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CHAP'J:ER J 

INTr?OD ur: 'J'IOJ\T 

Science hf!S 13rl.derl r.mch to thA worlcl in t.e1'."!11s of chf'.nfe end hmJ1,11 

be".'.efits. I-!:. hRs Qlso cor0plic1>ted the live~ of people so that they need 

more preprrat.fon for ch'.ily ~.ivinf;.. The hir;h school biology C'.ourse is 

chP.rg9cl. with a s1w_re of the responsibility for such preparation. 

If a teacher recognizes the potentialities of the secondary biology

course e.ncl. utili?iefl them fully, his stufl.ents will emer~e frol'l tre col1rse 

better individuals for he.vine; entered it •. 

Thus, this report Hf'.S w::ri tten with 1:1_ four-fold purpoRA: (1) to 

show the noten4:-ialit.y of the s0conc'1.ncy biolo~r course, thHt is, +,o s:bov 

thri_t it can be taueht in <". way to devalop incl_epencl.ent thinldng end de-

velop understandin~s of principl9S by rn.eP_ns of problern.-soliring ff'!n re

lated procedures; (2) to learn ~ew tech~iques e.nd metbods of present

ing sub,ject matter m~t.e:".':i.nl; (3) to eVl:',lVEte 9.nd improve laboratory 

rn.ethods_; (/:) to apply the J~no•-rledr.;e acriu.i_rer'I c.urb:>; th5.s yeE!:i:• of study. 

Tenc1-,ing eA'l'.)e1'.'i 1=:mce: classroo:n obs':l,..V"'t:i.on of nrof'essors i:n the 

Okle.homa q+.a.+A Uni·,re1".'8::i +,JT botRP:V PJ1rl. zoolo2:r clepe.rtmen-\:.s who hl'J_ve set 

i:>,n eJIB1nple, rmcl_ Ft een0ral su"l'.'vey of' thA l:i terr-i·r.ure ~.n tM_s fiAlrl. 1'9.ve 

serve,i rs P. br s~,s for this rr:mor+. Tb"' R'X"'VAY of l:i.t0rr-tture in t.h5_s 

fieli'l :tnr-1,1r1er! t:r.oroue;h st11_c'1_y of present dr:y bfolOE;;! -\"A:ict,hooks, 1Pbo:r'c.

tory !'!P.rn,.81:::i, 1-rorkbooks, P.nrt hiolory !!'.ethod and technio_ue books. Ali=10 

:i.ncl1100a :-:r1'1.S the :r>"'ro.:i.n:i; of rrnmero1.J,::3 profesPional journals, reports of 

1 



Ac:ience stu__riy conmitt.ees a11cl numerous pamphlets nubl:i.shed by the Nation

Pl ,Scie-0.ce '.1'FJ~chers .11 s"oc:i etion. 

'.1'h"l orirtj_•-:el j.,le?. fo~ COmpil:i.n,S t,):,is T'PDO-r>t Fl:'f' 1)7'.'0m"Oter"i b~r t,1--,p rl:i.8-· 

cussion o:F' fl. group of collse;e fr0s0nen. 'rhe starT·0rinr: o:i.ffc,·J'.'ence b0--

tween +he level of hip;h sc:tooJ. :i.ns+:ruct:i.O'" f!Y)f1 coll"'!:'""' j;nstruct:ior hrr'l. 

J.ecl ther., to a cr:i.ticism of h:izh school tel"Chers, in gern,ral, for their 

in<J.bility to st:i . .,.1ulate incl.epe:nclent thi:r+::i.nc r11fl_ i11j_t,iqte problem-solvin,g 

sitw.tions. The group w.?s renresente tive of r0cen.t b:i :Sh school :?;radu-:t tes 

:Prorr1 schools of 6:i.ffereri+. i:reop;r,c,.ph::i.c 0 l loc2+,ions, schools th;c,t V"':rie,1 j;n_ 

e:".ro11:men+ fJ:-om tbe veryr S"l!Clll to +,'he very l'"rl!"', !C>J'.'(1 school;1 t,i,.~ t we . .,.,e 

pOO'l'.'1JT-BClV.ipner1 8 1'.1(1 liAlJ.-eouipuerl." 'T'he co,:i.clu;:don rl-r>f'1Tfl riy tne ,g-r-oup w:1.s 

thrt l'lAny M.fh school t'3HChers con:=Jir'leI' +,11,.,msel~re,s n_11r'l t,i,,e e.r1ontec1. te:vt-

book P r-es 0 rvoir of informn.tiori. Tf ·1-.hs s+,ur\e.,..,+ .. memorizes th" -fri.cts!' he 

~t=i'" P"'SS +.ho, course without 1.J.ririArs+,,,,11.rline;, j_11rlepenient t,1"j_:r:,1dn1:,; or solv

i'1r,t r:any prob1Ams tr,:it, rP.lnte t,o R.c+.u~1 ·cel'1soni'1E: becE1.use thG a'YlSW-31'.' is 

,1_riJ,;:no1,m. 

OV'' roncl ,_,sj_ons, 



T!:rf<: 1\1F,H F/\.CF OJi' PJOLOITT IHSTPJJC'l?IO?T 

-2nces hr;,,ve been u_nrler sori.e 0A3ree o:f' p:r-A~sure a_nd whe.t mip:ht be -t:.ermeo. 

f:P.rd:l.ng the effec+.:i.vene8s of tre conventione::t_ pro,'7r-i::1. 'MR.riy comr11it-l::.ees 

anr:1_ b:i.olo?_:3r +,PP.cherf\ we:,:,e ~i vi:n_:~ !C1.+,t.e1.1tion to nP.wfrl'.' pr?.cticAs ::i.-rid r1ethods 

a.:ricl. predictAo. needs of' fu+.ure citJ.7,ens. T!':'ese futu_re cit:i.7."":n.s i11clwlerl 

. . . . . 1 
re-t,:1,1inl·i:n.s of thfJ f'nnct::l.ors of r-1c1~nc0 .,_nst:rucb.or-. 

1. _A trena <>_wf'ir froT'l e.:mph" sj_s on ve:d.f:i.c1::1+,:i on r>.rirl_ foJ:'TI'nJ. 
~-,ypes of oe;,_ons+.ratfon8 a:rc'1 inc-U:1.ria.Uc"'ll lP.DOrf'.tOry ex-

~-,~Natio"nnl Science~ T88ChePS i'.ssociet:i on, ~..11 fo.r: §..~.§ }JD£1-.fil;: 
,TI1Ftl\. (Wosr,:iJ,~to·0., D. c., 1.959),, '!?!."• 1:-5. 



e:,:,cises anrl to,,mrcl pn pri1nh~_siP on tl~e ,1 ev0Jop'nent of 
11nners+nncliri:'7S or priYlCiDlrs by :means of nroblerr.
sol'Ii."'10· r:i_n('l T'Pl?try:I D1'.'0C"'•lureS CPr!'ier'I. 0!1_ h7 DUDilP 

11nnp,~ t.hp rlire,:,+.fon o:f' the ter-,cbero 

2. .1\ +.renr'l nwrv fl'.'o:r1. +h0, use of ennlierl ·\·,0ch11.olor;y es 8 

therne :Po:r> science course"" "'YJn to·w0 rc1 211 Pmphnsis on 
bPnic scjpn1·,jf'i(' 11,nilersfp,y'li:ncs which :res1Jlt in the 
P.npli0P+jo1-is of' s".iRnJ'.0 pri:n.c:l.ples in P. ·wry wbic]1 lends 
t.o lrnnroved tec}moloP','.T. 

3. A +ren/1. townrcl JAhor-=d:,o:r.y expe··i.,=mce"' wh:t,-.h run over 
a I"llch lon,•er ti.m0 - perh<1;,s SC>Ve:'.'P.1 cless p<>dods or 
even i.,reelrs to br:tng tr; completion - cinc'l which JN'.y re
C:,Uire ?nu3:oment sAtnus for the enti:rG time. 

/_. A trenn. towe.rA. pore <:irlng1J11+e recoT'")j_tion of sd.ence 
instruction 1:1.s e necessary component. for t'.11 J5her?J.ly 
er'ittertecl people whether colleJ?:e bound 01'.' not. 

5. A trend to,.rerd f1iversi:Pied :i.nstructfon ns far 8 r. the 
vnri9ty of dif:f:ererit exoe:d:.rrientP.l Ppprot=1chAs is con
cernecl, t1.n0 in which cliff erent st.110.ents seek solutions 
to r3ifferent Droblems. 

6. l\ trend towarc'I. +.hA increasecl nsA of' science clubs: sci
encA fa:i.rs 1. science congresE,es, a:rd other supplemental 
devices to encournge ru,<'J che lli=mge <i.cadeDj_ca11y e.ble 
students, a,1c1 to provide opportunities for all int"lrest
ecl pupils +,o perfor:m. e:x::oeriments t:i.nd cctrry on projects 
in eX!'.)loretory activities wh:i.ch :rrmy not be posBible 
in the regu.larly scl1ec'luled class periods. 

7. .l\ trend t.ow,:,,...d the ir,_creased ur,e · of 8.Ud:i.o-visuel ,9j/ls 
by incivid1.1eJ.s or small g:rouos of pup:tls. 

8. fl trend tow·>.rd the ir1.t.rocluct:lon of new un:i.ts of stur'ly 
fn hi::;h school eurricuJ_e. such r.s tTri.V8 :mecheni~r, nu
cleeJr eneri:;y, rP.rlioa.ct:ive isotopes:1 estrophysics • .nnti
biotics, nnt:ri+fonJ P'l"d r,3nfa.tion hfology, wh:ir:h w::U] 
r0qu:i.re n10:re o,rP,1'.'-elJ. S1Jt=1.ce an(l iri. er'k'l.:ltion more smeJ.l 
special:tze0 nrees, some of which m1:i,:v be remote from the 
:ne:i.n sc:i.ence room. 

Q. /'. trend towe.rd homor,eneous eroupir,g of pupils, espec:i.al
ly for basic science courses. Triis ermblns, a.cadernically 
taJ.ent8d pupils to be iclentifiec'l at en e;=i:rly P.'."e so that 
thr-nr :n2,y be st.inruJ.t=1t0n. P.nc1 encourar:i:e0 ti:" p!'OP)'ess i:\t 

their own y,p+.e <inrl to r0rrch i.:.'he fvJ.lest ·oossJhle ace.
dem:i.c c1evelopr.ent. 'J:'hA +,e.<1che:rs assj_:'3n0d to th0 more 
t!'.110nted groups are nsually tho Re with goocl. bnc1<::c;rourrls 
in scfence who can cheJlen,r,;e Hnd leP.d pupils to perfo:r'm 



Axperiments 1:mrl. to do p:i:-05 ects not ordine.rily e:1:,temptec1 
iri. c1asses wjJ:,h lower interest 211d gbi.lj +v rP'l')E;es. 

0.ertr>inly tbe ste.ted t:i:-ends c2.n be used very well 2.s effective 

m'3thoo.s in the bioloey classroom. The biology- clasG is an iden.l place 

to develon :tndepen.dent t:bin1~frr;r, problern-solvins: s::H~11,r.i.tions, and est.ab-

lish the prinr:iples o:P scientific reasonirc. The b:tolo?Y tePche-r has 

an e.dvant2ge over other electSve science :instructors in that biology is 

the most ponula" of +he elec+;i,ve sciences in the secon0::i.:i7 school. '11he 

figures of Bro1-m inn.:tcate thBt a substontial 121njority of h::i.c:h scrool 

sturl ents !'?lee+ b:toloey-. 2 

SUB.Ji-;;C'J' 

Biology 

C;hemistry 

Pbysics 

T.ABJ.E J. 

PEHGJ:i:~TTAG:1°:S OJi' ELIGIBL;;; ,srrunENT.S 
F.NBOLLED IN SF;IUOH FIGF 

!3CHOOL ,'\CIENCES 
195/,. 

1:.82, 700 

302,800 

72.6% of tenth yeP:r 
enrolllnent 

31. 9;0 of eleventh year 
enrollment 

23.5;1; of twelfth year 
enrolb18nt 

Also, the b~_olo;:;y course is jJ, ar:i advante geons nositfo:n to develop 

independent thinld.n(f,. !iTu.ch of t'he mc1.te:rfol of bfolOB'Y is n.ot contra-

versiel; pupils can IDP.ke decisions c"'.lmlY 1'1.nd rationE>.lly, little 

effected by p:i:>ejuo.ices anc1 superst:i.tfon. Stuclents cl.o not becorie so 

emotionally invol veo as 1-rhen they PJ:·e consicle:>:':l.nc; probJ 0 :ms of rA.oe!' 

religion, politics, P.?1d. .socinl relationshtps. 

rro accompl:Lsh these new trends in teaching bioloCY the instructor 
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Y:1.USt depart from. the :mere pres,.,11i· p tion of f~.cts. TJ,e ir.s-1:.ruct,or who 

considers himself' f\nd the 1a.dOTJtec'!. textbook or textbooks 9. storehouse 

or reservoir of b::tologicnl inf orl.TI.8 tion m::-y j_nh:i_ bit rather than s+,imu,.. 

le.te tJ,e activity and le~,r:ning of 1:ois students. 'I'be p:resent1:1.tion of 

fHcts, one rieht after 13.not:her, will initiote very little i11depende:nt 

tbfo.Jdne and w:i.11 develop few methor:1s of solvine problems. To EJJ').swer 

the question or questions of a stuclent in complete dete.il without 

challeneing him to look for information, to ao some research, to estab-

l:i.sh gerv=iralizations, or to use previous kno,.ledge anc1 exoer:i.ences Jll.HY 

end a stn:'1. ent I s thiDJci.ne; a bout a snb~ ect. 

To teach hiolo,qy as a problem ... solvtnf! course, 

")\. teacher shoult'l. -t:.hink of himself t?.S ::i. source book - a 
source book of problems th2.t chP.llPnge pupils, R source 
book of swrffestions for field work P.rd 1e.horet.o'1";,r acti vi t:i.es 
e.nd uro;i ects t,hP..t pupil~ IDP..Y use in so1v:i.n:7. problems, and a 
sm1'1"ce book of' ref8'.l'.'fmces to fi1ns, slici es~ r-i.nn flUpp1er.1entr:1.:i:•y 
sc:i.-?Y>.Ce booli:s whe'1"e pupils r.en finrl wr:iys t,o sabre +.h"':i'I" pro
bl1c:ms. Only by beinr~ such ri .. source of ic'l efl s cnn thP +,8r>cher 
begin to at.tr:oi-n th.e fO"'ls of sc:i.en.r.e educe.tion. 11.3 

or fr:dl. 'f'o beve success with this type of instructfon. t:he te2.che:r 

must be dynamic Rnd creR ti ve •. 



The e;en8rr:i.lly f1,cc0pten. objectives of 2. high sc11ool biolo~r course 

P:ro~ (1) +o :::~.:i.:c :in.fon.~t;_ori; (?) +o r'Je,rnlop !".et.J,oils of T.'8Pqo:,j_ne:;-

(3) to ]A!>_r:n the r:9plfoest:i.011s of prj 11ciples~. fJ:-} to ,1:?v<>lon c!'jtj.cp_J. 

To t,1,,_i=; -wrt +er +:-e uJ_ t/ .. 1!'B.te obj 0ct.;_ve of +,],,_8 h; oloz:'" C01'"".'·"'·'? 1'll-i011Jrl 

he to .,eln the R+,uA.<>11+ he"o111e ~.ll +.'h,:,t, },p 5.s c'"':i:,r,1:lle of D"'!'."OI'1::i:ng cor

~e1'.'rih<:; +}1 e f'j_,:,lrJ o-P bi_oJo~r. .,,!:ns, t.}1 '°' o b}q,.+ives of +he Pec011ilr>ry 

hio1o~r c0lTJ'.'RP couJc:'1 be b:ro~.rl_f'c>etl +,o '.\"'r")uc1s:- (1) +o sr-iri ~'"'no'.':'+r,,-f:_ 

sub_iect. '."'.'?tt,er; ~?,) +,o e1,r:i ch t.rP h?cl"!I''.'01,rrl of e·cn0,...i0.,,,~"'s .cio +.11.rit, 

t).;_oJ.Ofi0,-,J n1'.':iYldDJ.eS -::,p~r be PnpJ.iecl. to :>18W prohltc'MSr (J) t.o n_p;_rel.o:l) 

( 5) +.o b1'.'or.cl0n ::t•1 ter.est~; (6) to jJ'lp'.l'.'ove pnrso"'.r-i.15.t.:r "'"'O 0~1.reJ.op :b+o 

"' wort.Jr,, .. r~:iJ P, citizen. •. 

Subject, mntte:i:- 100r'1ings P.I'P. irnnort.ry,+. to Pn:r ,,reJ.l--plH:ri.:1.erl E>rd. 

well-tr-iue:ht. biolog;r rou.:rsl:'. Trie college-bound sturl.e:orl::, sho11ld a'11.erge 

with 9. vocabuJ.PJ'.'Y ~.nd J:n.ovJ.F.>cl ge of subj ec-t, T"Rt.te:r m.,_t.~r~.1:11 sni. t.nbJ.e for 

enteri'1[.'; +.h-3 fin.est u-::-.iversitJr. T10 e te~:'m:i.!'?.l student, s'h,oul.rl have :>:ninecl 

k:n01'ledge v:,d e:xperiences relp:ful t,o sol vi"l:::; ~P,ny o:f' the probl,c,:r,,fl of 

everyd.r-1.y Jj_yi-ne: r:i,110 r. vo.c9.bu..lE>.ry t:he.t -w:i.11 e:J.e.ble him to be e. well-

i:t1Sor'r11.ed ci tizeP-, 

En..ric1':i.ng thA btcl·grotinn. of eJq,e:rie:rces of stui!.ents w:Ul help them.. 

7 



cle.ssroo:m sitvP,tions. T1'.e stateT'\Ant ~es been made: 

11Learrdng :rri.a.y be l:i.1:e11ecl tc, rolJ.ine; I°'. snowb:'111, which 
r.s it :'.;9'.'0ws, presen+.s en ever-incrensine; surfRce for the 
accunmlat.ion of !".ore snou. 0:r :i.t may be likenec1 to n 
nucle1:1.r chain reaction :i.n 1rh:Lch the fis.sion of 0 11e ,-:mcleus 
relerAe~ reverRl rieutrons t!':,Ht nroduce fis:=do'.':'1. in several 
other rmcle:1 •. J-0erriine; :i_r, an ever-expari.ding process; e~_ch 
11ew r-:ixperi<:>nce gives moaninc; to 1".cl.dH.ionFl experiences. 
T1'."'e ecl.ucP tecl nerflon is be w:,o 8"' exDe:r:i.ences belY:i_r, er:irJ.y 

1 ·- - -
and cortinue ~- t, a r:-in:i/l r2-t:,e. 11 • 

8 

'J'l-ins.,. the pupil !'\Ust he provi_('l e0 with a bro~cl. b1-ck;1rovr,d of experie:ncfls., 

Fro:ri. their worJ.,:: In biolo2,;r stu'.'!entR shoulrl. ll'lern to loo}~ for cause 

?,1·,a. ,=,ffect relP.tiori.ships, If the:r H!'e tPnght sciA:ntif:i.c Y"easoningf 

they should develop ha.bi ts of oeft::1r'l'.':i.ng jnoeme:nt, weighin.e: evidence 

ca.refully, a.nd rlraw:i.n~ on1y ten.t1:>tive conclusions. They should beco:ri.e 

critical of 1.msu:9ported statements~ ho1-re-1rAr, they should n_evelon toler-

~:rice for the ouin:ton of others. '!'"bey shou.ld lAerD to chr--nge their 

op:i.nions when neF ev:i.nence :i.s revee.18,L If :9uoils learl' to e.pl'.)Jy +,rese 

new ways of t.hi:nk:t:ng to decisions in 1ate'.1'.' l~fe - vocations,_ femil:i.es, 

vot:in.?;, product:1.on, consum:i:ng, ~onse~r.'l.tion, ari.rl ,.,i:i.+.urr.1 resotn:·ces 

their lives will be improved end society will oe be"lAfit.ea.. 

T:n.e pu:cdy biological skiJ.ls ~uch as dete:i:id.:nin[.; the 1d:nc1 of bact.er5.a 

in f.'. +,hroet :i.nfectfon, determin~.ng the rerl. "bloocl. cou::.t of a 1'1n:1an being, 

or identifyine the type of p~.thoe;en thB.t c1:>.uses wheat ste!'l rust disease 

e.re of v::>J.ue on1y to those stUdeY.1.ts who enter spec:tol bioloe;ical fields., 

:Tnst ns irmortPnt ar0 the 8ld.lls develonAcl by -t.):,ose sturle'."lts who wilJ 

riot becor1'3 specj.eJ.is+,s. 

TJ-ie biolory course ce.n be very benef:i.c:i.PJ. to tbe de,relonment of 
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the s1dlls of rrn;ia5ng, 1,,iri tine:, speP1dne;, computi:r.e, e_nd 1!18.nipu.let:i_on 

of the hands, tools, ,:.i_nd T!1~tA:rielFJ. NPn:r s:i.tu . .,,tions caJ,. be crp,eted 

whi.cr will st:bnul:'1+,8 stl~ri.E'f>:~.ts +,o :r-er.:,o:rt on M.scove:ries or d:i.scuss 

uroject plans with o+,h0rs, }'r·my obse:rwitions Hnrl. pT'ohlems, can be 

explainerl only by +,urning to R1J.tho:rit:i.es in t.ext-,books, o:dgine.l papers, 

anr'J current periodica1s. t·rq,:,y b:toloc.;i.cr>l e.ct~.vi tiAs req_uire T"e.theifl.E.t:-i.cs 

to form satisfecto:ry concJuAione. 

If th8 biology course iR b'.J.ser1_ on 3Jct,e11sive l"-'.bo!'atory 1-:0:rk~ n Ald 

wor1-: 1md snpnlementecl. with project 1-ro:r\: H, w:1.11 e:1cour<?/;e mm1ipuJ_a+j_v8 

2.ct:brit:i.es. T:!'.ie stude~ts leQT'!J. the U.fle of trA microscope n:.10. mar;:r ot,l"e:r-

r.iciP.ntifi~ i"l.st.rmn0:nts. They cr.n ler-i.rn to observe ?.nc'l_ u:=:e t.he henr's. 

They can le~.T'TJ self-e:mressior. a!ld c'tevise met.hons of problem solviJ2g. 



reJate c1asSr00!'1 e_nr'J l."'.r:01'.'"!-r.Ory 1rorlc .• 

of bioloc:;:;r. 

+,re ~r:ri.owl8dge which c£1.n te ,::i.cq1.1J:r9c'1 j_!' hiolos;;r cn12 he r'1.eveJon8r1. :i.nto 

a1Jplied. to leisure +frie Of course, t1.',e e.:re? .. s 

ph:rniol0'.:'.' r t.e.70I'.'0l".:', ·8C010g'7 , evoJution~ l)a.l_eonto1oe:,r, f''.AYJ.8t:i CS:;; P.J'.ld 

0:10 shoulc. 

·,wt be overe:01D'l9 si,,-:ecl. nor .shm .. -0.cl. mce he nes1ec+ed. 

contrihut:ion to make to P '-rell-rovXJrlr:d ~ours8. 

10 



er to 11lePD +on the fieJrl in which lie has +he, greptest interest,, but 

stur:le:nt P bP.c,~g:round for the ent:5.re s-i:u,-Jy o:f' biology. 

of e:il 1ivinf~ tl,ins:s A.r8 stuilied q,vl the resl)ect in which n11 l:5fe f.l'nc-

+ions 9.·~e unfve:rs[l,l -1.s smph'l.size::t fr, tbir un:i t. Jn t:be wny o:f' motivstion 

which vrill 1nr:,',e -; t in+e:restinP PJ'.lci. 8"' sie:r for the students t,o J.ea·C'n b0sic 

sc'hool ' . ne :i .. !0_-



1?, 

? 11imfl.1s P8 inf:i.vHuaJ. p:r-oups. 

'I'he,,.A R.re Tw:ny c'lifferent. methoils of studyin.e: t:i:te plants e.no P.nimels. 

One :rethorl is t.h,q i:rh.irl.y o:f:' pJ.riri+s r,no e11:bnRls ~011cu.rren.tJ.y. In t'r:i.R 

the spring. FoweVP:1'.', to use th:i.s mPt.hoc'I. it is necessHry for the teecher 

<inr'l th") Rtucl.ents to gri.trier some plant materfa.ls, such P.s seArl :900.fl, ~n 
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t.re fPJ.l o:f' tre year. '1'1:iis ci:i.n be 001:1~ OIi. Pa.rly fielc:'1. t:dns. '.l:'r..e 

rial "'11d u.se 8Unplementa.ry mqterial in Hny orcl.Pr to Pch:i."lve the best, J'P,-

suJ.ts t.ha.t be believes to be 1)0Ssihle. 

Ari outline -~.he.t the 1-rri tw li1res to follow for a hie;h sch.oo1 bioloey-

course is the followinc;: 

TLBLTi; IJ 

COUR-S~ OU'J'LJ~ FOR FIGH SCHOOL BIOLOGY 

UNIT I: 'l'he S~ientific Stud~r 8.nd Relationshi-p of Liv:i.nc Thinr;s 

.A. J,:,t:r.oc'luction 
B. St.ructw.f-11 and. 1<"'unctSonal Bnses of Life 
C. Relationsh5.ps of I,i.vine Thines 
D. Class:i.ficatfon of' Plants end A:".'imals 

A. Irvertebrates 
B.. Vertebrates 

IDHT III: Bume.n Biology 

UJ'UT IV: Plant I,ife 

ll. •. Plants wi trout V1:1.scu1nr Tissues 
B.. The Vascular Plants 

UNIT V: Genetic:=; a".ld Evolution. 

TlFIT VI: Ji.:colo~r 



The e_bove outline is simply sugc;ested because of the effectiveness 

that can bP crer.teo. in using local biot8.. Labore.tory work 5-s e,ssentfa.1 

to ef'fective teaching. The above outline can be used and with careful 

plRnning a:rlcl supervision learn:i.nG situations can be creatFld which s.ctu

e_lly use loce,l biota foy- fielr'l trins, fresh specimens, 13.nct the stu.rlent' s 

01m envirori~ent. 

The work c~n be b8.sea on obserw+,io:ns of 1:i.v:i.n('; t:t'1ng8, leborpi:,ory 

e:xperiment.s, collections., problem-solvinc; project.s anr'1 simil"''r .<=!ctivities. 

The student CP..n he encour'.".e;Acl +,o do indi virl:uel 8xperimfmtat:i.01-1_ on his 

ovm. In tr,_is way the sturl ent cRn rl.iscove:r for himself a.bout th?.t wh:i.c1:l_ 

h0 is incmistive. 

Every unit is or~anized around b'3,sic concepts or focusing ideas. 

Tl:ese concepts are presented in the form of lear:1.ing e,ctivities which 

~re t.he 500s fo::r the stuc'1e"')t.8.. '1:1°<?. concept.A shoulrl. begin with so:r,,e 

activ:i __ t:,y within th.e realm. of the stunent e..nrl then· the lee_rnine- is E=ix

tenci eel. by 1:>. WJ:riety of aC'tivi ties such e.B rel'ldine, 011tlining, reports, 

experiments, demonstrations, p:r-ojects, viswl Rids, anrl field trips e.nd 

field WOrk. ~T the timG 8 00.SiC CODCept :i.S COfilpleted. the pupil Cl'\.TI. gen-

eralize or summPrize t,hP. materii:1.1 e.s a final activity or project. 



CBA.PT:P.R V 

MRTPOD.S JN THE GI..A.SSROO:M 

The aevelop!T1.ent of biological interest8 is one of the major e;oals 

of the hl.gh school biolorQr course. Bioloeicl".1 interests do r..ot arise 

spo:ntP.neously; thr:,y must be stimu.1Hted f!1'ld motivR+ed. fhese interests 

develop best when the:r-e is a d:'.mBJ11ic and cr02ctive biology j_:nstructor who 

e.llows opporttmi+.ies to explore imr1. exPA1'.'im1m+,. These interestB e.re 

'.!'.'a.rely, if ever, developed in the cl:=i.sf'lroom where ml'l.SS instruction tech

niciues e.1,r1. e.n e.utocretic instructo,'.' prev::=dl. BiologicHl interests help 

deterriine future oct?upations. :Hany biologists, doctors, drmtists, bo-1:.e.

nists, zooloc;ists, pathologists, anrl h.boratory technicians have entered 

their ci:treers because of tJ,e influence of a }1igh school biolorr3r -1:,ee.cJ-,er 

or because he encoun+erecl. bj.oloey es a subject of sneciel appeal in the 

way it WPB presenten.. 

To accomplish tlie best :i:-esults, the teacher rmst be a. clie.znosticfan. 

He must rer.lize e. bioloe;y clHss is not a uniform structure, eve-n j_f there 

shouJJJ. be homogeneous grouping. '!'he stufl en.ts are not sterotypec1 per

sone.li ties. J<;e.ch student lA e.n ina.i vidoo.l with his 01,m interests, abili

ties e.nd e:,,.-periences. 'J'he ou-!:-,side worlcl has a place for eech special 

8.bility. The teRcber must 0.evelop ee:ch stui1ent.ts ability to the degree 

possible. He mu.st t~.ke th0 stw en+. from the niche he finds him and 

never try to mold e.11 stur'le:1ts to the same prittern. 

'J'he students must be motivatecl. It may be f:l.S simple HS a. pat on 1)1.e 

15 
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back and a simple sentence to t:re student. or it me.y be the solving of e. 

complex problem. Motiw1.tion must be built. from tbines thr->t are of inter

est to the student. The ve.lue of the work is little motivation for high 

school students. Motivation is probably best achieved by connecting the 

things with which the student is fa111ili2,r witri tre new facts to be learned. 

The nature of the bioloe;y col1rse cen be motivation in itself. The 

well conducted, fofm:'Illfl_l laboratory period can be a refres:bing departure 

from t}ie Hcflaemic cle.ssroom lectu.res. Sul'.'veys inf'1j_c!:'.te that the informal 

laboratory period is more conducive to le.erning than t1:Je forlll81 method 

still used by some teachers. 1 

'l'hPre ere many ways to n1'.'ouse the cud.osi ty of students as e.n ir--· 

structo:,:, be1dn8 e. unit or evi:m nfl.:r-ts of u11its. llp, pri. eXAmple, tPll::e 

methoc'l.8 of intronudng pho+,os;rn+.hes:i.A to bfoloe:y stune,.,ts. '.l'hr:i iristruc

tor woulr first wmt to q:et ~cross t:he in.ea. to the s+.un_ents tbe.+ plarits 

JI. very rood way to 1:1:r-ous"' interest is t.o seHl !:'. smdl in f.\ soft 

e:lP.ss test tube of pond water enr +;hen put R simple question to the class, 

"Row long will tr:ie sru:dl live?· Wh;r?tt Bv usinp; sui tRhle questions the 

class can be directed or motiw.terl ~nto ~- (Uscuss~.o'1 t.01,713:ra the notion 

that ereen plants meJrn food. W~.tr the j_nep i:ri JY1incl +.het er~''ff' nbnts r1eke 

food~ tte stude,.,t.s v::i.11 hecoT'lr:- cur:i.ons r_s to how :plants J'l0_1-e food e-1·1a 'l:.rhP.t 

r1vteri:ei.ls the '9lfi:"1ts :reed for food mBkinz •. 

Another !'let.hod used comrioril:;1r :i.s t.o i·1+:roduce tJ.e snbjed ~,r:tth P f:iJ.m. 

rr:rp:re r.,..e c;eyern.1. e;ooa filris o:n t.re subject. of 111->o+os:;TJ'1t,hesis. .l'irJ.o:r.g 

these e.re G:i.f.."t 2f C-r~_fill (New Yor1r Rot2nic C'.P:f'rlAne) 9 L.'."~:'.LEls (J?"l":;rclo-
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C3Use the nbsence o:f starch does not nlF"'YS r0 eeP- the.t photosynthe:=ds har 

not falrnn pJ.Rce.. 1:r,,.e urere:r>.ce o.f stc1.rch is t:' eoocl_ i:r:idfoatio:n the.t. photo-

synthesis hHS t.~ke:n nlace. After discussinc; ve:dous rePRons for the pre-

sence of the sti:i.rch end drawing tenta.t.ive conclusions, the studen.ts ..r.UJ. 

:r;:ir-obably w~=mt to rl.es:5..gn t1'1.eir 01,m experiments to test the importnnce of 

l5_ght, of CErbon nioxide, and ot:he:r fe.ctors t.h!'d, a.re j:r1portr.nt in food 

A case study ca.n be developed around t:be topic of photosynthesis 

usine tr.e re:print of ~a_btno1,,r:i.t0r "s nH:9Ar on the subject.? The reprint 

is now a.vail1:1.ble to h:i.gh schools fy,om tJ,e Ato:n:ic F::,ergy C:om:mis:=:ion. Orte 

ct:m also use van EeJraont I s expe:r.:i.me11.t vr::i.+,}, e. w:Ulow tw~_g _ to j_Ei t:iB.te 

-1 b · · ;a bl 1 · · t t · "' · r:r h -i- th · 3 ~ .1nl~2nz 8-Du pro _ .. em-.so_ Vl?lg AJ .. UA ,:WnS CO!lvernrn0 p, 0,Joflyn_, es1s. 

Many timPs class rl5scussion ce.n br=; irii tia.ted by lgbort'.tory work. 

As a eood exa.r'1pl8 of tbj_s, hP.ve tb.e clqss to e:x:amne enid8m.~1 cells :tn 

the 011.ion. bulb P.nd cells of the 1Z.Lofl . .f.:2: nle:nt e.:nd rr_9Ye e. (\0Il0p8J''iso:n of 

~.gene R(:'~Jitch, nphot~3rnt.hesis," f;2.ie!lt.;fj.Q ,cTe:r:i.ce.n, (Narch, 
191:-9), (November, 1953). 

Jr,. !'Tash, Ple.nts t>.nd the J\t"J1.osphere, RP.rvard Ct'.SP History Series, 
{Cambridge, 195?.), ;;: 1~ ~ ~ 
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the cells observed. 1"111en the cells are compared unc'ler tJ1e mj.c-roscope 

tliey ·will find tliat t},ey 83'8 dif:Perer:i.t. TJ-iis crin :i.e9.d :i.nto 8. rliscussion 

of chloroplfl.StR r-mr:l tr·eir f1mction, 

Natu.r1=1J.ly, <1. te2ch0r w::Ul select those oct:i .. vities .-:,nd -r.echn:i~_ues 

vhicr. are R.ppliceble to t,112 cJnssroo'T. situ2tion. TeachJng en.cl m.etho<'l.s 

of ni.otivetion are personel in.vent:ions. No vriter could hope to inclu.c1.e 

i:ri one report c.11 of +J::e :i.nrlj_v:iclu2l nrocerlures and their ver:i.Rtfons.. The 

jnte),tion is r'Ot to plan rm entire colITSA or to cor,1pJ.ete ':'l.n entire e.nd 

c'lefailed ~oup of techn:i.ques ['.nr.1 procecltl"l'.'es, fo:r. e.ny e:xperienced biology 

tee.cher re2J_j.zes the futility involved in such work, but to ennhasize ,,!h8t 

ce.n be clone. Teacl,ers must cb:1.nge -Prom the old nB.ssign-reP.d-sturly-rec:i te-

or techniques emploJrecJ. by P teacher sliould h:inze on the ic'lee. of maldre_: 

c10.ssroori 01:11:" if tbe teacher intro,Juc 0 s 0oncrete experi.ences, c1llows 

pn~".'t,ic:i.-08.+.:io".l. i:r,. lee.rn:i.ng P.ctiviti<?s ancl. pro1)lem-so1vinr;, anri is himself 

cons+,8.ntly seekine; new answers. 

To Rll.CceerJ :i.n usinc M.oloe:ica1 subject ;r,o,'ltter as s. Ee8JJ.s to fl.1'.l end 

:r.iP,tter comprehension, imoroved sTdlls, scientific dcveloprient rnd better 

adjustment the teAc!'-er will no douht encoura(:'.e scientifir, rer soPine. 

Dressel Pnn NBvhew 1:i.st five a1:ilities that t.he i\Tatu"r'.'a1 2-cieri.ce 

Go:rmrii+.tee of the Cooperet::.v0 ,Study of Evc1lu?.+:ion in Gene1'.'2J_ Erluc9t,ion 

believe to he v:,.eces'.:'ri1'."y for scientific rec1soninc;. The list j_l..,cludes 

-·U~-·~lp~'"'uJ~J~n~re;;e1Pnc1 ·Lewis· B. Jvf2.yJ-iew, 5.ci§l?~~ ?e;:,.sopj.ng fil?i Q'JF\e..r
J..:t.:.::·v1rlj.£Z,, (Duh1JJ::ue, 1951:.), pp. L:.-5. 



1. Ab:Uity to recoeriize and state problel!l.~· 

2. .11.bility to select, eYe.1118.t,e, and apply ~J.on 
il:'.' relt>.t::i.on to prob1e:11:=1. 

J.. .Ability to recognize and state hy,.P.9tl1~1§~· 
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4. Jl.biUt,y to r<>.cogni'.7.e 8.11.0 AVPluate COl}cJ.11sioll§, B.S..§'lJIP.fil:.,fo!.112, 
a.na. generRli7,ation1?,. 

5. Abil1.ty to recog>J:i.ze e.nd forrrml.'."J.te n.i.:J.i,ucl.As c1.n,1 t<>.ke 
e.ctio:n e.fter crj_t,ic~.l co:nsiderr:>tion. 

'3ci0ntific reasoning c~.n very well be o.r-weJ.oned and epplied in t:be 

labor-?.tory, which will be shovn in e. later cbfl.pter. However, the fjve 

abilities of s~ientific reaso:nine can also be develol_)e<l by the use of 

lectr1re, textbook YtateriaJ.s, current perioaicBls, newsp1:1.1Jer Frticles, 

stu..c1ent 'heliefs, ac1cl tee.cher motiv1:1,tion. 

Pr:i.nt,er:1 rnE.teri8J., of cou .. "'.'se, l"lu<'ls itself better to tee.r,hing: 

(1) the e.bility to recognize e.ncl. stete problems; (2) e.bilit:r to select, 

evP.lwd:.e e.nd apnly iri..formation e.nd UJ the ability to form or evalu.,,te 

conclusions. 

To enhance the ability to 1'.'eco~iz0 A.:r.a. stP.t,e problems from print-

ed :rw.tter must fo.volve quPstions for which the enswer is not knoc!11 to 

the p01'.'son Reel:ing it,. Usu_qlJ..~r, problems are stated in_ the forY'l. of ques--

+,ions hut :i.t must be tept i!l :rn..i.nd the,t not ~Jl questions nre nrohlems .• , 

11The p;;:1sve::,:- to t},e 0,uestion sl'ioul0. not be iJ111nec1 fatp,J.y 
r-ivAiJ.r,,ble "':,o th 0 ep1rnr il'.' fectu.:·1.J .. :f'o1'.'m. ~he (;_Pes+j_on 
'Hb1".t timP iC\ i+? i: is hri:r,ny r?. p".'ol:>lem :Po!' e. ne!'so:n 
1 oo"' + er'I_ i1:1 a 11'1.rrt= :r'fl:ilroP.d s·r,9 tion, bu+, if he were i11 
1min:!:-iahi tec1. country w:it,hout r-i. r8.c'l_io or t:i.Jne:9iece H, wouJ.a. 
constitute ::'. eenuine problem, f'o!' wriich r-e m:i..E;ht e+t.e'rJ.pt, 
::'. pH'.".'t:i.8.1 solution hy sc~ A:D.tific meeJ'.l.S. It sboulct. be 
notea. thEJt. t1:'ie:i:-e e.re occ1:i_sions in tee,chin.g when a ques
tion i:i.ris9A in n st,ur'lent I s mind 1.-rhi<>h ce.n be r.nswe:rer3. 



rlirectly ar.d f P.ct'U13lly. .Al thouc;b rot· ordinP.rily cor.>.-
side~ed rt µro'bl0m, t:r8Pt.ine; 8. 0,u9stion lih3 t:nis in. 
problem for!ll h<:1.s cer-t':1i''. r:1.r3v,,11~·nzes. Thi<> i~ not PY'. 
Unco:rnno:rl techrd.r:<_UP i1'1 t"'PChin5'., Wf10D, ing+.,:,~rl of <ite.ti"1f 
+.he n:·1swer cate::;ori~Pll;;r; t}1e teacher ruides the stur1ent I s 
tbb1dn~ sn t}'.'f,t h0 h'ls en/?;8.f!:"'0. 5;n p,ome of tre mente.l 
steps of .problem solvin,,z: i:n 1'1. sir:".ple si t,JHtion.115 
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Thus to l:'J''.SFer the c:iuAstion or o,,ur.;st:i.ons of e pu.pil in ~0111:plete r'1 etail 

curios:'i.ty ;:i.bo11t the subject. 

To P.ccomplish th8 ;;ihove, +.ho' +.er:i.che".' CPr.. presAnt an outline o:r 

bri8f ove:,:-viAw of fl sub5ect to point out Jc:y inep_~. 'i:'hir cU.sc1.1B8::ton 

will leaa. +o riuo.s+.ionP i".:', tre minii.s of 1,he stuf!en+,s. S.ortE' of +,hose 

of sd.ontific arttcJ."-'P. 'Phis -:'llowri the :::d·.11rlf',,]t +.o prqct:i.~9 the s1dJJ. 

f'" .,.1. •• . . l.Ct. 1,J.On. Once the H:!".SUAJ'A 913em to become cl8n.r +.hen th!'>, st:un0n.t ce.n 
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t.echniriue.s, cl:.iAcuss tbe p"l'.'oblem e.nr'l. rl:ra•,r on urevious exper:i"'l'J.cer. 

Developing the P.bili ty t.o select, t=>ne.lyze, a!)a evP.lURtP i:nfo!')'!l~-

t.io11 :i,n relat,ion to probl3ms anrl +,re E1.MJ.it;1r to forr.ulc1.to, recoc71.:tze 

shovlcl. lee.r!l. t.o rljfferentiA to, bAtween sirn.ple :f'.<i.cts P.>1i:l. gePP1'.'aliz11+.j_ons. 

Dressel and Mayhew SRY t:1'1at it ifl often r'\.:'Lff:_i_cul t to c'1.:l.ffer~mti<.i.te be-

hreen simple fncts 8JJd eer1.0re,lizations. Tbe:,r show t.hPt ther8 A.re two 

k:i.nr1 s of .f'acts, one '." s 1:1. far.+, hy fl.efini t.ion ".Y".ri. t:i,."' othff".' :i.s a f P.ct 'h;r 

experience. A fRct by c'1efj.nition is rAle+,e11 in its np+,u.:i:•e to lanp.;uq.ze 

responn.s to tJ,e fre<?zinc; poj:nt of wateJ'.'. n Tt'is ld rid j_ci P f::i ct siripl7 

hfln,1 +,he'.".'e r-i.re f'ac+.s by experience such PR oAte-<·Jnirdnt.:: +,he components of 

the compov!ld. callec1 glucose, these components were est,Pblis},e0 by exoeri-

z1:1.t:tons. FHcts by ,=.,-x:µerience : .. ,n,y con2-!·.i+.ute I? ge1"le:r~.lization. The e:en.-

erEl:t:;i;e.tion is usually brsed on 88Ve:r-P..l fP.cts :?.!,n is synonymous in. :most. 
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:i.er.rn to consider the eutJ1or:t +.y, his bP.ckzro1,rn/l~ his experie".'.1.Ce1 . h::ts job 

or position profws:i.onglly, his reputntio1:1 ~m.onc f~1low 1,TnrJrnrs, e:nd the 

mnount o:r. reseRrcb he has don8 in tJ,e field ebout wl:.ich be ifl writir.r;. 

They sboul.d Plflo learn to evaJ.u..e.te the sou.,..cG of the rle.t~.. Not ::i.11 the.t 

5 s :i.n prfo+, i<:i rel:te.bl,;,, ttierefore, the student should le?:i:-n wh:i.cli r1ources 

e.re e.nt to contr.5.n !".01'."e 1:ncur-ate inform.c"?_tion. 

Since tb~ subject ot' biolo2,'.'.r h?.S !''r?.Y!.Y t,PJ'.':1'1S ,rhich e.re r:.ew to -tJ:e 

flfa,dcnt., 5.t is reco:rmne!lcecl. tJ,r,.t the teach..s:r mn.1-~8 Uf3e of the scien+.ifj c 

terms as tre~r occur 5.n the content. of the conrse. Howevier, t}',is ,rocn-

hulp~r of '.bioloiic,"11 terrrtA tr.qt, the stnrl_ent, :i.s expected. to rl:welop du.ring 

l:is first :rer:,,:r of h:i.ology is iTf'Jll811Se ancl tb0 teaclcer will hnve to e:rnpha-

size the import,1nce of J.e[>.1'."nine; t.r•P .TY\e1'1.ning or de:f':t:ni+,ion. Ir. uo co.se 

shou_lo. the worc'.s be n_efiner'! :i.n e. m8r~orfz:in:;-r:lril.l .'f8 shfo:n. Proh..".bJ.y the 

best !"'ei;hod tor f;:,.ci:titt=i.tinc; bette1'." comprehension of the biolo:siCl'lJ vo-

cP.huJ.e.ry :i_s fou:nd in +,he 1.1se o:P Gi:'0ek a·-:v=i T,Ptir de:rhN>,tiYeA. The une 

of 0.erivPt:i.ves in tePcbin:'." vocahuJ.ery simnly menns to t~J(P J,.,+.:i.11 ~.Dc1 

G-reek pref:i_x0s;, s11.f:!:ixes, P.nd ~oot clw=iters f:'l!'.rl },J.=l_Ye the studen+, J. 88.rn 

them thoroughly. With +J1ese derivatives in mfod the stufi.0nt cr.n ?.sso-

cir-ite a.n.t'l re1:1.Jize +.he meaniYJ.g of 1·::P.ny +,erms. Our pr0sent n[ly scierrt:j_fic 

r.fith P good Jrnowledc:e of cl.erive.tives the otur1.ent w:i.11 h.PV8 t.}i.e founiie.t:i.or. 

for a eood voco.buJ.?.ry. 'l'l::e :!'.'0Jlow:i_11E :i.s B. 1;.rt 0f sourc"'lB which contP..in 



excellent 1ists of biolor;ical terms Pnd tJ.,0ir origins, pref:txes end 

suffixes: 

Dale 3. Bra1-mrrEi.rd and Sr. :i:lete. Burlr1e,.:e, J3J-.oJ-or.x the 13..i~Y 9J 
Livfr1~ Thi:nie:s (1957). 
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'I'o ei.raJ.nate the bioloty progrf1ri. is to d8ter.mine the success of the 

teachine Pncl. lerrnine processes. 'rhe objectives of a course l:<i.rgely con-

t.rol the type of ev1:1.1urtion technfr1ues used. If tn':'J objectives e.re m:1.r--

row :i_n scope and deal largely in the memo,~izetion of :f'r,,cts, tJ-,en the fac:tue.1 

objective testing may Rerve as a. valid mee.ns of evPlur>t:i.on. Whereas!' if 

the course objectives are broeil in scope ancl provicle for not only factual 

1'-:no1-1ledge but Rlso ftmctional learnine, critice,1 t.hin1dne, a.evelopment 

of attitudes e.n0 the forming of concP-pt8 by the pupilfl, a.s previously stB.ted, 

then :i.t is e.lmost impossible t,o test objectively e.nd reliably. Therefore;-

the biology i:nst.ructor :rmst recognize that evaluntion is more than testing 

c1no th.e a,ssigning of grHdes. 

Course ob,iectives 1:1.x1d evrlu~.t.ion 1:1J'.'e closAly related. The first step 

in ewi,luetion is to determine whether or not the objectives a.re achiev-

able tJ.IT a nartj.cuJ.a.r [!roup of pupils. If not, triey shoulrl be mocl,ified 

to fit the needs of the group. Thif1 floss not. mea.n lowerir:<:; of stanaP.rds: 

it could as well rn.eP.n rP.isin~ them -- the modj:f'ica.tion beinf'. based largely 

on the e.bility of the g:rowp. Sound 8V"1.l1.1Ption :ts H continuous process 

from. the begi:i:i.nine; to thA end of R un:i t of work Ano. is bci.sec1 on en ane.ly-

sis ancl. diagnosis of pupil abilities in respect to the objec+.ives to be 

Hchieved. 

CJ.eP.rly, the tee hnfr,ue, the proceo:w~e, the device, the mot.i vr.tion, 



t.113 eval11d.ion - H!'r->t0ve'~ it 1.fl - f':its w:'Ltld.n the cu:r:rfruluJ'l'l pp+.t,,:,:rn of 

i:,h,q biolo~i~rl cou:rs,). 'T'hp t.P'?Cht?.'~ pl<>ns B uni·f-. of uork. A+, i:)"P err-1 of 



'T'ho P5ms of e 

bio1o.oy con"1'.'88 cn.nnot bP "'CrdPverl if each pupil 1 s wo:'.'k cori,sists 0111:::r of 

li'or tbs a:Lms of thP couJ:'se to be r.ch5.eved the 

pupils :rni.s+, An."'o.c:e in much ove::rt rictivity bo+,h indiv:Ldu9.lly m1c} in groups. 

The fu:nct:ione.l 1ebora+,o:'.'y is the best w,:,y to develop criticPl t),in1d.ng. 

Laborato1'.'y Work 
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The present cornr::.ercfr,1 wor}:boo}:s e.nn. so-c0,1led lr.horr tory rnnu,,,1r 

to look un enswers j:n r. t 0 xtboo1.r P.n/! fill 5.r a few blrnY lines or complete 

cra1:n. This t:rne of exercise only serv0s to 1:;ive tre teacl-rnr the pro-

hlrorn of uho to evnlu,:,.te. 'I'Yue, the com.rerci21 1,rorYboolrn "'.re ti?'le seYers 

for the teacher. Also,, tJ,,e prGparecl workbook c1oes have :its 2.clvP.n.teges 

as t10:re :waterials e.~r'.'e cro1,Jdec i::ito the biolor,y course. Bl1t the major 

ob~ e,:;t:i ve of t:he course j s not +,o covPJ'.' :_:,, specifier1_ nw".oer of pe.,o:en of 

T1·,e d:i.srnlv':lntr>ges of the commercial 1a.horB.tory 1w:i.:nunl 

f P.r outw'oigb the adv2nt11.ges if the b8st ler.rrdns s:-i tl1c" tions 2re to be 

creetec1," 

lluch of the efective ter.ching of t)iolocy :Ls 00:n0 by lo.horr-i.to:r-y ex-

rehey B".'e ex:oer:i.ences like usi<'l('.' P. rdcrosco:ne, nropsr:inc: sli'.'le2, nsine; nre-

should not 1'e n t2lking Drocess but e. 0oin3: process. The lnbor,}t.oJ'Y is 

,:,n ir.ee.l n1flcr: fo:r improvi".lg t.rie t,9rr,1.i:n.olor:;y r:n"fl. vocR.hU.1P:ry of i,1"e stude".l.t. 

The".'e ser-rn.;=, to be two conceivable fuDctions of laboratory 1101'.'k: 

n,see~n,::s is believing -· one appeals not to the 8.11thority o.f 
~ J_j_1.rin.~ p0rson or ~ book; Ol1t or_~ Joo}:s se:11-~relJr e.t t!l.e ff\cts, 



the infj.nitely varied phenomena of ne.ture. Tlous ti.-,e first 
ftmction of bioloe:y lrb is to prese!l.t evj.(tence from nature 
to :i.llustrr.t.e the ba s0s of our. Moloe:tcal concepts. 

To convey somP.t.b:i.nc of t.r..0 ne.ttire of science 8.nd its methods 
is the Aeconr1. function. 111 
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There is really no need for the 11coo1:book1r biology laboratory vtl th 

our prese!l.t day visue.l e.ids. T}1erP ~.s :no need to give the stu.deJ:'1.t. an 

exerc:i.se fo,~ which tl:-ie a:".!.s,..rer is kno,:n or cJ.ce.rly :i.:i:cevi tnhl'?.. Labore..-

tory 9:x:per:ime:nts shotiJ.d nctualJy he expe"l'.'imentation: noi-, .just somA,t.:hirie; 

so that the stur1en.t w:ilJ. b8 bu~y or. sol'l.etrine: for wh:i.~h the ansuer is 

obvionsly alrea.cl.y l,:1101-m, The 11".borPtor:r shonlcl prov:ir:1.e real pn:rt.j_cipo.t:i.on 

5-r>c sc:i.P.nt.if:i.c invP.stieat:i_on whfoh w:i.11 chr..re.cterize concepts and give the 

student an U'YJ.derstendine of the natu1'.'e of sc:i.enti:fi~ met.heels e.n.d f:'l. st:i . .rnu.lll.s 

for further :i-1westigE1tio'YJ. e.s well 8.S enabl_e him to learn ce::rte.i~ ft:tc+,s 

Dr. Bentley Gle.ss sug[:es+,e'3. to tre AIBS BioJ.oi:5.cal Science Curricu--

lum Com.m ttee the 111:1loc1.<:11 .idea ~-n bfology instruction ~.n the labore.toI'"iJ. 

The nblock 11 wouJ.d cove"!'.' ~-~Yer+:i_G8t:i.onr o:r. e. specif:i.~ biological problem 

f:md wo11J.d c-ove:r ?. rl.uratio:n of flevere.1 wee~:s. The bJ.ock 1ron1c1. begin 1-::i.th 

simple qu0st:i.ons er.A AxperiwAnts 1:mcl. proceed to more COJ!l.plex e:xperiTIJ.en.taJ 

e.ve:1'.'!'l,qe ci+.ndert. ':'.nr1. p!'o~e:>.d to tJ1e :mo!'e comnlex wit]:; no lrlit to tl-1 e 

complAx:t+,y -Rnci ind5.v:i.dur.l AXl_)Ar:ir,1entation on the pa.rt of t.he gj.fted stu..;. 

rl.ent. 2 

The AIBS BfologicaJ. Science G1irriculUJ:1 Cammi ttce on laborP.tory In-

:,;,.... -----~-
1Adcl5son E. Lee~ 1rThe Blocl.r of Time Idep, in B:i.olory Inst'.l'.'11.ction," 

Th~ ~~_rJ_2P.!J. fil.210..£Z TS:f(}',er' XXII (1v.Tnrc!1., 1960) ~ p. 135.,_ 
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n·. 

H oc:ul2.+1_ori ,-,,,.,;i horn Po .at.,, qj s 
J...-,t,0-rrl enPnrl PD Ce of stJ·uctTire 
P,et:;n1P +,fo.,.., ~ rJ 111rint s 
Grov+.1, r, Y'ri riutri +.ion. 
noo:rnj_np t:i on ":rel bp}10vio:r 
A1-dm?1. 1::,:r-0;,rth r,ncl cl .. evelopment 
PlHnt f;!'OHth t",::10 deve10D:'Prt 
:r~ne:rsT ,.elr->+io11s 
Dyno-1nic ecology 
Genetic contimxtty 
~vo1ution 

These blockr' could be rear:re112:ed to the sem1e11ce +,hat. has hee!t selected 

by the indi vidurtl in struc-+:or. 

The le.bor1-tory shou_J_r'l be used 2-s P supplement to the chily clP22-

:room fo2t,ruction. The l£1boretory :=;c:bed.nle shoulcl be flexible. 80:me dRys 

it wouln. be used for ectual expe::r-imentB.tion; othe:r- d':'lys for lecture-demon-

st.ration, at other times for a11flio-i.riS118.l instruc+ion, other 01:1ys for i.n-

flepern'lent study from available references, other cle:ys for v.rritlng by ob-

serve, tions and resu_l ts. 

rrhe high school student shou1d learn to make neat, accurate drawings 

which P.re correct.1y labeJed P.nd he should be able to ,,rdte uu observetions 

;=ind resu1ts in a cred:i.tRble form. 

The writer hRs founrl_ that rec:_1..1.:i.rirg stn1:1ents to ma1'.:e dr~nrings on graph 

paper fo the early part of the coul'.'se allovs bee;innine: stucl ent.s to f{et 

better proportfons. However_, the p;raph pHper is r1:i.scHrrled eArly in the 

cour8e End replaced by ordin1:1r;1r drPwine; pri.per. 

To teoch biology in this manner rP.quires fecilities e.nrl equiprient. 

l;!odern hiolo3y teaching reo_uires that le.borrit.ory or experim0nta1 activities 

he used when.ever tl~0y e:re n.eArled :trc t1-:ie colTI'fJe of irnc;truction. However, 

on .Sep+.ember 2, 1958 the Ne.tionel Def8n,sA EAncBtion Act w1:1.s .sie:nerl_ into 
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en_u.inment. MP_!ly tools e,re noF ri1P.de rvailr.bls to tr18 biolomr -l::e8cre'.".'.-

Eoweve:r, :f'acili ties e.re '.""Je::-ns t.o e~/!.s. Th,e best. fa.c:i.1:i. ties c)1i:i_ er,uipment 

r:_re to no 11,wi.i1 i:n tr":! a.hsence of e. c;ooa t02.c!:.er. The~efore, it sh~_ll 

be conside"'.'ed ic1, this repo,...t the.t th:, fl.ow of e!'1.uc.s.tio'l'J.Pl e.:x:oeri.-,nces 

shor!lf1 be 1J.:nhp,_.,.,,_T)ff".'er'i 'hir -restr1.ction:, imuosc-il hy t.h"' educ.<>tioriP:l ly ex

t.rpneous limit"'+.ions of i:nar:l.en_ui::i.te space P~:d ecmipment./· 

:Sxamples nf Tl'}chniqu~s qr,rl Proceclures 
Within p_ Block 

1um11 , so the use of VPY.'ious laborB.tory en~ f5e1d tACh"'ir:iues P.nrl. pro-

"Pl.,, Cf' tl" P ::PolJou:i.1c.c:; :rnA +pr.irl8 O<". the <'l_r?non~+rl'l.t .. ~ o'Yl tr->_bli::i ~ 
r>,p_rhon nr.ne=ir or n.l1JJ'1inn1n_ :f'oil., pins, fl. erow1.nz g0!''."J1:i.l1T1;1 

=-·---7'~_:t-t"':-~---·,---·;:.---. ---~---~-;,--~~-\,-=" -·,, · + • - "' L • f' .... • T" r1 
·'. · .P. lOY\!'1 __ ,,C;t P.YlCB "",P..Cc ers c ... 8SOCJ.8. ,,l011t ,C-~(?.r ~-2,}: ;,CJ;,QI'£~. ~ 

I1D'S1, {WP shi:ne;-1:.on, )) , G. :- 19l59) , :on. .:-10 ~ 

5t;;velyn J~o!·hol t, Pfrnl B:rs-nnue:t,.,, Rri.c1. /1.lexr.incle'."' •os0>nh., ! .?2..l!r=:.b.9.£1:. 
f.Q:;:-, t:-'.e Biolo:'1':icel Srj""rires, (N8w Yor}:_. 1958) r P.-. p_. 6-7 ~ --- ..._ . ...,~ .. __ ..., . ......_ _ _,._ ... ------~ 



nlcohol, d:Llute iorl:i..ne; r: beriJ'."P1'.' or P "bot r)lr+,e O".' e. +,est 
+.phe in n 1,JP.te:(' bo.th over ? but':1er. 

f.sk the s+,udents to ,)lnn E'D "'Y:peJ·:i111en+, t.o p,11sve.T' +.he f'o1Jow:i.ns· 
ouest5on: JS LIG:rrrr 1\~F-:Tn~1, BY GT?J~1~1\J LJ:;;,,\V?,,', TO Ji1/IY'B [:l'rA:o<;JT? 

:C-Te.ve the stui101<ts +o wr:i.+ e P.l'.' expl.,,.n0.+i.01'.' of +ho::i.".' ovt' 1JlHr of 
"'ct:io-n to solve +h<? uroblem wHh tl·e r,1r+.,c,:r:ie1s prov::inerl. }Ster 
t11ey hp_ve 0.ev:i.s0cl. +he ple-n., e.s1-:: tbe entJ:ce p:-r:·ou11 +.he fol1ow:ine: 
(•nest~ ons: 
- 1 • µ,., ve :rou provir'1 en f'o'l'.' r cm,-1-:r'.'ol? 

2, now cov1r'l yo11 f':L:rc'i 011+ 1r.rhether J.e"',res rn.0,1 e s+.2rch? 
3, I+-' t,1v, l,:;c1,res were coveJ•er'I ,,rovJ/1 i·,1,-,07 P'31.~e str:".'e;:~? 

t'-f+er -lJ,e stu-1 e"'ts h::->v0 f:tnishec'I +J1e e:;mcrrir-10.n+s hPVC: t11P"" compPre 
treir resu.l ts pJ:,d r\y,r:i,,r co110lnsJo:ns. Tr'. t),j_s 1,rriy: they will l)e :':'.ble 
to (~1'.'8'\-T cone;lus:to ... $ f'rom :rn,q,1y i1,y,=,:=,-,·i (';c'.t~o1,s~ n.o+. 51_,s+. o·nA." 

t:i:-ols. ,Student.s leo.r:,1. to 1J.se +he rnetho,l o:f' scien+.ists 01~ thr:,;;r 10P:t:''" 1:J;sr 

11 :r.s (t,F'.ROW nrnx:rnr.:: U,C,T:'.D :RY m11-~W,I·T PL.Ai1T8? Do 1rmter 1,lrmts PSE' 

cPrbo:n clio:s":tde? EJincA c0rhon c'li.0°·irl0 is n. colorlciss C;PS. nn 
incUcn.to,,·: sue h "'· s brom th;;Tf!lol hlu2 s is userl t,o '.reen t:'.'e.ck of 
+he o,111onn{ of ce-rhon rl:i.ox:i ,1 e :i.n th·-:- 1'JD.t,o:i:-. F-i.11 <i lrrp-e hA9.1"e'.".' 
w:i.th h:r'orn +,r~rrnol bhJ.A "'01_,1+-i_on. r:nr'I hlow :i.n+,o i+ tl0 :roll'.;h o. 
st.J.•p1.r. Wh"'t h2nnens'? '111.,, CP'\'.'hon ,lj_o:s,:trie i:o. t'•e br0Ath cnnsc;n 
n che·"\":e -in coJor f·r>oF\ t,J,11e to yellow. T•ThD.t color vo11J,l -result 
~f the CPTbon ,liocdrlp in re:mo,reo fro11.1 f.h8 SOl,1tio11.? 

F511 f'our +.cs+, tubes w:i.th +,his lw•oy,1 +.h,.r;:101 ~reJ low (r~.C)" in 
r~rbon nio"dJl"'). !dd sprius of fd_.90.°,2_ nl<:1:r+.s +o -l:1~0 of' thc.s'" 
test tubAs. Wrfi?_J one tube con+,2."i.nin.r~ 1:'."11.,oilf:3.f. in cerbon pP:rv:ir; 
2lso. wraxi p·:10+.h,pr t.11be w:i.trout tJ,c? n11:"nt in cerbo:n pe.pe:('. .S0t 
?11 i:he tubez in brj_gbt suTI1ir:tht (or· electric 1jzht)'~ ·· l=i'.xe:rn.iYJA 
the t11bPs per:i.odice.ll;r for chf>J1(1:e in color. }~:x:r.ilnin +,h8 f:i.ncl:i.'1gs 
::ind, results. Compare results with oth0r students. SiJ111111.a:d ze 
'l.n .•msw8r ·!·.o t}0 e stA.ted problem. Ezo1e.in uh::i.+ t2.ctics of 
scientists ):i;c,_ve beevi us0d in t.he experiment. 11 

The biolocy teo.cher may h0.ve the stuclents do s:imple inw,s·l·.igat.ions. 

The st1..K1 ents shoulr'l stHrt with simple i:nvestig2.tions 2.nd Hork towarcl. the 

more complex. ,Some st.1Jr18n1:.s will be more interested in carrying ', ~r1e 

__ ,_,_7t=-·,··-··----·-·--=-... 
. }lforholt, Bra11.d1're.j_n, anc'I ;rosepl,~ u. 7. 
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vestigri.tiomi f1-12~ther than others. rr:i,,0. stuclr:m+,s co11lo. oo e:meri.rnents :i.n"'"' 

vol ,_r:inz t~e rolP of light :i.nrl chloroph:;rD. in :nhotos;;m.thcisis, :=mch 2.s ( 1) 

starch-ma}:::i.ne: by green leHve·s; (2) f'lllg8i:--makin3 by t;reen leaYefl; (.3) test 

for c1:1.ne suga:1'.' iu plants; U) rol? of lirht in starcri-meking by green 

plants; ( 5) role of chlorophyll ir stri.:rch-m.,ki.ne e.nd ( 6) anfllysis of 

0hlorophyll by pnper chrom.a.tograpliy. 7 

Here: the 1,r.ci te:".' woulr1 l:i.ke to sc:y that to do the best job of teach-

ing biol06;'J it would certe.i:nlv be to tl1e stu1errt:.' s ri.,11v-=>.ntf1.ge +,o heve hB.d 

a course in genere.1 chem:i.stry nrr:wiousJ.y •. Jt is trur:i that at the present. 

time moAt flt1J.rl.ents t.<1.ke bioloe:r in the t•mth :;re::i.r 9:nA. then t.8.:re chem:i.st.:r;r 

in t,hr-i elevenlh o~,:, bJeJfth yee:r. It would 1-:ie to the adven.tR.ge of t:n.e 

biolog,r depHrtT:1ent if trese tvo courses co11lrl be sw:ttcl-2e0. in their se

quence. T'bere is :m.uch of 1..,lology thr.t cr-i.n:r10+, be 0.xple.1.ned without usinf 

chem:i.s-1:-1'.'"IJ. The writer realizes thP.t t:bis cheJ'l.2:A :i.n se~uence. will prob"'.bly 

not he llll':\cl.e in the nr-mr future beci=iuse of tra.c'lition. Recent curriculum. 

stuily groups he.ve found the.t thAre wo1.1l0. be little obj ectio:i:-. to the cbr:m2e 

by M.gh school ch0m1 ~+.ry t011.cherfl. Nevertheless, the sta.tement :ts a fact, 

tha.t tn o:.r-der to hP.ve the :mort t}lorour:sh 1.1nc"l.ers+,1::mrlin~ of biolor,y t.hP,...e 

must P.leo be some u:rilers..i.a11cline of certe.in cheTIJicr.1 processefl. The viri ter 

Nn1':eA this sta+ eT11ent at +.his t.irrie because of soJYJ.e of the facts of chemist:r;,.r 

t:bat shoulcl be np-plied t.o tre a.hove set of invest.ie:e.t:i.ons, }'i[i.ybe, ~-s a 

result of recen+. sturl.y g,'.'OUPS, biology teacherA will see tre.dj_tiori. dis

ca.rded and tbe logical sequence of elective sciences become a. :re:":'l~-ty. 

Timely ano well -pla:nnec'l. fi0lr'l t:v:-ips Rlw0 ys creete goocl len'.l'.'nine; situa

tions. The stur'l.y of the life processes of biology becomes more effective 

when :i. t becomes an integral part of the pupil 1 .s experiences. To explo:1'.'e 
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the plent Rnd Hnimal world~ it is 11ot necessBry to seek ont the redwood 

groves of C2,liforni2, or t8Jce passage to Afrj_c2 OJ"d r:i.rrnnr;e for a saf8,ri. 

The e)c9lor2tion l"AY s+art in a vacent lot cove,~ed with R confused tengJe 

of wild pl!\nts and yoVJl>s trees. Tf the area has not been subjected to 

applications of 2,L;,-D r>,nd othe:<., weecl sprrys thr::J'e will be :rnany kinds of 

animc.,_l life as ·well es a :r:r('ofus:ion of plsnt life. The instructor shortJ.d 

plan for a class t.o clo es much field 1-ro:i:-k PS poss:i.b1e. Collect live 

specimens e.':'.c! keep th.em in the 12-boratory for a few days. It is good for 

an :i.nstruc·ror of high school biology to sch0du1e a f'ield trip dnring the 

first two weeks of t:he semeste".', even if j_t ia only e:r;>ovncl three o:r fovr 

bloc1rs to get the feel of obsffC'Ving t;,:,ees, shrubs.:- nnd other l:hril'.':' thi:ngs. 

'rhis is aJ.so e, &:oorl t:ime to p·2.ther &:,,P,sshoppe".'8, fro.o;s, and cre.yf:i.sh fo. 

neP_rby fieldss streams, a:od ponrl.s for live observation. To get the stu

dents to ,:ea11y 1ef'rn by f1oing, nct:i.viti"'s Yf\Ust be stnrtec 0e.rly in the 

progrm:1.. ':!:'he 1-rrite:r has tried ba.vinp; the students ·plant oots in a lPrge 

terr2riuJ11 on the second or t.l1J.w1 c1ey of Sl"'.hooL ThJ the t:bne the class is 

re2.dy to study grassboppers (rbout the t'hi:r-d or four-J:-,h week) the oats 

are several inches high. The liviEg grasshoppers ca.n then be put into 

the terrari1.J1n. This fu_1~nish0s a suj_tnhl8 place fo:r keepine: -i:he SDeciJnens 

foi:· study, Tbe students c~m obse~~ve t1'e :srasshoppe:rn feed, bre-o.the, move, 

ancl see the functioning of w:i.rious systems. ,Sii:11iler tl,-i ,~e;s c~in be cl.one 

vd.th the creyf-i.sh, 88.l't.r•rol'.'lns, and me.113' of the othAY' :forms of lower anim.'11 

life. ri:'he students can pct.1Jz7:1J.1Y e.rmJ.y cJ.;c,sqifir:'r-i-!-ionJ desm:·:-iptio,:-i, h,:,bi-

n_c-!-ivities th'."t can be bro1-1 .. -:ht about by the :results of 8_ fie-lfl tr:ip, 
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'P'he class a.s H ,':J'OUp rn?.y en,joy prepriT'ing '.'1ocl.els to illustrate ce:r--

t1:dn irle[)S OT' s+.ruct111'efl •. The-re A.:re mnnv r;1or1els to use in cl.sss he-

sides chaTts an<:' corn:rn.ercial marl.els. 'l'hese :moo.els co.n be 1119.de by interest

ed members of the class or tr1Py ci=m be done 2.s group projects. A very 

simple mac.el of the cell can be constructed ee.sily. The procedure is 

simple. Use a roll of cellopbane, seran-1,ira-o, o:r- ,:, cleer l)bstic box 

for a cell rnochl. The Rtudents should be able to supply tr'e:ir o,m in-

forrflP+,ion regarding the st".'uctures t:roicA.l of cell.s. For ins+.anc0, the 

stua ent s might use morleline; clRy for the nucleus of the cell, they can UAe 

one color for U 1e nucleus, an.o+,her color for +he nuclear membrane, still 

another color for t}le nucleolus. They rni,c;'nt use small balls of green 

clP.y for chloroplasts, or a ribbon of 13reen blottinc ·01:1,per for the spiral 

chloroplast of §pirog:v;r£s• Of conrse~ the students may come up wit}l many 

other ideas of what to use in constructing the inodel. Jin attractive 

visw.1 aJ.ds collection mr:1.y he developed in a short time by t)rn stuflents. 

Instructors shm1ld be certain though that the st.udent he.s a clea'l'.' per

ception of whet he is cloing. 

The labore.tory Cl'l.n even be extendecJ outside the school. Sometimes 

the s+.urlents raisP ~.uestions, or the teacher fj_n,:'1 s it rlesireble to e);.'"tend 

the lesson outs:i.r'l.e of the classroom le.bo:rritory work. Severa.l kinds of 

t.hin:1:s can be done and CPn be useful to the student. However, the stu

dent does 1:1.ot have e.ppa:r-atus at bome to carry on actual experimentation 

or self-demonstration. Therefore, experimentqtion at home will be limited. 

Collecting specimens is a.r:ood outside project. There are some pencil 

and paper procedures whicb stre,ss various aspects of invest:i.gative pi~o

cedures in science. A good \3XFmp1e of pencil and pa.per investigations 

outside the classroom ~,s one concernecl w:Lth genetics. J,'or :i.n8tance, trP.cinf 



34. 

the occurrence of a trait iJ:i. t.:b,o family of tre stu('lent. The stud02'.l.t ce.n 

dev:tse o. 1rpy +o s1':iow ti,,:is t.rait 0".rer seve1'.'fll e;,:meretions. T})ey will f'ind 

i+, i'ctere~tinc- while e,t the sr!ne ti.me they uill be usi1,c,: principles of 

geY2etics. Tr.ere E'.r0 1r_any inventory-type proj0.cts tl::at c?cn be rlone iP. 

e. unit, on }:ierec1:i ty or genetice. Stnd~nt.s enjoy look~.ng :i:t1t.o tl::e 1-n'lv,~ri t.e.nc~ 

o:f '!Y'..alen8ss E'r.d fer,,l'll(C'ness .• coloJ'.'bl:inr:l.,.,_esr,, f'Y'i:>c)rles, :rn.nsicaJ e.b:il:i.ty! 

shape of ears, Et.tached o:t> free er-i.::~ lobes, 1:Jlood type8 Pnd Pbility to t,,.'1ste 

specific chemj_ca.ls. One of tbese t}·at uor~rn vr-:ry uel1 in higb scbooJ is 

+,he nhenyl t:riocP.:r.b,:,.mj.cle tc.ste test. .L\bou+. seven out of every ten humnn 

beinc;s f:,este P.T.C. (phe11;rlthiocerb.·1.:rnide) P.S a saJt, sweet, sour, or 

bitter taste. To otbers, P. T.G~ is tnsteles~. The pa:'ler soakec1 ii:J the 

harmless chemical !ll.e3r be pltr'Ch,::i.ser'l or +,he tee.cher c."'.n :nrepAre :i.t. Tbe 

P~.!)e'.!" cP.n he ri.sed by t:re st.ua.e11.ts to t.est tbemse1ves, trej_'t' parents, and 

other reletives. Tr11~ P,hi1:tt,y to t:01.ste P.T.C. seems to be 8. ,:'1_omirn.nt tre5t 

P.nd stu,1 e'2ts Cl'l)'.'. compile t:he dr:t.a and :rn2.l-~e charts an.d thus :inany of the 

principles of genetics C'cl!'. he ~.npl:ied. Wi t:h this s5.mple test thA concept 

of t:be pairine; of f£.c-1:.ors and their segre~t'l.t.7.0:1 cen be 5'.llw:;trP.ted. J.n

vento:r:7-t;;rp13 nro j ect8 1"'.ay a.lso be us er!. in many other uni ts of study~ 

T'.he studentr=i: ce.n perhaps do s:tmple projects at },ome with those things 

which c~m be devised by UR::i.'1['. ap-i_Ja.ratus o:f sorts f:i~om I"B.torir->ls at hand. 

They can also rin.1':e fie]/t-t.ri1J j_,west:l.,~ations o:ri their oim. 

Glenrly :tn one rc,iort everi the most cciminon patterns i:r.vol vine: the use 

of all lr.boratory net.hocl.s C8.r1.no+, be co,rer0d. But.~ ii,. P.or'lit~_on +,o the feu 

tech.:.'1i0ues and procen.ures :mentioner! previously one mu-1:'-t include the lorig

terrn nroJectf:l Pna j_nvesticPt.ion.s. 

Ir, prAsent do.y bio1ogy clHsses t,here :ts g def:Ln~.te trer.d toward lab-

orr:i.tory exoeriences which run over P muc}, lon'.':er ur-,riod of time - perh,:,.ps 



several cl!:1.SS perioc1s or even sEwernl week'3 to briPe; thGT'. to completion. 

Facilit,j_es should be provid8i:'l. wbich 1-rill nerrdt tM_s !dnd of educ2.tiom..l 

experience. The bioloe3r 18.bor:=>"tory r-h01..u.a. inclu.Ae enouph spB.ce to pro

idde for those stuc1ent gnrl. te!'l_che:r experiM.ents end projects which ,,r.1.11 

continue for t!:i.'3 lo~q-er pe:r:i.00. of t,j_me .-

The long-term investige;t.fon si,.,_oula. be 11origina1 n :t.n the hieh school 

T11erminz of trie ~rord. TJ~e rt11dcmtfl shoulcl beg:in with fl. s:inn13 t.<::c!"in:iqiie 

which helns resolve ,?. relRt0v9ly s:t:nrr:>le nrob1 e"l'. Pnc. the:nc BYolve t.1,-,e nro

blem 5.nto a fvJJ. sc8.le i:nvestigRt,io:r.,. 

The investige.tion wi:tl be or should be jy,_ an area in which the stu

ent is deeply i-n.terested. Fo't' 8X8.mple, in nr9,dous :rears of teaching 

experience this writer he.s founcl. tbat me.ny studGnts HB.!.1.t tc do project.ic; 

~.n th~ 8:reas wbich rele.te to voc~:tion8 i".'. w'.h:i ch they Pre :i.nterested. One 

tenth :;r1:1.n.e stu.0.e".'t Fho e:r:>rolled tn t.he 1-!T'j_ter 1's cJPfJS ~hos'?. t.o do R nro-

~ 8ct called. "Eern.Ettoloe;;r: The Science of Blooc1.". It,eI,ts jn the project. 

on he:!r!atology covered a.:npro:x±re.tely t(m !".rel't~. They ver8: e.n a.r-t.:i.fic:5al 

r.eart constructed from cley and µaper rnache; a :map of the U':1..i.ter:1 States 

sh01,ring the :m,'li:n. bJ_ood done.tion centers a.enot~d by use of fl~shing lights; 

the rapic1 [l,O.r:iinistr1:.tion of blooo.; bloc-::' tre.:nsfusions; blood HS a fer+,i

lizer; blood e.s a riec'lir.i".le; HI'. electronic s+,Athoscope ,· whfob t.he student 

actually constructed.; blood ::ma. 8 future Hnr; the heflrt; A.rid the heE>.r-!:. 

r.nd how it wor!~s, This student's spec~.,?.l 1nterest was :,nec.icine a'.'ld he 

1-J('nted to become P. a.octo:r. 

Anothe:r stucl.e!!t. chos9 r- u:roj 0ct wrfoh she c?.11ecl. "The 1<.:ffec+.s of 

Vi tl'l:rn.i:r:>.s on Growth of .An.i:rn _ _aJ..s1t. Sr.e user:'! chick<=in.s, ra.ts, 811•' f'Uic>ee pigs 

to show the effects of rl.ef'ici":'!Ill.'.:i·<:8 of ce:rt.e.i~ v:i.t.amins., 
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Anot:b~:i:- stur'l.ent f.1id so:rn.e resenrch on herec1it;,r. Tfo usen. ch:i.ckens, 

rats, bear:,.s 2 f'nd peas i:r.. Ms project to s:h..ow j.nherited chn.ra~t.eristicf!. 

These special projects ~verae;ed 'lbout three or four months in dura-

tion. 

These long term projects or inve1=1tie;ations l'.l1El.y he so bPsic thEi.t they 

ha.ve been done by tr.ousa.:nc'l.s of st.uc1.ents or they mEiy be orieirn.l. NevAr-

theless, in either category tre st,ucl.ent ler-i.rns by doing. :Some of these 

stude:ntts are tomorrow'fl scientists. Most people e.eree that the ~.nspj.:rr-i.-

tion for E career come during formn.tive days of early schoo]ing. In a 

survey of 89 M.oloeical scient::i.sts it was reported that 1.2. 7 per cent 

of them h1:i.c'l. be1=m influe".'!ced 1.:nto that CEJ.:reer b:r the time the.t tI".'.ey had 

completed high school. 23 •. 2 per cent of them h:.:id been influencea by a 

8 high school te1;1cher. 

The best pro,jects are usually done by those who c'l.evelop their own 

iclee.s and m.nterialize theI'l. ,Scir:mtists obt2in se.tisf~.ctio!! ~.n nttempt::i.ng 

to solve probJ.e:'lls, even if the results are often inconclusive and lea.ct 

to fu."t'ther e:11:perimentation. So it is w~:tJ1 long-t..,,rm investige.tfons j_:n 

biology and projects :tn 1...rhich stucl.ents enc;a.cre, They e.re begin2;.inE',:S, i:,ot. 

e:n.d s in th~sel"lres. Ji!~ch inve stir,Rtion whether an :i,ndi vidual project. or 

a. class project wilJ. lead to !'lore 11:nowledge ard a:r,ipreciat:i.on of som'9 co:':'.'.-

cept or ph~se of biology. 

l 11any goor'l. ideHs :f'or ino.:i.viduaJ. proj ect.s for stucl ents e.re listed in 

a publicf:l.+ion by the Scien~e CJ.ubs of ATiericl?. entitled nThousands of 

Scie~ce Proj ects11 • Again, 111.1:my of the titles are co b:n.sic t1'e.t. they l:e.Ye 

8DonRld R. ~·~ill.er, 11A0 Sti.10.y of Influencing F?.ctors Identified e:s 
Pe1'.'t.inent jn CP.reer 88lectfon by a Rando'TI Sa111p1r-i of 231 Pby:=Jice.l and 
B:i.olo,:,;foaJ Scientj_st.s", (u.'tlpub. M.8. repor-t, OklP.ro:rr:,:i. State U:niversi+.y, 
1958), p. 7. 
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sts,r+. rn. imres+.:i.:1;::1.tfon thrt wou.1d htst over t.:0 0 ,..,,,st of l:ii11 }0 :i sh rchooJ_ 

tri8m, of ~ourse, w:i.11 'become h:ioloe:-tsts. ?0!'10 of the)".1 1;riJJ_ j,.,ever develol) 

f1.ncl concents for c9aiJ,~r J5vi':l[". Some of +,he stucl.o!.lts wrio hecome :i.nterested 

will cbe.ne-e tri,=dJ'.' !'.'irv1_s when t,J-,ey find ~ree'1e:r pe.fl-l:ure~ o: .... o+;bAr r:i.rcl'l8 of 





expe:riPnce fl.UC_ 1?l:d.l::i:t,:l.0s fl.mone: s-t:.1..m en+,s j_n th8 sr>me cle.ssAs and the in.-

creP.s:i.ne; neea fo·(' sne~i:f:.i.c i'nformr..,tj_on Bbout, man rdmself nrr. -prese!!t-

in:i; a cbr:>.llenge. 

While the wrj,ter he.s be'.:m trying to i:nd:i.cn+,e :=>.s P. W. Bridgman once 

barred, 11 the conceptfl of biology p_y,e developerl iv. he.rd work A.nd cre~.tive 

~ctivity. 1 Brain r'.':'1.d muscle, mjnd Rnd !_,_ends rm.st be in const8D.t co11a.bora--

tion •. 

Biology is a.n experience in se0.rch of t1'0 !Df!<'!.:td...,z of l:t.vine; tM.nzs. 

The sturJy of 'biolocr is for PJ.l. The elem0nts of' biolog;;r are the funcle.-

mentri.1 fHcts essentfa.1 to t}-i,=, k:nowlerl.ge of ne.n 17.v:tne in toaay ts world. 

The nresentation of these elements t.hrouzh riB.rre.tive, review, illustration, 

tliought-questions., urobl0111-soJ.ving, a'.'lc'J st:i.rrlulRtinr: projects should mo!rn 

the objectives of biology courses becom? a ree:lity. T1:'.ie elements of 

biology cen be combined in the cl8.ssroom., in the le.borP.tory, out. of t:n.e 

cle.ssroom to :irieet the varying '1eeds of a,ll students • 
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