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CHAPTER I
THE BACKGROUND OF THE PROBLEM
INTRODUCTION

With the development and subsequent growth of the program of
general education in American colleges there have been changes in the
objectives of many elementary courses. These changes have been motivated
in part, at least, by a realization that an education should be related
to the needs of the students. Whereas the traditional introduotory
oourse was primarily an introduotion to a specialized field, general ed-
uoation is defined in the report of the Harvard Committee as that part
of a student's whole education which looks first of all to his life as
a responsible human being and oitizen.l

Many social and economis faotors have inoreased the enrollment
in Ameriocan colleges during the last fifty years. In 1940 colleges and
universities had an enrollment of over 1,500,000 students, more than ten
times as many as in 1890. As a result "eduoational institutions are not
only being asked to educate inoreasing numbers of young people, but they
are also being asked to educate students who in the mass are baslioally

different from the students of an earlier day in previous eduoation,

1 Harvard University, General Education in a Free Society.
Cambridge: Harvard University Press. 1945. pe 51.




2
sooial baockground, and vocational objeotives."2 Many students who attend
college have no specifio educational or vooational objective, hence they
do not need or desire highly specialized instruotion. Those who do plan
to enter voocations requiring training should also aoquire a broad educa=-
tion unrelated to their voocation because they are also to be confronted
with many problems outside their field. "The program of the upper high
sochool and lower college years must therefore provide the general know-
ledge, skills, and attitudes required by this and succeeding generations.“3
These statements of the aims of general education are oconsistent with the
reports of other committees who have studied the problem of general educa-
tion.b"s’6 Although varying ooncepts of general education have been ex-
pressed by different educators, "fundamentally there is a common conocern
that underlies all efforts to strees general eduocation in the upper seo-

ondary and higher levels regardless of the different emphasis. It is a

oonoern that grows out of (1) a dissatisfaction with higher education as

2 American Council on Eduocation, Executive Committee of the
Cooperative Study in General Eduoation, Cooperation in General Education.
Washington: American Counoil on Education. 1947. p. 12.

3 Ivid., p. 13.

L William S. Gray, editor, Reocent Trends in American College
Education. Chiocagos University of Chioago Press, 1931. p. ll.

5 Kenneth L. Heaton and G. Robert Koopman, A College Curriculum
Board on Funotional Needs of Students. Chiocagos University of Chiocago

Press, 1936. p. T.

6 John B. Johnson, The Liberal College in Changing Sooiety.
New York: The Century Company. 1930. pe. 36-43.
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now organized, (2) a reaotion against an overemphasis upon specializa-
tion in the oolleges, (3) a new body of information regarding the nature
of & ocollege and the characteristios of the student body, (L) the ourrent
youth problem in society, and (5) a deepened desire to do something that
will make education more effective than it has been in the past, largely,
perhaps, in the hope that future generations will be able to solve better
such sooial problems as those that baffle present-day sooiety."7

A general education program was inaugurated at Michigan State
College in 1945. The funotion of the Basio College as presented in a
report of the oommittee appointed for the study of general education is
"to provide students with a sound foundation on which to build an intelli-
gent interest in personal, family, wvooational, social, and oivic problems,
a better understanding of these problems, and a greater ability to cope
with them eeeeee Students whose training may eventually beocome highly
specialized need this foundation of general educational experience that
each may have a greater appreciation of the relationship of his speoial
field to the needs of soociety as a whole."S

Many soience courses have been planned to carry out the basio ob-

Jjeotives set up for general education. In addition specifie objeotives

7 Alvin C. Eurioch, "A renewed emphasis upon general education,"
in General Education in the Amerioan College. Thirty-eighth Yearbook
of the National Society for the Study of Education, Part II. p. 6-7.
Bloomington, Illinois: Publioe School Publishing Company, 1939.

8"Report of Committee avpointed 'For Study and Recommendations'
Conoerning Basis Education at Michigan State College." Unpublished
report, Michigan State College, 19L).
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for soience ocourses have been formulated. These will be discussed in
Chapter II. Although the objectives of the course in biologiocal science
at Miochigan State College have been stated,9 they have not all previously
been expressed in terms of desired outoomes, nor has any previous attempt
been made to determine the relative importance of these objectives.

The present study is an outgrowth of an interest in the relation

of eduoational objectives to the oonstruotion of examinations. Tylerlo

in a disoussion on the history of objeotive tests, states that in 1927
oriticism was directed toward the existing standardized tests because

they did not cover all of the outoomes desired in an educational program.
He further says that the educational objeotives at that time were so in-
definite that measures ocould not be devised to test them. The fundamental
task in the oconstruction of achievement tests is to make certain that im=-

12

portant objeotives are measured-ll Richardson™ points out that the

oourse objectives, as far as the student is oonocerned, are represented

9 Eduocation Committee, "Objeotives for Biologiocal Science."
Unpublished report, Department of Biologioal Soience, Michigan State

College, 1946.

10 Ralph W. Tyler, "The speoifio techniques of investigation:
examining and testing aoquired knowledge, skill, and ability", in Soientifioc
Movement in Education. Thirty-seventh Yearbook of the National Society
for the Study of Eduoation, Part II, p. 341-355. Bloomington, Illinoiss
Publio School Publishing Compeany, 1938.

11 Ralph W. Tyler, Construotion of Achievement Tests. Columbus,
Ohios Ohio State University, 193L4. p. 4.

12 v, v, Riohardson, "The improvement of examinations at the
University of Chioago." In Gray, William S., editor, Tests and Measure-
ments in Higher Education. Chiocagos The University of Chioago Press.

1936« pp. 155-61.
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in the examinations. Because the entire evaluation of a student's achieve-
ment in the ocourses offered by the Basio College at Miochigan State College
is the ocomprehensive examination, it was deemed desirable to oconduot a
study on the relative importance of the stated objeotives of the course
in biological science, so that a method for testing each subjeoct-matter
area in terms of all of the important objeotives of the ocourse could be
devised. For the purpose of this thesis it was oconsidered advisable to
delimit the problem and to investigate only the major objectives of the

ooursee.

I. THE PROBLEM

Statement of the problem. It was the purpose of this study (1)

to determine the instruotional aims of the staff of biologioal soience
at Michigan State College, (2) to seoure ratings of these objectives by
a) the staff of biologiocal solence at Michigan State College, b) a group
of faoulty members of Michigan State College who were not members of the
Department of Biologiocal Science, o) a group of senior students who had
oompleted biologioal soience in their freshman year, d) a group of students
who had not previously taken biologiocal science, and e) groups of students
oompleting each term of the three terms of the oourse, and (3) to inter-
pret these ratings in order to determine the relative importance of the
objeotives to a) the teaching staff and b) the students.

The rating sheet was presented to the staff of biological soience
and a group of other faoculty members because it was believed that they

woere both directly concerned with the objeotives of a course in biology



offered in the Basioc College. The rating sheet was presented to the
seniors because it was believed that their experiences after taking the
oourse in biology might be reflected in their responses to the rating
sheet. The student groups were inoluded in the study beocause it was
believed that the needs and interests of the students should be oconsid-

ered in the final evaluation of the objeotives.

Importance of the studys The ourriculum, and oconsequently exam=-

inations, of the traditional college ocourse in science were largely
faotual in oontent. The expressed aims of a ocourse, however, are seldom
to present only factual information. It is, therefore, of major import-
ance to define the objeotives of a course in terms of desired outoomes,

and to evaluate these objeotives.
II, ORGANIZATION OF REWMAINDER OF THE THESIS

In Chapter II is presented a review of the literature on objeot-
ives of solence teaching, as reported by ocommittees making recommendations
for objectives for soience teaching at the college level and at the seocond-
ary level. This discussion is followed by a review of the literature on
studies made on the frequenoy of mention of objeotives in ocourses of-
studies, texts, journals, and by teachers. Studies on ratings of various
objeoctives of the teaohing of soience are reviewed in the last seotion of
Chepter II.

Chapter III deals with the method of obtaining the objectives

studied, the rating sheet which was presented to two faoulty groups and
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five student groups, a description of the seven groups studied, a olass=-
ification of the objeotives, and the methods by which the data were an-
alyzed.

Chapter IV is devoted to a comparison of the ratings of the ob-
jeotives by the seven groups studied. The objectives stressed in the
literature are ocompared with the objeotives which the members of the
Department of Biologiocal Science oconsidered the most important.

In Chapter V the ratings of those persons taking the oomprehensive
examination early with those not taking the comprehensive examination
early are ocompared. Sex differences and age differences in responses to
the objeotives are also presented in Chapter V.

A summary of the results is presented in Chapter VI. The summary

is followed by oonolusions and educational implications of the study.



CHAPTER II
REVIEW OF LITERATURE

Although there is a vast amount of literature on objeotives for
socilence teaching, only two types of reports will be presented here. A
few of the most recent and signifioant committee reports will be reviewed
briefly. The principal emphasis of the review of literature on soience
objeotives will be on those reports dealing with science instruction at
the secondary and junior ocollege levels. A more detailed discussion of
reports whioh inolude actual investigation of the problem of objectives

in science education will be inoluded.

Review of signifioant committee reports on objectives of soience

education. Evidenoe of the changing attitude toward the funotion of in-
troductory science courses at the college level is provided by the report
of the Harvard Committee.l It oritiocizes the present college instruotion
in scienoe for its emphasis on special fields, direoted toward training
future socientists. These oourses devote most of their time to the devel-
opment of a technioal voocabulary and techniocal skills, in whioh the gen-
eral student is uninterested and from whioh he gains little appreociation
of the basio ooncepts of the soience, the nature of scilentific enterprise,
the history of the development of the subjeot or its relationship with

other areas of interest and activity. The Harvard Committee believes that

i Harvard University, op. oit., pp. 220-230.
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general education in science is necessary for the specialist as well as
the general student in order that he may view soience as a whole. There-
fore, the members of this oommittee recommend that elementary oourses in
soience be introduced into the ourrioculum which should oconvey an inte=
grative viewpoint and are understanding of the soientifioc method. These
ocourses should also teach an understanding of the means by which science
has progressed, the basio ooncepts of the science, and the nature of man
and knowledge. Courses should be designed to meet the needs of the
students.

The report of the Harvard Committee was not the first one to orit-
ioize the traditional introduotory courses in sciences in the colleges,
nor is it as detailed in regard to the objectives of scienoce courses &s
several others; it is presented first in the oonsideration of the liter-
ature because it has had oconsiderable influence on the thinking of many
other ocommittees who are oritically examining the ourricula of their uni-
versities and colleges.

One of the earlier committee studies on science in general educa-
tion was presented by Coulter? in Gray's "Recent Trends in American College
Education." He sets up three major objectives for a biology course to be
taught at the University of Chiocago, narely, to ocultivate some facility
in application of the scientifioc method, to endow the student with some
praoctioal biological information, end to awaken an interest in the mach-

inery of the organic world and in the large concepts that have been useful

2 Gray, editor, op. cit., pp. 61-67.
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in the development of biology.

Another study of interest is that of Potthoff3 presented in "Build-
ing & Currioculum for General Education.™ The objectives set up for the
biology course at the Unlversity of Minnesota were to impart informetion
of man as an animal in the organized soheme of nature, to educate the
students in matters of personal and community health and to impart know-
ledge of the scientifio method and encourage its use in thinking.

It is interesting to note that all three of these reports on ob-
jeotives of generalized ocourses designed for the college student emphasize
the importance of developing competence in the use of the scientifioc method.
The teaching of major oconcepts of biology is mentioned in two of them.

One of the outstanding investigations on objectives of biological
science at the oollege level is presented by Greulack in a committee
report entitled "A College Looks at its Program." The first step in the
formulation of these objectives was an examination of every available
souroe of objectives for biology and other scienoce courses. To this list
were added other objectives related to the training of elementary teachers.
This 1list of objeotives was revised by oombining several similar objeot-
ives, and was then revised four tires on the basis of the oritiocism of
the committee on experimentation at Muskingum College, the faculty of

Mugkingum College and Ralph W. Tyler, (then of Ohio State University)

5 Ivol Spafford, editor, Building a Curriculum for General
Education. Minneapoliss The University of Minnesota Press, 19,3.
PPe 2;5-2610

L Muskingum College. A College Looks at its Program. Columbuss
The Spahr and Glen Company. 1937. ppe. 139-146.
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who was research counselor at Muskingum College. The objeotives as
stated in 1937 are comprehensive, expressed in terms of desired outocomes,
and include such important outoomes as the development of socientifio
methods of thinking, the understanding of funotional biological informsa-
 tion, and the aoquisition of desirable scientifio attitudes. This study
is included here as evidence that in at least a few institutions objeot-
ives of college ocourses were carefully oonsidered, that they were expressed
in terms of desired outcomes of behavior, and that the course was designed
for the general student and not for the speocialist.

A few of the outstanding committee reports on the objectives of
soience teaching in the grades below the first year of ocollege will be
present to show that the aims of soience courses in general education at
the college level are consistent with the objeotives at the secondary
levels In 1932 the Thirty-first Yearbook of the National Society for
the Study of Eduoations gave as major objeotives of sclence teaching the
development of an understanding of the major generalizations of socilence
and the development of sclentifioc attitudes.

The needs of adolescents in soienze a8 expressed in broad areas
by the Progressive Education Association are 1) personal living, 2)
personal-social relationships, 3) social-oivio relationships, L) economic

relationships and 5) ability to think reflectively. Although each of

5 Program for Teaching Soience. Thirty-first Yearbook of the
National Society for the Study of Eduoation, Part I. p. L. Bloomington,
Illinoiss Publio School Publishing Company, 1932.

Progressive Eduocation Association. Scienoce in General
Education. New York: D. Appleton-Century Company. 1938. ppe 27=L9.
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these ocategories of needs is discussed in detail, especially with respect
to funotional subjeot matter, the objectives have not been expressed in
terms of desired outoomes, and hence it is diffiocult to compare this
report with others on objeotives of soience.

The most reocent committee report to be considered here is that
presented in the Forty-sixth Yearbook of the National Society for the

Study of Eduoation.7

Certain oriteria have been set up for the formula-
tion of objeotives by this committee. The recommendations are that the
objeotives should be praoticable for the olassroom teacher, psychologio-
ally sound, possible of attainment, universal in a demooratio society,

and should indicate the relationship of classroom aotivity to the desired
changes in human behavior. On the basis of these oriteria the committee
has suggested eight oategories of objeotives, namely 1) funotional infor-
mation or facts, 2) funotional concepts, 3) funotional understanding of
prinoiples, ;) instrumental skills, 5) problem-solving skills, 6) attitudes
7) appreciations, and 8) interests.

In each of these findings of committees on soience education there
is emphasis on the desirability of funotional understanding of the teoh-
niques of the solentifio method. Each stresses the desirability of teach-
ing the major generalizations rather than isolated faots. It is difficult

to ocompare the report of the Progressive Eduocation Assooiation with the

report in the Forty=-sixth Yearbook because the former has outlined the

7 Science Education in American Schools. Forty-sixth Yearbook of

the National Society for the Study of Education, Part I. pp. 19-40.
Chiocago: University of Chicago Press, 1947.
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needs in the major areas of living and methods of implementing these
needs, whereas the Yearbook committee has considered the major types
of learning outoomes. As is pointed out in the committee report of the
Ameriocan Council on Eduoation8 there are two "dimensions" in terms of
which educational objeotives must be considered. These are; the broad
areas of living within whioh the purposes, aotivities, and difficulties
of students operate; and the types of activities, learnings, and outoomes
whioch attend each of these areas. In order to facilitate the discovery
of specific needs the comrittee on Cooperative Study in General Education
suggrests the oconstruction of a chart with the fields of human experience
listed in the lefthand column and the types of desired outoomes arranged
aoross the top of the page. Interseotions then suggest specific needs.

In comparing the conclusions which deal primarily with the objeot-
ives of science education in the seocondary schools with those on objeot~-
ives of science in general education at the college level it is of inter-
est to note that all six reports have stressed the importance of teaching
the soientifio method, four have stressed the importance of teaching gen-

eral oonoepts and three have emphasized the social importance of science.

Review of literature on studies of objeotives of science. There

9

have been numerous reports on subjeot-matter content objeotives. Persing

made an investigation of the subject-matter objectives of biology listed

8 Ameriocan Council on Edqucation, op. oit., pp. 65-67.

9 E111s cC. Persing, "Present objeotives in biology." Scienoce
Eduocation, 17s 2,-34, February, 1933.
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in sixteen publications, five ocurriculum studies, five courses of study
and six text books. A more comprehensive study was made by wraylo who
presented to teachers, engineers, students, laborers, house-wives, sec-
retaries, etoc. a questionnaire of 1550 items of chemical information to
be cheocked for frequency of use and for pleasure in knowing the informa-
tion. Although this type of study is of interest in a oconsideration of
the literature on studies on objectives, it is not sufficiently related
to the present study to warrant a detailed review of the literature on
subjeoct matter objectives.

Thqre have, however, been & number of studies oonduoted on gener-
al objectives of science teaching which are pertinent. Two types of
approaches to the problem of objeotives have been used. An analysis of
frequency of mention of objeotives in text books, educational journals,
ocommittee reports, courses of study, and in questionnaires to science
teachers constitutes one of these approaches. The other method of study
is the presentation of a seleocted list of objeotives for evaluation.

One of the first studies of the former type was an investigation
made by Beauohampll in 1932. He analyzed stated objeotives in courses
of study of 58 courses in general science, L5 courses in biology, 27
oourses in physiocs and 30 courses in chemistry. Twenty-six states were
represented in this investigation. Each course of study was examined to

determine the objeotives mentioned. An interesting observation is made

10 Robert P. Wray, "Organizing of secondary school chemistry accord-
ing to utilitarian prinoiples."” Socience Education, 19s 141-1,9, Deo., 1935.

1 Wilber L. Beauohamp, Instruotion in Science. U. S. Office of
Eduoation Bulletin, 1932, No. 17, Monograph No. 22. Washingtons Govern-
ment Printing Offioce. 1933. pp. 9-1j.
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in this report. "The objecotives of the courses in general science eese
were more general and would apply to any field of science, whereas the
objeotives of courses such as biology, physiocs, and chemistry were very
speoifio.”12 Beauchamp explains this by the faot that the speoial
goience teacher is trained in the subject matter of the ocourse and thus
tends to express his objectives in terms of content rather than in terms
of general outoomes. Beauchamp has classified the objeoctives in six
categories namely; knowledge, exploration, abilities, attitudes, ideals,
habits, and interests. A wide range of objectives is presented, 63 in
all. The objeoctives are presented for the four soiences studied. Beoause
the present investigation is dealing with objeotives of biology, the ob-
jeotives as presented for biology by Beauchamp will be disoussed here.
Of the 32 ocourses of study for biology, the following objeotives were
most frequently mentioned; to acquire knowledge which will produce a
better understanding of our environment, to acquire knowledge which will
lead to more healthful living, to appreciate nature, to acquire knowledge
for worthy use of leisure time, to acquire knowledge of prinociples of
biology. Only five courses of study gave as an objeotive, to develop
ability to think soientifiocally. It is of interest to compare this latter
number with the number of general science courses of study which mentioned
ability to think scientifiocally, where the number was Ll out of 51. Of
the scientifio attitudes only one was mentioned in one course of study for

biologys; to be openminded. Beauchamp points out that little importance

12 1p14., p. 10.
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should be attached to the frequency of mention of the objectives in
courses of study and that they should not be a oriteria for determining
what the objeotives should be.

In the same year that Beauchamp's report was prepared for publi-
cation Hunter and Knapp13 reported results of a questionnaire sent to
science teachers of secondaery schools.s A seotion of the questionnaire
asked that the major aims of science teaching for the junior hizgh level
and the senior high level be listedes Replies on objectives were received
from 393 sochools.e This number inocluded replies received from both the
Junior and senior hirh schools. The same gquestionnaire was also sent to
each member of the National Association for Research in Science Teachinge.
A large per cent of these members replied. Hunter and Knapp state that
"the replies from this group may be considered as representing what the
experts in the field of soience teaching think should be the real objeot=
ives of teaching solence, while the replies of the teachers themselves
should be representative of what objeotives are actually funotioning in
nll
the secondary schoole.

Some individuels mentiored only one objective while others men-
tioned as many as ten; the majority specified a number somewhere between
these two extremes. The major objectives mentioned by the teachers were;

to help the pupil understand his environment, to prepare him for further

13 George W. Hunter and Roy Knappe "Science Objectives at the
Junior-and Senior-dish Schocl Level." Soience Education, 16:407-L16,
October, 1932.

1L Tbid., p. LC7.
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work in soience or for college preparation, to give information, to master
the soientifio method, and to arouse interest in science. One of the most
interesting phases of this investigation was the comparison of the objest-
ives of senior high school teachers with the objectives indicated by mem-
bers of the National Association for Research in Scienoce Teaching. The
propaedeutio funotions of soience and the acquisition of information were
those most frequently mentioned by the senior high school teachers, whereas
the research group mentioned these objectives relatively infrequ;ntly. The
objective mentioned most frequently by the latter group was mastery of the
solentific method, while this objeoctive was mentioned third most frequently
by the teachers. The objectives in second and third place in frequenoy of
mention by the research group were respectively; to develop a scientifio
attitude toward all problems and to understand the environment.

Winokur,15 in 1936, presented a report on the results of a question-
naire received from 68 ocollegiate institutions teaching generalized soience
oourses. Some of these were courses in biology, some were ocourses in phys-
ioal soience, and some were bothe The objectives of the courses were re-
quested and the frequenoy of mention of each type of objeotive was tabulat-
ed. Fifty-four of the 68 gave as an objeotive to teach knowledge of the
subjeoct matter of the course. Only 22 of the 68 gave the teaching of the
understanding of the major generalizations of socience as a major objective.
An understanding of the soientifie method was mentioned by only twelve, and

twelve others thought that an appreciation of the scientifio attitude was

15 Morris Winokur, "A Survey of Generalized Soience Courses in
Institutions of Higher Education.” Soience Education, 20:132-140.

October, 1936.
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an important objeotive. It would appear that in 1936 even in those ool-
lege oourses which were supposedly for the general student the major
emphasis was on the faots of the science.

A more comprehensive survey of general education courses in science
being offered in the college was reported by Hard and Jeanl6 in 1938. Of
the 209 questionnaires sent out 177 or 8.7 per cent were returned. The
reoipients of the questionnaires were asked to check the four following
objectives:

l. The aocquirement of pure science faots.

2. The acquirement of generalized understandings.

3. The acquirement of skill in walid and reliable thinking.

L. The acquirement of socially acceptable scientific attitudes.

The respondents were asked to check either that the prineciple
objective of the course was the acquirement of faots or prinsciples. That
is, they were asked to choose between objective one and objeotive two.
Although 93.1 per cent cheoked the second, 33.5 per cent checked the
first; in other words, many felt that both were essential. The ability

to use the scientifioc method (objeotive~# 3) was believed to be important

by 90.2 per cent of the group, while 76.3 per cent believed that scientifio

attitudes should be acquired during the course of instruction. There are
several possible explanations for the disorepanocy in the findings of Hard
and Jean and those of Winokur. The group which was studied by Hard and

Jean may have been more representative than that studied by Winokur. 1In

the opinion of the author the most logiocal explanation is that Winokur

16 H, 0. Hard and F. C. Jean, "Natural Science Survey Courses in
Colleges." Soience Education, 22:294-299, November, 1938.
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asked for an expression of objeotives in the respondents own words,
whereas Hard and Jean presented alternate objesctives. It is probable
that many persons would include the major generalizations of science
as teaching of the faocts of science, and feel that they had covered
both in a single statement.

A very ocomprehensive study of stated objectives was reported
by Noll17 in 1939. All of the aims of science teaching that ocould be
found in text books of scienoce, scourses of studies, committee reports,
artioles, and periodiocals were listed. A total of 130 sources were
inoluded in the analysis. The aims were grouped for different subject
areas (for example, biology, chemistry, eto.) and by educational levels.
The frequenoy and proportion of sources mentioning each objective were
obtained. The objeotives were classified as to knowledges, abilities,
habits, appreciations, attitudes, and interests.

The prinoiple emphasis in these objeotives at all levels was
found to be on knowledge; at the senior high level 51.5 per cent of the
objeotives listed in the warious sources were knowledge aimse. There was
an inorease in emphasis on knowledge of principles through the grades and
a deorease in emphasis in knowledge of environment. There was also a
deorease through the grades in frequency of mention of the aims related
to habits and appreciations. Attitudes were not mentioned at all in
15.l; per ocent of the sources examined. Noll believes that teachers are

thinking in terms of subjeot matter rather than in terms of the needs of

17 Viotor He Noll, The Teaching of Science in Elementary and
Secondary Schools. New York: Longmans, Green and Company, 1938.

PPe 5'210
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their pupils. "Until science teachers learn to think of the purposes
of their work in terms of changes to be brought about in the thinking
and behavior of the pupils rather than in terms of facts ¢ « ¢ « « &
soience teaching will be taught as a body of organized knowledge."18
Noll ooﬁtinues his oriticism of the stated objeotives of science with
the comment that if those who ooccupy positions of leadership in the
teaching of soience do not think in terms of funotion rather than subjeot
matter, there is little hope that the teachers will ever deviate from the
traditional pattern of presenting facts for memorization. 1In this refer-
ence it is pointed out that knowledge of faots should not be an aim of
the teaching of soience. This body of knowledge, he believes, is a pre-
requisite to the attainment of the true aims of science, such as the
understanding of nature and its organization in order that man may under-
stand his place in it, appreciate the complexity and orderliness of it,
eto. A ochange in emphasis of this sort should have a wholesome influence
on science instruction at all levels of instruotion. |

In summarizing the studies whioch have been made on the frequenoy
of mention of the objeotives of science, it may be pointed out that the
teaching of knowledges is the objective most frequently mentioned in all
of the reports, but that an understanding of the soientifioc method is not
negleoted as a stated objeotive.

A few studies have been reported in which goals were listed and

were submitted to various groups for rating. One of the first of these

18 Ivide, p. 11
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was reported in 1930 by Berner.19 A study was made bj a group of stud-
ents at the University of ¥Wisoonsin to discover, olassify, olarify, and
define objectives of science teaching and to determine which objeotives
should receive major emphasis in the choice of subjeot matter. TIwenty=-
five students of a graduate ocourse in education collected lists of ob-
jeotives from textbooks, ocourses of study, periodicals, etc. These were
olassified according to knowledges, abilities, habits, appreoiations,
attitudes, purposes (drives), ideals, and interests. In all, 57 distinct
objeotives were statede All of the students in the class were asked to
rank these objeotives by placing them in five groups. Each objeotive
received as its rating the sum of the ratings given by the olass. The
objectives ranked highest by the olass were: the habit of scientifie
thinking, a scientifio attitude, and knowledge which will give insight
into the nature and organization of the environment, making it an organ-

0
ized whole instead of a lot of disjointed parta.2 Four of the first

five ranks were given to non-knowledge objectives. Although this group
was small, and henoce cannot be considered representative, the report is
of oonsiderable interest because a technique was presented here whioh
has been modified and used by other investigators.

In 1938 the ocommittee on secondary school science of the National

. 21
Association for Researoh in Scienoe Teaching =~ gent a questionnaire on

19 L. M. Berner and Others, "Objectives of Science Teaching."
Sohool Soience and Mathemetins, 31:550-559, May, 1931.

-2

O Ibid., p. 555.

= "Keport of Cormittee on Secondary School Science of the National
Assooiation for Research in Science Education," Science Education, 22:223-
233, Ootober, 1938.
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soience teaching practices to 100 selected specialists in the field of
seocondary school soience teaching; 71 responses were reoceived. This
group inocluded all of the members of the National Association of Kesearch
in Soience Teaching plus a few currioulum specialists. Therefore, this
report represents what the speoialists in the field of solence teaching
believed the objeotives of science instruoctions should be and not what
the majority of teachers are using as their objectives for teaching.

The questionnaire was made up of nine main divisions one of whioh was
objeotives of secondary school science. Rating of the items was made
on a five point scale. The scale ranged from one, implying great import-
ance, to five, denoting unimportance. Complete disagreement with the
issue was ocheocked in a column of the questionnaire marked X and a Y
ocolumn was used for items which were not understood by the respondent.
The items which received the highest ratings were those related
to the scientific attitude; for example, an objective attitude toward
faots, an understanding of cause and effect relationships, freedom from
superstition, and a willingness to suspend judgment. (The ratings of
these specialists will be ocompared to the ratings obtained in the present
study and will be presented in more detail in Chapter IV). The ability
to think socientifically was the major objeotive given the second highest
rating, while mastery of fundamental knowledges was ranked third in
importance. The lowest rankirg was given to the objective of training
students for speoifio science vooations.

22

Hunter and Spore in 1943, report the results of a rating sheet

22 George W. Hunter and Leroy Spore, "The Objectives of Soience
in the Secondary Schools of the United States."™ Sohool Science and

Mathematiecs, 1,3:63%3-6,47, October, 1943.




23
of thirty objeotives formulated principally from the list derived from
a questionnaire sent to teaochers, reported by Hunter and Knapp23 in
1932 and referred to earlier in this paper. The respondents were asked
to rate these objeotives as they were being taught, not as teachers
believed that they should be taught. The objectives were rated on a
four point scale. In addition a column was provided for a response
indicating complete disagreement with the statement. The ratings of
teachers from 655 schools were tabulated and graphs were made indiocating
the emphasis placed on each of the thirty objectives. The data were an-
alyzed separately for the junior and senior high sohool levels. The ob-
jeotive which reoeived the highest rating at both levels was one of
understanding the environment. An understanding of personal health
needs, ;ppreoiation of the environment, and knowledge of the environment
were objeotives which ranked high at both levels of instruction. Those
objeotives which had to do with attitudes and teohniques of the scientifioc
method ocollectively received ratings which would indicate that these ob-
jectives are not being negleoted in present day teaching of soience. It
is heartening to note that "these objectives are rated as much more
important today than they were ten years ago acoording to statements of
teachers « . . « It is interesting, however, to note that in 1930 the
membership of the National Assoociation of Research in Science Teaching
largely supervisors, training teachers, and university profescors rated

these objeotives much higher than did the teachers, thus showing that

2
5 Hunter and Knapp, op. oit., pp. LO7-409.
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leadership in educational matters is slow in acceptance by the rank and

2,

file of the teaching profession." One of the most striking differences
between the two studies of Hunter is the place of preparation for college
as an objective. In the earlier report, propaedeutic functions stood
high on the list of teacher's objectives, whereas in the later report,
these were the objectives which reoceived the lowest ratings by teachers.

In supmarizing the literature on objectives of science teaching,
certain important trends can be noted.

le There has been progress toward objectives which are funotional
and which are based on the needs of the student.

2. There is uniform agreement among educators that objeotives
should bring about desired changes in behavior of the students.

3. The oommittees which have studied objectives and reported on
them, and other leaders in the field of science education emphasize the
importance of such objectives as the ability to think independently, and
the development of scientifioc attitudes.

L. Earlier studies of objectives show that the principle emphasis
of the teaoher was on subjeot matter and teaohing of facts; however, later
studies show that objeotives other than informational ones are now being
emphasized in the secondary school.

5« The objeotives stated by committees on science teaching et

the ocollege level are oonsistent with the objeotives formulated for the

teaching of socience in the secondary school.

2L Hunter and Spore, op. cit., p. 639.



CHAPTER III
NETHODS OF PKOCEDURE

As a preliminary step in this study the members of the Departhent
of Biological Soience of Michigan State College were asked to submit
lists of objectives which they believed were important in the teaching
of a course in biology in a general education program. The objectives
turned in were studied and those which were not expressed in terms of
desired outocomes were formulated in such terms. For example, such a
statement as the following: "teach the student attitudes which he should
use in solving a problem (objectiveness, unprejudiceness, etc.)" was
oonsidered as several objeoctives, and was expressed in terms of the change
desired in the student rather than in terms of what was to be taught.
One objeotive based on the statement was "to develop freedom from
prejudice.”

There was considerable overlapping of the objectives as stated
by the members of the staff of biological science. In such ocases the
objeotive which was the most oconocisely and clearly stated was selected.
In a few instances two or three very broad objectives were submitted,
such as "to teach the scientifioc method," "to teach functional knowledge."
These objectives were used as major oategories and relevant objectives
were grouped according to these broad arease.

The following rating sheet was derived from the list of objeotives

submitted:
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The purpose of this study is to find out what you believe

the aims (objeotives) of this course in basic biology should

be.

The objeotives listed below have been compiled from a

list presented by the members of the staff of the department

of biological science. We should like to have you oheck them
in order to determine how important each of these objectives

is to you. Mark those which you believe to be the most import-
ant with a 1. Those which are the least important to you mark
with a 5. Mark the rest 2, 3, or L depending upon whether you
oongider them to be quite important, of average importance, or
relatively unimportant. If you do not know what a statement
means mark it with an X.

Key
l. Those which are the most important.
2. Those which are quite important.
3+ Those which are of average importance.
LLs Those which are relatively unimportant.
5. Those which are of the least importance.
Xe. Those which you do not understand.

PIEASE KEAD THE EHTIKE LIST CF OBJECTIVES BEFORE KATING ThEM

Ratin
.
( ) ea
( ) 3.
( ) L‘»o
( ) -5
( ) 6.
() 7.
( ) s.
( ) 9

( ) 0.

To acquire a vocabulary of useful biological terms.
To aoquire knowledge of some of the basiec laws of biologye.

To beocome familiar with biological facts which will lead
to more healthful living.

To become familiar with biological faocts which will ocontribute
toward social goode.

To understand the relation of man to his environment.

To understand the relation of structures to their functions.
To learn to apply the basic laws of biology; for example, the
law which states that only green plants have the ability to
manufacture food emphasizes the dependence of all animals
inoluding man on plant life.

To aocquire the ability to deteoct and state a problem.

To learn to formulate hypotheses (possible solutions to a
problem).

To acquire the ability to plan experiments to test hypotheses.
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11.
12.

13.
.
15.
16.

17.
18.

19.

20.

21l.
22.

23.
2.
25.
26.

27.
28.

29.

27
To learn to make saccurate observationse.

To learn to organize the facts obtained from observations
and experiments.

To learn to read and oconstruot graphs and tables.
To learn to interpret faots, that is, to draw oonclusions.
To learn to use scientifio apparatus, such as the mioroscope.

To beoome able to recognize true cause and effect relation-
ships, that is, to learn to avoid making unscientific ration-
alization. For example, to recognize that most diseases are
the result of infecotion, not a punishment for sin.

To learn to distinguish a faot from a theory.

To learn to transfer the method of scientifio thirking to
one's own problems and to soocial problems.

To acquire the ability to recognize important biological prob-
lems which are still unsolved, such as the cause of ocancer,etc.

To develop an attitude of openmindedness, that is, a willing=
ness to accept the results of objective observationse.

To develop freedom from superstition.

To develop a willingness to suspend judgment until sufficient
faocts are gathered.

To develop freedom from prejudioce.
To develop intellectual ocuriositye.

To beocome acquainted with the nature and extent of the profess-

ional fields of biology, such as, forestry, entomology, zoology,
eto.

To develop an appreciation of the esthetic values of nature;
that is, to appreciate the artistic elements of biology.

To acquire a background for avooational readinge.

To acquire other avoocational interests such as nature study,
eto.

To acquire biological information and techniques which will be
of value in the formation of a satisfactory philosophy of life.
For example, an understanding of evolution, and of interrela-

tionships of living things may affeot one's philosophy of life.
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() 30. To become familiar with the sources of biological literature.
( ) 31. To appreciate the economic values of biology.
( ) 32. To develop an appreciation of the efforts, hard work, and
aocuracy that are necessary in any scientifioc investigation.

The rating sheet was presented to the twenty-six members of the
Department of Biological Science of Michigan State College in Lay, 1947.
The rating sheet was sent with a 1etter1 explaining the purpose of the
study to 100 of the teaching faculty, selected at random from the Faculty
Direotory of Lichigan State College in January, 1948. Of this group 55
returned the questionnaire. Two of the returned questionnaires, however,
were very inoompletely rated and were, therefore, omitted from the tabu-
lation of these returns. The analysis of this group was made on the basis
of 53 replies, 5% per oent of those sent out.

The rating sheet was presented to five groups of studentse. The
oourse in biologiocal science at Michigan State Collese was given for the
first time during the academic year 944115, In January, 19,8, the rat-
ing sheet was sent with a 1etter2 explaining the purpose of the study to
1,0 students, most of them seniors, who had taken the oourse the first
year it was offered. Replies were received from 73 of these students, or
from 52.1 per cent. Of the replies reoceived twelve, or 16.l per ocent,
were from men and 61, or £3.6 per cent, were from women students. This
high percentage of women in the class the first year was due to the war.

It was deemed advisable to obtain ratings from a group of students

See appendix

2 Tpid.
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who had not had any biology in oollege, so the rating sheet was given in
September, 1947, to 298 students entering the first term of the course.
The rating sheet was presented the first day of olass. Of this group,
98, or 32.9 per cent, were women students, while 200, or 67.1 per cent,
were men students. The group ranged in age from sixteen to thirty years
of age.

At Miohigan State College most of the basic College courses are
offered every quarter, so during all quarters there are classes of each
term of the three-term ocourse. Credit and honor points in the ocourses
in the Basic College are entirely dependent upon the grade made on the
oomprehensive examination, which is normally taken after the student has
oompleted three terms of the course. The comprehensive examination is
given at the olose of each quarter and covers the three terms of work in
the ocourse. The students who show profiency in biology ocan receive a full
year's oredit in the ocourse by taking the comprehensive examination before
completing the three term's worke This privilege is granted only to the
superior students.

Because the population of each term of the biology course (that is,
Basioc 121, 122, 123) is somewhat different, due to the faot that some of
thé best students take the comprehensive examination early, and some of
the poorest students fail or drop out of school, it was deemed advisable
to obtain ratings from students in all three terms of the course. The
rating sheet was presented at the oclose of spring term in May, 1947, to
three groups of students enrolled in biological science. Three hundred

and twenty~-five of these students had oompleted the first term of the
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course, 312 had oompleted the second term of the ocourse, and 319 had
completed the third term. Of 151 of the 325 in the first term group
132, or €7.5 per ocent, were men and 19, or 12.5 per cent, were women.

The group ranged in age from 17 to 37 years of age. Of the second term
group 277, or 88.8 per ocent, were men and 35, or 11l.2 per cent, were
women. This group ranged in age from 17 to 3L years of age. Age and
sex data were not obtained for the third term group.

The results of the ratings were tabulated and the percentages of
each rating for each of the seven groups were ocalculated. The average
rating for each objeotive for each of the seven groups was also ocaloulated
and from these averages the objectives were ranked according to their
importance to each group. These data are presented in Chapter IV,

Students in the first and second term of the course were asked
to designate on the rating sheet whether or not they were taking the com-
prehensive examination at the close of that terms Of the first term group
18.1 per ocent planned to take the comprehensive examination at the oclose
of that terme. Of the second term group 3l.1 per cent of the students
planned Fo take the comprehensive at the end of that term. These percent-
ages are somewhat higher than normal because veterans were allowed to take
the oomprehensive examination with somewhat lower marks than the regular
students. Ratings of objectives by students taking the comprehensive exam-
ination early, that is, the superior students, are ocompared with the
results of the ratings of the students who did not take the comprehensive
early. The responses were interpreted in terms of percentages of responses

obtained. These data are presented in Chapter V.
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In order to study sex and age differences certain groups; namely,
the entering group, part of the first term group, the second term group,
and the seniors were studied regarding these characteristics. These
data are presented in Chapter V.

In order to treat the data obtained in this study in terms of
types of objectives which were of major importance to the various groups
studied it was deemed advisable to oclassify these objeotives. The olass-
ifiocation selected as most satisfactory for this purpose was a modifica-
tion of the one presented in the Forty=-sixth Yearbook.3 The first and
second ocategories mentioned in the classification of objectives in this
Yearbook are; functional information of facts, and functional concepts.
Because there is some overlapping in these ocategories and because know-
ledge of both faots and concepts is implied in some of the objectives as
they were stated in the rating sheet presented to the various groups, the
author has grouped these categories together and has called them knowledge
objeotives. The third objective mentioned in the Yearbook is a functional
understanding of principles. In the present report all objectives which
are stated as understanding objeotives will be placed in this ocategory.
It is admittedly difficult to separate knowledze objectives from under=-
standings, because the teacher usually hopes that knowledge will become
a part of the apperceptive mass which will increase understanding of
oonocepts and principles. The separation of these two types of objeotives
is probably superfioial, but since some of the objectives were stated in
terms of knowledge and some in terms of understandings, they will be

olagsified under these categories.

5 Soience Education in American Schools, op ecit., pp. 2E=-29.
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The fourth ocategory of objeotives mentioned in the Forty-sixth
Yearbook is instrumental skills, such as the ability to make aocurate
measurements, to read grarhs, maps, etc. This will be type three in
the present paper. The fifth type of objeotive listed in the Yearbook
is problem solving skills. This includes all of the objeotives related
to the ability to use the scientific method. These skills have been
included in the fourth category of the present classification. Attitudes,
appreciations, and interests are the three other types of objectives
given in the Yearbook, and are presented here in the fifth, sixth, and
geventh ocategories.

In order to present the objeotives in tables and graphs, it
seemed advisable to abbreviate these objectives. The abbreviations

used are presented in parentheses after the objeotives.

Classifioation of the Thirty-two Objectives

of the Rating Sheet

l. Knowledge

l. To aoquire a vocabulary of useful biologiocal terms.
(vocabulary)

2. To acquire knowledge of some of the basioc laws of biology.
(basic laws)

3+ To become familiar with biologiocal faots which will lead to
more healtnful living. (healthful living)

L. To become familiar with biological faots which will contribute
toward soocial good. (social good)

5. To acquire biological information and teohniques which will be
of value in the formation of a satisfaoctory philosophy of life.
(philosophy)



II,

III.
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Understandings

le To understand the relation of man to his environment.
(man to environment)

2. To understand tne relation of struotufes to their funoctions.
(struotures to funotions)

3. To learn to apply the basio laws of biology.
(apply laws)

L. To learn to distinguish a fact from a theory.
(fact from theory)

Instrumental skills

le To learn to make accurate observationse.
(aocourate observations)

2. To learn to read and oconstruot graphs and tables.
(graphs and tables)

3. To learn to use scientific apparatus.
(scieatific apparatus)
Problem Solving Skills

l. To aoquire the ability to detect and state a problem.
(state problem)

2. To learn to formulate hypotheses.
(formulate hypotneses)

3. To aoquire the ability to plan experiments to test hypotheses.
(plan experiments)

L. To learn to organize the facts obtained from observations and
experiments. (organize facts)

5. To learn to interpret facts, that is, to draw conclusions.
(interpret facts)

6. To learn to transfer the method of scientific thinking to
one's own problems and to social problems.
(scientific method)



V.

VI.

VII.

3L

Attitudes

1.

2.

To become able to recognize true cause and effect relation=-
shipse (cause and effect)

To ‘develop an attitude of openmindedness, that is, a willing-
ness to aoccept the results of objective observations.
(openmindedness)

3+ To develop freedom from superstition.

(freedom from superstition)
L. To develop a willingness to suspend judgment until sufficient

facts are gathered. (suspend judgment)

5. To develop freedom from prejudice. (freedom from prejudice)
6. To develop intellectual ocuriosity. (intellectual curiosity)
Interests
l. To become anquainted with the nature and extent of the

2.

3.

professional fields of biologye. (professional fields)

To acquire a backzround for avooational reading.
(avocational reading)

To acquire other avocational interests.
(avooational interests)

L. To besome familiar with the sources of biological literature.
(biological literature)

Appreciations

l. To acquire the ability to recognize important biologiocal

2.

problems which are still unsolved. (unsolved problems)

To develop an appreciation of the esthetio values of nature.
(esthetio values)

To appreciate the economioc values of biology.
(economis values)

To develop an avpreciation of the efforts, hard work, and
acocuracy that are necessary in any scientifioc investigation.
(acouracy of science)
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There are several of these objectives which might have been
placed in two ocategories. For example, to make accurate observations
might be considered an instrumental skill in some instances; it might
be oonsidered a step in the socisentific method in other instances. To
distinguish a fact from a theory might be oonsidered an understanding,
or it might be oconsidered a step or a part of the scientific method.
Since any classification is a more or less arbitrary grouping, these
have been olassified acoording to the ocategory which seemed the most
logioal to the writer. Others might have made a slightly different

allooation of some of these objectives.



CHAPTER IV

RESULTS OF AFALYSIS OF KRATING SHEET FOR
THE SEVEN GROUPS STUDIED

Comparison of ratines of objeotives by the seven groups. In the

tables that follow the data collected from the seven groups to whom the
rating sheet was presented are given in terms of the total number of
responses to each rating and in terms of perocentages. The staff of the
Department of Biological Science is designated on the following tables

and Figures as "staff," while the members of the faoculty of Miochigan

State College to whom the rating sheet was sent is designated as "faculty."
The group of students who took biologiocal science the first year it was

offered is indioated on the tables and Figures as "seniors."

The group
indicated on the tables and Figures as "pre" refers to thése students
beginning the ocourse in biologioal science, who had not had any previous
oourse in biology at the college level. It will be recalled that the
rating sheet was presented at the end of the term to groups of students
finishing the first, second, and third terms of the course. Eiological
science is designated in the Miohigan‘State College catalogue as Basio
121, 122, end 123, therefore the first term group will be called "121,"
the second term group "122," and the third term group "123," in the
following tables and Figures.

There were some people who responded to the questionnaire who did

not give any response to certain questions. These have been added to

the X rating, whioch was marked if the respondent did not understand the
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meaning of the objeoctive. In most oases there were very few in either
of these oategories.

The objeotives have been grouped in the following tables accord-
ing to the oclassifiocation presented in Chapter III. In summarizing the
data an attempt has been made to bring out differences and similarities
between the warious groups studied.

An examination of Tables I = VII shows that there is considerable
agreement among the seven groups of ratings on certain of the objectives
and much diversity of opinion regarding the importance of other objsotives.
On those objectives which have been classified as knowledge objeotives,
and which are presented in Table I, there is oconsiderable agreement in
all of the groups when the absolute percentage is used as a basis of ocom=-
parison. Of fhe knowledge objeotives there is more diversity of opinion
on item 4 in Table I (to become familiar with biologiocal faots whioh will
oontribute to social good) than on any other of the knowledge objectives.
Of the staff of the Department of Biological Science 77 per cent have
rated this as a very important objective, whereas about L0 per cent of
the four freshmen groups gave this a rating of one. Of the faculty
groups and the seniors about 50 per ocent believed this to be a very im=-
portant objeotive of the course. It is interesting to compare the response
on this goal with the responses to objective 3 in Table I (to become
familiar with biological faots which will lead to more healthful living).
All groups have rated this objeotive as important, but the staff of the
Department of Biologiocal Socience has rated knowledge which contribute to

sooial good oonsiderably higher than it has rated knowledge whioch



TABIE I

COMPARISON OF RATINGS OF KNOWLEDGE OBJECTIVES
BY STUDENT AND FACULTY GROUPS

(1) To acquire a vocabulary of useful biological terms.

!

38

44r Ratings
1 2 3 L 5
Groups* | N % N % N % N % N % N %
Faculty L{ 7.5{ WU {2041 23 |L3.4 8 |15.1 L | 7.6 0| -
Seniors | 13 |15.7| 23 |27.7| 37 [LL.6 9 |[10.8 1] 1.2 o} -
Pre Lo {1341 72 {24.21 99 [33.3| 50 {16.7] 36 |12.1 11| 0.3
121 Lo | 12.3{ 94 {29.0{ 123 |37.9| L2 {12.9] 24 | 7.3 2 | 0.6
122 38 | 12.2] 73 |23.4] 120 |38.5| 57 {18.3]| 23 | 7.3 1| 0.3
123 35 {11.0| 80 |25.0| 118 [37.1| 61 [19.1] 22 | 6.9 3 | 0.9

* Total number in group; Staff - 26, Faoulty - 53, Seniors = 83, pre-
group = 298; 121 group = 325; 122 group = 312; 123 group = 319.

(2) To aoquire knowledge of some of the basic laws of biology.

W

Ratings
1 2 3 5
Groups | N | % N | % N | 7% N | % N | % | N | %
Staff 20 17649 6 |23.1 0}~ 0| = o| - 0| =
Faoulty | 21 {39.6] 25 {L3.4 9 |17.0 0|~ o} = 0| =
Seniors | ,8 }156.7) 27 [32.6 8 | 9.7 0|~ 0Of = 0! -
Pre 1,7 L9y 98 132.91 Lo |13.4| 10 | 3.3 31 1.0 0| =
121 193 |59.4] 85 |26.2] 36 [11.1} 10 | 3.0 1] 0.3 o =
122 174 |55.8] 85 |27.3| Lo |12.9 L | 1.2 71 2.2 2 | 0.6
123 138 [L43.2] 105 |32.9 | 57 [17.9| 12 | 3.8 61 1.9 1] 0.3




TABLE I (oontinued)
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(3) To beocome familiar with biological facts which will lead to more

healthful living.

4Ratinga
2 3 5 X
Groups N N % N % N % N % N %
Staff 17 71 26.8 21 7.7 O} = 0l = O} -
Faculty| 3L 91 17.0 51 9.4 3 5.7 2 1 3.8 0| -
Seniors 60 12 lb,.S 8 9.6 3 306 0 - 0 -
Pre 186 751 25.21 27| 9.0 T1 23 31 1.0 0O |-
122 221 51} 164} 29| 9.3 T 1| 2.2 3 1 0.9 ) O 0]
123 195 761 23.8 1 31| 9.7 13 { L.1 L | 1.3 0|~
(L) To become familiar with biologioal faots which will contribute to-
ward social good.
Ratings
2 2 5 X
Groups N N % N % N % N % N %
Staff 20 L 15.3 21 Te7 oOf - Of - O | -
Faoulty| 27 12| 22.5 8 | 15.1 L{ 7.6 o} - 2 { 3.8
Seniors| L1 25| 30.,1{ 10 |12.1 L | L.8 1{ 1.2 2 | 2.4
Pre 118 103 | 34.6 | 56 {18.8| 12 | L.O 9] 3.0 o| -
121 131 100| 30,8 | 61 {18.7| 13| L.O | 17 | 5.2 3 | 0.9
122 132 89] 28.5) 70 122,41 15| L.8 51 1.6 1 | 0.3
123 119 104 32,6 | 61 {19.1| 25| 7.8 | 10| 3.1 0| =
(5) To aoquire biological information and techniques which will be of
value in the formation of a satisfactory philosophy of life.
Ratings
2 3 5 X
Groups N N % N % N % N % N
Staff 1 8] 30.8 21 7.7 1| 3.8 0o} - 11 3.9
Faoulty| 25 18 34,.0|] 8}15.1] 2| 3.8| o] = 0] =
Seniors| 35 23| 27.7 | 18 | 21.7 L | L.8 2| 2.4 1] 1.2
Pre 98 85| 28.6 | 71{23.9) 23| 7.7 | 15| 5.0 6 | 1.9
121 100 101 31.1 | 74 {22.8| 27| 8.3 | 17| 5.2 6 | 1.8
122 101 951 3051 75| 241 23| 7ok | Uy | Lol L | 1.2
123 107 90| 28.2 | 66]|20.7| 25| T8 | 25| 7.8 6| 1.9
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oontribute to more healthful living, whereas the reverse is true for
other groups.

Objeotive number 5 (Table I), to.aoquire biological information
and techniques which will be of value in the formation of a satisfactory
philosophy of life, is rated as being more important to the older groups,
that is, the staff group, the faculty, and the seniors. Age differences
in response to objectives will be discussed in more detail in a later
chapter.

Knowledge of the basio laws of biology (objeotive 2, Table I)
was considered by all groups to be an important objective. To aoquire
a vocabulary of useful biological terms (objeotive 1, Table I) was rated
by all groups as being the least important of the knowledge objectives.

The objeotives classified as understandings as a group are rated
lower than the knowledge objectives (Table II). The objective to under-
stand the relation of man to his environment (objective 1, Table II) is
oonsidered by most of the groups to be the most important of the under-
standing objeotives. The staff group has rated this objeotive higher
than any of the student groups has rated it, the faoulty group is inter-
mediate in its rating of this objeotive, between the staff and the
students. In contrast, the student groups have rated the objeotive to
understand the relation of struoctures to their functions (objeotive 2,
Table II) hirher than the faculty and staff group have rated this
outoome.

It is of particular interest to note that for all groups knowledge

of the laws of bislogy was rated higher than the ability to apply the
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TAELE II

COMPARISCON OF RATINGS OF UNDERSTANDING OBJECTIVES
BY STUDLNT A:D FACULTY GROUPS

(1) To understand the relation of man to his enviromment.

Ratings
1 2 3 L 5 X
Groups*| N % N % N % N % N % N %
Staff 16 |61.5 6 ]23.1 L |15.4 0 - 0 - 0 -
Faoulty| 26 |49.0 11 | 20.8 12 [ 22.6 3 5.7 1 1.9 0 -
Seniors 31 37oh 32 38.5 15 18.1 h h.8 1 1.2 0 -
Pre 96 |32.3 | 107 | 36.0 | 73 |24.5 13 | 4.3 8 2.6 1 0.3
121 115 35.& 116 35.7 70 21.6 lu ho} 10 3.0 0 -
122 113 |36.4 | 106 | 34.0 T1 |22.7 11 3.5 9 | 2.8 2 0.6
123 105 [32.9 | 105 | 32.9 | 72 |22.6 29 | 9.1 6 1.9 2 | 0.6

* Total number in group; Staff - 26, Faculty = 53; Seniors - 83; pre-
group = 298; 121 group = 325; 122 group =~ 312; 123 group - 319.

(2) To understand the relation of structures to their functions.

Ratings
1 2 3 L 5 X

Groups N % N % N A N % N % N %

Staff b 15.& 9 3&06 11 h203 1l 308 0 - 1 308
Faoulty 9 17.0 20 3707 10 18.9 6 1103 3 507 5 9oh
Seniors| 23 |27.7| 24 !29.0} 25|31.1] 5| 6.0 | L |L.8 ] 2 |2.
Pre 56 118.8 | 92 |30.9 | 96 |32.3 | 37 |12.4 | 10 | 3.3 T | 263
121 75 l23.1 {119 |26.7 | a4 |25.9 | 32| 9.8 | 10 | 3.0 | 5 { 1.5
122 100 |32.2 | 9{31.8| 77 |24.6 | 19| 6.0 | 10 | 3.2 7 12.2
123 73 122.9 | 99 {31.0| 94 |29.51 35 |11.0 8 | 25 | 10 | 3.1




TAELE II (oontinued)

(3) To learn to apply the basic laws of biology.

|

Ratings
1 2 3 L
Groups N % N % N % N | % N % N %
Staff 1 |53.9 7126.9] L{is.4} o} - of - 1| 3.8
Faoulty | 11 [20.8] 20 |37.6] 15 |28.3 L 7.6 3| 5.7 of -
Seniors | 2 |28.9| 20 |2h.1] 23 |[27.7| 1| 16.9 2| 2.4 0f =
Pre 39 |13.0] 59 [19.8] 106 |35.6| 62| 20.9| 29 | 9.7 3| 1.0
121 57 |17.6] 81 |25.0] 100 |30.8| L6 | 14l | 36 |11.0 51 1.5
122 59 119.1| 82 |26.3! 82 |26.3| L8| 15.3| 36 |11.5 5{ 1.6
123 59 |12.2] 84 [26.3]| 101 |31.8| 62| 19.4| 31 | 9.7 2| 0.6

(4L) To learn to distinguish a

faot from a theory.

Ratings
1 2 L
Groups N % N % N % N % N % N %
Stafft 17 65 oLl. Ll. 150}4 ).j. 15 oLl. 1 3.8 0 - 0 -
FﬂOUIty 2l 3905 19 3509 7 1302 2 3.8 2 308 2 308
Seniors 21 25.3 30 36.2 23 27.7 5 6.0 3 3.6 1 1.2
121 81 [25.0| 101 |31.1| 90 |27.7| 32| 9.8| 21 | 6.4 O =
122 67 |21.5] 103 [ 33.1| 87 {27.9| 38| 12.2| 1, | L.L 3| 0.9
123 62 9.5} 100 |31.31 102 [32.1f 331031 171 53] 5[ 1.6
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laws. For the student groups these differences were high. Whereas
about 50 per ocent of the students felt that knowledge of principles was
a very important objeotive of biology, only about 15 per cent of them
believed that application of these laws was a very important aim. One
wonders why the student thinks it is important to learn the laws, if he
does not feel that they are useful, and why students are, generally
speaking, so oconcerned about learning what is practical and useful.

The understanding objective rated highest by the staff group was
to learn to distinguish a faot from a theory (objeotive 4, Table II).
The faoulty group oonsidered this of less importance than the staff group
oconsidered it, and the student groups considered it of less importance
than the faculty group. Because the members of the staff of biological
science are partioularly interested in those phases of science teaching
related to the teaching of the scientific method, and since this objeot-
ive is dependent on an understanding of the soientific method, it is
probably to be expected that this objeotive would be rated considerably
hizher by the staff group than by the other groups.

The responses on instrumental skill are probably the most inter-
esting of the entire study (Table III). To make accurate observations
(objeoctive I, Table III) was rated the highest of any of the objeotives
by the staff of biologiocal socience, and was rated high by all of the
other groupse. However, the ability to use instruments which inorease
the aocuracy of observations (objective 3, Table III) was the lowest
ranking of all of the objectives rated by the members of the biology

staff, and was rated very low by all of the other groups. Hunter and



TARLE III

COMPARISON OF KATI:GS CF INSTRUMENTAL SKILL OBJLCTIVES
BY STUDENT AND FACULTY GROUPS

(1) To learn to make accurate observations.

N R

katings
1 2 3 L 5
Groups*| N % N A N % N % N % N %
Staff 23 | 86.5 31 11.5 O| - o = O} =~ O} =
Faculty| 35 [66.0 91 17.0 71 13%3.2 21 3.8 O} - O} =
Seniors{ 36 {L43.4] 29| 3L.9| 14 {16.9 L L.& 0| - o} -
Pre 153 [51.{ &84 28.1| L7 |15.7 91 3.0 L | 1.3 1| 0.3
122 139 {LL.6] 102 32.7| L7 {15.1| 13| Le.1| 11 | 3.5 o| -

* Total number in group;

Staff = 26; Faculty = 53; Seniors = £3; pre=-
group = 298; 121 group = 325; 122 group = 312; 123 group = 319.

(2) To learn to read and construct graphs and tables.

Ratings
1 2 3 N 5
Groups N % N % N % N % N % N %
Staff 3 111.5| 12| Le.2 5119.2 31 11.5 2 | T.7 1] 3.8
Faoulty 51 9.4 10118.9| 1 126.5] 12| 22.6| 12 (22.6 o) -
Seniors 1] 1.2 5| 6.0| 34 {41.01 17| 20.5| 25 |{30.1 1] 1.2
Pre 15 | 5.0 L41}13.7| 73 {244 80| 26.1} 86 }28.9 21 0.9
121 16 | 4.9] 32| 9.8 108 {33.3| 67| 20.6| 102 |[31.2 o] -
122 15 | L.9] L5 1L.5) 76 (24.4] T71{ 22.8| 104 |33.L 1] 0.3
123 8 | 2.5 24| 7.5| 59{18.5| 84| 26.3| 142 {LL.5 2 0.6
(3) To learn to use soientifioc apparatus.
ﬁ;;;ngs_-_-
1 2 3 L 5

Groups N % N % N % N % N % N %
Staff 3 }11.5 1| 3.9 8 {30.8 91 3.6 5 119.2 of -
Faculty 5| 9.4] 12 |22.6| 19 |35.9 94 17.0 6 |11.3 2| 3.8
Seniors 2 | 2.4 16 {19.3} 31 {37.4| 25| 30.1 8 | 9.6 1]} 1.2
Pre 62 [20.8) 68 {22.8) 96 {32.2| 39{ 13.0| 33 {11.0 oOf -
122 L1 [13.4] 63 |20.1 {105 |33.6] 61| 19.5| L2 [13.4 0Of -
123 30 | 9.0 51 |16.0]105 |32.9| T1|22.3| 62 |[19.4 ol -

2
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Spore1 found that the objective "to help to develop the power of observa-
tion" rated very high in their study. They were surprised to find that
this was true, because, as they say in their report: "Just what is meant
by this is difficult to state, but the writers had placed this objective
in the list as a "buffer," believing it to be a by=-product rather than a
real objective of science in the secondary school. Evidently the
teachers oonsider it a very worth while objeetive.“2 The present writer
is also unable to understand the position of this objective in the rating.
If it is an objeotive of major importance it would seem logiocal that this
objeoctive be tested, and as far as the writer knows, none of the staff,
nor the examining board make any attempt to evaluate this objective
direotly.

The ability to read and construct graphs and tables (objeotive 2,
Table III), another of the instrumental skills, was oonsistently rated
by the students as a very minor objeotive. In fact, all of the student
groups gave this the lowest of ratingse. Whether the student believes
that it is unimportant to know how to read and oconstruct graphs and
tables, or whether he believes that the teaching of techniques is not a
funotion of the biology teacher cannot, of course, be determined from
the data.

As indioated in Table IV, all objectives related to the soientifio
method were oconsidered to be very important by the members of the Depart-

ment of Biological Soience while the students considered these to be

1 Hunter and Spore, op. oit., pe. 639.

? Loo. ott.



TALIE IV

COX’PARISON OF PROELEM SOLVING SKILL OBJECTIVES
BY STUDELT AWD FACULTY GROUPS

(1) To acquire the ability to detect and state a problem.

L6

Ratings
2 3 L 5
Groups*| N | % N | % N | % N | % N | % N | %
Staff 19 7301 6 2301 1 308 0 - 0 - 0 -
Faoulty| 17 {32.0 | 19| 35.8 | 10| 18.9 31 57 L 7.6 o} =
Seniors| 12 |14.5 | 22]|26.5| 28] 33.7| 12| 1.5 81 9.6 1} 1.2
121 101 |31.1 {101 | 31.1 | 65} 20.0| 30| 9.2 26| 8.0 2| 0.6
122 101 |32.4 | 71122.8 | 67]21.5| L3 |13.8] 29| 9.2 1] 0.3
123 7h 123.2 | 82 |25.7| 79| 4.8 54| 16.9| 24| 7.5 61 1.9

* Total number in group; Staff = 26, Faculty = 53; Seniors = 83; pre-
group = 298; 121 group = 325; 122 group = 312; 123 group - 319.

(2) To learn to formulate hypotheses.

L Ratings
1 2 3 L 5

Groups N % N % N % N % N % N %
Staff 17 {65.4 6 (23.1 2 7.7 o =~ 1| 3.8 0| =
Faoulty| 1 |26.4 | 1 |26.4 | 13 | 24.6 51 9.4 7 113.2 of -
Seniors 10 |12.1 23 2707 27 3205 15 18.1 7 8.1‘. 1 1.2
121 102 |31.)4 | 91 {28.1 | 76 |23.3 | 39 {12.0} 17 | 5.2 o} -
122 o |30.2 | 74 |23.8 | 80 |25.7 | 34 |10.8| 28 | 8.9 21 0.6
123 71 |22.3 | 83 |26.0 | 95 {29.7 | 34 | 10.7| 36 |11.3 ol -

(3) To aocquire the ability to plan experiments to test hypotheses.

Ratings
1 2 3 L 5
Groups | N | % N | % N | % N | % N | % N | %
Staff 15 |57.7 5 119.2 L |15.4 2| 7.7 ol - o} -
F&OUIty 10 18.9 11 2008 15 28 93 5 90).]. 12 2206 0 -
Seniors 6 T2 20 2)4.1 25 30.1 17 20.5 15 18.1 0 -
Pre L3 |1.5 | 93 {31.3 | 65 |21.9 | 60 {20.2} 29 | 9.7 T 1 2.3
121 60 [18.5 | 99 |30.5 | 88 |27.1 | 55 |16.9] 23| 7.0| o | -
122 L9 {15.7 | 80 [25.7 | 89 |28.6 | L9 [15.7| L3 |13.7 2 | 0.6
123 37 1.6 | 74 123.2 |103 |32.3 | 58 |18.2] Ll |13.8| 3 | 0.9




TABIE IV (continued)
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(4) To learn to organize faots obtained from observations and experiments.

Ratings .
1 2 3 L X
Groups N | % N | % N | % N | & N | % N | %
Staff 22 |84.6 3 111.5 ol - o] - o - 1] 3.9
Faculty| 28 |52.8] 10 |18.9 7113.2 6 |11.3 2] 3.8 o} =-
Seniors| 17 |20.5] LO |48.2] 18 |21.7 8| 9.6 o - ol -
121 117 |36.1] 123 |37.8] 94 |16.6] 16 | L.9| WU | L.3 l] 0.3
123 92 |28.9) 111 |34.8| 83 |26.0| 18 | 5.6| 11| 3.4 L1 1.3
(5) To learn to interpret faots.
Ratings
1 2 3 L X
Groups N | % N | % N | % N | % N | % N | %
Staff 21 ]80.8 ).l. ISQLL 1l 3.8 0 - 0 - 0 -
Faculty| 31 [58.5| 12 |22.6 51 9.4 L] 7.6 1} 1.9 o] -
Seniors| 22 |26.5| 35 |L2.2] 21]25.3 2| 24| 3| 3.6 0} =
Pre 117 |39.3 | 103 |34.6] 56 |18.8| 15| 5.0 T 2.3 o] =
121 128 |39.4 | 104 |32.0] 58 |17.8| 26 | 8.0 91 2.8 o] -
122 113 |36.4] 101 |32.3] 64 |20.5| 20 | 6.4 13| L.l 1] 0.3
12% 92 |28.8 | 131 |Ll.1| 72 |22.6| 14 | L&4]| 10 3.1 o} -
(6) To learn to transfer the method of soientifioc thinking to one's own
problems and to soocial problems.
Ratings
1 2 3 L X
Groups N | % N | % N | % N | % N | % N | %
Staff 19 173.1 5 {19.2 1] 3.8 o - o} - 1| 3.8
Faculty| 27 [50.9| 13 |2L.5 9 |17.0 2] 3.8 2| 3.8 0} =
Seniors| 30 [36.1]| 31 {37.L] 12 |14.5 71 8.4 31 3.6 o} -
Pre 109 {36.6 | 90 |30.3| 74 |24e8| 18 | 6.0 6| 2.0 1] 0.3
121 11y |35.1}102 |31.4| 70 |21.6| 24 | 7.3| 15| L.6 o -
122 102 32,7 ] 102 {32.7| 80 {25.7| 20 | 6.4 81 2.5 o] =
123 110 |3L.5| 93 |29.2| 76 [23.8| 26 | 8.2 | 11| 3.4 3] 0.9
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moderately important objectives. In most instances the faculty group
was intermediate between the staff and students in its rating of these
objeotives. In general the seniors have rated these objectives lower
than any of the other groups rated them. It will be recalled that the
senior group was largely female in composition; this may have affeoted
the ratings of these objectives. Sex differences will be discussed in
Chapter V.

An inspection of Table IV gives evidence that those objectives
related to the organization of data and its interpretation are considered
by all groups to be the most important phases of the scientific method,
and the ability to plan experiments the least important.

As mentioned previously all groups gave a high rating to the ebil-
ity to make accurate observations. An interesting point is that all of
the groups rated the ability to organize facts obtained from observations
(objeotive Ly, Table IV) and the ability to interpret faots (objeotive 5s
Table IV) lower than the ability to make the observations. Again one
wonders what good the facts are to the individual if they are not organ-
ized and interpreted.

The soientifioc attitudes were all rated as being more important
objectives by the staff of biologiocal science than by any other group as
is seen in Table V. The faculty group is consistently between the staff
group and the student group in their rating of these objectives. However,
over ;0 per cent of the students felt that an attitude of openmindedness
(objeotive 2, Table V) was a very important objective of biological

soience, and less than four per cent felt that it was a very unimportant



L9
TABLE V

COMPARISON OF RATINGS OF ATTIT.DE OBJECTIVES
BY STUDENT AND FACULTY GROUPS

(1) To become able to recognize true cause and effect relationships.

Ratings
1 2 3 5
Groups*| N % N % N % N % N % N %
Staff 20 |76.9 L [15.4 2| 7.7 o} = o] - o]~
Faoculty| 30 [56.6 | 13 |2,4.5 7 113.2 21 3.8 11} 1.9 o] -
Seniors| 30 |36.2 | 25 |30.1 | 19 [22.9 51 6.0 L | L.8 o] -
Pre 101 |33.9 | 8% |27.9 | 59 |19.8 | 23 | 7.T] 28 | 9.4 L | 1.3
121 121 |37.3 | 85 |26.2 | 68 [20.9 | 27 | 8.3 | 22 | 6.7 2 | 0.6
122 101 [32.4 | 85 |27.3 | €4 |20.6 | 32 |10.2 ]| 22| 7.0 8 | 2.5
123 102 |32.1 | 96 |29.6 | 71 |22.4 | 19| 6.1 24 | 7.6 7 1 2.2

* Totel number in group; Staff = 26; Faoulty = 53; Seniors = £3; pre-

group = 298; 121 group = 325; 122 group = 312; 123 group = 319.

(2) To develop an attitude of openmindedness.

! Ratings
1 2 3 L 5
Groups N % N % N % N % N % N %
Staff 23 |88.5 2 | 7.7 0| - 1| 3.8 ol - o |-
Fﬂoulty 20 58 oh 1)4 26 oh L‘. 7.6 2 3 «8 2 3. 8 o -
Seniors| 33 {239.8 | 29 {34.9 | 15 |18.1 2| 2.4 2] 2.4 2| 2.4
121 19 {45.9 {104 [32.1 | L6 {1h.2 | 12| 3.6 11| 3.3 3 | 0.9
122 131 (42.0 | 97 {31.1 | 55 {17.7 | 18 | 5.8 71 2.2 L | 1.2
123 138 |43.3 (104 [32.6 | L6 |14y | 21 | 6.6 8| 2.5 2 | 0.6
(3) To develop freedom from superstition.
Ratings
1 2 3 5
Groups N % N % N % N % N % N %
Staff 15 |57.7 8 [30.8 21 7.7 1] 3.8 Ol - 0| =
Seniors| 20 |24.1 | 15 |18.1 | 18 |21.7 | 12 |14.5| 18 |21.7 0] -
Pre 50 |16.7 | 39 [|13.0 | 65 |21.9 | 41 |13.8 ] 102 |34.2 1] 0.3
121 81 [24.9 | 52 |16.1 | €4 |19.7 | L2 |12.8| 62 |19.0 L | 1.2
122 82 [|26.2 | 50 [16.0 ] 74 |23%3.6 | 34 |10.8 | 68 |21.7 L1 1.2
123 76 [23.8 | 53 [16.5 | 76 |23.8 | L7 |47 | 62 |19.4| 5 | 1.6
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TABLE V (oontinued)

(4) To develop a willingness to suspend judgment until sufficient faots
are gathered.

Ratings
1 2 3 " 5 X
Groups N % N % N % N % N % N %
Staff 22 {84.6 3 111.5 1 2.8 0 - 0 - 0 -
Faoulty| 33 [62.2] 11 |20.8 51 9.4 3 1 5.7 11 1.9 0~
Seniors 23 139.8 27 132.5 15 {18.1 6 Te2 1l 1.2 1l l.2
Pre 8% 127.9] 102 ]|3L.3 T7 125.9 26 | 8.7 8 2.6 2 0.6
121 132 {LO0.7] 110 }33.9 56 117.2 18 5.5 8 2. 1l 0.3
122 103 |33.1] 107 |3L.3 76 |24 15 | L.8 9 2.8 2 0.6
123 101 |31.7| 12 |38.8 68 121.3 13 L.l 8 2.5 5 1.6
(5) To develop freedom from prejudice.
Ratings
1 2 3 L 5 X
Groups N % N % N % N % N % N %
Staff | 20 |77.0] 5 |19.2] o] - o] - 1] 3.8l of-
Faculty| 23 L3.4 12 }22.6 9 {17.0 6 {11.3 1l 1.9 2 3.8
Seniors 2, {28.9 22 {26.5 1 116.9 9 110.€E 13 115.7 1 1.2
Pre 87 129.2 5 {18.2 58 119.5 L1 {13.7 52 117.5 6 1.9
121 107 133.0 T2 122.2 60 |18.L 31 9.5 52 {16.0 3 0.9
122 88 128.3 T1 122.9 65 120.8 33 110.5 L7 15.0 8 2.5
123 90 [28.2) 79 |2L.8 | 66 |20.7 | L9 |12.5] 37 111.6] T | 2.2
(6) To develop intellectual ouriosity.
Retings
1 2 3 L 5 X
Groups N % N % N % N % N % N %
Staff 17 {65.5 7 {26.8 2 Te7 0 - 0 - 0 -
Faoulty 27 150.9 13 |24.5 10 {189 2 3.8 1l 1.9 0 -
Seniors 32 138,64 20 {24.1 19 122.9 () Te2 51 6.0 1 1.2
121 11, {35.1{ 92 |28., | 73 {22.5] 25 | 7.6] 20 | 6.1 1 | 0.3
122 99 {31.© 81 {25.7 80 125.7 31 {10.0 19 6.1 2 0.6
123 78 |24.5] 110 |34l 81 {25.4L 3 {10.7 U | L& 2 0.6
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objective. A willingness to suspend judgment until sufficient facts
are available (objective l;, Table V) and an ability to recognize true
cause and effeot relationships (objective 1, Table V) are rated by all
groups as being important objeotives of biological science.

An inspeotion of Table V shows that there is considerable diver-
sity of student opinion regarding the importance of the objectives to
develop freedom from superstition, and to develop freedom from prejudice.
An exemination of Tables I-VII gives evidence of considerable uniformity
of opinion within each group. 1In general, the curves plotted from the
data would be unimodale In the case of the objeoctive to develop freedom
from superstition, however, there appears to be no true mode. The
plotted data would approximate & straight line.

In general, those objeotives which were classified as interests
(Table VI) and those classified as appreciations (Table VII), were ocon-
sidered less important objectives than the objectives classified in the
other oategories. Very few persons in any of the groups have given these
a high rating. In most instances the majority has indiocated their belief
that these are objectives of average importance. The propaedeutic func-
tions of biology (objeotive 1, Table VI) were considered to be either
relatively unimportant or cof average importance by all groups. It is
interesting to note that the students rated this function of biology
slightly higher than the members of the Department of Eiological Science
rated it. It is surprising to observe that none of the groups considered
that the avocational aspeots of biology (objectives 2 and 3, Table VI)

were very Important aspects of the course. The majority of all groups
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TALLE VI

COMPARISON OF RATINGS OF INTEREST CBJECTIVES
BY STUDELT AND FACULTY GROUPS

(1) To vecome aoquainted with the nature and extent of the professional
fields of biologye.

Ratings
1 2 3 L 5 X
Groups*| N % N % N % N % N % N %
Staff 1| 3.8 5 119.2 7 {26.9 | 10| 38.5 3 {11.5 0| =
Faoulty 5 | 9.4} 10 |18.9| 21 |39.6 | 6| 113 | 10 {1849 11| 1.9
Seniors| 10 12,1 1 |16.9| 23 {39.8 | 20| 24.1| 6| T.2 o] -
Pre Ll |14.7] 68 |22.8 | 85 |28.5 | 52 | 17.4| 45 |15.1 3 | 1.0
121 33 110.1]| 54 |16.6 | 106 |32.6 | 70 | 21.5| 61 |18.7 11} 0.3
122 LIy |14.1] 55 {17.6 ] 91 129.1 | 69 ]22.1] 51 |16.3 2 | 0.6
123 25 | 7.8 38 |11.9 ]125 |39.2 | 76 |23.8| 53 |16.6 2 | 0.6

* Total number in group; Staff - 26} Faoulty = 53; Seniors - €3; pre-
group = 298; 121 group = 325; 122 group = 3127 123 group - 31G.

(2) To aoquire a background for avooational reading.

Ratings
1 2 3 L 5 X
Groups N % N % N % N % N % N %
Faoculty 2 | 3.8 6 |11.3 | 20 {37.8 | 12 |22.6| 12 |22.6 1] 1.9
Seniors 6 7.2 12 ]l.l.cs 29 3&.9 23 2707 12 m.é 1 1.2
Pre U (4.6 54 |18.2 ]| 89 |29.9 | 84 |28B.2| 50 |16.8 T | 2.3
121 12 | 3.6 | 53 |16.4 | 113 |3L4.8 | 77 ] 23.7 | 65 |20.0 51 1.5
122 30 | 9.6 L6 |17 | 97 {31e1 | 62 ]19.9| 67 |21.5 10 | 3.2
123 12 | 3.81 L1 [12.9 ] 84 |26.3 | 83 |26.0| 88 {27.6 | 11 | 3.4




TARLE VI (ocontinued)

(3) To aoquire other avooational interests.

Ratings
1 2 3 L 5
Groups N % N % N % N % N % N
Faoulty 1l 1.9 9 117.0 19 | 35.9 13 | 24.5 9 117.0 2
Seniors 5 1] 6.0 8| 9.6 27| 32.5 30 | 36.2 12 |14.5 1l
Pre 13 | L4e3 | 4T |15.7] 97 |32.6] T76]125.6| 58 |19.5 7
121 13 | L.O 39 112.0] 107 | 33.3 86|26k | 73 |22.4 6
122 15 | 4.8 | 46 |14.7| 85127.3] 92]29.5] 70 |22.5 L
123 5 1.6 | 31 | 9.7 105 | 32.9]100 | 31.3 4 123.2 L

(4L) To become familiar with the sources of biologiocal literature.

Ratings
1 2 3 L 5

Groups N % N % N % N % N % N

Staff 5 119.2 1| 3.8 9 |3L.6 91346 2| 7.7 0
Faoulty 51 9. 7 |13.2| 18 | 34.0 8115.1] 1; |26.4 1
Seniors L | 4.8 ] 11 |13.3| 26 |31.3] 27} 32.5] 14 |16.9 1
Pre 11 | 3.6 | 44 |14.8] 89 |29.9| 82| 27.6] T0 |23.5 2
121 iU | 43 52 116.0| 97 129.9| 73| 22.4 | 89 |27.4 0
122 29 | 9.2 | 33 |10.6]| 82 |26.3 90| 28.9 | 76 {244 2
123 7 2.2 | Lo |12.5 91 | 28.5 83| 26.0 | 9 [29.5 L




TABLE VII

COVPARISON OF RATINGS OF APPKECIATION OBJECTIVES
BY STUDE~T AND FACULTY GROUPS

(1) To amoquire the ability to recognize important biologioal problems
which are still unsolved.

Ratings
2 L 5 X
Groups*| N % N % N % N % N % N %
Staff 6 |123.1] 11 |L2.3 3 |11.5 5 119.2 1| 3.8 0| -
Faoculty L | 7.6 10[18.9 | 21 |39.5| 10 |18.9 7 |13.2 11| 1.9
Seniors| 15 [18.1| 22 |26.5 | 2, |28.9 9 {10.8{ 13 |15.7 o| -
Pre g2 27.7 72 2&02 73 2&05 hh lhoa 26 8.8 0 -
121 58 {17.8{ 94 |29.0 | 9 |29.0( L2 |12.9{ 36 |11l.0 1| 0.3
122 55 117.6{ 76 | 2Ly | 89 |28.6| 51 |16.3| 36 [11.5 51| 1.6
123 56 [17.6| 86 [27.0 | 76 {23.7| 50 115.7| L7 |14.7 h‘J 1.3

* Total number in group; Staff = 26; Faoculty - 53; Seniors - 83; pre-
group = 298; 121 group = 325; 122 group - 312; 123 group - 319.

(2) To develop an appreciation of the esthetic values of nature.

W
Ratings
1 2 L 5 X
Groups N | % N | % N | % N | % N | % N | %
Staff 1] 3.8 5119.2 | 13 {50.0 L {15.4 3 {11.5 0| -
FQOUlty 1l 109 11 | 20.8 19 3508 13 2&05 8 1501 1l 109
Seniors 6 | 7.2]| 10 |12.1 | 25 {30.1| 22 |26.5| 20 |24.1 of =
Pre 39 113.2| s, (18.1 | 9, {31.6] 71 {23.9}| 3L |11.L, | 6 | 2.0
121 U | 4.3 37 {11.4 | 107 {32.9] 74 |22.8 | &L |25.8 9 | 2.8
122 29 | 9.3 L3 |13.8 ] 90 [268.9| 61 |19.5| 81 |26.0 8 | 2.5
123 9 | 2.8 30| 9.4 | 83 |26.0| 101 {31.7] 98 |27.9 71 2.2




TAELE VII (ocontinued)

(3) To appreciate the economic values of biology.

55

Ratings
L
Groups N % N % N % N % N A N %
Seniors 9 10.8 19 2209 30 3602 9 10.8 11 1303 5 6.0
121 25 | 7.61 92 [28.L | 96 {29.6 1 66 {20.3 | LO {12.3 61| 1.8
122 o5 | 8.0| &, [20.6 |102 {35.9% 67 {21.5 | 39 |12, | 51 1.6

(4) To develop an
that are neoessary

appreciation of the efforts, hard work, and acouracy
in any soientific investigation.

v

Ratings
L
Groups N % N | % N | % N | % N | % N | %
Staff 9 {34.6 3 {11.5 9 |34.6 3 | 11.5 2 | 7.7 0 -
Faoulty| 10 {18.9| 1, {26.3 { 18 |3L4.0 7 {13.2 L | 7.6 0| =
Seniors 7 | 841 20 [24.0 | 32 [38.5}| 17 |20.4 7 | 8.7 0| -
Pre Lé {15.4 | 85 |28.6 | 98 |32.9| L8 {16.2 | 19 | 6.3 2| 0.6
121 55 116.9{ 92 {28.3 {107 {33.0 | LO {12.3 { 29 | 8.9 2| 0.6
122 50 {16.0| €7 |27.9 | 98 |31.5| L4 {14.1 | 30 | 9.6 3 | 0.9
123 L2 113.2{ 76 {23.8 | 99 [21.1| 70 {21.9 | 32 [10.0 0} =




%

rated this as average in importance.

It is rather interesting to observe that the objectives to acquire
the ability to recognize important biologiocal problems which are still
unsolved (objeotive I, Table VII) and to develop an appreciation of the
efforts, hard work, end aoccuracy necgessary for scientific investigation
(objeotive L, Table VII) were considered by almost all of the groups to
be the most important of the appreciation objeotives. These objectives
are certainly of considerable importance to professional biologists but
the writer was surprised that these objectives should be considered more
important by the students than an appreciation of the economic values of
biology (objeotive 3, Table VIT) which might have a more direct bearing
on their own welfare.

A portion of the data presented in Tables I-VII is presented
graphically in Figure 1. The student groups were in most cases very
similar. The 121 group was chosen as the most representative group of
students because the other groups were somewhat more selected. The 122
and 123 groups were not used because (1) many of students who are es-
pecially well prepared or who do particularly well in the course take
the ocomprehensive examiration early, (2) some of the poorer students
have failed the course and many of these poorer students have dropped
out of school. The senior group was not representative because the group
had had experiences not shared by the freshmen, the group of students who
had not yet taken the ocourse most of whom had been in college only a few
days did not seem to be a logioal group to choose to represent college

students. Major differences in the student groups will be discussed
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later in the chapter. A valid critioism might be made, however, namely,
that there were very few women in this group, but the same oritioism
ocould be leveled at the 122 group, which would be the only other logiocal
group to use. The other two groups presented in Figure 1 are the staff
group and the faculty group. Since both of these groups are also predom=-
inantly male in composition, perhaps the oritiocism of the group chosen
is not as much of a drawback as might at first seem the case.

The per cent of individuals giving each objective a one rating
was used as the basis of comparison for Figure l. The percentage rating
the objeotive either very important or quite important might have been
added together and the graph made on this basis, and in several instances
this would have been a better index of the importance of the objective.
This method was disoarded because in several instances all of the staff
ratings were in these two ocategories and this would have made several
objeotives rated as important by one hundred per cent of the group, thus
differences which were apparent in the data would have been lost.

The objeotives have been grouped in this graph according to the
olassification of objeotives presented in Chapter III. In order to pre-
sent all of the objeotives on one graph (which seemed very desirable in
order that an overview of all of the objectives could be obtained) it
was necessary to abbreviate the objectives as desoribed in Chapter I1II.
For each type of objective the objectives are arranged in order of their
importance to the steff group. Figure 1 shows oclearly that almost all
of the objeotives are oonsidered more important by the staff of the

Department of Eiological Science than by any of the other groups. The
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outstanding exception to this is in the importance of biological infor-
mation leading to healthful livinge.

Why does the staff oonsider most of the objectives to be more
important than other groups oconsider them? Oné sugspeots that in any
oourse the objeotives are more important to the instructors who have
studied them and are teaching them than tley are to any other groupe.

In general, the faculty group considered most of the objectives more
important than the students oonsidered them. It is of interest to note,
however, that the students consider a knowledge of the basic laws of
biology a more important objective than the faculty group considers it.
As is evident from an inspection of Figure 1 the ratings of all groups
are rather similar on knowledge objectives, whereas there is considerable
disorepancy between the staff and student groups in the ratings of all of
the soientific method skills and most of the scientific attitudes.

In Table VIII are presented the averages of the ratings and the
rank of each objeotive for each of the groups. In this table the objeoct-
ives are listed in order of their importance to the staff of biologiocal
socience. This method of presentation of the data gives a more direoct
comparison of the ranking of the objeotives than the method of percent-
ages but the absolute rating in terms of its importance to various
groups is lost in this methode. For this reason it seemed desirable to
present both methods of analysise.

The average of the averages was calculated for each group. These
are presented in Table VIII. As can be seen in this table the mean of

the averages of the ratings of the members of the department of biological
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ORDER OF I:ZPORTANCE OF CEJECTIVES TO STAFF GROUP

Groups

Objectives Staff Faoc. Srse. Pre 121 122 123
Acourate observations

Aver&ge 1.12 109.]. 1083 1.7,4. 1079 1089 1083

Rank 1 2 L 25 3 3 2
Organize faots

Average 1.13 1.94 2,20 2.05 2.03 2,12 2.19

Rank 2 1, 13 6 = 9 10
Opermindedness

Average 1.18 147 1.90 2.2, 1.86 1.9 1.92

Rank 1 1 5 103 L L L
Suspend judgment

Average 1.18 1-&}, 109@ 2021]. 10% 2.10 2.05

Rank 23 5 0% 5 : 5
Interpret faots

Average 1.2? 1.72 2.1 1.97 2.03 2.10 2.12

Rank 5 6 11 5 T35 2 7
Basic laws

Average 1.2? 1.77 151 1l.74 1.59 1l.66 1.E6

Rank 5% 8 2 25 2 2 3
Transfer scientific
method Averare 1.28  1.85 2,06 2,06 2.15 2.13 2,16

Rank 7 11 9 7 10 10 9
Social good

Average 1031 1078 1075 1.96 2.02 1095 2007

Rank 9 9 3 L 6 5 6
Cause and effeoct

Average 1031 1.70 2 13 2030 2.21 2031 2025

Rank 9 5 10 13 113 13 11
State problems

Average 1.31 2.21 2.83 2.62 2,32 2.&? 2.59

Rank 9 16 20 18 5 ez 17
Freedom from prejudice

Average 1.35 2.01 2057 2.71 2.53 2.61 2.9‘.

Rank 11 15 18 203 18 18 16
Intelleotual curiosity

Average 1.2 1.81 2.17 2.25 2.21 2.32 2.3%6

Rank 122 10 12 12 117 13
Healthful living

A‘verage 1oh.2 1068 10}45 109—}, 1.38 1.’45 1061

Rank 125 L 1 1 1 1 1
Formulate hypotheses .

A‘verage IQSIJ. 2057 3032 2051 2.32 20,41} 2003

Rank s 20 28 16 s 15 16
Man to environment

Average 1.5, 1.91 1.93 2.09 2.0 2.02 2.1

Rank > 12 6 8 9 6 8



TABLE VIII (continued) 61

Groups

Objectives Staff Face Srs. Pre 121 122 123

Faot from theory
Average 1.58 1092 2.26 2.31 20L2 2.2? 2.50
165

Rank 1€s 13 I 1, 17 15
Freedom from supersti-
tion Average 1.56 2.32 2.91 3.36 2.06 2.8? 2.87
Rank 163 17 21 29 20 22z 2l
Philosophy

Average 1060 1075 1.96 2.22 2025 2.20 2-27

Rank 183 7 5 9 13 12 12
Apply laws

Average 1.60 2.39 2.40 2.94 2.75 2.74 2.&8

Rank 18} 18 16 2l 2l 20 22

Plan experiments
Average 1.7 2.96 3.18 2.78 2.6 2.6 2.99
Rank 20 23 25 22 19 2l 2l
Structures to funotions
Average 2.36 246 2,30 2.9 2.35 2.1 2.37
Rank 21 19 15 15 16 11 1,

Unsolved problems
Average 2038 3011 2.80 2052 2070 2079 2083
Rank 22 27 19 17 22 21 19
Aoocuracy of soience
Average 246 2.8 2,96 2.69 2.68 2.73 2.92
Rank 235 21 23 19 21 19 23
Tables and graphs
Average 2.56 3.30 3.73 3.60 3.61 3.66 L.03
Rank 23k 28 32 32 32 32 32

Average 2077 2085 205h 2.90 2075 2.8 2.85

Rank 25 22 17 23 23 223 20
Eoonomio values

Awarage 2096 BOOh 2092 2c96 3.01 3000 5005

Rank 26 25 22 26 26 252 25
Avooational interests

Average 3,08 3.39 3.&h 3,55 3.52 3.51 3.66

Rank 275 31 295 71 30 31 29
Biologioal literature

Average 5.08 3039 3.&& 3.53 3.53 30&0 3.69

Rank 275 30 295 30 31 30 30
Esthetio values

Average 3,12  3.31 3.48 3.02 3,50 3.4,0 3.88

Rank 295 29 31 27 29 29 31
Avocational reading

Average 3,12 3,50 3.28 3.28 340 3.30 3.62

Rank 298 32 27 28 28 28 28
Professional fields

Ayer&ge 3.&8 3.06 2098 2.95 3022 3-09 3030

Rank 31 26 2 25 27 27 27
Soientifio apparatus '

Average 3,65 2.98 3.26 2,71 2.94 300 3.26

Rank 72 2, 26 205 25 255 26

Vooabulary

Average of averages 1,96 2.43 2.56 2.56 2.51 2.55 2.67
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socienoce is much higher than the other means of the average ratings. This
higher average shows clearly that in general the objeotives were rated
higher by the staff group than by any of the other groups. It is, how-
ever, interesting to note that the range of averages of ratings is greater
in the staff group than the ranges of the other groups, that is, the staff
thought that some of the objectives were very important, some quite unim-
portant, whereas the other groups rated all objectives more nearly equal
in importance. The staff, being more conocerned with the objeotives of
the oourse than any of the other groups, was probably more discriminatinge.

The mean of the averages of the ratings is lowest for the 123
groupe This may be due to the fact that after three terms the students
were tiring of the course and henoce rated the objectives somewhat lower
than the other student groups had rated them.

The most important objectives to the staff group can easily be
seen in Table VIII, but it is somewhat more difficult to determine the
most important objeotives to the students without careful sorutiny of
this table, so a second table showing these same objectives ranked in
order of their importance to the students is inocluded. For this table
(Table IX) it seemed advisable to combine the rankings of the three groups
of students who had finished one, two, and three terms of the course in
biological science because, as may be seen from an inspection of Table
VIII, these rankings are very similar.

As is evident from an inspection of Table VIII, the objectives
ranked in the first ten places by the biologiocal science staff are prin-

oipally soientifio method objectives. Of the first ten, four are
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RAIKINGS OF OBJECTIVES EBY FIVE GROUPS
IN ORDER OF IILPORTANCE OF OBJECTIVxS TO STUDENTS

Groups
Objeotives Students pre Seniors Faculty Staff
Healthful living 1 1 1 i 123
Basio laws 2 2% 2 8 5
Agourate observations 3 2; L 2 1
Openmindedness L 10§ 5 1 3%
Suspend judgment 5 103 75 3 %5
Social good 6 L 3 9 9
Interpret faots 7 5 11 6 5%;
Man to environment 8 8 6 12 U5
Organize faots 9 6 13 1, 3
Soientific method 10 7 9 11 7
Cause and effect 11 13 10 5. 9
Philosophy 12 9 i Tz 183
Intelleotual ouriosity 13 12 12 10 125
Structure to funotion 1, 15 15 19 21
Formulate hypotheses 15 16 28 20 L3
State problems 16 18 20 16 9
Faot from theory 17 1, 1 13 16%
Freedom from prejudioce 18 20% 18 15 11
Unsolved problems 19 29 21 17 16%
Aoouracy of soienoce 20 23 17 22 235
Freedom from superstition 21 17 19 27 22
Vooabulary 22 19 23 21 25
Apply laws 23 ol 16 18 18%
Plan experiments 2l 22 25 23 20
Soientifioc apparatus 25 203 26 2l 32
Eoconomioc values 26 26 22 25 26
Professional fields 27 25 2L 26 31
Avooational reading 28 28 27 32 29%
Esthetic values 29 27 31 29 295
Avooational interests 30 31 29% 31 27%
Biologiocal literature 31 30 2935 20 27{
Tables and graphs 32 32 32 28 233
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solentifioc method objectives, one is: to make aocurate observations, whioch
was classified as an instrumental skill althouzh it might have been con-
sidered a scientific method objective, three were scientific attitudes,
two were knowledge objectives. Seven of the objeotives ranked in the
first ten places by the staff were also among the objeoctives which were
ranked as the ten most important by the faoulty group. Of the ten highest
ranked objectives of the seniors seven were also ranked among the top ten
by the staff. The students ranked eight of the same objectives as the
faoulty among their top ten.

Figure 2 is a graphic representation of the data presented in
Table VIII. In this figure the objectives are presented in order of
their importance to the staff groupe Since the lower numbers indicate a
higher rating, the lower averages are on the right hand side of the
Figure.

Of the ten objeotives ranked highest by the students (Table IX,
Figure 2) three were knowledge objectives, one was accurate observation,
two were soientific attitudes, three were scientifio method objeotives,
one was an objective which had been oclessified as an understanding. As
has been pointed out previously the outstanding difference between the
student groups and the staff group was the placement of the objeotive re-
lated to the knowledge of facts which should lead to more healthful liv-
inge All of the student groués ranked this as the most important objeot=-
ive, whereas it was 123 on the staff ranking. Of the faculty rankings it
was in fourth place.

Several interesting faots are brought out in Table VIII. The group






FIGURE 2

AVERAGES CF RATI.GS OF CDJECTIVES EY STAFF, FASULIY,
ALD STUDLLTS IN COhbDER OF L.PCKTALCE OF
ThE CbJwCTIVRS TO Tik STAKFF




OBJECTIVES
Accurate observation

Organise facts
Openaindedness
Suspend judgmsent
Interpret facts

Basioc laws

Seientific method
Social good

Cause and effect

State problems
Preedoa from prejudice
Intellectual curiosity
Mealthful living
Pormsulate hypotheses
Man to environsent
Fact from theory
Preedoms from superstition
Milosophy

Apply laws

Plaa experisents

Struotures to functions

Unsolved problems

Acouracy of science

Tables and graphs

Voeabulary

Eoonomic values

Avocational interests

Blological literature

Esthetic values

Avocational reading

Professiocnal fields

Scientific apparatus

AVERAGE RATINGS OF OBJECTIVES

staff X000
mn{._
Students 111NN
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of students who were beginning biology ranked the scientific attitudes
such as openmindedness, suspend judgment, and freedom from superstition
much lower than any of the other groups ranked them. The seniors (who
inoidentally did not hear anything about the socientific method when they
took the ocourse in biological science; it had not at that time been in-
oluded as a major ocourse objective) ranked most of the scientific method
objeotives lower than any of the other groups had ranked them. There may
bé another explanation for these faots; this group was principally women.
Sex differences, however, will be discussed in detail in a later part of
this report.

As indiocated in Tables VIII and XI, the ten lowest ranking object-
ives are principally those objectives which have been olassified as appre-
oiations and interests. In general, all groups ranked the same type of
objectives among the lowest ten. However, the ability to apply principles
appears in the last ten of the freshmen student objectives, whereas the
seniors seem to find this a moderately important objective as evidenced
in Table IX.

A oomparison of the highest ranking and lowest ranking objeotives,
as determined by the averages of the ratings, for the three major groups
is tabulated in Table X. Although all five of the student groups were in
agreement regarding the most important objeotive and the least important
objeotive, the highest ranking and lowest ranking objectives are different
in the three major groups; that is, the student groups, the faoulty group,

and the staff group.
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COLPARISON OF HIGLLST AikD LOWEST RAIKING
OEJECTIVE FCR TLUREE MAJOR GROUPS

p————

Group Highest Lowest

= =

Staff To learn to make aoccurate To learn to use scientific
observations apparatus

Faculty To develop an attitude of To acquire a background
openmindedness for avocational reading

Students To become familiar with To learn to read and

(all groups)

faots which will ocontribute
to more healthful living

construct tables and
graphs
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Comparison of staff ratings of objectives with findings of similar

studies. As was pointed out in Chapter II, the outstanding committee
reports on objectives of science teaching have‘stressed the importance

of teaching the soientific method, the importance of teaching general
ooncepts, and the social importance of science. An inspection of Figure

1 and Figure 2 indioates that the staff of the Department of Diological
Soience is in agreement with the objeotives as formulated by the outstand-
ing mén in the field of science teaching; these objectives have all been
rated high by the staff group.

In the report of the ocrmittee on secondary school science of the
National Association for Research in Socience Teaohing,1 as mentioned in
the review of the literature, there is a seotion on objectives of science
teaohing. This group will be referred to in this portion of this report
as the NeAeReS.T. groupe The results of this investigation were reported
in terms of total numbers of responses for five ratings. The ratings used
in the oommittee study were the same as those used in the present study;
that is, a one denoted great importance, while a five indicated that the
objective was unimportent to the person responding to the rating sheet.
However, in the N.A.R.S.T. study an X was used to denote complete dis-
agreement with the statement, a Y was used to indicate that the respondee
did not understand the meaning of the statement. Percentages were not
caloulated because in many parts of the report (which dealt with several

other phases of teaching other than objectives) there were many who had

1 "Report of Committee on Secondary School Science of the National
Assooiation for Research in Science Teaching," op. oite, pe 226=227.
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responded to the statement with an X, and the committee felt that they
could not give proper weightings to these responses.

Many of the objectives presented to the specialists for rating
were so similar to the objectives inocluded in the rating sheet presented
to the seven groups in the present study that it seemed that a comparison
of the ratings of the specialist in science teaching to the ratings of
the staff of the Department of Eiological Science should be of interest.
In order to make these comparisons it was necessary to calculate the per-
centages of the responses to the various objeotives. Since there were
very few ratings of "X" or "Y" for the objeotives which seemed to compare
to the objeotives of the present study, the objections of the committee
to treating the data in other terms than total numbers should be obviated.

In order to oconstruct a table to show the oomparison of the object-
ives of the two groups it seemed necessary to abbreviate the objeotives as
they were stated in the study of the N.A.R.S.T. The objectives whioch are
to be used for ocomparison are presented here as they were stated, the
abbreviation to be used in the comparative table (Table XI) follows each
objeotive in parenthesis.

The following are some of the objectives of Secondary School

2
science as presented in the study of the NeAeReS.T.s

An objeotive of seoondary sohool science shall be the mastery
of those knowledges which are funotional in aiding the individ-
ual to adjust himself in a more satisfying manner to the world
about him. (funotional knowledge)

e loc. cit.
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An objective of secondary school science shall be to impart
certain abilities to the student such as:
Reliance on faots. (reliance on facts)
Power of interpretation. (interpretation)
Power of observation. (observation)
Ability to evaluate data. (evaluation of data)
Ability to think scientifiocally. (soientifio thinking)

An objective of secondary school science shall be to develop
oertain soientifio attitudes or traits in the learner such ass
An objective attitude toward faots. (objectivity)
A freedom from dogms and prejudice. (freedom from dogma
and prejudice)
Tendency to hold conclusions as tentative and to suspend
judgment until facts are secured. (suspend judgment)
Willingness to revise one's opinions if the evidence
warrants. (revise opinions)
To have a spirit of inquiry. (spirit of inquiry)
A conviction of the universality of cause and effect
relationships. (cause and effect)

An objective of secondary school soience shall be to develop
appreciations for such as the followings
The contributions of the scientific mind. (contributions)
Nature. (appreciation of nature)

An objeotive of secondary school science shall be to develop

in pupils:

An interest or desire for scientific reading. (scientifio
reading)
An interest in vooational fields. (vocational fields)

In ocertain instances a single objective of the Ne.A.K.S.Te. group
has been broken down into several objeoctives as presented in the present
study and visa versa. In the table comparing the ratings of the objecot-
ives of the N.A.R.S5.T. group with the ratings of the staff of biological
soience (Table XI), only those ratings denoting great importance, oconsid-
erable importance, and average importance have been included. The other
ratings were omitted to permit easier comparison of the ratings on whioch

the following disoussion was based. The complete data for the staff

group are available in Tables I-VII, the complete data for the NeA«ReS.T.






COMPARISOL OF RATIiGS CF CEJBECTIVES
BY STAFF GROUP WITi{ RATINGS OF SIMILAR OEJECTIVES

TALLE XI
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BY MELEERS CF THE NATIONAL ASSOCIATION FOR RESEARCH IN SCIENCE TEACHING

Ratings
Objeoctives 2
N % N A N %

Funotional knowledge (NAKST) gy  65.4 17 26.8 2 2.6
Healthful living (staff) 17  65.4 7 26.8 2 7.7
Social good (staff) 20 177.0 L 15.3 2 7.7
Relianoce on faots (WARST) L8 61.5 17 21.8 3.9
Fact from theory (staff) 17  65.4 L 15.4 L 15.4
Interpretation (NAKST) L8 62.3 13 16.9 8 10.3
Interpret facts (staff) 21  80.0 L 15.4 1 3.8
Observation (NARST) L7 61.8 1, 18.L4 6 7.9
Accurate observations (staff) 23 88.5 3 11.5 o -
Evaluate data (NAKST) 50 65.8 13 17.1 8 10.5
Interpret data (staff) 21 80.€ L 15.4 1 3,8
Soientific thinking (NAKST) 60 £0.0 8 10.7 1 1.3
Objeotivity (NARST) 60 80.0 8 10.7 2 2.7
Kevise opinions (iiARST) &, 83.1 7 9.1 1 1.3
Opennindedness (staff) 23  88.5 2 77 o -
Freedom from dogma and

prejudice (NAKST) 61 79.2 8 10.4 2 2.6
Freedom from superstition (staff) 15 57.7 8 30.8 2 7.7
Freedom from prejudice (staff) 20 177.0 5 19.2 o -






TARLE XI (ocontinued)
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Ratings
Objeotives 2 3
N % N % N %

Suspend judgment (NARST) 63 80.0 7 9.0 L 5.1
Suspend judgment (staff) 22 8L4.6 3 11.6 1 3.8
Spirit of inquiry (KARST) a,  77.1 11 13.3 3 3.9
Intelleotual ouriosity (staff) 17 65.5 7 26.8 2 7.7
Cause and effeot (NAIST) 55  69.6 10 12.7 L 5.1
Cause and effect (staff) 20 76.9 L 15.4 2 7.7
Contributions (NARST) 30  39.5 26 3L.2 12 15.8
Acouracy of science 9 3L4.6 3 11.5 9 3L.6
Appreciation of nature (NALST) 33 ;5.2 1; 19.2 11 15.1
Esthetio values (staff) 1 3.8 5 19.2 13 50.0
Scientifio reading (NARST) 26 32.9 30 38.0 15 19.0
Biologioal literature (staff) 5 19.2 1 3.8 9 3L.6
Vooational fields (NARST) 11 1L 25 32.9 25 32.9
Vooational fields (staff) 1 3.8 5 19.2 7 26.9
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group are available in the "Report of the Committee on Secondary School
Science of the National Assooiation for Researoh in Science Teaohing."5
In all oases the National Association for Research in Soience Teaching
objectives preoceed the objectives as stated in the present studye.

That there is considerable agreement on the importance of the
objectives which were common to both studies is evident from an inspeoction
of Table XI. The present differences in the ratings of the two groups are
in the objeoctives which have been oclassified as interests and apprecia-
tions. The National Association for Research in Soience Teaching group
oonsidered that these objeotives were of considerable importance compared
to their importance as rated by the staff of biological science.

One objeotive is included in the list presented to the members of
the National Association for KResearoch in Socience Teaching which was not
inoluded in the present study; the ability to think scientifically. It
wag asgsumed by the writer that the inclusion of the steps in scientifio
thinking would suffioce. After the presentation of the rating sheet and
analysis of the results it would appear that it would have been advisable
to inolude this as an additional objeotive since the objeotive is rated
higher by the NeAsR.S.T. group than any of the individual steps of the
scientific method. One might infer that had this objective been included
it would have been rated higher than any of the iﬁdividual steps of the
method by almost all of the groups.

The important aims of the staff of the Department of Eiologiocal

3 Loo. oit.
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Science seem to be consistent with the opinion of the experts in science
teaching regarding the aims of instruction. The students, however, con-
sider that the important objectives are those of subject matter as was
also found by Nollh to be true of many educators in his investigation of
stated objectives in text books, courses of study, etec. It will be re-
ocalled that he found that 51.5 per cent of the objectives listed in these
souroes were subject matter objeotives. It will also be recalled that the

study of Hunter and Spore5

showed that there had been a change in the
objective whioch teachers were teaching for during the ten years between
Hunter's first paper on objeotives and the one of Hunter and Spore. The
later study showed that the teachers were more concerned with objectives
other than pure subject matter than they had been ten years earlier. It
is enoouraging that the teachers have changed. If they have changed there

may be hope that with good instruction and proper motivation, the attitude

of students toward non-subject matter objeotives will also change.

Summary

l, Almost all objectives were rated as being considerably more
important to the members of the staff of biological science than to the
faoculty as a whole or to the students.

2. In most instances the faoculty ratings are intermediate between

the ratings of the staff of biological soience and the student groups.

Noll, op. cit., p. 8.

5 Hunter and Spore, op. cit., p. 639.
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3« The student groups were very similar in their ratings of
most of the objectives.

L. The ratings of all of the groups were most similar on the
objectives which have been classified as knowlédge objeotives, interests,
and appreoiations.

5. The greatest diversity of responses were among those objecot=-
ives which have been classified as problem solving skills and attitudes.

6. There was a greater range in response to the objectives by
the staff group than by any other group. In general, the staff of bio~-
logiocal soience considered the objectives to be of very considerable
importance, or of very little importance.

7. Knowledge objectives, excepting the objeotive to acquire a
voocabulary of useful biologiocal terms, were rated fairly hizh by all
groupse.

8. Understanding objectives were, in general, rated lower than
the knowledge objeotives.

9. The ability to make acourate observations was rated high by
all of the groups.

10. Other instrumental skills were rated low by all groupse.

11, Soientifio method objectives were all raﬁed very high by the
members of the Department of Biologiocal Science, moderately high by the
faoulty, and most of the student groups. The seniors were an exception.

12. The scientifio attitudes were all rated as major objeotives
by the staff group. Several of these were rated relatively high by the

other groups.
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13. Those objectives which have been classified as interest ob=-
Jjectives and as appreciation objectives were considered by all groups
to be less important than the other types of objectives.

U;. Some of the objectives presented in this study were very
similar to objeotives presented in a study made by the National Associa-
tion for Research in Science Teaching. The ratings of these objeotives
whioch were similar in the two studies were oompared. The ratings of the
two groups were similar in regard to the knowledge objeotives, scientific
method skills, and attitudes. Interest objectives and attitude objeot-
ives were rated as being oconsiderably more important by the National
Association for Researoh in Science Teaching group than by the members

of the Department of Biological Soience.






CIAPTER V

COMPARISON OF SPECIAL PERMISSION STUDE:TS WITH REGULAR STUDLNTS,
MAIES WITH FEMALES, AiD YOUNGER MEN WITH OLDER MEN

Although the student groups were, in general, very similar in their
ratings of the objeotives, there were some differences in responses between
the groups. It was thought that difference in the various student groups
might be related to the oomposition of the groupse The senior group was
predominately female in composition; the groups enrolled in the oourse in
biology at the time of the study were prinoipally male. The students who
had not yet taken the ocourse were a rather normal group in sex makeup;
about one third of the students were women. It seemed logioal to suppose
that some of the differences between the student groups might be explained
by differences in the sex makeup of the groups. For example, it was noted
that the seniors oonsidered the problem solving skills less urgent than
the other student groups oconsidered them to be. Sex differences in re-
sponses ocause this difference.

Another factor whioh might have caused slight differences in the
student groups was age. Sinoe the age ranges of the groups varied some-
what, it was deemed advisable to determine whether responses to the ob-
jeotives varied with age. The faculty group was, of ocourse, older than
the student group, so perhaps some of the differenoes between student and
faoulty opinions might be explainable on the basis of age differences.

The responses of the three groups enrolled in the course might be

different beoause the students who show proficiency in biologioal soience
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are allowed to take the comprehensive early if they wish to do so. This
group of students will be referred to in this chapter as the "special
permission" group.

The differences considered in this ohapfer are, in generél, not
statistioally significant. The values of "t" were found to be less
than two standard errors, showing that there was more than one chance in
twenty that these differences were due to fluctuations in random sampling.
However, in response to some objectives there are certain trends which
are oonsistent in the two or more groups disousseds Although the reli-
ability of the differences are not signifiocant, the statistical reliabil-
ity may be of less importance in a study of this type than the trends
they reveal., Such trends are reported in this chapter and inferences

are based upon them.

Comparison of Special Permission Students with Regular Students.

At the outset of this investigation it was supposed that there would
probably be oonsiderable difference between the responses of those stu-
dents who took the comprehensive examination early, that is, the speocial
permission students, and the students who did not take the ocomprehensive
examination earlye. In other words, the writer had expected oconsiderable
difference between the good students and the average students. However,
there was no outstanding difference in the ratings of the objeotives by
these two groups. In only a few instances were there any noticeable
differences between them.

In the tables for this chapter the "\" ratings have been omitted

to permit easier interpretation of the tables. As ocan be seen in Table
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XVIII of the appendix, the special permission students considered knowl-
edge of the basio laws of biology and knowledge which would contribute
to more healthful living to be somewhat more important objectives than
the regular students.

Of the objeotives classified as understandings the only one in
whioh a difference between the special permission students and the others
appeared was the understanding of the relation of man to his environment,
(Table XIX appendix). The data presented in Table XX of the appendix
indicate that the superior students considered the ability to learn to
use soientific instruments was a less important objective than the aver-
age group oconsidered it to be. The evidence indicates that there is no
differences in the responses of the groups to the objectives related to
the socientific method skills, (Table XXI, appendix).

Cf the socientifioc attitudes the only one showing a difference of
response, as indicated in Table XXII of the appendix, is to the object-
ive; to develop intellectual ouriosity. The average students seem to
consider this a slightly more important objeotive than the good students.

It might be supposed that some of the students did not understand
the meaning of some of the objeotives and that this might aoccount for
differences in the ratings of the objesctives by these two groups. This
does not seem likely since the respondents were instructed to mark any
objeotive which they did not understand with an "X". There were very
few so marked.

Table XXIII of the appendix gives evidence that the two groups

did not differ in their opinions about the importance of the objectives
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which have been classified as interest objeotives.

The most interesting of the comparisons of these groups is in
relation to the responses to the appreoiation objectives. As may be
geen in Table XXIV of the appendix, the average students seemed to feel
that appreciation of the esthetio vglues of nature, an appreciation of
ocurrent biological problems and an appreciation of the hard work, efforts,
and acocuracy necessary for any scientifio investigation were somewhat
more important than the better students considered them to be.

It is of interest that only in some of the knowledge and under-
standings objectives were the ratings by the special permission students
higher than by the regular students. Of five objectives whioh were rated
higher by the average students, three were appreciation objectives, one
was to develop intellectual curiosity, and the other was to learn to use
soientifioc apparatus. Vhether these differences are due to the fact that
the better students are more interested in knowledge and understandings,
or whether the differences are due to the faot that most examinations
test these objectives to a greater extent than they test other objectives
of a course, and these students taking the comprehensive were more aware
of the closeness of that examination, and more interested in the grade
made on it, is difficult to say. Since the differences were rather small
and only trends were evident, the differences may have been due to chance.

It will be recalled that ratings of the third term group were lower
on most of the objeotives than were the ratings by the other two groups of
students who were taking the ocourse in biological soience. It was sug=-

gested in Chapter IV that these differences might be due to the faot that
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many of the better students had already taken the comprehensive examin=-
ation. This hypothesis is not substantiated by the data presented here.
There is no evidence to indicate that the objeotives which the superior
gtudents think are importent are markedly different from the objeotives

which the average students consider important.

Sex and age differences. The data on sex and age are presented

together because in all cases the age distribution of the women students
was very narrowe. Almost all of the women taking the ocourse were in the
16 through 19 year age group. The senior women were all in the 20
through 23 year age group. The age differences were determined, there-
fore, only for the male population. Three age groups have been included
in the analysis of the data; namely, 16 through 19, 20 through 23, and
2, and over. The latter group inocludes students up to the age of 37,
but it was impossible to divide the latter group further because of the
small numbers in the groups.

In ocertain groups the number of one sex or the other is quite
small. There were only 19 women in the first term group and only 12
men in the senior group. Certain trends, however, were evident when
the males of all of the groups were compared to the females of all of
the groups. In the tables presented in this chapter the persons who did
not rate the objective and those who did not know what the objective
meant have been omitted to permit easier comparisoné of the groupse.
Tables which show no major difference between sexes or between age groups
have been placed in the appendix.

Table XII is interesting because all of the knowledge objectives
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TABLE XII

COMPARISON OF RATINGS OF KNOWLEDGL OBJECTIVES
BY MEN AID WOMEN STUDENTS

ea

Ratings
Objeotives and 1 2 3 L
Groupg* N % N % N % N % N %
Voeabulary
Pre men 26 1300 )45 2205 68 3)_]..0 32 1600 28 lb..O
women U, 1.2 27 27.5 31 31.6 18 18.3 8 8.1
women 2 10.5 7 3%6.8 7 36.8 3 15.7 0o =
122 men 3, 12.2 64 23.1 110 39.7 50 18.0 18 6.4
women L 11 9 25.7 10 28.5 7 20.0 5 1.2
Senior men 1 8.0 LI. 33-3 5 L‘.loé 0 - 2 1606
women 12 16.9 19 26.7 32 L45.0 T 9.8 1 1.
Basio laws
Pre men 102 51.0 64 32,0 23 11.5 8 L.0 3 1.5
wornen LLS h5.9 314. 3)406 17 1703 2 2.0 0 -
121 men T8 59.8 35 25.7 1y 10.6 L 3.0 1l 0.7
women 9 L7.3 7 36.8 2 10.5 1 52 0 =
122 men 15,y 55.5 78 28.1 36 12.9 2 0.7 6 2.1
women 20 57.1 7 20.0 ’.]. 110)4. 2 5.9 1 2.8
Senior men 9 75.0 2 16.6 1 8.3 0 = 0o -
women 39 %09 25 3502 7 908 0 - 0 -
Healthful living
Pre men : 119 659.5 gy 27.0 21 10.5 L, 2.0 2 1.0
women 67 68.3 21 21., 6 6.1 3 2.0 1 1.0
121 men 83 62.8 32 2.2 13 9.8 2 1.5 2 1.5
women 17 89.5 1 5.2 1 5.2 0O = 0 =
122 men 196 70.7 L5 16.2 26 9.3 6 2.1 3 1.0
women 25 710!.]. 6 17.1 3 8.5 1 2.8 0 -
Senior men 7 58.3 1 8.3 2 16.6 2 16.6 0 -
women 58 7L|,08 11 15. 6 80).., 1l loh 0 -
Sooial good
Pre men 71 35.5 73 36.5 L1 20.5 9 L.5 6 3.0
wonen L7 L7.9 30 30.6 15 15.3 E 3.0 3 3.0
121 men b,} 52-5 39 29.5 37 28.0 300 8 6.0
women 15 78.9 L 21.1 o - 0o - 0 =
122 men 116 L41.8 79 28.5 65 23.; 11 3.9 5 1.8
women 16 L,5.7 10 28.5 5 1.2 L 11.4 0 -
Senior men S LL106 2 16.6 3 2500 1 8.3 1 8.
women 25 36,6 28 39.; 12 16.9 L 5.6 1 1.3
Philosophy
Pre men 61 30.5 61 3002 50 25.0 12 600 12 6.0
women 7 37.7 24 24. 21 21.; 11 11.2 3 3.0
121 men 1 31.0 38 28,7 31 23.4 11 8.3 9 6.7
women e L2.1 L 21.0 L 21.0 3 15.7 0 =
women 12 3’402 9 25.7 10 28.5 2 5.7 2 507
Senior men 3 25.0 L 33.3 L 33.3 1 8.3 0o -
women 32 },5.0 19 26.7 1; 19.7 3 L2 2 2.8

* Total nurber in group; Pre men = 20Q; Pre women - G983 121 men = 132%
121 women - 19; 122 men - 2773 122 women - 353 Senior men = 12; Senior

women - 61,
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whioch relate to specific information, such as information which would
lead to more healthful living, social good, and & more adequate phil=
osophy of life, are rated as being considerably more important by the
women students than by the men students. On the other hand, a knowl=-
edge of the laws of biology is, in general, considered to be a somewhat
more important objective by the men than by the women. The sex differ-
ences, however, are not as marked in regard to this objective as they
are in response to the objective related to healthful living and social
good.

An inspection of Table XIII reveals that the knowledge of the
laws of biology becomes increasingly important with ege of the male
students with the exception of the 121 group. Therefore, what appears
to be a sex difference may be partially explained by a difference in
the age composition of the groups. However, a comparison of the young-
est age groups of the men (Table XIII) with the women as presented in
Table XII shows that there is, apparently, a slightly higher rating of
this objeotive by the males of each group than by the females.

With regard to the objectives on healtlful livirg a similar
situation is evident. As evidenced in Table XIII the younger men stu-
dents rated this as a more important objeotive than the older students
did. However, in most instances, the rating of the women, who, it will
be recalled, were practically all in the youngest age bracket, were
slightly higher than the men in the younger age group.

Of partioular interest is the effeot of age on the rating of the

objeotive pertaining to social welfare. Here there is some evidence to
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TABLE XITI

COMPARISON OF RATINGS OF KNOWLEDGE OBJECTIVES
BY MEN OF THREE AGE GROUPS

Katings
Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Vocabulary
Pre 16-19 yrs. 11 1.8 17 22.9 23 31.0 13 17.5 10 13.5
20=-23 yrs. 17 13.1 23 23%.2 31 31l.3 15 15.1 16 16.1
2, yrs-up 2 7. 5 185 U 51.9 L 1.8 2 7.
121 16-19 yrs. 2 Tl 8 28.6 16 57.1 0 - 2 Tel
2, yrs.-up 2 8.0 10 40.0 9 3%6.0 1 L4.0 3 12.0
122 16=19 yrs. 1 3.1 10 31l.2 10 3%1.2 9 28.1 2 6.2
20-25 yrse. 23 12.3 u,j. 23.1 80 LB.O 26 13.9 13 6.9
2, yrs.-up 10 17.0 10 17.0 20 33.9 15 25.4 3 5.1
Basio laws
Pre 16-19 yrs. 3, 45.9 29 39.1 8 10.8 3 L.0 o -
20-23 yrs. 52 52.5 29 29.2 11 1l.1 L L.O 3 3,0
2’4 yrse.=up 16 59.2 6 22.2 }.j. 11;..8 1 3.7 0 -
121 16-19 yrs. 19 67.9 6 21.L 2 T.l 1 3.6 o -
20-23 yrs. L3 ShJy 23 29.1 11 13.9 1 1.3 1 1.3
2, yrs.-up 16 €&4.0 6 24.0 1 4.0 2 8.0 0o =
122 16-19 yrs. 11 34.3 15 L6.8 L 12.5 o - 1 3.1
20-23% yrs. 10, 55.9 52 27.9 24 12.9 2 1.0 L 2.1
2, yrs.-up 39 66.1 11 18.6 8 13.6 0 - 1 1.7
Healthful living
Pro 16-19 yrse. hs &‘.08 15 20.2 8 10.8 3 Ll.oo 0 -
20-23 yrs. 5 SLe5 33 33.3 10 10.1 1 1.0 l1 1.0
2)_'_ yrse.=up 17 62.0 6 22.2 3 11.1 0 - 1 307
121 16-19 yrs. 19 6709 6 21.)4 2 701 0 - 1 306
20-23 yrse. LLB 60.8 2l 26.6 9 lloLJ. 1 103 0 -
2y yrs.=-up 16 6é4.0 5 20.0 2 8.0 1 L.0 1 L.
122 16-19 yrs. 2, 75.0 5 15.6 1 3.1 1 3.1 1 3.1
20-23% yrs. 131 70.4 32 17.2 18 9.6 L 2.1 1l 0.6
2)4 yrse.=up hl 6905 8 13.6 7 11.9 1 1.7 1 107

» Total number in group; Pre 16-19 yrs. = 743 Pre 20-23 yrs. - 993 Pre 2,
yrs.-up = 27; 121 16-19 yrs. = 28; 121 20-23 yrs. = 79; 121 2, yrs.=up =
253 122 16-19 yrs. - 323 122 20-23 yrs. - 1863 122 2, yrs.-up = 59.
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Ratings
Cbjeotives and 1 2 3 L ..
Groups* N % N % N % N % N %
Soocial good
Pre 16-19 yrs. 31 L1.8 23 31.0 15 20.2 2 2.7 3 L.O
20-23 yrs. 32 32.3 38 38.3 21 21.2 6 6.0 2 2.0
yrs.-up 8 29.6 12 LL..L 5 18.5 1 3.7 1 3.7
121 16-19 yrse 7 2500 10 3507 9 3201 0 - 2 7.1
20-2% yrs. 27 3.2 21 26.6 23 29.1 3 3.8 L 5.1
2).]. yre.=up 9 36.0 8 3200 5 20.0 1 h.O 2 8.0
122 16-19 yrs. 1, Lo0.6 8 25.0 9 28.1 0 - 1l 3.1
20“23 yrse 73 39.2 58 3101 Ll.Ll. 2301 7 3.7 3 1.6
2 yrs.-up 29 L9.2 13 22.0 12 20.3 L 6.8 1 1.7
Philosophy
Pre 16-19 yrs. 23 31,0 2 32.4 15 20.2 5 6.7 6 8.1
20-23 yrse. 32 32.3 30 30.2 28 28.2 6 6.0 3 3.0
yrse.=up 6 2203 7 25.9 7 2509 1 3.7 3 11.1
121 16“19 yrse. 11 39.3 8 2806 7 2500 v 2 7.1 0 -
20-23 yrs. 22 27.9 22 27.9 18 22.8 9 11.4 7 8.9
2}4 yrse=up 8 32.0 8 52.0 6 2).].00 0 - 2 8.0
122 16-19 yrs. 10 31.2 10 31l.2 7 21.8 3 9.3 2 6.2
20-23 yrs. 55 29.5 58 31,1 L8 25.8 1 7.5 9 L.8
yrse.=up 2, L0.7 18 30.5 10 17.0 L 6.8 1 1.7

s Total number in group; Pre 16-19 yrs.- Th3 Pre 20-23 yrs. - 99; Pre 2,
yrs.-up = 273 121 16-19 yrs. - 28; 121 20-23 yrs. = 79; 121 2, yrs.-up -
25; 122 16-19 yrs. - 32; 122 20-23 yrs. - 186; 122 2|, yrs.-up - 59.
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indicate that the objeotive is considered to be more important by the
older men students. As can be seen in Tatle XIII, the trend is not
highly significant. In all of the oldest groups, that is, in those
over 2l;, the per cent who consider this to be a very important object-
ive, or a quite important objective, is higher than the percentages of
the younger groups. However, the older men do not consider this to be
ag important an objective as the women, who are almost all between the
ages of 16 and 19. Are the women more socially conscious than the men?
Or is social consciousness a matter of maturity? Do the women, who
mature more rapidly than the men, reach a sense of social consciousness
at an earlier age?

Although on an a priori basis one might expeot the otjective rel-
ative to a philosophy of life to receive higher ratings by the more mature
students, the data as presented in Table XIII do not support such a
thesis. There seems to be no age difference in response to this objective.

As was pointed out in Chapter IV, the seniors oonsidered most of
the knowledge objectives to be more importent than the other student
groups oonsidered them. It will be recalled that this group was made up
principally of women and that they were somewhat older than the women of
the other student groups. The data on sex differences and age differ-
ences in regard to these objectives leads one to believe that these fact-
ors, at least, partially explain why the seniors oonsidered these object=-
ives of more importance than the other student groups.

Of the objeotives which have been classified as understandings

there appear to be no significant or consistent sex differences, as
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indioatea in Table XXV of the appendixe There are, however, marked age
differences in the ratings on the objective to understand the relation
of man to his environment (Teble XIV). Older men in all groups consid-
ered this to be a more important objeotive than the younger men consid-
ered it to be. This is of partiouler interest because the literature
shows a decline in emphasis on this phase of biology through the grades.
That this objeotive becomes more important with age is substantiated by
the fact that the percentage of seniors who considered this a very im-
portent objeoctive was higher than the percentage of any of the other stu-
dent groups oconsidering this a very important objective and by the fact
that the faoulty group rated this objective as being more important than
any of the student groups rated it. The meager evidence presented here
might indiocate that this objective becomes more meaningful as the student
matures.

Another of the understandings objectives which shows an age trend
is the ability to distinguish a faot from a theory. Again the more
mature students give evidence of considering this to be more important
than the less mature students as indicated in Table XIV. This is also
evidenced by the ratings of the seniors and faculty, (Table II, Chapter
Iv).

Those objeotives which have been classified as skills show no sex
nor age differences, a faoct brought out by Tables XXVI and XXVIII of the
appendixe.

Probably the most interesting of the comparisons of the sexes are

the responses to the scientific method objeotives. The men students feel
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TARLE XIV

COMPARISCN CF RATINGS OF UNDERSTANDING OBJECTIVES
BY MEN OF THREE AGE GKOUPS

Ratings
Objeotives and 1 2 3 L 5
Groups* N % N % N % N % N %
¥Yan to environment
Pre 16-19 yrs. 17 22.9 2 32.; 23 31.0 6 8.1 L 5.4
20-23 yrse. 29 29.2 L1 Ll 23 23.2 2 2.0 3 3.0
2’4 yrse=up 12 LL}.‘.LL 8 2906 5 18.5 1 307 1l 3.7
121 16-19 yrs. 5 17.9 13 6. 10 35.7 0 - 0 -
20-23 yrs. 27 3L.2 29 36.7 16 20.3 L 5.1 3 3.8
2, yrse.-up 12 L&.0 5 20.0 5 20.0 2 8.0 1 L.C
122 16"19 yrse. 9 28.1 12 37.5 8 25.0 2 602 0 -
20'23 yrse. 67 3600 63 3308 39 2009 8 LJ..3 8 ho}
2 yrse-up 2h. LO.7 19 32.2 16 27.1 o - o -
Structures to funotions
Pre 16-19 yrs. 6 €.1 33 L5 23 31.0 9 1l2.1 3 4.0
20-2% yrs. 27 27.2 19 1G.1 20 3043 16 6.1 2 2.0
2y yree-up L L8 9 33.3 9 333 2 7. 2 7.4
121 16-19 yrs. 6 21., 8 28.6 9 32.1 3 10.7 1 2.6
20‘23 yrse. 18 22.8 31 39.2 16 2003 7 809 6 706
2).[. Yrses=up 7 28.0 9 3600 6 2).‘..0 2 8.0 1 h.O
122 16-19 yrs. 12 3%7.5 10 31.2 5 15.6 L 12.5 0 =
20-23 yrs. 59 31.7 59 31.7 L9 26.3 8 L.3 8 L3
2, yrse.-up 17 28.8 22 37.8 15 25.4 2 3.3 1 1.7

* Total number in group; Pre 16-19 yrs. = 743 Pre 20-23 yrs. - 99; Pre
2} yrs. -up - 273 121 16-19 yrs. = 28; 121 20-23 yrs. = 79; 121 2 yrs.-
up = 25; 122 16-19 yrs. - 32; 122 20-23 yrs. = 186; 122 2 yrs.-up = 59.
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Ratings
Objeotives and 1 2 3 L 5
Groups* N % N % N % N % N %
Apply laws
Pre 16-19 yrs. 9 12.1 15 20.2 28 37.8 16 21.6 5 6.7
20-2% yrs. 20 20.2 15 15.1 36 36.3 17 17.1 11 11l.1
2}4 yrae.—up 3 1l.1 11 LL009 2 701‘. 10 37.0 1l 307
121 16-19 yrs. 5 17.9 13 Lé.L L 1.3 L 1.3 1 3.6
20-23 yrs. 12 15.2 17 21.5 27 34.2 9 1l.4 13 16.5
2’.}. yrse=up 6 214..0 6 2}.].00 7 28.0 3 12.0 3 12.0
122 16-19 yrs. 2 9.3 11 34.3 8 25.0 6 18.7 L 12.5
20-23 yrse. 36 19.3 L)y 23.1 57 30.6 21 11.2 25 13.4
2, yrs.-up 11 18.6 21 35,6 11 18.6 12 20.3% 2 3.3
Faot from theory
Pre 16-19 yrs. 16 21.6 2 32.4, 16 21.6 15 20.2 1 1.3
2} yrs.-up 10 37.0 11 L0.7 L 1.8 1 3.7 1 3.7
121 16-19 yrs. 3 10.7 11 39.3 9 32.1 2 Tll 3 10.7
20-23 yrse 17 21.5 27 34.2 20 25.3 11 13.9 L 5.1
yrse.=up 10 LI,0.0 7 28.0 3 12.0 2 8.0 3 12.0
122 16-19 yrs. 7 21.8 3 9.3 15 L6.8 L 12.5 2 6.2
20=-2% yrs. Lo 21.5 68 36.5 Ll 23.1 25 13.L T 3.7
2}.{. yrae.=up 15 25.14. 21 35.6 15 25.’4 }.]. 608 h. 6.8

* Total number in groups Pre 16-19 yrs. - TL; Pre 20-23 yrs. - 99; Pre
2, yrse-up - 273 121 16-19 yrs. - 28; 121 20-23 yrs. = 79; 121 2, yrs.-
up = 25; 122 16=19 yrs. = 32; 122 20-23 yrs. = 186y 122 2l yrs.-up = 59.
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that the ability to deteot and state a problem, the ability to formulate
hypotheses, the ability to plan experiments to test hypotheses, and the
ability to organize facts are consicerably more important objectives of
biology than the women students consider them to be, (Table XV). There
is, however, no evident sex difference in the ratings of the objective to
develop the ability to interpret factse. Vhether the women feel that
actual research is "man's work" or whether difference in temperaments
causes the differences would be difficult to determine. It is extremely
interesting to observe that the wonen consistently rate the ability to
transfer the scientific method to everyday problems higher than the men
rate this objeotive. It is difficult to account for the fact that while
the women consistently rate the skills involved in the method low, they
rate the ability to use them quite high. How can they learn to apply the
soientifio method if they are not willing to learn to deteot the problem,
to consider possible solutions to the problem, and to organize the data?

As mentioned in Chapter IV, the seniors oconsidered mastery of
most of the socientifioc method skills were quite unimportant objectives;
they rated them lower than any of the other student groups rated them.
Apparently this lower rating of these objeotives by the seniors is ex-
rlioable by the fact that nearly all of them were women. Like the women
of all of the other groups, however, they considered the ability to
transfer the scientific method to their own and sociel problems to be
quite important. In faot, they rated this objective higher than any of
the other student groups rated it. Age does not seem to affect the rat-

ings on the soientific method skills, (Table XXVII, appendix).
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TABIE XV

COMPARISON OF RATINGS OF PRCELEM SOLVING SKILLS CEJECTIVES
BY iEN AND WONMEN STUDKNTS

Ratings
Objeotives and 1 2 3 L 5
Groups* N % N % N % N % N %
State problems
Pre men 51 25.5 52 26.0 L9 24.5 24 12.0 19 9.5
women 18 18.3 23 23.4 31 31.6 12 12.2 U 1.2
121 men L2 31.8 L1 31.0 25 18.9 12 9.0 11 8.3
women L 21.0 9 47.3 5 2643 1 5.2 0 =
122 men 91 32.8 65 23.; 59 21l.2 36 12.9 25 9.0
women 10 28.5 6 17.1 8 22.8 7 20.0 L 11.3
Senior men 3 25.0 2 16.6 L 33.3 2 16.6 1 8.3
women 9 12.6 20 28.1 2& 35.8 10 lh.O 7 9.8
Formulate hypotheses
Pre men L7 23.5 172 3%6.0 L2 21.0 28 1.0 10 5.0
women 16 16.3 29 29.5 25 25,5 15 15.3 10 10.3
121 men LIy 33.3 36 27.2 29 21.9 16 12,1 T 53
women 7 36.8 6 31.5 3 1507 2 10.5 1 5.2
122 men €5 3%0.6 69 2.9 69 2.9 28 10.1 2, E€.6
women 9 25.7 5 1L4.2 11 3l., 6 17.1 L 11.3
Senior men 2 16.6 5 L1.6 L 33.3 1 8.1 o -
wonmen 8 11.2 18 25.3 23 32.3 1, 19.7 7 9.8
Plan experiments
Pre men 32 16.0 68 3[‘..0 }.].2 21.0 38 19.0 17 8.5
women 11 11.3 12 12.3 23 23, 22 22.4 12 12.3
121 men 28 21.2 34 25.7 35 26.5 23 17.4, 12 9.0
women 2 10.5 5 26.3 8 L2.1 0o - L 21.0
122 men L5 16.2 T2 25,9 85 30.6 36 12.9 37 13.3
women L 11.3 8 22.8 L 11.3 13 37.1 6 17.1
Senior men o - 6 50.0 3 25.0 6 50.0 0 =
women 6 801‘. ]J_J. 1907 223009 ]}4 1907 15 21.0

* Total number in group; Pre men =2003 Pre women - .98; 121 men - 132;
121 women = 19y 122 men - 277; 122 women - 35; Senior men = 12; Senior
women - 61.
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TABLE XV (ocontinued)

S e e —

Ratings
Ob jectives and 1 2 3 L 5
Groups* N % N % N % N % N 5%
Organize faots
. Pre men 79 39.5 65 32.5 39 19.5 10 5.0 6 3.0
women 29 29.5 3, 34.6 26 26.5 5 5.1 L L.O
121 men 52 39.3 L7 35.6 20 15.1 6 Le.5 T 5.3
women 2 10.5 11 57.8 LL 21.0 2 10.5 0 -
122 men 99 35.7 94 3%.9 57 20.5 1 5.0 13 L.b6
women 10 2805 9 2507 10 2805 5 1Ll.02 1 2.8
Senior men 1 8.3 7 58.3 3 25.0 1l 8.3 0 -
women 16 22.5 33 L6, 15 21.0 7 9.8 o -
Interpret faots
Pre men 81 L0.5 68 3L.0 39 139.5 8 L.O L, 2.0
women 36 3607 35 3506 17 1703 7 701 3 300
121 men L9 37.1 L6 3U7 21 159 12 9.0 L 3.0
wonen 8 LL201 7 3608 3 1503 1 502 0 -
122 men 100 36.1 92 33,2 56 20.2 17 6.1 11 3.9
women 13 37.1 9 25.7 8 22.t 3 8.3 2 5.7
Senior men 3 25.0 6 50.0 3 25.0 0 = 0 =
women 19 2607 30 )_‘.202 18 2503 2 2.8 2 2.8
Scientific method
Pre men 67 33.5 57 28.5 657 28.5 15 7.5 3 1.5
women )4,2 LL2¢8 33 33.6 17 1703 3 500 3 3.0
121 men 3, 25.7 52 39.3 29 21.9 12 9.0 5 3.7
women 9 L7.3 8 L2.1 2 10.5 o = 0o =
122 men 85 30.6 93 33.5 73 26.3 18 6.4 8 2.8
women 17 L8.5 9 25.7 7 20.6 2 SeT 0O -
Senior men Lj. 3503 6 5000 0 - 1 803 1 8.3
women 26 36.6 25 36.6 12 16.9 6 8.4 2 2.8

* Total number in groups Pre men =2003 Pre women = 983 121 men - 132;
121 women = 194 122 men =~ 2773 122 women - 353 Senior men - 12; Senior
women - 61.



mrere—_—T



93

Vhereas the method of science was not as important to the wonen
as to the men, the attitudes which attend the scientific method were all
of more importance to them than to the men as can be seen in Table XVI,

In almost all of the groups the women gave evidence of believing that the
ability to recognize true cause and effeot relationships, to be openminded,
to develop freedom from prejudice and from superstition, and a willingness
to suspend judgment were somewhat more important objectives than the men
considered them to be. It is of particular interest to note that the
women rated intellectual ouriosity oonsiderebly higher than the men rated
it.

Although there were no evident age differences regarding the scien-
tific method skills, there is evidence that the older students consider
all of the scientifioc attitudes to be somewhat more iaportant than the
younger students consider them (Table XVII). This may explein why the
group of students who had not had biology, that is the entering freshmen,
rated the attitudes somewhat lower than the other students rated them.

The average age of this group was lower than the average age of the other
groups. As was the case in regard to sex differences relative to the
scientific attitudes, intelleotual ouriosity showed the greatest differ-
enoe in ratings. The older men considered this to be considerably more
important than the younger men considered ite Again one wonders if this
is felated to differential maturation rates.

The only interest objeotive which showed an appreciable difference
was the one related to the professional aspects of biology. The men in

all groups considered that to beocome acquainted with the nature and extent
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TAELE XVI

COMPARISON OF RATINGS OF ATTITUDE OBJECTIVES
BY MEN AND WOMEN STUDENTS

katings
Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Cause and effect
Pre men &, 32.0 657 28.5 L1 20.5 16 8.0 20 10.0
women 37 37.7 26 26.5 18 18.3% T Tl 8 8.1
121 men Lt 33.3 37 28.0 33 25.0 10 7.5 7 5e3
women 12 6501 3 15.7 b. 21.0 0 - 0 -
122 men 90 32y 77 27.7 57 20.5 27 9.7 19 6.8
women 11 310).]. 8 22.8 7 20.0 5 11].02 3 8.5
Senior men L 33.3 3 25.0 3 25.0 2 16.6 o =
women 26 36,6 22 30,9 16 22.5 3 L2 L 5.6
Openmindedness
Pre men 6y 3%2.0 56 28.0 43 21.5 21 10.5 9 L5
women 36 36.6 23 23y 19 1l1l.3 10 10.2 6 6.1
women U, 73.6 5 26.3 0 = 0 = 0O =
122 men 110 39.7 &9 32.1 52 18.7 16 5.7 6 2.1
women 21 60.0 8 22.8 3  B.5 2 5.7 1 2.8
Senior men L 33.3 5 Ll.6 2 16.6 1 8.3 o -
women 20 L0.8 2, 33.8 13 18.3 1 1. 2 2.8
Freedom from
superstition
Pre men 33 16.5 23 11.5 L7 23.5 25 12,5 72 36.0
women 17 17.3 16 16.3 18 18.3 16 16.3 30 30.6
121 men LO 30.3 17 12.8 25 18.9 19 1.3 29 21.9
women 7 36.8 5 26.3 5 26.3 1 5.2 1 5.2
122 men 69 24,9 L2 15.1 70 25.2 32 12.5 60 21.6
women 13 37.1 8 22.8 L 11.3 2 5.7 8 22.8
Senior men 1 8.3 0 = L 33.0 L 33.0 3 25.0
women 19 26.7 15 21.1 U, 19.7 g 1l.2 15 21.1

# Total number in group;; Pre men €003 Pre women - 9843 121 men = 132;
121 women - 193 122 men - 2773 122 women = 355 Senior men - 12; Senior
women - 61,
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Ratings
Ob jeotives and 1 3 -5
Groups* N % N % N % N % N %
Suspend judgment
Pre men 51 25.5 76 38.0 48 24.0 16 8.0 8 L.O
women 32 52.5 26 2005 29 29.5 10 10.2 0 -
women 12 6301 }.‘. 21.0 3 15.7 0 - 0 -
122 men 9 33.9 96 3.6 67 2L4.1 11 3.9 7 2.5
women 9 25.7 11 31., 9 25.7 L 11.3 2 5.7
Senior men 6 50.0 2 16.6 2 16.6 1 8.3 o -
women 27 38.0 25 35.2 13 18.3 5 7.0 1 1.4
Freedom from prejudice
Pre men L9 24.5 36 18.0 L6 23.0 25 12.5 LO 20.0
women 38 38.7 18 18.3 12 12.2 lo 16.3 12 12.2
121 men 29 21.9 36 27.2 29 21.9 12 9.0 26 19.7
women 11 57.8 5 26.3 3 15.7 0 - 0O -
122 men 76 27.4 €4 23.1 60 21l.6 28 10.1 L3 15.5
women 12 34.2 7 20.0 5 1.2 5 1.2 L 11.2
Senior men 3 25.0 h 33.3 1 8.3 0 - }.‘. 33.3
women 21 2905 18 2503 13 1803 9 12.6 9 12.6
Intellectual
ouriosity
Pre men 56 28,0 68 3L.0 L2 21.0 21 10.5 11 5.5
women : L1 41.8 28 28.5 12 12.2 T Tl 9 9.1
121 men L3 3%2.5 36 27.2 35 25,7 9 6.7 8 6.0
women 9 L7.3 L 21.0 5 26.3 o - 1 5.2
122 men 89 32.1 T0 25.2 72 25.9 27 9.7 17 6.1
women 10 28.5 11 310}4 8 22.8 }4. 11.2 2 5.7
Senior men 1 8.3 2 16.6 5 L1l.6 2 16.6 1 8.3
women 31 L3.6 18 25.3 13 18.3 L 5.6 L 5.6

* Total number in group; Pre men =-200; Pre women =
121 women = 193 122 men - 277; 122 women = 353 Senior men = 12; Senior

women = 61.

983 121 men - 1323
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TALLE XVII

CCMPARISON OF RATINGS OF ATTIT.JDE UBJECTIVES
BY KEN OF THrkk AGE GROUFS

Ratinges

Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Cause and effect
Pre 16-19 yrs. 18 2.3 18 2L.3 19 25.6 6 8.1 11 1.8
20-23% yrs. 38 38.3 26 26.2 18 18.1 10 10.1 T 7.0
2, yrs.-up 8 29.6 13 L48.1 L 1.8 o - 2 T
121 16-19 yrs. 10 35.7 6 21. 6 21., L 1.3 1 3.6
20-23 yrs. 21 26.6 27 3.2 21 26.6 6 7.6 L 1.3
2, yrse.-up 13 52.0 L 16.0 6 24.0 o - 2 8.0
122 16-19 yrs. 11 34.4 9 28.1 5 15.6 2 6.2 3 9.3
20~23 yrs. 61 32.7 L9 26.3 L1 22.0 18 9.6 13 6.9
2, yrs.=up 18 30.5 19 32.2 11 18.6 7 11.9 3 5.1
Openmindedness
Pre 16-19 yrs. 20 27.0 22 29.7 15 20.2 11 1,.8 5 6.7
20-23 yrse. 35 35.3 23 23.2 2, 24.2 9 9.0 L L.O
2 yrs.-up 9 33.3 11 L0.7 L 1.8 1 3.7 o -
121 16-19 yrs. 13 L6, 10 35.7 1 3.6 3 10.7 1 3.6
20-23 yrs. 28 35.4 30 38.0 16 20.3 2 2.5 2 2.5
2, yrs.=up 16 64.0 3 12.0 1 L.0 L 12.0 1 4.0
122 16-19 yrs. 11 344 11 3L.4 L 12.5 L 12.5 1 3.1
20-23 yrs. 75 L0.3 59 31.7 39 20.9 8 L.3 L 2.1
2} yrs.=-up 2, Lo.7 19 32.2 9 15.3 L 6.8 1 1.7
Freedom from
superstition
Pre 16-19 yrs. g 12.8 10 13.5 17 22.9 12 16.2 27 36.4
20-23 yrs. 18 18.1 9 9.0 23 23.2 12 12.1 37 37.3
2y yrse-up T 25.9 L 14.8 7 25.9 1 3.7 8 29.6
121 16-19 yrs. 8 28.6 3 16.7 8 28.6 L 14.3 5 17.9
20-23 yrse 18 22.8 10 1207 16 2003 ]J..L 1707 19 21.‘.1
2, yrs.=-up 1, 56.0 L 16.0 1 L.O 1 4.0 5 20.0
122 16-19 yrse 6 18.7 2 6.2 9 28.1 7 2l.8 8 2500
20-23 yrs. Ls 24.1 26 13.9 55 29.5 20 10.7 37 19.8
2, yrse.=-up 18 30.5 1, 23.7 6 10.2 5 8.5 15 25.,

% Total number in group; Pre 16-19 yrs. = 743 Pre 2023 yrs.~ 99; Pre 24
yrse = up = 273 121 16-19 yrs. = 28; 121 20-23 yrs. = 793 121 2 yrse-up =
25y 122 16-19 yrs. = 32; 122 20-23 yrs. = 1863 122 2 yrs.-up =~ 59.
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XVII (oontinued)

Ratings
Ob jeotives and 1 2 3
Groups* N % N % N % N % N %
Suspend judgment
Pre 16-19 yrs. 22 29.7 25 33.7 19 25.6 8 10.8 o -
20"23 yrse 2.’4. 2]4.2 35 35.3 2}4 21.‘..2 8 8.0 7 7.0
21* yrse—=up 5 18.5 16 5903 5 1805 0 - 1 307
121 16-19 yrse 12 h2o9 7 25.0 6 2101}, 3 1007 0 -
20-23 yrse. 2, 30.3 32 L0.5 17 21.5 L 5.1 2 2.5
24 yrs.=-up 12 L4&.0 7 2.0 2 8.0 1 4.0 2 8.0
122 16-19 yrs. T 21.8 1, Lo.6 8 25.0 2 6.2 1 3.1
20-23 yrs. 63 33.8 65 34.9 L3 23.1 T 3.7 6 3.2
2, yrs.=up 2, L40.7 17 28.9 16 27.1 2 3. 0 -
Freedom from
prejudioce
Pre 16-19 yrs. 16 21.6 1, 19.1 21 28.3 11 1.8 10 13.5
20=23 yrse. 25 25.2 16 16.1 17 17.1 13 13%.1 27 27.2
yrs.=-up 8 29.6 6 22.2 8 29.6 1 3.7 3 11.1
20-23 yrs. 12 15.2 23 29.1 19 24.1 7 8.9 18 22.8
24 yrse=up 10 40.0 6 24.0 L4 16,0 2 8.0 3 12.0
122 16=19 yrs. 10 31.2 3 9.3 10 3%1.2 L 12.5 5 16.6
20"23 yrse LLS 211..1 I.j.é 2}407 ).J.2 2205 17 901 30 16.1
2} yrs.=up 21 35.6 15 25.4 8 13.6 7 11.9 8 13.6
Intellectual
ouriosity
Pre 16-19 yrs. 20 27.0 23 31.0 18 25.6 8 10.8 3 L.0
20-23 yrse. 27 27.2 35 35,3 18 18.1 11 1l.1 8 8.0
2&- yrse.=up 9 3303 10 37.0 5 1805 2 7oh 0 -
121 16-19 yrse. 10 35.7 6 21.; 10 35.7 2 7.1 0O =
20-23 yrs. 23 29.1 22 27.9 20 25.3 7 8.9 6 7.6
2, yrse.-up 10 L0.0 8 32.0 5 20.0 o - 2 8.0
122 16-19 yrs. 7 21.8 7 21.8 11 3L 3 9.3 L 12.5
20-23 yrse ﬂ'l. 29.0 I.J.B 2508 }49 26.3 20 10.7 13 609
yrse=up 28 L47.5 15 25.; 12 20.3 L 6.8 0 =

* Total number in group; Pre 16-19
yrs.=up = 27; 121 16-19 yrs. = 28;
25; 122 16~19 yrs. = 32; 122 20-23 yrs. = 1863 122 2} yrse=up = 59.

yrs.=743 Pre 20-23 yrs. = 99; Pre 2,
121 20-23 yrs. = 79; 121 2} yrse=up =



of the professional fields of biology was considerably more importent
than the women students believed it to be, (Table XXIX, appendix). ke~
cause there are more men than women interested in the professional fields
of biology one would expect that more men would consider this objeotive
more important. There was no age difference in response to this object-
ive nor were there age differences in response to the other interest
objeotives, (Table XXX, appendix).

As can be seen in Table XXXI and XXXII of the appendix there was
only one of appreciation objectives which showed either sex or age diff-
erences. The male students were slightly more enthusiastic about the

economic wvalues of biology than were the women.

S WiLIAKY

l, Students taking the comprehensive examination early rated
knowledge of laws of biology, knowledge of facts for healthful living
and an understanding of the relation of man to his environment as slight-
ly more important objeotives than those students who were not taking the
oomprehensive early.

2. Students not takirg the comprehensive early oconsidered that
to learn to use socientifioc apparatus, to develop intelleotual ouriosity,
and the appreciation objectives were somewhat more important than the
students who were taking the comprehensive examination oconsidered them
to be.

3. Difference between the responses of those who took the com-

prehensive and those who did not take the comprehensive examination were
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not large. The two groups were surprisingly similar in their ratings
on the objeotives.

lie The women students considered that knowledge for healthful
living, soocial good, and for a satisfactory philosophy of life were
more important than the men considered them to be.

5. The men rated knowledge of the basic laws of biology higher
than the women students rated this objective.

6. The younger men rated knowledges which would contribute
toward healthful living highér, and knowledges of the basic laws of
biology lower than the older men. Since the women were almost all in
the younger age brackets, the sex differences evident for these two ob-
jeotives were probably rether insignificant.

7. The older men oonsidered that knowledges whioch would ocon-
tribute toward social good to be more important than the younger men.

8. There were no evident differences between the sexes in their
ratings of the understanding objeotives, but the older men rated the
objectives, to understand the relation of man to his environment, and
to learn to distinguish a fact from a theory higher than the younger men.

9. In general, the men rated the scientifioc method skills higher
than the women rated them, whereas the women rated the scientific atti-

tudes higher than the men.

10. There were no age differences in response to the scientific
method skills, but the older men rated the soientific attitude higher
than the younger men rated them.

1l. The men rated the professional aspects of biology and the

economio values higher than the women rated them.



CHAPTER VI

SULNAKY AND CONCLUSIONS

SULDARY

1. The purposes of this study were (1) to determine the instruc-
tional aims of those persons teaching biologiocal science at Michigan
State College; (2) to evaluate these aims in terms of the importance
attached to them by a) the faoculty at Michigan State College and b) the
students at Michigan State College; and (3) to compare these objeotives
with the aims which other groups not at Michigan State College considered
to be important.

2. The rating sheet of thirty-two objectives was derived from
lists of objectives submitted by the members of the Department of Eiolog-
ioal Soience.

3« The rating sheet was presented to members of the Department
of Biological Science, to a group of members of the fasulty of Michigan
State College teaching subjeots other than biology, to a group of seniors
who had taken biologiocal science as freshmen, and to four groups of stu-
dents enrolled in biologiocal science at the tire of this study.

L. The objectives were oclassified into the following ocategories;
(1) xnowledge, (2) understanding, (3) instrumental skills, (l;) problem
solving skills, (5) attitudes, (6) interests, and (7) appreciations.

5« The knowledge objectives, with the exception of the objective

relative to a useful vocabulary, were all rated as being important by



101
all of the groups. A vooabulary of useful biological terms was consid-
ered by all groups to be the least important of the knowledge objeotives.

6. Understanding objectives were rated by all groups as less
important than knowledge objeotives.

7o The problem solving skills were rated as very important ob-
jeotives by most of the members of the Department of Biological Soience,
whereas they were rated as moderately important objectives by all of the
other groups.

s All of the attitudes were considered to be very important ob-
jeotives by most of the members of the Department of Biological Soience,
and moderately important objectives by all of the other groups.

9. The interest objectives and the appreciation objectives were
rated low by all of the groups studied.

10. Differences between the ratings of the objectives by the group
of students taking the comprehensive examination early and students taking
the full three terms of the ocourse were very small.

lle The women students oonsidered that knowledge which would lead
to more healthful living and knowledge whioch would lead to social good to
be somewhat more important objectives than the men considered them to be.

12. The men students considered most of the soientific method
skills to be more important than the women students considered them to
be, whereas in the case of the scientific attitudes women considered them
to be more important than the men did.

13. The older men oconsidered that knowledge whioh would lead to
social good and that the scientifioc attitudes were more important objeot-

ives of biology than did the younger men.
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CONCLUSICHS AKD EDUCATICKAL ILIPLICATIOLS
Eecause the conclusions and educational implications of this study
are related to many phases of teaching, it is imposgsible to draw all of
the conclusions together and interrelate them with all of the types of
objeotives studied. The conclusions will, therefore, be oconsidered in
relation to each type of objective.

Knowledre objeotives. HRegarding the knowledge objectives there

was oconsiderable agreement in all groups. The vocabulary objective was
considered by alllgroups to be a relatively unimportant one. It has
been the polioy of the Department of Biological Science to limit the
voocabulary, and in so far as possible to eliminate technical terms. This
polioy seems justified on the basis of this study.

The other knowledge objectives were considered to be quite import-
ant by most groups; the students believed that knowledge of facts which
would oontribute toward healthful living was the most important objective
of biology. The staff group considered that knowledze of faocts leading
to soocial good was the most important of the knowledge objeotivese.

Certain teaching problems and problems for future research are
sugrested by these findings;

le A further study on the number of terms used in the course, the
number of terms whioh are functional, the number and kinds of terms the
students know when entering the oourse, and the number of terms which are
learned by the average student during the course seems advisable.

2. The comprehensive examination at the present time allows for

eight per cent of the questions in the examination on vocabulary. Since,
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in addition, the student must know the meanings of many terms to answer
other questions, it would seem advisable to reduce the per oent of
questions deveted to the knowledge of meaning of terms and to test only
on terms demonstrated to be useful.

3. The students should be motivated to realize that knowledge in

itself is not an objective of any science course, that knowledge is merely
a prerequisite to the attainment of the true aims of the ocourse.

Understanding objectives. In general these objeotives were consid-

ered more important by the faoulty groups than by the student groups. All
groups oconsgidered that the understanding objectives were considerably
less important than the knowledre objectives. Some of the problems whioch
arise from these findings are:

1. The students must be motivated to realize that knowledge in
itself is of little wvalue; that knowledge to be funotional must be under=-
stood, and related with other information and epplied to new situations.

2. An inclusion in the comprehensive examination of more items
whioh required the student to possess ocertain knowledge, but whioch also
called for functional use of this knowled-e might aid in the motivation
of the studsent to arpreciate the importance of functional understandings.
At the present time knowledge and understanding are inocluded in a single
category as far as the oonstruction of the test items for the ocomprehen=-
sive is concerned.

Instrumental skill objectives. Althouch the ability to observe

accurately was considered to be an extremely important objective by the
staff group, and quite important by the other groups, the other instru-

mental skill objectives were considered by all groups to be among the
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least important of the objectives studied. One problem which is related
to these observations is:

l. To devise ways to test accurate observations in an examination.

Probler solving skills. As indicated by the ratings of these ob-
jeotives by the staff of biologinal science, the staff is teaching and
thinking in terms of objectives other than subjeot-matter. All of the
oommittees reporting on science in general education recommend that the
socientific method be emphasized in the teaching of science. The students,
however, oconsidered these objeotives to be only of moderate importance.
lany problems arise from this situation:

l. Ways of motivating the students to accept these as important
objeoctives should be found.

2. It has been sugrested that the ability to use the scientific
method is so closely related to intelligence that it cannot be taught.
Experimentation on this phase of teaching is needed.

3+ In order to determine whether the scientific method is teach-
able a test must be devised to test this ability adequately.

L+ If the ability to use the soientific method is a native abil-
ity rather than an acquired one, should we abandon testing for ability
to use it? lay not the ability to memorize faots also be a native abil-
ity? DNo one suggests that we discontinue the praoctice of testing for
information aocquired by the student.

Attitude objectives. Like the objectives dealing with the soien-

tifio method the attitude objeotives were considered very important by

the staff of the Department of LEiological Science and by other eduocators
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in the field of soisnce education, but were considered to be only moder-
ately important by the students. Some problems arising from these find-
ings are:

l. To devise methods to motivate the students to accept changes
in attitudes as important course objeoctives.

2. To motivate the student to see the relation between the abil-
ity to use the scientific method, scientific attitudes, and his own per-
sonal sucocess in golving his problems and in solving social problems.

%2« In order to measure changes in attitudes, attitude tests or
attitude scales must be deviseds Is it possible to devise a paper and
pencil test or attitude socale which will distinguish between the person
who knows what his attitude should be and the person whose behavior is
consistent with this knowledge?

L4 Assuming that sush tests or scales can be devised, can we give
grades in a course based partially on the attitude of the student? The
attitudes are frequently referred to as the intangibles of education, but
if they are important objectives of a oourse they should be tested for
and should enter into the evaluation of the student's achievements.

Interest objeotives. Since all of the interest objectives were

oonsidered to be relatively unimportant by all groups, it would appear
that these objectives should not be made major objectives of the course
in biological soience.

Appreciation objectives. The appreoiation objectives were rated

similarly to the interest objectives and should probably not be considered

as major objectives of the course in biology at Michigan State College.
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General conclusions and educational implications. In a general

education program the objeotives of a course should be functional and
should be related to the needs of the students. There is evidence to
indioate that the present expressed needs of the students are being met
by the oourse and that certain future needs of the students have been
oconsidered in the formulation of the currioculum.

In this study objective data have been obtained whish can serve
as a basis for determining the relative number of items on the examina-
tion of the course to be devoted to the testing of the major objectives.

The principal educational problem presented by this study is one
of determining methods of motivation.

Itl has been said that until socience teachers learn to think of
the purposes of their work in terms of changes in behavior of their pupils,
rather than in terms of faots, science will be taught as a body of organ—
ized knowledge. The present writer is in agreement with this viewpoint
but would add that until students can be made aware of the purpose of
education in terms of ochanges in their behavior, rather than in terms
of faots, they will learn a body of organized knowledge in spite of the

efforts of the teacher to bring about these desired changes.

1 NOll, 220 Git-, Pe 11.
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Letter to faoculty members:

Faoulty Liember
Michigan State College

A study is being made of the objectives of the course
in biological science. The enclosed rating sheet of objeot~
ives has been given to students taking biology, and to students
who have completed the ocourse in biological science. We are
anxious to obtain ratings of the objectives from a group of
faoulty memberse.

Your ocooperation in filling out this rating sheet will
be of value to us in improving and revising the ooursse.

Please mail the completed rating sheet to the Depart=-
ment of Biological Soience, Basio College Fuilding by January
20, 1948, if possible.

Thank you for your cooperation.

Very truly yours,

Mary Alice Burmester
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Letter to seniors:

A study is being made of the obJectives of the course
in biologiocal science. The enolosed rating sheet of object=~
ives has been given to students taking biology. We are
anxious to obtain ratings of the objectives from a group of
students who have completed the oourse.

Your cooperation in filling out this rating sheet will
be of value to us in improving and revising the course.

Please mail the completed rating sheet to the Depart-
ment of Biologiocal Science, Basioc College Building by Januery
20, 1948, if possible.

Thank you for your ocooperation.

Very truly yours,

Mary Alioe Eurmester
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TABLE XVIII

COMPARISON OF RATINGS OF KNOWLEDGE OBJECTIVES
BY SFECIAL PERMISSION AND REGULAR STUDENTS

Ratings
Objeotives and 1 2 3 L 5
Groups* N % N A N % N % N %
Vooabulary
121 speocial 12 20.3 16 27.1 20 33.9 8 13.5 3 &
regular 28 10.5 78 29.3 103 38.7 34 12.7 21 7.
122 SPBOiﬂl 8 8.1 22 220}4 ’.]L]. L;h.9 19 19.3 5 50
regular 30 14.0 51 23.8 76 35.5 38 17.7 18 8.
Basio laws
121 speocial 39 66.1 17 28.8 3 5.0 o - 0o -
regular 15, 57.8 68 25.5 33 12.3 10 3.7 1 o0
122 special 58 59.1 25 25.5 12 12.2 1 1.0 2 2.
regular 116 54.2 60 28.0 28 13.0 3 1l 5 2.
Healthful living
121 special LT 7T76.6 7 11.8 L 6.7 1l 1.6 0O =
regular 198 7h.y L3 16.1 18 6.7 3 1.1 L 1.
122 special 76 T77.5 1.1 1l.2 9 9.1 1 1.0 1 1.
regular U5 67.7 LO 18.6 20 9.3 6 2.8 2 0.
Social good
121 speci‘l 30 50.8 16 27.1 6 10.1 Ll. 6.7 2 30
regular 99 37.2 89 33.; &4 20.3 9 3.3 13 L.
122 special L2 L2.8 27 27.5 22 22.4 5 5.1 2 2.
regular 90 b.2.0 €2 2809 8 220h 10 )406 3 1.
Philosophy
121 special 20 33,9 22 27.2 11 18.6 L 6.7 1 1
regular 80 30,0 78 29.7 63 23.6 23 8.6 16 6.
regular 75 35.0 69 32.2 L7 21.9 1 6.5 6 2.

* Total number in group; 121 special = 58; 121 regular = 266; 122
speoial = 98; 122 regular = 21,
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TABLE XIX

CONMPARISON OF RATINGS OF UNDERSTAMNDING OBJECTIVES
BY SPECTAL PERMISSION AND REGULAR STUDENT

Ratings

Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %

Xan to environment

121 speocial 32 5L4.2 17 28.8 9 15.2 1 1.6 0o -
regular 83 31.2 99 37.2 61 22.9 13 L.8 10 3.7
122 special 39 39,8 3, 3.6 17 17.3 3 3.0 L L.O
regular 7L 3.5 72 33.6 5 25.2 8 3.7 5 2.3
Struoctures to function
121 special 17 28.8 25 L2.3 12 20.3% L 6.7 0 -
regular 58 21.8 94 35,3 72 27.0 28 10.5 10 3.7
122 speocial 30 30.6 33 33,6 27 27.5 L L.0 2 2.0
regular 70 32.7 66 3%0.8 50 23,3 15 7.0 8 3.7
Apply laws
121 special 11 18.6 19 32.2 16 27.1 8 13.5 3 5.0
regular L6 17.2 62 23.3 €l 31.5 38 14.3 33 12.3
122 speocial 13 13.2 28 28.5 27 27.5 20 20.4 9 9.1
regular L6 21.1 8 25.2 55 25.7 28 13.0 27 12.6
Fact from theory
121 speocial 13 22,0 19 32.2 U 23,7 7 11.8 6 10.1
regular 68 25.5 B2 30.8 76 28,5 25 9.y 15 5.6
122 speocial 20 20., 30 30.6 30 30.6 15 15.3 3 3,0
regular L7 21.9 73 34.1 57 26.6 23 10.7 11 6.1

* Total number in group; 121 special = 58; 121 regular = 266; 122 speoial
- 98; 122 regular - 21l;.
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TARLE XX

COMPAKISON OF RATINGS OF INSTRUiiNTAL SKILL OLJECTIVES
BY SPECIAL PERMISSION AikD REGULAR STUDENTS

Ratings
Objeotives and 1 2 3 L 5
Groups* N % N % N % N % N %
Acourate observations
121 speocial 25 L2.3 23 38.9 7 1l1.8 1 1.6 3 5.0
regular 139 52,2 76 28.5 33 12.3 9 3.3 9 3.3
122 speoial L6 L6.9 31 31.6 12 12.2 L L.O 5 5.1
regular 93 L3y 71 33,1 35 16.3 9 L.2 6 2.8

Graphs and tables
121 speoial
regular
122 speocial
regular

o oFr

Scientifioc apparatus
121 speoial L
regular 36
122 speocial 7
regular 3,

3.3 6 10.1 16 27.1 13 22,0 22 37.2
52 26 9.7 91 3.2 S 20.3 81 30.4
6.1 15 15.3 20 20.4 27 27.5 30 30.6
Le2 30 1.0 56 26,1 L4 20.5 74 34.5
6.7 15 25.4, 19 32.2 13 22,0 8 13.5
13.5 65 244 &84 31.5 L8 18.0 33 12,3
7.1 16 16.3 38 38,7 26 26.5 11 11.2
15.8 47 21.9 67 31.3 35 16.3 31 1.,

% Total number in group;
- 983 122 regular = 21,

121 special - 58; 121 regular - 266; 122 special
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TABLE XXI

COMFARISCN CF RATIKGS OF PKOBLEL SCLVIKG SKILL CBJECTIVES
BY SPECIAL PERINISSION AND REGJULAR STUDLNTS

- —_— -——-- -= —— = ——

Ratings
(b jectives and 1 2 3 N 5
Groups* N % N % N 7 N % N <
State problems
121 speoial 16 27.1 20 33.9 1C 16.9 9 15.2 L 6.7
regular 85 31.9 €1 30.; E5 20,6 21 7.8 22 &.2
122 special 32 32,6 22 22, 21 21.; 1% 13.2 10 10.2
regular 69 32'2 L|.9 22.8 Lj.é 21.1 30 114.00 19 8.8
Formulate hypotheses
121 speoial U, 23.7 19 32.2 17 28.8 6 10.1 3 5.0
regular €8 33,0 T2 27.0 59 22.1 33 12.3 U, 5.2
122 gpeocial 30 30,6 2 24y 26 26.5 9 9.1 9 G.l
regular d]. 2909 50 23 03 EL]. 2502 25 11.6 19 €.8
Plan exveriments
121 special 10 16.9 U 23,7 23 38.9 6 10.1 6 10.1
regular 50 18.7 85 31.9 65 2Ly L5 16.9 21 7.8
122 speoial 19 19.3 28 28.5 24 24y 10 10.2 17 17.3
regular 30 14.0 52 2.2 65 30.3 39 1.2 26 12.1
Organize facts
121 speoial 2l 3505 21], LLOoé 9 1502 3 500 2 303
regular 9% 36,0 99 37.2 L5 169 13 L.8 12 L.5
122 speoial LJ.O hO.G 27 2705 16 18.3 7 7.1 6 601
regular 69 32.2 76 35.5 L9 22.8 12 5.6 8 3.7
Interpret facts
121 speoial 17 28.6 22 37.2 13 22.0 7 11.8 o -
regular 111 L1.7 82 30.8 L5 169 19 7.1l 9 3.3
122 speocial 35 35,6 32 32.6 20 20.4 6 6.1 5 5.l
regular 78 360,4 69 32.2 l;}.‘, 20.5 ].Ll. 6.5 8 307
Scientifio method
121 speoial 22 37.2 20 33.9 8 13.5 5 8. L 6.7
regular 92 3.5 82 30.8 62 23.3 19 7.1 11 L.l
122 special 31 31.6 34 34,.6 25 25.5 6 6.1 2 2.0
regular 71 33,1 68 317 655 25.7 1 6.5 6 2.8

* Total number in group; 121 special - 58; 121 regular - 2663 122 speoial
- 983 122 regular = 21,
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CONPARISON OF RATINGS OF ATTITUDE OBJECTIVES
BY SPECIAL PERMISSION AND REGULAR STUDEXTS

115

-——— o ——

Ratings
Objectives and 2 5
Groups* N % N % N % N N %
Cause and effect
121 speoial 18 30.5 15 25.4, 1 23.7 7 5 8.
regular 103 38.7 70 26.3 5L 20.3 20 17 6.3
122 speoial 22 32.6 22 22, 20 20.4 15 8 8.1
regular 69 32.2 63 29.; LI 20.y 17 Uy 6.5
Openmindedness
121 special 27 L5.7 20 33.9 7 11.E 2 3 5.0
regular 122 LL5.7 8}4 3105 39 moé 10 8 300
122 BpeOial LL]. hl.B 35 35.7 16 16.3 3 3 300
regular 89 Ll.5 62 28.9 39 18.2 15 L 1.8
Freedom from
superstition
121 speocial 15 25.4 9 15.2 12 20.3 10 12 20.3
regular 16 32.3 L3 16.1 52 19.5 32 50 18.7
122 speocial 26 26.5 16 16.3 23 23. 12 21 21.4
regular 56 26.1 3, 15.6 51 23.8 22 L7 21.9
Suspend judgment
121 speocial 23 38.9 19 32.2 8 13.5 6 3 5.0
regular 109 h0.9 91 3}.‘.02 hB 18.0 12 5 1.6
122 special 30 3%0.1 LO LO.&8 23 23.4 3 2 2.0
regular 73 3’4.0 1 67 31.3 53 2}4.7 12 7 3-2
Freedom from
prejudioce
121 special 19 32,2 9 15.2 10 16.9 L 16 27.1
regular 88 33.0 63 23.6 50 18.7 27 36 13.5
122 speocial 27 27.5 22 22.4, 19 19.3 10 19 19.3
regular 61 28.5 L9 22.8 L6 21 23 28 13.0
Intelleotual
ouriosity
121 special 20 33,9 15 25.; 13 22.0 9 2 3.3
regular 94 35.3 77 28.9 60 22.6 16 18 6.7
122 special 30 30.6 25 25.5 21 21.;, 13 9 9.1
regular 69 32,2 56 26.1 59 27.5 18 10 L.6

* Total number in group; 121 special = 58; 121 regular = 2603 122 special

- 983 122 regular - 21,
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TABLE XXIII

COMPARISCN OF RATINGS OF INTEREST OBJECTIVES
BY SPECIAL PERMISSION AND RLGULAR STUDERTS

Ratings
Objeotives and 1 2 L 5
Groups* N % N % N % N % N %
Professional fields
regular 27 10.1 L3 16.1 90 33.8 59 22.1 L6 17.2
122 speocial 12 12.2 U, 1.3 31 31.6 21 2l 20 20.4
regular 32 14,9 L1 19.2 60 28,0 L8 22.4; 31 145
Avooational rating
121 special 2 3.3 5 8.4 23 38,9 16 27.1 13 22.0
regular 10 3.7 L8 18.0 90 33.8 61 22.9 52 19.5
122 special T Tel 13 13.3 36 36,7 22 22.5 18 18.4
regular 23 1007 33 15.h 61 2805 LLO 18.6 159 22.9
Avoocational interests
121 speocial 3 5.0 7 11l.8 18 3045 15 25.4, 16 27.1
regular 10 3.7 32 12,0 90 33.8 71 26.6 57 21.4
122 speoial 2 2.0 13 13.2 35 35.7 214 2}4.5 23 2305
regular 13 6.0 33 15y 50 23,3 68 31.7 L7 21.9
Biologiocal literature
121 special 6 10.1 12 20.3 10 16.9 20 33, 11 18.6
regula.r 13 }4..8 ’4.2 15.5 8& 31.5 56 2l1.0 71 26.6
122 special T Tel 8 8.2 23 23,5 3, 34.6 24 2,4.5
regular 22 10.2 25 11l.6 59 27.5 56 26.1 52 2,.2

* Total number in group; 121 special - 58; 121 regular = 266; 122 special

- 98; 122 regular = 21L.
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TAELE XXIV

COIVPARISCN CF RATINGS OF APPRECIATICN CBJECTIVES
BY SFECIAL FEKIISSICN AlLD REGULAR STUDELTS

Ratings

Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %

Unsolved problems

regular 51 19.1 74 27.8 7L 27.8 36 13.5 30 11.2
regular b.8 220).‘. 50 23 03 58 2701 33 150’4 20 903

Esthetioc values

121 speocial 2 3.3 6 10.1 18 30.5 15 25.; 17 2g.2
regular 12 L.5 31 1l.6 69 33.4 59 22.1 67 25.1
122 special 6 6.1 10 10.2 32 32,6 21 2l.4 28 28.5
regular 23 1007 35 150,4 58 2701 14.0 1806 53 2LJ.07
Economic values
121 speocial 7 11.8 18 3%0.5 16 27.1 13 22.0 5 8.
regular 16 6.8 T4 27.8 80 30.0 55 19.9 35 13.1
122 speoial T Tl 16 16.3 37T 37.8 23 23.5 15 15.3%
regular 18 8.y L8 22.4 75 35.0 L4 20.6 2 11.2
Accuracy of science
121 speoial 7 11.8 18 30.5 19 32.2 11 18.6 L 6.7
regul&r ).LB 18.0 7'4 27-8 88 3300 29 10.9 25 901{.
122 special 10 10.2 26 26.5 39 39.7 15 15.3 8 8.1
regular LO 18.6 61 28.5 59 27.5 29 13.5 22 10.2

* Total number in group; 121 special = 58; 121 regular = 266; 122 special
- 98; 122 regular = 21,.
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TABIE XXV

COMPARISON OF RATINGS OF UNDERSTANDING OBJECTIVES
BY LIEN AND WOLEN STUDEUTS

Ratings
Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Men to environment
Pre men 58 2900 72 36.5 51 250 9 }405 8 h.O
women 38 38.7 34 3L.6 22 22. L L0 o =
121 men LIy 33.3 L7 35.6 31 23.4, 6 L.6 L 3.0
women 6 31.5 8 L2.1 3 15.7 2 10.6 o -
women 13 37.1 12 34.2 8 22.8 1 2.8 1 2.8
Senior men 5 Ll.6 L 33.3 3 25.0 0o = o -
women 26 36.6 28 39.)4 12 1609 L]. 5.6 1 loL],
Struotures to funotions
Pre men 37 18.5 61 30.5 62 31.0 27 13.5 7 345
women 19 19.3 31 31.6 34 3L4.6 10 10.2 3 3.0
121 men 31 23.4 L8 36.3 31 23,4 12 9.0 8 6.0
women 6 31.5 6 31.5 7 36.8 o - 0 =
122 men 68 31.7 91 32.8 69 24.9 1 5.0 9 3.2
women 12 31‘.02 8 22.6 8 22.8 5 ].)4.2 1 2.8
Senior men 3 25.0 L 33.3 3 25.0 2 16.6 0o -
women 20 28.1 20 28.1 22 30.9 3 L2 L 5.6
. Apply laws
Pre men 32 16.0 Ll 20.5 66 33.0 L3 21.5 17 8.5
women T Tel 18 18.3 LoO 0.8 19 19.3 12 12.2
121 men 23 17.4 36 27.2 38 28.7 16 12.1 17 12.8
women h 2l.0 6 31.5 2 10.5 6 31.5 1 502
122 men 50 18.0 76 27.4, 76 27.4 39 1.0 31 1l.1
women 9 25.7 6 17.1 6 1701 9 25.7 5 lh.2
Senior men L 33.3 2 16.6 3 25.0 3 25.0 0 =
women 20 28.1 8 25.3 20 28.1 11 150}4 2 2.8
Faot from theory
Pre men 53 26,5 66 33.0 L6 23.0 27 13.5 7 3.5
women 27 27.5 29 29.5 32 32.6 7 Te1l 2 2.0
women 7 36-8 3 1507 Ll. 21.0 5 2603 0 -
122 men 62 22.3 92 33.2 74 26.7 33 11.9 13  L.6
women 5 lb..2 11 3loh 13 37.1 5 lb..2 1 2.8
Senior men 7 58.3 1 8.3 L 33.3 o - 0o =
wonen U 19.7 29 Lo0.8 19 26.7 5 7.0 3 L2

* Total number in group; Pre men = 200; Pre women - 983 121 men = 132j
121 women - 193 122 men - 2773 122 women = 35; Senior men = 123 Senior
women - 61,
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COMPARISON OF RATINGS OF INSTRUMEITAL SKILL OBJECTIVLS
BY KEN AID WOMEN STUDENTS

Ratings
Objeotives and 1 3 L 5
Groups* N % N N % N % N %
Acourate observations
Pre men 1d4 5200 sLL 2700 31 1505 9 LL.S 2 1.0
women L9 50.0 30 30.6 16 16.3 o0 - 2 2.0
121 men 62 6.9 LB 35.6 16 21.1 2 1.5 5 3.7
women 10 52.6 5 26.3 3 15.7 1 5.2 o -
122 men 126 L5., 91 32.8 L0 1.4 9 3,2 11 3.9
wonen 13 3701 11 31.’.‘. 7 20.0 h 11.2 0 -
Senior men L 33.5 7 58.3 1 8.3 0o - o -
women 32 45.0 22 30.9 13 18.3 L 5.6 o -
Graphs and tables
Pre men 12 6.0 52 16.0 SO 2500 1.'.5 2205 58 29.0
won.en 3 300 9 901 23 230).]. 35 3506 28 28.5
women 1 5.2 1 502 6 3105 6 31.5 5 26.3
women 2 507 7 20.0 ).L 1103 8 22.8 llj. LL0.0
Senior men o - o - 2 16.6 2 16.6 8 66.0
women 1 1.4 5 7.0 32 L45.0 15 21.1 17 23.9
Scientific apparatus
Pre men L6 23,0 52 26.0 58 29.0 26 13.0 18 9.0
women 16 16.3 16 16.3 38 3£.7 13 13.0 15 15.3
121 men 18 13.6 3L 25.7 37 28.0 21 15.9 22 16.6
women 1 502 3 1507 7 3608 LJ. 21.0 .’.l. 21.0
122 men 36 12,9 586 20,9 S7 35.C 53 19.0 33 11.9
women 5 1.2 5 1.2 8 22.8 8 ©22.8 9 25.7
Senior men 1 8.3 2 16.2 5 L1.6 L, 33.3 0o -
women 1 1.4, 14 19.7 26 36.6 21 29.5 8 11l.2

* Total number in groups; Pre men - 2003 Pre women - 98; 121 men - 132;
121 wemen - 19; 122 men - 277; 122 women = 35; Senior men - 123 Senior

women = 61.
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TABLE XXVII

COLIPARISON OF RATINGS OF ILISTRUMENTAL SKILL CBJLCTIVES
BY IEN OF THRRE AGE GROUPS

Ratings
Objeotives and 1 2 3 L 5
Groups* N % N % N % N % N %
Accurate observations
Pre 16-19 yrs. 39 52.7 21 28.3% 12 16.2 2 2.7 o -
20=23 yrs. 55 53.5 25 25.2 15 15.1 L L.0 2 2.0
2’_{. yrse=up 12 M‘.o}.‘. 8 29.6 LL 1L|.08 3 1l.1 0 -
121 16-19 yrs. 17 60.7 T 25.0 2 T.1 o - 2 7.1
20-23 yrs. 30 38.0 34 43.0 11 13.9 2 2.5 2 2.5
2’4. yrse=up 15 60.0 6 2}.]..0 3 12.0 0 - 1 h.O
122 16-19 yrs. 7 21.8 19 59.3 3 9.3 1 3.1 2 6.2
20-2% yrs. 95 51.0 56 30.1 22 11.8 6 3.2 T 3.7
21{. yrse=up 2}4 .’4.007 16 27.1 5 2501.]. 2 3.3 2 303
Graphs and tables
Pre 16=19 yrs. 6 8.1 10 13.5 15 20.2 19 25.6 23 31.0
20-23 yrse. 6 6.0 17 17.1 25 252 19 19.1 31 31.3
21}, yrse=up 0 - 5 18.5 10 3700 7 25.9 LL 1}4..8
121 16-19 yrs. 2 7.1 3 10.7 7 25.0 6 21.4 9 32.1
20=23 yrse. 3 3,8 11 13.9 2 30.3 11 13.9 30 38.0
2 yrs.-up 1 L.0 2 8.0 1 L,.0 L 16.0 7 28.0
122 16-19 yrs. 2 6.2 5 15.6 6 18.7 11 34.3 8 25.0
20-23 yrse. 8 L.3 29 15.5 L& 25.8 L1 22.0 59 31.7
2, yrs.=up 3 5.1 L 6.8 18 30.5 11 18.6 23 39,0
Soientiflc apparatus
Pre 16"19 yrs8e 1).3. 19.1 19 2506 25 3307 9 12.1 7 90[‘.
yrse=up LL 11},.8 7 2509 5 1805 () 22.2 5 1805
121 16=-19 yrs. 8 28.6 7 25.0 7 25.0 3 10.7 3 10.7
20-23 yrse. 6 706 23 29-1 25 31.7 16 20.3 9 lloh
2L|. yrse=up )4. 16.0 Ll. 1600 5 20.0 2 8.0 10 14,0.0
122 16-19 yrs. 1 3.1 6 18,7 1 L0.6 6 18.7 5 1646
20-23 yrse 28 15.0 L0 21.5 67 36.0 30 16.1 21 1l.2
2, yrs.=-up 7 119 12 20.3 16 27.1 17 28.8 7 11.9

* Total number in group; Pre 16-19 yrs. - 74; Pre 20-23 yrs. = 99; Pre 2,
yrs.-up = 27; 121 16-19 yrs. = 28; 121 20-23 yrs. = 79; 121 2, yrse=up =
25; 122 16-19 yrs. = 32; 122 20-23 yrs. = 1663 122 2 yrs.~-up = 59.



121

TABIE XXVIII

COPARISON OF RATINGS OF PROBLEM SOLVIKG SKILL OBJEJSTIVES
BY XENW OF THREE AGE GROUPS

=

=== <= =TT T==

Ratings
Objeotives and 1 2 __ 3 N 5
Groups* N A N % N A N yA N %
State problems
Pre 16-19 yrse. 19 2506 18 2}405 20 27.0 8 10.8 7 9.4’4
20=2% yrs. 25 25.2 27 27.2 22 22.2 12 12.1 11 1l.1
2 yree=up 7 25.9 7 259 T 259 L 18 1 3.7
121 16-19 yrse. 10 35.7 9 32.1 5 1709 2 701 2 701
20-2% yrs. 22 27.9 235 29.1 19 24.1 8 10.1 7 8.9
214. yrs.=up 10 ,.J.Ooo 9 3600 1 LL.O 2 8.0 2 8.0
122 16"19 yrse. 8 25.0 8 25.0 7 21.8 6 18.7 3 903
20-23 yrs. 66 35, L2 22.5 38 20.; 23 12.3 16 8.6
2, yrse=up 17 28.8 15 25.4 1, 23.7 7 11.9 6 10.2
Formulate hypotheses
Pre 16"19 yrse. ].b, 1901 27 36.LL 19 2506 10 1305 h. 5.).3.
20-23 yrs. 27 27.2 38 383 17 17.1 13 13.1 3 3.0
2)]. yrse=up 6 22.2 9 25.9 6 22.2 5 18.5 3 11.1
121 16"'19 yrse. 9 3201 11 3903 3 1007 L]. 124.03 1 306
20-23 yrs. 235 29,1 20 25.3 21 26.6 11 13.9 L4 5.1
2, yrse=up 12 L48.0 5 20.0 5 20.0 1 L.0 2 8.0
122 16'19 yrse. 9 28.1 6 1807 8 25.0 Lj. 12.5 Ll. 1205
20-23 yrs. 60 32,2 L9 26,3 L3 23.1 18 9.6 16 8.6
ZLL yrso-up 16 2701 lLL 23.7 18 30.5 6 10-2 ).‘. 008
Plan experiments
Pre 16-19 yrs. 9 12,1 27 36.4 1 19.1 15 20.2 7 94
20-23 yrse. 20 20.2 BLL 51‘,03 18 18.1 19 19.1 R 7 700
2).]. Yr8e=up 3 11.1 7 2509 10 37.0 ,.‘. 11.[,08 3 11.1
121 16-19 yrs. 8 28.6 7 25.0 8 28.6 2 T.l 3 10.7
20-23 yrse. 11 13.9 20 25.3 23 29.1 17 21.5 8 10.1
2y yrs.-up 9 36.0 7 28.0 L 16.0 L 16.0 1 L.0
122 16=-19 yrs. 2 6.3 11 3,.3 7 21.8 7 21.8 L 12.5
20-23 yrs. 35 18.8 L9 26.3 61 32.7 18 9.6 22 11.8
2, yrse=up 8 13.6 12 20.3 17 28.8 11 18,6 11 18.6

* Total number in group; Pre 16-19 yrs. = 7L; Pre 20-23 yrs. - 99; Pre 2
yrse=up = 275 121 16=-19 yrs. = 283 121 20-23 yrs. = 79; 121 2, yrse=up =
253 122 16-19 yrs. = 32; 122 20-23 yrs. - 186; 122 2 yrse.-up = 59.
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Ratinegs
Objectives and 1 2 3
Groups* N 7o N % N % N % N 9%
Organize faots
Pre 16-19 yrs. 31 L1.8 20 27.0 16 21.6 5 6.7 1 1.3
20-23 yrs. 39 39,3 25 35.3 18 18.1 L L.O 3 3.0
2l yrse-up 9 33.3 10 37.0 5 18.5 1 3.7 2 7.4
121 16"19 yrs. 13 t'.LéoL‘. 8 2806 Ll. ].L].o} 0 - 3 10.7
20-23 yrs. 2, 30.3 3, L3.0 12 15.2 6 7.6 3 348
2LL yrse.=up 15 60'0 5 2000 LL 16.0 0 - 1 LL.O
122 16-19 yrs. 8 25.0 11 34.3 10 31.2 1 3.1 2 6.2
20-23 yrse 7LL 3907 60 3202 33 17.7 11 509 8 Lj.03
2} yrs.=-up 17 28.8 23 39,0 1} 23.7 2 3.3 3 5.1
Interpret facts
Pre 16-19 yrs. 27 364 26 35.1 15 20.2 5 6.7 1 1.3
20-23 yrs. Ll LilJy 34 34.3 20 20.2 2 2.0 2 2.0
2L]. yrse=up 13 )4.8.1 8 2906 L]. ]}408 1 307 1l 307
121 16-19 yrs. 13 L6 6 21.4 L 14.3 3 10.7 2 7.l
20"23 yrse 2L|. 3005 35 LLLL.} 13 1605 6 7-6 1 1.3
yra."up 12 LLS.O 5 20.0 h 16.0 3 12.0 1 h.O
122 16-19 yrs. 8 25.0 12 37.5 10 31.2 0 - 2 6.2
20"23 yrse 77 LLloa 66 350)4 22 11.8 m 705 6 302
yrse.=up 15 25.4 1U; 23.7 2y L0.7 3 5.1 3 5.1
Scientifio method
Pre 16-19 yrs. 25 33,7 18 24.3 26 35.1 L 5.0 1 1.3
20-23 yrs. 30 3%0.3 31 31.3 27 27.2 10 1l0.1 1 1.0
2 yrs.=-up 12 <0 8 29.6 L 14.8 1 3.7 1 3.7
121 16-19 yrs. 5 17.9 12 L2.9 T 25.0 2 7.l 2 Tel
20-23% yrs. 20 25.3 29 36.7 19 24.1 10 12.7 1 1.3
2’4. yrse=up 9 36-0 11 LI.LLOO 3 12.0 0 - 2 8.0
122 16-19 yrs. 10 31.2 10 31.2 11 34.L 1 3.1 0 -
20-23 yrs. 57 30.6 67 36.0 L3 23.1 13 6.9 6 3.2
24 yrs.-up 18 30.5 16 27.1 19 32,2 L 6.8 2 3.3

* Total number in group; Pre 16-19
yrse.=-up - 273 121 16-19 yrs. = 283
25; 122 16-19 yrs. = 32; 122 20-23 yrs. = 1863 122 2 yrs.-up = 59.

yrs. = T4y Pre 20-23 yrse. = 99; Pre 2
121 20-23 yrs. = 793 121 2 yrs.-up -
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TABLE XXIX

COMPARISON OF RATINGS OF INTRiEST OBJECTIVES
BY LEN AND WOLEN STUDEITS

Ratings
Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Professional fields
Pre men 35 17.5 L6 23.0 52 26.0 36 18.0 30 15.0
women 9 9.1 22 22.4 33 33.6 16 16.3 15 15.3
121 men 11 8.3 23 17.4 LO 30.3 23 17.4 35 26.5
women 1l 6.2 2 10.5 9 L47.3 5 26.3 2 10.5
122 men L2 15.1 50 18.0 &4 30.3 56 20.2 L 15.8
women 2 507 5 114,.2 7 20.0 13 37.1 7 20.0
Senior men L 33.3 2 16.6 3 25.0 3 25.0 0o -
women 6 8. 12 16,9 30 L2.2 17 23.9 6 8.
Avooational reading
Pre men 11 5.5 35 17.5 61 30.5 659 29.5 31 15.5
women 3 3.0 19 19.3 28 28.5 25 25.5 19 19.3
121 men L 3.0 2% 17.4 L2 31.8 33 25.0 27 20.4
women 1 502 1 502 6 31.6 10 5206 1 5.2
122 men 27 9.7 Lo 1.4 88 31.7 57 20.5 57 20.5
women 3 8.5 6 1701 9 2507 5 1}4.2 10 28.5
Senior men o - 2 16.6 L 33.3 2 16.6 L 33.3
women 6 8., 10 1L.0 25 35,2 21 29.5 8 11.2
Avooational interests
Pre men 9 L.5 28 1.0 66 33.0 53 26.5 L2 21.0
wonen L L.o 19 19.3 31 31.6 23 23.; 16 16.3
121 men 3 2.2 17 12.8 43 34.0 33 25.0 32 24.2
women 1 502 1 502 2 10-5 11 57.8 L{. 21.0
122 men U, 5.0 L1 1.8 80 28.8 80 28.8 59 21.2
women 1l 2.8 5 1.2 5 14.2 12 34.2 11 31.4
Senior men o - 1 8.6 5 Ll.6 3 25.0 3 25.0
women 5 7.0 7 9.8 22 30.9 27 38.0 9 12.6
Biologioal literature
Pre men 8 L.o 33 16.5 55 27.5 658 29.0 L5 22.5
women 3 3.0 11 11.2 35 35.6 2, 24y 25 25.5
121 men 2 1.5 21 15.9 31 23.4 29 21.9 L9 37.1
women 1 5.2 3 15.7 6 31.5 6 31.5 3 15.8
122 men 28 10.1 28 10.1 76 27.4 80 28.8 63 22.7
woren 1 2.8 5 1.2 6 17.1 10 28.5 13 37.1
Senior men 1 8.3 1 8.3 5 L1.6 2 16.6 3 25.0
women 3 L.2 10 4.0 21 29.5 25 35,2 11 15.4

* Total number in group; Pre men = 200; Pre women - 98; 121 men = 132;
121 women = 193 122 men = 277; 122 women = 35; Senior men = 123 Senior
women = 61.
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TABLE XXX

CCNPARISON OF RATINGS OF INTEREST OEJECTIVES
BY MEN OF TIREE AGE GROUPS

Ratings
Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Professional fields
Pre 16-19 yrs. 13 17.5 17 22,9 20 27.0 10 13%.5 13 17.5
20-23 yrs. 18 18.1 21 21l.2 2, 24.2 23 23.2 13 13.1
2}.]. yrs8e=up Ll. ]lJ.oB 8 2906 8 29.6 3 11.1 }.L L'.;..S
121 16-19 yrs. L L.3 7 25,0 7 25.0 L4 1.3 6 21
20‘23 yrse. )4. 501 13 16.5 21]. 3003 16 20.3 22 2709
a{. yrse.=up 3 12.0 3 12.0 9 3600 3 12.0 ) 7 28.0
122 16‘19 yrsae. 3 903 5 1606 13 LLOQ6 5 16.6 6 18.7
20-23 yrse. 30 16.1 32 17.2 5 27.9 L1 22.0 30 16.1
21.]. yrse=up 9 15.3 13 22.0 19 3202 10 17.0 8 1306

Avooational reading

Pre 16=19 yrs. 3 L.O 12 16.2 26 35.1 25 33.9 7 9.4
20-23 yrs. 6 6.0 18 18,1 28 28.2 25 25,0 20 20.2
2l yrs.-up 2 7. 5 18.5 T 259 9 33.3 L 1.8
121 16"19 yrse. 0 - 7 25.0 10 35.7 7 2500 3 1007
20-23 yrs. 2 2.5 12 15.2 26 3%2.9 20 25.3 17 21.5
2’.]. yrse=up 2 8.0 L‘. 1600 6 2).},-0 6 2’.].00 7 28.0
122 16'19 yrse. L& 12.5 Ll. 12.5 12 37.5 8 2500 3 903
20-23 yrs. 16 8.6 29 15.5 L8 25.8 L1 22.0 L6 2,.7
2 yrs.-up 7 11.9 7 11.9 28 L7.5 8 13.6 8 13.6

# Total number in group; Pre 16-19 yrs. = 74; Pre 20-23 yrs. = 99; Pre 2,
yrse.=up = 27; 121 16=19 yrs. = 28; 121 20-23 yrse. = 79; 121 2, yrs.=up =
253 122 16-19 yrs. = 32; 122 20-23 yrs. = 1863 122 2} yrse.=up = 59.
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TAELE XXX (oontinued)

Ratings
Objectives and 1 2 3 L 5
Groups* N % N % N % N % N %
Avooational interests
Pre 16-19 yrse. h 5.!4. 10 13-5 21L 32014 2)4. 32.’4 11 1’408
20=23 yrs. L L.o 13 13.1 32 32,3 25 25.2 2 2,.2
yrse=up 1 307 5 18.5 10 37-0 ’.L lLLoB 7 25.9
121 16"19 yrse. 1 306 LL ]-Ll.o} 12 14209 Ll. 1).&03 6 210’4
20=-23 yrs. o - 8 10,1 28 35.; 23 29.1 19 2.1
2y yrs.=-up 2 8.0 5 20.0 5 20.0 6 24.0 7 2€.0
122 16-19 yrs. 1 3.1 L 12.5 10 31.2 13 L0.6 L 12.5
20-23 yrse. 8 L3 29 15.5 51 27.4 52 27.9 L3 23.1
24 yrse-up 5 8.5 8 13.6 19 32.2 15 25.; 12 20.3
Eiological literature
Pre 16-19 yrse 3 LL.O 16 21.6 25 3307 15 20.2 ll& 1901
20'23 yrs. l.l. Ll.oo 13 13.1 26 26.2 30 3003 26 2602
yrse.=up 1 307 h‘ ]J.‘.QB L‘. 1!.]..8 13 LL.8.1 5 1805
121 16-19 yrs. 0o = L 1.3 7 25.0 7 25.0 10 35.7
20-23 yrse 1 1.3 10 12.7 22 27.9 18 22.8 28 35.,
2y yrs.-up 1 L.0 7 28.0 2 8.0 L 16.0 11 L4.0
122 16-19 yrse. 5 1606 LL 1205 8 2500 8 25‘0 7 21,8
20-23% yrse. 19 10.2 16 8.6 L6 2.7 54 29.0 L9 26.3
2 yrs.-up L 6.8 8 13.6 22 37.3 18 30.5 7 11.9

% Total number in group; Pre 16-19 yrs. = 7h5 Pre 20-23 yrs. = 99; Pre 2,
yrs.=up = 27; 121 16=19 yrs. = 28; 121 20-23 yrs. = 793 121 2 yrs.-up -
253 122 16-19 yrs. = 323 122 20-23 yrs. = 1863 122 2|, yrs.=up - 59.
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TARLE XXXI

COMNPARISCK OF RATINGS OF APPRECIATICN OBJECTIVES
BY MEN ALD WOMEN STUDENTS

Ratings
Cbjectives and 1 2 3 i 5
Groups* N % N % N % N % N %
Unsolved problems
Pre men 56 28.0 149 2&..5 53 2605 21}, 12.0 17 805
women 26 26. 5 23 23 OL‘. 20 200Ll. 20 20 oh 9 9. 1
121 men 23 17.4 35 26.5 38 28.7 17 12.8 19 1.3
women 5 26.3 6 31.5 6 31.5 2 10.5 o -
122 men Ly 15.8 68 2,.5 80 28.8 L7 16.9 33 11.9
women 11 31.L 8 22.8 9 25.7 L 1.4 3 8.5
Senior men 3 25.0 3 25.0 2 16.6 1 8.3 3 25.0
women 12 16.9 19 26.7 22 30.9 8 1l.2 10 14.0
Esthetic values
Pre men 26 13,0 37 18.5 61 30.5 50 25.0 2, 12.0
women 13 13.2 17 17.3 33 33,6 21 2l.4 10 10.2
women 2 1005 3 15.7 Ll. 21.0 5 2603 ).j. 21.0
122 men 26 9.3 39 14.0 82 29.6 52 18.7 170 25.2
women 3 8.5 L 11.2 8 22.8 9 25.7 11 31.4
Senior men o - 1 8.3 L 33.3 L 33.3 2 25.0
women 6 8., 9 12.6 21 29.5 18 25.3 17 23.9
Eoconomio values
Pre men 20 10.0 53 26.5 68 34,.0 L1 20.5 16 8.0
women 5 5.1 22 22.; 35 35,6 25 25.5 7 7.1
women 1 5.2 L, 21.0 9 L7.3 3 15.7 2 10.5
122 men 23 8.3 60 21.6 96 3.6 60 21.6 34 12,2
women 2 5.7 LL 11.2 16 l.j.5.7 7 20.0 5 11].02
Senior men 2 16.6 2 16.6 5 Ll.6 l 8.3 2 16.6
women 7 908 17 23.9 25 3502 8 1l.2 9 12.6
Accuracy of soience
Pre men 33 16.5 64 32.0 61 30.5 29 1.5 12 6.0
women 13 13.2 21 2lob. 37 3707 19 19.3 7 701
121 men 22 16.6 L1 31.0 35 26.5 17 12.8 15 11.3
women L‘. 21.0 9 l].703 3 15.7 3 15.7 0 -
122 men L6 16,6 T3 26.3 91 32.8 38 13.7 26 9.3
women L 11.2 1y Lo.O 7 20.0 6 17.1 L 11.2
Senior men 3 25.0 3 25.0 3 25.0 1 8.3 2 16.6
women L 5.6 17 23.9 29 Lo.8 16 22.5 S 7.0

* Total number in group; Pre men = 2003 Pre women = 983 121 men = 132;
121 women = 193 122 men = 2773 122 women = 353 Senior men - 123 Senior
women = 61,
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TAELE XXXII

COL'PARISON OF RATINGS OF APPRECIATICIH OEJECTIVES
EY LEN OF THREE AGE GROUPS

Ratings
Objeotives and 1 2 3 L 5

Groups* N A N % H % N % N %

Unsolved problems

Pre 16-19 yrse. 18 E.Loa 20 27.0 20 27.0 11 lb..e 5 6.7
20-23 yrs. 32 32.3 19 12.1 25 25.2 11 1l.1 11 1l.1

2} yrs.“up }.], 2202 10 37.0 8 29.6 2 7.’.,. 1 3.7

121 16-19 yrs. L 1.3 10 35.7 T 25.0 5 17.9 2 7.1
20-2% yrs. U, 17.7 19 24.1 26 32.9 11 13.9 9 11.4

2, yrse-up 5 20,0 6 24,0 5 20.0 1 L.0 8 32.0
20-23 yrs. 28 15.0 L3 26.3 57 30.6 37 19.8 13 6.9
yrse.=up 13 22.0 13 22.0 m 23.7 6 10.2 12 20'3

Esthetic values
Pre 16-19 yrs.
20-23 yrs.

16 21.6 2, 32y 16 21.6 9 1.l
29 29.2 28 28.2 11 11.1
8 29.6 6 22.2 L 14.8

—
—mEo
[ ] [ ] L[]
e

-
o\

-

N

[ ]

-

9
1
2)4. yrse=up 3 22.2

121 16-19 yrs. 1 3.6 2 7.1 12 lL2.9 7 25.0 6 2.4
20-23 yrs. 2 2.5 5 6.3 32 [j0.5 17 21.5 23 29.1
yrs.=up 1l )4..0 3 12.0 7 2t.C 1 uoo 12 )4800
122 16-19 yrs. 7 21.8 1 3.1 10 31.2 6 18.7 8 25.0
20-23 yrs. 15 8.1 28 15.0 651 27.4 37 19.8 L7 25.2
21]. yrse.=up ).J, 6.8 10 17.0 21 35'6 9 15.3 15 25-1{,

* Total number in group; Pre 16-19 yrs. = 743 Pre 20-23 yrs. = 993 Pre
2, yrs.-up = 27y 121 16-19 yrs. = 283 121 20-23 yrs. = 79; 121 2 yrs.=
up = 253 122 16=19 yrs. = 32y 122 20-23 yrs. = 1E63 122 2l yrs.-up = 59.
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TAFLE XXXII (ocontinued)

—— --

Ratings

Objectives and 1 2 3 L 5
N % N % N % N A

s
o

Groups* N

Economioc values

Pre 16-19 yrs. 8 10.86 22 29.7 28 37.8 11 1.8 L 54
20=23 yrs. 8 8.0 23 23.2 32 32.3 25 25.2 10 10.1
2.’4 yrse.=up L}. ].14..8 e 2906 8 2906 5 18.5 2 7.LL

121 16-19 yrs. 2 T.1 10 35.7 7 25.0 6 2l. 3 10.7
20-23 yrs. L 5.1 24 30.3 21 26.6 16 20.3 13 16.5
2}4 yrse.=up 2 8.0 L‘. 16.0 7 28.0 7 28.0 )_J, 16.0

122 16-19 yrs. 2 6.2 8 25.0 11 34.; 10 31.0 o -
20"23 VIrse 15 8.0 )4.2 22.5 b}_]. 3&.}4 38 200’4 27 11.]..5
2, yrs.-up 6 10.2 10 17.0 21 35,6 7 20.3 3 5.1

Acouracy of scienoe

Pre 16-19 yrse. 18 21],.3 22 29.7 20 2700 8 10.8 6 8.
20-25 yrse. ll]. lAl_l.cl 35 3503 26 2602 18 18.1 6 601
2, yrs.=up 1 3.7 7 25.9 15 655.6 3 1l.l o -

121 16-19 yrs. 3 10.7 10 35.9 10 35.9 1 3.6 L 1.3
20"23 Yrse 15 19.0 25 3107 1€ 22.8 lLL 17.7 6 706
2, yrs.=up L, 16.0 6 24.0 7 28.0 2 8.0 5 20.0

122 16-19 yrs. 5 16.6 8 25.0 12 37.5 5 16.6 2 6.2
20-23 yrse. 3!4 18.2 L‘,8 25.8 57 3006 27 11.]..5 17 901
24 yrs.-up 7 11.9 17 28.8 22 37.3 6 10.2 7 11.9

* Total number in group; Pre 16-19 yrs. = 7L Pre 20-23 yrs. = 99; Pre
2y yre.=up = 27; 121 16-19 yrs. - 283 121 20-23 yrs. = 793 121 2 yrs.-
up = 25; 122 16-19 yrs. = 32; 122 20-23 yrs. = 1863 122 el yrse=up = 59.
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