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AN EVALUATION OF THE OUTCOMES Œ  A GENERAL PHYSICAL SCIENCE

COURSE WITH RESPECT TO SPECIFIC OBJECTIVES

CHAPTER I 

INTRODUCTION

The ability to think critically has long been recognized as a 

desirable educational objective; in fact, the development of that abil

ity is recognized as a major goal of instruction. If a course of study 

aims to provide educational experiences which will develop the ability 

to think critically, then in order to evaluate the effectiveness of this 

course of study we must secure evidence as to whether or not this de

sired growth on the part of students is taking place. Critical thinking 

may be defined as the ability to exercise a reasoned opinion involving 

careful judgment and to make correct assessments of statements. As a 

general education objective, critical thinking is not limited to course 

content, rather it is regarded as an outcome which should be provided by 

all the activities and problems in which the individual becomes involved.

An evaluation of the effectiveness of the entire curriculum in 

developing in students the ability to think critically is extremely dif

ficult. The practical approach to this evaluation is to determine the 

contribution each field in the curriculum makes to the achievement of 

this general purpose.
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The Problem

The purpose of this study is to determine the effectiveness of 

the college level general physical science course with respect to im

proving student ability to think critically* In conversations with 

teachers, the objectives of the course moat commonly mentioned is the 

acquisition of factual subject matter which is usually in the form of 

memorized laws and principles* The development of scientific attitudes 

and the habits and skills characteristic of reflective thinking are ma

jor objectives of all sciences, and the course in general physical sci

ence can provide an excellent opportunity to-develop the ability to think 

critically* In this study it is desired to determine how well the abil

ity to think critically has been developed through the completion of a 

one-semester course in general physical science as taught in the state 

colleges of Oklahoma*

There are several ways in which an evaluation of the outcomes of 

a field of study may be made* Two of those methods are by the use of ob

jective tests and by a survey of student opinion* The test will measure 

directly a given trait or achievement, while the survey will reveal or 

indicate whether or not, in the opinion of students, certain objectives 

are being achieved* Although the opinion of students is subject to the 

criterion of non-objectivity, it still is an indication of the direction 

in which a course is moving* Students are able to recognize whether or 

not the course requires them to do more than to memorize* That in it

self is a general evaluation of a course and gives an indication as to 

whether or not the course provides opportunities for the student to de

velop the skill of critical thinking*
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Need and Importance of the Study 

This study on the effectiveness of general physical science as 

related to the development of critical thinking is of importance and in

terest for the following reasons:

1« The effectiveness of the general physical science course at 

the college level is of interest to many people in the various disci

plines of science. From the inception of the course as a part of general 

education, there have been those individuals in areas such as chemistry 

and physics who have felt that a non-laboratory course could not present 

the concepts, the principles, and the understandings that could be ob

tained from a semester course in any given physical science discipline. 

They believed that the general physical science course would be a very 

shallow survey, a watered-down version of some basic course or courses 

which would be due to the emasculation of laboratory experiences. Then 

there are those who feel that a survey-type course, resorting to con

siderable demonstrations and problem-solving exercises, but which pre

sents the basic concepts and shows the interrelations of science to 

other fields of knowledge, would be of more practical value and contri

bute more to scientific literacy than a limited concentration in a given 

field.

This study will not attempt, philosophically, to resolve this con

flict of opinions, but rather will present evidence as to whether or not 

the general physical science course makes a significant contribution to 

the students* ability to think critically. The study will also present 

evidence of student opinion on the effectiveness of the course with re

spect to the benefits of laboratory e:q>eriences, stimulation of interest in
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science, developing basic understandings of principles and concepts, and 

developing ability to analyze situations and to think critically.

2. The study is inqportant to the investigator as he is presently 

engaged in teaching the general physical science course. In conversa

tions with colleagues, in reading of professional literature, and in 

personal evaluations, the question of the effectiveness of the general 

physical science course has been constantly recurring. Has it been ac

complishing the objectives for which it was established?

Furthermore, science is and has been a topic of concern to laymen 

in recent years. The scientific and technological developments have been 

so numerous and rapid the past decade that the average citizen can 

scarcely expect to keep informed, yet never has there been a time in 

history when so many need to be more broadly educated in science. Many 

college students will acquire their total knowledge of physical science 

through the general physical science course, and it is important to the 

investigator to know whether or not and to what extent the objectives of 

this course are being achieved.

3. It is important to college administrators and to those who 

teach general education courses. General physical science as a part of 

the general education curriculum was introduced more than ten years ago 

as the result of the belief that such an educational experience would 

better fit the needs of many college students than the traditional 

courses in physics, chemistry, or geology then offered in the colleges. 

Such a course lets the student see the integrated whole of physical sci

ence and as such is a vital educational experience for the college 

student.
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Scientific literacy is needed by each member of a culture such 

as ours which is so thoroughly based upon technology and scientific 

endeavor* It is believed that in order to make effective decisions in 

personal, civic, and national affairs, the citizen must have some knowl

edge of the processes and products of science*^ An understanding of the 

major generalizations of science and the associated scientific attitudes 

are most important for the student who will not make an area of science 

his life work. Since college administrators are responsible for the ef

ficiency of teaching and learning in their institutions, they must be 

concerned and they must make sure that the objectives of the courses 

taught and the needs of students are con^atible. The administrator 

must also be concerned that the valid objectives are being achieved.

This study will provide some evidence for evaluating the general physi

cal science course with respect to its contribution to developing in the 

student the ability to think critically. The evidence should be of as

sistance to the administrators in determining whether or not the course 

is justified in terms of student achievement or gain, student and teacher 

time expended and financial e]q>enditures.

Limitations of the Problem 

In evaluating the physical science course, which is an important 

item in the curricula of the Oklahoma state colleges, it seens that a 

study would of necessity include a representative group of students from

It is understood by the investigator that the processes of sci
ence are the attitudes, skills, and procedures of reflective thinking or 
the process of enquiry and a mode of thinking. The products of science 
are understood to be the acquisition of facts and technological applica
tions.
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each of the schools concerned» The decision was made to select at ran

dom a sanq>le of students from two of the colleges concerned, since there 

is no reason to believe that students in the sanqple differ from or are 

not representative of the students in all the state colleges» One part 

of the study was limited to one specific objective and to students from 

Central State College» A second part of the study was limited to stu

dents from two of the schools, i»e» students from Northeastern State 

College at Tahlequah and Central State College at Edmond» Both of the 

schools involved are large enough and diverse enough in student body to 

give an adequate representation of the students enrolled in the state 

colleges» The study was further limited to one specific semester, the 

fall semester of 1964»



CHAPTER II 

HISTORY OF THE PROBLEM

All people need to be educated more broadly than in the area of 

their speciality, and a function of general education is to expose stu

dents to the fundamentals of the disciplines into which modern learning 

is divided* This broad intellectual experience should be common to each 

student regardless of his own intellectual interests and vocational 

goals. The most striking changes in the college curriculum in the past 

twenty-five years have sprung from efforts to complement intellectual 

specialization with an education in the various disciplines adequate to 

understand the complex world in which we live* The achievement of this 

broad intellectual experience has been a purpose of general education*

The general education movement originated as a reaction to over

specialization and departmentalization of the curricula as presented by 

the colleges and universities* T* R* McConnell has observed:

General education is a movement which began as a re-examination of 
the nature and purposes of liberal education and which is leading 
toward, a revitalization of the liberal arts and perhaps to a com
plete reconsideration of the nature of the learning process*

The word "movement^* is well chosen, for the major comnon element 

of various approaches to general education is to be found in the reaction

T* R* McConnell, "General Education: An Analysis," The Fifty-
First Yearbook of the National Society for Study of Education, (Chicago: 
University of Chicago Press, 1952), p. 1*
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against the over-specialization permitted and even encouraged by the 

free elective system and the equally serious narrowness of training cur

rently required in many fields of technical and professional preparation.

The President*s Commission on Higher Education reports that:

**'General education* is a term that has come to be accepted for 
those phases of non-specialized non-vocational learning which should 
be common experiences to all educated men and women.** ̂

Althouÿi there exists a wide range of opinions on what these 

"common experiences^ should be* there is general agreement on the objec

tives of such education. The varying interpretations of a given objec

tive, the varying roles that objectives may play in a program* and the 

very real difficulty in implementing certain objectives* all tend to 

make general education programs and statements of general education ob

jectives less interrelated than might be expected. As stated above* 

there is less disagreement about educational objectives than about the 

means of achieving them. The objectives listed below are illustrative 

of the better and most commonly accepted statements* and were adopted 

by the President's Commission.^

1. "To participate actively as an informed and responsible citizen 
in solving the social* economic* and political problems of one's 
community* state* and nation"

2. "To understand the common phenomena of one's physical environ
ment* to apply habits of scientific thought to both personal and 
civic problems* and to appreciate the implications of scientific 
discoveries for human welfare

3. "To understand the ideas of others and to e]q»ress one's own 
effectively"

^Higher Education for American Democracy*" The Report of the 
President's Commission on Higher Education* (New York: Harper and
Brothers* 19471)* p. 49.

^Ibid.. p. 52.
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4« "To attain a satisfactory emotional and social adjustment"

5. "To understand and enjoy literature, art, music, and other cul
tural activities as expressions of personal and social experiences, 
and to participate to some extent in some form of creative activity"

6. "To acquire and use the skills and habits involved in critical 
and constructive thinking?

Similarity or commonality of objectives does exist between a 

general education program or course and the specialized departmental 

course for which the major aim is preparation for further work in the 

same field. Instruction in any field has usually assumed that knowledge 

of that material would lead students to acquire broader backgrounds, 

relevant skills, attitudes, and points of view. But these latter out

comes were desirable by-products, which were thought to be more or less 

inevitable consequences. With the coming of general education however, 

the emphasis shifted to these other outcomes of attitudes, relevant 

skills, and points of view. To many teachers the question now seemed 

to become not whether students knew science, but rather whether they 

were critical thinkers with proper attitudes.

The introduction of programs of general education raised several 

problems for the teachers. There was general consensus that the teacher 

was now more directly concerned with certain skills, attitudes, and be

liefs than he had been before. No longer able to appraise the success 

of his course and methods of instruction in the traditional manner, of 

scores on subject matter achievement tests, the measure of achievement 

in terms of the objectives of general education became a major issue for 

the teacher.

The commonality of objectives between the courses a department 

provides in general education and the courses provided for departmental
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major# presents a challenge as to whether general education ventures 

achieve the objectives of that area to any greater extent than do 

courses which they replaced. A comparison of educational programs which 

differ in objectives would require that a consideration of their merits 

include not only evidence of achievement of objectives but also an 

evaluation of the worth of these objectives. The latter would involve 

judgments and philosophy which cannot be objectively evaluated. The 

evaluation of all general education in conyarison with specialized 

courses is, practically speaking, an impossible task.

A second aspect of this challenge rests in the diversity of

means used to accomplish the same ends. The nature of this challenge

was clearly stated by Dr. Earl McGrath when he said.

To a large degree these developments known as general education have 
proceeded on the basis of a priori reasoning with little more than 
opinion to back up the assumptions on which they rest. With a few 
striking exceptions little attempt has been made to determine ex
perimentally whether one arrangement of subject matter or one method 
of teaching is better than another or better than the more conven
tional forms and practices.1

One of the previaling objectives of general education has been

that of acquiring the ability for critical thinking and analytical

reasoning. From the beginning of science in the general education move

ment, considerable attention has-been given to the contribution of sci

ence instruction for the promotion of thinking and reasoning as an out

come of such instruction. Although some disagreement has occurred re

garding whether there is such a thing as scientific thinking as a

definite and explicit process, agreement does exist that several kinds

Earl J. McGrath, "The Need for Experimentation and Research," 
General Education in Transition, ed. H. T, Morse, University of Minnesota 
Press (195ÏY, p.” 7.
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of thinking and methods employed by scientists are of sufficient general 

application that they should be encouraged as an objective of science in

struction. The development of a scientific attitude or of analytical 

reasoning would be of little value to a student if it stops with scien

tific phenomena, and cannot be or is not carried on into his post college 

life.

Rogers, who givtj this wotd of advice to his science students,

mentions the outcomes in terms of scientific thinking!

Keep an understanding of science itself. If at some future time 
when you are a business head or major of a town, or what you will, 
you are faced by some problems and you weed out prejudice and humbug 
and say, "Let's experiment," or "Let's review reliable tests," or, 
"Let's consult a qualified expert," the course will have been 
worthwhile."^

The Setting

The official beginning of the general education program at the 

six Oklahoma State Colleges^ was the school year of 1951-52, although 

e3q>erimental classes in general physical science were started two years 

earlier. Much preliminary work was done before this beginning by the 

Intercollege Curriculum Committee of the Oklahoma State Colleges. This 

committee was originally charged with a restudy of the total curriculum, 

however, the developing of the program of general education became a 

major part of their efforts.

Following an extensive study by the Committee with the assist-

Eric M. Rogers, "The Good Name of Science," Accent on Teaching: 
Experiments in General Education, ed. Sidney J. French, (New York!
Harper and Brothers, 1954), p. 183.

^Northeastern at Tahlequah, Southeastern at Durant, East Central 
at Ada, Southwestern at Weatherford, Northwestern at Alva, and Central 
State at Edmond.
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ance of representatives from the different schools, recommendations were 

made to the Council of Presidents of the colleges. This Council approved 

the recommendations and submitted these to the State Board of Regents of 

Oklahoma Colleges. On April 26, 1952, the Board of Regents adopted a 

resolution establishing general education as a part of the curriculum 

of all six state colleges.*

Prior to the adoption of the general education program by the 

state colleges, students in all the state colleges were required to take 

a four-hour course in any one of the physical sciences. For most stu

dents, however, this requirement could be satisfied only by a course in 

physics or chemistry. Under the general education plan, a four-hour 

course in general physical science, which introduces astronomy, geology, 

physics, and chemistry fulfills this requirement. For all practical 

purposes this course is a requirement for all students except those ma

joring in science, pre-medicine, or pre-engineering. Of course the stu

dent may elect to take four hours of chemistry or four hours of physics 

in lieu of this requirement, however, few students take that route.

This non-laboratory course which is drawn from and relates the 

physical science disciplines was placed in the curriculum of the state 

colleges with the expectation that non-science oriented students would 

benefit more from it than from an introductory course in physics or in 

chemistry. The general physical science course, as taught in the state 

colleges of Oklahoma, is predominately a lecture-demonstration type of 

course. The absence of laboratory experiences from the general physical

^Oklahoma State Regents for Higher Education. A Resolution Regu
lating the Curricula ot the Six State Colleges, adoptedlnpril 26, 1952.
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science course has been considered by many as perhaps its chief weak

ness. The laboratory is the heart of science or perhaps even the heart 

of the educative process. The large size of classes and the lack of 

laboratory facilities, however, tend to discourage the use of methods 

other than lecture and demonstration.

Since its inception in 1952, no concentrated effort has been made 

to ascertain whether or not the objectives of the general physical sci

ence course are being attained. Faculty study groups at Central State 

College and at other state schools have investigated the general educa

tion program in terms of certification of teachers, but not specifically 

in terms of evaluation of the objectives of a course such as general 

physical science. All available information in regard to evaluation of 

the course has been the opinions of college teachers and college adminis

trators. Nothing has been done with respect to testing whether or not 

students were achieving the objectives, or in sampling student opinion to 

see whether or not the consumers of the course feel it is accomplishing 

the desired outcomes. (See Table 2)

Review of Related Research 

Until recently, evaluation of instruction in science was largely 

in terms of scores on factual type examinations both subjective and ob

jective. The Commission on Secondary School Curriculum^ pointed out the 

need and suggested techniques to accomplish the evaluation of success 

relative to objectives other than those which were content centered.

^Commission of Secondary School Curriculum of the Progressive 
Education Association, Science in General Education, New York: 
Appleton-Century-Crofts, Inc., 1938.
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These suggestions and others have stimulated evaluation studies of atti

tudes, critical thinking, misconceptions, application of understanding, 

changes in behavior, and prediction of success in science courses. These 

studies have been done on the college level as well as on the secondary 

school level.
1 .The Science Committee organized by the Cooperative Study of 

Evaluation in General Education gave serious consideration to the fol

lowing objectives for general education in science. Underlying these 

objectives is the assumption that the science subject matter is a tool 

for attaining the objectives of general education and not an end in it

self. The science course in general education should develop students 

who will be able:

1. To apply science knowledge to new problems and situâtions.

2. To read and evaluate news articles and popular writings on sci
entific developments.

3. To understand the point of view with which a scientist may ap
proach his problems, and the kind of things he does.

4. To analyze scientific data summarized in maps, tables, charts,
and graphs.

5. To understand the role, importance, and limitations of science 
in the modern world.

6. To face facts, to revise judgments, and to change behavior in the 
light of appropriate evidence.

7. To recognize the need for additional science knowledge in a 
situation, and to acquire it.

The first, second, and third of the above objectives were of 

greatest interest to the Committee, and were accepted as including most

^Paul L. Dressel end L. B. Mayhew, Science Reasoning and Under
standing, William C. Brown Company, Dubuque, Iowa, 1954.
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of the Ideas involved in the remaining four* Clearly, the reading and 

evaluation of current science material must involve the ability to apply 

science knowledge and the ability to demonstrate understanding of the 

scientific point of view as well as others such as critical analysis and 

judgment. The above list does not include a number of objectives which 

many teachers consider important. The objective of acquiring informa

tion of facts and principles was omitted because there exist many excel

lent tests which will measure this outcome.

A synthesis of the various statements of objectives of physical 

science instruction which have appeared from time to time yielded the 

following categories of objectives:^ (a) development of understanding 

and insight into the forces and of the nature of the environment; (b) 

development of knowledge and understanding of facts, principles, and 

concepts of science; (c) development of personal habits and methods of 

science (recognising and organizing of facts and data); (d) development 

of interest and appreciation for the benefits of science; and (e) de

velopment of democratic social attitudes toward the resources of science. 

Many educators and scientists are of the firm opinion that the most im

portant aim of education at all levels is to teach students to think 

critically.2

What is critical thinking and why should it pervade in all 

listings of objectives? How do you do it and how does it differ from

^S. S. Blanc, "Review of the Goals of Science Teaching,** Science 
Education. January, 1952, pp. 48-49.

^T. Bcntly Edwards, "Measurement of Some Aspects of Critical 
Thinking," Journal of Experimental Education. XVIII (March, 1950), 
p. 263.
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other mental or intellectual activities? According to John R. Pratt,^ 

certain systematic methods of scientific thinking seem to produce much 

more progress than others. A particular method of doing scientific re

search is systematically used and tapght by certain rapidly moving 

fields. This is an accumulative method of inductive inference and is so 

effective that Pratt has given it the name of "strong inference." This 

type of thinking involves the devising of alternate hypotheses, the de

vising of experiments in several ways with alternate possible outcomes 

which will exclude one or more hypothesis.

The characteristic of making the correct inference is only one 

of several facets of the ability to think critically. Other facets which 

must be considered are the ability to recognize unstated assumptions, to 

reason deductively from given premises, to weigh evidence and to dis

tinguish between unwarranted generalization, to distinguish among argu

ments which are strong and important to the question at issue and those 

which are weak and unimportant or irrelevant. It also involves an at

titude of wanting to have supporting evidence for opinions or conclu

sions; a knowledge of the methods of logical inquiry which help determine 

the weight of different kinds of evidence; and a skill in employing the 

above attitude and knowledge.

Burmester^ has further described certain aspects of critical 

thinking. The student should be able to recognize a problem, to delimit 

a problem, to distinguish between relevant and irrelevant data, to recog-

p. 347.
^John R. Pratt, "Strong Inference," Science. (October. 1964),

^Mary A. Burmester, "Behavior Involved in the Critical Aspects 
of Scientific Thinking," Science Education. December, 1952, p. 71.
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nize and accumulate facts related to the solution of the problem, and 

to apply generalizations to new situations*

Considerable thought has gone into the selection and refinement 

of objectives of instruction in science education; however, less effort 

seems to have gone into attempts to relate the defined objectives to the 

actual classroom practices in a realistic manner* Little attention has 

been given to determining if these objectives are being attained or to 

what degree attainments have been achieved. In like fashion, little ef

fort has been expended to determine the effectiveness of various methods 

of presentation or of teacher and student activities to the expected 

objectives*

A nmber of studies related to laboratory instruction in physics 

has been made by Kuglak*^ In these studies both objective-type tests and 

laboratory performance tests were eiq>loyed in evaluating results* Two 

groups of students in elementary college physics were used to test the 

effectiveness of the lec ture-demons trat i on and the lecture-laboratory 

methods* Kuglak found evidence to support the conclusion that individual 

laboratory method is superior for teaching manipulatory skills and tech^ 

niques, but his evidence further suggested that laboratory instructional 

methods do not materially affect the learning of facts and principles of 

physics and the ability to apply them* Similar results were obtained in 

a second study in which the lecture method was enq>loyed and neither the 

demonstration nor the individual laboratory was used*

^H* Kuglak, ''Experimental Outcomes of Laboratory Instruction in 
Elementary College Physics," American Journal of Physics* (June* 1952). 
p* 136*
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It was found by Krauskopf^ that individual laboratory or field 

experiences were not indispensible in general education science courses. 

He found that visual aids were helpful for the treatment of some topics, 

but that lecture demonstrations and laboratory experiences are more ef

fective than Visual aids in achieving the objectives of general education.

Dearden^ used four college general biology classes with the same 

instructor who kept the lecture portion of the course constant. The 

lectures were factual in nature and tended to follow the textbook. Each 

section or class met the same number of times per week but they were sub

jected to different treatment. One class used a laboratory along with 

the lecture, one used demonstrations, one used a workbook, and the fourth 

used a term paper. None of the methods was significantly superior to the 

others in promoting a more permanent learning of the course materials as 

shown by a retest after three months. He concluded that there was no 

significant difference in the achievement of the four groups as far as 

factual retention was conceimed. No attempt was made to measure some of 

the other objectives such as insight and understanding of principles and 

concepts, or problem-solving ability, or ability to think critically.

Numerous studies have been made with respect to objectives of 

science in general education; of various teaching methods in obtaining 

these objectives; of subject matter area and the critical thinking ob

jective; and of the contribution of laboratory or demonstration to the

he. B. Krauskopf, "Science in General Education at Mid-Century," 
Journal of Higher Education. XXII, February, 1951, p. 52.

^D. M. Dearden, "An Evaluation of the Laboratory in College 
General Biology," Journal of Experimental Education. March, 1960, 
pp. 241-47.
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objectives. This study proposes to determine the extent to which the 

general physical science course contributes to the students* ability to 

think critically. The assumption that thinking skill acquired with one 

kind of subject matter may be applied in other subject matter areas is 

in line with modern psychological concepts regarding transfer of learn

ing. Growth in the ability to do critical thinking in general physical 

science may serve as a unifying ideal between specialized courses and 

courses in general education.



CHAPTER III

TREATMENT OF THE PROBLEM

Population to be Studied 

Students o£ Central State College and of Northeastern State Col

lege were selected for use in this study. There is no reason to believe 

that the students of these two schools are not representative of the 

students attending the six state colleges. Central State College is lo

cated in Edmond, near the metropolitan area of Oklahoma City and has a 

student body of nearly 7000 students from both the urban and rural high 

schools of the state. Northeastern State College located at Tahlequah 

in the eastern part of the state has an approximate enrollment of 4000 

and these students also come from both urban and rural high schools. 

Students of these two schools should be typical and representative of 

the students attending the six state colleges.

Selection of Measuring Instrument 

In selecting an instrument to test critical thinking ability, 

the decision was made to use the Watson-Glaser Critical Thinking Apprai

sal which hereafter in this study will be referred to as Watson-Glaser. 

This decision was based on several factors. First, the validity of the 

test rates high on soundness or logical correctness of the key and on 

content and is a result of more than twelve years of testing and refining.

20
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It also has a high coefficient of reliability,^ rating from «85 to .93 

on the tvo forms. -Second, it has well established norms. It is also 

well known and widely used. Third, the test offers a means for deter

mining with the desired precision the relative level of a student*s 

ability to think critically with regard to problems involving recogni

tion of logical implications, interpretation of data, discrimination be

tween strong and weak arguments, recognition of assumptions, and dis

crimination among degrees of probable inference. Fourth, it is easy to 

score, has three equivalent forms, and can be administered in less than 

one hour.

For the student survey, an instrument developed by the investi

gator was used. This questionnaire was based on or built around the pre

vailing objectives for the general physical science course as expressed 

by teachers, educators, and authorities in the field. It did, however, 

undergo testing by teachers and students before being administered to 

the experimental groups. (See Part II of Chapter IV)

Procedures

This study has two major parts. The first part consists of the 

problem of determining if a group of students is significantly different 

in their ability to think critically due to taking a course in general 

physical science. The second part is concerned with student evaluation 

of the course with respect to specific objectives. The survey is related 

to the first part in that it reveals student attitude toward the outcome

^G. Watson and Edward M. Glaser, Watson-Glaser Critical Thinking 
Appraisal Manual, (New York: Harcourt, Brace and World, Inc. 1964),
p. 13.
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of critical thinking.
Part I

To determine if the general physical science course contributes 

materially to the students* ability to think critically, it was decided 

to use two experimental student groups from Central State College. One 

of the groups was enrolled in general physical science, the other was 

not taking the course. Both groups were taken from the entering fresh

man class for the fall semester of 1964. Throughout this study the group 

of students enrolled in the general physical science course will be re

ferred to as the **science group.** The other student group, those not 

enrolled in general physical science, will be designated as the **non

science group.** Both of these student groups were given a pre-test and 

a post-test using two forms of the Watson-Glaser.

The non-science group consisted of 164 students selected from 

various freshman courses and they came principally from classes in 

government and physical education. The selection was limited to first 

semester freshmen who were not science or mathematics majors nor enrolled 

in a general physical science course. The members of the science group 

were also first semester freshmen who were not science or mathematics 

majors, but who were enrolled in a general physical science course.

These 215 students were selected at random from eight sections of the 

general physical science course by taking the odd numbered students from 

the class roll.

During the first two weeks of the fall semester of 1964, the 

Watson-Glaser (Form Am) was administered to both groups. The students 

of both groups were informed that they were a part of an experimental
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study, that the results of the tests would have no bearing on their 

marks in the class, and they were encouraged to do their very best.

Near the close of the semester, during the first two weeks of 

January 1965, a second test was administered to a majority of these same 

students. The post-test was the Form Zm of the Watson-Glaser. Due to 

drop-outs, change of schedules, and absences on the date of the post

test, the number of students tested was considerably less than was 

tested earlier in the semester. The number completing the second test 

consisted of 179 science students and 119 of the non-science group. Data 

from the drop-out group was discarded and is not a part of this study.

The tests were scored and tabulated. The interpretation of raw 

scores was facilitated through the equating of Form Zm with Form Am. 

Through the procedure of equi-percentile equating, a raw score on one 

form was considered equivalent to a raw score having the same percentile 

rank on the other form. A difference in raw score would be attributed 

first to a difference in the two forms of the test rather than to changes 

in the individual tested with both forms. The determination of the 

equivalence of the two forms is necessary before comparing the scores.

The equated score was placed on IBM cards along with other information 

such as identification number of the student, name of the student, sex, 

age, years of high school science, years of high school mathematics, and 

the standard score on the ACT.^ Much of this information was obtained 

from the student's record in the Office of Admissions and Records of the 

college. The purpose of the recorded information was to provide five 

areas for choosing matched pairs of students before comparing the results

^American College Testing Program, Inc., Iowa City, Iowa
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of the tests on critical thinking.

There were 179 IBM cards prepared for the science group and 119 

for the non-science group. By use of the IBM 84 Sorter, these cards 

were sorted and matched by age, by sex, by years of high school mathe

matics, by years of high school science, and by relative scores on the 

ACT. On the latter item, a variation of a plus or minus one standard 

score was permitted because of a standard error in the test of 1.03»

Through the process of matching, a number of cards were elimi

nated because they were impossible to match. The result produced 82 

matched pairs. From these 82 matched pairs consisting of 82 students 

from each of the two groups, the data for this portion of the study was 

obtained. The results of the two forms of the Watson-Glaser are tabu

lated in Table 1 with number one of the science group matched with number 

one of the non-science group and so forth. The students are paired all 

the way from number one through number eighty-two.
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table 1

Pre-Test (Am) and Post-Test (Zm) Scores on the Watson-Glaser

SCIENCE GROUP 
Student Student 
Number Am Zm Number Am Zm

M M
Student 
Number Am

-SCIENCE GROUP 
Student 

Zm Number Am Zm

1 52 59 22 55 60 1 64 64 22 75 58

2 66 64 23 69 77 2 66 71 23 67 54

3 60 76 24 64 59 3 51 66 24 65 61

4 67 63 25 67 65 4 63 50 25 58 60

5 64 61 26 68 66 5 71 68 26 60 66

6 70 64 27 50 57 6 51 67 27 58 50

7 75 78 28 66 58 7 65 69 28 57 62

8 52 58 29 56 56 8 70 70 29 47 56

9 55 60 30 61 47 9 58 40 30 55 65

10 58 61 31 56 52 10 31 41 31 51 65
II 51 63 32 61 50 11 46 56 32 57 61

12 59 76 33 64 66 12 56 58 33 66 64

13 69 61 34 72 68 13 62 51 34 61 65

14 68 66 35 68 71 14 65 70 35 64 60

15 73 76 36 61 59 15 75 75 36 60 46

16 50 45 37 70 70 16 53 58 37 53 58
17 49 59 38 51 54 17 55 45 38 63 76

IS 71 69 39 50 67 18 73 62 39 39 32

19 64 62 40 77 82 19 71 71 40 63 63
20 48 65 41 76 78 20 62 76 41 63 67

21 56 69 42 70 64 21 58 61 42 55 69
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TABLE 1 CON'T.

Pre-Test (Am) and Post-Test (Zm) Scores on the Watson-Glaser

SCIENCE GROUP 
Student Student 
Number Am Zm Number Am Zm

NON-SCIENCE GROUP 
Student Student 
Number Am Zm Number Am Zm

43 56 72 63 74 70 43 69 68 63 64 62

44 58 54 64 67 77 44 47 51 64 47 48

45 68 53 65 69 70 45 64 72 65 39 31

46 59 61 66 78 74 46 69 75 66 61 55

47 72 77 67 62 73 47 71 68 67 54 47

48 72 67 68 64 71 48 62 69 68 49 52

49 60 60 69 58 64 49 59 61 69 53 71

50 61 51 70 63 68 50 70 70 70 53 50

51 70 76 71 76 71 51 47 49 71 65 72
52 74 78 72 52 65 52 66 68 72 66 74

53 47 51 73 45 67 53 56 61 73 46 52

54 68 77 74 61 70 54 71 75 74 71 67

55 64 67 75 58 69 55 60 70 75 74 74
56 69 73 76 61 69 56 42 37 76 56 68
57 68 80 77 59 58 57 40 61 77 72 62
58 84 79 78 63 74 58 64 75 78 77 60

59 59 58 79 49 54 59 61 73 79 70 76
60 61 57 80 67 66 60 73 72 80 60 64
61 66 64 81 44 58 61 60 62 81 79 67
62 53 71 82 64 65 62 64 69 82 83 76
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Part II

The second part o£ the study is concerned with the evaluation of 

the general physical science course as revealed through a survey of stu

dent opinion. It consists of three steps.

Step 1. A survey was made of the teachers of general physical 

science in the colleges of Oklahoma to determine the objectives of their 

courses. This survey was obtained through correspondence and through 

personal contact with teachers of the general physical science course in 

the state colleges. Returns were received from sixty per cent of the 

requests and four of the six schools were represented. To this list of 

objectives were added those expressed by curriculum authorities, by sci

ence educators, and by authors of physical science textbooks. From this 

list, the following categories of objectives were adopted for use in de

veloping or building a student survey questionnaire. The objectives of 

the general physical science course as indicated through this survey are:

1. To emphasize certain basic concepts and their role in understand
ing the natural world.

2. To convey to the student something of the historical and philo
sophical development of physical science.

3. To emphasize the living nature of science.

4. To integrate and correlate the disciplines of science.

5. To give the non-science student an understanding of the four 
primary concepts^ space, mass, time, and energy.

6. To stimulate interest in science.

7. To show the impact of science on man.

8. To develop the "scientific attitude" and "scientific thinking."

9. To develop the power of analysis.

10. To develop an appreciation for science and what scientists do.
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11. To develop an understanding o£ the relationship of science to 
other fields of study.

12. To develop an awareness of the impact of science on social and 
national life and its implications for the future.

The order of the list is in no way intended to reflect the im

portance of the objectives. A number of the objectives mentioned by the 

respondents were eliminated because of duplication or they were combined 

with others.

Step 2. From the above objectives, a student survey question

naire was prepared to be given to college students who %«re conyleting 

the general physical science course. The survey questionnaire underwent 

several revisions and it was tested on several groups of students who 

were enrolled in general physical science at Central State College in the 

spring of 1964. An attempt was made to eliminate ambiguous statements 

and to see if the statements or questions were understood.

During the fall of 1964, a limited number of these who were a 

part of the survey the previous spring were called in for an interview 

to see if their responses were consistent. Generally, these students 

thought the questions were clear and that responses were not difficult 

to make. The responses of this test group are not a part of this study.

Step 3. The field tested questionnaire was administered to 496 

students at Central State College and to 210 students at Northeastern 

State College. All of these students were completing the general physi

cal science course and the survey was made during the last two Useks of 

the semester in January 1965. Students completing the questionnaire were 

informed that no names were to «ypear on the response sheet; that their 

reactions to questions would have no bearing on their marks in the course;
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and that a frank, honest, and unbiased opinion was solicited in the 

light of their experiences in the course during the present semester.

The results of the survey were tabulated and percentages computed 

as shown in Table 2.

Statistical Tools 

Part I

In attempting to reach decisions, it is useful to make some as

sumptions about the populations involved. Such assumptions or hypotheses 

in general are statements about the probable distributions of the popu

lations. In most instances, a statistical hypothesis is formulated for 

the sole purpose of rejecting or accepting it.

The statistical theory and methods employed in the construction 

and analysis of criteria play an ever increasing role in decision making. 

No matter how we decide problems arising in science, business, and every 

day life, fie must face the risk of making a wrong choice and suffer what

ever consequences are involved. A major task of modem statistics is to 

evaluate such risks and to provide criteria which minimize the chances 

of making wrong decisions.

For this study it was desired to determine if the science group 

which was enrolled in a general physical science course was significantly 

different in ability to think critically from the non-science group which 

was not enrolled in the course. A **t" test of the difference of means 

was utilized. First, the test was used to determine if a significant 

difference existed between pre-test and post-test of each group. Then 

the same statistical test was used to see if there was a significant dif

ference between the tfio groups (science and non-science) on the pre-test.
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TAB1£ 2
Number and Per Cent of Responses

Item
Yes Slightly No
Strong To some Very None 
Agreement Degree Little Disagree

1. Has this course been helpful in 
understanding some of the basic 
concepts of science?

432 
61.27%

2. Has the course been useful in con- 298 
veying something of the histori- I 42.57% 
cal development of physical science?

3. Has this course been useful to 
you in emphasizing the living 
nature of science; i.e. that 
science is a living vibrant 
area of man's knowledge?

4. Has this course been useful in 
conveying to you something of 
the philosophical development 
of physical science?

5. Has this course tended to show 
the integration and correlation 
of the various disciplines of 
science?

6. Has this course tended to in
crease your interest in science?

7. Has this course tended to show 
the impact of science on the 
social and national life and its 
implications for the future?

8. Has this course increased your 
understanding of the natural 
world; i.e. understanding natural 
phenomena in your environment?

9. Have your ideas of nature or 
natural phenomena changed since 
taking this course?

10. Has your feeling or attitude 
toward science improved by 
taking this course?

11. Has your interest in science 
increased through the taking 
of this course?

286
40.62%

129
18.40%

199
28.14%

254
36.07%
256

36.31%

335
47.51%

168
23.79%

219
31.06%

226
32.01%

239 
33.90%

326
46.57%

313
44.46%

320
45.64%

316
44.69%

255
36.22%
260

36.87%

255
36.17%

273
36.66%

275
39.00%

246
34.84%

27
3.97%

66
9.42%

84
11.93%

196
27.96%

150
21.21%

121
17.18%
148

20.99%

87
12.34%

159
22.52%

128
18.15%

142
20.11%

7
0.99%

10
1.42%

20
2.84%

41
5.84%

41
5.79%

74
10.51%
41
5.81%

24
3.40%

106
15.01%

82
11.63%

89
12.60%
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table 2 CON'T.

Item
Yes Slightly No
Strong To some Very None 
Agreement Degree Little Disagree

12. Do you feel that this course may 164
help to develop in you an under- 23.39% 
standing and appreciation of the 
scientific methods and develop 
in you the ability to apply it?

13. Do you feel that this course may 172
help you to reason or think 24.46%
logically?

14. Do you think this course has 122
helped your power of analysis? 17.34%

15. Do you think that actual ex- 317
perimental laboratory work 44.90%
would have been useful?

16. Do you feel that this course 288
has helped you to gain an ap- 40.90%
predation of the nature of 
science and what scientists do?

17. Do you think that through this 244
course you have a bbtter under- 34.607.
standing of the relation of sci
ence to other fields of study?

18. Do you feel this course will be 401
as valuable to you as four hours 56.79%
of physics, chemistry, or astron
omy, or some other physical 
science?

19. Do you think that this course 375
has helped you in the understand- 53.19%
ing of the concepts of space, mass, 
and time?

20. Was the course too mathematical 189
in nature? 26.77%

21. Were the demonstrations helpful 449
in developing understanding of 63.77%
principles and concepts?

22. Were the films helpful in de- 229
veloping understandings? 32.48%

291 
41.51%

341
48.50%

333
47.30%
152

21.52%

303
43.03%

308
43.68%

152
21.52%

240
34.04%

172
24.36%
167

23.72%

166
23.54%

168 
23.96%]

138 
19.63%

190 
26.98%
157 

22.23%

90 
12.78%

110 
15.60%

72
10.19%

74
10.49%

,104
14.73%
55

7.81%

86
12.19%

58 
8.27%

54
7.68%

49
6.96%
80
11.33%

23
3.26%

31
4.39%

81
11.47%

14
1.98%

240
33.99%

32
4.54%

127
18.01%
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and if a significant difference existed between the two groups on the 

post-test.

The null hypothesis was formulated, that there was no difference 

between the two groups on the pre-test or the post-test. Also the same 

hypothesis was ad(^ted, that there was no significant difference between 

the pre-test and post-test by either group. If a difference exists, and 

is not significant at the one percent level, it may reasonably be attri

buted to chance. This called for four statistical tests: (1) a test of

the means of the science group on the Am form and on the Zm form; (2) a 

test of the means of the non-science group on the Am form and the Zm 

form; (3) a test of the means of the science group and the non-science 

group with respect to the Am form only; and (4) a test of the difference 

of means of the same two groups on the Zm test.

The level of significance was set at one percent because it was 

desired to avoid rejecting a true hypothesis. Rejecting a true hypoth

esis, which is a Type I error, would mean in this case assuming that a 

difference exists when actually there is no difference. The consequences 

of this decision then would be to continue the general physical science 

course under the impression that it is making a contribution to the 

ability of students to think critically when it is not. With respect to 

the objective of critical thinking, this would mean a waste of student 

time and money as well as an expense to the college. On the other hand, 

if the significance level is low, there is greater chance of making the 

Type II error, that of accepting a false hypothesis. This would mean 

accepting a condition of no difference when there actually is a dif

ference. The consequences of this decision would be to discard the
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general physical science course as being of no value or of limited value 

in contributing to the ability of students to think critically. The 

Type I error is preferred to Type II because it is less serious. We are 

more willing to retain a course which is making a doubtful contribution 

than to discard one which may be making a significant contribution.

Statistical Tools 

Part II

Survey information is much more difficult to analyze and evaluate 

than the more direct test results. The responses were tallied and the 

frequencies were determined. From this the percentages were conqiuted.

To treat these data statistically, it was decided to group the 

first two responses as affirmative because they were **strong agreement** 

or "slight agreement«** The last two responses were treated as negative 

as they were **little** or "strongly disagree.** Then a priori reasoning 

was used assuming that in a chance situation fifty percent of the re

sponses would be affirmative and fifty percent would be negative. On 

this assumption, statistical tests were made on observed results as com

pared to the expected results.

The affirmative responses (first two responses) were tested 

against the negative responses (last two responses) by the **z** test of 

difference between proportions. Then the Chi square test was used to 

see if significant differences occurred among the four responses. The 

one percent level of confidence was isiposed in both cases. These re

sults are shown in Table 5.



CHAPTER IV

RESULTS

Part I

The data as shown in Table 1 reveal the results of the pre-test 

(Am Form) and the post-test (Zm Form) of the Watson-Glaser Critical 

Thinking Appraisal Test. This table shows how the scores varied from 

student to student and from test to test. The table gives the scores 

by matched pairs with student number one of the science group matched 

with student number one of the non-science group. Each pair is matched 

from number one through number eighty-two on the basis of the five cri

teria mentioned in Chapter III.

The mean as computed on the Am test for the science group was 

62.58 with a range of 47 to 84» and a standard deviation of 8.18. On 

the same test the non-science group had a mean of 60.45» a range of 31 

to 83 and a standard deviation of 9.77. The results of the Zm test show 

that the science group had a mean of 65.36» with a range of 45 to 83 and 

a standard deviation of 8.40. The non-science group had a mean of 61.96» 

with a range of 31 to 76 and a standard deviation of 10.41 on the Zm form.

A statistical analysis of the means of the science group on the 

two forms (Am and Zm) revealed a "t" score of 2.224 which is significant 

at the five percent and two and one half percent level» but not signifi

34
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cant at the one percent level. The same **t” test applied to the non

science group shows a "t** score of .961 which is not statistically sig

nificant.

When we compare the science group and the nonrscience group on 

the Am test, an analysis of the means reveal a "t** score of 1.56 which 

is not significant. However, when we compare the two groups on the Zm 

form we get a ”t*' value of 2.377 which is significant at the one percent 

level.

In comparing the science group and the non-science group on the 

inq>rovement made from Am test to Zm test, it was found that both groups 

made some increase in scores as shown by the increase in means. Neither 

group made significant improvement from pre-test to post-test, however, 

it must not be overlooked that the science group did make substantially 

more improvement because the results were significant at the five per

cent and two and one half percent level.

It is only when we compare the two groups on the Zm form do we 

find a difference which is significant at the one percent level. From 

this we would reject the hypothesis of no difference and conclude that 

the course in general physical science does contribute to the improve

ment of the students* ability to think critically. It is quite definite 

that from these data, the science group made more improvement during the 

semester under study than did the non-science group. It must also be 

kept in mind that there are other factors involved in developing this 

ability and it must not be overlooked that this ability cannot be de

veloped to a high degree in a one-semester course.

Statistical results are shown in Tables 3 and 4.
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TABLE 3

Means and Standard Deviation

Group Test Form Mean Standard D. Variance

Science Am Form 62.58 8.18 67.17

Science Zm Form 65.36 8.40 70.61

Non-
Science Am Form 60.45 9.77 95.49

Non-
Science Zm Form 61.96 10.41 108.99

TABLE 4

"t** Score and Level of Significance

Group Mean 
Am Form

Mean 
Zm Form

S. D.
Am Form

S. D.
Zm Form Value

Sc ience 62.58 65.36 8.18 8.40 2.224*
Non-
Science 60.45 61.96 9.77 10.17 .961

Test Science Non-Science Science Non-Scienci
Form Mean Mean S. p. S. D.
Am Form 62.58 60.45 8.18 9.77 1.56

Zm Form 65.36 61.96 8.40 10.17 2.377**
* significant at .025 level 

** significant at .01 level
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Part II

Very good response was received on the survey questionnaire*

More than 900 response sheets were returned» however, 194 were rejected 

as incomplete* From the 706 completed forms Table 2 was developed* On 

all twenty-two questions or statements the majority of those responding 

reported favorably to the course* The "Yes, Strong Agreement!* response 

receiving generally a higher percentage than the "Slight, Agree to Some 

Extent^ response* The sum of the two affirmative responses exceeded the 

two negative responses on all items* The Chi square and the "zf* estimate 

of proportions tests showed a significant difference in all cases with 

the exception of item number twenty* Other than the predominately af

firmative trend of the responses, there were no apparent patterns to the 

student reactions* Students were consistent in their reactions as shown 

by responses number six end number ten which indicated that 727. and 70% 

thought their interest in and attitude toward science had Increased or 

improved through the taking of the course*

Of particular interest to this study were the responses to items 

thirteen and fourteen, which are directly related to Part I of the study* 

The affirmative responses comprise 737. and 647. of the total. This would 

indicate that students think the course in general physical science 

helped them to improve in their ability to think critically and inqproved 

their processes of analysis* The results on Part I substantiated this 

belief because the séience group did make more improvement than did the 

non-science group.

Approximately 77% of these students felt that the general physi

cal science course would be as valuable to them as a semester course in
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chemistry or physics or any of the other physical sciences* Student 

opinion was high on the value of the demonstrations, however, about 66% 

felt that actual laboratory experience would have been very beneficial* 

This indicates that in student opinion there is a need for more student 

activities, i*e* more situations in which students may actually become 

involved*

Students generally rated the course high in "helpful in under

standing the basic concepts of science," in emphasizing "that science is 

a living, vibrant area of man*s knowledge," in development of "under

standing natural phenomena in the environment*" These questions not 

only received a high percentage of the "strong agreement" response but 

the "slight, to some degree" reaction was also very high*

Items number twenty and twenty-two were of interest, too, be

cause they were the items which received the highest percent of negative 

votes* A relatively high percentage of the students (52%) thought that 

the course was too mathematical in nature as shown by response to number 

twenty* This may be indicative of at least two things: students are 

weak in mathematics background and/or the course is quantitative in 

nature* One explanation of the high number of negative responses to 

item number twenty-two which was related to the value of films in the 

course, was the fact that in some sections or classes no films were used* 

Comments written in the margin of the response sheets by students indi

cated this even though they had marked the "no, strongly disagree" 

response*

Table 5 gives the results of the survey in terms of percentages 

of affirmative and negative responses and the "zf* scores*
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table 5 

Percentage o£ 

Affirmative and Negative Responses

Item Affirmative 
in percentage

Negative 
in percentage

z
.01 - 2.56

1. 94.97 4.89 20.52
2. 89.14 10.84 21.28
3. 85.08 14.77 18.63
4. 64.04 33.80 7.27
5. 72.83 27.00 12.27
6. 72.29 27.68 11.75
7. 73.18 26.80 12.28
8. 83.68 15.74 17.96
9. 62.45 37.52 6.60

10. 70.06 29.78 10.68
11. 66.85 32.71 9.01
12. 64.90 32.23 7.72
13. 72.96 27.31 12.12
14. 64.62 33.94 7.72
15. 66.42 33.56 8.78
16. 73.93 16.04 17.95
17. 78.28 19.99 15.07
18. 78.31 21.66 15.15
19. 87.23 12.47 19.84
20. 51.13 48.72 .60*
21. 87.49 12.35 19.92
22. 56.02 30.20 3.18

* significant at .01 level



CHAPTER V 

SUMMARY AND COJCLUSIONS

The purpose of this study has been to determine the effective

ness of the college level general physical science course in preparing 

students to think critically, and to determine if the course was meeting 

other prescribed objectives. For the first part of the study, two groups 

of first semester freshmen were used. These groups of eighty-two each 

were matched with respect to age, sex, ACT score, high school mathematics 

background, and high school science background. They differed in treat

ment in that one was enrolled in a general physical science course and 

the other was not. Both groups were tested at the beginning of the se

mester with a form of the Watson-Glaser, then both were given a post

test near the close of the semester with a different form of the Watson- 

Glaser. The study involved students randomly selected from the freshman 

class of Central State College and a survey of seven hundred and six 

students from Central State College and Northeastern State College. This 

sanple is sufficient to adequately represent the student bodies and the 

general education students who are enrolled in the state colleges.

The Null Hypothesis was adopted assuming that there were no sig

nificant differences between the two groups and the one percent level of 

confidence was imposed. This hypothesis was not rejected except in the

40
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comparison o£ Che two groups on the post-test (Zm Form). It was evi

dent from the results o£ the science group on the two forms that this

group made more improvement in its ability to think critically than did 

the non-science group. The difference of the science group on the pre

test and the post-test was significant at the five percent and two and 

one half percent level.

A survey of over seven hundred students enrolled in the course 

of general physical science gave some interesting information on student 

opinion of the course. The responses definitely indicate that students 

generally are satisfied with the course as it is now offered. The survey

supported the findings of the test portion of the study in that the ma

jority of students felt that the course helped them to think logically 

and helped them to better analyze information and data.

In light of the evidence provided by this study, it is concluded 

that the general physical science course does contribute to the improve

ment of the ability to think critically. There was a significant im

provement of the science group over the non-science group on the Zm form 

and the science group also made greater gain from pre-test to post-test 

although this gain was not significant at the one percent level.

The student survey also provides evidence to support the conclu

sion that the general physical science course is achieving other objec

tives to some degree. Students report a favorable impression of the 

course, as 65% to 70% indicated that the course helped them to analyze 

information and helped them to think and reason more logically. In all 

twenty-two items on the survey, a majority of the students gave a favor

able opinion. Apparently the general physical science course is doing
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well on many of its objectives and should remain a part of the general 

education curricula*

In spite of this favorable report, there remain several weak

nesses and several areas where improvements may be made. The study sug

gests from student opinion, for exaoyle, that in the area of laboratory 

experiences and student activities that there is need for improvement 

and further study.

Educational Implications and Recommendations 

Within the limits of this study, the results show an encouraging 

difference achieved by the science group over the non-science group. 

Perhaps the testing of students over a period of two or three semesters 

would give more reliable results. The study, however, indicates that 

within the framework of the general physical science course there is 

definitely opportunity for the students to develop in their ability to 

analyze and to think critically. In the opinion of this investigator, 

much depends upon the teacher and his use of demonstrations in the ab

sence of laboratory experiences or upon the teacher and the use of demon

strations in combination with the laboratory. Much also depends upon the 

use of problem-solving situations and the use of tests which are more 

subjective in nature and which require the student to think. Problem

solving does not necessarily imply the use of mathematics, but it does 

imply such problems which provide an opportunity to stretch the stu

dents* abilities and to extend what they have been taught beyond the im

mediate dimensions within which they were taught. When properly con

ceived and planned, problems exercise the students* abilities to analyze
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situations and provide opportunities to use insight, judgment, intui

tion, and other mental processes. Students derive real satisfactions 

from solving problems and especially so if the problems cast the student 

in the role of discoverer.

The evaluation of the general physical science course as re

flected in the student survey would indicate that it is achieving to some 

extent the objectives for which it was designed. It apparently is meet

ing some of the needs and the non-laboratory course is certainly less 

costly to maintain for it requires less teacher time as well as less 

physical equipment. Is the laboratory necessary to the teaching of 

general education science? Has it been proved experimentally to be su

perior to the demonstration method for purposes of general education?

It is granted that some skills learned in the laboratory are essential 

in a number of professions. However, it is an open question as to 

whether these skills are of value outside the scientific occupations.

Certain procedures in the laboratory can be used to accomplish 

some of the objectives of general education. But is it not possible to 

accomplish these objectives by other means? Many teachers believe that 

it is. Problem solving experiences, which are common in the laboratory, 

may be enjoyed by the students without the actual manipulation of equip

ment. Then, too, it is the belief of this investigator that certain 

” traditional” laboratory exercises are of little or no value to the gen

eral student. It is believed that long hours spent in making detailed 

drawings or in following ”cook book” directions to predetermined results 

are largely wasted. It was the concensus of the students surveyed that 

actual laboratory work would have been beneficial even though there was



44

general satisfaction with the demonstrations. More thought and more 

planning must go into the demonstrations if laboratory facilities are 

not available. It is possible that individual laboratory kits purchased 

by the student might be a solution in schools where laboratories and 

laboratory equipment are not feasible.

This study also has implications as to the future of general edu

cation. With the increased pressure from the graduate schools and the 

curriculum revisions in the secondary schools» the college must critically 

re-evaluate its role in the educative process and decide what should be 

the nature of the college educational experience. Specifically, colleges 

are going to have to decide what should be the nature of the general edu

cation component of courses in such areas as science. Some factors are 

quite clear. The nature of specialization today and for the predictable 

future is such that successful specialists must themselves be educated 

in broad principles. We will have the scientists, the engineers, and the 

social scientists in the future, but their work may be uncertain or de

cidedly different twenty or thirty years from now. In the face of these

uncertainties, the curriculum should develop mastery of broad principles 

which can be utilized in a variety of ways. More emphasis in the cur

ricula must be given to developing the student*s ability to think, to ex

press himself, and to assume responsibility for continuing his own 

education.

This would imply that general physical science as a part of the

general education program may become more in^ortant in the process of

providing these broad experiences that seem essential. The course may 

be strengthened by inq>roving the demonstrations and the problem-solving
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situations and by providing more meaningful laboratory experiences so 

that it may make a greater contribution at the undergraduate level and in 

the area of adult education. It is definitely believed that more student 

participation in the demonstrations, in laboratory activities, and in 

problem-solving experiences will greatly enhance the course in general 

physical science at the college level.

Suggestions for Future Investigations 

The results of this study clearly indicate certain areas in which 

further investigations may and should be made. Although the data pre

sented here indicates that the general physical science course contributes 

to the ability of students to think critically, there no doubt, are nu

merous other factors that also contribute to this ability. Other subject- 

matter areas should be investigated to determine the effects that they 

may have on critical thinking. Of paramount interest would be a similar 

study with a general physical science course which utilizes ample labo

ratory experiences along with the lecture and demonstrations.

Another interesting study would be an investigation into the ef

fects of the general physical science on student attitudes and particu

larly student attitude toward science. Does the course actually stimu

late interest as shown by the survey and does this interest carry over 

to such an extent that students enroll in additional science courses?

How many students whose interest was stimulated through the physical sci

ence course become science majors?

It would be well to examine the effectiveness of the science 

taught in the elementary schools by elementary teachers whose only ex

posure to the physical sciences was a four-hour course in general
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physical science. This study would probably involve the examining of 

teacher certification as well as the science background of the teacher 

other than general physical science.

Most of the colleges will continue to be hampered by increased 

enrollments and by a shortage of laboratory facilities. An experimental 

study on the value or effectiveness of individual student-purchased labo

ratory kits appears to be a worthwhile project. In fact, it may well be 

a partial solution to the.problem of increased class size and insufficient 

laboratory space and equipment.
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GENERAL PHYSICAL SCIENCE SURVEY

This survey questionnaire has as its purpose the evaluation of 
the course in General Physical Science. You, as a student who has com
pleted the course or are now enrolled in it, can best do this. We 
would like to have your true, unbiased opinions. Your responses will 
not affect your mark in the course. No grades are given and no names 
are to be placed on the response sheet. Consider each item carefully 
before marking your response.

READ CAREFULLY BEFWE MAKING YOUR RESPONSE

1. Has course been helpful in understanding some of the basic concepts 
of science?

2. Has the course been useful in conveying something of the historical 
development of physical science?

3. Has this course been useful to you in emphasizing the living nature 
of science, i.e. that science is a living vibrant area of man's 
knowledge?

4. Has this course been useful in conveying to you something of the 
philosophical development of physical science?

5. Has this course tended to show the integration and correlation of 
the various disciplines of science?

6. Has this course tended to increase your interest in science?

7. Has this course tended to show the impact of science on the social 
and national life and its implication for the future?

8. Has this course increased your understanding of the natural world:
i.e. understanding natural phenomena in your environment?

9. Have your ideas of nature of natural phenomena changed since taking 
this course?

10. Has your feeling or attitude toward science in^roved by taking this 
course?

11. Has your interest in science increased through the taking of this 
course?

12. Do you feel that this course may help to develop in you an under
standing and appreciation of the scientific method and develop in 
you the ability to apply it?

13. Do you feel that this course may help you to reason or think logi
cally?
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14. Do you think this course has helped your power of analysis?

15* Do you think that actual experimental laboratory work would have
been useful?

16. Do you feel that this course has helped you to gain an appreciation 
of the nature of science and what scientists do?

17. Do you think that through this course you have a better understand
ing of the relation of science to other fields of study?

18. Do you feel this course will be as valuable to you as four hours of 
physics» or chemistry, or astronomy, or some other physical science?

19. Do you think that this course has helped you in the understanding 
of the concepts of space, mass, and time?

20. Was the course too mathematical in nature?

21. Were the demonstrations helpful in developing understanding of 
principles and concepts?

22. Were the films helpful in developing understandings?
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RESPONSE SHEET

Your responses will vary in degree, but as best you can evaluate 
your feelings and attitudes. Indicate your response by checking or 
placing an X in the appropriate circle which most closely or nearly ap
proximates your true opinion and/or feeling.

Responses: 1. Very much, — strong agreement
2. Slightly, — to some degree
3. Very little
4. None, — disagree

1. 1 2  3 4 
0 0 0 0

12. 1 2  3 4 
0 0 0 0

2. 0 0 0 0 13. 0 0 0 0

3. 0 0 0 0 14. 0 0 0 0

4. 0 0 0 0 15. 0 0 0 0

5. 0 0 0 0 16. 0 0 0 0

6. 0 0 0 0 17. 0 0 0 0
7. 0 0 0 0 18. 0 0 0 0

8. 0 0 0 0 19. 0 0 0 0
9. 0 0 0 0 20. 0 0 0 0
10. 0 0 0 0 21. 0 0 0 0
11. 0 0 0 0 22. 0 0 0 0
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TEST 1. Inference

■ D i s e c t i o n s .  A n in ftra u e  is a  conclusion which a  person 
draw s from  certain  observed o r supposed facts. Thus, 
from the  electric light visible behind the  window shades 
and  from the sound of piano m usic in  a  house, a  person 
m ight tHfer th a t someone is a t  home. B u t th is inference 
m ay o r m ay no t be correct. Possibly the people in the 
house went ou t leaving the lights on, and the piano music 
could be coming from a  radio o r phonograph they  left 
playing.

In  this test each exercise begins w ith  a  statement o f facts 
which you are to regard as true. A fter each sta tem en t of 
facts you will find several possible inferences —  th a t is, 
inferences which some persons m ight m ake from  the 
s ta ted  facts. Exam ine each inference separately , and 
m ake a  decision as to  its  degree of tru th  or falsity.

On the Answer Sheet you will find for each inference 
spaces m arked w ith the le tters T , F T , ID , P F , and F. 
F or each inference m ake a  marie on the  Answer Sheet 
under the  appropriate le tte r as follows;

T  — if you th ink  the inference is defusUdy true; 
th a t it properly follows from  the  sta tem ent 
of facts given.

FT  — If, in the light of the facts given, you think 
the inference is fro iab ly  true; th a t  there is 
be tter than  an even chance th a t it is true.

ID  — if you decide th a t there are insuficient data; 
th a t you cannot tell from  the facts given 
w hether the inference is likely to  be true or 
false ; if the facts provide no basis forjudging 
one way or the other.

PF  — if, in the light of the facts given, you think 
the inference is probably false; th a t there is 
be tter than  an even chance th a t it is false.

F — if you think the inference is definitely fa lse; 
th a t it is wrong, either because it m isinter
prets the facts given, or because it con
tradicts the facts or necessary inferences 
from those facts.

Sometimes, in deciding w hether an  inference is prob- 
al'ly  true or probably false, you will have to  use certain 
commonly accepted knowledge or inform ation which 
practically every person knows. T h is  will be illustrated 
in the example which follows.

H ere is the example; the correct answers are indicated 
in the block a t  the right.

EXAMPLE. A ihouuDd cisblb-grade 
UudenU iMCcaily aitcAdcd % voluaUty 
week-cod coafcicace in & MidwesUm city. 
At this cooienoce quetlioos of race reU- 
tioos and meant of achieving lasting world 
peace were chosen by the students for dis
cussion, since these were the problems th y  
students felt to be most vital today.
1. As a  group, the students who attended 

this conference had a keener interest in 
humanitarian or broad social prob
lems than most eighth-grade s tu ^ n ts  
have...........................................................

2. The majority of these students were be
tween the ages of 17 and 18...................

J. The students came from all sections of
the country...............................................

4. The students discussed only laltor rela
tions iKotdems..........................................

1  Some eighlk-frede students feh that 
of fgte relatiuas and means of 

achieving world peace might be worth

In  the above example, inference 1 is probably true (PT ) 
because (as is common knowledge) roost eighth-grade 
students arc no t likely to  evidence such serious concern 
with broad social problem s.

Inference 2 is probably fa lse  (P F ) because (common 
knowledge) there are relatively  few eighth-grade students 
in the United S tates between 17 an d  18 years of age.

There is no evidence for inference 3. T h u s there are 
insufficient data (ID ) for m aking a  judgm ent in the 
m atter.

Inference 4 is definitely fa lse  (F) because i t  is given in 
the sta tem ent of facts th a t race relations and  m eans for 
achieving world peace were th e  problem s discussed.

Inference 5 necessarily follows from  the given facts; it 
therefore is true (T).

In  the exercises which follow, more than  one of the in
ferences from a  given sta tem ent of facts m ay be true  (T), 
o r false (F), o r probably tru e  (P T ), or probably false (PF), 
or have insufficient d a ta  (ID ) to  w arran t an y  conclusion. 
T hat is, you are to  consider each inference by  itself.

h lake  a  heavy black m ark in the  space under the  le tter 
th a t you th ink  best describes each inference. If  you 
change an answer, erase thoroughly. M ake no ex tra  
m arks on the  answer sheet.

I : I Goan to the nextpa§a.
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Wsiw-Câwri An

An Knglixh teacher arranged for the «Indents in one 
of her classes to  see the movie Great Expectatioiu, while 
th e  students in o ther classes studied the book itself, 
w ithout seeing th e  picture. T ests to measure apprecia
tion  and understanding of the story were adm inistered 
inunediately upon com pletion of each type of instruc
tion. On all te s ts  the  class which was taught w ith the 
aid of the m ovie d id better. T he class which saw the 
movie became so interested th a t before the semester 
was over m ost o f those studen ts read the book, entirely  
on their own initiative.

1. The tests to  measure appreciation and understanding 
of the sto ry  were adm inistered both to  the studen ts 
who saw th e  picture and  to  those who only studied 
the book.................................................................................

2. The children who were taught w ith the aid of the 
motion p ictu re were required to  read the book before 
the end of th e  sem ester......................................................

3. Pupils who see movies instead of reading books lose 
interest in read ing . ...........................................................

4. Most of the  children in the  class which saw the pic
ture would have preferred to  study the book Great 
Expectations in the  usual way w ithout the aid of the 
movie......................................................................................

5. T he teacher who conducted the experiment will 
hereafter try  to use motion pictures when they are 
available, as an aid in teaching literary s|)preciation.

6. Pupils can learn m ore about any given subject from 
motion pictures than  they  can from books.................

T he first new spaper in America, edited by Ben H arris, 
appeared in Boston Septem ber 25, 1690, and  was banned 
the same day  by G overnor Simon B radsticct. T he 
editor’s long fight to continue his little |iaper and prin t 
w hat he wished m arks an im portant episode in the 
continuing struggle to  m aintain a  free press.

7. The editor of the first American new qiaper died 
within a  few days after his paper was banned...........

8. Governor B radstreet felt he had the legal au thority  
to  ban Ben H arris’s paper...............................................

0 . The editor of th is paper wrote articles against taxes 
of the kind which later brought about the “ Boston 
Tea P a r ty ” ..........................................................................

10. Ben H arris was a  m an of [lersistence in holding to 
tome of his interests and convictions............................

Some tim e ago a crowd gathered in M iddletown, 
M ississippi, to hear the  new president o f the local 
C ham ber of Commerce speak. H e said, "I am  no t ask
ing, b u t demanding, th a t labor unions accept their full 
share of responsibility for civic be tterm en t and com
m unity  interests. 1 am  no t asking, b u t dem anding, th a t 
th ey  join the Chamber of Commerce. ” T he listening 
representatives of the C entral L abor Unions applauded 
enthusiastically. Three m onths la te r  a ll the labor 
unions in M iddletown were represented in th e  Cham ber 
of Commerce, where they  served en thusiast ica lly  on com
m ittees, spoke their minds, and  partic ipa ted  actively in 
the  civic betterm ent projects.

11. B oth  the labor union representatives an d  the o ther 
members of the Cham ber of Com m erce came to 
recognize one another’s problem s and  viewpoints 
b e tte r through their C ham ber of Conunerce contacts.

12. L abor unions’ participation  in the Middletown 
C ham ber of Commerce has largely elim inated 
w orker management disputes in th a t tow n.................

13. T h e  active participation of the labor unions caused 
friction a t the meetings of the Cham ber of Commerce.

14. T he union representatives soon regre tted  having 
accepted the invitation to  {larticipatc in the Chamber 
of Commerce.........................................................................

15. M any of the Cham ber of Commerce m em bers came 
to  feel th a t their president had  been unwise in asking 
the  union representatives to  join th e  C ham ber..........

16. T he representatives of the  C entral L abor Unions 
joined the Cham ber of Commerce against the desires 
of the g reat m ajority  of their m em bership.................

S tudies have shown th a t there is relatively  much more 
tuberculosis among Negroes in the U nited  S tates than  
am ong whites. There is no difference, however, in rate  
of tuberculosis between Negroes and  w hites who have 
the sam e level of income. T he average income of whites 
in the  United Slates is considerably higher than  the 
average income of Negroes.

17. Tuberculosis can be cured..................................................

18. Raising the economic level of Negroes would reduce 
tuberculosis............................................................................

19. Tuberculosis is less prevalent am ong Negroes with 
relatively high incomes than  am ong Negroes with 
relatively low incomes........................................................

20. W hether a  white person is rich o r  poor m akes no 
difference in the likelihood of his getting  tuberculosis.

I 3  1 Co on to the next page.
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TEST 2. R ecogn ition  o f  A ssum ptions

D ir e c t io n s . A n astum fiion  i t  something supposed or 
taken for granted . V.'hen someone states, "  I 'll  g raduate  
in Ju n e ,"  he takes for granted  or assumes th a t he-wiU be 
alive in June, th a t  he will rem ain in school until th a t 
tim e, th a t be will pass his courses, and  similar things.

Below are a  num ber of sta tem ents. Each sta tem ent 
is followed by  several proposed assum ptions. You are 
to decide fo r  each astumplion vhether it uecettarUy i t  
taken fo r granted in  the statement.

If  you th ink  th e  given assum ption is taken for g ran ted  
in the statem ent, m ake a  heavy m ark between the  d o tted

W aUb s 'C Im m  : Am

lines under “ A SSU M PTIO N  M A D E ” in the p roper 
place on the Answer Sheet. If you th ink  th e  assum ption  
is no t necessarily taken for g ran ted  in th e  s ta tem en t, 
m ake a  heavy line under “ A SSU M PT IO N  N O T  
M A D E " on the  Answer Sheet.

Below is an example: the  block a t  the righ t shows how 
these item s should be m arked on the Answer Sheet.

I f  you do n o t see why th e  answers m arked a re  right, 
ask th e  exam iner to  explain. In  some cases m ore th an  
one of th e  given assum ptions is necessarily m ade; in 
other cases none of the given assum ptions is m ade.

BZAMPLB. Statcuxht: "We need to wve time in getting there, to we’d better go by pbu-e."

PxorosEO A u tiun toH i:
I. Going by pUne will take leee time tbmn going by eome other mcaiu of tisnipoftntloo. (It is 

auum ed in the etntement that greater ipeed ol # plane over other meana of traniportatkm wdi 
enable the group to get to their deat ina lion in leas tim e .) .............................................................

S. It la poaaible to make plane connections to rur destination. (This la necessarily assumed in 
the statement, since, in order to save time by plane, it  must be possible to go by plane.)___

J. Travel by plane is more convenient than travel by train. (This ■—.i».p>t«« is not made In the 
statement — the statement has to do with saving time, and says nothing shout convenience 
or about any other specific mode ol travel.)....................................................................................

T E S T  2
A sa in tp n o ii
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S t a t e m e n t : “ L et us immediately build superior arm ed
force and  thus keep peace and  prosperity ."

P r o p o s e d  A s s u m p t io n s :

21. If we have superior arm ed force, th a t will insure 
the m aintenance of peace and p rosperity . ............

22. Unless we increase our arm am ents immediately we 
shall have w ar.......................................................................

23. W e now have peace and prosperity ...............................

S t a t e m e n t : “ A  wise m an will save a t  least twelve
dollars each week out of his earnings.”

P r o p o s e d  A ss tn ip n o N s :

24. N o fools have sense enough to  save twelve dollars 
a  week.....................................................................................

23. A person needs to be wise in order to  save twelve 
dollars a  week.......................................................................

S t a t e m e n t : “ Even if all th e  w ealth in the  country 
suddenly were to  be d istributed equally, some people 
soon would again become rich and  o thers poor.”

P r o p o s e d  A s s u m p t io n s :

26. T he real causes of w ealth and poverty  would no t be 
m uch affected by such Socialism....................................

27. Our present economic system  is be tter than  such 
Socialism.

S t a t e m e n t : “ M ary isn’t going to  invite John  to  her 
p a r ty .”

P r o p o s e d  A s s u m p t io n s :

28. M ary hasn’t  ye t had her p a r ty ........................................

29. M ary  now doesn’t like Joh n .............................................

30. T he p a rty  will be a t M ary ’s h ouse ....................................

S t a t e m e n t : “ Live in the c ity  of Z enith  —  lowest 
taxes.”

P r o p o s e d  ASSUMPTIONS:

31. EfTicient m anagem ent of a city  implies lower taxes.

32. An im portan t consideration in deciding where to  
live is avoidance of high taxes.........................................

33. Theqieople of Zenith are content w ith their present 
city  governm ent....................................................................

S t a t e m e n t : “ Our school is fortunate in having all 
American pupils, so we have no race problem s.”

P r o p o s e d  AsstmPTiONS:

34. American pupils do not present any  race problem s.

35. If we practiced democracy, there would be no race 
problem ...................................................................................

36. A school is unfortunate if its  pupils are  of varied  
nationalities............................................................................

( 4 1 Go on to the nest page.
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TEST 3. Deduction

B u u s c t io n s . Each exercise below consists ol two sta te
m ents (premises) followed by several proposed conclu
sions. For the purposes of th is test, consider the two 
sta tem ents in each exercise as true w ithout exception. 
Read the  first conclusion beneath the statem ents, and 
if you think it  necasarity foUmis from  the statements given, 
answer by making a heavy black m ark between the pair of 
dotted  lines under “ CONCLUSION FOLLOW S” in the 
corresponding blank on the Answer Sheet. If you think 
i t  is not a  necessary conclusion from  the given statem ents.

WaUm CUmt : Aw
then p u t a  heavy black m ark under “ CON CLU SION 
DOES N O T FOLLOW ,” even though you m ay believe 
it  to be true from yo u r general knowledge.

Likewise read and judge each of the o ther conclusions. 
T ry  not to  let your prejudices influence your judgm ent — 
just stick to the given statem ents and judge each con
clusion as to  w hether it  necessarily follows from them. 
M ark all your answers on the Answer Sheet.

Here is an  example; the block a t the right shows how 
your answers should be m arked on the Answer Sheet.

IXAM PLB. Some bolkUyt are rainy. All rainy day# are borim. Therefore —

I. No clear day# are boring. (The conciuaton doe# not follow, a# you cannot tell from these 
statement# whether or not clear day# are boring and some may b e .) ..........................................

3. Some holiday# are boring. (The conchialon necessarily follows from the statements, since, 
according to them, the rainy holidays must be boring ) ...............................................................

I . Some holidays are not boring. (The conclusion does not follow from the statements even 
though you may know that some holidays are very pleasant.).....................................................

T E S T  3
CONCLUSION

FOLLOWS DOSS
NOT

FOLLOW
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All musicians are tem peram ental. Some musicians 
are  not proud. Therefore —

37. All tem peram ental people are musicians...................

3>. N o proud people are tem peram ental.............................

30. Some proud people are musicians...................................

N o jockey is a  heavyweight boxer. All heavyweight 
boxers are large men. Therefore —

40. N o jockey is a  small m an.................................................

41. N o heavyweight boxer is a  small m an ..........................

42. Jockeys are  sm all m en   .....................

Some cannibals are sincere idealists, 
fanatics. Therefore —

43. Some sincere idealists are fanatics.,

44. Some fanatics are sincere idealists.,

45. N o fanatics arc sincere idealists.. .

40. All fanatics are cannibals...............

All cannibals are

All mice th a t are injected w ith substance “ A ” develop 
disease “ X .” Mouse #24 was not injected with sub
stance “ A.” Therefore —

47. Mouse #24 did develop disease “ X .” ...........................

48. N o t all mice w ith numbers between 20 and 30 were 
injected w ith substance “ A .” .........................................

49. M ouse #24 did not develop disease “ X .” ....................

No Republican is a  Dem ocrat. All D em ocrats favor 
prosperity. Therefore —

SO. Republicans favor prosperity ........................................

81. N o Republican opposes prosperity .............................

52. N o D em ocrat opposes prosperity ...................................

53. N o Republican favors prosperity...................................

All Jews fe d  friendly toward the S ta te  of Israel. 
D avid feels friendly toward the S late of Israel. There
fore —

54. D avid is not friendly toward the Arabs........................

55. D avid is Jew ish....................................................................

58. Some non-Jews also feel friendly toward the S tate
of Israel..................................................................................

If  an adult has the  ability to  give love to others, he 
m ust have received love as a  child. Some adu lts did 
no t receive love when they were children. Therefore —

57. Some adu lts do not have the ability to  give love to 
others......................................................................................

58. If an adult received love as a  child, he has the ability 
to give love to  o thers.........................................................

I f  a  person is superstitious, he believes fortunetellers. 
Some people do not believe fortunetellers. Therefore —

59. No superstitious person doubts fortunetellers...........

80. If  a  person is no t superstitious, he will not believe 
fortunetellers........................................................................

61. If  a  person believes fortunetellers, he is super
stitious....................................................................................

(si Co on to the nest fege.
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TEST 4. Interpretation

DntzcTiONS. Each exercise below consists of a  short 
paragraph followed by several proposed conclusions.

For the  purpose of th is test assume th a t everything in 
the  short paragraph is true. T h e  problem  is to  judge 
whether o r not each of the proposed conclusions logi
cally follows beyond a reasonable doubt from the  infor
m ation given in the  paragraph.

I f  you th ink  th a t  the proposed conclusion follows 
htyond a reatonaUe dotM  (even though it m ay no t follow

W tU aa Ü Ü W  : Am

absolutely and  necessarily), then m ake a  heavy black 
m ark between the appropriate  d o tted  lines under the  
“ CO N CLU SIO N  FO LLO W S” column on the Answer 
Sheet. If you think th a t  the  conclusion does not follow be
yond a  reasonable doubt from  the facts given, then m ake a  
m ark under “ C O N C LU SIO N  DOES N O T  FOLLOW .” 

In  some cases more th an  one of the  proposed conclu
sions m ay follow; in o ther cases none of the conclusions 
m ay follow.

A report of the U. S. Census sta tes th a t during 1940 
there were approxim ately 1,656,000 m arriages and 
264,000 divorces granted  in the U nited States.

62. G etting a  divorce is a  quick and easy m a tte r  in the 
U nited S ta tes........................................................................

6 ) . If the above ratio  still holds true, then about six 
tim es as m rn y  people get m arried each year as get 
divorced..................................................................................

64. T he divorce ra te  in the U nited S tates is m uch too 
h ig h . .......................................................................................

Victims of radiation sickness (for example, a fter an 
atom ic explosion) are likely to die of anem ia because the 
blood building properties of the bone m arrow arc  dam 
aged. In  everyday medical practice. X -ray  dosages 
have to  be worked ou t w ith utm ost care to  keep the 
patien t from falling prey to  radiation sickness. Experi
m enting on rabbits. D r. Leon Jacobson found th a t  when 
the spleen and appendix were protected w ith lead, the 
anim als survived w hat would otherwise have been a  fatal 
overdose of X  rays. The undam aged spleen and ap
pendix make enough blood to enable the dam aged tissue 
to  recover.

65. If  from the blood-forming organs a  substance could 
be isolated which would speed an individual's re
covery from radiation sickness, th a t substance prob
ably would also enable X -ray patien ts to take  heavier 
doses........................................................................................

66. D r. Jacobson’s ex|K‘riments on rabb its should be 
tried on a  sufficiently large scale w ith people to  see 
whether the same results would hold tru e ....................

Usually I fall asleep p rom ptly , b u t about twice a  
m onth I drink coffee in the  evening; and  whenever I do, 
I  lie awake and toss for hours after I go to bed.

67. M y problem  is m ostly  m ental; I  am  over-aware of 
the coffee when I  drink it  a t  n ight, anticipating th a t 
it will keep me awake, and therefore it  does...............

68. I  don’t fall asleep prom ptly  after drinking coffee a t 
night because the  caffeine in coffee stim ulates my 
nervous system  for several hours afte r drinking i t . . .

A t the  end of the sem ester the pupils in Mr. Black’s 
class averaged 10 points higher than  the pupils in Miss 
W alter’s class on the  sam e geom etry test. Mr. Black 
and Miss W aiter used a  som ewhat ditlerent method of 
teaching geometry.

69. Mr. Black probably is a  be tter teacher than Miss 
W alter.....................................................................................

70. T he pupils in M r. B lack’s class were brighter as a 
group than  the  pupils in M iss W alter’s class, and 
therefore they  learned more easily.................................

71. The m ethod used by M r. Black in teaching geom etry 
was su|x:rior to the m ethod used by Miss W a lte r ...

W hen Great B ritain  began to offer free public medical 
service, the governm ent was surprised because far more 
|)eople than  they  had expected came for eyeglasses and 
dental work.

72. People who previously had neglected their eyes and 
teeth now chose to  have such trea tm en t.....................

73. People who d id n ’t  really need these services sought 
them  because they  were free............................................

74. People in G reat B rita in  previously had been carele.ss 
about the sta te  of their eyes and tee th ........................

75. I t ie  British public was pleased w ith  th e  governm ent 
health p rogram .....................................................................

( 6 Coon lo Iht next pof*-
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TEST 4. Interpretation (Coiuiiiuid)

T he I ^ s  A ngela  T im a  m ade a  survey of the  num ber 
of m en and  women drivers involved in  autom obile acci
dents in th e  Los Angeles area during a  given period of 
tim e. T hey  found th a t  men drivers were involved In 
1210 accidents while women drivers were involved in 
only 920 accidents.
76. If the survey figures constitute a  representative sam 

ple, r.ien drivers are involved in accidents more 
frequently th an  women drivers in th e  Los Angeles 
area...........................................................................................

77. M ore men th a n  women drive cars in the Los Angeles 
area ...........................................................................................

78. W omen are safer drivers than  men in the Los Angeles 
- a rea .....................................................  .................................

Intelligence tests show th a t Negro children in N orthern  
cities sur]>ass Negro children in Southern cities b u t do 
not score as high as white children in N orthern  cities.
79. W hite children as a  group score higher txrcausc 

they  are  born w ith higher native intelligence than  
Negro ch ild ren ......................................................................

80. T he Negro families who moved to  the N orth  are 
on the average m ore intelligent than  those who re
mained in the S o u th ...........................................................

81. N orthern  Negroes receive better schooling than  
Southern Negroes, which in tu rn  influences per
formance on the  te s ts ...........................................  .........

The h istory of the last two thousand years shows th a t 
wars have become stead ily  m ore frequent and  more 
destructive, the tw entieth  century  being the bloodiest 
on record.

82. M ankind has not advanced as much in the a r t  of 
keeping peace as i t  h as in the science of waging war.

83. W ars are caused b y  basic tra its  of selfishness, greed, 
and pugnacity , which are rooted in hum an nature. .

84. Increased industrialization, competitiveness, and 
improved wea|>ons bring on increasingly frequent 
wars..........................................................................................

83. There will be increasingly frequent future wars, and 
they will become steadily  more destructive than  past 
wars..........................................................................................

Goon lo the next test.

T E S T  S. Evaluation o f Arguments

D ik e c t io n s . In  m aking decisions about im |>ortant 
questions it  is desirable to  be able to  distinguish between 
argum ents th a t are strong and those which are  weak in 
so far as the question a t  issue is concerned.

Strong argum ents m ust be both im |x irtan t and d i
rectly  related to  the question.

W eak argum ents m ay not be directly  related to  the 
<|uestion, even though they m ay be of great general 
im portance; o r they  m ay be of minor im portance; or 
they  m ay be related to  trivial as;x:cts of the question.

Below is a  series of questions. Each question is fol
lowed by three o r four argum ents. For the purpose of 
this test you are lo regard each argument as true. T he 
problem  then  is to  decide whether it  is a  STR O N G  
argum ent or a  W EA K  argum ent.

You are  to  answer by  making a  heavy m ark on the 
Answer Sheet under “ S T R O N G ” if you think the argu
m ent is strong, or by  making a  heavy m ark under 
“ W E A K ” on the Answer Sheet if you think the  argu
m ent is weak. W hen evaluating an argum ent, judge it 
on its  own m erit ; try  not to  let counter argum ents or 
your own a ttitu d e  tow ard the question influence your 
judgm ent. Judge each argum ent separately. In  some 
questions all the argum ents m ay be STR O N G , in others 
all m ay be W EAK.

I 7

Here is an example. T h e  block a t  the right shows how 
these argum ents should be m arked on the  Answer Sheet. 
S tudy them  carefully un til you know ju s t w hat is ex
pected of you. N ote th a t the  argum ent is evaluated  as 
to how well it supports the side of the question indicated.

BXAMMsB. Shuukl all young men go to
college ̂

1. Yea; college provide* an opportunity 
fur them to learn Hchuul long* and 
chccn. (Till* would be a ftilly rcaaun for 
*(Knding ycnr* of onc’a life in college.)

2. No; a large |>cr cent of young men do 
not have enough ability or in(ere*t lo 
derive any Ixinellt from college irainini^. 
(If thi* is true, as the «lirrctions rc<{uire 
us to assume, it Is a weighty argument 
against all young men going to college.)

3. No; excessive studying permanently 
warixTan imlivhlual’s personality. (This 
argument, although of great general tin- 
porlAïu-e when accepted as true, i* nut 
directly related to the question, because 
attendance a t college docs not neccs- 
marily require excessive studying.).........

T E S T  5

ARGUMENT 
STRONG WEAK

'it
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R enum ber that fo r  the purpose o f  th is lest each argum ent is  lo be regarded as true.

Can rich and poor people who happen to op|>ose each 
o ther a t  law  obtain approxim ately equal justice from the  
courts?

M . N o; a  rich person can hire be tter lawyers and 
technical experts, pay  for the tim e of more witnesses,
and  continue the fight in higher c o u rts ........................

•7 . N o; rich people win the m ajority  of their law suits 
against poor people..........................................................

Should m arried women be eligible for em ploym ent as 
public school teachers if they are otherwise qualified?

88. N o; there are  more single women in our country
th an  there are  school teaching jo b s ...............................

S9. Yes; women tend to  become better teachers after
m arriage ................................................................................

90. No; a  m other’s first responsibility is to  her own 
child ren ..................................................................................

Should infants be fed by regular schedule ra ther than  
w henever they  seem to  be hungry?

91. N o; babies know best when they are hungry and 
ready to  e a t ..........................................................................

92. Yes; children m ust sooner or la ter learn th a t they  
can’t alw ays have their own w ay ...................................

93. Y es; a  regular schedule is easier for the p a re n ts . . . .

Should the governm ent take over all the m ain indus
tries in the country, employ all who w ant to  work, and 
offer the products a t cost prices?

94. N o; so much concentration of economic and bureau
cratic power in governm ent would underm ine our 
personal and political freedom.

95. N o; elim ination of com petition and  the  profit m otive 
would result in much less in itia tive  for production of 
useful new goods and services..........................................

96. Yes; the  governm ent already operates post offices, 
highways, parks, m ilita ry  forces, public health  
services, and o ther public services.................................

Should groups in this country  who are opposed to 
some of our governm ent’s policies ire allowed unrestricted 
freedom of press and sjrecch?

97. Yes; a  dem ocratic s ta te  thrives on free and unre; 
stricted discussion, including critic ism ..........................

98. No; if given full freedom, op|rosition groups would 
disunite the American (reople, weaken our position, 
and ultim ately lead to loss of our dem ocracy.............

99. No; the countries opposed to our form of governm ent 
do not perm it the free expression of our [roint of view 
in their te rrito ry ...................................................................

Go back and check your work.

[8 I
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TESTi: Inference
DIRECTIONS
An inlerencc is a conclusion which a person draws from 
certain observed or supposed facts. Thus, from the electric 
light visible behind the window shades and from the sound 
o f piano music in a house, a person might infer that someone 
it at home. But this inference may or may not be correct. 
Possibly the people in the house went out leaving the lights 
on, and the piano music could be coming from a radio or 
phonograph they left playing.

In this lest, each exercise begins with a statement o f facts 
which you are to regard as true. After each statement of 
facts you will find several possible inferences — lhat is, 
conclusions which some persons might make from the 
stated facts. Examine each inference separately, and make 
a  decision as to its drgrre o f truth or falsity.

For each inference you will find spaces on the Answer 
Sheet labeled T, PT, ID, PF, and F. For each inference 
make a mark on the Answer Sheet under the appropriate 
label as follows:

i j  you  think the inference is JeJinilely T R U E ; that it 
properly follow s ^ y o n d  a  reasonable doubt fro m  the 
statement o f  fa c ts  given.

if, in the light o f  the fac ts  given, jo u  think the inference 
is P R O B A B L Y  T R U E ; that there is better than an 
even chance lhat it is true.

ID i f  you  decide lhat there are IN SU F F IC IE N T  D ATA, 
that you  cannot tell from  the fa c ts  given whether the 
inference is likely lo be true or false; i f  the fa c ts  provide 
no basis forjudg ing  one way or the other.

PF if, in the light o f  the fa c ts  given, you  think the inference 
is P R O B A B L Y  F A L SE ; that there is better than an 
even chance that it is false.

i f  you think the inference is definitely F A L S E ; that it 
is wrong, either because it misinterprets the facts given, 
or because it contradicts the fa c ts  or necessary infer
ences fro m  those facts.

Sometimes, in deciding whether an inference is probably 
true or probably false, you will have to use certain com
monly accepted knowledge or information which practically 
every person has. This will be illustrated in the example 
which follows.

Look at the example in the next column; the correct 
answers are indicated in the block at the right.

iXAMnS
Two tMmSrcd cighlh-grade students vol
untarily attended a recent w eekend stu
dent forum conference In a Midwestern 
city. At this conference, tiK topics o f race 
relations and means of achieving lasting 
world peace were discussed, since tttese 
were ttte problems the students selected 
as being most vital in today's world.

t As a group, the students who at
tended this conference showed a 
keener interest in humanitarian or 
broad social probkm s than have most 
eighth-grade students.........................

1. The majority o f  tliesc ituderus were 
between the ages o f 17 and I t ..........

3. The sttMlents came from all sections 
of the country.....................................

4. The students discussed only labor 
relations problems...............................

5. Some eighth-grade students fell that 
discussion of race relations and 
means o f achieving world peace 
might be worthwhile...........................

TEST I 
Inference

In the above example, inference i is probably true (PT) 
because (as is common knowledge) most eighth-grade stu
dents are not likely to show so much serious concern with 
broad social problems. It cannot be considered definitely 
true from the facts given because these facts provide no 
certain knowledge about the kind and degree o f concern 
with world problems which other eighth-grade students 
might express. It is also possible that some o f these students 
volunteered mainly because they wanted a week-end outing.

Inference 2 is probably false (PF) because (common 
knowledge) there are relatively few eighth-grade students in 
the United States between 17 and 18 years o f age.

There is no evidence for inference 3. Thus there are in- 
suDicient data (ID) for making a judgment on the matter.

Inference 4 is definitely false (F) because it is given in the 
statement o f facts that the topics of race relations and 
means o f achieving world peace were the problems chosen 
for discussion.

Inference 5 necessarily follows from the given facts; it 
therefore is true (T).

In the exercises which follow, more than one of the in
ferences from a given statement o f facts may be true (T), o r 
false (F), or probably true (PT), or probably false (PF), or 
have insulficient data (ID) to warrant any conclusion. That 
is, you are to consider each inference by itself.

Make a heavy black mark in the space under the label 
that you think best describes each inference. If you change 
an answer, erase thoroughly. Make no extra marks on the 
Answer Sheet.

Go Of. lo ttw IMMl pogo ̂
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T est 1: Inference

O# db«»rf wHk A# «xarciiM Mmv.

Tke to im  «* WctMcM, begianing twenty years ago, has 
been taking title to farms lost by their owners as a resuh 
of nonpayment of taxes. By this time the town has set out 
some 3600 acres of community forest on this land. The 
pine trees have grown well. The town forest yielded 
$25,000 net profit on lumber last year and $23,500 the 
year before. Local authorities believe that the net profit 
on the lumber will continue to grow and eventually reach 
$100,000 a year from just the present 3600 acres.

1. The town spends more to cut and sell the lumber than 
it gains from the sales........................................................

2. If the individual owners had planted trees just prior to 
loosing their farms, they would have made enough 
profit immediately from those trees to pay back taxes 
and retain their farm s........................................................

3. The Westfield community forest contains several varie
ties of salable trees............................................................

4. The town of Westfield is continuing to buy up tax- 
deliiwjuent farms to be set aside as community forest. .

5. The Westfield community forest will yield an annual 
net profit of $100,000 within two or three year's............

When a  Negro family bought a home in a suburban resi
dential district where only white families o f  various lution- 
alities had lived before, a mob stoned the house and broke 
many windows. The mayor, at the unanimous request of his 
Committee on Race Relations, sent extra police to keep 
order in this district.

6. The immediate while neighbors o f the Negro family 
liked them and did not join the m ob.................................

7. The regular police patrol assigned to  that district failed 
to prevent the mob from damaging the home purchased 
by the Negro family..............................................................

V. The Committee on Race Relations wanted to reduce 
open conllicts between the white and Negro people in 
the district............................................................................

9. The Negro family sold the house after a few months and 
tnovcd elsewhere.................................................................

10. Within one month following this event, all the white 
families in that district sold their homes and moved away.

la  1946 the United States Armed Forces conducted an ex
periment called “Operation Snowdrop" to  find out what 
kinds o f military men seemed to function best under severe 
A relic climatic conditions. Some of the men selected came 
from Northern European stock while others came from 
Latin or Mediterranean stock; some were stout and some 
were thin; some were draftees and some volunteers; some 
had normal blood pressure while some had slightly high or 
low blood pressure. All o f the participants in “ Operation 
Snowdrop" were given a training course in how to survive 
and function in extreme cold. At the conclusion of the 
experiment it was found that the only two factors among 
those studied which distinguished between men whose ob
servable performance was rated as "effective" and those 
rated as "ineffective" on the Arctic maneuvers were: (I) de
sire to go (volunteer versus draftee), and (2) degree of knowl
edge and skill regarding how to live and protect oneself 
under Arctic conditions.

11. Despite the training course given to all o f  the participants 
in "Operation Snowdrop," some exhibited greater Arctic 
survival knowledge or skill than o thers............................

12. The Armed Forces expected that some future military 
operations might be carried on in the A rctic................

13. A majority of the men who participated in "Operation 
Snowdrop" thoroughly disliked that experience............

14. As a group, the men of Nordic backgrounds were found 
lo function more effectively under severe Arctic condi
tions than did those of Latin backgrounds.....................

15. Participants who were normal in weight and blood pres
sure were found much better than other participants at 
acquiring skills to protect themselves under Arctic con
ditions.......................................................................................

M r Brown, who lives near the town o f Salem, was brought 
before the Salem municipal court for the fifth time in the 
past month on a charge o f keeping his dance hall open after 
midnight. He again pleaded guilty and was fined the maxi
mum, $100, as in each earlier instance.

16. It was to Mr. Brown's advantage to keep his dance hall 
open regularly after 12 o'clock, even at the risk o f paying 
frequent lines...........................................................................

17. Mr. Brown's dance hall was held by the judge to be 
within the legal jurisdiction o f the town o f Salem...........

IB Mr. Brown repeatedly flouted the midnight closing law 
in hopes o f getting it repealed..............................................

19. The maximum fine of $100 was fully effective in keeping 
all dance halls in the vicinity o f Salem closed after 
midnight...................................................................................

20. The midnight closing law was enacted only because one 
of the regular patrons of the dance hall complained to 
the police about the noise....................................................
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TESTS: Recognition of Assumptions
DIRECTIONS
An assum ption is sonielhing presupposed o r taken for 
granted . W hen som eone states, ‘'I 'll graduate  in June,"  he 
lakes for granted o r assumes tha t he will be alive in June, 
tha t the school will judge him to  be eligible for graduation  
in June, and sim ilar things.

Below are a num ber o f  statem ents. Each statem ent is 
followed by several proposed assum ptions. Y ou are lo  
decide for each assum ption whether a person, in making 
the given statem ent, is really m aking tha t assum ption  — i.e., 
taking it for granted, justifiably o r not.

If  you think the given assum ption is taken for granted in 
the statem ent, m ake a heavy m ark between the d o lled  lines 
under "A SS U M PT IO N  M A D E " in the proper place on the 
Answer Sheet. If  you think the assum ption is no/ necessar
ily taken for granted in the statem ent, m ake a  heavy line 
under "ASSUM  PTIO N  NOT M A D E ” on the A nsw er Sheet.

Below is an  exam ple. The block a t the right shows how 
these item s should be m arked on  the Answer Sheet. If you 
do  not see why the answers m arked are right, ask the ex
am iner to  explain.

In some cases more than one o f the given assum ptions is 
necessarily m ade; in other cases none o f  the given assum p
tions is made.

IXAM fli

S ta t f w e a t :  " W e  n e e d  lo  save  lim e  in 
g e ll in a  th e re  s o  w e 'd  h e lle r  g o  by 
p la n e  "

Proposed  assam pltunsi
1. G o in g  by fd a n e  w ill t a l e  less lim e 

th a n  g o in g  by so m e  o th e r  m e a n s  o f  
I r a n s p o r la l io n  t i l  is a ssu m ed  in  th e  
s la le m e n i th a t  th e  g re a te r  sfseed o f  a 
p la n e  o v e . th e  sp ee d s  o f  o th e r  m ea n s  
o f  I r a n s p o r la l io n  w ill e n a b le  th e  
g ro u p  lo  re a e h  ils  d e s lin a li i in  in  less 
lim e  I

2 . T h e re  is p la n e  s e r s lee av a ila b le  lo  us 
fo r  a t lea st p a r i  o f  th e  d is ta n c e  lo  th e  
d e s t in a t io n  (T h is  is necessarily  a s 
su m ed  in th e  S la lem en i. since, in 
o rd e r  l o  sav e  lim e  by  p lan e , il m u s t 
h e  p o ss ib le  to  g o  by  p la n e .)

3. T ra v e l by  p la n e  is m o re  co n v e n ien t 
th a n  tra v e l by tra in . (T h is  a s su m p 
tio n  IS n o t m a d e  in  th e  s la le m e n i - - 
I h e  s la le m e n i h a s  lo  d o  w ith  sav in g  
lim e , a n d  say s  n o th in g  a b o u t c o n 
v en ie n ce  o r  a b o u t  an y  o th e r  specific 
m o d e  o f  trav e l I

Asmwmpfinn

Slaleinciit: "C onsu lt your physician to  find out w hether a 
tranquilizer will help your particular case."

P roposed a ssu n p lio n t:
21. T ranquilizers m ay be of help to some p e o p le ..................

22. People should not take a tranquilizer w ithout first con 
sulting their physic ian .............................................................

23. If your physician dues nut think a tranquilizer will help 
your case, he will prescribe some other tre a tm e n t..........

S lalem eni: If you don 't believe me. I'll prove it to  you
logically."

Proposed assum pliuns:
24. Logical proof will cause you to alter your belief about 

the m atter under d iscussion ...................................................
25. W hat I present as a logical proof will influence your 

th in k in g .........................................................................................
26. T here is convincing evidencM lTat can be presented in 

support o f my p o in t..................................................................

S lalem eni: "T he p roper aim  of education in a free society
is to  prepare  the individual to  m ake wise decisions."

Proposed assumplloas;
27. People w ho have been educated in a  free society will not 

m ake unwise decisions .............................................................
2B. Some educational systems in our society do  not have 

ihe p roper a im ............................................................................

29. Som e kinds of education can  help individuals make 
wise decisions...............................................................................

30 . In  a  society tha t is not free, the individual canno t m ake 
any decisions...............................................................................

S lalem eni: "I w ant to  be sure I d o n 't ever get typhoid 
fever. I 'm  traveling to  South  Am erica, so I shall go  lo  my 
physician and  get typhoid injections before I sail."  

Proposed msxwmpllons:
31. If I d o n 't take the injections, I shall becom e ill w ith the 

fev e r...................................................................................................
32. Taking typhoid injections will prevent m e from  getting 

typhoid  fever..................................................................................
33. Typhoid fever is m ore com m on in South A m erica than  

it is where I live -,...........................................................

G s ahead with the eaereises 
m Ihe a e e l cofwrne

Slalem eni; " I f  w ar is inevitable, we'd belter launch a pre
ventive w ar now while we have the  advan tage ."

Proposed assumptions:
34. W ar is inevitable ...........................................................................

35. If  we fight now, we are  m ore likely to  win than  we would 
be if forced to fighi la te r ...........................................................

36. If we d o n 't launch a preventive w ar now, we'll lose any 
war that may be started  by an enem y la te r..........................
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TESTS: Deduction
DIRECTIONS
In ihis lest, cuch exercise consists o f two statem ents (premises) 
followed by several suggested conclusions. Fur the pur
poses o f  this test, consider the two statem ents in each exer
cise as true without exception. Read the first conclusion 
beneath the statements. If you think it necessarily fol
lows from  the statem ents given, m ake a heavy black mark 
between the pair o f dotted lines under "C O N C LU SIO N  
FO L LO W S" in the corresponding blank on the Answer 
Sheet. If you think it is nut a necessary conclusion from 
the given statements, put a heavy black m ark under “ C O N 
CLU SIO N  DOES N O T FO L LO W ," even though you may 
believe it lo  be true from your general knowledge.

Likewise, read and judge each o f  the other conclusions. 
1'ry not to  let your prejudices influence your judgm ent — 
just stick to  the given statements (premises) and judge each 
conclusion as to  whether it necemiri/y follows from them.

The word "som e" in any o f these statem ents means an 
indefinite part o r quantity o f a class o f things. "Som e" 
means a t least a portion, and perhaps all o f the class. Thus, 
"Som e holidays are rainy" means at least one, possibly 
more than  one, and perhaps even all holidays are rainy.

Study I h e  example carefully before starting the test.

iXAMPlI
Sm ntf liü lld a y s  iirc ra iny . A ll ra in y  d ay s
a rc  tv irin g . I hcrcfiirc

1. N il c le a r  d ay s a rc  tx irin g  l i  tre ciin- 
cliisiiin  d o cs  m il tiillnw . V o n  can- 
m il Icll from  th e  s l.ilc n ic n is  w hc lhcr 
o r  n o l c le a r  d a y s  a rc  b o rin g . Som e 
m ay b e .) .......................................................

2 . .Some h o lid ay s  a rc  troring . I I he c o n 
c lu s io n  m cc ssa tily ; fo llow s fro m  lire 
s la lc n rc n is , since, a c c o rd in g  lo  I hem , 
lire ra in y  h o lid ay s  n iu si b e  b o rin g  I . .

3 . S om e h o lid a y s  a rc  n o l b o rin g  lH ic  
c o n c lu sio n  d o c s  m il fo llow  c sc n  
Ih o iig h  y o u  m ay loiow  lh a l  som e 
lu ilid .iys a rc  sc ry  p k -a s a n l . l ...................

TEST 3
Conclution

Ooo#
Follow# nol

follow

1 1

2 1

3 1

Go ahaod with Ihm oxorciMS batow.

All radicals are foreign-born. N o palriolic cili/en is a 
radical. Therefore -

37. No foreign-born person is a patriolie c iti/e n .................
3M. No radical is either native-born o r a patriotic citi/en.
.34. No patriotic c ili/en is foreign-born ......................................
•10. Some foreign-born people are patriotic  c iti/e n s ...............

Some Russians would like to control the world. All Russians
seek a better life for themselves. Therefore —

41. Some people who would like to control the world seek 
a better life for them selves.......................................................

42. Some people who seek a better life for themselves would 
like to control the w orld ..........................................................

4.3. All Russians are basically dissatisfied with their present 
s tandard of living.......................................................................

Rice and celery m ust have a good deal o f  moisture in order 
to  grow well, but rye and cotton grow best where il is 
relatively dry. Rice and cotton grow only where it is hot, 
and celery and  rye only where it is cool. In T im buktu , it is 
very ho t and  dam p. Therefore —

44. T he tem perature  o r moisture conditions in T im buktu  
are not favorable for growing a celery c ro p .....................

45 . T he tem perature  and moisture conditions in T im buktu  
arc favorable for growing a rice c ro p .................................

46 . T he tem peratu re  o r moisture conditions in T im buktu  
arc not favorable for growing a cotton  or a  rye c ro p . . .

A ll members o f symphony orchestras enjoy playing classical 
music. All m em bers o f symphony orchestras spend long 
hours practicing and rehearsing. Therefore —

47. All persons who spend long hours practicing and  re
hearsing classical music are members o f a sym phony 
o rc h estra .........................................................................................

48. M usicians w ho play classical music d o  not mind spending 
long hours practic ing .................................................................

49. Some m usicians who spend long hours practicing and re
hearsing enjoy playing classical m usic..................................

In one town there are 32 classes in the live elem entary schools. 
Each class contains from 10 to 40 pupils. Therefore —

50. There are a t least two classes with exactly the same 
num ber o f  p up ils ..........................................................................

51. N o school contains fewer than 10 classes...........................

52. M ost classes contain more than 13 pup ils ...........................
53. There a re  more than  3tX) pupils in these elem entary 

schoo ls .............................................................................................

No progressive people are sclf-satislied. Some Am ericans 
are progressive. Therefore -

54. Som e Am ericans are not self-satislicd..................................
55. Some A m ericans are self-satislied...........................................

No responsible leader can avoid making dillicult decisions. 
Some responsible leaders dislike making dillicult decisions. 
Therefore -

56. Some dillicult decisions arc distasteful to som e p e o p le . .
57. Irresponsible leaders avoid things they d islike..................
58. Som e responsible leaders do things they dislike d o in g . .

If a persam thinks straight, he will dcline the problem  to  be 
solved. Some people do  not deline the problem  to be solved. 
Therefore —

59. Persons w ho do  not think straight will not deline the 
problem to be so lved .................................................................

60. Persons w ho deline the problem to be solved are straight 
th in k e rs ...........................................................................................

61. Some people do  nol think stra igh t.........................................
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TEST 4: Interpretation
DliECTIONS
Euch exercise below consists o f  u short purugruph I'ollowed 
by several suggested conclusions.

For the purpose o f  this test assum e tha t everything in the 
short paragraph is true. The problem  is to  judge whether 
o r not each o f  the proposed conclusions logically follows 
beyond a  reasonable doubt from the inform ation given in 
the paragraph.

If  you think that the proposed conclusion follows beyond 
a reasonable doubt (even though it may not follow ab 
solutely and  necessarily), then m ake a  heavy black mark 
between the appropriate dotted lines under the “ C O N 
C LU SIO N  FO LLO W S" colum n on the A nsw er Sheet. If  
you think that the conclusion does not follow  beyond a 
reasonable doubt from the facts given, then m ake a  mark 
under "C O N C L U SIO N  DOES N O T FO L L O W ."

In som e cases more than one o f the suggested conclusions 
may follow; in other cases none o f the conclusions may 
follow.

Here is an example; the block at the right shows how 
your answ ers should be marked on I h e  A nswer Sheet.

■ XAMPII
A study o f  v o ea ttu lu ry  g ro w lh  in  c h il
d re n  f ro n t e ig h t ittiin th s  lo  s is  ye .irs  
s h im s  lh a l  th e  s ire  o f  sp o k e n  v o ea h u - 
la ry  in c re a se s  fro n t r e ro  w o rd s  a t  atte 
e ig h t n to n lh s  lo  2S62 w o rd s  a l  ag e  s is  
y ea rs . T h e re fo re  —

I. N o n e  o f  llte c h ild re n  in  th is  s tu d y  
h a d  le a rn e d  lo  ta lk  by Ihe  ag e  o f  s is  
n to n lh s . IT h e  co n c lu sio n  fo llow s 
b e y o n d  a  re a so n a b le  d o u b t , since, 
a e e o rd in g  lo  th e  s la le m e n i. Ihe s i /e  
o f  Ihe  sp o k e n  eo c ab tila ry  a l  eight
n to n lh s  w a s r c ro  w o rd s  ) ......................

1 . V o c a b u la ry  g ro w th  ts  slow est d u rtn g  
th e  p e r to d  w h e n  c h ild re n  a re  lea rn in g  
lu  w a lk , t t h e  co n c lu sio n  d o e s  m il 
fo llo w , a s  Ihe re  is n o  iiifo rin a lio n  
g iv en  w h ic h  re la tes  g ro w th  o f  so ea b - 
u la ry  lo  w a lk in g  I ....................................

TEST 4
C«nclu«lon

Oo*$
F»llowt net

fellow

■ 1 i i

3 1

Go ahmod with  fho oxorcrtos b o /o w r .

Al the (ltd  o f the semester the pupils in M r. Hlaek's class 
averaged 10 points higher than the pupils in M iss W alter's 
class on the sam e geometry test. M r. Black and  Miss W alter 
used a som ewhat dilTcrent m ethod o f  teaching geometry.

62. M r. Black m aintained better discipline in his class than 
Miss W alter did in hers...............................................................

63. The pupils in M r Black's class were brighter as a group 
than  the pupils in Miss W alter's class, and therefure they 
learned more easily ......................................................................

64. I he 10-point higher average score achieved by Mr. 
Black's geometry class over Miss W alter's was due to 
I h e  superiority o f the teaching m ethod used by Mr. 
B lack ................................................................................................

In ■ re rta in  city where school a ttendance laws are  rigidly 
enforced, it was found that only IS per cent o f  the male 
school population  had a perfect a ttendance record during  
any single school semester. A m ong those w ho sold news
papers, however, 25 per cent had a perfect attendance record 
during  the sam e period.

65. Strict enforcem ent o f  school a ttendance laws in this city 
did not prevent 85 per cent o f  boys o f  school age from 
being absent sometime during  each sem ester.....................

66. If  truan ts  were given jo b s  selling newspapers, their school 
a ttendance would im prove.........................................................

67. Lcss—rtran 15 per cent o f  those boys who did no t scli 
newspapers had a  perfect a ttendance record during  any 
single sem ester...............................................................................

W hen the U nited S ta tes S teel C orporation w as created in 
1902, it was the largest co rporation  America had  know n up 
to  that time. It produced twice as m uch steel as all o f  its 
dom estic com petitors together. In 1957 the U nited States 
Steel C orpo ra tion  produced less than  30 per cent o f  the 
steel that was m ade in America.

68. In 1902 Ihe U nited States Steel C orpo ra tion  produced no 
less than  66 per cent o f  the to ta l dom estic o u tp u t o f  steel.

69. In 1957 dom estic com petitors turned  ou t m ore than 
twice a s  m uch steel us the U nited States Steel C o rp o ra 
tion p rod u ced ................................................................................

70. T he U nited States Steel C orpo ra tion  produced less steel 
in 1957 than  it did in 1902.........................................................

Jan e 's  posture used to be poor, she dressed in bad taste, 
had very few friends, was ill a t case in com pany, a n d  in 
general was quite unhappy and m aladjusted. Then a  close 
friend recom m ended that she visit Dr. Baldwin, a reputed 
expert on  helping people to  im prove their personalities. Jane 
took this recom m endation, and after three m onths o f  trea t
ment by D r. Baldwin she-carried herself well, dressed a t
tractively, was more a t ease and  more popular, and  in 
general felt m uch happier.

71. H ad  it not been  for Dr. Baldwin's treatm ent, Jan e  would 
not have im proved .....................................................................

72. Jane 's  im provem ent was caused solely by the treatm ent 
given her by Dr. Baldwin...........................................................
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Several sludies have shown ihul Southern Negroes make 
lower scores on intelligence tests than  N orthern  Negroes, 
bu t tha t the average nteasureU intelligence o l Southern 
Negro children who move N orth a t a  sullieiently early age 
increases each year until their average m easured intelligence 
approaches that o f the N orthern Negroes.

73 . Southern N cg;o children who m ove N orth  before they 
can  talk eventually tend to approach the level o f the 
N orthern  N egro children in intelligence as m easured 
by the tests u sed .......................................................................

74. The increase is due to the relative superiority o f  the 
schools Negroes attend in the N o rth .....................................

75. Some children progressively im prove their standing on 
certain tests which are supposed to  m easure intelligence.

A salesm an for Brown's Liniment claim ed that his product 
would prom ptly soothe sore muscles in the body because it 
would penetrate very quickly to the affected parts. He 
poured ten drops o f  the liniment on a thick piece o f sole 
leather, and  the liniment quickly went th rough this substance.

76. The salesm an deliberately misrepresented his p ro d u c t. .
77. The salesm an implied that a liquid which would pene

tra te  sole leather would also penetrate to muscles under 
the s k in ............................................................................................

78. The salesm an's dem onstration was good evidence for his 
claim  tha t the liniment would prom ptly soothe sore 
muscles in the b ody ......................................................................

79. There is no relationship between the linim ent's ability 
to penetrate this particular piece o f  sole leather and its 
ability to  penetrate in to  the hum an b o d y ...........................

Test 4; In terp re ta tio n
In 1940, 60.4 per cent o f adults (persons 25 years o f age and 
older) had com pleted eight grades o r less o f  schooling, while 
4.6 per cent had  com pleted four or m ore years o f college. 
In I960, 40.0 per cent o f adults had com pleted eight grades 
or less, while 7.1 per cent had com pleted four o r m ore years 
o f college.

80. In 1940, m ost adults had not graduated from  high school.

HI. If the trend tow ard  m ore education continues at the  rate 
Indicated by the above ligures, then by 1970 more than 
25 per cent o f  adults will have com pleted four o r more 
years o f college.............................................................................

82. In  I9 6 0 , fo r every adult who had com pleted fou r o r  m ore 
years of college, there were m ore th an  live adults who 
had com pleted  not m ore than eight grades o f schooling.

A sleeping wife was aw akened by a dream  that she had suf
fered a sharp  blow  across her m outh. Later that night her 
husband returned from  a hshing trip  which he had taken 
alone in a row boat some miles away. His front teeth had 
been knocked ou t by a sharp  blow from the oar o f  his boat. 
The husband 's accident and the wife's dream  cam e at exactly 
the same time.

83. The sleeping wife could not have learned abou t her 
husband 's accident a t the instant it occurred by any 
ordinary form  o f com m unication ...........................................

84. The facts reported  in this case can be accounted for only 
by the operation  o f m ental te lepathy ....................................

85. The dream  was a chance coincidence which was not 
really influenced by the acc iden t.............................................

C o on to rfw rtMl p o g #  ^
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TEST 6: Evaluation of Arguments
DIRECTIONS
In m akingdccisiunsubuul impurltiiUqueMlons, il ibdesirable 
lu  be able to  distinguish between argum ents that are strung 
and  argum ents that are weak, as  far as the question a t issue 
is cuncerned. An argum ent tu be strung must he both im
po rtan t and  directly related to the question.

A n argum ent is weak if it is nut directly related to the 
question, even though it may be o f  great general im portance: 
o r if it is o f m inor im portance; o r if it is related only to 
trivial aspects o f  the question.

Below is a scries of questions. Each question is followed 
by several argum ents. For the purpuse o) th is test you  are 
II) rfyurtl eiiiii aryiimeiu us true. The problem  then is to 
decide w hether it is a STRO N G  or a W EA K  argum ent.

M ake a heavy mark on the Answer Sheet under 
"S T R O N G ” if you think the argum ent is strong, or under 
“ W E A K " if you think the argum ent is weak. Judge each 
argum ent separately on its own merit; try not to  let your per
sonal a ttitude  tow ard the question inlluence your evalua
tion.

In the exam ple, note that the argum ent is evaluated as to 
how well it supports the side o f the question indicated.

iX A M fli
Should oil n tcn  in I he I 'n i te d
S liik 'S  III co llege .' TEST S
1. Y es; eo lk 'tie  p n iv i ile s . in o p p i i ru in i iy ArgwmonI

fu r Ih e in  to  le iirn  sehiNil SDngs vinil
eheer.s. ( This w o u ld  be a silly re aso n Strong Wonb
fo r sp e n d in g  y e a rs  in  eollejie I ............ 1

2. N o ; a  la rg e  p e r  ce n i o f  y o u n g  m en
d o  n o t h a v e  e n o u g h  iihiiiiy  o r  in terest
to  d e r iv e  a n y  h en e h l fro m  college
tra in in g  t i l  th is  is t ru e , a s  th e  d ire c 
tio n s  re tp u ie  u s  to  assu m e, it is a
w eigh ty  a rg u m e n t ag .iin si all y o u n g

:  1
J .  S o ;  evcessive  s tu d y in g  p t.rm an en ily

w a ll 's  a n  in d iv id u .i ls  (x rso n a liiy
I I  h is  a r g u m e n t , a lth o u g h  o f  grea t
g e n e ra l im fvort.uK c w hen  .iccep ted
a s  i ru e , is n o t  d irec tly  re la ted  to  the
y u e s tio n , b ec au se  .litend.iiK C a t c o l
lege d o e s  n o t nevess.in ly  re q u ire  ev-

3 1cessive s tu d y in g  ) ......................................

W hen the word "shou ld" is used as the first word in any 
o f the following questions, its meaning is "W ould  the p ro 
posed action  prom ote the general welfare o f the people in 
the United States?"

C a  o h ao d  w ith  lha a x a rc iia i b a law .

Should the gotvrnment proside "baby bonuses" to help 
support each slependent child in a family so that the family 
s tandard  o f  living is not lowered by having children?

86. Yes; m any families who cannot now a llo rd  it would 
then provide proper child care, and this would greatly 
im prove the general health of the n a tio n .........................

87. No; such bonuses would seriously underm ine paren ts' 
sense o f personal responsibility for their ow n fam ilie s .. .

88. N o; governm ent provision o f "baby bonuses" would 
cost some additional public expenditure o f m o n ey . . . .

Would the addition ol a labor party  basically prom ote the
general welfare o f  the people o f  the United States?

89. N o; a labor parly  would m ake it unattractive for private 
investors to  risk their capital in business ventures, thus 
causing sustained large-scale unem ploym ent.....................

90. Yes; dilferences between R epublicans an d  D em ocrats 
today are not so great as dilferences between liberals and 
conservatives within those pa rtie s .........................................

91. N o; labor unions have at times called strikes in a  num ber 
o f im portant industries................................................................

Is It possible for m an to develop a contro llab le death  ray 
that will, under certain  conditions, kill all living things on 
which it is focused?

92. Yes; powerful concentrations o f radioactive energy a l
ready can kill anim als under certain co n d itio n s ...............

93. N o; som e physicists have already tried to  develop a 
contro llable death ray and have not been ab le  to  do  s o . .

94. N o; if  m an ever does develop such a ray, he also will 
work on counterm easures to  reduce o r offset its effects.

Should the government continue to  pay farm ers the cost o f
soil-conservation practices on their own land?

95. Yes; abundan t crops in the United S tates are vitally 
needed, and  farm ers are unlikely to  undertake th e  prac
tices which are necessary to assure abundan t future crops 
unless they get paid for the extra work involved..............

96. N o; soil conservation is an casy-to-apply and  not-very- 
expensive farm ing practice which will greatly increase 
the ow ner's likelihood o f  m aking a better personal living 
from his la n d ..................................................................................

97. N o; farm ers have historically been a powerful pressure 
group on C ongress, but today most o f  the  population

Should pupils be excused from  public schools to  receive 
religious instruction during school hours in their own 
churches?

98. N o; having public-school children go o lf to  their sep
ara te  churches during school hours would create greatly 
increased friction and sustained feelings o f  bitterness 
am ong different groups o f children and  their p a re n ts . .

99. Yes; religious instruction would help overcom e m oral 
weakness and  lack o f individual purpose, both  o f  which 
appear to be current problem s in ou r n a tio n ..................

100. Yes; religious instruction is exceedingly im portan t to 
the preservation of our dem ocratic v a lues .......................

bocfc and yowr w«fk.


