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FOREWORD

The Biological Sciences Curriculum Study (BSCS)
wac organized in 1050 hy the American Ingtitute of
Biological Sciences to seck the improvement of biol-
ogy cducation and has been under the chairmanship
of Dr. Bentley Glass of Johns Hopkins University.
Major financial support for the BSCS has been pro-
vided by the National Science Foundation. After con-
siderable planning and four years of testing and re-
vising of its experimental materials, the Blue, Yellow
and Green Versions of BSCS Biology, several BSCS
Laboratory Blocks, and the BSCS Biology Teachers'
Handbook were made generally available in the fall
of 1963.

BSCS Biology represents the cooperative efforts of
cutstanding high school biology teachers and rescarch
biologists. More than 1,000 individuals were involved
in the preparation, testing and revision of the books,
pamphlets and films. These curriculum materials con-
stitute a significant departure from the way biology
has previously been taught in most high schools in
the United States, both in terms of content of the
course, approach to the subject and implementation
in the classroom. BSCS Biology is laboratory- and dis-
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cussion-oriented, with a de-emphasis on lecture and
rote learning.

A large number of highly qualified people have in-
vested considerable time and energy in the preparation
of 38CS High School Biology. We believe that the
BSCS materials can contribute to a substantially im-
proved teaching of biology in American high schools
The key to the successful use of these materials is the
biology teacher and his environment. With this in
mind, the present collection of reports has bee.r pre-
pared specifically for the school administrator who
wishes to learn more about the BSCS materials and
how t~ ¢ncourage and assist his teachers in the effect-
ive implementation of the BSCS program in  his
school.

This volume is the third in the BSCS Bulletin Serics.
The ttles of the preceding Bulletins are Biological
Education in American Secondary Schools 1890-1960
and Teaching High School Biology: A Guide to Work-
ing with Potential Biologists. For further information
about the Bulletins and other BSCS publications and
programs, inquirics may be sent to the undersigned.

Arnold B. Grobman
Director
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INTRODUCTION

Flra Palmer

Much has been written about the importance of
science education. The need for change and reorien-
tation of science teaching in the high schools has been
obvious for some time. For too long, science has
been taught in the schools as a body of classitied
knowledge rather than as an approach  to problem
solving and a mcans of Iearning how and why things
happen in the natural world. The ability of man to
control nature as well as himsclf is certainly one of
the great aspects of modern scienee teaching.

We can no longer afford the slipshod approack to
teaching of scienee in the high schools, for the basic
fabric of modern society is woven from scientific dis-
covery. Scientific progress has become a pivotal point
in world politics. ‘The younyg people in our schools
today must learn that scienee is a dynamic enterprise
and they must be challenged by the great conceptual
schemes of science. Their productive adult years will
extend beyond the year 2000; whether or not they be-
come scientists, they will nonetheless need a knowl-
cdge of biological concepts to understand and appre-
ciate the world in which they will live.

Biology occupics a strategic place in the secondary
school curriculum. More than 90 per cent of Ameri-
ca’s high schools offer a course in biology and & out
of cvery 10 high school students take biology: this
represents a higher proportion of students than is en-
rolled in any other senior high school science course,
For a majority of students the high school biology
course 1s the last formal science course taken.

The emphasis in teaching modern high school sci-
ence—an cmphasis which is included in all the new

- ]

high school curriculuni studies such as the Physical
Sciences Study Committee (PSSC), the Chemistry
Education Materials Study (CHEM Study) and the
Chemical Bond Approach (CBA) as well as in the
BSCS—represents a completely new apprcach to
teaching. It represents a complete reorganization of
the subject matter rather than simply a revision of
existing courses by a cut-and-paste method, with the
addition of new discoveries and new theories as an
appendage to a traditional structure in the discipline.
The course materials prepared by the Biological Sci-
cnees Curriculum: Study (BSCS) represent a com-
pletely new approach to high school teaching of bi-
ology. The emphasis is taken off memorization, ex-
ceasive terminology and routine laboratory excrcises
and is placed on the nature of science. on the men
who have worked as scientists and on scientific in-
quiry. ‘These, the BSCS feels. are best learned in the
laboratory and through interaction in meaningful dis-
cussion periods. Because the entire approach of BSCS
Biology is new and many of the emphasces in terms of
subject matter are also new. it is important for the
school’s administrator to be informed about the hroad
structure of the innovations in biology teaching. cven
though he will naturally deicgate the details of im-
proving his scienee program to the directer of in-
struction or the curriculum supervisor.

This, then, is the major purpose of this Bulletin.
This volume outlines the changes taking place in the
teaching of high school biology and indicates to the
school administrator some ways in which he can en-
courage the development of a better biology program.
BSCS Biology course materials appear to be an ex-
cellent vehicle for the upgrading oi high school bi-
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ology courses, but the most effective use of these new
classroom materials depends to a large extent on the
support the school administration gives the biology
faculty and students. The succeeding chapters of this
Bulletin describe the rationale behind the BSCS ma-
terials and suggest ideas and information of a concise
nature for the school administrator concerned about
and interested in the improvement of his biology pro-
gram.

From the point of view of a science supervisor who

. has been involved in the BSCS program through the

writing and testing stages, I am convinced that the
school administrater and supervisor are key people in
curriculum improvement in biology and such improve-
ment will be difficult without their informed leader-
ship, enthusiasm and interest.
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THE BSCS APPROACH TO
HIGH SCHOOL BIOLOGY
Paul DcH. Hurd and Elra Palmer

At no other time in American history has a cur-
riculum reform in biology been more urgently needed
and more vigorously sought than at present. The na-
ture of biology as a science has undergone momen-
tous changes within the span of a few years, Journal-
ists refer to the situation as revolutionary, and to the
growth of new knowledge as explosive. ‘Those of us
who studied biology beiore mid-century will find
much of today’s biology unfamiliar. Discussions on
genctics arc more likely to be in terms of complex
molccules than on the mating of fruit flics. Organic
evolution is thought about in biochcmical terms, and
the evolution of metabolic processes attracts more in-
terest than the sequence of fossils in the carth’s strita.
Discussions about photosynthesis are as much con-
cerned with events in the dark as in the light. Bio-
chemistry and biophysics have provided new rescarch
tools for the study of living organisms. Molecular bi-
ology cxcites the imagination of those who  seck to
explain lifc. ADT, ATP, ADP and DNA arc new
symbols and concepts for the biologists. The teacher
of biology who fuails to portray these achievements,
who neglects the conditions of their attainment and
who overlooks the challenges these new coneepts pre-
sent, is not introducing the student to the world in
which he lives.

The Organization of the BSCS

The BSCS has worked to reflect the modern trends
and emphases in biology in high school curricula. It
carries out its work primarily through committees,
composed of research biologists, high school biology
tcachers and others interested in high school biology
education. Policy is implemented by a small head-
quarters staff located on the campus of the University

of Colorado. A 27-member Steering Coramittee, ap-
pointed for 3-year staggered terms, scts general poli-
¢y, and other committees are responsible for policy
concerning such special programs as, for example,
teacher preparation, test preparation, the special stu-
dent, cte. An Fxccutive Committee selected from the
Steering Committee’s membership scts policy between
Steering Committee mectings. Most BSCS matceriais
arc produced by writing tcams, under the direction of
a Supervisor; the Supervisor may be cither a high
school teacher, a rescarch biologist or a person con-
cerned with biology cducation. All writing teams in-
clude college rescarch biologists as well as high school
biology tecachers. All classroom materials go throngh
an experimental edition prior to general release; that
is, once or more experimental editions are tested in a
varicty of schools before a commercial edition is pre-
parcd. Materials of more general interest are issued
through commercial publishers; those for a more re-
stricted audicnce are issucd through the BSCS. Re-
gardless of which form of publishing is used, the ma-
terials remain BSCS materials in the fullest sense,
since decisions coneerning content are always made
by the BSCS.

BSCS Biology, Blue, Green and Yellow Versions'

To date the major cflort of the BSCS has been
spent on the development of BSC™ 'ligh School Bi-
ology. Blue, Green and Ycellow Versions. Each ver-
sion is a full one-year course intended for use at the
tenth-grade level with average and above-average stu-

TAppendix  Foincludes  further  details concerning  the
BSOS materials and programs in the form of questions
answered by the BSOS Parector.,




dents; however, they have also been found suitable for
use at the ninth-grade level with above-average stu-
dents. The versions are parallel courses, of a compar-
able level of difficulty, but with differing emphascs.

PREPARATION OF BSCS BiorLocy. What should be
taught in a high school biology course, and to what
ends? The growth of the science of biology and its
rapid progress in the past few years suggest that today
an cducation in biology should be different in nature
from that which was taught even a decade ago. This
mcans that it must not only be different in biological
content, but different in educational purposes and in
the methods of teaching and Icarning as well. A com-
pletely new and modern course is needed; it is too
late to profit from a mere curriculum revision.

The manner in whith the BSCS Biology materials
were developed, the extent to which they were tested,
modificd and retested with students and teachers is
unique in American  educational  history.  Writing
teams were organized in 1960, cach made up of cqual
numbers of college and university biologists and high
school  biology teachers. Though cach writing
team utilized a different approach to the high school
biology course, all remained within the design of the
BSCS purposes and themes which scrve as unifying
threads. The experimental materials were tested by
[18 teachers with 14,000 students in 15 geographic
clusters or Centers distributed throughout the country
in 1960-61. Classes were taught in rural, subur-
ban and urban centers, inctuding schools in the inner
core of large cities. Weekly meetings of teachers were
held to discuss the week's class work and to prepare
a group reaction report to the BSCS. Teachers pro-
vided wecekly written reports on text and laboratory
work. Students were tested on specially constructed
tests to reflect emphases of the BSCS materials
Professional socicties and individuals were invited to
review the materials,

All of this feedback was used as a basis for the
1961 Sccond Summer Writing Conference, which pro-
duced the revised editions of the BSCS texts and lab-
oratory manuals. Tlese revised materials were again
tested by 500 teachers and their 50,000 students in
35 states and the District of Columbia. Again the
various kinds of fcedback reports were systematically
collected and used as the basis for a further revision

of the materials during the summer and fall of 196..

And revision based on this experience was incorpor-
ated into the 1963 ceditions currently  available
through regular commercial channels.®

CONTENT AND ApprROACH OF BSCS B1oLocy. The
BSCS texts and laboratory manuals provide curricu-
lum materials that are not iust reorganized from
conventional books but are new in concept and pur-
pose. The content 1s up-to-date and reflects the status
of contemporary biology and the best thinking in
terms of philosophy and objectives. For too long, bi-
ology—the science of life—has been pickled, pressed
or cmbalmed.

Onc of the questions most frequently asked con-
cerning the BSCS is: “How docs the BSCS High
School  Biology differ  from  conventional  biology
courses™ Briefly, BSCS differs in several ways: First,
it is the product of the cooperative cefforts of tearns
composed of rescarch biologists, high school biology
teachers und other educational experts. Second, it is
constructed on a basis of up-to-date ideas and con-
cepts in the field of biology. It is not simply a revision
of old concepts and ways of thinking. Fhird, it places
considerably more emphasis on laboratory work than
do traditional courses. Morcover, greater stress s
Placed on exercises of an investigative nature that in-
troduce the student to science as a process of inquiry,
rather than on the traditional idlustrative type of
laboratory excreises. The approach to inquiry may be
characterized by the liberal use of such expressions
of uncertainty as, “we do not know,” “we have besn
unable to discover how this happens,” “the evidence
about this is contradictory.” Frequently, the BSCS
materials replace the customary authoritarian state-
ments of conclusions with accounts of the develop-
ment of our knowledge. That is, current vicws on a
subject such as genctics are developed step by stej
through a description of the experiments performed,
the data obtained and the interpretations made of
them. The laboratory work is organized to convey a
<ense of science as inquiry. For example, the con-
ventional illustrative type of laboratory exercise is
frequently replaced by simple investigations. Some of
the investigations treat problems for which the text
dees not provide ihe answers, They introduce the stu-
dent to situations in which he may participate in the in-

2A detailed report of the 1960-62 evaluation is included
in BNCS Newsletter No. 19, September 1963. A report of
the 1962-64 evaluation is in preparation.
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quiry. A new type of teaching material, “Invitations
to Enquiry,” designed to show how knowledge arises
in biology and how it may be interpreted, arc used to
provide specific experience in the many phascs of in-
quiry. Each “Invitation to Enquiry” reveals some-
thing about the nature of science as well as adding to
the student’s understanding of biology.

With these purposes in.mind, ninc themes were
sclected to convey the content and structure of bi-
ology. These unifying themes are common to all ver-
sions and reflect the goals of an education in biology:

science as inquiry
intellectual history of biological concepts
change of living things through time—evolution
diversity of type and unity of pattern in living
things
genetic continuity or life
complementarity of orgamism and environment
biological roots of behavior
complementarity of structure and function
regulation and homeostasis—the preservation of
life in the face of change
The first two themes convey the logical structure of
the course; the others define the content. Each ver-
sion of BSCS Biology is built around the same basic
themes; the difference among the versions is one of
emphasis and the content of all three js up-to-date

and reflects the status of contemporary biology.

The organization of BSCS Biology around these in-
tegrating themes which extend throughout the course,
requires that the content be presented in a particular
sequence. In BSCS Biology, ideas and concepts are
developed through a series of lcarning cycles; stu-
dents utilize knowledge learned in the carlier parts
of the course to build toward a decper understanding
of the same concepts later. The diverse data needed
to develop concepts are presented at the point when
they are likely 10 be best understood and utiized by
students.

In BSCS Biology, there is greater cmphasis upon
molccular and cellular biology, the world biome, the
biological community and the study of populations,
in contrast to conventional biology courses where the
stress is at the organ and tissue level of biology. In
traditional courses at least half of the time is taken
with the applied aspects of biology, while minimizing
attention to basic ideas.

BSCS Chairman, Dr. Bentley Glass, describes the
BSCS objectives in this way:

5

There are two major aims in studying any natural
science. One aim, the lesser in importance, is to
become acquainted with the significant scientific
facts upon which rest the major concepts and theo-
ries of science. These are the ideas that have so
profoundly altered our views of man's place in
nature and"have so tremendously enlarged human
powers over the forces and resources of nature. In
biology, this objective also includes a first-hand
acquaintance with living organisms and the out-
standing features of their lives.

The other aim is indispensable to young scientists
and nonscientists alike—10 everyone who hopes to
participate intelligently in the life of a scientific age
which so constantly demands difficult decisions and
real wisdom. This second objective is to know what
science really is—to recognize its spirit and to ap-
preciate its methods. Scicnce is not magic, and a
scientific civilization surely will not endure if most
people of intelligence regard science as a sort of
magic. It is a way—or a composite of many ways
—of finding out reliable, confirmed knowledge
about all natural pheromena. It is compounded of
the observations of the human senses and the in-
ferences and deductiens that can be derived from
such experiences.?

Since the BSCS courses are new irn concept and
purpose, they must be taught in a manner and style
that may be quite different from those used in con-
ventional biology courses. The teacher of BSCS Bi-
ology finds his clues for classroom practice in the na-
ture of the structure of modern biology, in its modes
of inquiry, its theories and models, its concepts and
the relevant facts. 1t is expected that the course shall
be taught as & science and presented in a way char-
acteristic of an experimental science. In describing
this approach to biology, Joseph J. Schwab, Super-
visor of the BSCS Biology Teachers' Handbook,
comments:

The gross implication of this revisionary process
for science education is frighteningly obvious. It
means that the notion of coverage, of conveying
the current knowledge of a field, which was once
the essence of science teaching, is called into ques-
tion. It means that expertise, authoritative posses-
sion of a body of knowledge about a subject mat-
ter, is no longer cnough to Gualify men as the best
teachers of science. It means that ihe education
of the science teacher must be something more
than, perhaps something quite different from, the
inculcation of conclusions, and training in ways
and means to pass them on. It means that time-
hallowed instruments of instruction—the lecture
which aims to be simple, clear and unequivocal;
the textbook which aims to eliminate doubt, un-
certainty and difficulty; the test which aims pri-
marily to discover what the student knows and
how hc applies what he knows about a subject
these will be inadequate or even inappropriate for
much science teaching.4

*8SCS High School Biology, The Laboratory, 1960-61
cxperimental edition, Bluc Version, Green Version and
Yellow Versio.

tJoseph J. Schwab. “Some Reflections on Science Fduca-
tion,” BSCS Newsletter, No. 9, September 1961.




If the understanding of concepts and the develop-
ment of inquiry skills arc accepted as major goals for
the teaching of biology, the manner in which the
course shall be taught is then defined. The demand is
for a classroom situation that stimulates questions,
invites speculation and utilizes procedures of inquiry
as learning activitics. The teacher is a director of
learning rather than a commentator upon the facts of
biology. More is demanded of the student than just
the ability to dcfine terms and to relate structures to
functions. An understanding of biological concepts
must arise from the student’s own cfforts and from
his own intellectual activitics. This means, then, that
the center of activity in the classroom is the student,
and the teaching facilitics should be planned around
the lcarning procedures used by students.

Tur BSCS LABORATORY. In the conventional biology
course, most of the laboratory excrcises are of a de-
scriptive or illustrative nature. Specimens are exam-
ined grossly or microscepically and their structure is
noted. Models and charts arc frequently used cither
as substitutes for direct observations or to supplement
them. A reasonably accurate drawing of the observed
specimen, properly identified and labeled, is used as
cvidence that the work has been done and that the
student’s understanding of biology has been enhanced.

The value of observational and illustrative exer-
cises in biology is not denied. But since much of the
work is done with non-living organisms, its import-
ance for understanding the nature of life processes
is limited. The swdy of living things as they are found
in nature is always a possibility, but then very few
high school students have had this experience. In
BSCS Biology courses, one purpose is to provide an
authentic expericnice with living forms through care-
fully planned laboratory and field studies.

in BSCS Biology, the place, nature and importance
of laboratory expericnce in the lcarning of biology has
been re-defined. The entire cffort has been one of
developing laboratory activities that provide an op-
portunity for revealing a valid image of biological in-
vestigation. Scicntists usc the results of laboratory ex-
periments as a primary sourcc of knowledge and un-
derstanding. The BSCS writers felt that work in the
laboratory should:
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—-contribute to an understanding ot the many
ways to investigate biological problems
—provide experience in how data are gathered.
ordered and displayed
—-raise problems as well as answer questions
-—provide experience in independent learning
In the BSCS courses, data are gathered in the
laboratory according to a plan, then used in combina-
tion with existing concepts to cither clarify or extend
their meaning. The work of the scientist in the labora-
tory is that of testing idcas or secking understanding.
The methods of inquiry used are those that offer some
promisc of success, but failures are usually more com-
mon than successes. The BSCS has developed a plan
of laboratory work that provides many opportunitics
for students to cngage in scicntific inquiry. Wide
usc is made of laboratory experiments that provide
quantitative data which require interpretation and ex-
planation.

Such laboratory activities are in contrast to a lab-
oratory situation that consists of a routine for gather-
ing predetermined data that are to be fitted mechani-
cally into specitied blanks. The introduction to the
laboratory manual in the experimental editions con-
tained this statement:

The laboratory is where the work of science is
done. where its spirit lives within those who work
there. and where its methods are transmitted from
one generation to the next. One does not really
learn science from books: one learns science by
asking nature the right questions. And the labora-
tory is the place where one learns most readily
what questions can be asked fruitfully. and how
they must be put. It is where one learns why sci-
ence insists on  precise  measurements,  accurate
ohservations. and conciseness and clarity in com-
munication.”

To fully achieve purposcs of this kind would re-
quirc a new approach to high school biology labora-
tory work, a new kind of biology laboratory designed
for the B3CS course and also taking advantage of the
biological resources of the community.

Other BSCS Materials®

The BSCS has prepared other materials for high
school biology teachers and students. The Blue, Green
and Yellow Versions of BSCS Biology cach includes
a text and a laboratory manual which may be bound

SBSCS High School Biology, 1960-61 experimental edi-
tion. op. cil.

S8Appendix A lists complete titles of BSCS publications
and the respective publishers.
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separately or together, but which are complementary,
with the laboratory representing an integral portion of
the presentation. Each has a scries of tests specific
to t' - version and reflecting the types of learnings the
BSC5 is concerned with. There are also two end-of-
course tests, the BSCS Comprehensive Final and
Processes of Science Test, which reflect the broad-
er objectives common to the three versions.

Each version also includes a teacher’s guide to the
text and laboratory excrcises, to aid the tecacher in
implementing that particular version. The BSCS has
prepared a BSCS Biology Teachers’ Handbook which
has general information concerning the philosophy
of the BSCS, and ways of implementing this philoso-
phy in the classroom. It also includes background
information needed by the tcacher in statistics, chem-
istry and physics, and a bibliography of classroom
films and reference books for the teacher. (The stu-
dent volumes include student references.)

To enrich and supplement BSCS Biology, a serics
of Laboratory Blocks has been prepared. Each of
these is a six-week unit which may be used with any
of the versions of BSCS Biology. They may also be
uscd to enrich non-BSCS tenth-grade biology courses.
The blocks are intended to provide the student with a
laboratory experiecnce in some depth in a particular
area of biology, as, for cxample, plant growth or
genetics.” Innovations in Equipment and Techniques
for the Biology Teaching Laboratory is a useful ad-
junct to teaching the blocks.

A series of rescarch problems has been outlined in
the BSCS Research Problems in Biology series; each
of the research prospectuses in these volumes outlines
a probiem and some possible starting points for prof-
itable research. These research prospectuses ar¢ not
meant to be science fair projects. Each problem may
take a year or two to complete, and the problems are
intended for individual use by those students who arc
extremely interested in biology and are willing to de-
vote considerable out-of-school time to the develop-
ment of an individual problem.

In the BSCS Pamphlet Series, cight pamphlets ap-
pear during the school year. Each pamphlet treats one
area of biology—as for example, the origin of life or
populiation genetics—to bring up-to-date information
on a single subject. The pamphlets extend the BSCS

Biology course and may be used as a classroom re-
source for supplemental reading or for teacher back-
ground information.

A Single Topic Film Series is presently being de-
veloped for classroom use. This will include short
silent iilms of 4 to 8 minutes in duration and will
deal with concepts found in each of the versions of
BSCS Biology; the BSCS plans to make these avail-
able in 8 and 16 mm. The films arc designed to illus-
trate concepts which cannot be presented as effectively
in a book or through laboratory exercises.

The BSCS Biology versions are intended for the up-
per 65 to 75 per cent of tenth-grade students who
now take biology. Extensive testing has indicated that
the materials arc within the academic ability of stu-
dents at or above the 40th percentile on a general
ability test and 4 out of 10 students below the 40th
percentile are also able to handle the course materi-
als. For those students who are not academically able
to handle the regular materials, the BSCS is prepar-
ing BSCS Biology-Special Materials (for the slow
lcarncr). Experimental editions are currently being
tested and gencral release is tentatively planned for
September 1966 or 1967.

An increasing number of schools are developing a
sccond course in high school biology to follow the
tenth-grade coursc. The BSCS has prepared BSCS
Biology—Second Course, The Interaction of Experi-
ments and Ideas. A prerequisite is a first course in
high school biology, preferably one of the versions of
BSCS Biology. BSCS Biology—Second Course is not
intended as an advanced placement course; rather it
is a liberal arts course for those students of average
and abovec-average ability who are interested in bi-
ology and want further biology cxpcricnces in high
school. These cxperimental materials have been test-
ed over a threc-year period prior to preparation of
the commercial cdition, which will appear in late
Spring or Summer 1965.

For the tcacher, the BSCS has prepared a series of
Technigues Films which are intended for teacher
preparation purposes. These help the teacher in mas-

7A more detailed description of the purpose and suggested
use of the blocks ts included in BSCS Newsletter 23, in
press.
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tering laboratory techniques which may not be famil-
iar to him. The films are not intended primarily for
high school classroom use.

The BSCS is issuing a serics of monographs under
the title of BSCS Bulletin Series. These monographs
deal with subjects relevant to biology education. The
presert volume is No. 3 in the serics.

The Special Publication Series is concerned with
teacher preparation from the standpoint of the person
responsible for teacher preparation in collegiate in-
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stitutions or in school systems. The most recent issue
in this series is available upon request by persons con-
cerned with teacher preparation for BSCS Biology.

To keep interested persons informed of the ac-
tivitics of the BSCS and new publications that be-
come available, the BSCS has a periodic Newsletter
available upon request by interested persons. Also, an
Information Film, The Stcry of the BSCS, is available
for free loan to groups who wish to know more about
the BSCS. It is particularly uscful for showing to
parents and faculty in those school systems introduc-
ing BSCS for the first time.

Outdoor marine lab. Riverview High, Sarasota, Fla.
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FACILITIES FOR TEACHING BSCS BIOLOGY
Paul DeH. Hurd

The planning of biology facilities at the time of a
scicnce curriculum reform and when there are other
demands for fundamental changes in the organization
of the sccondary schools poses many problems. It is
unlikely that the traditional biology facilitics will be
entircly appropriate for modern courses. It is alwo
apparent that the most satisfactory facilities for r w
courses have yet to be fully tested. We can be certain,
however, that the most satisfactory facilities will be
those dusigned to support a particular curriculum with
its unique instructional materials and style of teich-
ing. The new biology courses produced by the BSCS
are suificiently different from most traditional courses
to suggest the need for reappraisal of the facilities and
resources for teaching high school biology.

The major purpose of this chapter is to illustrate
the influence these changes taking place in the teach-
ing of high school biology have for the design of
teaching facilitics. Some of the new developments in
secondary school organization—team teaching, pro-
grammed learning, flexible  scheduling—that have
implicaitons tor the design of classroom-laboratories
will be considered; but these are not the focus of the
study. The suggestions for design and arrangements
of facilities are not intended to be prescriptive; they
are suggestions which can have many variations.
Morcover, they are recommendations that will make
it possible for any biology course to be taught with
maximum cffectiveness.

Planning BSCS Biology Facilities

The BSCS research staff has found that the ade-
quacy of laboratory facilitics is a significant factor in

the achievement of students on BSCS tests.!  This
does not imply that there is an “ideal™ BSCS Biology
room, but it does suggest that a well-planned room
which is adequately equipped is needed to foster the
hinds of learnings demanded by BSCS Biology. With-
out the opportunity to carry out the supporting experi-
ments of the BSCS courses, there s little chance of
realizing the purposes of the course. While there is
no “best™ kind of facility for teaching biology, there
is good planning and good design that make it possi-
ble for the teacher to realize the goals of instruction.
A science room and its equipment are education tools
essential to effective instruction.

The first phase in planning a learning environment
for biology is to establish the goals of the course and
the kinds of teaching activities that are implied by
these goals. In BSCS Biology, a major goal is “the
understanding of science as inquiry.”™ Therefore, the
laboratory work should be so organized as to convey
a sense of “science as inquiry” by engaging the stu-
dent in a varicty of scientific investigations. There is
much more laboratory work in BSCS Biology than
in conventional courses because the major goals of
the course cannot be easily realized by other means
of instruction. The center of activity in the BSCS
classroom is the student rather than the teacher, and
consequently the teaching facilitics must be suppor-
tive of the learner.

[t is also necessary to consider the most appropri-
ate facilities for efficient learning. In the BSCS
courses, there is no sharp distinction between discus-

YBSCS Newsletter, No. 19, September 1963,
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sion and laboratory work. The major activities of the
student are those associated with inquiry and these
cannot be distinguished as cither a discussion or a
laboratory activity. In BSCS courses, there are many
ways by which data may be gathered: from cxtensive
reading, dircct obscrvation of an organism, a film or
photograph, an investigation, a tcacher, a textbook,
an cxperiment or demonstration, specimens, models
or charts, and the ficld. The organization and inter-
pretation of the data that have been collected is a con-
tinuing activity and cannot be designated as cither a
lass or a laboratory function. Since this continucus
pro.css involves utilization of such a wide variety of
instructional resources, the place where biology is
taught must be flexible and adaptable to accommo-
rdatc thc many learning activities taking place at one
time within the same room This suggests that a mul-
ti-purposc or combination classroom-laboratory room
is most suitable for teaching biology.

Since modern biology courses emphasize investiga-
tion, development of inquiry skills and independent
learning, the lecarning arcas for the student must be
carcfully planned to provide for these. Ample work
space is necded to set up experiments and leave them
for scveral days, and for students to work together.
Student furniture would, therefore, be chosen be-
causc of its suitability for supporting the kind of
teaching and learning that takes place in the course.
It cannot be repeated too often that a biology room
owes its special characteristics to the unique ways in
which the teaching and learning of biology should
occur.

In planning facilitics for the teaching of biology, a
rationale should be cstablished for the room design
and for all its furnishings in terms of their potential
contribution toward achicving the instructional
goals. A teaching space that cannot be described in
this manner is likely to be cither a hindrance to learn-
ing or educationally sterile. Because of the diversity
of equipment and matcrials needed to teach biology,
the development of good teaching facilities for biology
is somewhat morc complex than for chemistry or
physics. Therc are living plants and animals to be
maintained, with each genus requiring a different set
of survival conditions. Bacteria, colcus, ferns and
algae each requirc special growing conditions; but
starfish, amoeba, frogs and mice do not survive under
the same conditions. There is nced for refrigeration,
the constant heat of an incubator and temperatures
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cffective for sterilizing. Microscopes must be stored
scparately from chemicals. And the handling of speci-
mcns as mounts, skeletons, skins or preserved is dif-
ferent in cach case. Since the best tcaching of biology
is donc from living organisms, and since living or-
ganisms require time to grow and develop, this neces-
sarily increases the space requirements for the teach-
ing of biology. There are also special problems of
lighting and ventilation, and of humidity and temper-
aturc control. These are all problems that illustrate
the need for careful planning and special care in the
design of biology facilitics. They also show the im-
portance of having several experienced biology tecach-
crs who can assist the architect in the development of
the cducational specifications.

The majority of high schools constructed todiy
are expecied to scrve the district for 40 or 50 years—
at lcast to the year 2000. The rate at which the sci-
cnce of biology is advancing and teaching procedures
arc improving, make it obvious that the biology cur-
riculum will be reorganized scveral times between
now and the time a school may be abandoned. To
prevent the physical facilities from gradually imped-
ing the best possible tcaching of biology, a scicnce
room should be designed so that it is adaptable to
curriculum changes. Onc way that a science suite can
be kept flexible is to plan the usc of available space
in terms of instructional space, rather than in terms of
fixed units.

Flexibility in design to meet curriculum changes
can be helped by the use of:

nonload-bearing walls whenever possible

a minimum of dividing walls between such work
arcas as preparation, storage, project rooms, ctc.
non-spccialized storage units beyond the nced for
safcty (chemical storage)

protection of delicate equipment (microscopes and
models)

display cabincts and bulk preserved specimens
movcable and modular furniture

multipurpose furniture

service and waste lines located so that they may
be tapped at many places '

A science wing or building in a high school is more
adaptable in the long run than widely scparated sci-
cnce rooms for cach subject—biology, chemistry,
physics and general science. At the time of original
construction, plans should be projected for a possible
future expansion of the science wing.




The Laboratory-Classroom for Biology

The room for teaching BSCS Biology does not re-
quire a special arrangement or design beyond that de-
manded for the teaching of any modern biology
course in which the subject is appropriately taught as
a “living” science, and the instruction is of an investi-
gatory nature. It is not the purpose here to prescribe
a specific design but to illustrate and suggest facilities
for the teaching of biology that are supportive of good
teaching and learning practices. The facilities pictured
in this chapter are all from schools in which BSCS
Biology was taught during the years of its develop-
ment. The biology rooms of most of the BSCS ex-
perimental schools were visited by BSCS staff mem-
bers, all of whom were experienced biology teachers;
during visits, notes werc made concerning the suita-
bility of the biology facilities in each school. Com-
ments were obtained from teachers rcgarding the ad-
vantages and disadvantages of their room arrange-
ments, storage units, auxiliary rooms, furniture, serv-
ices, cquipment and other items; their suggestions arc
given in the following pages.

The concensus among the BSCS tcachers was that
the most cffective student iearning was accomplished
when the class size did not excced 30 students, and
they indicated that 28 students was preferable. A
study by the BSCS research staff showed that class-
sizec was related (significant at the 1 per cent level)
to the lcarning of students as judged by erd-term
comprchensive tests of achievement on biological ma-
terials and the mastery of desired skills.? Thus, the
suggestions for the planning of biology facilitics

21bid.

Fig. 1. Perimeter arrangement of lab tables with
tablet chairs for discussions. Whitingham High,
Jacksonville, Vt.
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throughout this bulletin are based upon a class sizc
of approximately 28 students.

Sizt OF THE BioLOGY RooM. The size of a biology
laboratory-classroom is influenced by: class size;
shape and arrangement of room; instructional meth-
ods to be used; space available in auxiliary rooms;
number of classes using the room per day, and the
cxtent to which the room is used for the teaching of
other sciences. If scicnces other than biology are
taught in the same room, there is need for additional
storage space. Classes taught by procedures that re-
quire students to usc the inquiry and discovery tech-
niques suggested by the BSCS requirc more space per
student than the less effective lecture-demonstration
method.

The room which has to accommodate six or seven
sections of biology or some first- and some second-
course biology sections should be larger than one in
which fewer classes are held. The logistics of space
requirements for growing plants, living cultures and
continuing experiments serve to illustrate the prob-
lem. If there are to be separate storerooms, outdoor
laboratories, a greenhouse, a preparation room and
a project room associated with the laboratory-class-
room, then the size of the classroom may be reduced.

If the biology room must have separate sections
for discussions and laboratory work with two separate
sets of furnishings, more space will naturally be re-
quired than if these instructional units are combined.
(Figures © and 2.) In BSCS Biology, the students
use a wid: variety of learning resources, and carry
on more actively in the learning process than is typi-
cal of classes taught by -conventional teacher-cen-
tered techniques. Therefore, a BSCS class requires
more aisle space, more student work surface, and

Fig. 2. Movable two-place lab-classroom tables.
Note A-C receptacles in floor. Abraham Lincoln
High, Denver, Colo.




more shelves for reference books than are usually
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Some possible arrangements of biology classrooms
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Fig. 7a.7b. Classroom-lab with lab tables at rear of
room; note shiding chalkboard in lab arca. Note the
use of window counter, number of storage cabinets
and darkening blinds. Northport High, N. Y.
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Fig. 8a.8h. Biolagy tab is separate from classroom.
Storeroom connects classroois with lab. Manatee
High, Bradenton, Fla.
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Fig. 9. Lab scction of classroom-lab. Menlo-Ather-
ton High, Calif.

Fig. 10. Six-place tables in combination lab-class-
room. Mercy High, Baltimore, Md.

Fig. 11. Movable tables casily arranged for group
work Huntington High, N. Y.
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LABORATORY-CLASSROOM TRAFFIC FLoW. The term
“science in action” describes BSCS Biology teaching.
Students arc expected to carry out their own experi-
ments and, in part, to direct their own learning. The
amount of cquipment and the variety of materials
used in these experiments can create a student traffic
problem unless the laboratory-classroom is carefully
planned. Ample aisles will help to solve the problem,
but the proper planning of storage facilities for cquip-
ment and supplies is more important.

If as many supplies as possible are stored at the
point of usage, traffic is minimized. In-room storage
of frequently used materials is much more convenicnt
than dispensing materials from a storeroom. Locating
storage cabinets and drav:er space around the per-
imeter of the room wili reduce traffic by providing

the necessary supplies near to the point of usage. (Di-
agrams la, b, c.)

Diag. la.1b,Ic. Traffic patterns—

Where materials are distributed from storeroom
and little in-room storage.

Where materials are distributed from demonstration
table.

Where storage is concentrated near student stations.
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A dispensing table near the center of the room, or
movable laboratory carts which can be stocked with
the special materials needed for the day will also
serve to lessen the necessity for students to move
about the room. (Figures 12, 13, 14, 15.)

Fig. 120 bab stations with storage in tables and
close by minimize student tratlic. Note microscope
storage  cases on tables. Oak  Park-River Forest
High, HL
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Fig. 13. Supply table properly located in classroom
minimizes student traffic during lab periods. North
High, Denver, Colo.

Fig. 14. In-room storage with supply center and
clean-up station at rear. East Brunswick High, N. J.

Fig. 15. Tote trays fit as drawers in student desks.
East High, Denver, Colo.
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Room LIBRARY. An objective for teaching is to build
interest and habits so that students will be encouraged
to continue their learning beyond the context of the
course, since, for most students, their post-course
learning for the rest of their lives will be done pri-
marily through reading. The best stimulus for read-
ing is that it serves an immediate purpose, that is,
it helps to provide data or idcas on the problem under
study. The biology classroom is the most logical place
to learn the proper usc of biology books and maga-
zines. Also, to conduct classes using an investigatory
approach to learning requires that books and other
reference materials be available as they are needed.
This means that a science library is nceded in the
laboratory-classroom.

Materials for the science library might include the
supplemental references at the end of cach chapter in

Fig. 16. Science library and reading room serving
all sciences. Yuba City Union High, Calif.

BSCS Bioclogy. The Scientific American reprints are
incxpensive and provide a wide range of reliable up-
to-date readings for students and teachers alike; and
the BSCS has developed a scries of pamphlets, cach
on a specific arca of the life sciences, to extend the
range of specialized biology readings available to
students.

~ A classroom rcading and reference center accom-
modating four to six students is one way of providing
the classroom library. Whatever the arrangement,
there is need for bookshelves, a magazine rack, a
table with chairs and a sct of file drawers for reprints
and pamphlets. Where adjoining biology rooms are
planned, it may be more uscful to have a small library
room accessible from cach classroom. (Figures 16,
17, 18.)

-

Fig. 17. Classroom reference library is important
for an investigatory approach. Loveland High, Colo.
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Stupy CARRELS. With the emphasis upon independ-
ent study and investigation in the school science pro-
gram, classrooms are being planned and furniture is
being designed to provide a degree of privacy for the

For the learning of biology, carrels have been
designed as self-instructional centers. Films and slides
can be viewed without disturbing other students;
reference materials and programmed textbooks are

student. shelved in the carrel along with charts, models and
living specimens. Almost everything needed for
the learning in a particular instructional unit is at the
student’s finger-tips. (Figures 19, 20.)
i
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Fig. 18. Arrangement of facilities for team teaching.
Fremont High, Sunnyvale, Calif.

Fig. 19. Carrels provide a place where equipment
and materials for individual research projects may
be left undisturbed. These were student built. Chevy
Chase Senior High, Md.

Fig. 20. Carrel designed as an independent study
center. Book and supply shelves can be rotated to
serve six students in the unit. Note slide projector
and screen arrangement. Littleton High, Colo.
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There are many variations of the study carrel or
cubicle. Typically, this is a study area approximately
thrce fcet wide and two feet deep with bookshelves
available at the back or sides of the carrcl. The blind-
ers that scparate carrels are slightly higher than the
cye level of the student, thus providing essential
visual privacy. Carrels are frequently cquipped with
a desk lamp and electrical outlets. Carrels located in
project rooms or project arcas arc often equipped as
minaturc laboratories with gas and clectrical outlets,
shelves for chemicals, limited storage for small equip-
ment and a lockable drawer or two. Primarily, carrels
provide a placc where the sct-up for cxperiments
may be left partially protected for a period of time.
There is also the psychological advantage of provid-
ing the student engaged in independent research
with a place of his own.

TeaM TEACHING AREAS. An exploratory venture cur-
rent in educational circles is that of tcam teaching.
Much has been written about the educational poten-
tialities of tcam teaching, but at this time therc is little
data to demonstrate its actual value for the teaching
of biology. However, the reasoning is that the wide
differences in the preparation of biology tcachers and
the special intercsts of each teacher could be used to
advantage in teaching a high school biology course in
this way. Teachers trained primarily in ecology would
do the ficld work for several classes, and the tcacher
with a strong background in biochemistry might di-
rect the laboratory work on photosynthesis for all the
biology teachcrs. However, insofar as BSCS Biology
is concerncd, if team teaching is used, it should be
kept in mind that lecture-demonstrations are not con-
sidered the most effective method of presentation and
that students should have a maximum opportunity
for laboratory and field work in biology and the
chance to pursue individual interests.

The team-tcaching concept provides for class sizes
of 50-100 for sceing and iistening activities, and
for groups of 5 to 10 students for carrying out re-
search on special topics. In theory, there is more
time for attention to the individual student, more
time for teachers to prepare instructional material
and better opportunitics to capitalize on the talents of
the master teacher. In a team-teaching program, there
is a great deal of moving about on the part of the
students, as a result of the forming and dispersing of

B T g TR N S AT S TR SR N g e AT S T T T T T T A T e R T T R T T e T T AR T e e T R mmemes e

20

large and small groups. When large groups are in
session, scveral teachers are likely to be free, and
thus to requirc a place to meet so that they may
prepare and organize instructional materials for the
classes that follow.®

¢

Whatever the plan or arrangement for team-teach-
ing, there is need for a different kind of science facili-
ty than that found in traditional high schools. There is
nced for a room Jarge enough to accommodate 80
to 125 students and equipped so as to permit use of a
wide range of audin-visual aids. This means space
for a large projection screen, open- and closed-circuit
television, equipment to project demonstrations, dis-
play centers, a large well-equipped demonstration
table speciclly lighted to increcase the visibility of
demonstrations, casy access to storeroom, ticred scats
for students if the room is extra large, stations for
the assisting tecacher and aides and a chalk board that
is visible to the entire class. All commonly used audio-
visual and science cquipment should be housed in
or near this large instructional room.

Study centers for students should include a variety
of areas such as laboratory space, conference room,
library area, carrels, project room, display centers
and an instructional arca for small groups of 10 to
20 students. The teachers’ preparation room, the re-
source center, the outdoor science court, the store-
room, and the live plant and animal centers should
be planned with access to both the large and small
group instructional arcas. In general, the conventional
block arrangement of rooms as a series on onc or
both sides of a hallway is not casily adaptable to team
teaching, since the space arrangements arc too in-
flexible. The style of tcam tcaching planned for the
school will determine the feasibility of low partitions,
moveable storage walls, curtain separators, non-load-
bearing walls, or combinations of thesc for scparating
the instructional areas.

Back-to-back scheduling of two biology classes—
so that the classes may meet as one when desirable—
might requirc a different organization of facilitics. If
science classes other than biology arc also using team
teaching, the design would again be different.

3A further discussion of team teaching appears in Chapter
4 pages 55-56.




Somc cxamples of team-teaching facilitics are
shown in Figures 18, 21, 7.2.

LocATION OF BioLoGY FACILITIES. A biology room
is best located on a ground-level floor from which
therc is access to the out-of-doors. The outdoor
laboratory, greenhouse, animal room, pond and other
accessory institutional spaces should be casily avail-
able to the laboratory classrooms. The biology com-
plex should be thought of as a natural science center,
with cach unit providing an appropriate learning
resource for the study of biology.

The orientation of a biology room can only be
generalized. There must be ample light for the growth
of plants and the proper maintenance of aquaria, but
direct sunlight is not to the advantage of cither.
Artificial light of the proper quality and intensity
is in most instances better than can be obtained by
natural means. The greenhouse may be located to take
advantage of natural light, unless excessive heat or
extreme cold temperatures are a factor. With the
change of scasons, the conditions of light and temper-
aturce will always vary in a growing arca and become
more or less ideal for specific varicties of plants and
animals. Both cactus and ferns are not likely to be
successful under the same growing conditions, nor
will frogs or lizards. Even diffcrent areas of a labora-
tory-classroom have different micro-climates and are
more suitable for the maintenance of one varicty of
organisms than another. Advances in lighting, temp-
erature and humidity controls and in air-conditioning
minimize the problem of orientation for biology
rooms.

21

Fig. 21. Large room for team teaching with tiered
seating for 150 students. Fremont High, Sunnyvale,
Calif. )

Fig. 22. Lectures, demonstrations, tests and films
are presented to five biology classes at one time.
Homestead High, Cupertino, Calif.

CLASSROOM-LABORATORY EQUIPMENT FOR BIOLOGY.
The major equipment required for the teaching of
BSCS Biology is not much different from that found
in any well-designed and adequately equipped biology
room which reflects an investigative approach to the
subject. Careful planning in the arrangement and lo-
cation of equipment and furniture can result in a
laboratory that will accommodate a greater varicty
of learning activitics and at thc same time be more
cfficient. The pictures of biology rooms found
throughout this bulletin represent furniture and equip-
ment arrangements that have proved to be functional
in at least one school where BSCS Biology is taught.
Howecver, administrators, architects and teachers
should view these pictures as a source of ideas and
not as blucprints. (Figures 23, 24, 25.)

STUDENT LABORATORY STATIONS. The most eco-
nomical arrangement of student stations is a combina-
tion desk scrving both class and laboratory functions.
This equipment is widely available through commer-
cial companies in a varicty of sizes and styles, in
moveable and fixed units, with or without services,
and with or without storage units. Tables are avail-
able for 2, 4 or 6 students, and other combinations
are possible. (Figures 3, 10, 11, 14.)
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Fig. 23, Well-organized service counter in the bi-
ology preparation room. Note hood and oven ar-
rungement. Oak Park-River Forest High, HI.

Fig. 24, Service counter in the biology lab class-
room. Homestead High, Cupertino, Calif.

Fig. 25, Service counter in the classroom-lab. Note
built-in hot plate and bulletin board arrangement.
Riverview Higho Sarasora, Fla.

Some teachers prefer to have separate furniture for
class and laboratory work. This may be achicved in
several ways: island laboratory benches at the rear
of the room with a desk area in front (Figures I, 6,
7): or the laboratory work arca along the side walls
moa U7 arrangement enclosing a desk arca i the
center of the room (Figures 2, 3, 5.).

Crassroont SroraGr. The proper location of sup-
plics in a classroom is a major factor in classroom
traffic control and in obtaining maximum time for
tcaching within a class period. In planning storage
facilitics, it should be kept in mind that equipment
and supplics change from one phase of the course to
another, and also with cach laboratory block. In the
section under triflic control, the principle of storage
at the point of usage is outlined. Further, storage
units should be kept as flexible as possible by the
use of adjustable shelving and tote travs or other mov-
able containers.
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(A

Onc advantage of the perimeter arrangement of
laboratory furniture is the convenience of the storage
space in the wall cabincts. (Figures 7a, 10, 14.) Bi-
ology laboratory tables with special sections for such
community-uscd equipment as microscopes, glass-
ware. Bunsen burners, ring stands, scissors, etc. pro-
vide another means of storage. In BSCS Biology,
students frequently work in pairs or squads. This ’ :
makes it possible to distribute the storage of basic
cquipment among adjacent student stations.

>
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The display cases within the room can be regarded
as storage units if the specimens therein function in
the instructional program at some point. Strictly
muscum items are better housed away from the active
instructional centers of the room. (Figure 26.)

Fig. 26. Classroom storage case properly used as a
teaching display. Oak Park-River Forest High, 1l

Fig. 27. Movable plant cart equipped with incandes-
cent and fluorescent lights Menlo-Atherton High,
Calit,

Fig. 28, Wall terraria made from display cabinets.
Note fluorescent lighting. Granada Hills High, Calif.
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Fig. 29. Lab cart equipped for distribution of
microscopes. East High, Denver, Colo.

Fig. 30. Microscopes should be stored in dust-proof
cases. Huntington High, N. Y.

Fig. 31. Widce variety of storage units needed for a
modern biology course. East High, Denver, Colo.

A sclf-contained biology room which must house
all storage, large cquipment, living specimens, ctc.,
and which must also accommodate all class and lab-
oratory teaching functions shouid have floor and wall
space utilized to the maximum. However, caution
must be used to avoid filling the room with fixed or
non-movable furaishings. It is much more important
to have movable furniture where space is limited.
Fquipment can be shifted to mecet special require-
ments and new units may be brought in when changes
in the curriculum demand them. The BSCS emphasis
upon the use of living plants and animals may re-
quire different cquipment than is found in many
schools, (Figures 7, 27, 28.)

The all-purpose science room in which general
science, biology, physics and chemistry are taught
presents a special problem. While it is possible to
plan such a room for complete in-room storage, it
will require carcefully designed furniture. Better re-
sults will be obtained by planning for maximum in-
room storage with a storcroom in addition.

A laboratory cart is frequently used as a storage
unit, especially for sets of microscopes that must
be used in several classrooms. The microscopes are
housed permanently on a cart which can be wheeled
from one room to another. Movable carts may be
cquipped for a varicty of purposes such as portable
units for growing trays, animal cages and chemical
supplics. It can also be used as a tote-tray unit or
as a special supply unit for particular cxperiments
or laboratory blocks. (Figure 29.) Laboratory carts
provide a highly flexible storage unit, and, because of
their mobility, they can place needed materials at the
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center of a work area, thus minimizing student traffic
and reducing the time students need to get the ma-
terials of the day. Several supply carts well placed
around the room may be the most efficient arrange-
ment for distributing materials in large classcs.

Whatever the arrangement for storage, some of
the units must be lockable. The storage place for
microscopes should be dustproof, and chemicals must
be stored in a safe manner. Whether the storage
facilities will meet the nceds of the course or not
depends upon the proposed curriculum and the style
of teaching that is to be used. (Figures 30, 31.)

THE CENTRAL STOREROOM. The trend in larger
schools is toward a common storage area for the vari-
ous sciences. Central storerooms or storage halls are
used to house most of the school’s science supplies
and they arc arranged with an access from each sci-
cnce room. BSCS Biology requires the use of more
glassware and chemicals than do traditional courses.
Typically, these materials are available in the school
but they are not always casily accessible, particularly
if they are scattered about the school in individual
storcrooms. There are supplics and'cquipment used
in all science classes upon occasion and these should

be located in a central supply arca. (Figures 32a,
32b, 33.)

Fig. 32a. Common storage area for all sciences.
Eight science classrooms and labs open from this
central storage and preparation arca. Homestead
High, Cupertino, Calif.

Fig. 32b. Extension of a central storage arca for a
science department. Note series of lockable storage
cabinets. Homestead High, Cupertino, Calif.

Fig. 33. Central storage area for science depart-
ment. Mills High, Millbrae, Calif.
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Central storage arcas are used to keep such large-
sized equipment that is not in daily use as: refriger-
ators, stoves, dishwashers, incubators, ovens, aute-
claves. Equipment frequently used by the biology
classes is placed in a section of the storage arca that
is most convenient to the biology classrooms. (Figures
344, 34b, 34c, 34d, 34c, 34f, 34h.)

The preparation arca is frequently a part of the
central storcroom, but some teachers prefer to separ-
ate the storeroom and preparation room while keep-
ing them connected. Another possibility is to screen
off a section of the storeroom as a closed arca. In
this scction are kept such materials as poisonous
chemicals, radioactive isotopes and expensive cquip-
ment. Whatever the arrangement, it is imperative that
some storage units be lockable. (Figure 32b.)

L.‘U‘

To keep the central storeroom as fiexible as pos-
sible in order to meet changing needs, the divisions
of space should be managed through movable storage
walls rather than load-bearing walls. All doorways
and aisles should be wide enough to accommodate
standard-size laboratory carts. In planning the store-
room furniture arrangements, consideration should
be given to the problem of providing adequate super-
vision of students.

Fig. 34. Modern biology requires use of a variety of
instructional  equipment—micro-projectors, ovens,
sterilizers, refrigerators, incubators, aquaria, models
—Tequiring space for use and storage.

a. Preparation room showing onc side of office. Fast
High, Cheyenne, Wyo.

b. Refrigerator and photocopy apparatus. East High,
Denver, Colo.

¢. Microprojector. North High, Denver, Colo.
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d.  Incubator- -100-¢pg Wichita

Southeast, Kan.

capacity, High

¢ Autoclave with movable cart, constructed by the
shop class. Wichita High Southeast, Kan.
1. Drymg oven. Wichita High Southeast. Kan.

g. Charts labeled and stored in special cabinet. Lab-
oratory School. Gireeley, Colo.

h. Permanent installation aquarium (187 x 327 x
157 deep). Wichita High Southeast, Kan,
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STOREROOMS. The nmiost common practice for out-of-
room storage is a storcroom adjoining the classroom.
Where there are adjacent classrooms, one storeroom
may serve two biology rooms. In school construction,
the practice of planning rooms all in a linc on cither
side of a hallway limits the management of out-of-
room storage.

The inadequacy of storage space is a major com-
plaint of biology teachers. There is need for an
ample number of drawers to accommod tc many
small items, for open and enclosed shelving, for table
space and for at lcast some free wall space against

PREPARATION RooM. Preferably, preparation spac:
should adjoin and open into the storeroom. Typically,
a divider of cabincts provides two spaces within a
single large room.

The equipment of the preparation area includes
gas, electricity and hot and cold water. One of the
sinks should have a sand trap and a garbage-dispesala
unit. Space for several laboratory carts is cssential.
Germination beds and a place for animal cages are
nceded, if not provided for clsewhere. It would be
advantagcous if the room containcd a shop workbench
cquipped with a vise and tools. A two- or three-
burner stove with an oven, refrigerators, freezer and

o
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which large items of equipment may be placed. a water still are also nceded. A fume hood that l
may also function as a sterile transfer chamber is ,
. : . desirable. * A
T'he storeroom is best located with the door near .
the teacher’s station in the classroom. This makes Work stations with tables and chairs are needed
it casicr for the teacher to secure equipment and for the laboratory or instructional assistants. While
materials for demonstrations and at the same time to it is not the most desirable arrangement, the prepara- '
supervise the entrance to the storeroom. (Figures 35, tion areca is frequently equipped to serve as a teacher’s .
36.) office. (Figures 37, 38, 39, 40, 41, 42.) ’ |
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Fig. 35. Preparation (14’ x 12’) and storage areas
(12’ x 8’) in separate but connecting rooms. Mercy )
High, Baltimore, Md. A

Fig. 36. Biology storeroom 40’ x 36. Sunset High,
Beaverton, Ore.

Fig. 37. Preparation room opening onto the lab
area in rear of classroom. Wilson High, Portland,
Ore.
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Fig. 38. Preparation area in project room. Refriger-
itor with freezing unit is located at right of counter.
Menlo-Atherton High. Calif,

Fig. 39. Preparation room. Note built-in clectric
heating units. Riverview High, Sarasota. Fla.

Fig. 30. Preparation area is an integral part of
demonstration center, Teacher's office is at the left.
F Lokfield Central High, Wis.

Fig. 41. Preparation arca. Note garbage disposal
unit with sink. Abraham Lincoln High, Denver,
Colo.

Fig. 42. Preparation room. Melbourne High, Fla.

ProJEcT Room. The need for a project arca has
developed as a result of the demand for more worth-
while laboratory experiments. The best of these ex-
periments may require working with organisms that
grow, develop and react. Since it takes days—cven
weeks—for plants and animals to develop, there is
nced for a place where experiments can be left set
up without disturbance. ‘The need is even greater
when five or six classes per day use the same room
and every class is developing continuing experiments.




The BSCS Research Problems in Biology scrics
contains individual rescarch projects that students may
engage in. These investigations require that students
have a work space for their equipment and supplics,
where they may work during odd hours. The BSCS
laboratory blocks experiments as well as science fair
projects, also require the continued use of space,
and it is not feasible to attempt 19 house all of these
activities in the laboratory-classroom.

A project room is designed as a laboratory room,
with tables equipped for gas, water and clectricity,
and with drawers for the storage of project materials.
It also includes considerable storage space and ample
work surface. Some « the laboratory tables should be
movable. A shop table with tools 1s an important
part of the furnishings if not available clsewhere
in the science suite. The arrangement of furniture and
cquipment should be highly flexible to accommo-

classes. Menlo-Atherton High, Calif.

Fig. 44, Biology project room. Richfield Senior

High, Minn.

Fig. 43a.4.b. Student project room. Note shop table
and clean-up station. Room is not used by regular

date the varicty of projects that will be developed
/ithin the room.

A common arrangement is to combine the prepara-
tion room, the project room and the storeroom into
onc large room, with “centers” in the room for pro-
ject activitics, preparation, storage and clean-up.
(Figures 43a, 43b, 44, 454, 46b, 47.)

Tur Crean-up Area. Either within the classroom-
laboratory itself or as a part of the preparation room,
a cleanup center is needed. Typically, the equipment
for the arca includes a dishwasher and sink, both
cquipped with fior water as well as cold. The sink
should contain a garbage-disposal unit. Disposal
crocks, drain boards, glassware pegboards and storage
shelves should be close at hand. There should be
cnough space around the cleanup center to accommo-
date laboratory carts and for the frece movement of
students and laboratory assistants. (Figure 46.)
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Fig 454,45b. Student project room, with vision
strip allowing supervision from faculty office area.
Homestead High, Cupertino, Calif.

Fig. 45. Clean-up area in preparation room. Home-
stead High, Cupertino, Calif.

Fig. 47. Student project room. Storage and prepara-
tion rooms located across hallway. Alamo High,
San Antonio, Tex.
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DEMONSTRATION AREA. The instructor’s demonstra-
tion table at the front of the room is a standard fea-
ture of biology classrooms. Equipment for the desks
may bc obtained in many combinations but typically
includes hot and cold water, a sink with a garbage-
disposal unit (if not available clsewhere in the labora-
tory), receptacles for upright rods, electricity, gas and
a variety of drawers and cupboards. (Figurcs 48, 49.)

The length of the demonstration table is a matter
of preference, since movable laboratory carts that
match the table in height and width are available,
and can be moved in to increasc work surface as
nceded. This arrangement is preferred by some teach-
ers, because laboratory carts can be “set up” in the
preparation room and brought in as needed. This ar-
rangement provides a mecans of having a portable
demonstration table that may be used in other sec-
tions of the room. (Figures 49, 50.)

In laboratorics without scparate storcrooms, an
effort should be made to provide ample storage space
close to the demonstration arca. Shelving can be
placed behind a sliding chalkboard, chart storage
placed under the chalkboard and storage cases lo-
cated ncarby. A permanently mounted projection
screen, a chart rail and display units should be near
the demonstration center. A (lted projection screen
angling away from the wa!l will improve the picture
from an overhead projector. This arca is often the
location of the teacher’s desk and most manufacturers
offer a combination teacher’s desk and laboratory
table. (Figures 51, 52.)

Fig. 48. Demonstration tahle has storage sections on
sides and a garbage disposal unit; master switch on
side of demonstration table controls electricity at
student stations. Qak Park-River Forest High, Iil.

Fig. 49. Demonstration center in lab-classroom.
Note small movable demonstration table, access to
supplies at rear of tables, and placement of the
television receiver. Evanston Township High, 1.

Fig. 50. Movable demonstration table. South High,
Denver, Colo.

Fig. 51. Overhead projector allows drawings to be
prepared in advance. Note projection  screen
mounted away from the wall and hooked back at

the bottom to correet parallax. Brattleboro Union
High, Vt.
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; Fig. 52. Charts mounted in wall rack at front of Fig. 53. Walls that teach. East Brunswick High,

' room. Wichita High Southeast, Kan. N. J.

Fig. 54. Hall display cases well lighted and equip-
ped with adjustable shelves; sliding back panels

Provision should be made for the location of the open into classroom. Sunset High, Beaverton, Ore.
projection table and the nceded clectrical outlets. A , _ ,
permancntly mounted speaker and a remote control Fig. 55. New books for the biology library. North

for the projectors are also desirable. . High, Denver, Colo.

Many scicence teachers prefer that the master shut-
off valves and switches controlling the services on
student tables be located ncar or at the demonstra-
tion table. Whatever the location of the master con-
trols, they should be close to the work arcas of the
teacher.

STUDENT STATIONS. At the arca where students are
expected to carry out experiments, there should be
clectrical outlets placed where they will not interfere
with the work surface. Gas or other heating source
should be available at regular intervals. The same is
truc of water and sinks. Each student should have his
own storage space, which may be provided by means
of desk drawers, tote trays or cabinct space. The table
tops should be resistant to chemical stains, and casy
to clean and maintain.

s
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The arrangement of student desks should make it
possible for a squad of three or four students to work
together. The need for laboratory stools will depend :
upon the choice of furniture. Stools arc most likely o IN INTRIGUINCLY TR YOURS
to be needed when the classroom and laboratory work |
arcas arc scparate urits. (Figures 9, 11, 14, 25.)

Tue DisprLay AReas. Displayed materials are in-
tended primarily to increase interest, raise questions,
arousc curiosity and in other ways motivate students
toward the study of biology. A properly planned dis-
play may become a teaching device illustrating a bio-
logical principle, an ccological sctting or a taxonomic
grouping. Hall displays should be specially planned
as teaching demonstrations, (Figures 53, 54.)
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[ he aquaria. hibrary center and the plant material
m a room can be organized as displays for learming
as well as serving therr usual purposes. The new BSCS
Pamphlcts and recent books should be featured as
a display for a week or <o after their arrival. Speci-
mens stored on open shelves orin glass cases should
be arranged i the manner of a teaching exhibit
rather than as dead storage. (Bigure 550)

Cuases mtended primarily for display are more use-
ful 1if cquipped with muscum-type glass doors and
with clectrical outlets. Tave animal and plant disply
units should be planned to provide the appropriate
conditions for healthy maintenance. (See sections on
facilities for plants and animals.)

Tackboard and pegboard unies are best distrib-
uted  throughout the  laboratory-classroom. Cabinet
doors and the backs of certain display furniture can
be obtained with a cork surface for displaying pic-

tures. charts, cte. A portable casel and o mobile
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e S6. Plant room with pools. Note storage bins,
Yuha Citv Unon Thiehs Calit

table are useiul display aceessories. With proper de-
sign and menagement, a considerable fraction of the
wall and counter space in a biology room ¢an become
istructional deviees.

Lirt Awrias, The proper teaching of biology requires
that voung people have many opportunities to work
with living plants and animals of many kinds.

To heep certain plants and  animals alive and
healthy in a classroom, special environmental condi-
tions may be needed. A biology room s essentially
a learning Jaboratory  without  walls: the  school
grounds, vacant fots, parks, ponds- in fact any place
where life exists  should be viewed as an instruc-
tional resource for the teaching of biology.

Aquaria. One 30-50 gallon. permanently mounted
aquarium and several smaller. movable aquaria should
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be available. A salt water aquarium will require spe-
cial equipment for water circulation and cooling. A
shallow, aquatic table four to five inches deep is use-
ful for the re: aring of frogs, turtles, salamanders and
aquatic invertebrates (Figures 34h, 56.)

Germination and small plant units. There is a wide
varicty of terraria, vivaria and soil units available
through commercial companies. These are small units
suitable for sced germination and the growing of
plants that do well under the usual temperature,
humidity and light conditions of a classroom. Port-
able units that will hold horticultural flats or flower
pots and arc cquipped with a light source can be
made or purchased. (Figure 27.)

Growth chambers. A growth chamber is a mobile
classroom greenhouse. The soil trays are enclosed by
a glass or plastic housing, and it is possible to vary
environmental conditions to meet the requirements of
an experiment. The intensity and quality of the light,
the humidity, the soil temperature and the circulation
of air in the growth chamber can be regulated auto-
matically. (Figure 57.)

Greenhouse. Schools where several classes of biology
arc scheduled should consider installing a greenhouse.
To obtain the best results from experiments involving
living organisms, they should be raised and maintain-
cd under optimum environmental conditions. Quite
properly, the class and laboratory rooms in a school
arc not planned to provide th» best living conditions
for plants and animals. Greenhouses are designed to
provide conditions in which light, temperature, hu-
midity and air circulation may be regulated. The
morc precise the control of these conditions, the
more costly the greenhouse. In BSCS courses and
laboratory blocks, the range of living organisms is
not so great as to require a highly expensive unit.
(Figures 58, 59, 60, 61.)

Fig. 57. Prototype high school plant growth cham-
ber, developed under a National Science Founda-
tion grant, by Wray Darr in consultation with
I, W. Went, Director, Missouri Botanic Garden,
St. Louis.

Fig. 58. Greenhouse entered from biology class-
room and out-of-doors. Brattlehoro Union High,
Vt.

Fig. 59. Detached greenhouse. Laboratory School,
Greceley, Colo.
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Fig. 60. Greenhouse connects with classroom. Note
ventilation facilities. Wichita High Southeast, Kan.

A greenhouse is more uscful if it is planned to
include running water and still water for aquatic
plants and animals. It should also include space for
on-going cxperiments in which students are involved,
as well as for growing the living things to be used
in future cxperiments. The greenhouse should have
space for storage of soil, pots, flats, fertilizers,
tools and related materials. The cquipment of a
greenhouse typically includes a sink with a sand trap,
a floor drain, one or more hose bibs, benches, shelves
and some means of artificial lighting. The location
of the greenhouse will be influenced by climatic con-
ditions and by the design of the school. It is prefer-
able to be able to enter the greenhouse from the bi-
ology room as well as from the school grounds.

Living culture area. An alcove in the laboratory
classroom or space in the preparation room should
be planned as a center for the culture of protorzoa,
small invertebrates, fungi, algae, bacteria and other
organisms. Representative equipment within this arca
might be aquaria, live inscct cages, incubators, cul-
ture jars of various kinds, breeding cages, vivaria, live
frog tank, oven and similar items. The management of
living cultures is more cfficient if they are concen-
trated in onc place. The living culture center should
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Fig. 61. Plant room. Note lighting arrangement,
humidifier and movable terraria. Maine Township
High West, Des Plaines, 1),

cvolve in terms of instructional nceds, but the space
and required services need to be planned in advance.
(Figure 43.)

Animal center. Use of live animals in the laboratory
carrics with it the responsibility for proper care;
speeific instructions for such care arc included in
the BSCS teacher and student materials. Whether live
animals arc to be kept in cages in the classroom or
relegated to a special animal room, the conditions for
humane care and maintenance are the same., (Figures

62, 63.)

Protozoa, worms, insccts and other invertebrates
arc anpimals that can be used for a majority of biolog-
ical experiments. Fish and frogs are widely used for
experiments and arce not difficult to maintain in the
laboratory. White rats, mice, hamsters, guinca pigs
and small birds provide an opportunity for studies in
behavior, geneties, growth and development, life cycle
and nutrition. All of these animals must be kept
healthy through proper care. A laboratory animal
is a laboratory tool and a very dclicate onc. Its
carc inust be better than that of a house pet or farm
animal from a humanitarian standpoinc as well as a
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Fig. 62. Animal room. Laboratory School, Grecley,
Colo.

N

Fig. 63. Biology suite showing arrangement of
facilities. Note plant and animal rooms are distinct
units. Lilly Road High, Brookfield, Wis.

scientific standpoint. The desirable environmental
conditions in the animal room arc:
I. clean and sanitary
2. controlled temperature (72-75° F), humidity
(50-55%) and lighting
3. adcquate ventilation
freedom from cxcessive noise, movement and
other conditions likely to cause ncervous stress
in animals
5. a vision strip between the laboratory and ani-
mal room

Outdoor laboratory. An outdoor biology laboratory
provides a place to raise plants and keep animals
under the normal cnvironmen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>