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Abstract:

The belief that there are significant differences, in terms of final student achievement, as measured by a
standardized high school biology achievement test, among the three B.S.C.S. versions of teaching high
school biology and the traditional approach to teaching high school biology, led to this investigation.
An examination of the literature concerning the teaching of biology revealed a need for improved
courses of study and teaching techniques to help overcome the difficulties often encountered by pupils
studying biology.

The study was conducted over a 36 week period. The investigation included five teachers and 510
students. In teaching their classes, the instructors followed the particular approach to teaching high
school biology to which they had been assigned. The pupils were tested at the beginning of the course
to measure final achievement in the improvement of the students' ability in biological concepts. The
results indicate there was no statistically significant difference in the final achievement among students
who studied biology according to the three B.S.C.S. approaches to teaching high school biology or the
traditional approach to teaching high school biology.

The following conclusions concerning the teaching of biology were made on the basis of the review of
literature and the findings of this study: (1) there is a need for improved teaching techniques in the field
of biology; (2) the three B.S.C.S. versions of teaching high school biology represent an effort to
improve high school biology teaching; (3) the belief that final achievement in biology, as measured by
a standardized high school biology achievement test, is different among the four selected approaches to
teaching high school biology, has no statistical justification; (4) the traditional approach to teaching
high school biology still has its place in the high school biology program; and (5) final student
achievement, as a result of following the three B.S.C.S. versions of teaching high school biology, does
not represent a significant improvement over the traditional approach to teaching high school biology.
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ABSTRACT

The belief that there are significant differences, in
terms of final student achievement, as measured by a stan-
dardized high school biology achievement . test, among the three
B.3.C.8. versions of teaching high school biology and the tra-
ditional approach to teaching high school biology, led to this
investigation. An examination of the literature concerning the
teaching of biology revealed a need for improved courses of
study and teaching techniques to help overcome the difficulties
often encountered by pupils studying biology.

The study was conducted over a 36 week period. The in-
vestigation included five teachers and 510 students. In teach-
ing their classes, the instructors followed the particular ap-
proach to teaching high school biology to which they had been
assigned. The pupils were tested at the beginning of the course
to measure final achievement in the-improvement of the students'
ability in biological concepts. The results indicate there :
was no statistically significant difference in the final achieve-
ment among students who studied biology according to the three
B.S5.C.3. approaches to teaching high school biology or the tra-
ditional approach to teaching high school biology.

The following conclusions concerning the teaching of biology
were made on the basis of the review of literature and the find-
ings of this study: (1) there is a need for improved teaching
techniques in the field of biology; (2). the three B.S.C.S. ver-
sions of teaching high school biology represent an effort to
improve high school biology teaching; (3) the belief that final
achievement in biology, as measured by a standardized high scheol
biology achievement test, is different among the four selected
approaches to teaching high school biology, has no statistical
justification; (4) the traditional approach to teaching high
school biology still has its place in the high school biology
program; and (5) final student achievement, as a result of follow-
ing the three B.S.C.S. versions of teaching high school biology,
does not represent a significant improvement over the traditional
approach to teaching high school biology.




CHAPTER I
INTRODUCTION

‘The revolution through which\we"are'nOW'living, bringing
even greater:'changes: than the Inqustrlal ‘Revolution and the
Agricultural Revolution dld in the 17th, 18th, and 19th cen-
turiées, i's® the- 801entific Revolu’clon° The: revolution which
has  already ushered in the'era of‘gtomlc power hias been wide-
ly heralded by"scientist§=as 1ik§1§'to bring us, in the second
half of this century, more momenﬁquS'diScoverieS'in the field
of biology than any of thejchangés that have‘remade'thé Iife of"
mankind through the'physiCal sciences-in the first half of this -
century. |

Look at  the: progress 6f“biology during tlie: present cen-
tury. ©Suppose one were‘stuqying science in 1900. How much,
of the bio;ogy:whibh ié-in thermodexn.high school biology-
program would be in the textbook? Of course, there had’ been
notable advances in biology in the 19th centurys the theory:
of evolution;:the?deVelopment of the. germ theory of diseases
the demonstration that living organiéms always: arise;, under:
present con@itions, from other 1iving organisms, aﬁd not.
spontaneouslys and the*étory of the. way cells divide and pro-
duce new cells:as the basis of the organization of plants
and animals. Yét by far the' greater part of thefimportant
things we'know;about'fhérnaturewof iife’were=not‘dreamed of

then.
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The textbook of 1900 would have nothing about genetics,
for Mendalian heredity was unrecognized, and the science of
genetics did not réally start until 1900, Biochémiétry had
begun inrits modern sense: ohly three years: before. Eduard

1

Farberts~ classic studies on the nature of the enzymes had

just begun. No one knew anything about hormones. Immunology-

.dld not exist. No' one knew anything about specific vitamins:

in 1900.. The' sclence of experimental'embryology'waS'ih itsr
cradle, Pavlov2‘was-still'to*dO'his classic studies in experi-
mental psychology showing conditionél reflex behavior.

By 1930, all of these previouély-menfioned sciences:
had reached & fairly high level of development. Three years:

before that, Herman J. Muller3 and Lewis J. Stadler™* had

" showvn that mﬁtations of genes can be induced--there had not

even been a word for genes ih 1900-~by means of x-rays, thus
placing in the.hands of man the power to alter the agents of

heredity.

lFarber, Eduard; Nobel Prize: Winners In Chemistry, 1901—
1961, 341 pp.

2Pavliov, Ivan Petrovich, Conditioned Reflexess- An In-
vestigation of the ths1ologlcal Activ1ty of the Cerebral Cor-
tex, 430 pp.

3Muller, Herman J., Stgdiqg in Genetics, 618 pp,

ustadler, L. 303 ‘nStudiesiinlGenetics) " AzronomyJournal,
vol. 46, po 1094 1930 : : - ‘ -




3.

Another 30" years, and we are at 1960. During these
years: we have: learned  to induce gene mutations--chemically
as well as with High energy radiations. Fredrick Sanger5
has mapped the entire sequence of 51 amino acids' in the in-
sulin molecunle. Quite a few other protein molecules have now
been so mapped or "fingerprinted."

‘Many new' blood groups have been discovered.. <Because of
this, we can avoid the' development of antibodies in the Rh-
negative mother, or prepare to save the-1life of the child who
is born affected.

During these same years, it was discovered that inverte--
brate animais as weli as vertebrates have hormones. A new
field of invertebrate-physidlogy was begun. As a conseguence,
fhe hormonal control of molting and metémofphosis in insects
was disclosed. |

Antibiotics were discovered in .this same period: peni-,
cillin, streptomycin,.aureomycin, and a host of others,

Along with the practical kinds of discoveries mentioned
has come a very great increase in our insight into the kinds
of problems that face mankind biologicallj in the future, an
understanding of race,.and of evolutionary problems that we

hope will enable us to ‘act more wisely in the future, and

5Sanger, Fredrick, "A Method to Study Structure of Pro-
teins," Chemical and Engineering News, October, 1958, Vol. 36:




L.
still we experiénce the logarithmic effect in the increase of
scientific knowledge. According to Dr. Bentley Glass,6 if the
doubling time for the amont of scientific knowvledge is 10
years, than there is 64 times as much to-know now as in 19003

by the year 2000, there will be over 1000 times as much to

know,.

What will hiology be in the year 2000? The biologists
of 1930 would not have dreamed of what we know today, and the
writer does not profess to be able to dream of what biologists
will know 30 years from now. However, a few possible direc-
tions in whlch our control over the forces of nature and the
nature of life may be proaected

We will probably‘Iearn not only how to increasezthes
human 1life span, but how-to maintain the vigor' of ﬁature'life
into advanced years. So far, we"havelnotimeasuredly, If at
all, increased the human life- span. It is also possibie"that"
by 1990 biologists:will have:- learned how: to create  some sime-
ple forms of living organisms and that geneticists will have: .
learned tor replace: defective genes with sound ones..

It is also possible to expect that before the'next 30
years: are: finished, mah will have:learned how' to conduect-arti-

ficial photosynthesis and so will have: finally assured himself

6Glass, Beﬁtley, Taken from an address to- part1C1pants
at the B.S.Co8.. 1960 briefing session for teachers in the
3,3 C C.. 1960~1961 testing program. :
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of an inexhaustible~~and we hoﬁe palatable-~food supply;

These conjectures may be wrong, but this would seem to
be the .general difection ih which history 1s movings: - a log-
arithmic incfease'of human power in the biological as well as
physical realm. '

At no time in our history has there been.so much inter-
est in Improving course content and methods of teaching science
at all levels of the school syétem. Never before has so much
finanéial support been provided for curriculum experimentation,
new equipment and teaching materials, and joint researcﬁ Pro-
jects of scientists and educators.

As a result of these coordinated efforts, in 1959 the
Education Committee of fhe Aﬁerican Institute of Biological
Scilences established the Biological Sciences Curriculum Study
(B.S8.C.38.) to seek improvement of biology education.

The first major focus of the'Biological Sciences Curric-
ulum Study has been on high .school biology and on the prepara=-
tion of general biology courses for the typical ténthngrade
student.

Grobman’ pointed out that about half of the students
taking high school biology never again take another scilence

course~~they take no more high school science, and they do not

7Grobman, Arnold'Bo, Lecture, Biological Sciences Cur-
rigulum Study, University of Colorado, Boulder, Colorado,
19 Oo '
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go to college. This gives high school biology the added re-
spongibility of interpre%ing our scientific society to these
studghts, and of preparing them'for living in a civilization
which wﬁll‘be laced with revolutiﬁnary sclentific changés.

In view of this and the staggering amount of 5iologica1'
knowledge that has been thrust upon ué, we ‘are suddenly con-
frqntéd with,the question of how, where, and in what ways
this knowledge should become a part of the high school curricu-
lun in biology.' The Biological Sciences Curriculum Study.
group has attempted %o answef these questions by its develop-
ment and preparation of three different versions of tenth-
grade biology. It was therdeve&opmént.0f'these=threerversions
and hpw*they nay best be used in ther high scﬂool biology program

that led to: thisr ihvestigation.
Statement of” the Problem

It. was: the: problem of this: study to evaluate  the: achieve~
ment of the' students: being taught under- each of ' the three ver-
sions. of "biology as:developed' by. the Biological Sciences Curric--
ulum Study group;. plus: those: students: using the: traditional
texts and maferizls.. "

The*hypothesis'(HiY‘tosbeﬁtestediwanthat;there'are'difm
ferences, in terms of final student}achiévement, as; megsured
by a standardized high school biology achievement test, among

the: three B.S.C.S. versions of teaching high school biology
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and the traditlonal approach to teaching high school biology.

Procedures

An examination of ther literature relatihg to:the prob-
lem of the:.study was:madé*tq;determihe;* |

1. TheréveIopmenti6ffﬁiological education in American

secondafy schools from 1890 to present.

2%.. The: background, emphases; and aims of B.S.C.S..

biologye.. i
3.. The~findings of other investigators as related to the
_problem of this' study.

In order. to- obtain data;for“tésting the. hypothesis, it
was: necessary. to enlist the aid of teachers of two-semester
courses 1n high school biology. The*assignmentldf teachers: to.
eilther the' Biological Sciences Curriculum Study or- traditional
approaches; to teaching biology was: according to the way the
assignuents were made by therschool official in charge- of such
scheduling..

Since it was:assuméd’that'those'teachers:invoived‘in the:
study were: competent and’ capable: of handling their owm subject
"and related materials, n0‘restrictions:wererpu£ upon individual
teéchenSraSVtovteaching procedures, except.that they were ex-
pected:tO'fo}lowrﬁhe:cﬁrriculum for any of the versions that
they may have been assigned to: teach.

"Innordér'torqbtain information to: be used In evaluating

student achievement, ai standardized blology achievement test




was selected. The test selected for this purpose was. the
"Biology Achievement Examination for Secondgry Schools, Form
L,#8 Thig test wassadministered"to*all pupils"participéting
in the study on the first day of the-class, and again on the
Jast day of the class.. fhe'resultS‘WQrewﬁhen examined’sﬁufis~

tically to-determine:thervalidity of the hyﬁothesisu

Limitations

Several Iimitations.ih thié investigation should be
noted.

. The- efperlmental portion of this. study was llmlted to
a perlod of 36 weeks or two semesters.

The students,utlllzed in this study were: those who were
duly enrolled as high school students in hlgh scliool biology
courses. at Austin High School, Austin, Minnesota, and Rochester
High School, Rochester, Minnesota, ana for whom records: were

available.

Definitions
Since  constant reference is made to the Biological
Sciences: Curriculum Study group, henceforth in this study,- this

grdupfwill be referred to as-B.S.C.S.

8Wh1tt1nger, B, R., Biology Achievement Examination for
Secondary Schoolsgs: Form L4, & ppe.
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It has alréady been indicated that the Bioiogical Sci-..
ences Curriculum Study Steering Committee elected to prepare
three different'veréibns of tenth-grade biolog&L In order not
to convey any idea of preferred sequence, colors were'picked as
titles. Henceforth in this study, when reference is made to
the Blue Version, it will be'assumed-thaf its emphaéis is on
fthe-molecular level of life, its brigin, and evolution.. When-
reference is made: to the Yellow Version, it will be assumed
that the- emphasis is on the qellular-level as: the basis of or-
ganizafibn. Likewlde, ﬁhen reference is made to the Gregn Ver- -
sion, it will be understood that the emphasis is on an ecologi~
cal approach. |

The term litraditional.biology" 1s used in qomparison of
B.S.C.5. blology in this study. As it 1s used here, and in
sﬁcceeding paées, it would refer %o a biqlogy progran which.
places greatest emphasis on the organ-tissue level, and rela-
tively less emphasis-on the levels as emphasized by the B.S.C.S,
Blue, Green, and Yéllow Versions.

In this experiment; frequenf use is made of the terms
curriculum and course of study. 'Hencefprth in this study, they
will be used synonymouély.

In order to establish an explicit, if arbitrary, founda-
tion for the rest of the study, the review of literature was .
dévoted to examining the development of biological educa-

tion in American secondary schools from 1890 to present,

\




10

followed by the béckground, emphasis, and aims of the B.S.C.S.
group and its eventual writing of" the three major versions: of
high school biology programs: the Blue, Green, and Yellow.
Chapter & is devoted to an explanation of the experimental
design and investigational procedure, while: the succeeding -
chapters; 5 and 6, present reviews of the investigation to
evaluatevthe'achievement.scores=of theastudents:being'taught
under- each of‘the-three'versions of biology as developed by
the B.S5.C.S, group:pluscthose4student3tusihg the traditional
texts and materials. '

K review of biological ediication in American secondary-

schools from 1890 towpreseﬁt will be.presented next.




CHAPTER. IT"
BIOLOGICAL EDUCATION IN AMERICAN SECONDARY
SCHOOLS' 1890" TO PRESENT:

A concern about the nature  of biological education in
. American secondary schools has heen the cause of much debate
in the twentieth century. A4s: science  and technology have bBeen
distinguishing characteristics of our culture and increasingly
important in the: solution of the:problems basic to our social,
economlc, and political welfare; the nature of an eduication ap-
proprlate for a science~oriented socilety has become' less clear.
T. Keith Glennant's: comments about the: course of scientific de-:
velopment illustrate one aspect of” the: problem of sciénce
teaching:-

In science, particularly,'the tendency more and’
more has: been to penetrate. farther  and farther- into cho--
sen subjects until specialists: dig themselves out of
sight, out of hearing, and out of understanding of what
other  scientists: are doing in their own and neighboring
fields. And, If this stabte of affairs is alarming, even:
more alarming is the growihg cleavage between science
and scientistsmas:i whole: and® the great mass: of humanity -
inh other callings.

In view of this communication problem, the curriculum
maker. has the responsibility for sifting through the accumula-
ted research in*biology to retrievey, by means of certaih pnil-
osophlcal criteria, ideas: and achievements: in a. quantity to
occupy about 175 hours of instruction--the duration of an av-

erage high school course.

lGlennan, T. Kelth, “"New Order of Technological Chal=-
lenge," Vital Speeches, Vol. 36, p. 237,
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Committeeseof'scientistS'end'educatOTS”have'been at
trorkk for”ovef*a:helf century: to develop:better inetruction in
science.. They haverrecognizeditheidesirability'of'courses:
suitable: forr the  non-specialist), thefnon~collegevdrienﬁedQ.the
.everyday citizen, who finds himself in a world’ where  He’ cannot
, eseapevthe'need"to~understahd’something of" tHe' nature of sci-
- ence, They Haver also seen theypxoblem of “providing an added’

"intellectual stimulus: in the sciences: forr thoserwho plan to

continue their- education beyond high: school. and who may or- may"

not. be considering science as:a career. The- structure of high

school coursess~-purposes;, content, and methods--needed to~ac~ h

compliish these ends hes. been the' cause«of much educatlonal

Ierment°~ Curriculun problems are persistent and demand a’ COone--

tinuous cycle of appralsal, research, and development. This
search of literaturerreviews- the development. of bielogy'ﬁeach-

ing in theusehoolseof Americaufbr'the'period 1890 to present.

YA.N

Committeesreportsxwere:used'to'tracewthevhistory of mod-.

erﬁ biologyvteaching because"these-statements"usuelly describe

the' rationale: for proposed changesi.

" The investigator'decided‘to discuss the committes re-
ponts~inl&'chronologicai\sequence«and'fo=groupfthem by~ tens-
'year'period3<with a" summary forseach decade, There"isrsome"
1oglc to this: arrangement.. The,condltlons influencing- Amerl-z
| can life and in turn educatlonal practlce‘s1nce 1890 have
brought about auserles-ofl"crisesﬁ in secondary school educa-

tion.. ThezgrQWth'of?scienée.and technology has been a majer

L
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factor in creatihg’these-tensions; These peaks of concern -
about the: currlculum in schools and the contributing factors
become more relevant when the committee reports are presented
in the order of their development.

AL the risk'of_over-simplification, the;events'which have-
in some way influenced education in the sciences for: the period
covered by this review, 1890 té p:esent, may be-déscribed’as:
followss (1) the closing of the frontier aﬁd the' beginning:
of an urban industrial society; (2)" the growth of the scientif-
ic professions and major contributions to scientific theory; at
the turn of the century; (3)° the acceleration of scientific and’
technologicsl developmentS'oatalyzea by the first World Wars
()" the development of the industrial research laboratory, un-
knowvn in 19003 (5) the rise of aﬁtomation and the economic de-
pression.of.the thirties; (6) World War II and the birth of the
"atomic age;"“(?)“the enginéering\and‘scientific achievements
which are symbolized by the “"space age;® (8)" the systemafizing ,
of research and development and the "explosion" in sclentific
knowledge.which are characteristic of the decade 1950-1960; and
(9), upon entéring the sixties, werfind that the measure of com-
petitive*ﬁower*in.thevmodern world has; become: ai country¥s in- |
ventory of scientific and technical manpower. In furn snd‘cumew
ulatively, these2events:and'othefS'haverIed“tolcurriculum obso=
lescencé3 but aﬁ'thefsame?time:suggestldirection fbn*fedsvelop-'

mente..
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~ This search of literature, then, attempts to summarize
and’ relate work which hasi been dbne:in'biological teaching: Iin

America. The~fireﬁidecade,.1890;1900z isapresented“next;

Biological Education, 1890-1900

I the period between 1890-1900, American secondary-

education underwent. serious questioning relative-to its proper-

functioning and purpose° - Inecreasing enrollments'and'a'diversity~

of interests: of puplls entering high school caused high school
admlnistratcrssto-consider'a'broader'currlculum than one cen-
ﬁered‘exclﬁsiveiy on college“preparatibn.. Previous to: 1890
nearly everyone who was graduated. from hlgh school continued
his education in a college or unlver31ty.a} With the onset of
1ndustr1allzatlon and urbanization, the demands for a high
school education increased but the percent of students aspir-
ing to a college- educatlon decreased,

A'new era- in secondary education and high sch001 biology
teaching opened in 1893 with the report of the National Educa-
tion Association's Committee on Secondary School Sﬁudies, also
known as the Committee of Ten.3 Charles W. Eliot, President of

Harvard University, and a former professor of chemistry at the

, 2Bessy, Charles E., "Science and Culture,"™ Addresses-

and Proceedings, National Education Association, Washlnvton,
D. C.., 1896, Vol. 35% pps 939 9%2»

 3National Education: Assocmatlon, U.S., Bureau of’ Educa-
tion, 18935 Report of the: Committee: on Sécondary School Stud-
Iess Report. of the.Commlttee of Ten, washlngton, D.C..
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Massachusetts: Institute of Technology, had been the general
chairman for this committee. Its function was to- Investigate
the whole field 6f secondary education asrcoﬁducted in private
academies and public high schools. ©Subcommittees on natural
history, botény, zoology, and physioclogy were established to
study thevﬁéaching of these subjects in grades one through
twelve.. The-Coﬁmitteehof Ten recognized that the secondary
schools: in ther United States; taken‘asrafwhole3dbvnot‘egistfon-
ly for the purpose of preparing bdys and girls for college, bﬁt
rather that: the-school science curriculum intended for national
use mustg'ﬁherefdrey be-made for. those: pupils whose formal edu—-
catlon’ terminates:with the high school. The committee conclud-:
ed its meeting with the: following resolution on the: science
prbgram for high schools: that: "at Iégst one: fourth of the time
of the high schools' should beydévoté&“tornéﬁpre;studiesh and
that this amount of preparation should be a:requirement for
entrance;tafcollegey"h‘ | ' '

A gsclence: committee, undeir the chairmanshiprof E. Hs Hzll
of Harvard, and sponsored by the National Education ASSociétiong
issued a. statement ina;898‘reacting-torthe‘reporﬁs:of ﬁhefsci-
enceacommijtees;establishediby %Hebemmitteerof Ten.. Tﬁe com-
mittee’s reaction to the teachihg of high school science was-

that courses; "should be: designed in the: interest of the: high

%1pid., p. 1k

Hall, E. H., and Committee, "Memorsndum Concerning Re--
? ?
port - of Committeer of "Sixty," Addresses:and Proceedings, Nation-

al Education Association, IBQSy.Vbl. 37 pp. 9OH=965.
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school pupil, witﬂbut reference to whether the-pupil will enter
college or not."f |

' ThHe' decade from 1890~1900 las-been characterized by
Go. W, Hunﬁer6'as the great period?of ﬁhé<laboratory manual in
biologys Laboratory work in ail.the.sciéncesmwas*seen as an |
ideal ﬁrocedﬁreffor'ﬁhe*training and exercising of\theffacultiGSM
of the mind devoted to observation; will.powery and memory.
This 'mental discipline™ theory of lea:ning was. rejected by
nost psychéIogisﬁS“soon after the turn offthé:century; Hov-
ever,. asflate"QS'l96O'the“excuse“for'bidlogy'laboraﬁory'work in
a surprising number of éecondary school curriculum studies and
textbooks was" still ﬁhaﬁ of '"mental discipline.™ |

A”fiﬁal disﬁinguishihg characteristic of the 1890-1900

period'iﬂ biological education was~a_shift awa&lfrom'a.natural
history approach ﬁo-courses:of.botany~and 2001ogy, with the-
najor emphasiStupon morphology. The 1900-1910‘decade\is:pre;

sented next.

The- Beginning of General Biology, 1900=1910

Althoughuasfewrhigh school courses were- taught under
the titléfof biology before: 1900, they'werefnot organized
around a blological theme, nor 4did" they present an integfated.

picture of the biologicél sciences. In the7periéd from 1900 to

6Hunﬁer5 G. W., Chairman, "Report on Committee on Secon-
dary School Stience:of” therNdtional Association for Research in
Science Teaching,™ Science Education, 1938, Vol. 223" pp. 223-233%
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1910 various local and national committees gave thought to a
unified blology course. It was assumed that biology for- the
citizen and-biolbgy“for the potential specialist should be dif- .
ferent in character and content.

Th 1905 the Biology Committee of the Central Association
of Science and Mathematics Teachers presented the following |
recommendations for thé teaching of high school bi"ology° '

1. There should be a full year of botany or z0ology

rather than a half year of each subject.

2. The work in bioclogy should be preceded by an "ele-
:mentary science™ to familiarize the student with
laboratory methods and to provide: a basic know-
ledge of chemistry and physitcs. |

‘3. The: course should meet,six<periods per week with-
| double periods for laboratory-ér'field work.

%,. Botany and éoolpg& should be acceptable to colleges
as entrance'requirements.7

The New York Board of Regent; developed a. course in
general biology as ear;y as: 1899.° George W. HUnter,8 then a-
New York City high échool blology teacher, in 1907 published

a textbook called Elements of Biology, which attempted to

"place the topics as suggested by the regents' syllabus ihto a

7“Report of the Committee on Biology,'" School Science
and Mathematics, 1905, Vol. 5: pp. 50-52.

8Hunter.J George W., Science Teaching at Junior and
Senior High School Levelsg, 552 pp..




| ) R N1 S

18
connected form."” |
The American Society of Zoologists9 in 1906 made recom-
mendations for improving the teaching of zooiogy in the high
schools. The society was of the opinioh that "zdology'should
have a place in general education™ and should be studied in
high school since so many students do not continue into college.
’ In 1906, E. G. DexterlO studied the impact of the report
~of the Committee of Ten (1893®'on:the“teaching'of‘biology'in
high school.. Her felt that‘llﬁtle was: achleved by ther report
even - though It hzd® been well advertised and had had the widest
reading., Hé also found that . biology  teachers: reacted against the
. morphological approach suggested as desirable by the committee.
Ha. R.. Linville, reflecting on the teaching of biology in
the: hlah schools: from 1890-1900 mede:. this observationsll
The teachers of morphologlcal blology in the schools
brought with them from thercolleges: certain ideas of meth-
"od. Possibly the: lecture system newver: took strong hold in
the: schools, but the laboratory method of the. college with
much of its: paraphernalia, did. The consequence of this
was. that. thousands: of untrained pupils were required to cut,
section, examine, and draw the parts: of dead bodies of un-
known and' unheard of animals: and’ plants: and Iater-tor repro-
duce ' in examination what they remembered.OI the: facts: they
had’ seen..
Thzsumechanicai and‘impractical approach to teaching:

high school biology reflectéd: the 1890-1900" decader

9Bigeiow3 M, A., "College Entrance:0ption in ZooIogyy"
School Sclence: and Mathematics, 1906,. Vol. 6% ppe.. 3-

lODeyter, E.; G., "Ten Years'® Influence of” the Renorts of
the: CommIttee of” Ten," """ The School - Rev1ew, 1906 Vol. Ik p.25%..

llLlnvllle, H.. R., - "Old and New Ideals in Bloloﬂy Teachlng "
School Science and Mathematies, 1910, Vol. 10%: pg, 2I0-216..
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The declihe»ih_enrollments'in human physiology, the gen-
eral dislike of the course by students, and the difficulties ex-
perienced in teaéhing it were: popular: topics of:discussion at
assoclation meetings. of science téachers betireen 1900 and 1910.

In 1907, the Central Association of Selence and Mathema-
tics: Teachers: appointed a committee "to: prepare a statement of a
biological creed that might server as' a' guide' in .ther development.
of bioloéy coursesw"lz’ The- committeer published itg deliberg-~
tions in 1909..

The: committee thought: that biological subjects were pe-
culiarly fitted for general education purposes:because of the
";ight~they“thrOW“on the: study of‘li‘fe.“l3 Accordingly, biol-
ogy courses: in . high school were seen ass having general and cul-~
tural values: for-all students.

The Central Associlabtion of Scienée"and Mathematics.
Teachers in 1910. Issued a’' committee report described as: taking
Watock of our philosophy of using %the: sciences and methematics

as: a'means' of education. Thewcommittee-agreed?that the gen~

eral purpose of high school education must alvways:be allowed to

120a1dWe11, O. W., "A Consideration of the Principles.
That Should Determine the Course in Biology in the Secondary:
Sﬁhoois," School Science and Mathematics, 1909, Vol. 9 pp.
2 1-2 70

I3Ibid., p. 19.

1*Galloway, T. W., Chairman, "Report of the Committee on
Fundamentals: of the Central Association of Science and Mathema-
tics. Teachers, ™ School Science and Mathematics; 1910, Vol 10:
pp . 801"803 °
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condition the special ‘purposes of the sciences.

The decline of " the special biological sciences was both

heralded and condemned.

Some writers: felt a  combination course

would force biology teachers to focusrbn the important ideas

- about 1iving things, and others thought that a course of this

naoure could only ‘be superflcial.

This decade from 1900-1910" might well be summed up in

the following significant developments in biology teaching:=

1.

20

A,grOWing commitment to g single course of gen-

.eral biology in the high school, integrating ma-

terial” from botany, zoology, and human physiologys
An éﬁareness-of the haveragéﬂstudent who will not -

continue into college ana the desirability,of‘de-

- veloping for him a more practical (épplied-br'ecof,'

nomic)’ type of biology course. |
The appearance of the fifst high school textbooks
_ibn biolqg& intended to replace the separate texts

‘of botan&, zoology, and human'physiblogy;

The attempt to orient biology teaching toward bio=-

logical brinciples, ideas, and interrelationships.

. More emphasis on the "scientific method" and the

ﬁpracticér'objectives}for biology teaching.
Tﬁe:breakdown of the."menﬁal disciélineﬁ’théory in
learning with-moretimporfancé=atﬁaéhe&'to~capita1—
izing on 'student interesﬁswahd’ezpe#iehqew

FE
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7. The failure of human physiology to become estab-
lished as a separate course in the curriculum.

The period from 1910-1920 is presented next.

The Changing Science Curriculum, 1910-1920

A major development in the . science curriculum bBetween
1910 and 19207 was:: the introduétibn of general science'into-the
" ninth grade. The: first courées{in general science were a com-
pendia of several sciences:- physiology—hygienéb physiography,
astronomy, geology, meteoroiogy,.chemistry, phy55053 botany,
and zoology. It was expected that the course  would provide-a
more adequate preparation for tenth grade biology and an orien—
tation to 'all the science offerings: in the high school. It was
also hoped that studentS'taking general sclence would be stim—
ulated to elect fufther courses in sc;encea

The course content of general science wasvcoﬁgentrated
in the physical sciences-.. 1Whatéver waé;given in the biological -
fields was:.usually repeated in the:biology course itself, a
duplication which still persists. |

- Several sigﬁifibant committeé reports;were developed

during the 1910—1920-period,' The: first was the report of the
Committee: of Ninel® on the Articulation of High School and

-_15King91ey, Clarence D., Chairman, “Report of the Commit-—-
tee: of Nineron the Articulation of High School and Coéllege:!”
Addresses and Proceedings, National BEducation Ass001at10n, 1911,

Vol. 49: ppe 559=567.




College)of'the National Educaﬁibn Association in 1911. &

- recommendation was made that high schools require every student
to complete' two subject majors of three credits each snd one
"minor of two credits. Science*was*desiénaﬁ@d as one of the
possible mgjors. This recommendation further established
science as: a part of the secondary school curriculum. and
strengthéned the pogition of biology..

The: Conmittee on a Uhified High School Science'Cbursel6‘
in 1915 submitted = repqrtm With the many changes in the high .
school program taking place, the coumittee felt: that much more’
experimentation should occur before-a final statement about
the "unification of sciences"was.developed.

In 1913, the Committeer on Natural Sciences of the Nation-
al Education Association appointed ten high school teachers,
three universi%y pfofessorss three: normal school instrucforsy
and one physician to study the high ééhool biology éurriculum;
After seven meétings the objectives for the teaching of biol~
ogy were given as follow: |

1. To train the pupil iIn observation and reasoning.

2. To acquaint each pﬁpil with his environment and the

common forms of plant and animal life,’together'with
structure function, and care:bf his own bodyy biolpgi~

cal principles would be: derived from this stuﬁy.

16¢a1dwell, O. W., Chairman, "Report of the Central As-
soclation of Seience and Mathematics Teachers:. Committee onn a
Unifled High School Stience Course.™ School Secience and Math- .
emgtics, 1915, Vol. 15: ppw 3h4k-346.




23"
3e TO‘shoﬁ'the:pupil his place in natufe, his share of
responsibility in the presenﬁ and” future of human
society.17 '

It was strongly recommended by the Committee on Natural
Sciences: of the National Education Association, that a concept
of human welfare underlie all elementary instruection in science.
It was. further suggested that the principles of human repro-
duction should form a-part of the course, but that instruction
in sex hygiene should not be compulsory. The recommended |
theme for the-course was humen blology. Thus the work in bot--
any and zoology shoula be: correlated with man and show how he-
may use his biological knowledge.

A final report of this decade which was: to have consid-J
erable influence on the teaching of'séience-was published by
the commission on the Reorganization of Secondary Education in
1918. The commission defined the aims of secondary education
to be: health, command of fundamental processes, worﬁhy_home
membership, vocation, citizenship;, worthy use of leisure, and
ethical characteI{.I8 It was expected that all courses in sec-
ondary school would contribute %o fhe realization of these sev-

’en Cardinal Principles of Secondary Education.

17psabody, J. E., Chairman, "Preliminary Report of the.
Biology Subcommittee on the Reorganization of Secondary Educa-

tion, "™ School Science and Mathematics, 1915, Vol. 153~ pp. W=53.

l8The Commission on.the Reorganization of Secondary
Education, Cardingl Principles of Secondary Education, Bul.,
1918, 32pp. Dept. of Interior, Bureau of Education, Washing-
ton, D. Co . ' ' X )




24
The commission members recommended the following central
ideas for a course in biology:
1. Maintenance of organisms and life of species.
2.. Interrelationships between different organisms and
groups of'organisms. ‘ |
3. Dependence and interrelation of living things with
the physical world;19
The developments in biology teaching from 1910-1920 re-
flect'suggestions made by earlier committees and a rethinking |
of the basic issues. Al general biology course, in point of
view at least, was felt to be the best way to present the bio-l
logical sclences in the high school. The period from 1920~1930

is presented next,.

A Period of Curriculum Refinement, 1920-1930

The decade following the close of World War I was a time

in which biology curriculum makers attempted to implement the

education fheory'developed earlier. The influence of the Com-

mission on the Reorganization of Secondary'Eduqationzo and the

work of the related Committee on théfReorganiz&tion.of'Sciencezl'

191pid.., pe 23

DO1pide., pe 23

2lCaldwell, O. W., Chafrman, "Reorganization of Science:
In Secondary Schools, "Commigsion. on. Reorganigzation of Secon-

dary: Education, 1920, Bul. 263 62" ppes Dpt. Of INGETiOry.
Washington, D. C..




is-seen throughout the: 1920~1930 period.. These*repor%s im-
mediateiy'stimulated Local communities: to re-examine theip:
biology curriculums: ih 1ight of the-Cardinal Principles' of Séc~
ondary Education, asr defined by the Commission on: the: Reorgan-
izgtion of Secondéry“Education.gz

Ih 1923, a*committee-underwthefchairmanship=of'GEOrge
W, Himter?3 of Khox Collegey reported on a new biology course
for' the: State' of Illinois. The- I11linois group was- concerned
with the objéectives: of the: Committee on: the Reorganization of
Sciénceqzh Much concern was expressed, however, about the
kind of curriculum materigls-prepared by the research biblogisES"
and their féiIureﬁﬁbwconsider=the interests and needs of the
adolescent.. |

In 192%, the Cbmmftteeufor'Reomganizatioﬁ of" the Biolog=-
ieal SCiences:of“the=Cleveiand?BioIogy TéachersrCIub25 reporfe
ed on a new curriculum for: biology teaching. The Cleveland

committee accepted the' philosophy of the: Commission on

22The Commission. on the Reorganization of Secondary Bau~-
cation, op. cit., p. 23.

23thuer, G. Wi, "Report of. the: Committee on a.One-Year:
Fundamental Course: of Biologlcal Science,™ School Science: and
Fathematlcs, 1923, Volo 233 pp. 656-66k%, -

2 Cald'w‘ell? -—I.J.',P" cliﬂea, Pe 2‘)’1"0 N

25?ersh1ng, B.. Co, "Report of the Committee on Réorgan—
ization of the Biological Sciences. Lppeinted by the Cleveland
BlologZ_Teachers Clubg“ School. Se¢ience and Mathematies; 192%,
Vol PP 2H1-246., . 5
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Reorganization of Secondary Education26

in developing both the

" tenth and twelfth grade courses.

. In 1928, the American Association for the Advancement
of Science, through itsrspecial Committee on Science Education,
published a report, "On the Place of Se¢ience in Education."27
After reviewing develbpmeth'in science and the Impact of
science on man's 1ife; the conclusion was reached that:
"Science instrﬁdtion‘in school and.out'nee&s'better organlza-
tion, more: effective: cooperation to make even éhevhealth know~
ledge available: function more: completely in the  Iives of peo~
ple*generally."28

The movement to "humaﬁiée"ﬁthe-study'of“biology, which
had'been'gaining momentum for several decades:, was by now & -
generally‘acceptéd‘point:of'vieW'fochurriculum makers. The
report of the'Amefican Kssoclation for the Advancement: of
Science?? in 1928 Ient. further support in this  direction.

The=effbrt3'to:devefop3a wstandard™ course in biologj

were not apparent from the committee reports of this decade.

26CaTdiwell, op. cit., pe 2.

27%0n the- Place of Scicnce in Education,™ A report pre-—
sented to the  Council of the American Association for the Ad-

vancement of Science at: the Second Nashville Meeting, December, -

1927, by the Spe01al Committee of Séience in Education, School
Science and Mathematics, 1928, Vol. 28° PP. 6H0-66Lk,

281hid., p. 26.
- 297pid., D %, .
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There'wereasurveyé'and studies to find the common elements of
biology courses and to idéntify the basic principles of biology.
This:wasvaisO'tﬁe:period'of the standardized test which'in
turn demanded fairly uniform courses of stuay if the tests-were-
to be‘valid.

The 1920-1930 period in biological education wasrnot.an
exelting one from the standpoint 6f"new developments. But the
enrollment in high school biology‘coﬁtinued to mushroom and
the éourse became inc:easingly frominent in the secondary
school curriculum.. The décade;from 1930-1940 is presented

next.,

A Period of Questioming, 1930=19%0

The depression years in America produced the usual

questioning of educational practices that characterizes a time

~ of economic and social crisis. The teaching of science was ex-

tensively examined by a number‘of influential organizafions‘aS"
well as: by the federal government,

o The 1930%s represented g time iIn education when atten--
tion was focused upon'th§ individgal student and his personal,
social, and economic welfare. - Health informatibﬁ‘and consum-
eréhip:loomed’large in the_biolog&-éurriculum. _

Ilie biology committee of theiNorth Centrél Associatiop

of Colleges and Secondary Schools submitted two reportéjin‘
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.1931, one a general report on the teaching of biology3o and an
investigation on the time needed to teach particular.units.3™
Members: of the comﬁittee'expressed the opinion that one's know=-
ledge of secience was~serviceable in life;only'if it wasfac-
guired or retained in the form of principles or generalizations.
In 1932, a Program for Teaching was' developed by a

committeé'under the chairmanshipr of S. Ralph Powers and spon-
sored by the National Society for the Study of Education.s2
More attention was: given to the:eéﬁabiishment of a'point of
view'on sciencezﬁeaching,-the:psychology of léarning, and’ cur-
riculum theory, than can be found in committee reports to this
time..

In.l932; the Progressive Education ASSociation, through:
its commission on Secondary School Curriculum, established” the
Committee on the Function of Science in General Educatioﬁ.
Thevprimary.concern of the committee wﬁs:ﬁhe'contributions
seience could make to the education of ydung people and there--

fore the special subject fields were not considered..

30Down1ng, Elliot R., "The Teaching of Biology," North
Central Association Quarterly, 1931, Vol. 5:" pp. 395—398.

31Down1ng, Es R., "Teaching Units in Blologyb—An Investi--
gation,” North Central Association Quarterlv, 1931, Vol. 5%
pp. W53-L70,

32Power S. R., "A& Program for Teaching Science,™ The
Thirty-first Yearbook of" the National Society for the Studv of
Education, Part I, 1932, 364+ py-
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The.committees reporting in this decade took serious
note of the past developments in ‘science teaching, examined
current practices, and then sought to develop a consisfent
theory of education in science. For the first time, a science
curriculum committee was cognizant of learning theory as a
factor -in curriculum planning.

These curriculum groups were more influenced by the con-
temporary American scene and the growing importance of science
and technology than wére the cqmmi%tees in previous decades.
How these factors should be represented in the science curric-
ulum of the. high school was widely debated. Essentially each
committee felt that science was imperative in the education of
young people for their intelligent understanding of the present
society. This approach differed from that used by earlier com-
mittees in which emphasis was moré upon what is significant in
terms of subject or discipline. The 1940—1950 decade is pre-

sented next.

Biology in General Education, 1940-1950

In the decade 1940—1950, World War II and the birth of
the "atomic age" raised questions ébout the purposes of sec-
ondary school education as a whole and science teaching in

particular. ?he movements in science @ggcation which began
in the thirties were témporarily o&ershédowed by course ad-

justments made to meet "war-time emergencies." Biology -
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teaching'wés:not’pérticularly affected by these developments,
although there was a tendency tolplace=more emmphasis on hy-
giene, foodr and‘diseaseu

In 1940, a special committee on the American Council on

Education33:issuedfa*report ori What The High SChoois Otight to
Teach. The central recommendation called for a program of
general education suitable for all students with some ?roviT:
sion:for"speciaiiZed trailning.

In 19%2, a committee3%“with'representatives from seven=-
teen scientific and'sciencevtéaching societies met to develop
"z philosophy or point of view"™ for instruction ih secondary

school science. The: committee throughout its report gawve:

strong support to the: social function of science and the Impor—

tance of providing the kind of edhcation that will help in-

dividuals: live effectively in a.scientifically oriented world.

In 1942, the Committee on the Teaching of Biblogy of. the

Union of American Biological Sbcieties35 published the results:
of a questionnaire: survey on high school'biology'teaching-in'
the Uidited States. The major: purpose of the study was to as—v

certain the status of blology 1astructlon in high: scnoolgo' A

33Amer1can Council on Iducation, 19@0’ What the ngh
Schools Ought Lo Téach, 36 pp.

3“Néql, Nathan As, Chalrmad7 Science Téaching for Better

Living--A Philosophy or Point of View, The. fmerican Council of

Science Teachers, 942, National Bducation Assoeiation.

35}316.&16‘9 0., Bditor, The Teaching of Biology in Second-

ary: Schools of the United States, Uhlon of “American . Blologl-
cal Societies, 1942, ‘76wppo ,
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conclusion of the committee was that there is a tendenéy'"%o
teach biology not as a science, but (&) as ar way to pleasihg
hobbies, or (b) as a series of practical technologies."36

The Educational Policies Commission of the National Edu-
cation Association3? in 19&¥'issued a réport. The report rep=-
resented thiee years of study. It was suggested that a consid-
erable part of the tenth grade course should be devoted to the \
role of science in human progress.,

In general, all of the committees of this decade agreed

nat sclence had become 1mperat1ve in the education of the Amer-

1can vouth. There was a consensus that all young people should
have some knowledge of science as a social force and that this
would demand Knowing something'of the nature of the scientific
enterprise. |

The general blology course conbtinued to gain enrollment
throughout the-l940;1950 decade.. Neafly all the high schools
in Afmerica were offering the course, and in 1950, 21.7% of all
high school students were enrolled in a biology class. Sévefal
of the curriculum committees during this period noted the grow-
ing enrollment in biology and pointed out that it was the high
school biology teachers who must now assume the responsibility of

conveying to the majority of youth most 6f what they will learn

30 Thidi , po. 30, -

37Edueational Policies Commission, IOW, Bducation For
A1l Smerican: Youth, Y21 pp..
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gbout the nature of 'science, since- for-many high school students:
biology would be a termiunal sciénce courses. The: period from

1950 to- the present. is presented: next..

The: Crisis Ih SCience‘Educatiénf
And arReagppraisal, 1950 to' Present
The: decade: from 1950~1960 has- been described azs one- of
"confusion and: crisis™ in science education. Dozens of state
and’ national comnlttees have publislied statements about! needed
 Impriovements: in secondary school science teaching. The Second
Session‘offthe?EightynFiftherngress:of‘ﬁhe United States:
necordedT1600”pagesvof"testim0ny'intfwentythO'days:én'the*
guestion of Wsclience and education £or national defense.’™ An
understanding of  science was.becoming imperativefin the edu—
cation of all people. The nature:of this education had not”
yet. evolved.. Thevbiological.fieldsrsincermid;cenﬁury-hadf
taken on new vigor. New research tools: and techniques had
advanced diScoﬁeriesrfasﬁer‘than anticipated.
The:firsm'majbrreffbrtﬂtO"réviewvthecﬁeaching of biology.
in American’ secondary schools: during the 1950~1960 decade was
carried out atl. ther Stutheastera Conference on Biology Teaching-

heId during the:. summerof 195W;38" Six:biological scientists

38Breukelman5 Jeqy and’ Armacost,. Re., Cochairmen, "Rew
port. of” the: Southeastern Conference on. Biology Teaching,"™ Ihe
Mnerican Biology Teacher, 1955, Vol. 17 (1Ys pp. =55,
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prepared written summazry statements:on'hOWﬁtheir'speciaIﬁfieldS"
couIdiand?should‘contribute to the' training of biology  teachers.
From these: papers; most of the resource material for-the devel-
opment of the: high scliool curriculum and éhe teacher training
programs were: formulated. Furthermore, counference' representa—
tives: were of' ther opinion that biology course515hoﬁld be de~
signed to meet tlie' needs and interests: of individual students.
Cburse?objectivés,should‘be both general and'locai in charac-
ter, embracihg the principles of PBiology with local applica-
tiong..

Ther North Central Conference on Biology'Teaching3g was
held in 195% at: Cheyboygan, Michigan. The: work of this commit-~
tee was' similar to that' of ther Southeastern Conference on Bidl—
ogy'Téaching,hO'heIdfin 195, The- conferees. recognized that.
local. conditions must influence wvhat can Pe done in the study -
of biologys

In: 195, the Division of Biology and Agriculture, Na-
tional‘ﬁcademy of SCienceSfeNational Research Cc’>‘u.nci‘l,L*'l 5=

tablished o Committee on Educational Pbliciesr to congider

3%Armacost, R., and Klinge, P, "Report of the Narth
Central Conference on Blology Teaching,™ The: Americen Biology
Teacher; 1956, Vol. 18 (I1)& pp. W72,

'hoBreukelman and Armacost, op. cll., P& 32

l*'1Conferenc:c—} on Biological Education, March 10, 1953,
National Academy of Sciences-~National Research Council,
(mimeo) Division of Biology and Agriculture, Washington, D. C.
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problems: of:biological,education. It wasw felt that najor chang-
eg were needed in biologicél education at all levels snd for-
both general and'professional educaﬁioﬁ,'

Pressufesvwere'being brought to bear, by &aribuS'coma
mittees, for-a ro%him:’ing of the goals of education in the
sclences, The plea was: for "guality,'" ez cellence,""or "rigorw
in Righ school sc1ence courses, Precise deflnltlons of what’
those attribqtesmmeant‘forxthe~curri0ulum in- science were- lack-
inggl ' '.' ‘
| The- flrst high school science course to be reorganlzed
'-durlng the 1950-1960 period was: physics, followed next by chem-'
1stry° Thercurr1bulum comnittees sought. to: remove much of the
descriptive_aspect of “the courses, add more-"@cienee,““redﬁce'

the number.and update cohcepts in the courses. New laboratory-

experiments were devised that were more: in' terms: of* the nature

of science.

The biology"currfculum comnitiees deﬁeloped their
courses for' the tynacal tenth grader. Their éfforts-were"tOf
develop a more 1ntegrated course built around an interpreta=
tlve theme, such aS'ecology, evolution, and energy exchange.
Teaching units on "radlqtlon blology" and "egpace bilology™ were:
added to textbooks and courses of study. Conservation educa-
tion had a renewed emphasis; AdVanced blology became popular
_in many schools. Frequently this meant u31ng a college biol~

ogy texibook in hlgh schoolo'
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The need to improve laboratory work received much at-
tention. Most o: the recommendations were for a more experi-
mental approach to- the study of biology. '

The'i96o—l970 décaqe=began with a series of new biology:
- courses, laboratory experiments and teachlng resources.

The problenms and Issues of biology teaching at this time-
rare extensive, possibly more so than a"decadé or two ago. This
does: not mean that: there has been z lack of progress-in bio-
logical education, but simply that the conditions in our cul-
ture, biology, and education have changed radically iIn recent
vears., This: Is not the'world'of"the'I9EOTSfor=even the‘195O‘s;5
e should not. expect that. the answers to éhe*problemsrof"thej
past decade gre- entirely pertinent today. The objectives and
curriculum for biology teaching in the sixties may be quite
out-dated by 1970F progress in biological thinking and discgv-'
ery will maKe  sections of present courses of small educative
vaiue;,they may even be misleading in another: decade.

During the school year 1960-1961, overﬂlﬁ,ooo students
in 110 High schools: were: experimenting with a: new biology:
couréeedeveloped’bﬁ-the:Biological Sciences: Curriculum Study.
Somerpreliminary work was under way to study the place of”
biology-in: ther curriculum from théififst.gréde'through high

school,

-~
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.There‘is.ﬂo:regi way"ﬁO'jUdge‘ﬁhe=extent to vhich
bilology  curriculum commitiees were effective in brihging about
changes in eitler the content or conduct of blology courses.
One wouvld find it difficult to date or to place in sequence~'
the committee efforts of the past If they were not identified
by yvear of publication or membershib. Yet, there hHave been
changes: in biology teaching. Sometimes the suggestions of ar
specific committee did not bear-frulit until a half century
later. |

As: examination is made of Tthe various committee reports,
it may be: noted that several basic changes havé-resulted in
biology curribulumS'due to the influence of theée reports. - In
ﬁhe:early.years-the-commitﬁeeS‘streséed’aﬁtention'to basic
biological-principless.ﬁhis was-follbﬂed by a shift emphasizw'
ing The personal hygiene era of biOlOgY;’ Again The comitiee.
influence was: felt and the course of study swung back again to
emphasizing basic bioiogical techniques. During this entire per-
iod there seemed to be=moré:and more: attention given to ecology-
and'it; importance in the teaching of high school biology.

Constant attempt must be made to seek better definitions
for the-mganing of'# basic education in the biological seiences.
A11 that is known for certain is that.thetanswers:éré-no% found

In the past, although there are signals which may prove-usefiil.
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The program of the Biological Sciences Curriculum Study
of the American Ihstitufe of Biological Sciences was designed
to-overcome\the'majofity of the inadequacies: of previous com-
ﬁittees. . _
The Biologilcal Sbiénces:Curriculum Study will be pre-

sented next.




CHAPTER. III
THE BIOLOGICAL SCIENCES' CURRICULUM STUDY"

It was not until 1950-19601 that’ educators and scien~

tistStalike:becam@'fu;ly avare that the existing curriculum in:

science was inadequate for a rapidly changinhg society and inad-
a 3

-equate for conveying an understanding of current science. It

2

was because of this and similar considerations® that the Biologe-

ical Sciences Curriculum Study Biology Program came into being.

B.S.C.5. biology i the: result of an effort by the Amer-
ican Tnstitute of Biological Sciences (A.I.B.S.)" to imprové
biological science education by establishihg the Biological-
Sciences Curriculum Study in 1959,

These consideratlons, along with previbus:effqrts:toward
curriculum reform;3 led the B.S.C.S. Steeriﬁg Committee to de--
cide to pfepare-materialsrfor a -general biology course for: the
average high school student. Three phases pertinent to an ex—
planation of the B.S.C.S: biology program are: (1) origin and
purposes of the-Biological Sciences Curriculum Study, (2) the
three versions, and (3) differences among B.S.C.S. and tradi-
tional biology textbooks. .These three:phases:are-preseqﬁe& in

the following sections.

lsee: Chapter II, pp. 32=33.
. 2see Chapter II, pp. 11-36.
38ze Chapter II, pp. Ll-36.
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Origin and Piurposes of the Biological
~Sciences Curriculum Study

In 1955, the American Institute of Blological Sciences
(A.I.B.S.), a professional soclety representing 85,000 biol-
ogists, began discussions of plans to improve biOIOgical edu-
cation at all levels. The B.S.C.S: was organized in the fall
of 1958 by the Education Committee of the American Institute
of Biological Sciences. Major financial support has come from
the National Science Foundation. Additionai'grants to support
the international aspects of the program have been given by the-
Rockefeller Foundation.

' The function of the B.S.C.S. as stated in the original
‘proposal to the National Sciénce Foundation wasg- as followsse
To evaluate the content of present biology course
offeringssy tor determine what blological kKnowledger can
and should- be: Tearned ab each level, and to recommend
how thisgr Tatter: goal can be: gehieveds.

Thevpolicy~making body forrthesB;SwC@Sr is: g Steering-
Committee compoged of 2V members, including research blolo-
gists, high schooi bioiogy-teachersg science supervisors, edu-—-
cation speclalists, medical specialistsy, agricultural educator,
and. university administratérsw H, Bentley Glass of Johns: Hop-
kinsﬁUhiveﬁsiﬁy was chosen  chairman of” the Steering Cbmmiﬁﬁée,
and Arnold B.. Grbbman.of’therUhiversity of" Colorado was. ap=—

pointed director..
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The: High School Biology Program. The B.8.C.S. comnit-

tee decided to focus 1ts attention at the’ secondary school lev--
e¢l. In about 80% of\the-American’high schiools, the first
course in biology"is.bffered'in‘the-ténﬁh grade. A smaller
proportion offer it in ninth grade, and a few high schools' ofw
fer the first course: in biology in the eleventh or twelfth:
gradeg..

The' B.S.CoS. Steering Committee decided early that it
would design av.course: appropriate for'general education in
biology, rather than to attempt. to design a more sophisticated
course for a select minority. Grobman4 summarized reasons Lo

/
choosing the tenth grade as: the level of focus of the B.S8.C.S.
mgteriagls: as: followss:
In tenth grade bioclogy, for the: student who does .

not go on to collegey, Tthe biology Is the last chance:
in the classroom to prepare these: students; who com-
prise over half of our’adult population, for the rapid
changes 1n gcientific knowledge: and the. conceplts they
will face in their lifetimes. It must be a course that:
most tenth grade students can handle, and at: the saue-
time prove challenging to the- above: average student.

For these reasons, the committee thought it undesirable
to limit the course.to a single design..

Different Approaches EgvHigh‘SChool Biology. ihe com=
mittee recognized'thaﬁta‘valid’course-in biology could be: de-
veloped from several points:ofaviewa For: example, courses-
could be organized which represeht all of the levels of.bio- -

logical complexity#- the molecular Ievel, the- cellular level,

1,

Grobman, op. cite, De .
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tissﬁe"and'orgah‘lével, the individual ofganism, the popula—
tion, the community, and the world of liﬁing things. A biology
course at any one of these: levels  could be equally effectives
The:commiﬁtee hasg carefully avoidediany'stawement or action
_which, even by implication, might cause anyone to infer that
there- 18! a: "best™ approach- to. teaching biology, or that a par-
ticular*emphasis:is.necessarily most appropriate: for: all situ- 
ations,

Recognizing that a valid course in blology could he de-
veloped from several points of view, the B.S.C.S. committee de—
cided to develop three different versions of teaching high
" .school biology.. 'Afdiscussion of" these three versions-is pre-

sented next.

The: Three- Versions:

Similarities. The: task of preparing preliminary exper-

imental materialﬁ forr & high school biology course was-assigned
to three writing teams who met for the First Sﬁmmer writing
Conference at' the University of Colorado in 1960,° The materi-
als prepared‘ by each of the three teams utilized a.different
approach: to the high school biology course. The three approach-

es were designated’ the "Blue,' "Green," and "Yellow""Versions&S

5Blue Version is: Biological Science, Molecules to Mans
Green Version is Iigh School Biology, BSCS Green Versions
Yellow Version 1s Biological Sciences An Inguiry Into Life.
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These experimental materials were tested in 1960-1961 by

118 teachers with 14,000 ;students in experimental centers lo-

cated 'in various sections of the country in both urban and ru-

ral schools. The comments of teachers and students were obtain-

ed on a systematic basis throughout the year and were used in

preparing a third and final re-writing of the,textbooksf

Although the three versions of B,S.C.S, High School Bi- .

ology differ in the emphasis placed on the various levels of

biological organization, they poSSess in common nine themes

which serve as'unifying threads:

1.
2.

9.

~N o W

Change of. living things through time-evolution.

.Diversitj of type and unity of pattern of living
‘things.

Genetic continuity of 1ife.

-Biological roots of behavior.

Complimentarity of structure and function.

. Complimentarity of'organisms'and environment.
‘Regulation and homeostasis: the maintenance’
_of life in.the’face of change..

. Science as inquify.

History of biological concepts

" The flrst seven themes define the content of/the B. S C S

‘courses;

course. -

the last two convey the logical structures of each

The spe01flc content,of each~vers1on dlffers; but

whichever course the pupil studies, he will ‘be developingﬂan
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understanding 6f”the game unifying themes..

The three.yersions"arefsimilar~aSFﬁo'purpose; The
B.8,C.5. comuittee was of the opinion that a;secondary school
course in biology  shoulds- (1)7presentfthe-most:significan?
concep%s:of'biology, (2)" focus on the nature of seiemtific
“inquiry; and (3) provide the student with a coherent picture
of contemporary biology.

The' approaches: are: also alike in that the writers of
all three versiong Rave' attempted to present materials and re-—
lated concepts in such: a way as. to develop those attitudes and
_ skillS'which are regarded as basic objectives of American'pub-w'
lic education.® The three versions are alike in that the Iab—-
cratory . materials have: been designed to represent and reveal
the structure of modern bilology,. the;sﬁaﬁ@rof'its knowledge,
its,objectivés;and"its:methods; In all three versions, consid-
erable emphliasis: has. been 'pla'ce'd"-on'?c-h"éi'.labératqry"activi’cie:s°
Although' the laboratoryfexerciseszhave.been'selected to reflect-
both the investigatory andiillustrative-function:of labora-
tory work, greater emphasis has: been placed on real experiments
and open-ended problems. Finally, they"érecalike‘in that they
represent. attempts. fo prepare materials that\ane=intereéting,

useful, and challenging to students as well as to teachers.

: 6her Commission on: the' Reorganization of Sécondary Edu-
catlon, op. cite, peo 23.
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Differences. After a consideration of ways in which:

the three- versions of B.S.C.S5. high school blology are alike,
the-question:freﬁuently arises?t: how are- the three versions-
gifferent?” |

The major- differences: among the B.S.C.3. versiong
are the levels on which.each places its emphases. The Green
Version7 places: gfeatest emphasis on the community and world
biome: levelsy the Yéllow Version8 on the cellular level, with
high emphasis-on the molecular level also; and the Blue Ver~
sion? on the*molecularfleﬁel, with high emphasis on the cellﬁ—‘
lars ThiS“GOGS'th'meaﬁ that the Green Version omitS'bhysiol-ﬁ
ogy and blochemlstry, nor- does it mean that ecology has been
left out of the Blue-and Yéllow Vef31onse Fach version iIs a-
balancedﬁrepresentation of biology. The Green Version ap-— .
proaches. the study of biology from the world community level,_"
then moves through ever~decreasing units-ﬁo the molecular
level. The Blue Version approaches  the study from the molec-
ular level and moves through everéincreasiﬁg units to the:
world commaumity. The Yellow Version approaches-ﬁiology’on
the cellularrlevel, then moves: downward to. the nolecular:

level and upwamd‘to-the-world community level. All three

7”he Green Version, _Q. cite, po L.

8he Yellow Version, op. Cite, Do Ul.

——

9The: Blue Version, on. cit., pe L1,
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B.5.C.5. versions differ from the traditional texts, which
place greatest emphasis on the organ~tissue level, and rela-

tively Iess emphasis on other levels.

Differences Between B.S.C.8, and Traditional
Biology Textbooks

One of the questions most frequéntly asked concerning
BeS.C.5. is: how does B.S.C.S, High School Biology differ
from traditfional biology courses?  Briefly, B.S.C.S, differs-
in several ways.

1. It is the product of the cooperative efforts of
teams composed of resezrch biologists, high school biology
teachefsa and other edbcational experts.

2. It is constructed on a basis of up=to~date ideas:
and concepts‘in the fiela of biology?'~It is not simply a
revision of old concepts and ways of thinking.

3. It places considerably more emphasis on laboratory
work than do traditional courses. Moreover, greater stress is
placed on exercises of an'investigative nature which introduce
the student to science as a process of inquiry rather than as
the traditional illustrative-type-of'iaboratory exercises,
Sone of the wayszthé‘approacn to inquiry may be pharacterized
are’aé followss~ (1)'“We do no%, know,"™ (2)" "We have been-

unable to discover how this happens,'.and (3)" "The evidence
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3,

.
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about this is contradictory."”

4. Although the B.S.C.S. versions differ in the em~

vhasis placed on the vérious levels of biological organization,

they possess in common nine themes which'serve‘as unifying
threadbalo | | |

5. The treatment in the B.S.C.S. materials of certain
traditionally taboo areas such aé’reproduction and evolution
- is straightforward and to the point.‘ The writers have recog-

nized these for what they are, essential pieces in the pat-

tern that represents the presént state of our biological knov-

ledge. A4s such, they form two unifying themes (genetic con-
tinuity and evolution) and are woven throughout all three
versions. ‘ |

6., The new teaching ﬁaterial,_invitations:tO'inquiry,ll
is designed to show how knowledge: arises in biology and how
it may be inﬁerpreted‘énd uséd to prdvide specific experilence
in the many phases of ingquiry. Tach invitation  to ingquiry
reveals: something ébout the nature of science as-well as 'add-
ing to onels uriderstanding of biology.'

Sucé factors as -these fit together to form a contrést—
ing picture between the B.S.C.S. materials and traditional

biology materials. '

105ee p. k2.

1lschwab, Joseph J., The Teaching of Science As En-
Guir.! 9 ppo 108“1099 ' ’ . '
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The B.S.C.S. texts represent a re-established communi- -

cation among the major groups involved in education. Teachers:

have come from the schoolsg; educabtors have come from colleges

and universities; scientists have come from their laboratoriess

the three groups together have Begun to learn how to communi- -
cate and collaborate in produciﬁg better materials for our |
schools. | | l
* These three groups have attempted to select the best

and mbst significant materials in biology for the purpose of
puBlic education. They have triéd to developr these materiils
in forms:thaf:wouId“bes¢'coﬁtribufewtb“ﬁherattitudesrand skills:
which ane:thevcbjéc%ives:of American public education. They
have: tried to reflect the?stzuctureybffbiolcgyjasrﬁhat'sciencex
now exists, and: they haver tried  tor produce these.materials: in
g way thalt will make- them usefﬁlntb=the»biologyﬂﬁeachGBS”of‘thev
American schools:. . | '

The: experimental design and' investigationgl prqcedu:és»

in this study  will be presented nexts.




CHAPTER IV
EXPERIMENTAL DESIGN AND INVESTIGATIONAL PROCEDURES

The  purpose: of” this Investigation was te determine
vwhether' there- are: differences, in. terms: of final student
achiévement, asmeasured by a standardized high school biol-
ogy achievement test, among ther three B.S5.C.S. versions of
teaching higﬁ school biology  and the traditional approach to
teaching high schooi biology. Thngollowing items were- con-

- gidered In desdgning the experiment: and in conducting the- in-
vestigations: (1) selection and content of materials included

in the study, (2) determination of the time required for com-
pletion of the=study, (3) selection and. assignment. of the teach—
ers to the vardious: versions, (ﬁyfselectiog and assignment of”
gtudénts to: the: various versions, C5Y“teaching'procé&ur63@

(6) criteriar used in initial comparison of groups, and (7Y meas=--
urement:and*compafiscn of final achievement'in.biology,

Theser seven items: are pnesenteq*in the following sec—

tions,.

SeTection and Content of Materials:
Included In the Study

Ther principal criterion to- bermet in the selection and .

content:of?thersiﬂdy-materﬂalsrwaszthaﬁ“thesevmaﬁériaIS"shoula
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fbllbwrgenerally'aécepted'principlesyof learning;l that is,
they should$$‘proneed3from thérknown to the unknown, provide
oppontpnitiesrfoivsuccessful'Iearningy requirérthe-activgfpar—u
ticipation of' the  pupils, and provide opportunities for: the-
self~-discovery of principles..

The: writer: feels: that the B.S.C.S. Blue, Green, and
Yellow versions: and the traditional approach:to the: teaching
of high school biology as used ' in ﬁhis;study meet: these ba=
sic pr1n01p1es of learn1ng.2 Howewerr; the basic biologlcal
emphasis: of” the B.S.C.S. Blue, Green, and YélloW'ver51ons3 as
contrasﬁe&'to thextraditionalh approach to' the teaching of
high. scliool biology do, In themselves, result in the use of
differentriaterials in the respective approaches:. As'a re-
sult, the:. determining factor as; to' ther selection and content.
of the materigls: to be used in the study was: that: of” the par-
ticular: approach to the-teaching of high:school biology which
was: followed.. |

Aidigecussion of  the determlnatlon of" the time required

to complete- the study follows°

- I@itgard,, E. R..,. Theorles of Leqrnlng, PP L:85-487,
. 2TIhid., p. ¥9. ,

3see Chapter III, pp. Hl-U3.

“see: Chapter ITI, pe Y5,
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Determination of” the TIime Required
For: CompIletion of the- Study-

- A" necessary part of” the planning of the study required
2 determination of’ the duration of the time required for- its
completion. Since: the B.S.C.S.. versions and the tradition--
al approach-to teaching of high school Biology are designed
and’ structured so they may be completed in: one’ school year,
it’waS"deéided'thaﬁtthe-étudy should bevof“one~snhool year
duration, a period of two semesters or736'ﬁeeKSa In grder"
to determiﬁe\if thene-are\differenceS5‘ih terms: of final stu--
dent achievement, as measured by .a standardized high school
biology achievement test, among the three  B.S.C.S. versions:
of teaching high school biology and theﬁtraditional.approach ’
to teaching high school biology,”it'was:necessary'to secufe
the aid of several teazchers who would teach the B.5.C.S. ver-
sions and the tréditionél approach acéording to the prescribed

curriculum of each. This section 1s presented next.

Selection and Assignment of Teachers
to the Various. Approaches-

To obtain datz to evaluate the achievement scores of”
the studéntsxbeing taught under the B.S.C.S. Blue, Green, and
Yellow version, plus those using the traditional texts and
materials:, ithHSLneces§ary to enlist the aid of:teachersvofn

© 36=week on’two-semestér'biology courses-.
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The assignment of teacliers-to either the B.S.C.S. Blue,
Greeh, Yellowr, op'traditional approacheé'to teaching biolbgy
wag. according to: the way the assigmments were made by school
officials in charge of such schedulingr' These teacheTS'werei
experienced teachers with a mean of l3;7'years-of.teaching

high school biology classés. The range of their total teach-

ing experiance was-9-20 years. Each teacher held a MasterVs-de-

‘gree., The five particlpating teachers taught é total of 510

students in 25 classes of high school biology. The class:
period for'each group was 60 minutes, and the classesrmet five
days a week for 36 weeks.,

Each of the five teachers; along with school officials
respons1b1e for scheduling of pupils and assignment of teach-
ers to courses, was contacted ahead of time and all readllyg
agreed to participate‘in the study. |

The'assignment of students to the various.vérsions-ﬁill

be presented next. o i 3 ' )

Selection and Assignment of Students
To the Various Approaches
The assignment of students to the. various sections and
approachétho~teaching'high school biology, as used in this

study, was according to the: way pupils:wemerassigné& to' the-
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different teachers. . The pupils of the teacher who was assigned
to teach the B.S.C.S. Blue Version were" taught according to the-
B.S%Ce8s Blue Version approach. ‘Thevpupils"of'the teacher who
was assigned to teach the B.S.C.S. Greén.Vérsion were- taught
according to-the-B.S.C.S5. Green Version approach, and similar-
ly with the B.S.C.S. Yellow Version and traditional approaches.
In this way, it was: felt that random assignment of students to
different teachers:and approaches to teaching high school bioI—-
ogy was: achieved. The question @f.teaching procedures used by
the participating teachers of the: four:' selected approaches o
teaching high school biology is reported next.. -

Teaching Procedures:

Since. it was: assumed that those teachers involved in
this study were  competent and capable of handling theiir own
subject and related materials, no rgstrictionS‘weré put upom?-
individual teachers asto teaching procedures except thaé:they'
were-expected to follow the curriculum fOr'any'of the approach-
es which they may have been assigne&-to:teagh. '

A’ discussion df“fhe~way'in which the éroupszwereminitiélw-

1y compared will be presented nexte.
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'CritenﬂazUée&"in Initial Comparison of Groups

TS determine the:effect on final achievemenﬁ.in'biology
of eaéh of'the'four~selected‘approaches:to teaching high school |
blology, It was. . necessary to Initially compare egch of the five
groups to ascertain the extent. to which they were similazr. The
herein designated term total grou@s-reférs?tortheuthree'B.S;C,S;
. versions of teaching high school bioldgy'and the traditional
approach to' teaching high school biology. To facilitate the
statisticalhcompafison of" the to%él groups, several procedures’
were: followed. All pertinent daty on each student participat—
ing in the study wag"key punched into individual IBM cardss.

It was- then possible-by"meaﬁs:of IBM machines- to group:and
sort: the cards on the basiSnof“any of" ther information con-
tained on the-cards. In aédition, the use of key-punched IBM
cards made it pbssible“tO'fUrthervproqus:them Iin the IBMi
1620 computers.. |

. The- computer-calculated the- following datz:for each of
the-totai.gnoupsﬁf |

le. Mean I.Q. ’

2o. Mean pre~fest score.. | |

3;; Mean post-test score..

Y, Mean difference score (Post-test minus:prentegtjl

5a Mean'final gréde—-lecience.

Fur'thermore9 the services.- and programs of" the IBM 1620
computer were- utillzed in ealculating the: F~score ratios re--

sulting from the single qlassmficatlon analysis of variance-




program as épplied‘to~the=experiﬁenta1 data'baéed'on totai
groups. The' choice of statistical technigues used to test
the. experimental dgta was:determined‘after“several confer-

ences with thnee/facﬁlty members of Monténa~Sfate-Uhiversity.s

Since two of” the five groups were taﬁght by the tradi-

tional approach, one-group from the:Auétin High School, Austin,
Minnesota, and the- other- group:from the Rochester High Séhool,
Rochester, Minnesoté,'it W&Sﬁdécided‘that?iffit could be demon-
strated statisﬁically that.no significant difference existed
between these'two groups,. then they could be' combined and
treated as-one group. The criteria used in the initiél comQ
parison of‘thewgroupé was as follows: (1) I.Q,, (2) pre-test
score; (3)" final grade--9 science, (%) sex, CSf'age, and

(6) grade placement in school. The statistical comparison.
of'the“two‘fraditibnal groups will be presented first, follow--
ed by a discussion of each 6f‘the six previously mentioned

criteria as related to all the approaches.

CémpariSon giffhe-igaditional groupg. Since the tradi--

tional groups used in this study were from twonifferent

schools and the pupils taught by two different teachers; it was

necessary to determine if the  pupils from the:two traditional

groups could be' pooled to form‘oneﬁcompcsitezgroups It was

5Picton, John O., Assistant Professor, Education; Suvak,
Albert, Assistant Professor, Testing and Counselings; Quesens
berry, Charles: Pty Associate Professor, Mathematics; Montana
State University, Pérsonal Interviews, August, 1964:
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decided to use: the t-test statistic

of no difference between the means. This statistic would .be

6 to test the null hypothesis

used to test the.following criterias- (1) I.Q., (2)" pre=test
score, and (3)" final grade~~9 science.

1l To be:able to test The null hypotheeiS'of no signifi~-
cant difference between the mean I.Q.'s of'the'two traditional
groups{ using the t-test, it was flrst necessary to determine
if the two sample variances could be pooled The F—test8 was
used to determine if this was poss:Lble° An F ratio of 1.28 was
calculated for the sample variances. The number of degrees of
freedom, based‘dn the lerger variance (greater mean squarey; and

the smaller variances (lesser mean square)’ ylelded a critical:

® Downie, N. M,, and Heath, R..W., Basic Statistical Meth-
ods, Pe 135.- . —_ — :
. - . %
, o L 2
) ' ] . SDR!
where

t=1% score ‘
%, =mean of the laraer-of the two groups.
xa._mean of" the smaller of the two groups.

SDx-standard error of the dlfference between two means.

75ee Appendix B; Tables 9 and 10.
8Downie and Heath, op. Cit., pp. 123=139

. )
3 o . S .
| F= _ L

g2 5,7
Where 1 = the larger of the two sample varlances,

822.__the smaller of the two sample variances.
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value? of df = 1.65 at the 0,01 level of significance. Since
the derived value of F (1.28) was less than the critical .value
(1.65)5 it.was:aséumed that there was no significant difference
between the Variances and that the samples could be pooled,

A t-teslt score of 2,02 waé caleculated. The number of
dggrees of freedom:©O to test the significance of this score
was computed. In this case, a df"valﬁe of 193 was determined.
The critical valuelt of 193 df at the 0.0l level of significance’
was 2,576, for the two-tailed test. Hence, - the null hypoth-
esis of no signifiqaﬁt difference between the means was acceptéd°

Since 1t was determined that there were no significant
differences between.the veriances or the means of the I.Q.'s
of the two traditional groﬁps; the two groups were treated"as
a single group. . .

2. A pre~test score was determined by the use of a stan-
dardized high school biology achievement examination. The au-~
thor: of this;examinatibn.was;Dra.B;R@.Whittinger512 University

of Minnesota, and editfed by Dr. Walter Cook, Dean, College of

IDowmie. and: Heathy op. citn.. pD. 272—273,

LO0pownie: and Heath, ops 01t., Do 135
af'= (N 4 Np) = 2.
T where

df"= degrees. of freedom.

Ny =number of cases: in the: larger samples.

No =number: of" cases: In tle smaller: sample-.
IIDownie- and Heath, op. cite, Do 265

Ithittihger5 OP' Ciltey Do O
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Educétion, Uhiveréity of Minnesota. The examination was admin-
1istered on the first day of classes to all students participat-
ing in the stﬁdy.

An F—ratiol3ﬁwas determined to see-if it was possible
to pool the variances of the two traditional groups on the
basis of pre-test scores.. The: calculated F-rétio of 1.19 was
determined.. Based on 193 degrees of freedom, the null hypothe-
siS'bf”no~significant.difference-between the two variasnces was’
accepted and the variances: were-pooled..

A?t-test*scorelh of 2.12 was determined. Based on 193
degrees of freedom, a-critical valuelsﬂof 2;576?ét"the=OLOl
level of significance for ther two~tailed test was determined.
Hence, the null' hypothesis of no significant difference be-
tween the means was-accepted. Since it wag determined that
‘ there'were¥no éignificant differences between the variances
or the means of" the pre-test scores of the two  traditional’
groups, the: two: groups were: treated as a single group.

*  3.. The final gradés from 9~gclence: for: thoge students
of the traditional groﬁbszparticipéting iﬁ:the-stuqy'were”ob—
" tained" from the counselors! &tudent files.

Ah FLraﬁioI6'Was=coﬁputed-tb see If it:wasrpossible to

pool the. variances of the two: traditional groups:on the basis

ct

ey Do 272=276.
P 135%

. Pe 272-276..
pa:272;276°_.

13Downte and Heath, op. ci

I¥pownie and Heath, ops
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of final grades from 9-science. The calculated F-ratio of
l.33'was:determined. Based on 193 degrees of freedom, ﬁhe:
null.hypothesisfof no significant difference’ hetween the two
varianceS'was:acceptediand the variances were pooled. A
tmgcorel? of 1.48 was determined. Based on 193 degrees of’
freedom, a critical valuelS of 2,576 at the 0.01 level of sig-
nificancey, for- the two-talled test, was determined. At this
level of significance the null hypothesis of no significant
difference between the means: wasraccepied. '

Since it was determined that there were no significant
differehce;:between the variances: or the means of the final
grades: from 9-science for the two traditional groups, the two
grcupS'were~treated'as a:singlewgroupu

On ﬁhe-basis of ' the' t-test results which indicated no
significant differences in the means of the I.Q. scores, the"
pre-test scores, and the final grades from 9-science, the two
traditional groups: were combined and henceforth treated as one -
traditional group-in the remaining statistical analysis of the-
study.

I.Q. To demonstrate that no significant difference ex-

isted, initially, among the mean I.Q.%s: of the students participa-

ting in the: B.S.C.S.. Blue, Green, and Yellow versilons of biology

and those students: in the traditional biology program, the singlel9

€ o 0 ¢

—ey

> de

18poynie and Heath, op. cit., p. 265,

17Downié'and Heath, opn. eit., p. 265.
o

Lpowmie and Heath, op. git., p. 158-167.

by T s ams—
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classification analy51s of variance statistical technique was
| selected. By thls method, It Is possible to make one set of cal-
culations on the mean I.Q.%s of the four groups and thus deter-:
‘mine if any significaﬁt différencés existjamong them., o

In order %o be able to reject The null hypothesis (ng

on the basis of‘é single classification analysis of varianée,‘-
an F-test: score of a particular magnitude is:required. The
‘size of the P-test score is a function of the mumber of total
groups involved in the'study; and also the number of students
comprising:the total groupe. Fbr*the“purposés:of this investi-
gaobion an F;test score- of 8;5#20 orﬂgreaﬁery baged on ;our*grouPS"
and 510" students, would indicate that the differences found were:
not attributable to chance at the 0,05 level.of significance.

See Table 1, page 59.

TABLE 1. ANALYSIS OF VARTANCE FOR.THE MEAN I.Q'S OF THE .
B,S.C.S. BLUE; GREEN, AND YELLOW GROUPS AND:THE: TRADITIONAL
GROUP | _

| Source:of Variation df Sun of - Mean .. TF-test

Squares. Square - Score
. "Between" groups 3 16%.7 54,9
"iithin®™ groups : 506 64848 _ 128.2
Total 509 . - ok

- Dpoynie and Heath, op. cite, D. 272.
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The‘F;test‘score for-the data presented in Téble 1
‘ was 42, not. large enough to permit rejection of the  null hy=
pothesis of no significant difference among the mean I.Q.'s of
the B.S,.C.S.. Blue, Green, and YéllOW'grdﬁps:and ther traditiongl
group. Therefore,. it was: assumed that no:significant. differ—
ence: existed among the:fbur'group35 based on I.Q.

Pre~test scoreg. In order to determine if” any signifi-

cant difference existed, iﬁitially? among:thermeén pre-test
scores of ‘the students participating in' the B.S.C.S. Blue,
Green, and‘YéllGthersions;df”bioldgy'and'thoserstudentsyin:the
Traditional - biology program, the singler classification analysis 
of variance statistical technique was-used. See Table 2, page

60,

TABLE 2. ANALYSIS OF VARIANCE FOR: THE MEAN PRE-TEST SCORES OF
B.S.C.S.. BLUE, GREEN, AND YELLOW GROUPS AND THE TRADITIONAL
GROUP. R -

Source of Variation daf Sum of Mean F-test™
. Sguares . Square Score-
"Between" groups .3 291.9 972%

"Within™ groups 506 3682k,1 720

| Total . 509 ‘ o 1.33"
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Based on the fourr groups and 510 studénts, an F-test,
sqore;éf 133 was determined fér‘theydata presented in Table 2.
‘Since the derived value of F (1.33)" was less than the critical
vatue (2.62), at the O;OS'ievel of significance;-it was nbt J
large enough to reject the nullihybothesis of no significant
difference among ‘the means and it was assumed that'no signifi-
cant difference existed among_the four groups based on. pre-

- test SCOTGS.:

Finai‘grade~9 science.. In’ order to determlne if any

31gn1flcant difference ex1sted, 1n1t1a11y, among the mean
flnal_grade9~fon 9-seience of the students part1c1pat1ng in
the B.S.C.S, Blue, Green, and Yellow versions of biology'land. h
those students in the Traditional biology'program, the single
classification anaiysis{pf'variancesstatistical.téchniQuevwas

used. See Table- 3, page: 6l..

TABLE 3. ANALYSI$ OF "VARIANCE. FOR. MEAN FINAL GRADE;9 SCIENCE
OF THE BoS.C.S. BLUE, GREEN, AND YELLOW GROUPS AND THE
TRADITIONAL GROUPS.. .

Sournezbf“Vériatioﬁ;” . df . Sum of Mean - .= DF-test.
' : . Squares - Square Score
'“B@tween“‘groupsw'~ 31' i-»@' -.' el

"Within™ groups; 506 358.3 . N7

Total -~ = . 509 o .18
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Based-onitfouk groups and 510 students, an F-score of
«18" was ealeulated for- the darta: presented i'n. Tabler 3. Sihcer
the derived value of 'F' (L18) was Iess than the critical walue
(8.54%), at the 0%05 Level of si’gni:ﬁ‘icaam.c;e'-,. it was' not Iarée;
enough: to Ifeaj'edt. the mill_.' h&pod:he-si"sx of" no- significent differ-
- ence: gmong the means: aﬁd- It was assumed that no significant
difference: exis:ﬁ'ed amon'g the' four groups based on final
 grades. for:9’ szc:.i‘encefe-. _ '

Sex. As'a fqi:fbhe:c"' sta'tis:tica:l check to determine- the-
iniTial simi?lar'ity' of " the foﬁ.:z-'- groups, it was decided to-use
ther ch:L sguare: tes’c of” s:Lgnif:Lcance in regard‘ to the crifteria

of sex.cl  Thils statistic is a useful one: in x-e.aearch because

2lpovnie and Heath, op. ¢it., ppe I47=155

%2_ w Jtaa) & eyl 2

- (k) (1) (m) (n)

This formula: avoids. the computation of the: expected
frequencies  vhen used with an 2% comtingency tablew

Rochester - Avatin
male " a b k
female: c a- I..
e n

where:

M2 = chi~square
W'=total number of frequencies:
a: =number of” observed frequencies:
bi=number of” observed frequencies
c-=number: of observed frequencies

d = number of observed freguencies: -

-k =total of rows azand b g

. I'=total of rows ¢ and &
m=total of columns & and ¢
n=total of columns b:and &
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no parﬁicularvassumptionsvhave‘to be made about theishape*of”
the"distribution‘of“the frequenciles being tested, The null
liypothesis as used with the;chihsquare-statiétic and related
to~the~experimenfal daﬁa:wagvthat ﬁhe'diéﬁributibh:of‘male'and"
female students: Involved in the experiment did;not:différ~from
what: would be  expected by  chance. _ ’

A 2x2' contingency  table was first drawn, based on only
the two traditional biology groupsras taught at Rochester High
School, Rochegter, Minnesota, and'Ausfin_High School, Austin,
Minnesota. A chi-square: value of 2057 was caléulaﬁedz Since
this was a 2x2 table, oné~degreenof”ffeedbm resulted in a erit-

ical value of 3.8 at. the 0,05 level of significance. There-

' fore, it was: assumed that no significant difference existed im

the- distribution of male and -female students between the twor
traditional groups. On the basis of the: first test of chi-

square, ther male  and female students in the two traditional

groups: were combined into one traditionmal group:wof male and

’

The chi-square statistic was agsin used to test the sex{
distribution based on the total number of male and female stu-
dents: in each of the B;SQC;S. Blue, Green, and Yellow groups .
and the traditional. group. A 2x% or eight-celled contingency

table was: established.. Aﬁchi~squaremvaluevof'3;l¥3,was éalcuiw

lated. Bised on arzxﬁ:contingency'téble, three. degrees of"

freedom resulted in ar critical value: of 7,815 atithe 0.05 level
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of'significance.. Therefore, 1t was not 90551ble to reject Lhe_
null hypothesis of"’ no significant d1f¢erence in the distribu- -
tion of male and female students among the four groups.

Age. Ah examination of thefrecdrdS'of‘the-SlO students-
participating in the study from Austin High School and'Rochesw
ter High School revealed that'of'this-number3_¥55'were915 yvears
of age. Out of the remaining 55‘studénts, 51 were 16 years
of age and % were 17 years-of age. However, since the biol-
ogy programs of Austin High School and Rochester High School
were designed for the tenth grade student, it is hot'surprisQ
ing that the age rgnge-was:concentrated in' the 15-16 &ear“age |
group. Es:axresulﬁ, it wag'obviousaby'inspectibn of the data
that:therewwére"novsignifiéanﬁ différencesuinfstudent ages among -
the“foﬁr*groups; o

Grade,ig school. The:approaches to teaching high school
' 2

bi01ogy5 asnused“in'this.étudyg weﬁemdesigged’for‘the:typi--
cal‘fenth grade~s£udént. of ﬁhe;SlO“students-participatiﬁg in
the- study,, &SSTWeﬁé;cléssified and duly enrolled as tenth grade
students, and the rehaining 25 weré velassified and enrolled as
eléeventh grade: students. .Aéﬂairesu;t;'iﬁfwas;obvibus by in-
spection of‘the=data'that there were no significant differences

in grade placement of the studénts: among fhé-four'grqups°

2230¢. Chapter ITT, ppw 35-1%.
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The measurement of final achievement in biology is pre-

senﬁed next.

Megsurement: of Final Achievement In' Biology-

To determine: the-effect on final achievement in bidlogy-
of'each“of the four selected approaches to teaching high school
biology, it.waS'necessary.to seiect'aétest-wﬁich.would be ap
propriate- to analyze'achievément in biology. The test selected
should be: valid ang reliable@23‘ Afpublished test was preferred
over a teacher-ﬁade“test because of the good design and high

reliability'oflmost'published tests. - '
| The test selected for this purpose was: the "Biology
Achievement. Examination for Secondary'Schools, Form h.ﬁgk‘ This
examination was originated by br, B. R. Whittinger, University:
High School, University of Minnesota, and edited by Dr. Walter
Cook, Dean, College qf Education, Uhi%er#ity of.Minneéota. It
was origiﬁally'prepared for use in the Minnesota State Board
Achievement EXamihations:Pfograms and is publiéhed by the Uni-

versity of Minnesotazzg Well standardized over the years it

23The "valldlty of a tegt may be deflned as the extent to:
which the test measures what it is presumed to measure. The “re-
1iability™ of a-test may berdefined as the  extent to which simi-~
lar results are attained when the. test is. given a number of times.

ZMWhlftinﬁef, B. R., Biology Achlevement Examlnatlon for:-
Secondary Schools: Form L, Lpp.

25Educat10nal Test Bureau, Uhlvers1ty of Mlnnesota, Minne
eapolis, Mlnnesota. ,
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haé been in use~as“a.biology“achievemént i:est.9 it offers an ex~
tensive list of validity and reliability flgures in support off
the test°26 |

Initial test. - The: "Biology Achievement Examination for.

Secondary School, Form 4, 27" was administered to the pupils of"

each of the four selected approaches to téaching high school
28 as-usediin this study, on the first day of the

biology coﬁrse._ These scores could then be used for initial

L

comparison of groups and also as a means to determine final

achlevement.

Final test: In ofder‘to have a basis for comparing the -
differencefin final achievement in biology'between tbe pupils
of tﬁéhfbur'selecﬁéd'appréaches'to teaching biology, it‘ﬁHSW
necessary to administer a:test29” at:the conclusion of the 36:

week course. This would make possible the determination of" &

' difference scores.

Difference: score. The difference between the initial
test score-and the final test score would represent the achieve-

ment. or improvement score in biology for each pupil. Because

* four selected approaches to teachlng hlgh school blology were

included 1n this study, this dlfference score for: each pupll

‘would " represent a means: ‘of comparing and evaluatlng the %f?-w

~ 267hid,, p. 62:
2\nittinger, op. cit., p. 65.
283ee:ChapterfIIIQ PP, 38=1.

29Whiﬁtingerg ops Cite, Do 65,
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effectiveness of a:particular teaching approach to-biology. In
planning for the final evaluation of the data which were ob-
tained from the~étudy, certain procedures were necessarye. fhesé"

procedures are presented next.

Comparison of Final Ag¢hievement in Biology

In order  to reach an objective decision on the basis bf
the- data collected in this study as to whether'or'not there are
‘differences, in terms of final student achievemen#, as meas-
ured by a standardized high school biology achievement test,.
among the‘fhree=B,S.C.S. versions of teaching high school
biélogy,'certain procedures. were necessary prior-to_the'actuél
. computation of the wvalues of the statistical tests. The: pre-
liminary procedures involveds (1) statement 6f the hypotheses,
and (2) statistical technique used in testing hypotheses.

Statement of the hypotheses. The.usual procedure in es-.

tablishing the hypothesés 1o be tested in any statistical study
is to formuiate a null hypothesis (H,) and an alternate hypoth-
esis (Hy). The null hypothesis (Hy) was that there is no sig-
nificant. difference, in terms: of final student achievement, as

- measured by a standardized high school_bioiogy achievementf
test, among the three' B.S.C.S. versioné of" teaching high schqol.
biolbgy‘and‘the traditional apoproach to-teaching/high séhool
bidlogy. The-alterna#e"hypothesiS'(Hi)iwasrthat there are sig-

" nificant differences, in.terms: of final student achievement,
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as measured by a standardized high school'biology'achievement
test, among the three BOS;C.S;'versions of teaching high school
biology and the fraditional'approach to teaching high sclhicol
‘biblogy. |

Statistleal technigue used in testing hypotheses. The

choice of statistical technigue for testing the hypotheses in
this investigation was determined after several conferences
with three faculty members a§ Montana State University;3o K.
single-classifibation:analysis”offvariance31 was used to test
the hypothesis: that. there  are- differences; in térms:of’final
student achievement, as.measured by &:éﬁandardizgd“high school
bioIogy:testb among" the three BuS.C.S. versions of teachiihg-
high{school bio;ogy‘an& th@;traditional approach to teaching:
_high.school.biology, This. hypothesis was: tested‘af’theﬂ0,0S‘

Ievel of" significance.

Summazy

Tor determine the effect . on f£final achievement in biology
of'éach of?thewaHr*selectedia@proacheszto.teaching~high school
biology5 an: experiment: requiring the cooperation of bIlology
_feacheis;énd pupils wasr designed and conducteds.

Five- teachers: participated in the study. The assignment
of’ﬁeéchers;tb~eifherrthe~B;SmC;S¢ Blue, Qpeeﬁ,.Yéllowy §rtﬁra~;'

ditional.appnoacheswtorteathingtbiology was: mader by the  schiool

' 30gee: footnote: 5, po 5.
3ipovmie and: Heatl, oDe Cites Do 57
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officials in charge'of'such_écheduiing; énd’th@“bioidgy-pupils
of each'teacherrwere placed in the'claSSGS'tb'which-their“teaqh@ :
er'had*beén aésigned Purthermore; no restrlctlons were: put
upon: 1nd¢v1dual teachers as- to teazching procedures, except that"
they were expected to follow the curriculum of any:approach 3
which: they werejassigned to teach , "'

Iﬁ.ofdé&*to~mdkefqomparisons:of”theafdurggfoupsy in-
formation concefning-each'grouprand'éacﬁ‘individualfwasmcol-v
lected; ;ThertatestrstatiSﬁical_tééhpiquewwaS“used“tO"initiaIIy”
compare: the twowtraditional grouns*in threewaﬁeés:" I’Q;, .
pre~test scoro, and! flnal gfade~9 science@ In each area.’ there
was: no significant: dlfference‘between the means of the two
' groups. at. the: 0. OB‘"leve'lo On the basis of’ thls'lnformatlon, |
the: two traditional groups: were- comblned and treated as z sine-
‘glefggoup@. At this: point a 51ngle 013331f1cat10n analysis of
vériance:statistic waswusadito"initially compare: the: pupils of
thé.threesB@S@C@S;.Versions of” teaching high échool biology and
the traditional apprqachttd:teachiﬁg*high school biology; -The;'
:aréasuof'comparison weres - ToQu, pre-test scores, and final
gradee9‘sciencé-. . I eachi: arex themevw@s=no~siénifibantrdiffenh"
. ence'ampng the»meanSaOfﬁfhleOurfgroups{atitheﬂC;QS"Ievel; .ASTETH
further statistioal check on the-initial similarity-of the
groﬁpé; chl-square test. was used to compare»the dlstrn.butlorr~
of the malevand female students partlclpailng it the- study° Aﬂ

2x2_test'was flrst used with the two tradltlonal groups and the

’ ;
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resulting chi-square ratio indicated no significant difference
at the 0,05 level. The possible influence of age and grade
placeﬁent of each of the'stﬁdentsrparticipating in‘the-study-
was examined. Since most of the studenfs‘were‘enrolled‘aS'
tenth gradé,studenﬁS'and'wereﬁof.the‘l5-yéar old age group, It
was: obvious by inspection of the data tﬁgt no*significant 6if—‘
ference"existed'among the-four’groups;.on thesger two criteria.i‘
The statistical technigue that was used to test the
hynothesis that there were-significant differences;, in terms
of final student achievement, as' measured by a standardized
highischpol‘b%ology'achievementjtest, among the three B.S.C.8
versions of teaching high: school biology and the traditional -
approach tO'teachiﬁg_hﬁgh schﬁol biology, wasrthe sing1e classi-
ficagtion anaiysisfdf variance. Thisvst&tistic was tested at
the 0.05 level. |
The effect of the various:vefsionS“on final student

gchievement in blology is presented next.




CHAPTER V
-EFFECT. OF FOUR..SELECTED APPROACHES TO TEACHING
HIGH SCHOOL BIOLOGY ON FINAL STUDENT
ACHIEVEMENT IN‘BIOLOGY'

Dctermlning the effect on final student achievement in -
blology of four selected approachesl to teaching high school
biology was the-purpose.of-thls inves 1gat10n, Through ‘the  use
of a standardized high school biology achievement examinationzf

administered on -the first day of the course and again at the-

end of 36 weeks, it was possible: to determine pre-test and post-

test scores of the partieipating students in each of the four

selected approaches. I% has previously been established that

~no significant difference existed, initially,’among the four

groups. Hence, it is possible to statistically analyze‘the
achievement scores of'the=students=iﬁ each of the four groups
to test the hypothesis that there were significant differenees,
in terms of final student achievement, ee-meaSured“by'a-stand—
ardized high school'bioiogy achievement test, ameng the three
B.5.C.8S. vensionssof’teaching:highféchool biologyﬁ. This in-

fbrmatidﬁ“iS"presented“in the: following'seetionw

1Wh1tt1ngefy B. R., Blolog Achlevement‘EXamlnetlon for
Secondary Schoolss Form 4_ E@p. ,

2Ibide, Do 7le
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Significant’ Differences: in Fimal Achievement.
Among: the Four' Selected Approaches:

' To' determine the effeet. on final student’ achievement in
biology@ i% was: necessary to test fon"aréignificant'differencef
in.final’achievementzamong'tﬁerfouﬁ:selecte&"approacﬁes tor
teaching high school biology. The two criteriar to be' tegsted
for- significance were: the: mean:post-test scores:and the-mean
difference: scores: of the: total groups:among the"four'selecfed
appnpaches-ﬁo:teaching high schooi biology.

For: all. tests of significant difference in final achievew
ment among the four groups, the null hypothesis, (Hg), was that
thererare'nO\significantfdiffgrences, in terms- of final student
achievement; as megsured Dy arstandardizedfhigh school biology
abhievemenﬁ”tes¢5’among:thefthree:B;S;C;Sﬂ versions: of teaching
high school biology'an& theatraditional;apprqachttO'teachiﬂg
high' school biologys. TheJaIternaﬁevhﬁpothesiS@.(Hi),.wasvthat
there;arensignificant;differencesilinttermS"of'fihal’stﬁdent:
achievement@_aStméasured by'a~s$anda&dized highYschool biol--
ogy achievement: test, amoﬁg;therthreeﬁB;S;d;sg.ﬁersionsuof‘
teaching high-School.biology'and’thertraditional approachrtor‘
teaching high ébhooi biblqu@ Forrailltesﬁsrof'significantﬁ
differéﬁcewin final achievement- among thg:fquf"groupsg the:

significance level was set at 0.05.
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Pogtwtest scores. 4 single-classification analysis of

'var:i.'a:ﬁc<—:r3"'i:(—:fs‘c.7 based on the mean post-test scores’ of” the: four-
groupsrwasrutilized. Sée"TableA%,'page~73p
TABLE L. "ANATYSIS OF VARIANCE FOR THE MEAN POST-TEST SCORES'

OF" THE B.S.C.S.. BLUE, GREEN, AND YELLOW GROUPS AND THE
TRADITIONAL GROUPS.

Source of” Variztion df*  Sum off . Mean: Fetest

Squares: Square Score
"Between' groups. 3 52964 176m7‘
"Within® groups 506 733569 1.9
Total 509" 1.2T

An F~test” score of 1l.21, baged on 510 students: in  four
groupsy,was.détermined} The nﬁmber-offdegrees:of'freedom&
yvielded a critical value of 2.62. Since the derived value of
F (L.21) was less than the critical value (2.62), at the 0,05
level of significance, it was not large enough: to reject thé
~ null hypothesis:of no significant: difference- among the means
an@'it was agsuned that no- significant difference  existed among

the four: groups. based on postatesf SCoTres.

3Downie and Heath, ops cite, pe 158=167.
%Dpwniewand‘ﬂéath, op. citw, D 158-167.
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Difference scores. A single classification analysis of

Variancesltest, based on the mean difference scores: between the

pre-test scorée' and the post-test scdre-of“themfour'groupsa was

utilized. See- Table 5, page 7.

-TABLE 5. ANALYSIS OF VARIANCE FOR. THE MEAN DIFFERENCE SCORES

OF THE.B.S.C.S. BLUE, GREEN, AND YELLOW GROUPS AND THE TRADI-
.TTOWAL. GROUPS..

Source of Variation as . Sum of Mean F-test’
Sguares Sguare: . Scorer
"Between" groups 3 . 125.9 41,9
"Yithin®™ groups 506 © 28601.0 56.5
" Total 509 ' . o7

On the  basis. of 5lO‘étudentS'and four- groups, an F-test
score of o74% wag. determined. . The number of degrees of freedom
ylelded ar eriticel value’! of 8.5%. Since:the:derived value of
F (. 74) was. less: than the critical value (8.5%), at the 0.0%5 |
level of significance, it was not large enough to reject the
null hypothesis'of‘nozsignificant.differenCe_among the=means 
and it was:assumed thgt no significant difference exisﬁed among

the four groups based on difference scores.

. SDownie and Heéath, op. cite, Do 158=167.
SDowmie- and Heath, ops Citey De 158-167.
7qunie'and Heath, ops cit., v 158-167.
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Stmary

The  dgta collected during the. investigation were: ana=-

lyzed statistically to: determine the effect of” the: four selece-

ted approaches to teaching high school biology on final student-

achievement ih biology.

To test for' a significant difference in final. achieve-

ment: among the groups of the four  selected approaches, a

single classification analysis  of varlance statistical tech~
nigue revealed” that no significant différence existed among
the mean pqst—tesﬁ:scoreS‘and‘theemean difference scores of”
the groyps;dflthe~foun-selected*approaCHGS'td teaching high
school blology. |

It was determined that there were no significant dif-
ferences in terms-of final.stﬁdent achievement, as:measured'
by a standardized high school biology achievement test; among
the three B.S.C.S.. versions of teaching high school biology"
and‘ﬁhe traditional approach to teaching high school biologys.

A summary, conclusions drawn, and recommendations fol-

lowe




CHAPTER VI"
SUMMARY,. CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this-investigation_was-fo determine the
effect, on fihal student achilevement, of four selected approach-
es to teaching high school biology. A concern about the nature-
of science teaching has been the cause of much debate in the
twentieth: century and professibnai opinion was: that the teaclk--
ing of high school biology had.not-been satisfactory for many
years, and the need for improved teaching techniques was apparent.
Consequently, the B.S.C.3. versions of teaching high échool
biology were deveiﬁpedﬁand made available for all high schools,
The belief that.there are differences, in terms- of final
student achievement, as measured By a standardized high school
biology achievement test, among the three B.S.C.S. versions
of’ teaching high school biology and the traditional approach

to teaching high school biology, led to this investigation..

Summary

Aﬁ'éxaminationlQf’thesliterafure~concefning-the teaching
of high school Biology revealed a need for improved téchniquesf
of teaching to overcome- the difficulties often encountered by
pupils studying biology:

Following a study of the course content of the three
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BoSwC.S,_versions.and the' traditional approach to teaching high
' schogl biology, an investigation was. conducted in which a num-
ber'of'teachersaand'thein*pupils cooperatéd, In teaching their
classes, no restrictions were put upon iﬁdividual teachers as
to teaﬁhing procedures, except that they were-expected to fol-
low the curriculum of the approach to which they had been asw-
signed. PupiiS'of the: four selected approaches were tésted at
the beginning of the 36 week qoursevand again at thée conclusion
of the course. ' |
The data obtained during the"invesﬁigation were exame
ined: statistically to determine'the‘effeét on final student
achievement in biology, of the four selected approaches to-
teéching high séhool.biologYL. It was determined that there-was
no significant difference, in terms of final student achieve-
ment, asgmeasuned by a standardized high school biology"achieﬁeu
ment. test, among the three B,S5.C.S.. vefsions of teaching high
school biology and® the traditional approach: to teaching high
school bioloéy; I

Conclusions:

The-fblldwing conclusiong concerning the teaching of
high school biology were made-bn the basis of the review of
literatures- |

1. There is a need’for'improved feaching techniques

in the Tield of biology.
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2. The tpree B:S.C.5. versions of teaching high school
biology represenﬁ'an effort to improve high school biology
teaching. | |

On the Basis of the experimental findings of this study;
subject to tﬁefassumption that the samples were indicative of
the charactéristics of student population, and subject to the
limitations of the sensitivity of thé tests employed, the fol-
lowing conclusionsjwere mades | |

1. The belief that final échievement in bilology, as
measured by a  standardized high school blology achievement
fests-iS'different among the four"seleéted approaches to téach—
ing high school biology, has no statistical justification.

2. The traditional approsch to teaching high school
bioiogy still haszitS'piace'in the high_schobl biology Pro=
gram. |

.3s Final studenﬁ achievement in biology, as a“result of
following the three B.S8.C.S. versions of teaching high school
biology, does not represent a significant improvement over the

traditional approach to teaching high school biology.

Recommendations

The following observations and recommendations became ~
evident during the course of this investigation and are pre-
-sented here to indicate areas of possible future research rela-

tive to the teaching of biology.
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iﬁ‘view;bf"the*fact that: the concepls studied in- biology-
are: becoming increasingly important and because  the methods of’
teachihg'biology'héve:no%'kept pace: with other advances, more
reseameh’is"neéde&'into methods of improving instruction in
the: fundamental ideas- studied in biology.
Biology'teacherb:need-td re~evaluate their own skills:
in applying biclogical principles to- the teaching of biology.
Research is. needed to’determine the optimm grade place= .
ment, sequence, and necessary prerequisites, if any, which
WilIfléad"mosﬁzefficiently'to“ah understénding othhe-funda-
mental conéepts:of biology..
Studies'are:ﬁee&ed'which.will'identify the: specific abil--
ities needed for success. in working with'theffundamental'cony
cepts: of biology and alSO‘what;abilifiés;orrskillsrcanhbefim&

proved by the study of biologye.
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Appendix- A
BioTlogy Achievement: Examination
for: Secondary- Schiools, Form L

4




Achlevement Exammatmns for Secondary Schosls

FORIM 4 %ﬂ@ﬂ@gy Time: 1% hrs.
Dr. B. R. WHITTINGER, Author Student’s Score ........
Unpiversity of Minnesota High School ’
; Parfect Score 108
N A N B e te e e e e e e e ee e emmeeeaemma e s ez e rm s one wmean e . reeeeememeeaenn
- Last Name First Middle Initial * Age Grade
| Crty (or P. O. Address) — CouNTY Dist No. ....... TiME USED ..........
Name of Parents Address

! To the student! Be sure to fill out the blanks above Read directions carefully and answer the questxons

on this sheet; no other shéet is needed except scratch paper. If you cannot answer a question, leave it and

go on to the next one. Answer as many as you can.

i

1. DIRECTIONS: Write in each answe'r: space. the

letter of the best response.

1. The fruit of a plant

10. Bacteria .

(a) need air to grow (b) are produced by
toxins (c¢) are smaller than viruses (d) are
macroscepic’ (e) more than one of the above

(a) is sweet (b) has much stored food (f) none of the above 10. (.ooeeir))
niains the seeds d) consists of the
(ff,;rgo ! ¢ see (@ 1000 11. Girdling is likely to-be destructlve to
) a tree because '
. Animals have the same functions as (a) the growing tissue is likely to be
plants except for . . squeezed  (b) the conducting tissue may be,
" (a) respiration (b) irritability (¢) re- destroyed (c) the stem can not get air
production (@) exeretion (e) photosyn- (d).the roots will be extruded by esmotic
thesis 2 (o ) pressure ; N s O )
Identical twins originate from 12 Secretlons of endocrine glands are re-
(a) two eggs feriilized by one sperm ferred to as
(b) one egg fertilized by two sperms (a) enzymes (b) lypmh “(e¢) toxins
(c) two eggs fertilized by two sperms (d) hormenes (e) anti-foxins ..__............... 12, (oo )
(d) omne egg fertilized by one sperm ................ > S G ) 1
‘ 3. Reference to an organism indicates
The essential organs of the flower are (a) anything made up of organs (b) any-
(a) petals and pistils (b) sepals and corolla .. thing consisting of organic matter (c) any
c(:gy’l:mtlls' and stamens  (d) stamens and 4. ) living thing (@) a systemic organization.... 13. (........)
Growth and repair of body tissues in- 14. A person with blood type “O” may give
volves blood to another person with blood type -
: : Y (a) A (b) B (c) AB (d) more than
((3’; ;’:g;im (b) fats (c) starch B (oo ) - one of the above’ : 14. (... )
The human embryo gets “its food 15. When two brown eyed parents have a
through . blue eyed child it probably indicates
(a) the placenta (b) the uterine tube (a) hybrid eye genes in one parent (b) a
(¢) cell division (d) the mother’s blood =~ - mutation (¢) hybrid eve gemes in both
stream directly . 6. (oo, ), parents ‘(d) this result is impossible .......... ) G Go— )
. When the habitat of an organism 16. Proteins are different from the other
changes, that organism ' energy foods in that they contain
(a) ysually increases in number (b) be- (a) nitrogen  (b) oxygen (¢) hydrogen
comes extinct there (c¢) usually must change (d) carbon 16. (........ )
in structure or life habitat or become extirct . . .
(d) usually is not affected (e) usually dies 17. The history of the payment of bounties
in great numbers from diSease ..........tc..occoeeeremn. L I - ) - - for the destructlon of predators indi-
. . cates
The t};;o?t-natal period of greatest (a) the results justified the outlay of neces-
growin 1s . . . sary funds (b) the destruétion of the pred-
(a) th(._e fetus (b) infancy (c)_ the embryo ators corrected the balance of nature (c¢) the
(d) childhood  (e) adolescence .................... . I — ) pntadator 1()rogram disrupted the balance of
. . nature d) the program provided a much
A bald-headed father and a straight stronger game animal population .. ... 17 (o)
haired mother have children who have ‘ : :
curly hair. Straight hair is a recessive -18. Plants that grow each year from seeds
trait. The explanation for the children are
" having curly hair is (a) biennials, (b) annuals (e) spermato-
(a) the mother carried genes for curly hair 19 %lilytes (@) perenmals 18. (o )
which she passed on to her ofiSpring . e unlque contribution legumes make
"(b) the father carried genes for curiy hair to the soil in which they are planted, is
which he passed on to his offspring (c) both (a) the fortifying of the calcium cortent
the mother and the father carried genes for (b) the rich supply of humus . (c¢j the forti~
curly hair (d) neither parent had an-influ- fication of nitrates by harboring nitrogen
ence in determining the type of hair in the . fixers (d) the production of a superior
offspring 9. (........ ) mulich : 19, (eeeee. )
Copyright 1:954, C-.—A-. Gregory Co., 1720 E. 38th St., Indianapolis, Ind, Printed in the U. S. A.
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45,

. 46.

41,

48.

49,

51.

52.

53.

54.

55.

6.

7.

bl WY e

A biology class tried to determine the
effectiveness of two hand-lotions. Lo-
tion “A’ and lotion “B” were applied
to a randomly selected group of 50.
right-handed people, alternating the
two lotions between ‘the two hands on

.each .subject w1thout the subject’s

knowledge of which lotion was placed .
on which hand. One recommendation

we could make for this plan would be
(a) place the same lotion on “both hands’
(b) include a third classification of no lotion
or fa'se lotion on a third of the subjects
(c) place the lotions. A -or B on the same .
hand, right or left (d) mix the two lotlons

together before applymg : ; N : X ()

-The downward cu_rhng of a leaf at‘
. various times

(a) reduces transpiration . (b) increases .

photosynthesxs (c) indicates-increase in os-
mosis (d) is due to rapid respiration .......... 45, (ceeeeer)

The cambium of a stem -

(d) provides for.oxygen exchange, (b) in-
creases the diameter of a stem (c¢) is the
prinicipal conductor of ﬂllldS (d) increases

The mathematical sex ratio tends to be

(a) 3:1 (b) 2:1 (e).2:2 (d)-8:10 ... 47, (e )

Evergreens are plants which"

(a) do not .drop their leaves (d) drop thelr
leaves in the fall (c¢) drop their leaves in -
the spring (d) do not drop all leaves af the
same time 43,

The start of a young plant in a seed is

- (a) a ecotyledon (b) an. hilum (¢) an

endosperm . (d) an emMDBrYO ......ccoeeereeceracanen 49,

Monocot stems are different from Dicot

stems in that
(a) the vascular bundies are- scattered in
the monocot (b) the monocot stem has no

. support (c) monocots have no vascular . .
bundles (d) dicot stems have no pith ........ 50. (......- )

Pollination has occurred when

(2) pollen has been transferred from flower
to flower - (b) the sperm cell unites with the
ezg cell (¢) pollen bas been transferred
from stamen to pistil. (d) pollen has been

The ‘main devices of water' absorption
in the plant are the :
(a) ‘stomata (b) lenticles (¢) cuticle
(d) root hairs e B2

In mitosis the chromosomes

(a) double in number (b) remain the same

in number (¢) triple in number (d) are
reduced in half 53.

A disease associated with lack of 1od1ne

“in the diet is

(a) cancer (b) diabetes (c) simple gonter

(d) yellow fever (e) arterial sclerosis ....... 54, (cceuee- )

In diabetes the excess sugar goes into
the urine. A doctor testing a urine

specimen for sugar .would use
(a) iodine (b) phenolphthalein. (c) Feh- .

ling’s solution (d) lime water ..................... 55. (ooceene )

Which of the following contains all the
rest? ‘
(a) codeine (b) opium (c) morphine

(d) heroin , 56. (....-.. )

Geotropism is the _

(a) tendency of a plant {o grow toward the -
sun (b) study of geographical .influence
(¢) tendency of man to migrate (d) ten-
dency of plant roots to respond fo gravity .... 57.

~ the length of a stem 46. (........ )

. transferred from pistil to stamen ......... neeemnenan 175 T GU— ).

58. We would expeet to find no nervous
system-in the .
(a) earthworm (b) amoeba (c) fish
(d) hydra 58. ( }

59. If a moth causes damage by chewmg, _
we Would blame it on the - -
(a) adult’ (b) nmymph (¢) larvae * P
(d) pupae : . 59, (coeeeee )

60. A diseasé very often associated with
hookworm, in countries -with hlgh per- -
centage of infection.is S
(a) .trichinosis (b) tuberculosns (c) ascaris .

(d) taenia 2. - 60..(._._:___)' ’

II' DIRECTIONS: In each of the ;followmg .state-
ments, one term is ndt related to the others in the
_group.. Select the letter- o;f the mzsﬁt and place zt m
the answer space. . ' .- 3

61. (a) mushroom (b) whea,t‘rust (c)_ dia-

toms (d) brea.d mold ... : 61. (.......)
62. (a) mistletoe ~_ (b) lichén . (c) tubercular .
) _baclllus (d) hla.c mildew S 62. (........ )
63. (a) spores (b) fission  (c) budding . "~ -
(d) conjugation -.. : 63. (........ )
" 64. (a) spider (b)-'locnst. '(c) katydid =
(d) cockroach . - . AU 1 N — ¥
65. (a) garter spake (b) pamted turtle ' )
(c) skink (d) tiger -salamander. .................. 65. (....\....)
66. (a) respiration ~ (b) osmosis . (c). u'ntabll- .
. ity  (d) reproduction 66. (........)
67. (a) pituitary (b) thyroid ' (c¢) salivary '
" (d) adremal : 6%. (........ )

68. (a) egzg (b) pupa (c) larva (d) nymph 68. (.....).
69. (a) Banting . (b) deViies (¢) Mendel \

(d) Thomas Morgan 69. (....... )
%0. (a) plumule (b) hypocotyl (c) cotyledon
(d) cambium . . no. (........ )

III DIRECTIONS: Write in each answer space the
letter of the term that includes all the rest.

71. (a) senmsory (b) motory (c) associative

(d) neuron : 1. (... 2
72. (a) insulin  (b) hormone  (¢) thyroxin .
', (d) estrogen 72, (........ )
73. (a) enzyme (b) pytalin (c) pepsin B
(d) trypsin : 3. (coeeee )
4. (a) protozoa (b) bacillus (c) micro-
organisms (d) bacteria 4. (........ )

¥5. (a) veins «(b) leaf (c¢) midrib (d) petiole 75. (........)

v DIRECTIONS&_ Select the letter of the phylum’
which best fits each description and place it in the

. answer space after the description. Some phyla may

be used more than once, and some may not be used
at all. 12 :

’

PHYLA' DESCRIPTIONS

A. Arthropods . . 76. Flower-Like animals ........ [ GO
B. Chordates 71. Soft bodied animals .......... ()
C. Coelenterates ° 78. First jointed appendages.. (.......)
D. Echinoderms 79. Single celled animals ........ [ Gr— )
E. Flat worms 80. Worms with one body .
opening ........ emeenremmesaaeanganan [ G )

F. Mollusca 81. Have a dorsal nerve cord [ G— )
. G. Protozoa . ' 82. Have a water vascular -
: ’ SYSEEM . .oceeeeeeeeeecemeenaene [ g— )
H. Porifera . 83. First segmented bodies...... (-rird).
E. Round worms 84. First many celled animals ( ........ )

J. Segmented worms 85. Have a chitinous
’ exoskeleton. ...
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TABLE 6. STUDENT NUMBER, I.Q., PRE-TEST SCORE, POST-TEST SCORE,

DIFFERENCE SCORE, FINAL GRADE-9 SCIENCE, AND SEX FOR 91 STUDENTS

OF THE B.S.C.S. BLUE VERSION BIOLOGY GROUP.

Student TI.Q. Pre—test Post-test Differemce . Final Grade Sex

Number Score Secore Boore Q Ssdence
1 57 . 33 - 36 3 2 M
2 57 39 T 42 : 3 2 M
3 57 43 50 7 1 B
4 57 41 50 9 2 M
5 57 47 60 13 3 M
6 57 48 A N ) 13 1 F
7 57 27 44 17 1 F
8 57 31 . 50 ~ 19 1 F
-9 57 34 62 . 28 3 M
10 59 46 63 17 2 F .
11 60 36 4% 7 2 M
12. 64 © 40 53 13 3 F
13 64 34 52 18 2 F
14 64 40 65 25 % M
15 64 40 65 25 2 F
16 64 43 ' 71 28 3 F
17 65 39 67 ‘ : 28 2 F
18 65 29 - 64 35 2 M
19 66 473 53 10 2 F
20 66 - 45 58 . . .13 2 F
21 66 46 67 ) 21 3 M
22 66 33 60 . 27 % ¥
23 69 37 63 26 2 F
24 71 - 49 65 - 16 % F
25 75 44 + 65 21 3 P
26 76 48 70 22 4 M
27 65 50 | 62 - 12 3 . F
28 66 51 64 13 4 F
29 70 51 o 66 - 15 2 M
30 69 51 70 19 % ¥
31 72 - 50 67 17 2 F
32 T2 50 68 18 4 F
33 77 51 72 21 3 F
34 77 52 , 66 ' 14 3 r
35 64 53 72 , 19 3 M
36 66 54 67 13 3 o
37 64 54 - 66 . 12 3 F
38 66 53 T4 21 3 F
39 67 53 T4 21 g %

40 69 - 53 &8 . 15
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TABLE 6. (Continued)’

{

Student I.Q.

Pre~test Post-test Difference PFinal Grade Sex

Number Score Score Score 9 Science
41 36 33 39 6 1 B
42 %6 52 64 12 o) M
43 37 32 39 7 1 B
44 39 35 49 14 2 M
45 42 2% 38 15 2 M
46 42 30 33 3 1 M
47 42 34 41 7 -0 M
48 4% 35 36 1 1 B
49 44 32 34 2 1 M
50 44 35 41 6 1 M
51 44 24 43 - 19 2 M -
52 46 %52 39 7 2 M
53. 46 23 41 18 1 F
54 48 51 47 16 2 i
55 48 28 30 2 1 M
56 48 32 34 S 2 1 F
57 48 40 42 2 1 M
58 48 45 54 G 1 M
59 48 42 52 10 1 F
60 48 42 61 19 3 M
61 49 47 48 1 2 F
02 49 477 56 9 2 F
6% 51 %9 51 -12 2 M
64 51 34 ‘54 20 1. M
65 53 51 57 6 % B
66 53 40 48 8 2 F
67 53 33 46 13 2 F
68 53 46 66 20 2 F
69 53 21 43 22 1 M
T0 54 42 47 5. -1 M
71 54 %6 58 22 1 F
72 55 47 50 3 1 M
T3 55 38 45 . 7 2" B
74 55 53 61 8 2 ¥
5 55 50 63 13 2 by
76 55 oY 80 28 3 F
77 56 29 36 T C 2 M
78 56 48" 61 13 3 M -
79 56 34 51 17 3 F
80 56 47 65 18 3 F
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TABLE 6. (Continued)

Student I.Q. Pre-test Post-test Difference Final Grade Sex

Number Score Score Score 9 Science
81 56 33 51 18 2 P
82 56 39 58 19 2 F
83 25 39 44 5 1 F
84 25 36 43 7 0 F
85 26 21 22 1 1 M
86 26 26 29 3 1 M
87 26 33 38 5 1 P

© 88 28 28 34 6 1 M
39 29 28 54 6 1 M
90 30 31 37 6 1 F
91 32 37 5 1 F

.32

w8 N N




TABLE 7.

STUDENT NUMBER, I.Q., PRE-TEST SCORE, POST-TEST SCORE

91

DIFFERENCE SCORE, FINAL GRADE-9 SCIENCE, AND SEX FOR 111
STUDENTS OF THE B.S.C.S. GREEN VERSION BIOLOGY GROUP.

Student T.Q. Pre~test. Post-test Differsnce PFinal Grade Sex

Number Score. Score Score 9 Science
1 57 42 62 20 3 F
2 57 4% 59 16 2 F
5 57 32 50 18 1 F
4 57 35 59 24 b M
5 57 41 67 26 2 M
6 57 47 73 26 4 F
7 58 32 49 17 2 M
8 58 43 66 23 3 M
9 59 54 56 22 1 M -
10 59 39 42 5 1 F
11 59 36 45 9 1 F
12 59 46 53 7 2 F
13 62 48 49 1 2 M
14 62 45 51 6 2 M
15 62 61 70 9 2 F
16 62 40 50 10 3 P
17 62 38 - 51 13 2 F
18 62 43 59 16 2 M
19 62 36 56 20 3 M
20 64 49 60 11 2 F
21 64 52 59 N -3 F
22 64 54 61 7 1 F
23 64 42 50 8 2 F
24 64 46 - 56 10 3 M
25 64 53 64 11 3 M
26 64 44 56 . 12 2 M
27 64 44 57 13 2 . F
28 64 45 62 17 2 M
29 64 44 63 19 2 F
30 04 48 67 19 2 F
31 64 42 62 20 3 F
32 64 41 66 25 2 by
53 64 43 70 27 3 F
34 64 34 67 33 3 F
35 65 38 61 23 2 P
56 65 52 59 7 3 M
37 67 44 L 10 b F
38 67 39 54 15 5 F
39 67 42 58 16 3 F
40 67 31 57 26 1 F




TABLE 7. (Continued)

92

Student I.Q.

Pre—~-test Post-test Différence

Final Grade

Sex

Number Score Score Score 9 Science
41 67 34 - 60 26 3 M
42 67 50 77 27 3 iy
4% 69 50 57 7 2 M
44 72 42 61 19 2 M
45 76 51 72 21 4 F
46 78 44 58 14 2 F
47 44 38 47 9 2 M
48 44 30 47 17 1 M
49 44 24 37 13 1 M
50 46 35 39 4 1 M
51 46 40 43 3 1 P
52 47 36 54 18 2 M
5% 48 30 51 21 2 M
54 48 36 57 21 2 B
55 . 48 4% 47 4 1 r
56 48 37 42 5 2 F
57 48 38 45 7 1 M
58 48 23 31 8 1 F
59 . 48 36 45 9 2 F
60 48 32 46 14 2 M
61 48 34 50 . 16 2 M
62 48 42 45 3 2 M
63 48 %8 55 17 2 ®
64 48 41 59 18 2 F
65 48 32 52 20 2 M
66 49 27 %8 11 1 i
67 51 42 62 20 3 M
68 51 52 56 4 2 M
69 53 26 56 4 2 M
70 53 %5 50 15 2 F
gas 53 37 53 16 1 M
72 53 20 56 %6 2 M
73 54 40 52 8 1 F
T4 54 40 50 10 2 F
75 55 40 46 6 2 P
76 55 40 50 10 2 M
77 55 31 41 10 1 M
78 55 46 59 13 4 M
79 55 39 53 14 2 F
80 56 415 56 11 2 F
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TABLE 7. (Continued)

Student I.Q. Pre-test Post-test Difference Final Grade Sex

Numb e Score Score Bgore - 9 Science
81 56 41 45 4 2 F
82 56 35 43 ] 8 2 M
83 56 39 47 8 2 T
84 56 39 49 10 1l F
85 56 64 T4 10 4 F,
86 56 29 44 15 2 F
87 56 - 38 53 : 15 1 M
88 56 . 42 57 15 5 F
89 56 38 54 16 3 M
90 56 47 63 16 2 M
91 56 27 44 17 2 M
92 56 35 52 17. 2 M
93 - 17 26 %8 12 1 M
94 - 26 27 30 3 1 F
95 - 31 33 38 5 1 F
96 35 32 36 4 1 F
97 35 29 31 42 1 F
98 35 40 4% b) 2 M
99 36 30 35 5 2 F
100 36 32 37 5 2 M
101 %6 25 31 6 2 M
102 36 24 36 2 1 M
103 36 38 42 4 1 F
104 36 35 - 49 4 2 M
105 37 36 47 1l 2 ¥
106 37 39 44 5 2 M
107 37 23 29 . 6 1 M
108 39 37 41 . 4 3 M
109 41 32 40 8 2 M
110 - 42 23 34 11 1 M
111 43 26 35 9 1 M
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TABLE 8. STUDENT NUMBER, I. Q., PRE-TEST SCORE, POST-TEST SCORE,
DIFFERENCE SCORE, FINAL GRADE-9 SCIENCE, AND SEX FOR 113
STUDENTS OF THE B.S.C.S. YELLOW VERSION GROUP.

Student I.Q. Pre-~-test Post-test Difference  Final Grade Sex

Number Score Score Score 9 Bcience

1 64 52 62 10 2 M
2 64 54 67 13 4 F
3 64 38 54 16 3 F
4 64 45 61 . 16 2 F-
5 64 40 56 16 2 F
6 64 48 . 66 . 18 3 P
7 64 39 58 19 2 M
8 64 34 54 20 3 F
9 64 . = 39 61 22 2 F

10 64 35 ) 58 23 2 M -
11 . 65 52 71 : 19 3 F
12 66 - 46 63 17 2 P
13 66. 42 65 23 2 M
14 67 45 56 11 3 M
15 67 49 58 9 4 F
16 67 60 69 9 3. M
17 67 48 64 - 16 4 F
18 67 35 53 18 2 7
19 67 43 70 27 3 F
20 - 69 48 59 ' - 11 2 M
21 69 . 43 57 14 3 M
22 69 50 58 22 3 F
23 T4 36 58 22 3 F
24 78 56 ° 71 15 4 P
25 48 39 26 : 15 2 M
26 48 26 52 , 26 1 M
27 49 .39 41 2 1 M
28 49 40 46 6 1 - M

29 49 42 : 50 ' 8 2 F
30 49 43 51 8 1 F
31 51 34 38 4 - 1 F
32 51 45 66 . 21 2 F
33 53 38 50 ¢ 12 3 F
34 53 36 38 ' 2 1 F
35 53 33 43 10 1 F
36 . 5% 4.0 63 23 2 M
37 . 54 29 30 1 1. F
38 54 42 45 3 2 M
39 54 36 . 43, T 1 M
S 2 F

20 55 47 56
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TABLE 8.

95

(Continued)

Student I.Q. Pre-~test Post-test Difference Final Grade

Sex

Number Score Score Score 9 Science
41 55 52 42 10 2 F
42 55 33 47 ' 14 2 M
43 55 38 54 16 2 B
44 55 42 58 16 2 F
45 55 62 78 16 - 2 M
46 55 36 54 . - 18 2 M
47 55 49 68 ) 19 2 M
48 56 35 71 36 3 M
49 56 25 53 .- 8 1 M
50 56 48 61 13 2 F
51 56 45 60 15 2 P
52 56 38 54 - 16 1 M
53 57 44 7L 27 2 M
54 57 37 48 11 2 M
55 57 45 51 . 6 1 M
56 57 36 45 9 1 F
57 57 44 54 10 2 F
58 57 48 60 12 3 M
59 57 49 61 12 3 M
60 57 42 55 13 % M
61 58 46 60 . 14 .3 F
62 59 38 44 6 3 F
63 59 51 59 | 8 2 M
64 59 38 - 55 17 2 M
65 61 46 . 54 8 1 F
66 61 52 60 38 2 M
67 62 45 51 6 3 M
68 62 45 55 . 10 3 M
69 62 50 60 - 10 4 M
70 62 41 54 - 13 2 M
71 62 41 T4 33 3 M
T2 64 49 60 11 3 F
73 64 37 42 5 1 F
T4 64 47 52 5 2 - M
75 64 30 38 8. 2 I
76 64 49 59 10 2 F
T7 25 26 27 1 1 M
78 26 25 34 9 1 M
79 27 29 31 2 1 M
80 28 34 39 5 1 M




TABLE 8.
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(Continued)

Student I.Q.

Pre-test Post-test Difference

Final Grade Sex

Number Score Score Score 9 Science
82 32 35 37 2 1 M
83 33 30 54 4 1 F
84 36 30 34 4 1 F
85 36 33 37 4 2 M
86 36 31 41, 10 2 M
87 56 35 49 14. o; M
88 37 54 36 2 1 F
89 37 25 29 4 1 ¥
90 37 30 39 9 1 M
91 39 24 35 11 1 M
92 39 36 39 3 1 F
93 39 38 42 4 2 F
94 40 29 32 3 1 F
95 4% 20 36 16 1 M
96 43, 33 53 20 2 M
97 43 21 45 24 2 M
98 44 41 45 4 1 F
99 44 32 40 8" 2 M
100 44 40 49 9 1 £
101 44 30 45 15 2 F
102 44 34, 51 . X7 3 M
103 44 33 52 19 2 F
104 45 29 53 24 2 F
105 47 35 40 5 1 F
106 47 22 44 22 1 B
107 43 54 55 - 2 M
108 48 38 40 2 1 E
109 48 33 377 4 2 M
110 48 45 51 6 1 M
111 48 28 36 8 1 M
112 48 -40 48 8 2 M
113 48 35 44 9 L M




TABLE 9.
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STUDENT NUMBER, I.Q. PRE-TEST SCORE, POST-TEST SCORE,
DIFFERENCE SCORE, FINAL GRADE~9 SCIENCE, AND SEX FOR 82
STUDENTS OF THE. AUSTIN TRADITIONAL GROUP. '

Student I.Q.

Pre-test DPost-test Difference

Final Grade

Sex

Number Score Score Secore 9 Science
1 64 42 56 14 . 3 F
2 64 53 64 11 3 M
3 64 52 55 3 2 B
4 64 42 61 19 2 M
5 64 33 58 - 25" 1 M
6 64 39 62 23 3 F
7 64 47 6l 14 2 7
8 64 4% 54 11 2 M
9 64 48 68 20 3 P
10 64 " 35 60 25 2 P
11 64 42 49 7 2 F
12 66 40 51 - 11 2 M
13 .- 66 4% 55 12 1 F
14 66 33 41 8 1 M
15 69 50 62 12, 3 r
16 69 52 70 18 2 B
17 69 49 56 7 2 F
18 72 46 85 39 3 ¥
19 T4 47 62 15 3 F
20 T4 41 58 L7 2 M
21 75 47 71 - 24 4 F
22 76 58 70 12 4 F
23 78 56 77 21 4 M
24 51 45 55 10 2 M
25 53% 52 62 10 3 M
26 53 35 50 15 1 M
27 54 31 49 18 2 Mo
28 54 33 48 15 2 M
29 54 39 55 16 1 SR
30 54 35 36 1 2 B
31 55 33 51 18 1 F
32 55 39. 49 10 2 M
33 55 54 66 12 2 M
34 55 42 51 9 1 M
35 56 38 T4 . 36 2 F
36 56 36 46 10 2 B
37 56 42 55 13 2 M
38 56 37 60 23 2 F
39 56 - 34 44 10 2 F
40 57 35 64 11 2 - M




TABLE 9.

(Continued)

Student I.Q.

Pre-~test Post-test Difference

Pinal Grade

Sex

Number Score Score Score 9 Science
41 57 51 63 12 3 M
42 57 46 55 97 1 M
4% 57 42 58 16 1 M
44 57 41 .52 11 2 F
45 57 42 62 20 1 M
46 57 47 54 7 2 M
49 57 4% 54 11 2 M
48 57 52 67 15 2 F
49 57 47 62 15 2 B
50 58 40 49 9 2 M
51 58 56 66 10 3 F
52 59 58 69 51 % M
53 59 45 58 13 3 M
54 - 59 56 . 65 9 2 iy
55 59 27 44 17 2 M
56 59 40 58 18 2 M
57 61 42 63 21 3 M
58 62 49 63 14 % B
59 62 37 58 21 3 F
60 62 43 55 12 2 M
AL 62 5e 6% - 11 2 M
62 62 64 83 19 4 M
63 62 39 48 9 1 M
64 64 41 56 i5 2 M
65 64 43 56 13 2 M
66 64 44 57 13 3 M
67 64 41 61 20 3 , F
68 31 32 42 10 1 7 M
69 44 33 40 7 1 . M
70 44 30 35 5 -1 M
TL 47 36 38 2 2 F
72 47 35 47 12 2 M
73 47 46 70 24 / 2 M
T4 48 67 73 6 1 M
75 48 32 44 12 2 F
76 48 28 38 10 1 F
77 48 30 36 6 2 M
78 48 31 236 5 1 M
79 48 39 58 19 . 2 M
80 48 38 43 1 M

5
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TABLE 9. (Continued)

Student I.Q. Pre~test Post—fest Difference Final Grade Sex

Number Bcore Score Score 9 Science
81 48 29 31 2 1 M
82 48 42 52 10 2 M




100

TABLE 10. STUDENT NUMBER, I.Q., PRE-TEST SCORE, POST-TEST SCORE,
DIFFERENCE SCORE, FINAL GRADE~9 SCIENCE, AND SEX FOR 113
STUDENTS OF THE ROCHESTER TRADITIONAL GROUP.

Student  I.Q. Pre-test Post-test Difference Final Grade Sex

Number Score Score Score 9 Science
1 62 - %9 57 18- 2 M
2 62 46 70 24 ; 2 i
3 62 41 6% 22 3 F
4 64 31 34 3 2 M
5 64 46 - 54 -, 8 2 F
6 64 T 48 57 : 9 3 F
7 64 51 61 10 4 M
.8 64 51 65 14 2 M
9 64 57 72 15 3 M
10 64 40 61 21 3 P
11 64 ' 48 73 25 3 M
12 64 35 62 2 3 M
13 64 21 57 36 2 F
14 66 50 61 11 2 F
15 66 51 64 13 2 M
16 66 50 65 15 4 M
17 67 42 64 .22 3 P
2 67 41 52 11 2 F
19 67 45 65 20 4 M
20 67 51 Tl . 20 4 F
21 " 67 47 - 67 20 3 M
22 69 45 62 17 3 M .
23 69 46 5 29 4 M
24 75 52 62 10 4 M
25 75 49 65 16 4. P
26 75 - 51 71 20 | -3 F
27 64 52 63 11 2 i
28 48 35 40 5 2 - M
29 48 24 : 27 ' 3. 1 M
30 48 28 . 31 -3 1 F
31 48 51 54 ' 3 2 M
32 48 35 43 . 8 2 M
33 48 43 52 9 2 P
34 48 40 50 . 10 2 i
35 48 - 48 58 - 10 2 M
36 49 29 35 6 1 M
37 49 43 59 16 2 . - F
38 51 . 37 46 9 2 M
39 53 50 61 11 2 . M
40 53 46 62 16 3 M




TABLE 10.
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(Continued)

Student I.Q.

Pre-test Post-test Difference

Final Grade

Sex

Number Score Score Score 9 Science
41 53 48 - 68 20 1 F
42 54 34 38. 4 1 M
43 54 23 36 13 1 M
44 54 41 55 14 2 M
45 55 41 60 . 19 2 F
46 55 23 28 5 1 r
47 55 44 5% 9 3 M
48 55 49 60 . 11 2 iy
49 55 37 55 18 1 F
50 56 32 35 3 1 ¥
51 56 28 32 4 1 P
52 56 44 50 6 2 F
53 .56 24 33 9 1 F
54 56 42 52 10 2 F
55 56 37 48 11 2 F
56 - 56 48 59 11 2 r
57 56 38 50 12 1 F
58 56 31 48 17 1 M
59 56 47 72 25 2 M
60 57 44 50 6 1 F
61 57 44 49 5 2 ¥
62 57 47 55 8 2 F
63 57 40 50 " 10 2 F
64 57 42 54 12 1 M
65 57 44 57 13 2 F
66 - 58 " 53 60 7 1 M
67 58 4T 55 8 2 r
68 58 27 37 10 1 1y
69 58 52 65 13 3 F
70 58 31 - 52 21 1 M
T 58 43 52 9 2 F
72 59 45 54 9 2 F
13 59 54 61 7 2 M
T4 59, 54 72 18 2 M
75 59 46 59 13 2 M
76 59 4% 59 16 2 F
7' 62 43 51 8 1 P
78 62 37 48 11 1 M
79 62 49 65 16 2 M
80 62 39 42 3 2 F




TABLE 10.
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(Continued)

Student I.Q.

Pre-tegt Post-test Difference Final Grade

Sex

Number Score Score Score 9 Science
31 21 28 - 38 10 1 M
82 21 27 39 12 1 M
83 28 39 44 5 1 ¥
84 28 39 45 6 2 F
85 28 28 - 33 5 1 M
86 28 29 48 19 1 M
87 32 37 39 2 2 M
88 33 32 36 4 1 F
89 34 54 39 5 1 F
90 34 34 41 7 1 M
91 36 34 %5 1 1 F
92 36 29 31 2 1 M
93 36 36 39 % 1 M
94 36 30 34 4 1 F
95 36 34 41 7 1 B
96 36 31 40 9 .2 F
97 36 30 40 10 2 M
98 - 36 35 %6 1 1 M
99 37 33 41 8 1 M
100 - 37 38 43 5 1 M
101 39 36 42 6 2 F
102 - 41 48 57 9 2 M
103 4% 36 37 1 1 M
104 - 43 . 16 26 10 1 M
105 4% 26 47 21 1 M
106 44 29 35 6 1 F
-107 44 32 35 3 2 F
108 44 350 31 1 1 M
109 44 28 35 7 2 F
110 44 30 39 9 1 M
111 47 %6 40 4 2 r
112 47 42 51 9 1 F
113 47 - 26 51 25 1 F
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