 

The test of variance was the F test. If the F value was in excess 

of five percent level, it was not considered to be significant. If the 

variance showed an increase from pre -test to post -test and signifi- 

cant at the five percent level, the increase indicated that better pro- 

visions were available for the needs of each individual. Conversely, 

a significant decrease in variability indicated that there were factors 

that prevented all individuals from developing to their capacity. 

Null Hypothesis 1. There is no difference in change in critical 

thinking between students in laboratory- centered and lecture - 

demonstration- centered patterns of instruction in high school biology 

as determined by the Cornell Test of Critical Thinking, Form X. 

Null Hypothesis 2. There is no difference in change in critical 
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thinking between students in laboratory- centered and lecture - 

demonstration- centered patterns of instruction in high school biology 

as determined by the Watson- Glaser Critical Thinking Appraisal, 

Form Ym. 

Two reliable critical thinking . tests were chosen to test these null 

hypotheses. Students in each of the laboratory- centered classes and 

lecture- demonstration - centered classes were administered these 

tests as pre -tests early in December 1964, just prior to beginning 

the classroom activities. The same two tests were administered to 

the same students early in May 1965, as post- tests. The two tests that 

were used as pre -tests and post -tests were the Cornell Test of Cri- 

tical Thinking, Form X, and the Watson -Glaser Critical Thinking 

Appraisal, Form Ym. 

Students in the laboratory- centered classes scored an overall 

mean on the Cornell Test of Critical Thinking, Form X, of 33. 53 

as pre- tested and a mean score of 39. 65 as a post -test. The mean 

difference or gain was 6..12.. The obtained t was 11.41 significant at 

the O. 5 percent level. 

Students in the lecture -demonstration- centered classes scored 

an overall mean on the same test of 32. 80 as a pre -test mean and a 

mean score of 31.91 as a post -test. The mean difference or gain 

was -0. 89. The obtained t of 1.49 was not significant. 

There was no significant increase or decrease in variance scores 
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from pre -test to post -test in either the laboratory- centered or lecture- 

demonstration-centered classes. 

Table XXI shows a comparison of mean scores pre- and post -test, 

mean difference and obtained t for both laboratory- centered and lec- 

ture- demonstration -centered classes. The I. Q. stratification was 

the method of indicating the differences. 

Students in the laboratory- centered classes scored an overall 

mean on the Watson- Glaser Critical Thinking Appraisal, Form Ym, of 

62. 22 as pre -test and a mean score of 65. 38 as a post -test. The mean 

difference or gain was 3. 16.. The obtained t was 6. 39 significant at 

the 0. 5 percent level. 

Students in the lecture- demonstration- centered classes scored 

an overall mean on the same test of 61.02 as a pre -test and a mean 

score of 60. 00 as a post -test mean. The mean difference or gain was 

-1.02. The obtained t was 2. 32 and significant at the five percent 

level. 

The variance both increased and decreased from pre -test to post- 

test for both laboratory -centered classes and lecture- demonstration- 

centered classes. I. Q. group 80 -109 in the laboratory- centered 

classes was the only significant gain at the one percent level. I. Q. 

groups 110 -119 and 80 -109 in the lecture- demonstration- centered 

classes showed significant increases in variance at the one percent 

and five percent level respectively. 
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TABLE XXI. COMPARISON - LABORATORY - CENTERED CLASSES 
AND LECTURE -DEMONSTRATION - CENTERED CLAS- 
SES, CORNELL TEST OF CRITICAL THINKING, FORM 
X. 

Type of Class I. Q. 
Pre -test 

Mean 
Post -test 

Mean Difference t 

Laboratory 
Centered 130 - 139 52.75 58.12 5.37 3.87d 

Lecture - 
Demonstr Demonstration 
Centered 130 - 139 50.00 52.00 2.00 0.28 

Laboratory 
Centered 120 129 47. 10 51.93 4.83 4.83 

d 

Lecture - 
Demonstration 
Centered 120 - 129 45.07 45. 10 0.03 0. 10 

Laboratory 
Centered 110 - 119 38.54 43.93 5.39 6.98d 

Lecture - 
Demonstration 
Centered 110 - 119 40. 18 37.06 -3.12 0.97 

Laboratory 
Centered 80 - 109 26. 38 33.29 6.91 8.63d 

Lecture - 
Demonstr ation 
Centered 80 - 109 27. 78 27. 61 -0. 17 0.72 

d Significant 0. 5 percent level. 

- 
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Table XXII shows a comparison of mean score pre- and post -test, 

mean difference and obtained t for both laboratory- centered and lecture- 

demonstration- centered classes. The I. Q. stratification was the 

method of indicating the difference. 

The results of these two tests indicate that the mean gains from 

pre -test to post -test for the laboratory- centered patterns of instruc- 

tion are significant. None of the gains in the lecture- demonstration- 

centered patterns of instruction was significant. 

Based upon the analysis of data collected, it seems appropriate 

to reject hypotheses number 1 and 2. 

Null Hypothesis 3. There is no difference in change in under- 

standing science between students in laboratory- centered and lecture - 

demonstration- centered patterns of instruction in high school biology. 

The test Test on Understanding Science was chosen to test this 

null hypothesis. Students in each of the laboratory- centered classes 

and lecture-demonstration-centered classes were administered this 

test as pre -test early in December 1964, just prior to beginning the 

classroom activities. The same test was administered to the same 

students early in May 1965, as post -test. 

Students in the laboratory- centered classes scored an overall 

mean on the Test on Understanding Science, Form W of 29. 80 as 

pre -test and a mean of 32. 25 as a post -test mean. The mean 
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TABLE XXII. COMPARISON - LABORATORY- CENTERED CLASSES 
AND LECTURE - DEMONSTRATION- CENTERED 
CLASSES, WATSON -GLASER CRITICAL THINKING 
APPRAISAL, FORM YM 

Type of Class I, Q. 
Pre -test 

Mean 
Post -test 

Mean Difference t 

Laboratory 
Centered 130 - 139 81. 50 83. 00 1.50 2.11a 

Lecture - 
Demonstration 
Centered 130 - 139 80. 50 81. 00 0. 50 0. 14 

Laboratory 
Centered 120 - 129 73. 97 76. 49 2. 52 2. 75c 

Lecture - 
Demonstration 
Centered 120 - 129 69. 27 69. 26 -0. 01 0. 73 

Laboratory 
Centered 110 - 119 65. 62 68. 47 2. 85 3. 51d 

Lecture - 
Demonstration 
Centered 110 - 119 65. 27 64. 58 -0. 69 1. 00 

Laboratory 
Centered 80 - 109 56, 30 59. 88 3. 58 6. 34d 

Lecture - 
Demonstration 
Centered 80 - 109 57.48 56.52 -0.96 0.10 

a Significant 5 percent level, b Significant 2. 5 percent level, 
c Significant 1 percent level, d Significant 0. 5 percent level. 

- 
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difference or gain was 2.45. The obtained t was 6. 74 significant at 

the 0. 5 percent level. 

Students in the lecture- demonstration -centered classes scored 

an overall mean on the same test of 28. 42 as a pre -test and a mean 

score of 29. 21 as a post -test mean. The mean difference or gain was 

0. 79. The obtained t was 2. 46 significant at the five percent level. 

The variance increased at each I. Q. group level. Group 130 - 

139 obtained an F value of 0. 01, significant at the 0. 5 percent level, 

group 120 - 129 obtained an F value of 0. 21, significant at the 0. 5 

percent level, group 110 - 119 increased the variance from pre -test 

to post -test, but it was not a significant gain, group 80 - 109 obtained 

an F value of 0. 47, significant at the 0. 5 percent level. There were 

both increases and decreases in variance from pre -test to post -test 

in the lecture- demonstration -centered classes. The increase and de- 

creases were so slight that none of them was considered significant. 

Table XXIII shows a comparison of mean scores pre- and post- 

test, mean difference and obtained t for both laboratory -centered and 

lecture- demonstration- centered classes. The I. Q. stratification was 

the method of indicating the difference. 

The results of this test indicate that the mean gain from pre -test 

to post -test for the laboratory- centered classes were all significant. 

Three of the four I. Q. stratifications showed an increase in variance 

from pre -test to post -test all at the 0. 5 percent level of significance. 
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TABLE XXIII. COMPARISON - LABORATORY - CENTERED CLASSES 
AND LECTURE- DEMONSTRATION CENTERED 
CLASSES, TEST ON UNDERSTANDING SCIENCE, 
FORM W. 

Type of Class I. Q. 
Pre -test 

Mean 
Post -Test 

Mean Difference t 

Laboratory 
Centered 130 - 139 41. 50 44.37 2. 87 2. 34a 

Lecture - 
Demon s tr ati on 
Centered 130 - 139 44. 00 44. 50 0. 50 0. 33 

Laboratory 
Centered 120 - 129 36. 53 39.40 2.87 3. 93 

c 

Lecture - 
DeDemonstration 
Centered 120 - 129 34.40 36.00 1. 60 1.44 

Laboratory 
Centered 110 - 119 31. 13 33. 53 2.40 4. 52c 

Lecture - 
Demonstration 
Centered 110 - 119 31. 14 32. 20 1.06 1. 90 a 

Laboratory 
Centered 80 - 109 26. 66 28.99 2.33 4. 33 

c 

Lecture - 
Demonstration 
Centered 80 - 109 26. 25 26.81 0. 56 1.78 a 

a Significant at 5 percent level, b Significant at 2. 5 percent level, c 

Significant at 1 percent level, d Significant at 0. 5 percent level. 
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The overall gain in mean from pre -test to post -test in the lecture - 

demonstration- centered patterns of instruction did show a significance 

at the five percent level. The increase of mean score from pre- to 

post -test at I. Q. group 80 - 109 showed a significant increase at the 

five percent level. 

Based upon the analysis of data collected, it seemed appropriate 

to reject null hypothesis 3. 

Null Hypothesis 4. There is no relationship between change in 

critical thinking, as determined by the Cornell Test of Critical Think- 

ing Form X, and change in understanding science. 

Null Hypothesis 5. There is no relationship between change in 

critical thinking, as determined by the Watson -Glaser Critical Think- 

ing Appraisal, Form Ym and change in understanding science. 

A correlation was calculated to determine the relationship of 

change in mean scores from pre -test to post -test between the Cornell 

Test of Critical Thinking, Form X, and the Test on Understanding 

Science, Form W. For the group as a whole the pre -test correla- 

tion was 0. 51, for the post -test the correlation was 0.. 55. Each cor- 

relation was significant at the one percent level. 

A correlation was calculated to determine the relationship of 

change in mean score from pre -test to post -test between the Watson - 

Glaser Critical Thinking Appraisal, Form Ym, and the Test on 
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Understanding Science, Form W. For the group as a whole the pre- 

test correlation was 0. 54, for the post -test the correlation was 0. 58, 

significant at the one percent level. A summary of the results is 

shown in Table XXIV. 

Table XXIV. CORRELATION BETWEEN CORNELL TEST OF CRI- 
TICAL THINKING, FORM X, AND TEST ON UNDER- 
STANDING SCIENCE, FORM W; ALSO BETWEEN 
WATSON- GLASER CRITICAL THINKING APPRAISAL, 
FORM YM, AND TEST ON UNDERSTANDING SCIENCE, 
FORM W. 

Tests 
Correlation Correlation 

Pre -test Post -test 

Cornell Test of Critical Thinking 
and Test on Understanding Science 0. 51c 0. 55c 

Watson -Glaser Critical Thinking 
Appraisal and Test on Understanding 
Science 0. 54c 0. 58c 

c Significant at the one percent level. 

Table XXIV indicates that all of the correlations determined 

between the Cornell Test on Critical Thinking and the Test on 

Understanding Science were considered moderate correlations but 

substantial relationships. (Guilford 33, p. 145). The same was 

true for the correlation between the Watson -Glaser Critical Thinking 

Appraisal and the Test on Understanding Science. 

Correlations determined on both pre- and post -tests showed an 

increase in the post -test correlation. From the results of the 
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correlation and concurrence by the Department of Statistics at Oregon 

State University there appears to be a relationship between the change 

in critical thinking and change in understanding science. 

Based upon the analysis of data collected, it seemed appropriate 

to reject null hypotheses 4 and 5. 

Null Hypothesis 6. There is no relationship between student's 

mental ability and change in critical thinking as determined by the 

Cornell Test of Critical Thinking Form X. 

Null Hypothesis 7. There is no relationship between student's 

mental ability and change in critical thinking as determined by the 

Watson -Glaser Critical Thinking Appraisal, Form Ym. 

A correlation was calculated to determine the relationship of 

change in mean scores from pre -test to post -test between the Cornell 

Test of Critical Thinking and the Otis Quick Scoring Mental Ability 

Test, Form Am. A similar type of correlation was also calculated 

between the Watson -Glaser Critical Thinking Appraisal, Form Ym, 

and the Otis Quick Scoring Mental Ability Test, Form Am. 

For the group as a whole the pre -test correlation between the 

Cornell Test of Critical Thinking and the Otis Quick Scoring Mental 

Ability Test was 0. 67, for the post -test the correlation was 0. 60. 

Each correlation was significant at the one percent level. 

For the group as a whole the pre -test correlation between the 
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Watson -Glaser Critical Thinking Appraisal, Form Ym, and the Otis 

Quick Scoring Mental Ability Test, Form Am, was 0. 65 and for the 

post -test the correlation was 0. 61. Each correlation was significant 

at the one percent level. A summary of the results is shown in Table 

XXV. 

TABLE XXV. CORRELATIONS BETWEEN CORNELL TEST OF CRI- 
TICAL THINKING, FORM X, AND OTIS QUICK SCOR- 
ING MENTAL ABILITY TEST, FORM AM; ALSO BE- 
TWEEN WATSON- GLASER CRITICAL THINKING AP- 
PRAISAL, FORM YM, AND OTIS QUICK SCORING 
MENTAL ABILITY TEST, FORM AM. 

Tests 
Correlation Correlation 

Pre -test Post -test 

Cornell Test of Critical Thinking 
and Otis Quick Scoring Mental 
Ability Test . 67 . 60c 

c 

Watson -Glaser Critical Thinking 
Appraisal and Otis Quick Scoring 
Mental Ability Test . 65 . 61c 

c 

c Significant at the one percent level. 

Table XXV indicates that all of the correlations determined be- 

tween the Cornell Test of Critical Thinking and the Otis Quick Scoring 

Mental Ability Test were considered from high - moderate correlation 

to moderate correlation. The correlations showed relationship enough 

to be considered substantial. The same was true for the correlation 

between the Watson -Glaser Critical Thinking Appraisal and the Otis 

Quick Scoring Mental Ability Test. 
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Correlations determined on both pre - and post -test showed a de- 

crease in the post -test correlation. 

From the results of the correlation and concurrence by the De- 

partment of Statistics at Oregon State University there appeared to be 

no relationship between.the student's mental ability and change in cri- 

tical thinking. 

Based upon the analysis of data collected, it seemed appropriate 

to accept null hypotheses 6 and 7. 

Null Hypothesis 8. There is no relationship between student's 

mental ability and change in understanding science. 

A correlation was calculated to determine the relationship of 

change in mean scores from pre -test to post -test between the Otis 

Quick Scoring Mental Ability Test, Form Am, and the Test on Under- 

standing Science, Form W. 

For the group as a whole the pre -test correlation was . 60 for the 

post -test it was . 57. Both correlations were significant at the one 

percent level. A summary of the results is shown in Table XXVI. 

Table XXVI indicates that there was a decrease in correlation 

from pre -test to post -test. From the results of the correlation and 

concurrence by the Department of Statistics at Oregon State Univer- 

sity there appeared to be no relationship between the student's mental 

ability and change in understanding science. Based upon the analysis 
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TABLE XXVI. CORRELATIONS BETWEEN OTIS QUICK SCORING 
MENTAL ABILITY TEST, FORM AM, AND THE TEST 
ON UNDERSTANDING SCIENCE, FORM W. 

Tests 
Correlation Correlation 

Pre -test Post -test 

Otis Quick Scoring Mental Ability 
Test and Test on Understanding 
Science . 60 . 57 

c c 

c Significant at one percent level. 

of the data collected, it seemed appropriate to accept null hypothesis 

8. 

Null Hypothesis 9. There is no difference in change in dogmatism 

(open and closed -mindedness) between students in laboratory- centered 

and lecture -demonstration- centered patterns of instruction in high 

school biology. 

The Rokeach Dogmatism Scale, Form E was chosen to test this 

null hypothesis. Students in each of the laboratory -centered classes 

and lecture - demonstration - centered classes were administered this 

test as pre -test early in December 1964, just prior to beginning the 

classroom activities. The same test was administered to the same 

students early in May 1965, as post -test. 

Students in the laboratory- centered classes scored an overall 

mean on the Dogmatism Scale, Form E, of 169. 45 as pre -test mean 

and a mean of 161.92 as a post -test mean. The mean difference or 
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gain was -7. 53. The obtained t was 7. 12 significant at the 0. 5 per- 

cent level. 

Students in the lecture- demonstration- centered classes scored 

an overall mean on the same test of 168. 89 as a pre -test and a mean 

score of 168. 41 as a post -test mean. The mean difference or gain 

was -0. 48, 

Table XXVII shows a comparison of mean scores pre- and post- 

test mean difference and obtained t for both laboratory -centered and 

lecture- demonstration -centered classes. The I. Q. stratification was 

the method of indicating the differences. 

The variance decreased in the laboratory- centered classes at 

I. Q. group 130 - 139 and 80 - 109 showing an obtained F score of 

5. 64, significant at the 2. 5 percent level and 8. 89, significant at the 

0. 5 percent level respectively. The remaining I. Q. groups increased 

their score, but not significantly. 

In the lecture- demonstration- centered classes only one de- 

crease in variance from pre -test to post -test was significant. The 

I. Q. group 80 - 109 obtained an F score of 1. 72 significant at the 

one percent level. All other I. Q. groups both increased and de- 

creased, but at no significant level. 

A high score on the Dogmatism Scale indicates closed- minded- 

ness, whereas, a low score indicates open -mindedness. To show a 

gain from dogmatic to nondogmatic the mean score must show a decrease. 
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TABLE XXVII. COMPARISON - LABORATORY CENTERED CLASSES 
AND LECTURE -DEMONSTRATION CENTERED 
CLASSES ROKEACH'S DOGMATISM SCALE, FORM 
E. 

Type of Class I. Q. 
Pre -test 

Mean 
Post -test 

Mean Difference t 

Laboratory 
Centered 130 - 139 142.00 141.87 -0. 13 0.01 

Lecture - 
Demonstr ation 
Centered 130 - 139 153. 50 143.00 -10.50 0.23 

Laboratory 
Centered 120 - 129 163. 15 156.87 -6. 28 6. 89 c 

Lecture - 
Demonstration 
Centered 120 - 129 156.73 155.46 -1. 27 0. 47 

Laboratory 
Centered 110 - 119 166.91 159.89 -7.02 3.07 

c 

Lecture - 
Demonstration 
Centered 110 - 119 165.46 164.18 -1. 28 0. 29 

Laboratory 
Centered 80 - 109 173.78 165.29 -8.49 5. 65c 

Lecture - 
Demonstration 
Centered 80 - 109 172. 29 172.36 0.7 1. 54 

a Significant at 5 percent level, b Significant at 2. 5 percent level, c 

Significant at 1 percent level, d Significant at 0. 5 percent level. 

c 
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The results of this test indicate that the mean gains from pre- 

test to post -test in the laboratory- centered classes were significant 

at all I. Q. group levels except I. Q. group 130 - 139. The latter I. Q. 

group showed very little difference between pre -test and post -test 

scores, but the means obtained on both tests were low enough to equal 

the mean scores of the nationally standardized Dogmatism Scale 

scores. Even though the other I. Q. groups showed a significant gain 

from pre -test to post -test, none of them was at the level of the nation- 

ally standardized Dogmatism Scale score. There was no significant 

gain in means from pre -test to post -test in any of the I. Q. groups in 

the lecture -demonstration -centered classes. 

Based upon the analysis of data collected, it appeared that there 

was a change in dogmatism from pre -test to post -test in the students 

participating only in the laboratory- centered classes. Based upon the 

data collected, it appeared appropriate to reject null hypothesis num- 

ber 9. 

Summary 

The main objective of this study was to analyze change in critical 

thinking skills between students in laboratory- centered and lecture - 

demonstration- centered patterns of instruction in high school biology. 

The null hypothesis held for each comparison was that critical think- 

ing skills were independent of the instructional method, and that, 
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therefore, the mean achievement of students taught by these methods 

is equal, regardless of instruction. 

Results of the analysis of each null hypothesis are based upon 

reliable testing instruments, randomly selected students, an accept- 

able number of classes taught using the two patterns of instruction 

equally, and acceptable statistical procedures. 

A summary of each null hypothesis is stated below. 

1. There is no difference in change in critical thinking between 

students in laboratory- centered and lecture- demonstration- 

centered patterns of instruction in high school biology as de- 

termined by the Cornell Test of Critical Thinking, Form X. 

2. There is no difference in change in critical thinking between 

students in laboratory- centered and lecture- demonstration- 

centered patterns of instruction in high school biology as de- 

termined by the Watson -Glaser Critical Thinking Appraisal, 

Form Ym. 

Based upon an analysis of data collected, it seemed appropriate 

to reject null hypotheses 1 and 2, 

3. There is no difference in change in understanding science 

between students in laboratory- centered and lecture- demon- 

stration -centered patterns of instruction in high school 

biology. 

Based upon an analysis of data collected, it seemed appropriate 
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to reject null hypothesis 3. 

4. There is no relationship between change in critical thinking, 

as determined by the Cornell Test of Critical Thinking Form 

X, and change in understanding science. 

5. There is no relationship between change in critical thinking, 

as determined by the Watson -Glaser Critical Thinking Ap- 

praisal, Form Ym and change in understanding science. 

Based upon an analysis of data collected, it seemed appropriate 

to reject null hypotheses 4 and 5. 

6. There is no relationship between student's mental ability and 

change in critical thinking as determined by the Cornell Test 

of Critical Thinking Form X. 

7. There is no relationship between student's mental ability and 

change in critical thinking as determined by the Watson -Glaser 

Critical Thinking Appraisal, Form Ym. 

Based upon the analysis of data collected, it seemed appropriate 

to accept null hypotheses 6 and 7. 

8. There is no relationship between student's mental ability and 

change in understanding science. 

Based upon an analysis of data collected, it seemed appropriate 

to accept null hypothesis 8. 

9. There is no difference in change in dogmatism (open and 

closed mindedness) between students in laboratory- centered 



117 

and lecture- demonstration - centered patterns of instruction 

in high school biology. 

Based upon an analysis of data collected, it seemed appropriate 

to reject null hypothesis 9. 
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CHAPTER V 

SUMMARY, CONCLUSIONS, RECOMMENDATIONS 

Summary 

This study was designed to analyze change in critical thinking 

skills between students in laboratory- centered and lecture- demonstra- 

tion -centered patterns of instruction in high school biology during the 

1964 -1965 school year. The null hypothesis held for each comparison 

was that critical thinking skills were independent of instructional 

method, and that, therefore, the mean gain in critical thinking of stu- 

dents taught by these methods is equal, regardless of instruction. 

Twenty biology classes were randomly selected from the four 

senior high schools in the Salt Lake City School District. Class en- 

rollments ranged from nine students in the smallest class to thirty - 

six in the largest. Of the twenty classes selected, ten were randomly 

selected and taught by lecture- demonstration -centered patterns of 

instruction; the remaining ten classes were taught by laboratory - 

centered patterns of instruction. 

Sixteen teachers taught the twenty classes. Two teachers each 

taught three classes by lecture -demonstration- centered patterns of 

instruction. Each remaining class was taught by one teacher. 

To provide a common area of instruction for the lecture- 
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demonstration- centered and laboratory- centered classes, two labora- 

tory blocks Plant Growth and Development and Animal Growth and 

Development were selected. The instruction began the first week of 

January 1965 and concluded late in May 1965. 

Students were pre- tested in December 1964 to control scholastic 

abilities and relevant knowledge. Tests utilized were: Otis Quick 

Scoring Mental Ability Test, Form Am, Cornell Test of Critical 

Thinking, Form X, Watson -Glaser Critical Thinking Appraisal, Form 

Ym, Rokeach's Dogmatism Scale, Form E, and the Test on Under- 

standing Science, Form W, 

Post -testing was conducted in May 1965 with the exception of 

the Otis Test, to determine student gains. 

The Cornell Test of Critical Thinking and the Watson- Glaser 

Critical Thinking Appraisal sampled the student's critical thinking 

skills, The analysis indicated for the laboratory- centered classes an 

overall mean score gain from pre -test to post -test on the Cornell 

Test of Critical Thinking of 6. 12, The obtained t was 11. 41, signi- 

ficant at the 0. 5 percent level. For the same group of students 

the Watson -Glaser Critical Thinking Appraisal showed an overall 

gain in mean score of 3. 16. The obtained t was 6. 39 significant at 

the 0. 5 percent level. 

For the lecture -demonstration -centered classes an overall mean 

score gain from pre -test to post -test on the Cornell Test of Critical 
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Thinking was -0.89. The obtained t of 1. 49 was not significant. 

For the same group of students the Watson -Glaser Critical Thinking 

Appraisal showed a mean score gain from pre -test to post -test of 

-1, 02 . The obtained t was significant at the five percent level. 

The variance both increased and decreased from pre -test to 

post -test, for both laboratory -centered classes and lecture- demon- 

stration -centered classes. Only students with I. Q. s below 120 

showed any type of increase in variance that was significant. 

The results of these tests indicate that the mean gains from pre- 

test to post -test for the laboratory- centered patterns of instruction 

were significant at the 0. 5 percent level, None of the gains in the 

lecture -demonstration- centered patterns of instruction was signifi- 

cant. 

The Test on Understanding Science sampled the student's under- 

standing of science. The analysis indicated for the laboratory - 

centered classes an overall mean score gain from pre -test to post- 

test on the Test on Understanding Science of 2. 45. The obtained t 

was 6. 74 significant at the O. 5 percent level. 

The analysis for the lecture- demonstration- centered classes in- 

dicated an overall mean score gain from pre -test to post -test on 

the Test on Understanding Science of 0, 79. The obtained t was 

2. 46 significant at the five percent level. 

The variance increased at each I. Q. group level for the 
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laboratory- centered classes. All increases were significant on the 

F test at the O. 5 percent level. There were both increases and de- 

creases in variance from pre -test to post -test in the lecture - 

demonstration- centered classes. The increase and decreases were 

slight. None were significant. 

The results of the Test on Understanding Science indicated that 

the mean gain from pre -test to post -test for the laboratory- centered 

classes were significant at the O. 5 percent level. The overall gain 

in mean scores from pre -test to post -test was significant at the five 

percent level in the lecture -demonstration- centered classes. 

The Dogmatism Scale, Form E, sampled the student's open - 

and closed- mindedness. The analysis indicated for the laboratory - 

centered classes an overall mean score gain from pre -test to post- 

test of -7, 53, The obtained t was 7, 12 significant at the 0, 5 

percent level. On the same test for the lecture- demonstration- 

centered classes the overall mean score gain from pre -test to post- 

test was -O. 48. This change was not significant. 

The variance for the laboratory- centered classes decreased to 

give F values of 5. 64, significant at the 2. 5 percent level and 8. 89, 

significant at the 0.5 percent level, for I.Q. groups 130 - 139 and 80 - 89 

respectively. 

The variance both decreased and increased in the lecture - 

demonstration- centered classes, but they were not significant. 
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The results of this test indicated that the mean gains from 

pre -test to post -test in the laboratory -centered classes were signifi- 

cant. Whereas, the mean gains in the lecture- demonstration- 

centered classes were not significant. 

Conclusions 

The following conclusions are drawn from the data presented 

in this investigation. 

1. Evidence was obtained indicating a significant difference 

in change in critical thinking between students in labora- 

tory- centered and lecture- demonstration -centered patterns 

of instruction in high school biology. 

The change in critical thinking of students in the 

laboratory- centered patterns of instruction was significant 

at all levels of intelligence. 

2. Evidence was obtained indicating a significant difference 

in change in understanding science between students in 

laboratory -centered and lecture- demonstration -centered 

patterns of instruction in high school biology. 

The change in understanding science of students in the 

laboratory- centered patterns of instruction was significant 

at all levels of intelligence at the 0. 5 percent level. 

There was no significant change in understanding science 

of students in the lecture- demonstration- centered patterns cf 
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instructions. 

3. Evidence was obtained indicating a moderate correlation, but 

substantial relationship between change in critical thinking 

and change in understanding science in both instructional pat- 

terns. 

4. Evidence was obtained to indicate that there was no relation- 

ship between student's mental ability and gain in critical 

thinking. Students with high mental ability made higher scores 

on critical thinking tests than those with lower mental ability, 

but the amount of increase in test scores at the higher mental 

ability level was approximately equal to the amount of in- 

crease in test scores at all lower mental ability levels. Men- 

tal ability was not directly related to change in critical think- 

ing. 

5. Evidence was obtained to indicate that there was no relation- 

ship between student's mental ability and change in understand- 

ing science. Students with high mental ability made higher 

scores on the Test on Understanding Science than did the stu- 

dents with lower mental ability, but the amount of gain in test 

scores at the higher mental ability level was approximately 

equal to the amount of gain in test scores at all lower mental 

ability levels. Mental ability was not directly related to 

change in understanding science as revealed in this study. 
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6. Evidence was obtained indicating a significant difference in 

change in dogmatism between students in laboratory- centered 

and lecture- demonstration- centered patterns of instruction in 

high school biology. 

The change in dogmatism of students in the laboratory - 

centered patterns of instruction was significant at all levels 

of intelligence at the O. 5 percent level. 

Students with high mental ability showed very little change 

in dogmatism. They scored low on the Dogmatism Scale when 

tested, thus they remained open- minded. 

The higher the mental ability of the student, the less dog- 

matic he was. Conversely, the lower the mental ability of 

the student the more dogmatic he was. 

The amount of change in dogmatism at each level of men- 

tal ability was approximately equal. The evidence seemed to 

indicate that the amount of change in dogmatism was not di- 

rectly related to mental ability. 

The evidence to support the above statement pertains 

only to students taught in the laboratory- centered patterns of 

instruction in high school biology. 

Recommendations 

On the basis of data contained in this study it is recommended: 
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1. Biology teachers should: 

a. Seek and develop an understanding of critical thinking skills. 

b. Become familiar with and put into practice laboratory - 

centered patterns of instruction. 

c. Become familiar with and use effectively curricular material 

such as or similar to the Biological Sciences Curriculum 

Study Laboratory Blocks. 

2. Public school administrators should: 

a. Initiate and support inservice training for teachers of biology 

to increase their understanding about: 

(1) Critical thinking. 

(2) Laboratory- centered patterns of instruction. 

(3) Handling special equipment and supplies that may be 

used in the classroom or laboratory. 

b. Initiate and support a biology curriculum that lends itself to 

laboratory - centered patterns of instruction. 

c. Provide biology laboratories equipped with adequate equip- 

ment, supplies, and supplementary reading materials so that 

teachers may carry out effective laboratory- centered patterns 

of instruction. 

3. Directors of teacher personnel should: 

a. Encourage the employment of biology teachers with adequate 

background in chemistry, physics, mathematics, and many 
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of the sub -sciences of biology. 

b. Insist that in renewing teaching certificates credit for biology 

teachers be obtained in the biological sciences or related 

areas. 

4. Science educators in teacher educational institutions should: 

a. Introduce their prospective science teachers to the concept of 

critical thinking. 

b. By example teach classes in methodology using laboratory 

centered patterns of instruction. 

c. Provide each prospective science teacher the opportunity to 

use his skill of critical thinking in the classroom. 

5. Consideration should be given to the completion of the following 

studies: 

a. A study should be conducted to identify specific methods or 

techniques that might be used to effectively teach critical 

thinking. 

b. A study should be conducted to determine effective ways of 

teaching critical thinking skills, as an inservice program, 

to teachers in the classroom. 

c. A study should be conducted to determine the degree of simi- 

larity of critical thinking skills between students in lower 

elementary school, upper elementary school, junior high 

school and senior high school. 

- 
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