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PurÌroses of the fnvestigation

since there is, theor"etica[y, a pïogression j-n br.eadth and int-
ensity oí insiruci;ion in the concep''; of functional_it¡¡ from the tenth

through the twel-fth grad-es, there should be a measurable jnerease jrr

the understanding of the function concept through these g:.acles. The

purÐose cf this invesii gation ì s to cleierinj-ne to r+hat extent the

stucìents oí these grad-es have an u-nd.ersta.nd-ing of the concept of fun-

ctionality and to determine the exì;ent of gror,;-bh of functiona-l-i¿¡r from

grade to grade.

ïn the inr¡estigation the en!--hasis has been ola.cecr uron the

fol I orvi-ng questions:

1. To '.¡hat extent are the students at 'brre end oÍ i;he tenth-

e] errenth and tl¡e] fth graoes, able to recognize a relationsìrio betrreen

t'rio or moi"e variables?

2. To i+hat erbent are tle si,udents a.-b the end of the tenth"

eleventh and tr¿elfth gra.des, able to interprei the function conceut a¡d.

exoress it as a relationship between the variables?

3. To l.¡Ìrat extent are the stud.en'r,s at the enc. of the -r,enth,

eleventh and tr^¡e]fth grad-es, abl-e to inter*r:ret a table exhibii;ing

associat,eC, values?

L. To l'¡ha'b extent are üre students a.i the end of the tenth"

eleventh and tr+elfth grades, able to ínter"prel a. graph?
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/ -+," i,lhat i-s ì;Ìrc groi.r'i;ìl rr-i 'uhe abi-'l-i-t;¡ to u.s¡: 'ì:rtc rir-ncii,..,n con*

ce-:i:: throuljroil'" 'Lhe:; ijr'r ji.: l

A. :1o.. clo 'i:I¡ a-r:-.i-i-;i:: of bo-'s a:tc:. r. ii-r s j'e :irrt."ùi-.¡,¡.1-... cl,.rare?

Ju-s'r,i"Îj ca.tion of tÌ:e Inr:-es'r-,i ca--l-,,Lon

There e.re â- nu.riber of ree,sons r.r;rtr an inv.irsai.:la.'lion o:1 this ne.iu.,,e

-,.rol-ll*d be oÍ-' ssn5j-cìt:rab-]-e r¡alu"e, 'Ihes.-, r::a;r'be c1¡"ssifiecì u-nci er the fo l*

-l-o¡..¡ lng he e.cJ i-nri s :

r-" The tlr'rlort,a.nce of rîr-nctr-cna.-ì- r.el-¡.ii-onshil 1:o genr:ra-l- ec:,r-c-

t.-t,i-o.Tl.

2" The i.nc::e:.secl e:r'Llh¿.sis 'Ll:::.'; lles been llaced- l:-lon ¡he func1,ion

conce¡t iri. th..: teachi.rrr: of r.rr'¿heratics at i.he j'.r-nio:: and senior hrgli

scirool I evel-.

3" The eval'.r-a.tion of the corlrses 'bh¡.i :,r:e beinu rtrcsen'r,ecl, at

the hj-qi. scirool ,¡,eve-l"

Ii" The eval-u-atj-cn oi tìre Ðr:ogress ni:.c'l,e b-rr i:he stLiclen-ì',s a-s a.

rrìs,'J.r t o 'l t,l:ese ccì.r.rs js.

The Jäipo:'i.a-nce of the Stud,¡ oÍ -r',inc-Ì,-ì onal lLe-]-a"ii-on-

s¡hi-p io Gene::a-l- Eciuca.t'j-on

To a" ¡1r'e.:-t erten'ì, the C,er¡el-orrûent cî ne',:er irlod,es of l,hrnl<j-ni s-l'lo-

aDrlllos.ch lo n::ob-l-ens .j-n ma.'',hell¡-iir-cs has xlacle -i-t lossi-b1e fo:t,i¡r r,c..'ie.nce-

neni of íi-r"nri¿-rnen'i:a"l ur-rdei'r:',,e-nC:.n,3 i-n ecluce-tian uhici-r i-nturn has been

::eflec'¿ed in tl:re qenera,l- acl-.iå-n¡utn"n'¡ o,[ cr.¡j-]-'i zati,on. ivhet ;rl¿'¡ bel:t¡-n

lo becoiae tïaue of re-l-atj-cn,9!.iÐs exi.st,ini,; betr¡een -'r,r,io or" r:cl:e c_Lr-eti-uj-'a,ies

,:no' t,.:lor:-gh e:1,:eriilentai"i on confj-r'i;x:c.l 'Ljtj,s r.e-l-ati onshj-l he bec¡¡ne Ð.-,."íÐ.!:e



for the fi::st ti¡re i¡hether he realized it or not of the no'r,ion of func-

tional-ity. In tlme, ma'r,hena.tics began to investigate the various

Ðossibilities of exlending the rela'¿ionshiFs that had been äiscovered"

These inrrestiøat'inns i'ounrì exnression in the techniques i.re ceJ-} modernI¿lu Ð9 Irr v v u vrÐs v¿v¡¿u

mathema'i;ics"

T:r most br¿nches of kno',¡l-eige there cor,les a certain s'bage of cie-

vefopment at r.¡hj-ch quantitative relationships between various conc,:pt,s

can be found and utilizeit". Once such a relationship is founcì and ex-

-,r.esserl -r1.csþ¡-inpl-l rr- t,hrr ro¡cl iS Cl-ea.red fOr intenSiVe stUd¡r Of theUr vÐJvv-

topic ivithout too much relian.ce upon inconvenient elcperixentation.

Srtch an al-qebra.ic e:;pression is c¿l-led- a functionaJ- relationship andthe

formula. irn¡olr¡ed t^¡e caf-l a function. In some cases thi s stage of de-

vefoilment came earl]r in th.e civil-izati-on of certain grouns of peonle.

.Archuned-es first shoi.'red- hor,i Ìn'e earr ca-lculate pi and apllied this la1oi,¡-

ledge to inventions based unon the r"rheel . His knor+ledge of the function-

al relationship befr¿een the ratj-o of the liei ght and, the d,i-stances from

-Lhe ful-cruJr gave us one of 'r,he be.sic jlrj-ncipl-es of mechanics. The con-

trihÙtions of pl.+r.^^^-...,- nôÄ^ {i aossibl-e for the Alexandrj-ans to devise-- -J ulrd.Üu¿uù llEuç Jr

tables of iatios of the si-des of a right-angted. triangle. Rapid exì?an-

sion of tra-de ¿nci imc::overirents of tecl:ni oues in navigation necessii;a-ted

a s:¡nnU-fication of certain mathemai;ical- procedures" The i:rtÎoduction

oî loøar.ithrric fnncÌ,ìons hr¡ ì'T¡ni-cr and subseouenrrl te"bles by Briggs adcledv: ¿võcr ¡re.ir!

to 'r,he s'cock of functions in mathenati-cs and sinrnlified- lnamr oí the 'i;ed.-

iou-s co¡routabi-ons occurring i-n business and incÌustry.

In ttre ReÐor',, of ihe ConrmiÌ;i,ee on the Function of iuia.ihema.tics i:r
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General Educa-tion ir^ro reasons are r¡iv'en ior the j¡cortance of the stuc].¡

of functional :'ela'tionshiF in general- education. The Renort sta_.¿es:

Tn the first pl-ace, it helps the sì;uclen'r,'Lo see hoi+ the conccpt
of funct'ion has enabl-ed scientists and. engileers to gain an
effective control (or aÌ; le¡.st an exl:t anation) oí phénomena thaÌ;
i.rould- other'.,¡ise seem urmarrageab-1e or nrys*.erious" 

'Seconäly, 
thefact that in some cs.ses functional rel-ationships exist furnishes

a sta:rdard in tçrrns of i^¡hj-ch less exact rela',,iàns are recosniz,ed
es aÐrlro>.ima.ie 

" 
r

The concept oí the function as deveroi:ed in rrrathematiçs is the essence

of a-l-l scientifie stuclies" Botl: cher,risir¡r and nhysics cell be tru_l-y

r:nclerstood only by a lcnor'i-ì-edge o,f ihe fund-amen'bal concepì; of mathema-

tics" The concent of the relationsh'i,! of va.r'iables j-s nor.i being used

to a,n ever inc::er.s-ing extent in i-ncl-ustr;r, coffimerce and. econo¡rics" The

t'anirì arì¡rcrno¡'ont in Ì;he Íirsi; haií cf t,-r-ì s centurv has nert,¡inlrr lrnr.navr:v :¿r o v rja:l va u_l_l-ù u9l1L__¿ v4rrltJ

out -Kl-eintsz be-]-ief that the l.ro-¡'ld- is beco:ning functionally rnincled-,

To a great extent the increase i¡ the iro'',^rer of nathenai,ics es aïr

effective ins'r,rumen'r, in general ed.ueation devel-o¡ed r^¡ith the increased

recognii,ion of -r,he funciion concept. .Lltl-rough Ì;ire iertn func'¿ion rr¡a-s

noi: used- er1cl-ieitlT in ma.ihematiea.l,- treatises untij- the enC. oí the

fourieenth centuryu the notion of the fu:rciionaf- rel a.tionshio forned-

part o.i the earl-ier ma.i,heroatica-1 thinking. Tne d,evel-onment oÍ the re:

rÌ.,fathema.tics in General lJdu-ca-Lion. À Recori of the
the funõÐiffiE-GenerÐ Edu.caì;ion ilor tirenn cnnn'¡¡.' ^r-r ca'n661_ curri cu-]_um, ll''rc" ynrl- c Tl - an¡-l er..nnJvrtvv. _ Vu¡ r IUULUtIo \I.Je:- .LUI Â ; ,o -..,__- _,_.1o),ô\ ^ r Ln
-/+v J t ,JøLLIJø

Cor,::ni'Ltee on
Commission

kripany, Inc ",
o
l-1. t.t. naJil-eYr I1e_La]J-r onal

Ninth Yearbcok of theffi
ïork¿ Bureau of Publ_ications.
t93r+) pp" 52 - 58

¿urd irunctional Thinkinq j:r iïatbematics
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,-ì-al,-ionsh-ì-,r be-¡,¡ei:rr a- si,cl.e anc'l the ¡.r"ea of ¿ì scu-,?-rer t,he sicl.e.: anc1 ì;¡r,e

af e ¡¡- cf a t'e ctin¡'-l ç, i,ile cl,-ì ,:rte'r-,ef' ¡,nci. ci::.cir:it jli:::'eilr:e o jl z- cit,cl e t a_ncl

tjie L::ip.ononi.:'ì-::ica,L íi;-irc'u-rlo¡¡.-. of ir.n a.ntl-e .?.r'.j e-rií jrl-l-r.e s o jl 1äri:cof¡:ni_zecj.

:funct:,cna]- r'el-¡-ticlshi.rs j,n'iir_j--s e?..r1ì_:i_er ¡1.:_ihe¡la.iicl.t.iìi.or.r.p¡l-1.i;,,

iLci:r:-!,i13"if i,i'lc ''rhoi-r-s:-l.ttti ,.;.'llÉ-,,1'g scr,,:lrt i,o Lra-ve el-:1,-e¡,.i,con'r,lle ti_i.r.ie

'L'h¡.--L ';h-ì s i-änd¡,r¡eni¡.1- ir.lli,l:eitl-.,'',i-c.:--L c..iiLcer:'t, r¡:,s e:.-rl,i-ci- tl-¡r u-seir nn-,;¡.1 -l -1,

recej.vecr. t ,,t",,,U,i 3;.- tÌte eni o j,' tl-re Se-,..¡e-1r,-€Êï1 reil'L,Uf.)r iilail-,¡ -îr-tjrg.Lions

Lr¡.d been s''.¡.;-diecl. and a-n -.¡'i.e':i.t r..rag ¡iLâcia:'r,o rìi¡finç:'.,;,ha.'r, r"¡¿¿: coriri.,on r,o

al.l- of 'j:rte¡1. ïr^, lrí98 ,Tol:n 3e-rnoui-.'l-.i usei'l 'Lr.,e 'i.e-r:lil i,,t i--i,s r:cci e:ar-^i rìre¿n*

i.nti llil¡'. í.-',:iv'ii å- cle í,'.n:j-',;:l-,.ri'r ç l i.l.. tn 17iE.ll 'lli,: i-.c,,.',ie.r:r,i ¿:,i:-l-er:'ij-ci: io*

t¡a.:."c] 't,he rell-e,¿i-cnEl-r-i-ls bi:'i,;,u;s'11.¡. i,',,,=c olt:ror"ir ,¡¡ïi_:.,b]_es l¿¡.i_d -,,;:e fcru.ïrd.:.:-*

t-,ion :1oi 'ì.'he ciísco\reí'ir.Ì-c ,lÍ i,l,e Íir-l¡-ì,1-r:¡en'l:¿Ll- ,r'ela'¡iorrs be'1,,,¡e¡:¡r tiir,¡ -t;r'i_igo*

noine'¿i:ir:,,r-.1- fi;.r:c-Li - i1-s 'rrl.d ì.he lo5, e.ri-'blrr:i'l c ancì e.:licnE:n';-i,al iii.llctions and,

¿ri a, l¡rt.'rr ie:ier-bhe stu-cÌi¡ of "i;ire cor:¡le1,,, iliilrì-ìe.i:s. rn iSzSr le:r_ich.l_i:j;

su.p:ee siei ¿:.s :. C¿i:-c'ìtj,on 1,juLt Îi]¡ i s a fi-mcticn of x j_it a. i1_.1-úen ìniervi.l_

l.¡hen ic e¡l-cfr vâ-Lile,:rt-r,¡''ibri-teci tc x j-n tirj-s j-n'L;e::,ve._L corat:i-cnond,s e. u_nj_cue

¡lncJ. c-l,eteriltn.ecj r..a'l-i-Ie oi -¡',"5 ä;i-s cÌr.lirrj-iicn j.nlr.oduc:ecj'¡Ìre concer:'i; c-i

cor'r:.¿sÐoncÍ ei-rce hetl.reen -r,he 
'¿a-i.i-,:.bl_t:¡; 1¡ ancl i¡-

Dirrinq tl-ie l-¡:.'c+"er' l-.¿.¡"t of -bhe cerrí,ttT.,rz thi:ee ,i'ac'lor"s con'r,::-_ìåutecl

Lo -uhc inc:tel.sec.i- consciDì,'tsness o.i i:rie::¡t'';'¡he -îunc,¿jron sjl.ìoLì}cj.r_.1:.-,f i-n

1- C" ì'1. iri:Ltle::e The l.ìye--l-ortilrcni; c:i l,he t--rl-nc-Lj-on Co:i: e::,¡. Schoi;.j_
Sc ienc e a ncl l,'l¡i'Lh:¡lt:--i, j-ãÐ ;",:1 

. 21, .- l :a' -'1 1-9 2 fi] ¡ l3Ç-'- 
+'

)'--...'.-LÐr!1": D" lij
5:"..

_Ltlt-a:r"j . , )l-ll.
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scl:rcoi :inaiherr¡.ìjcs' The firs-i; of -blie¡re :.¡¡.s lì e i-ncre:rsc i,n .,,he nu:drrtl:

cf ielì,s -'ri-Lbli-st'ieci i rr ,ma.l_'¡i,i c¿;.1 îeoi,t t.,i,i:-;¡, .r::i:_.,ins,n...L¡1-;i 
¡_n¡1 c a.-r_ci;,,.1-.Lt--o

i;Ìli-cir sNr'esseC tlre -ìcea of the va:lie.b-l-e" Tile seccnd f :ctor. :racii i_ts

l:oi'ts in-iÌle clevs'lonälent of iecirnj,c¡. 1, eiruca-j;i:n.:n,:i 1;he shii-i,ì:r¡¡ of em*

r¡lia.sis in ni.ihellati,cs fr-oin a. cL1 .ru,u-rrâ-L-ro ,r uti-li--Lai"ie¿r a.i_ri:. The -u:ri_r,d-

J-rrletus ue.: given ì:.1r -lsl i¡ lil-e:-.nf_? a l-e¿r,j-er oí tÌ.Le ::efo::¡n ¡tovenenì; iä

Gelr'i:.ali'Ì*¡t, -',rho j-arìi'-ce,-i,erl -bo '¿ee.cjt.erc oí r,e-lheiritics t,he nossibi,ii,cjes of
u-s-'rnE-Lhe func*uion j-n cÌe-¡e.l-o:¡in¡1 a_ t.rerNor:..;¡tcÌer.sianCiäg ani, j-r-iSì_g;rt in
nathena.tj-cs;" I-Ie i¡:rs nr"oÌ:::.bl-;" o¡re oil iiie íi.rl"-t ]:o r.e;il j_zc that .ii:a.ii:_

,'Ln¡: in functj-cnal tlri-niçin,:: j-n nåthemr--lics i¡oulcj ccn-b::j-'buie ,¡c -l,he cur-
'úr,.1-::al- ar-:c.l u ì,j litar'i-an aj-ns o í eri¡s--','o-n a.nc1, fo:: fl,e r:as',, ht_-ì-f cent;u_ry.,

his con't,::ibcL'fio:i io boln a r:)i.ocess of ,;cou_gfr,¿ i1 i¡¡_th¡:n,.i..bj_cs ¡ncj- ,¡he

::eal i-za.ti-on o¡1 ''r.l:ie co:n'i-,r',ibu.-i,:ì_on th.:,i, ¡n¿¡tÌrenat,i c:rs c¡n :lalce torn,a.rc,i ihe

genei:a.,]- ed.."tc:-'¿i-on oí' ',,1-e ind,ivì_c]ual r¡_nics es one of -bire oul,s,¡a-nriinq

ach:Le.,re::rent s j_n rr ed.ìgo,ql,¡.

l{.1-ei-.r î ,q ::eCllririenr-l a'r,j-onS -îor. ii-¡r,Oveinen'L i n I c a,Lln j_nci ancl j-ns.i,rnC _

'¡icn j,n ¡:¡tÌre:n,':t'ics receiyed l:j_il._Le recoin-ì-i;ion in -ê,rnerìca unì;j_l a.-i-l-,er

tbe fornati on of the lrTa'r,i-on¿l Con:ri''ctee on ivþtherna-bi-ce,1 F.cou:r::elnen.r,s i_n

L9rlJ" rn i'¡s P.e¡ori on i;he .-Reoi:Ea:rizetion ofl i'iai,hen::.f,ics :in seconi.e.rv

Edu-c¡.ticn rtlr.-icli r¡¡¡s:¡¿þl .isheo. i,n J_g?_3 t:e Comi_ti,ee scecifiecl,;

TÌre rri-Lnarì,¡ cllr¡cse o-rî iÌre tel:.chi-rrq o1 ys"e.thena_i-ìcs sh-oplcÌ be to
ce^ve.ì-oir ihose rcT"rers of ir.nc,lei"sianc,in.r¡ ancì ¡.na.l.,rzin¡.: ::eì a,r,j_ons
o-Î cluanti i,;r ancÌ ojl sne-ce 'r;¡r-.j-ch aire necessa.r;ir -1..o ¡_ l:eii;ei: â.i.:rec*
i:--l-,-r-c¡n of the nroaress o:f cj-v:r-r-,ì-zaiìcir ¿-ncJ a bc.,c.i,ei. ur-icl.er*
s'r,r.ncji-nr c-î ,-l-if e anc, of ',hr; v-nir.,s:'se a.boui, u-s, aniì, to cìe,¡e1on

l-ì, 1" jja rrle'ir: oLì. cj-,¿. Ðn. 52 - 5S
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those he.bi--i;s cf 1-,hin:rini.: ,..¡ii-i ch 
"ú11 

r¡-l<e these .ror^rers ef iec-tive
in 'uhe .Life oi tire in.li--¡:lduaj-.7

[i:org:ls il corni'ren-bing on '¡hi-s secti on o.i tl-i'; iì.eilo::t, ::-L:.'ues;

Tn tlle rea.Ij-ze.'uj-on of 'che val-u-e of ihe,lcrioa"ti-cn oí the Í'';nctiotu.l-n
-tbi ntri n3- l'r¡.'oit lie s 'bl^Le -Lrue ¡är¡:o se oÍ use :li;.lne ss in :'nathen:"*r.i c s, "

Cotrr'ren-uin,¡¡ .[u::''c,her' åboLr'u tlie rrrr.lor'r¿rnce o-i trainrng il ,iunc''-,icrr:,-l thl,nÌi*

i ng ire aciiìs;

Bec¿_u_se cf ihe rrnivers¡l-i'e:r çî.¡u¡n'citet,i_ve re,l_a-Lìonslrj-rs: ti:Le

hel¡i-t of f u-nctiona.l l,hinl<i-ns rs c i u'bnost i¡inol't,ance to the
1nrJi¡¡irlua.l . Its c-ctlui-si-ticn siro'r-r"ld be -i,he e::iph¡-si,r.recl i¿oal of
e've.rl.¡ cor.:r,llse ceal-j-nf; clirec-Ll¡r o¡: iirc1i::ec';-j-'¡ 'i-Lh 

-::elaiions l¡e-
ttJer.)n thiniis or nr"oûesses"'

:ii, e. þ. irrr ci.atr: he ¿r;f:lâ1n e:r'oh¡.si-:¡ed l,j:e i-]llxo:r't¡:rce o.rl u-srn? -,,ile ti:citqht

nltocosses .i-n ¡naì,iren¡:.'r,i cs in t he cjctre-]-or.-nenì; oí Íuncl:ion¿:r'l thj-ni<in!, 'oe-

ceu..Se:

jt':r.-bhen:':1,ics 3s i-:n i ntegr':rl- Ða,r't of i:ire eclucative rr'r'oce ss i-s con*
ceïned l-n the rìer¡6j-¡¡1i1i:n'b oí iunctiona-l- l,hinkínl'" Ii¿:-il-reila-ì-,ics
a.'Lt,ains nore neir-rl-l,r 1,ir¡n :,n.1¡ otÌr^r' su-biect the '¡ro'Lo'¡-.¡1e of
what, i s tjre be.qt in :i'rncÌ;ion: l- -i,l'ii i-lltin; 

" 
1 0

tsresii-ct' i-n c¡iscussr--ns'c,ne ^riienlz-uicn oi Jun:lor ¡,nci Senior i''ia-uhe-

ra¡,ti-cs r¡ri1;es;

7
The iì-eor¡i¡-ni:¡B-tj-on of lia-themaiics in Seconcl.¿rv Scliocls. A

u:rd,er
( Cr:n *

?'eno:rt bv the i'ja.Ì;ional Coi-¡ir'ì,;ì:ee on e.f tiã.-f i'," e..u,:.r cn^.n.ti
'the :.usi:'ices o.i iho I'iatherrrs-tica.l is¡ociatj-.cn oí .&rlericÍ.'-, fnc.

^ - ^^É\ -lol:rolj : .'o'lôL.]lîn j',r:-:ìIf L,o:l:3n;¡, t.,'./_()J rì1 " I, _ !_.
o! = Seii:.'ilens ancl- j'iatheïr1.î-ruj-c¡.j- 'f ::ainins.¿ " 5. lìeof 'eS, il]-l-IC¡lr-OÏlj.'- .¿e L', S lnc- l i.-Lllll'llll-r--î.'- 'l'l-'1.,r-l ,

Scho ¡'l- Sci en:e ^rcl i : t
9- .. /^^'IOI-CÌ'1Ðo'l)"',( ).

'ln
J. S. 'l?o-"c'es, g'- rif-"*-:-_l:E' , 

" _::_:n Ol-' j lci; i--¡e :f i ¿'Lle r:',i-
c.,] !c1u.c"ti-o,1, Sci:oo'. Scie*rc: .rncl llE':-r::i-¡r.t ./oT21-FT;*192il-;;,
-l]---?Ã-^--:*-1J(j - 

.-(_r), 
e



One oí thre objectives of teachj:rg rna.'i;hema'r,ics i s 'r,lie nor¡ez. to
do functional- thi-nkj-nq, The ir':inj-ng i:r function+.| .i;hi.nking
deserves a ol-ece in ,Seconoa.ry Schoo'l nathematícs.rr

In the sarne a-r'ticle Breslich er,phasi-zecì L'na.lcr'riit the Senior riigir Schoot

level: '¿he Íunction concept may then be macie the central theme of mathe-

ma-tics, rr12

l{a:ltley enCorses func'r,ional- tninking a-s the core of ¡rathema-tics r^rhen lie

maintains:

Tj-le conce'¡i of jl¿nc-cion may be regard-ed. as the n¡.tural_ co*
orcì-i¡¿'ring lrinciple cf a1l school ma.thema.ì;ics"rJ

Chri-stof-ierson acj.r'oca.'Les tea-ching of func*uional .relaiionshits in rnathe*

ma-r,ics lùren he t¡rites:

FurrctÍonal thinlcing is tlre najor" contributj"cn of rna'¡herna-tics to
'r,he eciucation cf an indiviC-ual . The use of ,functiona]- thi-irk-ing
in na'bhen^+-i^- ì ^ ^ *'^r-1"^ri oi er¡nh,aq'izinc ¿n¡J obtpininp' ins-ìøht,4 U¿V È Iù €.. jrrg ut¡uu v-L 9it:j,'lrd_òJ¿ _l-f ]p) _*__*_--õ ¿-_,?__o_- -

and und-erstandinr.a

Georges makes a fur''her a-npeal for increased ennha.si s upon teaching

functioiral thinl<inf, r.^¡hen he .i,+riies:

''.,¡hiie .íunciiorrai tÌriru<ing is rrol esseniiar- 'Lo hu:nen iiving, i-b
is extremely essential- to ]Ìving in a. ",,iorld based uì)on scieni;ific
r-iiscoveries and- i-nr¡eniions" If the art of funcÌ;i-on¿l thinkSng
characte-r'izes the scientific tr-ìnki:r¡; oî an individual, then the

11

"8" l'. Breslich, Alti.culîLi.on of . Junior and Seniof lligh School
Ifathema'cics, Eighth rearbook of i;he i'{ational council of re-ache?s-õT-
i'ia.th:r,ratics (i{eri Yorlc: Surea.u o-[ Publi-cations, Te¿.cìrers Co-tlege:
Coì-urnbi.a. Universiì;y, L933), r?" L2 - L3"

a^rzr'l--i^ "- 1?IU_LV..J lJo !)

ta
fllJlJe-1r, O-O" C1_-ü. Ð"IJ

t,l
--i! ß flhri -*nf f r¡ .nn rF¡ ¡nir-r'-n c Frrrn*i nn --l Ð¿l ¡*-i ^.r - lr-i -^ ^ ;.rio !ro 'wl1l -LS tr(]f Ltjl - UII-c I9JUltJf !'.:. -!-1 Ull(j t/IOlfaI l-relaù]Oilslll-if,S l-n

trl-en_elrtar)' A.l-gebra, Schoo-l- Science a-ncj i,ír.ì;hena.tics, vol-,39 (I.lay, Lg3g)
uo uatrø
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d-evelo::men',, of functional- thinkipg should be a nrj:nar1r objective
of ou-r' nathema-tical_ instruction. r)

ïn e- ciiscussion on ihe solu-iion of c::oblens in e]-ementary algebra, Ki-nney

lnaintains Ì;hat i'f,1-enentary- algebra should be a rnode.l- of fünctional- thini<-
-/

ing. ttro

These -quo-uatiors írom lea.ciinp; eclucai;ors inåicate the j¡toortance

tha+" he.s been nl a.ced uron ihe function conceot in the develo.rrment of

llathem:rtic¿] thought anrl t:ould justify an investigation into the grorri;h

of functi-onal i,hi.nkiirg b¡' senior high school studenis fron grade to

--^-1^Ef dUV.

rt vould be of interest, at this',roí-nt, to consio.er'uhe oresent

sta'r,us of ihe function a.s a unif)'j-ng f¡.cì;or in raaihenatics" Five fa.c-

tors rnus'b be consid.crecl in cleterrnining the -cresent sta-bus oÍ tÌre function

rn high school mathema.tícs ancl in ì;he evalua.tion of the i:rrnact a knor^¡-

Iecì.ge of that concept has uron the rnathematica-l- gror-,,.Lh ancl insight on

stuol"ents o-f rna.thema-uics. In bríef ihe faci,ors tìrai i.rili be discussed,

i'n q¡rhqo^rronì- ^qoêq mâr¡ ho qrrmn' nl"jze(f under t:le foll otlil¡l ileeclin,rrj ùuvrv!¡ueflu rJcÉu¿ ttLal ue ùurxilc-lj j-:átrlu u_ItLLelI' trl]c: ._*--*.-íis:

1) The ïnterrrre tation of the Concei:t of Func-i;iona.tity.

2) Progress 'r,hat has been m¿Ce in devi sirrg iexts a¡r.d courses

that use the functions a.s i;he unif-,¡:nq el-ement.

'ì (
-- J" S" Georzes" Teachinr; Fulsllional Thirrl<inr: in lilathem:ti c¡

ScnooJ- Scrence anci Jiat, , uor. 40 (¡Jov, Ly[o)t Þ"()J"
:/roJacob i{. I(i¡nerr- The Ïfune.lion Concept in the Solu-tion of

Probrems i" n**äilî"í'¿r vol" L5
Ilrlnt¡ 'lOl,f:I t\r!uvo L>4))e 1)" oY)o



10

The rrornul-a. as a ilni-fy:ng Elerrreni"

The Tabular' lrethod of PreseiriinB: -i;he f'unction.

The Granhical I':e'"hoc'l of Presenting 'r,he Fì;rrction"

1. The Tnternreta-',,ion of the Concett of Functiona.li_Ì;-¡

One of tire :na.jor clifficul-ties in mdcilg '¿he function ',he unifying

f.:¡.c'i,or in matherta't,ics alÐears to be th¡.i nei-ther the concent nor its i¡r-

plications is ful-1 1r understood nor apìrreci¿iecÌ b¡r tea.chers of na-ilrene-tis5,

ï-ennes cl-aims that:

The r";ide variar,ions anongst 'r,eachers regardi-ng the neenj-ng of the
fu-nctíon concent ma;r be a ccntributin3 fietor in the lack of em*
phasis placed ui:99 iìre fulction conceot as arr insì:rument in te¿ch*
i:rg mathematícs. rr

rô

CronbachfÕ macie âr êxrr,ensive inves'r,ig;ation as to i,he neanina- e.ttacl-ied to

the '..¡orC function b¡r a grour': oÍ a,lgebra teachers, He fourd that there

ri:.s b¡r no meâ^ns unani-mity in'uhe in'uerpre'bation of funciion¿.l_ sit¿a-

tions b.;'tc¡chers actir¡¡l-y engageC- in the field of teaching niathemaij-cs.

Harnley j-n commenting unon the confusj-on in the interpre.r,a.r,ion of i;he

term -Îunction sta.tes tna.t rtlfven ma-'bhematic-ia¡rs i.isa€iree as to rrirat nay

1-egí'"ima.tel-¡r be ca.ll-ed a Íunction"rr19 llec,Lrich, ìn clíscu-ssing fr:-nc'tiona.l

17*'l{" J" Lennes, The Func-ui-on Concept in f,lemen-barl¡ Áf.gebra.
Seventh Yearboolc of th ilcs
[.l[pr'r -{nr1r: Êttre31¡ of ]'ubl-i:a.iions - lopnherq l'lnl I oca t'lnl rrm}ri ¡ îTn-i -rar-\À!v!; c.. \rrvrioJ IEé\.lrçI Ð VUI:UHE, ULf¿U:rU¿d UIIIV(:I -- ^^/\ ¿¿sr--üy, Ly J, ) t Þ. Jb.

rôtr\---Ï,ee J. Ç1'nnllenh :'i'Ìrnl fha l..,IOf.d FUnCtiOn l{eens 'r,o Aløehre
T,.rchprq'l'írfironri.i." To

'ìo
-/ 

rr-'I{r:'ûe;', g. È!" p"f3

))

)+)

t)
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ihi-nlcing, s'ueì,es ';hat rrrhe greater' -.r-.art, of rna'r,henatice.l ¿sr.*¡i-ng avoids

fi::rct-i on¡J- icìees" "20

I'faqr leading au'Li:oritj-es in the tea-ching of rnathema.tics have

a.t-i;ennì,ed-bo ini,er"¡cret r,ire noiion of funciions in il-re hope tha,u pr

beiie¡' undez"s-,,anding of this concepi b;.r teachers of naiherirat.ics r,roulC

effeci a- nore sltiilful- ade¡ta.tion in its use anci grea-'ler ::ecoEniì,ion an¿

in+uelroretation b7 stuclen'i;s o ll ne.LhemEtics,

Georges co¡lneniec] as fol-l or¡s:

Iunctioile.l- thinlcing em."oocl.ies tl:e Íol-l-or.,ring; cha-ractei:istics r.,rhich
rnust, constiir-rie tne basis for the es'Ì;ab-l-i-silrient of cor.r.ect habitsof thinkin¡; in eeneral, na:nel-,¡: 'r,lie r.eco¡,,nition of ciependence and_the conscj-ousness of f,he existence of fu:rctiona_l_ r"elationship be_
ii';een quantities ancl icLeas, Ì;he utilization oÍ the quantii;a-tive oyscienbific nethod- o:[ '¡:'ocedure in the dei:ennj_nation of daia for
ihe recogniti on ancl- uàd-erstancÌing of the na.iure of ',.,he ::elatronsÌrip
beii+eeir i;he facto'rs of a ¡irenonena anci final-ì-y the slnnbol-ic repres-
eni;ation of the results of observai,isn, nensuration ancì e;eper-iment-ation: anci the statenent o.f tire ciscoverecl rele.tiqnshii¡s i-n ,;ernn
of nlthelrla.iical slnrìool_s e.s rlreci se, general }ar¡s"21

He sta-tes fur-r,her that funct,ional-ity is inheren',,ly present in tile ¡rocess

of nensuration, degree of a.r:curacy, apcrcxima.tions, variati on in the size

and sha.pe of geornetric ij-o.ures¡ in si-inilarity and. congruence and tjrat

functiona.lit" is narti-fested in the s-r,udy of va.riation, corresponclence

tabulation, graphs, evalua.tion, t'ansÍorniaiion, varia.nce a¡d. llnüs"
I(inne¡r states that 'tr.,.'herever r¡;e find the d.enendence of one ihins

20*-ñ
¡i¡o lla

mll-i nc r¡n-j

/l
tJ s ù"

Sci-ence and

Hed,rich, Functiona'l Thinkingu Schoo-]- science and Ì.iaihe*
,1-4u \AÐrr_re LVLIQ ) , lt" J)lf .

Georges, i's.ihenra'bics in '¿-te Junior Colleqe. Schoot
irí¡'i.ìramrti.-^ -

"u._" )f (l.rarclr Lyj()t p" )0'(.
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upon anothelîr ihere r,re find the orinciple oí frmctionalit;r sv'sl'ttliÍied'rr22

r1: aore reccni ín'uerllretati on i¡as mad-e b;' Bent and i(ronenberg r.¿l1e

s¿.-1r that:

Function refers to a method o.f thinkin3: ihe.t is, i.n seeing orrd-

undersiandin3 inNerel-atíonships of tirne ancÌ sog.qe, con'r,inuity,
1inits: veriabl-es, r:otion, oosi-tion a-nd rhybÌrn"'/

Cl:ris'¿oíferson defines the terrn functional- thi-nkinq a.s f o-l-l oi+s ¡

'r,henever t-".ro sets of quantities or variables alle so related-
that knoiling one of then detenrrines iire otirer or enabl-es one
io figure oui the o'l,her, iie sel-bhat-bhere is a funciional r'e-
lationshj"p betr^leen ihe quan'bitìes, idhr,;never I art able 'i,o
anal-¡r7s 't his rel-ationsl'rip -uo the poin'u t'irere I am able to ex*
press i-i; as a fonnu*Lat,or a ¡;raph, -bhen I ha-.¡e conir-l-eieci my
funcì;ional ihinkinq, "r

fn a. fur',,her dj-scussj-on he e¡rohasizes the fact tirat functioual thj:rkin,e

asks '¿lro cuestions ì;hat in tìre process inust be a:tsrr'ered-" Such o,uesiions

as u.Ðon l.lhai quantit¡' 61' ouantiiies does 'r,lìe one ouantii;¡r in.,rhich rte

are, interested depenrì, a:rd, 'rrhat is 't he nrecise lnan-ner in r..'hich i-i; ci"e-

nonrjq rr¡nn i.he n'uher or o'r,iiers ai'e ì-,ire ste¡ninp siones for functional-v,/¡¡uu

thinking,

Georges, commenting on the 'r,opic says tha.t lrfunction¿f iþìnìcinø

^^--J. Ìi" I(iriney, The Fulc-bion toncent in fi,rs'b Ycar 1-igh school
Ì"la-lhenrc.tics, Scirool '; " 5)-rt

2i
íuüyaï'o

f --$cluca-Ll-on. ( Ne",^I

-';:-=-. 

^ i t
ÞÐe ZO) - ¿ÕC"

21,'+=- /- |1"" u. L;nrr-s'úoI-Lcrson-. orl " cr-tr. Ð" o r/l

'la lìon*. 'Jenr¡r ,:lr"nnonlrarq Ðr.i nni nl e s oî Secondafy
Tork and London: lic0rar.¡ lli:l-l Book Co", Inc., 19LI),
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i-s conceined i-n. tt:cc,,-:ni,ti-t'n, rai.ilr:.ll iz::-ì-,:.cn oi' u-nce::s-ir.ücìi-nr', and

¡r¡.ni-1,.r-1t-i,ic.,r oí r'clli:.":i t:t:,-':i,:--s 'ce'i;rle-rn c ri-e.nt,i i-'ì ^' " rr25

In l- cij-¡crrssj-ci-r on -';hc so,iu-ì,j,o.r. o-Î ,rllblct¡s :i-n al-¡lcbt'.':1, ii' r'rc¡r

eiii,rrllasi-ze s -L,hi: t :

Tl-ie lii:-nc-bion conce i-.--l , ¡-n i'r,s .:leiirantartr lth3.ses coincid.es r:i-ilt 'r,ne
j-r-lea. of j-rr.';:ld.e':,-enclc::ce oí r¡¡.ii,¡,¡Ies o:: :rLlenti-'L,reL-r" Tt -ì-rn',¡-l-i+:s
-biie rrer:e0(lerìce o'î one ir¿Ìri¿1.'ole orr,:nti'c.-,r LÌDoil- on"e ci'irlo-i:e ûtle"n*

',6
î._i-*r.ì Êll " '-"

T,enirr: s ile.f :,rics ti-:.e terlt :fur-ic'¡j-on f ot" iti:r--Lûci,.iaii-ci-'l- :lLlrrtcs ¡s j-n

hi-,th scì:oc-'l-s e.s :

iill.,¡- ilra-'t,h.,:ina.'¡i-ci,,--l- ilìif r',lsi.c:i-ot1¡ conLaj¡rint: ,-r v.iì.r-l ,t.b)-e :.,, t,ll¡.j; ìtl.s
a cl,ilíin.t-'ì,e va-l-ue i.,,heu ,:- n.uJli-rÊrï is :,,rùs';i-'¿',iteil io:: x a,s F.. ir,::tc*
ticn o.i:1.. ,!o::' t,l::e rlr.:rr',)ose cf secon.la:t¡.r na.'r,ltein;ì'i,:Lts ]'Je ri!ai¡ se'T

'u,h¡i ¡. furic'',,-ioi-t is ¿ cir.:.lti,ri,ir r:i',icir va.':.'r-es -i-,::l e de,i-Ln.i-i,e r¡¡.*l¡ a-s

sone cu-en:¡¡-f '¡ irltio l .¡ecl i-n r.'¡ vai:'i-es " 
27

:7eave" i-cL h-is recol:l'ien-cia.ti-on îol i:iil'.'i,heLt:irca-L ecLur:a.t,-i-on j..il. '',he

,Scconcl ¡-:r",.¡ Scl'iool-s of -i,be IJni-fec-i 3'r,a.-e'e: î-i',\¡oc¡.'r-,es ll.ii rto::e i¡t11113959'f¡-I us..:

oí ',,iie i-clr:a r:f fu.ircì,ion: oíi ,-..:lencience o-i one .7a,r'it.b]-e r.:-'ron ¡.tiothr.,r.'r28

ti f,1,¡¡oh_ 'r,he er¡:¡!rasis .:î 'lhe fr:nc-r-,i_,-.n co.ôcent as a li.n,ilrrì-n"¡ fa.c-,-'
+t,oL: in hi-lh scirooj I'ne,iirr:na-',,i-cs ht-c been :,, s;l-o'u¡ troa-,esi:i, solte Ðl:oûll'ess

¡//'1
-' l^\a¡y,c a <

D. { )!-i,.

^/¿o--.- jii-rr¡e..': IÌ:e junction Conceot jn
ille,n2n'i;er.,. r::.1- qebEJìî"ïîilã, 6çt--

1'f:thena-Lics. o.rf . ci'r,. "

Lhe Sol u-t ion of Pi:o'n-l-erns i n

9R*','uT-,]-,Lj-a:n .il. LrLeel.¡e, ,t: !::opos:-l .io:l Ì,ia.thenailcs Educe.'l:Lqll in';i:e
Seconr].a-r.r Scl:ool s oî bhe i,niierl S'u...ics, I'i,':th"ene-i;i-cs Îc;':chex, vo] " 36
7'-;--õT,f-:---- 15:\,u.r.Lc !/1|-Jjt tJø
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has been made" Breslich r"rrii':s tha't, 'rit is nor+ generalli' agreeo- ì;hat

';raining in furctional i,hinki-ng deserves a clace j-n seconoary school

ma-themat'i ¿s.,,29

Ifa¡r6v, in a panez' oresented to the Tl,Linoi-s Á-ssociation of the

\Taf;i-onal Counci]- of Teachers of l.Íathematrcs corffûented on the i-ncreasec

emnhasis tha.'o is bein3: itlaced b¡.:rrai:herna-tics teaclrers uÞon the function

concei¡t a¡d tire gr;e.ter understanding o.fl the concept by studenis. Corn-

menting on the irnprovernent in Col-l ese ma',hetlatics he said:

I bel-ieve tha-t ihe fine rroL:k that is being d.one ì;o,,ra::ci irnprov-
infl the teaching of hi2:h school matìrernatics i-s ha-ving a¡ effecì,
i;r'r the tea.cìti-ng oí col-lege lna.themetics tlirougìr stuiì-en'ç¡ r,ri:Lo come
io col-lege richer in relationa-l thinking eryeriences.JU

2. Progress in lie.¡ising Text,s and Cour-ses Using the
Funciion Concept a.s the Unif;,ri:g Elenent

Iia"rry outs'r,anding aut,horj-ties har¡e re.\¡ie',o¡ed. nurnerou-s 'textþooks in
rnathematies to ascertaj-n the cÌegree to r.¡hi-ch r.-riiers of lnathemaiica-l

texts h¡.ve i¡rcorcorated, 'ohe function concent a.s the central- theme i:l the

presentation of the natherna.ti cal- content"

il.obinsonSl revieLred 'the r.¡ork of Breslich, Lennes and Hanùev in

ô^
"8. R.. Brer.:lich, The Adrninis{,ration of il.iathematics in Secon-

cjarjr School-s (chicago, 3TT
1^
¿v-- J" R" l.Íayor, Relational Thinl<ing as a Cri,r,eirion for Success

j:i COll ene I'fathe*.*ì o- '¡r.*ho* (\
E -_ ¡rr@ulvÐJ tt4u:rs|tauruÐ tçduirEJ - VU-r_o )O \: gUI.U;-_.!'\r L¿ +¿ t j

)rT." G" jui" P,obinson, Än lnys5ti gation to l?íncj üre Und_ersianii¡rE
of i;he Concent of i'unc'r,ionilf
A¡rong students
Thesi s _ r¡ha TTnirr^--i +-- ^Ê I i^-: +^1ìr i"äìn;* -f O^ /¡rrvÐ¿Ð, Ilrç ur.!_LVUI':jJ UJ Or l'lc¿lttU(J-*,
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theiy'investiSa"fj,on of i;ex-';bcoks tÀ:.-i, i'rere in coli'roll use:ri.'io:lto 1928"

The consensus o.i o¡j-nlon ''¡,hen l,¡a.s r,h¡r,t ,uhe 'llll-jor':--l;¡r oÎ- -'.he t,ei:'¿s clj-cj not

ennha.size t|e .funciicn- ccncen'r, t,o aìr.;:r g;:rea1, cleErec" l:lo--r¡ever: Hattl-e-¡ ol:*

r::9ïr.¡=ec] the-'u a cli¡.nqe i-n ii're u.se o.C tite funciion conce.rt in -i:el:tbooLts

,ru-bllishecl ,t. 1.,,e1: 192f; .rrrr¡_r nct,i_cea.bl-e" Ile rr-ì tcs a-s io l- l-or'¡s:

In'i,he noi:ì'i, recenì; l.tcrks the func'bj-on conce¡'; i'iirich h,'ld" lre-
v-i,oi,rsl--,r been ll-a-r"gel ,¡ inci-clen-t,a-1, b'.:gan -l-,o sÌi.o-¡ siSns Of be-
coni.nc, consti.L,i-r.'t,i.cn¿:.1 . Ii, neli¡ be cl¿imr.:¡l i,--,-;r iþ.; -T.¡]'i'r'e:r o.i i'he
ni¡cle.r:n ì-,e:itbo<,.j.1, -r¡i*Ì ere¿:i.::T .iusiicc th¡l.n Îcrrierl¡, ih:¡"t t,he

function concen¡: i-s the uni,ri-,ri n" r.'r':ì-nc j-lle of 'L}¡e -rrho-l e 
"o,,-r'=u 

. J2 "

Â, Ì,hoit.sh a st,i-r'¿ seei,ied -r,o harre ireen- i'Lar:e i-n i:er¡:i-sin¡J ier--bi:ooks '',he e-c*

ss¡N¡.¡crì o.i -';he ccnceli' ¿ri f'lrc'i,j-oi:.:l 'Lliini<inq l.s elienr-'l-j -[j-ed ir¡. ¡rore

:;'er-:eilL ttl'¡.be.nli.j-cs te:ii:s h" s no-1, 'rlei',n ;'.:rt'j-i- j ei-] . "'leclr=Lch r^;r-i'r'¡:s a'¡

f r:l l-o¡s:

I:ra.n,'¡ o.Î '¡he flosi, -rlo¡uli'.:: fe::'iJ:ociis .qncrr -l-j'-bL!e o't' to '1.Ì'r1lrr:rc*
j-¡-ilj-on oî )-;, a--Lthor-r.l'lr: tnos'i: o-l iirern st-,r-t,e j-n ì;be l-'::ef¡'ce |h:¡''l
hliey- dr so. lr;-: c¡oi:,''ì, '-,¡a-n'L 'uo se? -t+' )-n 'i-,he oL:e-'i¡ce. i,l-e cLr:

no'; i.ra:r, t ''¿o sc¿e ',,he 1^.,oï''1 func'Licn ¡'-t, a.]-l-. i''l]"ra.t"¡e d'o :'re-rr¡ -is
-'r'n cr:a ïÌcre reccr'nr-t'i-on' o1l ''''ie ii.Lea 'tn ç1rer-it -i'tric in e-¡erl'
sirÌ:jec',,1 o.f ì,he lr;:'i,here,:.'L,j-i:¡,--l- ct-:-l^r:l-'."r-r-1..r':,r.1i

llnìlS, :,,n dis,iCuss:1-n¡: 'i1le .iunc-ì,ir¡¡l ccnceo'i, in seccnr'i¿:-::'.1¡ si:ìr.c'r-i

rir:r.t,-j-cs e.n.d,::ev,ieLij.r::: so'¡e oÎ t,he lllore recell',, ircoks i;i al-¡-ebr'i

In ¡.ir ¿r.i :lor'r .;o 
¡.le h e, i r:.:'-:i:; ll:.c-ti-1fíl r,'f cu-lïi:nl, rlr¡-cì;i.ceEi re-'l'¿-

li,r¡e'i,o'¡,he clr:vel-C'.tll¡:l:i; o'Î '';l:l.e Ci'-rtlcLr'l'r,, Cf ri'ei;Ìi:lr¿-,-.ii-C¿:.1 fU:rCti-Otr.

Z claz"::¡ a.lfiellr':. te:.'Ls O.l I'ec':Ìïr'r, ciaie , s-ìt i'-i¡si tCililSe lnS -si:{
secor:d cor.:tr'Se r.Iefe eli,:l.ll,ì,ileci" Û.ii-]i i¡t'oe o.Î íh': tll:l-,¡e eiit'¡-l-l'¡:cl
l;lte nc',,a't;,-j,-r,;i1 -:,r * f (r) . Ti¡r o.Î -.ll':: - -l-r1ì,r"¡rr ¡l ce; 

"::-tt: 
j-d'e¡' c l:su--

a.l-l-',i in c.cnnec-T,.ioi: i¡-'¡ji r::L-¡-r-¡l^L-l-n-p;. ÊL¡':ït:¡i oii"i cÎ "uhc -Ll':elve

iil¿l,he-

r.rïi-i,es å

i Ar 1/r1ìì¡" l-,1 Ð I irl

o l-''

- -: -!-U !-1,"

-i t-
'.-: -L itr
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noÍjrher''e i-cjvenceír the i-cÌei: 'r,h,:,'r, a,n elu-¡_-i,i,on -ì s ¡"n e,_,ualit,l, o:iíu_nct,i_on. ?olr-r. of ,ùh¡j:, con,t,L.i.neC nc ¡r.c:-.i:'ent o:l concì¡_-r,i_s¡3.1\j-er:stls i-clentic;-i eriLil'r,:lcns" Iione o,i 'Liie tr.l¡:-1-ve ii-ril-i-z-ec.ì ,r,he
icee- -i,i'r.t, in a-n i-cìet ¡, t" bc'r,ir i"leie't-.ers i'errr:sent ihe sa-ile -ii-rnc-'bi-crn, r'¡h:r-ie in Lhe ccnçii',,:.lir.',1 equ-st,.i_ci: b¡lch inenbe:: reÐresents
,a riif ieleni., Íuncj,j.sn.)L:

TÌre in¿.,.cl.err,iacl,r bc i;h of r¡.r:¡;hocìs of ,,¡e¡,,.chiniì ¡.ncÌ of te,ritboojr.s con*

s-i,:fuc'r,icn-in 
"¡ldcl:l'l,he elrr,-.lir.sis n¡:s Ì:e¡;rr,-r.;l_,:iceci u:;ott-Lhe fu¡ic.¡:-on con_

cen't, ha-s rl'o:',rn'i;e ci. severa j_ sugi.:cs'L,eci ccLlrses r1 i,;1".-i cit .Llre Íunr:iion con*

ce'¡t Ì-le-q l-'r:en s-j-no:]ecl oui, a-s a l¡¡-l,i.:r¡lng jiorce. lJlonra i:he i!,s.,{. oji tìrese

i-s'Liie cou-rse ou''i--l-ilned, þ-,. i-¡¡q¡6'."35 ii'or sohr-t,:roi: of iri.cb-'l-crts i¡i:i^rren*
l,a-:c-;r al-r¡sbra. i{inire¡,.r36 cu';1i-ned ¡. s'{-1:.:'ìrs''L,eci coLr.r:,se. ir. r¡r-orr.¡¡r .ior.ieach*

in¡ t,ìre coTlcellt cli fr-mct,j-on '.res al :tc .rL¡,i:Îes-i,r:cl. l_-¡-,¡ ienclt:r-.sloo"37 ,Ilr.esie

:ncj o-bler rïoËir'¡lts uni:l.ou"c'i:er-lJ_.;r þ¡_r¡s coni,ribu,l,,,:::rl i.n ":j_r.,-:ni. sone cl ir. ct:.r_on

eÍ-.; -to r-roi.r'r,ire _[unrt,j_cn cor-icet:t ritr,;i be t:::,;sen,i,ecl io ¡,:ivl: rrirri_L...ir¡n ç.îiecrv_

tr¡ettess iri un,rl::rsi,ancli-nil:_ni ir.siç:ht. Bec:.rr_qe of t,he ine_Cecuac)r of
-Le:rt,boolts i-n ';l--e r:::esenia-Lion of i,ire fi-rnc't;ioi:l ccnc,:n1,, i-.::oi:rs of -Le¿,cile,rs

Íli.],re ol:grì.nj-zeci coi,li-ses -in iirnci;i-onarl ilia-'Lìletla'¿i-cs" pr::rs.i_bi-¡ t,tte nos,b o.Lr,ì;*

-s'l-.r,:.nç¡¡¡¡¡¡1 oi' ijresc-: j-s tl-Le col-r:se 1n .i'unc,¿j_ona.-,'l_ r:it!.-Lilelr!.ì,ì cs oLr_tl_ineii. b-., a.

i. i.'r:r-rs-Lcn B.:.nÌcs;, I:s jlr."glao-t_úoncen,¿ j.n Seconi,rar,,;r gsll¡¡]
liatìreir r-i; j-c s, ]'ir tl-r:i::.i,i,: s f eaCõTl--,.roi.

llr
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group oí lrloricla- ieacirers rind-er the l-eadership of 1",'j-l-l-iam A. Grg"""38

Thi-s g-rouing unrest anong tea.chers of natherrra.-Lics both over the

inrdo^rrrn.r ^f rna.f,hematiCal COntent in teX.r,S a_nd j_n the nethOC in,"rhiCh

the conteni is presentecl ausìlrs uelJ- f or a nore functional ma-t¡'enati cs

i:r the futu.re,

3 " The Fomula as a Unifyi-ng Elenent

The use of t,he formu-la. a.s a fa.cior in de¡¡elo¡ìn.? fu-nc-Liona]-

'bninkin. iS fecO-'"onrìarì hrr I o¡Äin¡ arl,'^-+^r- u:-t-ft]cl'. ,.1.-if,in. a.]¡OUt!_: ,Jr(¿vd.uvr Ðo rI- _.*vJ , _ -Lv:1a_ Ç

the fo:'mula s-La.ì;es c

I'r,s ¡'Ímorta.nce norl scems 'bo be genera_l-ly ::'ecognized, j'ios-u

moc,lern texÌ,s fol-r.oi.r t,ire l-ea-ri îirst ¡;iven hy^Nurn a¡rd i¡lece i;he
forrnula- in the f,:r'efront of thej-r' tea.chinq"JY

Heclrich in iìis cu-s -q inp-; .iu.nc'uiona.-l'r,iri,nlcing s e y s iþs.¿ t

i4ooe:rn 'r,heor)¡ of ed.uca'u,i-on ein¡rhasizes 'r,he in1;ere,ra-ti-cn of ::e-
lated thinking. The recognition o-Í the cì.epenci.ence oí 'r,lre re*
quired ouantii;' uoon those ì,h¿i ¡.r'e ¡iven and tae fo-r.muia-tion
of the nrecise na¡.ner in '"+hicì-. i'u depends uron the p-iven ones_eis certai-nl;r frrnctional thinki-ng and the nost vital'thing in a
prob'ì-en" Dvert' i:roblern i.s to be mad-e the backgrounçl^L1or. fu:rc-
iio;ral- thi-nìcinc ancl the folînula i_s to be the s1a-¡e.4u

Va.n ZyL ca"l--'l-s ihe formula the core of ma'bhenatics ånd states that 'rthe

te¡rcher' øho fail s to Ì:u-ild his al-gebi:a courses around the formula.. also

âô<ñ--.-- -/" y'Jt- | J-l-aln
'l'ltr^lt tn 'tT-rô | arô

-+f
<U¿ / lf qm1 a¡r

ìn
LTU-.

fleûï'l-cne

/r" Gager, ij!4glg4el l"'iathema'uics - G::ades Seven
l'Íatherrraì;ic s Teacrerr'ro1 " 

-L¡ì1--@;u. r95L)t p?.-297 - 30I"

op" ci'c" l_o. 119

op, cit. p" 35n
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fails io give his putils a c'lear idea of i;+hat al_geb¡a is" nl-¡l

Further emphasis tha-t Ltas been clir:ected tor.;arci ihe forrnu--l a in
recent;)reers anÐeaï's to ind-ice.te that sonetì:ing is rackin-- i-n.r,he

rlethod b-v i..rhich the forrnula_ is pl,esenteC_ in ihe teaching of function_
al-itv" IÌenclerslop ir1 refi eci;ing uoon tìre inabi.r_ì-t;r of studend-s to
e:cr:erj-ence success ¡nih verJ:a.l problems stlggests tha.t ,rr\lgeb¡a should be

nlcl-e rne-:ningful through the recogni-tion and represenÌ;atron of f,nctíonal
relations betr"¡een vari-abl-e quantitie". "[2 He ac]woca.tes that a inore eí.f-
ee-i'ive Ðrogram in funci;iona.1-ity introcluced ¡,¡ith the forrm:_l_a l+ould re-
sul-t in a. greaier unclersta.nding of verb¿"] n::o'olens. iì.fur,ra;r., in an

a'rticle on the nroblens of readÍng in mathernatics nainta.ins .bhat -r,he

rþrobl-errrs of recognizing rer ationshi-p eryressed by 'r,he fornura" equa_

tj-on a:rd gra.ph are serj-ous. rrL.3

Breslich in cliscussi-ng preseirt cur::icu_l-ar trends in r-natheyne_tics

oresents the va::ious aspects of the forrirula that should be tar:Rht" as

foll olrts:

1" A for"nula is a shortha¡d_ rule" Iian;, formulas shoul-d bederj-ved by ihe stuäen-bs,
2. Â formu-la i-s an arp:ebraic i.ray of expi:essing rela_tionsrrins,

such as deoendence of one vari,able on one or nore others.

hlAbz'e,hanr J" van z.vL, T]'e rqqn,lr-a - Trre core of Algerrra,l'{athenatics Teacher, voi " 3ffi
Lû--' iienders_lop, oÐ, cit,, p" 121

L3ir"l'uu" ," t*J*rG u"*=rr" -oÍ Reacri¡g in i.ra.thematics,
School- Science anc jrjai,her '



,7 " TÌre íc¡'¡¡:-l-¿i ia:J' ]¡e a
lirobl ei¿"

il . :ii fo.r'rLi-tlt. .is an
i:. rl!. for:rr,"¿l-a- irii:.;r "r:e

Tne rrorillen :re,¿n,cr -i,c lle

sol r:.t,ir-cn cf ¿i

ilo i:i, ¡.r-e :.¡ ol v.-:cl

¡. e cl;ii: .i,:t i i i,]-l-'r

.?i:r:s-L

-l-,lt"r

:t"9

gi-v':n -r-,"¡e cf

b-r. -'¡he saing, iee'rirocì,.
tr:-;r ::- ,;¡1"3¡þ" Ll''J'

SeC:,:, Llrl -Ll'ie el,:h:'..: i.-:

l)"ncLer:s-1.¿jrÌ1 r]: sr,,. Too

ll:-..-..r.: :C..: ,i._i:i:'e.1. -oOi: C ii

.i"- r¡ - ..-i,ltz: '. 
"i-'l 

-l-

l;lf-]-. li'.-i_,rtC'.:: f-Î

L--l-r¡ C lì

::rlr :ì.1-D;.1i,--l-..- -ih e f c ::rii-Ll, :

:.rj i,' . L:--L.:. 
-L 

-i v : .t,' :,t,, :'i--.1: - :-'tí: :

rrie'L',Ìrcci j s

ri:.';1. ¡-no

lie ht:!rÊ ¡l:e in¡,ii,:,{l',1e.-LÐ

IlO T,tLî l c:i- I trl ,- o la'iiti,r__ia. -

Â r,r¡¡

'i:,i:,c:'r:,.ì:,:..1-::.:r

tlle 1;¡.'¡"e ri'l

:"-j qelir'¡- bt:'i

t;:rlr¡l:r:'e, -i-,he

is ¿. .r'e-,'],:.'iire-1.,; il¡;1;

iìec,'t't,,.es]'i5 rì r1rire i'iì:-rrÌ r:;

iurrc-Lio'ns : (:,) i,: e

Ttre ir-se oi -i,Ì'e i,ll:'ii-.ar:

r::-zerl es tr inrì ,a.:t.î, ct.î 
"t¡';.1;¡;¡;,¡l¡,:',1¡r

¿1. il-re !:::' -.it ! ': 
.r: ';:''c ll o l

'i,i1e : i,t-r,i.l.i. o:f i:,Ì;e ioz'l,t-tj,3- .LÌi¡'¡¡:,¡rlti

::'itp:::,:s.c û.-1,-i,iiii.,- i:, .iil¡rr: );.i:n " 
-lie i'',hllr'

ir¡ Lici.i-nri :r"ie Llror,r,r c ,' s:'i,r¡rl'i.nt r,Yle

(1,) : - ,.-_r:,'l: rncì {c) lhe íorr-a-,¿l ¡,.

irre seili,.r-l.ii 'i,l:e f u,nc'i,i.cn

I'ÊC-: e l-i

ì.Tlíj

'fiOj' -i,'hil l-jrarrh -.7.: 1'iÈ-tï .rf'OijeS!ìr S i:;:r 'i,læ l'i,l-¡.d.i' O'Î

'i,lr¿:::'eccü-i:r.'i,i-,e¡r¡ì: -¡,r:.r linl: l,iir':-Lil:ie:ìnil t,jie ¿1r'a,_,Ìi-i,-1 ,_it-

ioi:rrlil"-i,:- ancl. q-ir¡i: ::"îi)::t.-'(,,'.)!.'-ì.rsi-;..h-b i-n''r,o i:i¿la.]:ion':.-l- titi::rl:i-n,i

i¡r', c oirr.l- i,Li,, inc rrì i,t s t r:i5,, i,.r .c e co ¡:..-

j,l,
_ :qJiiì tl

i :rr'ì-,ire rl:.'i,i-c :
lr5

l-iao.r

" iì,eS,l-iCb" Ch,:,,.,j, i:Li,i-.::.:: .l::encrS i¡
i- "ch _t: -¡-rl_. l i ( tclr" I (]l,¡l ,

..,/L-:\, 
) 

a ! è

'llìì1ì:rì-taf s r c i,. :ì.nct it-¡_lc';i_ c.,n¡,_tt
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¡:- -func;ii-cn. TÌie use o i ';j-ii: t,,::_bill-al: rL:,r,1:roci .rf lo¡.cìs c l:-ro:.t,Ll_ni-i;ies .io:_

stLrd-i¡j-n.o' :î:r.¡r-¡s -i::'¡rn i:he st.e.ncjrc:ln,; c.i fur-rcii_onal- r,ele.,,,-Lonsl:ir. ln ¿_ re*
'¡i:;lr of t,he -"¡'r-l.ai:.i-cns.itL.i,lrs :rn i:,,.i;ul-arr r.'iìÐresen-i,aì:i,ons o.r1 n-¡:i.ei-i ci l, í:_c.b-s,

Bi'ts,ilLj-cjr 1ist,s 'r,l-r.e .jlol--'l-oi.ri_n,q 'r,rriles o jl -L¡_'nl es ,i.hat, 
lrr,r1,- l¡s r.ìse.i 

"

a) T¡'l:l-es :in ;ihi-ch 'j:he r:or:es¡ondi_n¡ì f:.rc,i:s e¡,e noj; ¡s_r¡_fe¡r h*' nrecl-qe it:,r_'i,Ìia.:ilt.t_'r,i c:,'l I .,*s .
b) Tl.br--::s _Ln ,.r,,-LcL¡ D.recist: rela',,ions e:,:is,ì, j:lu.t, a"r.e no-i:, siatetl .c) T¡,.hì-es co..l-,,.iu.-:i- f-c'LS C.eler"r:inecl f::Crl sc:Lentiíj-c s1,UrJicS.d-) T¡bl-es ì:h¡'t a¡:e const,ruc'tecl- l¡-'¡-L,ile cu¡jr-*ls fi:.o¡¡l l::ec-ise

iT.-:hcïeì,i C1-l I ¡-.r.: -

ê) Te.bj-es ¡irai.e :îol 'i.he ,rr-rr.r:rose of c,ii-scoi¡ei"ing r_a_i^rs.,f) Tehl-es r¡-iiriptt â- series òf -r21¿:r* of lol-.,rrom-1_aìs cort.es::oncl*
. j-i:13 io rir¡¡en '¿c.lues oi i.t: _r',û,ielt¡rtrl?nI, varj_abl_e"

Íj) T;.1:--l-e : usiiro tr:a¡hj_c ::,enresent-1i"".[6

lhe e.bj-!-j-L-¡'bo fo::iru.r-a.'r;r¡ ancr i-:-rt,ern:¡'rt d,a-.r,a is.ir_inc,¿i.cr:i¡1 ..ir

cher':rc'i,e;.' and a cl cs:j-r.¡l,L'l-l_e :i,L:::jlu_te in ilie rffocos[j cf i¡-rnctj-cnal .L,]rj-ril<*

.ì :i3' Tire i¿:-bul-e-r iitctk.rod oI relresenli-ng au¡reric¡¡ll- f¿1c'¡s is ¿.ii ir.)oLî*

i'a'n"i' a.l'-il' i-Ú cl.e-b.':::l-rlin-i rlj -'ohe nc.tu,i'e oí 1,he v¿:.r.¡-¿.tiorr ancj. cie,.¡encie¡rc.1¡ i-n-
r¡ol-r¡ed' e'ncl i-n l,he qra:llic¡¡,1 r-r:rlresen-[-,¿i''r,icn of th¡..,, ri:]ation-sLir-rr.

Georí¡es in en ai:''-j-c-Le on Ílu:rcì,iona.l- ::e l:.iions ancl, iiìei,hena-bi.c¿Ll i,ra__ì_n-

inp: l.irii,es as fcl Lo'"rs:

T:,"br-:Ll-atio¡ a:rd, rnLerl:r-e.¡a.ti¡n o_i tab.,-r-Le_r l:el¿Liicns is o,[,si¿ai_
,fice.n-u i¡11:-rg¡'-i¡.nse, no*r, onl-¡r.l'6.¡ -i.t,s oi¡n olirecj: and -rra.cì:ic¿rl
a]rl-jc¿.-'i;ion, bu-1; a.l so be c?"LL,se o.il iis cj.irect bear":r-r-y¡ on Íorn,ula_ti on j--c nrac-l,i c,l.l-, lr:icì ¡¡::a;¡ni c.:l rc::resenia,Lioit. jr iabie j-s
strici.]-r¡ fu_ncti_one.l i-n ch ar i.c"oer .l t-7

,!¡1
':io l. !z1e'l i aÌ-r. rnr¡:ì n¡-ì n¡. ,\rrrnr i nn -l riìrr-i,

<lnì:^,_t r.ñ-Ll^^_^^r_.: .:-r).t,..:.,, 
,:.,/i .rJ \.,rL. .. 1:.iuu-._ul._._ l,r.il..íi-:1,. j_n SgC,_ldl:.,¡

')''''J-j..'.b,.'1]:-'t,-'.(Ìs.r¡i"ô,¡;-.¡;;=r.r.-:-Å
:_. a '_'a, :- -Lr\- -_::"r r-Lj-::- rJ-L trj jf, -...: r..L'_:,r: -l lrol-L:lC.ì_ - 1:-

:::.:::i. 1i_ 
i'1a"tir:naj,j cs (i{?" '!-!:j. Lïrreau of prr.rrr j-r a.ii_ons, Te .:.cirers

Co-'r-lere, Coli,:,r,_.bj_a_ ilnj_versit,-)-e l92B)¡ Ì)?" !j _ ilg.
u7

i,ieo.!,'geS " Frr.ncì,-ì o¡r:l
c.l-tr,. n, 697

R el ¡-1-, j-orr sjlnll ltaihena't,i cr r,r'- T L:a.ì-nijr¡_ r o I .



Jackson Ín a stu-cþ of -uhe rel-ation betwer:n the table" verbar

statetnen',,s, fornru-l-a, ano granh out-linei cer',,ain objec',,i''¡es tha-b ere in-
vol-ved in 'r,he interpretaiion of i',ata" He risted ilre fol_loui¡e doil_i*

ì,ies:

1. nbifity to pel:ceive rel_a'r,ionshi.ps in ciata evi denced l:y
l-"1- An understa:rding of i;he nea,ning of s;lnbols emi,.l-ol'ed"
1"2 ltbility't,o find the val-ue of a variabl-e i^¡hen the other

variable (or variabtes) is knoi¡rr.
L.3 Âbilit¡' to per:ceive 'i;he rela-tionship be'r,rrreen -t,:,¡o calcu*

l-atecl r¡aJ-ues oi deoenCent \¡af.iables r^¡hen the indepen-
d-ent r¡ariable is increasecl or decrea_sed"

1")+ -{bi]-ity to re-l-ate steepness o-î sro-re in line gr.aphs io
ra',,e of change"

L,5 Al:ilit:¡ 'uo relate like cha-racieri5tics j_n díffereni;
t¡rces of d-a-ta.

2" Abil-iiy to recognize the l-Lrniiations of cla.te. as eviciencecl by
2"L Àbil"i-bies to recognize ancr use 'r,he lcicÌs of clata a.rnro-

irria.i'e íor pa.rii-cul¿,r situaì;ions"
2,2 Abiliiy 'r,o ex'tra¡o1-aie"
2.3 ,N:ili'c¡' 'ro Interpolate.
2.1+ Recogni-t,ion of tÌre Corna.in of data_.

3" Use of eryerimentation to d-iscover relationshin as eviCencecl
by
3"-L Recognition of necessity for accurate rne¿surement in

securing reliable data.
3.2 Recogni_tion of necessj-ty for representative saruling

beíore inaking' rienera-l stateinen't,s.
3.3 Ability to fit cìa-ta (ano:.oxi-mateJ-y) to a corv".L8

The tabular method tna-ke s a substa:rtial contr:bution to functional-

thinking by enohasizin¡; the notion of variaiion and the notion of clepen-

dency betl+een nrunev'i cal data. Ii; is a. no'¿eni 'r,ool f oz. the inter';:reta-
'i,ion of hoth 'r,he for"mula and tire grachical representatie¡ oí fu¡ctions.

LB' 'rJil-lia.m ]i" J,:.ckson, r,,Il'la'b 
_Can be Done fn ,\-l i,,ebr.a-? ,school

Science ancì lia'r,hema-tics, to L\2 - A56.
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5. llr r .lr'¡.:rÌri-c rl- I ,:'"hoc', o I r. nt":et:t i.nr, ?';1'1gii on:.lii¡'

ül-ose-l-¡,¡ a.llieo, -¡i-t'h ihe 'r,e,bu.l-l¡' iretho,."L cÍ siu-cj.r¡iiï-' lunctions is

'r,he gra,;ilic¡-l ::'en::esen.ì;e.'r,icn o-i Íu-ncii,r:os. The sT'ali- r.res ona oi tìte

ea-r'l i-es'b -for.rrs a'lle?.ring in ter:'L,bool..s ilor il-lusira'Li-rB: r'e.l ati-on:-:hi-l be-

tr,reen :.',:.r:i¡-bl-e[i. Unfo.r'l:u-na.icl.f', -Lìre eil.,.ha.s-i-s ii=¿s cl:i eff',' o,r -Ll".e grali:r-

inr oi eouations ancl 'r,he 'i,echnitues enplc-,¡eci ccntr'i-buLecl lit,r,le -bouarcJ.

fLr-nc',-,ioni.l- 'thi-nlçi nrr" Tne ¡,r"a'rh Lc:.a.1 vB,1'-'eseni,a,-bi cn o il the í,'ornule. ii¡.s

1lrg,:,1-r, ne:rlecì.ecì. rìTt ó nresen'Latj-on o,i ¡il'i:nrrs j-n oul' 'cerÌ,Ì:oollsrrr
ì^

:,lz"o1;e I:,.g-ie, rlis no-l-- a.'L a- -¿efl¡ ,rri_p,'h St:in.l,-.-ri" rtLf)/ Con:,ten.-L:t-n!Ì on t,lre

u-se oi g::ar,-.s in. 1;he ì:e¡"chi-n;ì o.í -ii:,ncii-ona.i rrl-e'ì:i orrsÌ,r.i,r, ii-f¡r'Ì:e.rt6a ,rrit,e.q

-'L,ha.-'; lll¡e nu::i, 'J.i s'Lin¡¡r,ri-sh .icr t,he rril:i]- -ì;,:Le frxrc'uj,on.rl :.r,m, i.ine::e,ì,n

the .¡a.l-u.e of the or"oi-nr.-ue dei:enr1s on t¡.e value of the ahsci ss¿." rr!0

ir'i?evee jn-i;he Fj-nal P"ei-.ort of .bire .Toin'o Coäni-L1,ee as i:u'oli-shed in'r,he

fìf'feen Yea.::book recori,nenrl"s 'r,hat ttgTea'úe! en'tÌre.sis should be li-vcn
1ato 'uhe granh.ic stuc',y oi fo¡:¡nu-l-as a-rrcl eo,ìr-ati-cns. rr'rr 0ag1e, in a- re't¡ie"ø

of the lu'ol-j-ca.'ur-on J{¡--iherna-+,j.cs in Genera--l- ECuca-tion 'r:r" ìrhe :r'oS:('essj-ve

l,Q
llLr..'..!Il J.. 1, -C,: j|U,: -::, j3_. U_ic-_ 'ur d.:-lIÞ-, J--:'.UiJ.tri.!,.j. u-r-u; Tea.cher', riel.

35 (i't¡retr 1?ir2) u t" L2l "

r'^a\t -/"Jas, 
.1 . :1;4lerl', T:r.: Tencl',i.rÍ- o:' irarhs, Sci'oo1 Scicnce rnc/--l.LlL,ll3lr1î--uicsr \rô|e ¿L (.ran. Li,¿l)), ?" J¿l.j.l "

É-] ..'Ij---l-i:n l" Î,eevc, ilhe Pll.ce oí i{a'rhe_:'rr Lj.c: i n Scccn: r.-rJ¡

Ic,u".t:.at , TÌre Tj-na--l- l:l.et¡ori of 'uì'te Join'¿ Conl',issj-on- o.î ''lhe l-e^i:heriia.-bical
,lts..'oclãEÏon of Tea-chers cf irathe¡raiics, ìlif-L,eenth liea-rboolt of '¡he
liJ3.i,;,1i1¿-l to-u-nc:rÌ oî Tea.chers of ir¡.therna.ti-cs (r'jci¡ io-r'k; Bureau of Purb*
l-'L^p-,-iOnS, il:..Cìier.S 30l--:ele 2 Ca.i.-'S:-.bia Liil:--.,.:::S;f-., 1!llO), p. 67"
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Ecl.ucatio:n Association quotes f:ro¡l 'bheir -.,tork as fol_lo'r.¡s:

The gra,:r.ica.l rnethod of presenting c_:.';s has recent!-y become so
prevalent thrat the ability to interpret the cor,j-'non tyoes of
oï.lnhq ôr' -ñÄ È^^1.- ñõ-. 1^^ ^^*út c..,r:Ð wuctlllïl-i1{ lJl. nel.IsÐa-Jers, îegi.zlneS, ofu L/vvrlo :,:.J ve ugr_
siCered es a necessar),r extension of ihe basic readrng slci-r-Is,)z

Ha.r'tur"rs and Erickson in an ana].¡sis of p-ef,ilrifies that should be

consiclerecl in gra.nhica-l representation s'r,ares that:

Tf sra.nhical nethods are ì;o be üracie more efîer:"irrre- thr' "tudent''v "" -
mu-st l= e.¡'n not on1;r 'rhs ou-rnose of diiferent forms of represen-
'uatiou of ds.ì;a. þut also certa.i-n princirles r.¡hich influence the
inte rir re-r, aÌ; j.on. 2 J

Il.aml-ey rrffites a-s f ol,Lows:

The granh is one of the nost useful i:rstrri:nents of i'urrctional-
thin-king" The conceptior of the graph is essen-Lially a.

mode of -r,hjnkipg; anci as su-ch shoulC- be an integral part of the
r^¡ho-l-e course, )4

B;r naiure, thc gra.ph is essentia.lly fr:nc'bional e-:nC. i'Íurray enumer-

ates i;he íolì-orii-n¡i abit ities involvecr in und-ersta-rrcling graphical repres-

entation:

\-a) To und.ersta¡d tlre t'ítl-e.
b) To uncl-',rstand- the rie."ninE o:i the reference axes"
c) To nnrlarsi¡nd tne scale ¡nd s-nn'l¡o'l s oì. rrrp:rhs.ll.r cr.rrr,

riI 1o rccnonic.p. i,t^.c ehenre 'ìn nne ve.fiable courcsnÕnrìinc. tnV C:,I JL¿U-Lç VV! I9OUVIIV.!IÈ; W

a change in ¡Ìre otLrer varia.ble"
e) To get 'rhe facts irortra;'sd- in the -râoh.

f^)¿Ìlagle, op, ci-b" ll " L27
rta
--l'.au.r."ice L, I{e.r'uung and Robert

j¡r Science a,ncl Hathema'r,i.cs Tea.ching"
r¡or. )U \.J'eb. L/7U), p" tl)¿ 

"

tø lL !ul!ùVlle \Jf

School Science

h,l/'fT-i"n] o-r I c'i ¡* ì cnal enc:ì- Functionp.l Thinki_n_r,

hical ]'iethocls
rnd TuÍ¡ihorr¡f i nc

9g. c{L. r-." ll$



2\

f) To in'bercret the facts derived from the graph'
g) To res'¿ràin tlre in-r,erpretation ppthi-n rea.sonabl e };,ni'us

ir::ovj-cìeci by the graphica-1 cle.'va'"b5

Brestich aiì;aches en aci,,'i'¡ion¡.-1- irnÏ:orta.nce to granhicaÌ r'epres*

ent,aiion in hj-s revicr'r oî cul'i'icul-ar trend-s '.':nen he ';lri-les:

Instruc',,ion in g-re,Ðhica.l- iecirnioues is iloo-rtant beca-l-r-se they
a.re l'¡icLe,ì-)r used to cl a.r'i,iy sta.'t,istical f ec-ï;s, to na-lce co¡qra'ri-
sons of cieta, a-ncl -r,o ci'isclose t::'ends:" The fol-l-oi'rine alri-l-i-'Li'es

shou]-cl be ri-eveloned.
a) To read, understa-nd," ancì in'¡err)ret' gr¿nhs'
b) To nalce comì-ra-lrisons be'l:¡"¡e::n clata renresentecl b;r bar grarriis.
c) To recognize tr.ends reflected, j-n line graphs and- io note

cent::a-l- tenclencies.
d) To cons-c::uct si¡nnle statjsti-c;l gra-rÌrs rlai-rrl-y for the -our-

pose of.pita.ining a better understanding of granhì-cal- tech*
nioues. )o

Iìa-rtung a.nd- Er.iclrscn lisi'bhree inai-tt-i;¡r':es of ¿:.c'r,ivi'bies in coir*

nection r'ri't'h 'Lhe use of gr'tjli'ìs' These Lhe¡r fi5¿ as fol-rol'is;

1) A graph jlla).r be ::ead io cleterrline aì; l-ea.si; aÐ,)rollj-ïatel-¡r the
value of an ,ì.iem of d-:.'t,a.

2) The rel-aiionship be''ui.ier:n ti+o i'¡erns of clata rrt¿l)¡ be observed-
frorn a gra¡ph"

3) i¡Lo::e general_ rela.t'ionshij:s or t::end-s aJnong several it94s of
c.a.-t'a. lta;¡ sotle-¿i:res -oe in:lerrcd b¡' the aici oi a Era'"rÌr'57

By ',,he a'oove refe-rences to i.n:ii;ings of mân¡r 6¿¡"ta:rding ed.uca-i;ion-

al-isi;s the losition of 'the fu-nction at the -ì-evel of hiqh scÌrool ma.thema-

ti-cs is receir¡ina seri-ous consiCr,eration" llu-r',,herti,ore, an at'r,ention þas

(:7
''H:.r'bu-ng ancl Errckson, op' ci'b" p. 200
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been c]ra-'.^¡n to',,he chieÍ -l¡e:.ltnesses i.n the develo¡m:nt of -r,he functi_on

concelt, and +uo some of the i.rrprovemenis in r.elational_ ihi-nkin¡¡ 'r,ha.t

have been effected through the efiort, of outs'canding te¿.rchers a:rd-

-r'r-riter'on the subjec'r, and to inc'ica.te so¡ire of the cru.ren,c.r,rends to-
ward, a better und.erstaitciing oi the conceD.u o.fl functiona]-ity. Further

assessnleni of -r,he d,eg.ree of iryrrovement in the unders-r,encling of 1he

concerrt ma¡r be fouid either Ìty sta:rdarCizeC test.ing or b¡r investi¡ations
rlnnq *ho'ì;no '"þiglr is oresented in ihe fol-lol¡ing pages. Tlrere aÐÐearsU -LII UI.L3 IU-LIOI',}

-bo be a dear'ï;h bo-Lh oÍ s'banriarcÌized ì,ests dealing ¡.¡ith the frmciions i_n

mathemaiics ancl o.fl iru¡,:stigaì,ions j-nto the abil-i-b], to do functional_

thinking l:',',t stu:jenis at the hiri.h school- 'level-"



CIII{PTER TT

TTA I.ìEVELOPIOJi\JT A T;ST ii6¡ ljVr.rLUATIl,jG

Tir¡l FiJITCTIOÌ\IGROI'.J'IH

Ii is the nurpose of *,,his cha;¡ier to outline the procedure tha'b

r,¡as foÌ.]'or¿ed in constru-cti-ng ihe 'r,est usecì- for this i:rvestigafion: i4

the aùninistration and scoring of 't,he -bes'b"

The Cons't ructicn oi the Test - mì- ^ ^ *: ^': '^ ^1 '- ^ -t,i nçr ìì1.n c'i- ¡m ho o ^-IlrJ UI -!-3-!lrd-l- Ul=¡) -_--Ð ;a- - o- --,- --5C,1J

d,u-ring i-]ne L952-53 scltool ]¡ear. It 'n¡as consj-clered desi rable that a. test

or tests be constructec'L co.rering '¿he fo]-lo1,ri-ng Ðheses ,of conr:etency in

the íunciion concent,

l-" tì.ecognitron of ilunc'Lional re-l-aiionship betlreen tl+o o¡ rnore

qua.ntities and the abi lity to exlcress tilat rel-ationship a-s a- forrnul-a."

There rrere fo::'r,y ouestions in -uhe first test and the range of o.uestíons

co'vereii a- much largcr a.rea iunen do the questions o.rî sub-iest ff in the

final- dra-ft of the test. The test i"a.s primarily e:a2erimental io d,e'r,ermine

the '¡ossible ranS;e of functional relationship that rnight be included in

ihe final- draft anrl the ¡roceciure to be foll-o¡+ed tirrou.ghout the fi:ral test.
Tìa È¡ma nf nrraoNions used_ is i_liirs'úraterl b.- ihe fo i_l_ow-Lro. examole:.-J_v v!!1ó v^4ru.

rrJur expres a.gent i.rishes to determine ì;he to'¿al i.;eight (f) of a

nu¡tber of articles each r.reígÌiing the se¡ne a:ilount. '[.ihat infoz.me-tion ',.roufd

be requirecr in ord.er' 'bo d-etermlre the total treight?rl

Tile students were exirecì;ed -l;o state:

1. TÌre r'rei-gìrt of ea.ch article (ii)

2. The nu-rnber of arì;i-cles (¡l)

The ex:ected formul-a. is T = i"N

OF

OF
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2, Recog,nition o-Î ho.ru a change in one va.riable affec'Ls anotjrer.

The attenct in this-r¡hase oÍ tht: iesting progra-n l+a.s to de-r,ernine in
I.,Th¿.-t areas and i;o l.lhat exten*u the students ir¡ere a'bl-e to visualize anci.

inter.'cret ho'"i cha-nges jl one or more vay"iables affects a-ncther va1.iabte.

In ihis tes-u there r¡IÊre slxteen grouÐs oí five cuestions eacb covering

such areas as d-ir,:ct, iil.erse and joint varia.ì;j-on" l:ut-ì,ille choice iyne

Questions l'¡ere used-:ílor- tiris iest ancl tlie stud-ents i..rere ìnstructed io

círcle the correct ansi+er" Tir.e a-nsr,rers -r,o tÌre cluestions renreseniecÌ

either the ni¡:rber of times or tire anou-nt b.¡ i,¡ìtich one variable l.¡ill

chi.nge in the light of a change in another ¡¡ariab1e, An exa:ncle of

the tr¡r:e of ouesiion used i s as foll o',^is:

The total- cost (C) ol 7 pounds of meat at ttÐrr cents per. oound_

maJt be represented- b¡r the fonnula C * 7p " lJhat l,¡ould be -uhe

change in C if:

(n-) p is doubleii? Z) 3, 4, 5" 6

(b) 
" is íncreased b;' 1O cents per cound-, 5Or 60, TO, BO, 90.

3" Changing the irrbject of a. formula, There i.¡ere thir'uy oues-

tions in this tes'b and in each question tire stud,ents r,¡ere ¿¡iven a formula

and insì;ructecl. to re-arrano;e i;he íormula in terins of a_nother va_ria.ble

e:cpressed, in the formula, .An exrmol-e of 'r,he iyoe of cruestj_on useci. is
c.i ¡ro'n Jr al nr¡ o

Gi.¡en Sorllula

c=np

Ins'Lruc'r,ions l[err Fornula.

llri'be the rel ationsiri-n in 'oerrns of p p =
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t. .IinCi,nE ''r,he f oi.riiu,'¡. il-o.-L a, iabl e oí v---l_r'os. Ther.e ,¡ere

ti'¡en'¡-¡-iive quesl:ir-ci:is l-n i:rri-s ''¿e:;-i; coveíin1 ¿:. '"ij-C.e r.îl1gll of rel-¿.iion-

s¡in" Tor e.:.cli seì; o.Î valuLes 't,he s'{,rl-cl.en'i;s r¡ere instL:u-cieLj- ,,,o i.r.I.i_-r,e

-i;he f orL:u.,-1,¡, sho-trj-nq 'ìrhe i:e.l-a"üi r:irsllit-. be'út,¡een flre le,s,b .¡a,lu_e j_n e ach

ir.rolr-p ani the renainl_n,g ¡¡¡_l-ues o.i t,i_-.e :ìrolrtj " -fi-ro eï,ryiiìtl e c i ,cl re t;rl_¡e

of qu,es-ì:i-o¿t '¡hat .,,¡s-s r-r-secl i s a-" jlcl ].or^¡s;

a,2B69B
lî--' l7---ll---f-?-lï
c - f*IJ--5-1il--S

i¡o¡'rnr-:_1e c ;

5" Itur,::.'r,iorls ¡ì.S I'írÐT'i.iSen.L,eCl b-)r i,.f¿l.rlhÉj, ihi-,:,¡,i:st,ü con:;i_niecj of

-qix iìr'a-lLts r'¡hr'-ch Ìlao. 'ceen cons'Lru-c: ted .1nc. iire s-Lrr-dents ',.iei:e -ì,nsì:-ruc-i,ed

tO Sr,ud.l.¡ e:-icb" C j-.j -Ll.e Se r,.L'â.irs aü,j ',.ri:j-i;e illr.; iOl,il'_l_a ,¡m,j-Cn r.ror_Ì--l_Cì cor*

iec-i.,i-r¡ -rdenii-í.¡ ue.ch. qi:a:--h. The ¡r.:.r.rs i,tij-ci.eseì1,úeci i:et:c .;llose of
di ÍecL .¡a-i:'j.¿rt-1,on. o:i r-i.j-,:ect vari-l.t-i on plu_s ¡_ con_s-ba,:r+-: inv,:.:l.Se ¡¡e_r"i_a.ti on"

o.î se.u-e.r"es, c:i scr:-are roo-Ls, ancl. oÍ cubes 
"

6 " sone ilunc-Li-ons i-l1 r-;qi.nr.: .ilorn cl.esc¡'i ::-i;i i.¡e s',.,a.ielní:.ír-us . T:lis

tes''¿ coi.rsi,s'Lec'i o.f a nr.:-r:tlt,,:t oÎ -Lr:;.e-Îal-se ni-r,-:siions i¡irich i-nc]-uded a.lso

a. Îe',! r-ri'ol:--l-elii -qi't'l-ii.tj-rlt.:-r. -:'l:r -ï".rr,1c of ij'e t-.'rle o.i çues-¿:r-r¡n u,seC. i,s

as îo--ì-l-ct¡s:

].l a. r,L:ee J,¡0 ,ìeei '"i,e..1_I casi,s a shl.Cci.: rril 2O _iert.i:, ,,;heir a,s-Li-clr

ll ieei, 'l¿-l_ì- ç;.sts a she.cicri oi 2 f.,,,e.;" ( )

-[n',.he í:r]i.-r* ¡c t,ì:e ir¡i¡1,'i.,he s'Luden-Ls:.¡e::e i_ns-1,¡,uc-Lei -i:c rr,r-,i,i. e:l-ì;her

T c.l' rì' clsì.::..cji ì:r¡: i¡he1,l :,:' i;:',,: l,-'-e :'bj-cl r.¡;-s ,.:j--i;irej: l.:Ì:.u-e or _i¡.i.r se.
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These tests t¿ere q'ir¡en'¿o ti.lo ciar-s-sss of gra.de ten strlcì.ents,

two cl-asses of grad-e e,r-er¡en students and ì:o one cl-a_ss oí qrade

ir,¡el-ve stu-d.enì;s. rn each case the tesis r.¡ere adminisiered b¡¡ the

se;re teacher l,-hol¡as also the matireraa'uics te¡,cher for these g::ouns of

stucren''¿s. Each of these iests l;as then sc<¡recl r..¿tl: one mark assiÊ¡ned-

for ee-ch cor¡:eci response. In -Lhe case of sub-'¿est Il[ r,,rhere ea.cfi oues-r,ion

w,:s divicled j:rto five oar"ts one ma.rk i.ras assigneci to e¿ch part. In ihe

initi¡l- soo::ing of 'bhe -best resul"s, tr.¡o score sheets r"iere rÞde for each

of the sj;c tosts" The test ¡a.i:ers r.ere a-rra.np:ed in orcìer of the e_ttaj¡eci

scores l¡il,h the higìrest score on tolr. The stuclentst na¡nes Ì.rere typed

aì-on4'che side of Ì;he score sheet a-nd-'bhe cuestion nu¡loers along the tc.::"

For ea-ch incorrect resÐonse or o¡rission of a ouestion, tire aurropriate

cu-estion m::riber '¡a.s b-ì-acked ou'r," This score sheet servec]. 'cr.¡o Ðurpc¡ses

in tha.t it ga.-¡e a- genera.l- na.tiern of tire Cj..fficul-ty of the inclirriciuaf

iì:ems on each tes-c a.nd seccnd.l .¡, it fa.cil-i'ua'ì:ed com'J¿rrison of

neriorrta.nces 'ìry stud-enì;s and- formed the ba-s-ìs for compara'uive anall¡sis

of test items. A second score sheet t,.,as cÌevised for'r,he ou.rilose of

connaring the ton pnd- l:o-L-bom t',lent;r-seven nercenis of tle ootul a'bion

ì;estecl.. Along the side of the sdor" sireet r¡as trn¡ecì the na¡ie of the

studen'b r.¡iro ati:aj-neC the iriEhesi; score on the test anC. imraedia-iely belo,r

a.preared the name of the stuclent l.;Ìro hacì the I or¡est score cn ihe Ì;est.

F¡r the nest rlrou'o the stucÌent obì;a.ining the seconci hi;hest score 'r.ras

coriolec l^¡ith the s*r,uclent o'b-i;aining ihe second loi.¡est score" This

grouoing l.ras repeateC un'ui--l- the ton and. bot-i,om tirenty-seven Ðercen'r,s

of the por:u--ation tesied ,tere grou-ned. Along the i;or: oí the score sheets
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rias t-rrced i;:re nuribc;r of the 'ucs-U crues'oions. .An,r, ouestion êr'rs-¡Íerecl.

j-ncorrectl]'by'r,}:e student '..;e.s bl-oclred ou-i oplosite his narre. For this

ini'ui-a] testing pT"ogr.am no a'i,'teii'LÐt.i",¡a.s mad-e to cleterrnj¡e the reason

íor or natu.re of the error. lla.eh test uas regarC.ed. as an ability test

and, no '¡inie li:irit r.¡as ir:rnoseci. ùnis51ot " on the test.l¡ere recordeC

a.s er'fors. Frorrr this second, score sheei; ít r¡as nossible to cie'berrnine

the nurnber anC- nercen'r,ages o-Î cor,:ect r'esÐonses for both the too and

botton lr,Ì.ienty-seven Ðercen'bs of tiie r:onu'¿tion Íor eacir itein in the

iest. llanallants T"bl.el r.ras useC io cieternine the it,en -¡eJ-icÌii;y

coefficienis f::om ihe ne:'centaaes of successes i-n the upper e-niL loi^;er

ti.ient¡r-seven :lercentr,s. An interestin3 fcatur-e of tìre iniì;ial tes'r,s

uas tl:e l:ange of i tem va.liciit¡¡ coefficienì;s in each of -r,he tests ihat

r+ere acimini stered in ì;ire initial 'resting prograrn. For: Tesi f, irThe

Ability to l.ecogni ze ';\::rctional Rela-r,ionships 'betireen tr+o or rnore

,')quan'ti'uies, rr¿ the iiem v¡.]-icjity coef-îÍcien-Ls raniled from .11 to .7)+ l.rith

allrrroximatel¡r d1ç6-thirds of the iterns between "50 ¿nd "59" !'or the

ser-.nnrì t,r:st,- trQpe.oznit-iorr oj'hor,' e slr¿¡cs -ìn one variable a._ffecis an*

oiherrtt the range i^ras fron -.23 to .80" On four i-'cems qtpearilg in-¡he
-';esi a nega.tive itein r¡rlidity coeíficient ire.s obtained" Obvious-l-rr, on

these four iie:irs, the siudents in tìre lol.¡er ir+eniy-seven Ðercent of i;he

rro¡ulation tested ìe.cr a ereaier percenta.ge of successes'r,han the--b of the

-Robert L" Thorndike, Personnel Selec'¿ion (Neu ïork:_::ir-rey ú bolls Inc., Lyuy) ¡ 'o). Jtf,ó - JrL"
ô¿Tesi construciect by the Author"

John
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studeni;s in'r,he u-p,?er group" On ir¡o iiens of the test i;he iien vr"licii'r,y

coefficients ',yere .00" These s1;ç items r¡Iere flot used- in tre.flinal draít

of -r,he test. The najority of the ii;ens on this iest ra-nged in val-idity

betr,¡een "50 enð .69. The items incluclecl ìn this test seemed to har¡e

r¡arrr hi c'h d i enri ri npÌ,i nn' .nôT.Ters ¡s er¡i cleneed ìrrr t, -e hi øh i t,crn rr."l-i rìi tv

coef îicienis ancl the cor¡e¡'ison of perion.ance b¡¡ cori¡oaraiive anall/sj-s,

For Test TIIr" ilran.iinq bhe Subjeci of a Fornul¿r' tlt" renge r;e.s fronl 
"OB

-uo .6) -¡ith tìre majori[r o.i the itr,e]ïs har¡inr an iteui vrlicìity coef-ilicient

beii,¡een .5C a:rA "69. For Test Tvr"Derir¡ing a lrorrriu.la froät a T;-ble of
tl

Ve.lues, tÌ"e v.:i-ir1it¡r coef,'.ici-ents ref'I.'ocr- betwecn "-l-0 anci 'BB "'nth the

gr.eaiest concentra.tion between .ltO a:ld .)+9" Tesì, V emphasized the abi-ì--

ity i;o inr;errore-b gra..ths" î: e i-bert v:lic-it.¡ coef icients rr,"nried bet'.'¡een

\\ t/

"OC a.nd- ,69. Fo:: TesÌ; W, Sciae Gr:ner'alized- Asoect,s of iruncfiona"lity,

the range oí item valili--r,y coefilj-cien'bs -l¡as bei',.¡een.*21 ano "80 l..i-bh tle

rura.jor.i'r,y of tÌ:e test i'r,ems ha.r¡ing validi-'by coef-ij-cien-'us beì;'¡een "60 a,nci

AR

By comnarative ana-lysis ea-ch cluestion lras retaj-necl or d.iscarded

cl,epend"ins on hov the score corm¡arecì" ff it r.ras found tha.t the s-r,udents

r,rr-ro had ob'bained. tne higÌrer scorles ';ere able to renly coriec+uly -t,o the

cuestion uir.ereas the sti¡-d-ents r+i1,ir the,l-ol.rer score failecl, then, for the

tilre 1¡einp- the question ¡^¡a.s r"etàined" If the,:e seelnecl to be tittle

di-fferentiaiion betireen the resrcnses of students in tire u-oÐel' ani ]oi¡er

Ievels of ¡-chievet'reirt o-r:, iÎ '¿¡.e stuo-ents in the lower levels actualJ-.)r

h¡.d. a bctter score ort a. ptr'tj-cula-r' cluestion, ti:ai c,uestion '..ia.s elj:ninr.ted"
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-r,es'b no sin9.-Le item '¡a's ansr'¡erecl cor';'ecil-¡r b;r ali- siuoeni;s anc' nc s-ì n!;le

i-i,em r'¡a-s ansr.¡er"ed' inco:r-r'ec-iL¡r b;r a"l-l- students"

In Sen,¿ember, L953';l:e fj-n¿l- d,rafì; of i;he'r,est.¿as adrninis'r,ered

'bO one gr¿de rt,e3i., O1r€ g::aäe eleven ancl One qr:.d-e t';¡e]-ve cl aSs ConpriSing

ninet.rr-si;< students. .4.1-l- buì: one o.î tlrese si;utj,ents coinr:Ìel,ecì fhe i;est

wi'r,¡j-n .iift;r rrj-nut,es" Ìiinety of the siudents corn¡rleted the test t^¡ithin

foriy--fli-re rninuies ancl Ì,ho fas'r,est stu-Cent requjreci t'¡ent)t-four minufes

to co¡rol,;te 'r,he tesi. Âs a result the t!'iie li¡ni'r, for the test i',ias set

at fj-ft:¡ rninutes"

Durinri 1.he sa¡te ¡nonth, the ninet'r*si-t striC.ents t';rote Torm .¡r of

i;he Foust*Scho::--l-ing Test of Fu¡ctiona--l- Thinking in Ïfathema-'t'ics"3 Tl€

scores obtained- bl,r ¡he stuCents on tjtis staldardizeci test t'iere correl¿¿tecl

rri'¿h the scot:es ob-i;ar-necÌ on il:e test used- for this invesiiqation. The

correla.tion beil+een these ivo tests r,¡a-s estimtteC as "81 " In Februa.ry:

195)_l tne functi-on iest used, jlor 'fhis i-irvesti¡4ation i¡a.s agai-n aCr,rinistered-

to ihe same nj-ne'u).-sj-tc students and i;he scortes olrta.ined on this second

testi:ng T,rere coÍrï"el-ated i¡'i'¿h'bhe sco:res ob'r,aini-.C. on the first testing"

The rr-.'l i:biliti¡ coefiici-ent.Cor i:iiese t',.¡o seís of scores'n¡as "86"

Tl.re orig'l na1 six ¡ests T,rere exanined. for curricu,'l-ar content 1:)'

Ð::' H" L" stein, lacu!-|y of Ej-ucati-on, uni-¡ersitJ¡ of liani'''oba ancl by

'r,h¡:ee teachers actì-vel-y engaged in Lhe fiel-d of 't,ea.ching hi-gh school

)Jucìson ii. iloust, R.n.lei¡3h Schorling,
Fu-nci;ional Thi-nking i:r i'le.thenatics, Form A
uv¡rrlJc;¡r.'i t L/ LrL / ø

L¡ous'',-Sciroi'ling Test of-

(iiie'* York: jr,Iorld Book



ma-themeiics. The fina} -,,est r.ta.s :^c-ex::rìneo- by Ðr"

'ues'r, no',"i fo¡meci 'r,he basis fo¡ the j-nr.¡es'r,ica.ti-on"

âlJ/I

L" Stei-n. This

The Aci¡ninis-t-¡'a.tion o-i ihe Tes-i; - Ät the end of üa;, 1!!)'L the

test was a,o-rn:lnistered totr..renty-one classes in ii'innioeg' ancl suburban

scitools. :rive cf the six schocl-s in r;hicir the'¡est i,ns given were

1,.ännipeg school-s. In i;he suburban school'¿he te-=t rra.s 3i-ven -t,o only

three graC: ien cLa.sse*". Tr.ble I, na2.e 35, s.-oi.rs t¡at the test r,+as

adminj-stered- 'r,o seven grade ten cl¿sses, nine grade eleven classes and

fiVe grad.e '¿welve classi:s, In the seleci,ion of bhe cl-¡.sses for ''r,hi s

i-nvestiga'Lion ca-r'e t.¡as ta.ken to see tfir.i 'the gro'Jp sel ected, 't"IaS a re-

Ðresentative cross sec'r,ion of tne hi gi-r schoo'l nopul-ation in o::cl-er to

con'trol, at -l-east to some d.egree, the in',,elligence factor" For the

purÐose of tl¡j-s stud¡r i'i; l.ras d.eemed a"d.visab]-e to i¡et as i.iiC.e a l:,e.nge

as ,oossi-bl-e from both i;he standr:oi¡lt of insì;ructi on a-ncÌ of student

nersonnel ne.r'ui cioai,ing in 'bhe invesiigaì;ion"

Erom the standnoint of the sciroclrs esiimate of ihe r¿atheina-bi,ca,l

ability of the cl-a-sses sei-r,;c-red- íor 'r,his investigation tt.¡o srr-lleriorr

three averaqe anci i:'rc belor,' average cl asses .+ere sel eci;ed in gracìe tent

Tn ør¡r-je nl er¡en l-rrn qi:.r,r-¿ior- -Î-ive arrei'aøe ancì t"rn helôr'r PVerâflc l;ere in-I¡f tr! v vr: v jjv J\/- Jv-

cl-ucj.ecj a.ncì for grade 'br.lel-ve one sur¡crior. tr:o avera.ge and one belor,'I

eveïa-qe cl a-ss t,las seli:ctecl. For ea.cjr gr'ade the number of stuc'len'r,s in-

cluded ín the slr-Ðerior a-nci bel-or.,¡ e.i.¡erage cla-sses r..tras aÐÐroxi:na.tely the

s Ð-ïne "
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exÐerience in standarclj-zeci iestin¡;. Spe cif'ì c instrurcti onsa '¡ere issued

to these teachers ouilini-ng the proced.ure -bo be ío'l -l-or¡ecl j-n i,h'i s c¡.r'i,ic-

¡l ¡r ì-,es-'¿ins nro^--- TÌ.a ..rrn-nSe OÍ -b¡ie inSt::i-fC'biOnS tra-S iO StanOlafd-_. -3r\lIû lIrç iJur¡JU

tze ¿.s nuch as i:ossib--l-e tr:e lrrocedure for the t,esting Ðrogran ¡nCL to

equa.lize the concii'bioi-ls under i.¡hich the siudents par'ticina-bei in the

investiga*uion. Srch seciion of '¿he iest j-s creced-ed by a set of j-n-

s1,ru-ction.s r+htch r¡ere to be ree.d bl¡'bhe studen'i;s and- carefullli foll-o',tecl

íor i;hai; nartj-cul-;;r' sub*test" ïn nc case .i..Ías tire te¡,rcher 'uo j,nierpret

1,hese instru-ctions for the stucl.ents or ¡ermit',,ed io conment on any

incii¡¡iiual ques'i,ion s'¡r¡eari-nq in the -besi" The bi--e for 'Ì;ile t,es'r, t.ras

set at fifi;.¡ mjriutes i+hj-ch i.io not j-ncluiie the tiüte re,rui::ed- b.¡],he

ieacher to -r"ea-d. the lrrel-im-lnar;r i-ns'rilc'¿ions to -r,he stuclents. .{-u ihe

end of 'r,he-resting period-, -bì .e "oookle'cs -¡ere collec-i;erj lrl. tl-te tea,cher

and 1:acka-ged"

Scoring e.nd Recorcl.ing Tes't Resu-li:s - In scorin3' the tesi, one

narl( r^rås assig;neC- for each correct resrfonse. TÌre resr)cnses of the

sì,udenis tested rrere recorc.ì.eci on -birree score sl:.eets. Onr: score Sireet

ras usecl íor each qr¿.d.e. These score sheets formed, ihe basis for"

ei-gh",een adCitiona.l score sheeis, one :ior each grade a.ncÌ one for ea,ch

of the sili sect-ì-ons cfi the test. 0n these score sll¡:cts the tota.L coTrt)ct

resÐonses fo:: bo1's, r'irl-s ani j;o'.,al- of bo;-s a;nd girls t'Iere -fecorccrì io::

ea.ch tuestion oí'¡he sj..rç sub*'¡esis" nach score sireei a.lso ccn'uajnecl. a.

L*See the ,a"loenclix for the cornr:lete insiruciions.
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dis'¡,ribuì;ion srrnu'erl¡ oí'i;he toi;al- n'¿m'be,r of corcect resnonses foi: ihai

,ca::ticri"l-a.r" su-b-iesi and a-t the end, of cach su-b-tes'r, a conbined di-s-

trilcution s-ùiTrlêr.¡ forbhe -fhree g::.Ces. Thcie score slreets uere la.1,er

used, in corrmarinS-bhe lrerfoï'ltl,ti1ce b¡r'bhe s'tucìents in eacir sub-te,st on

¡ rtrpri.:-se'.r 'l'l ,si s - on ¡ ørprie -i,o -'-^i^ r^^ -i - ^*cì, in cstïtefinq ',,he'- 5-. -.... -ùJ 
vtt j. 

['t--!-u uu ürdL:ç UdJlòJ ''.!t"t

lossil:le gror.rLh i-n ij:e func'Uion concer:t from gracle to gracìe"



cliÀ.}ìT,!F. III

i'rri ,trr,li,'ll_r1¡_r, ll 1.irl:r,is cLr ii,.iì r:s.j" 0,r T:.u iir',Lr).,iìf?sr ,,,i1:t-r?r.ls
T0 iis.¿ Tlli !ll.rulirillrl COiÌC,ipTS ïtt ?tiiì ¡iiTlp,,i l,ji3T

It ls t,l^Lâ ,lll.r-rlose of -i,hl-s cir¿¡I.,er i,c Ð:lesen'ú',,iie st,a'r,isi:icL-1., in-ior*

üi¡.'',"i-ol. t,Ì--ia.-r, lh¡.s Jrecn ol:r',aiireci,:-s ¿:. r'esu-L-t, of 'fhe tes';iitl,ì lr:o!'.r:,r-lrÌ, ¡,nd. tc

e:l¡n:i.ile 'r,l-r i.¡; in:ror:'ritiii-or j,,rr Ll-..e ,i-.i.:lt-ì., oÍ ihe .i-nvls'bi.la'L-,-r-.lt iita-b i_s 'nei_n;i

Cond.r:C'r,erÌ. I-rr ¿¡r¡-ì ..'zine't,he st,¡t_î_St,j,CS I.ie ,r-SSrJüreCl th.e nil-l_l_ l:-,¡¡O-L,ileSiS t:At:

1" Th.i:¡'e is no ,:li_f í'e re rce he j,-r;c¡:n Ì,Ìte i:es1re ct,j-ve ¡l:i _ril;-j es
o-í r¡i-::is -.rrd- irolrs 

"

?, Th.ere i-c no c,ì.i-Î.'oi.ence rir¿1,'..;G,,:n 1::.a.:ie s ì-n -i,he s,;i-:r.ìr;nl;s T

a.'ni.ljtie:-: 'bo i..þ r,¡lc .i,ä 'ce:.'¡rts o-i :it"l¡¡c'b-l-oluli-t;r"

T¡.b-Les ha-.¡e been coirsr,.r'il.c''r,ei-l sho¡¡,ini" i:lle cl.is';i:il:..u-'Lion o.i sco-.es on i:he en*

tj,.re tes-L þ-,r !ii:arj',: ancl, se,:; ..l¡lrl. ¡;-å:,rtl c,"r-s cc¡irlbi-ne,ti6ä5 o:î -Lh.ese -'¡,:bles leve

been useci i-n r.n at,Lerlri;'i;o i.J.e'i,e::l¡i_ne'úÌ.e ,-rossi,-iile irilplov:::r.en-l, b-,. gri;"cì,3 ¿nil.

sex in -ti-re abi--'L-i',,,¡' ¡o C-o fi-rnc+rion¡l iilj,nl<jnr-"

Tal¡.]-e fT - na.r.e )j, sho¡rs e cj:ls'r,Llj-Ì:u-i-i e1 of i,he scoj:es on ,ciie final

test ior t'.b.e ent,i¡e a,.corr,rì of sl,r,rclen'¡s r,es'Lel , ior thj,s :rnvesii l,:,tion- The

scoiles -'ere t-f()lilccl i-n i-ni,e::v'.:ls c i :Íive anci :io:: e acìi i.'rr'r,::::-¡:r-. -i;.|-te scc::e s

:ici't,l'le gi-ris, bo'is enrJ '';o'L,e.-r- hr¿i: i:een lecorc.ìecj -[or each gz':,cì,e . Tiie ]-as-b

co]-l¡mn i-s a. si-rlrl târ-.,r ¡'Î ]:he scores Í'oz' 'Uhe iaree i¡rl-cì.es -io:r i,Ìie ?i-r.l s:

iro.r.rs anci t-,o'e,al -îor e¿¡-clr j-n..ì:ervll 
"

?he I'ci"ue,] ::¡:rt':e o,Í -';l':,e scoforj for th¡: e::'a-<igs r,le.s froi'l a. to-i,a--r- scofe

of' eì-e-¡en *ùo s:j-::f-)r*ttro lor iqre.d.e 'i,en, ''¡ilj-r'l,ern ì;c si-xlr¡-eight .iìo:: ¡;:r:acìe eJ-e-

r'¡oll¡ a.ircl f ,:om -hren-I,..,'-5 j--:i 'i,o si:ii,.,'¡*eigh{ù 'i'ç1" l1¿:.¡ls j;itelve. idine rei: ce6j; of

the sì,uoen-l,s Ne-q'r,e ij a-+' 'Lhe 
¡¡gaci e r:levcn ]-evel- anci, :;i,:r';eon ller cent of 'l,he

s-bu-den-rs a.i 't,jre p:r:,..cle i:r.rclr¡e ler¡r:-l i.cccj.i.¡ed- sco fes ¡'1r.e,:_-Ler. 
,r,it-arr t¡.r: hjr_¡,.h.est

scc!'e a.'bt,e.in.;cì b.,'a. P-r'¿cji¡'L:n -qj,u-,:l.en'b. å1,'ilre lor','L:r enci o,i'-i;Ìte sca.l-r:'Litere
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.'Ie.ri,-ì a":rllro.:li,iii:--,ì:,,.-:l r¡ -i,i.¡el r¡e rt,. r cc'.i o.î g_,:.:ii,e iei: ¡.ncÌ e i-g;hj, le¡: ce ni of
ihe gr'':iìe Êr-e-"".=il str:,cr.en.Ls i¡lo recei¡¡ecr scor.e,,, -r_o.,;er i;hrrr the _Lo.¿e:t

'o¡':ide 'r,r'¡e-r ve r:-cole . Tirl,:.rc :¡ere s-L,uci.elt:; :t -ii_re gri..,iJe j,eyl _Ler¡el :.,,no

a-'r,-baiirccj íì- scoj:il ecu-i-r.¡rJ-enì; i;o, oL: beì;ì.er- tjra,n u:rrai e.-i,,i,a_ir_i-ierj b;.r

eirqÌrt,r¡-.ior.:r-rr Ðet" cent of the gracìe -i;i¡ei.¡,: sl,,il.c;lenbs. ,-i:te ;o-; scor.e rn
5:racl'e er-er¡eil '¡;'s the -qeii-Ìc as -LLie ,¡r-- ..jcor.c -io-r ¡:r::r.cì.e ii¡e,r-r.r¡:"
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For con¡caraiir¡e purposes a fu-rther a.ne.l-:'sis of the results

rÏa.s necesse:ry, Tabl e IIli is e sunl¡rary of the gra.de-sex arld 3ra.de

rneans. for ì;he en'r,ire i;est usei i:i thj-s inrresiißation.
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This tab-l-e sl¡u-Lc-1. ire reac.i as f oll or.rc; fn g::acle
i-33 girls r.rho i:ar'-r,i-ci-nated i:r ihe i-n'¡-stiqa-i-ion l.;hose
scor:e ,¡a"s 39"Çtg * .il+ stand.a.rd el:uor of the ne:'n" er,c.

ten tl:ere were
¡ r'l irr ei,od r¡a ¡n
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-An a.na.i¡rsi s oí Te.ble I.i.T, pa€.le LLO, reveais ¿:r ir,iprovenent in

the abil-iL.¡'i,o cio functiona-l'rhinklng ìr;'bo'bh. girl-s and, ìro;;rs f-¡et

g,ra.a.e to g,'':ade. Tl:le tabl-e indica.tes1,ha.'u ihe ír-1ean score for the

rrr1',-l_S Frc' l-16.,-9 i. .rr¡cf.i¡rlrr¡ t,h^ ^^"'^ ^¿ rL- ^'-^"dC f2i1 ì,pr¡¡ì_" fO:Cl-'' 
-tç tr!-'r' - -,,t uIIg ù : llla- --. U l'llE v I

''rhe ei-rls, tìre i:-î-.¡6.¡s¡l"iri, in the ine¡.n score frorn g,r.rde ien'¿o çi:i:¡de

eleven is 2"C? scojle t¡oints and,.fro¡i grad: el-everr -r.o qrade i;"¡elrre the

increase is 5"56 score noints" Cn tire other hand the rrimrovemeni j-n

i,he nea:r score for -rhe bo.'¡s is inu-ch mor-.¿ prononnced. since the i¡i-

nro'ç'emen-i, in -bhe ire¿in scoi:e fron ¡;r'lde ten to ¡;::a.cìe eler¡en is 9.71+

score noints s.ncl. f'ron grl.de êl-er.rs11 io grr.cJ-e ì,''¡el-ve 7.08 score poínis"

The rnean îcores for ea.ch qrou-Ð of studen.ts in Ti.l¡ie IïI is

nn-ì .' r spr,r"ì ô rfieîÌ1 .rnd is nnlrr ône Oí'uhe:rOSsilrle ValUeS that fnfShtLv"'--.,;',.rc---

rri se t,hrorlch r -^.^r^* ^-*-.^-r i- ^. nÎ th¡ lri -lr qe--n^r -^^*.'-r ^+i ^- Trb]_g- -- ---5-- * I c'.lluulll Jc'-.lrlJ.LIIIB U-L uilü llIL,ll Ðu - UU: .lJVJvLê- vluflc

'IV, page l+2, indic¡.tes the ¡rroba.irl-e raní;e i"¡ithi.n r,¡hich a-ll- of these

r-.ossible lle?,1'Ls i.¡il-l- l-ie. In eecil case the r'¿urqe is foi: a, confid.ence
"t

I eve I ol " 
r,.JI.

At 'bjre grade teir ler¡el there is consicÌerable svs¡l apping in

the disrribution of scores for tire gi::ls and bolrs" At thi-s gracìe level-

there ân:\erl's to Ìre no sioni'i'ic¡nl, Ciíference in the r:e¡':ior'mance of

gi-r"l-s a¡d bo,'¡s j-n t-,hei-r abj-lii;r' to do Íu.nctional b!'lj-nkinr'. A fi.rther

examination oí Tabl.e IV inclicates the-'c the range in mean seores is

I

j',enrJr d, r-i'rlretr-L, Þ!{Ü.- slfcs }!_lJì.c!e L9 ano, Educa"tion

lo¡q¡gã 1*ø.1),

(ìJg'..; w6¡'': T¿nr¡lnns - f}r-een pnrì flnmn¡n-¡- 1 9)'7 ) - n 
"

,rt, r/4t / 2 :
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T¡.BIE IV

?lE P]ìOBi¡BLj P'¿-l'ÍG,Ê l,l.ITilIi:'I 'dlli0ll ALL POSS:IBIE S¡l"iPill il'ilÀi.tTs

l.,IIlL LI]I ¡.T Tfm O]If PitRCEì'trT LEV-riL 0F COÌdfÏfÈj'l-Cil

Grade X ô*^ ^l^

Girls 36.69 * irr.)+9 37 "89

Boys 36"01- - li2.O9 [6,]+r

Toial- j7.L3 * [0.95 \.3"7o

Gr¿cl.e l{II Gr.a.des

1t3.63 - lig.Bl 39.62

5:"og - 58"65 )-t6"32

¿^ ¿\ ¿- I 
^ ^Ô>0"jL - ,4.>L 4)")a

)lf
ìl l-- tlL!" 4)

/¡ 1n* )!øL I

^ Ly7 "78

]( - XII

* l+2'7\

- hg.SL

\ a 1Õ
- ll.o@ Io

:s fol I ôrrs: Tn rrrac-le X the u'¡ni'e for:.-L--..-.-l].Þ'

sirl-s ai the one 'oercent leve-]- ofÉ*_ --
irl ¡rq âfô
+L o:-l/

ihe rrossible sa:lrple neens for ihe
confidence h-es betr.ieen )6.69 ¿nA

pr:actic¿rl-iy'the serne for the girls r.no, boys" It should be notecì that

there is a,ocssibl-e overla.n.rinq of lhe-¡ûea-n sco-res for tlæ girl-s frcrn

srade to grade" This 'is pari;icula.rl-¡' no'bi-ceable for arad,es ten and.

el-even. On the other h¿.nd 'bhe r:ossj-l:le meaÍ scores for the bo;;rs cLo not

^-r^ør ^.^ nL^ i**..^--^-a^-+ ?-^^^ ^--Å^ +^ ê,^-l^ '^^q bccn pÏ.e.lte.r. iof theU Vl -LaU ô !rlU -Ul:f)I L,l v slrIUlrU ! f VrrI áI <lLLs vw 6r c.v.ú lIc-u

bo;,rs as eomoared to ì,he -ìnÐrovement in the ¡tean scores for the girl-s"

A further conparj-son of the Ðerformance bet'.reen the girls and

bo,-,¡s within the grade is nresentecl in Tair-]-e V¡ rage L3. Thi-q'¿airle

r:resents the fol-Lo¡.ring e,.dclitional j-nforrir¡.tion; The clifferences bet'.+een

the m.an scores of the girls ancì bo¡'5 for each grade, the stand.ard

deviatj-on of Ì;he scores fo:: the gilts and boys in each grade, 'r,he d.j-f-

ferencæbetr¡een the sta.nda.rd errors of ihe nea-Tls, 'Lhe critical- ra-tio

and'¡hetirer otl no'i, the differ"enccs bet-'¡een ihe meÐrr scores are sig-

nifíca¡t at 'r,he "01 con-Îid-enc. level-,
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Tiris tab-],e shor:-lcl ::'rad as .îo-l- '-o''¡s: Ïir gLr:r,':ì.e Lr:n ti:e ru-rnber: of
cîses -ior i:irl-s ancì. i:olrs is l-]l and [jL- ]:eÈcr)ec'rir¡eJ-;ri, ihe ì:1r:3.n scolîes ei.e

39,09 ancì 3Ç.05, Lhe ciif-fc::eace be!r,.;e.ì:il the resi'¡ectj-¡-¡e l'.'ean sìcores r-s

.¡h: '¿he stancìarcl. cl evia-uion of t1-ie scorc.s íor' llle irl-s 'ncl j¡o-lrs i s
11.? ancì lO.? r'esor:c''r.,-1,¡ei-r¡: -lhe si,a-üc'lä.1'd, er'l'or of -i,:rc cì.if-'ierenc¿ beii'ieen
'Lhe inea¡,s is -r-.1!,'bl-re c;rii,:ì-cal re"-Lio )s .C2, a.ni i:ile cl.ifference be-
'rrrer¡n. '¿lte nee.ns ì s noi, silni-.li ce-n-t, a't, L]re "0]- conii c'lence l-evel-' TÌie

;sta-r,j-sr,ic¡rl consì,¡¡.nfs r-:,ser:; iia'¡e i,he:i-r u-s'"r-al lre aning a'nd h¡'r¡e been
Cìe'i;erni.ner] i-n-i,l.rC-: U-¡ue.l. ln;:nrlej:'" D::¿:'Cl'r.rSe¡1rr,S'¿he Ai.rlfe-r:en6e be'lr¡een

'r,l'e li1e¡ì,ft SCOr.i::S, S" f)" ,he l=";:liiCl¡r,,l c.i.i:t¡-i.a.'Ci-c¡:. Of i,he ¡li-Striìlr-i-bi-On,

S"-1".- L:,: ie::s -bc i;re s'lencr,?,:'cl eïll'or of t,he llr.câ.lts. S"l¡., F - ìnll¡ns t'he
sLencT¡iriì eT-t:o:f r:i i,he cJi..:iliei'i:tice llet'"ie¡:n -u.ïo I ílA.nS, ""' C"-. '¿he

eri';icrl- i'ai,ì-o ¿-'.ncj. í-'j-nall-:¡ 1,he 1:¡s'ì; co]-u-'r,r::eÎer:s to-bhe coniici'nce
,'l-evr:-"Ì. at u,i-cn a. cj-i-f.rier'-¡nce be'Lr.¡ecir ilie filea.ns ,:roes e:list" .À cotlt:,'le'le
.l-i-st o-f bhe s-ba.ti-sti,c,:r.l- -îo:rilr-l.as r-r-sei,ì. i-rt t,irir-s -imre-qtiga-ti-on ê.llilç?-i'Eì

i-n i,he ûnrrenr-,.i-,"r"



L.Lj .

In a nornel d-isi;ribution ærrroxima-te1¡,- 63 " 26 aex eent o-Î the

scores l-ie beir.¡een the r'ie¡.n e:rd, Þl-us ano minus one standa.rd der¡i¿fion
cof the scores.t ]n gracle ien-bl-ris r-r':rcen-,,4-{e of the Scores wou.l-C lie

betrreen 28"L9 - Ir9.99 anci bertween 28,35 - )19.75 lor the ,girJ-s ancl'oo¡rs

-.aonanì.i:rp-l -'- Tn nr.>r]n o-1 ei¡en f,he r¡nr.e i s beì,:.leen ZB")6 - ,3"96 andJ\/rv(/vurvvi-j

37 "2,9 - (¡0,2p :,:especiivel-y, arid in qracìe 'Luel.¡e be-L'.+een 18"07 * 55"31

end. ¿16.1-0 - 65"61t for t'he Í.irl-s anci iro;rs rcspectivel-¡. lor' 'i;he ihlee

high scirool- gra-cì-es ì;he range for t:re girl-s is 30.98 - 5r-'38 as conpa::ecl

luo â rânge betr¿een 35.88 * 6C"28 fo::'uire bolrs" ¡ si¡:,nificant fa.cior a.s

r.ev, ;al-ed. b;i this informaiion is that, '¡i-r.ereas-bhe nerforrna.nce for'ú¡e bo:)rs

:no gi¡1s is'¿he same e-.t -tl:le entr o:Î r.:rac]e X, the girl-s a;t the ena oÍ

gr,l.d,e l{ïI are not perfonr,rinlr quj-te at tl-ie level- of j:he 'oo¡,rs a-r, the end

oî grace XI.
I

Garre'¿tJ s'i,ates il:;:.'t, for a di s'i;r-i-bu't,i-on a-s large as the one used-

in Lhis i-nvestiga.-b'ìon a crii,ic¿.-l ra"L-io of 1.65 :-" r'eoui:recl a" the "I0

confioence le.¡el. The critical ra'¿io for the girls anol bo¡'s at the Srade

ten]evel- '¡as uO2, This cr"iiic:.r1 ra-tio falls fa-r belor,¡ tÌ,:e required ra.tio

oî L.65 e.i; the "10 confidence level, anä consecluen'uly iìre dj-fíerence be-

i;iqeen the rne¡,ns of il".e ¡;ir'ts a-nd bo-rrs at the gr.acte ten le-¡el is not si-g-

nì fj-cani" There is no C,iííerence in tl-i.e lÌreÐr1 perfolma.nce of 'r,ìie gi-:ll s and

boy-s rt the encì of g:"ac:e ten i-n thej-r abi'lib,''Uo cìo funci-lo-nal -drinkl.ng"

on th,: o'r,her ìranci, iie have a crii;ical- ratio oî L"L9 Ðrrd ç.65 in gra-des

2
Ibj-d", r¡"1-15

3; p. Leo
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ele-;en aniì t,iie-,r-r¡e resrr:c-t,i-¡¡cl-1,', crii,,r-clr- i:a,.-,i-os of 2"ít) ancl ?,"i:? are

Ier.r-i-r.r'ecl, a.t, i;he "01 lerrei. si-nce'bc-i;li L,-'r_9 ancl -,,,6j ¿re,iar. above iÌre

re¡uirec;. r'ati-cs t'he cci"r'esrcnrji-n...,: c¡-i-i-erences of 7 "63 anci <ì.15 a.re s.i g-

niíi-cant e.t thr: "r-il- ]-evr:l and ì;he::e is a n¿"ricr:rl ¡iiÍ erence in -'¡i-:e. a,bili-.t,;,r

to do func'bionp,.l_ bhj-nkjno l¡ei,'.¡eenj,he bc-:¡s eni.l ,r:-i ¡,.1_s.in 1::::de;_" eleven

e:tcl. i.,,¡el-i¡e 
"

In tabl e [J : fr-rrrh,]r coîl¡,T3.ii i¡,-. sr,ucþ i.¡¡.s rtacìe of -Lne i¿e¡.n

T::LillJ

CCi'F,liì.r:iTIY] liìl irll SCOl¿:;.i ir0R !lrfi

VT

i).l-tLìl ll:ai,r Gi.:

Gz'rc]e oi j'ie¿.n I s. !, ,s.,J" s,,1"mdi'ffC^.ses Scole m

-ìn a cl,'-,ø/ ¿-L+

12"8 1"28 1.59liï aÇ lil. l-6 ?.07

') a:Lè ll-:

J:t. ¡' i ì l. r. .1.-c ?'.^: 1:.1

ltô

.;iI

riII

99

5t"

lrl^in

i,,\ tc í (.-
Li o lt, 2o,li¡

r? ß i Di:1

ô ?/ -rroi); lozl. 1. ¿C " 
û]-

X

.:r;-rI

scol:e Í'c-,i -t,he q_i..rl-s fr.o

cclrile,J .';n th:i-.. ì;abl_e

-io:: -i.l:re ;iir-l-s i-n r.:¡-'rcics

-a
) ^L

?O rlO

1t6"72 7 "53
I ^^I1(,ljr_,:ø// .i6rç "c1J-

rTì, 11'ì ¡r 'if

ri fi;X::cÌe lcs irr:,¡,tt: " Tl_.c :',,¿:.bistl' c¿.1_ i.lr i o::tl.r,r,i_cn

si ,-.1.,, r,ìt,'l'l ti:e d--lî.ie::c;:ci: i:e -ilre:tl: -Li^re ílean _qcoí.if ¡
-i,¡,:ri ¡:rlrci. :,'-i-et:í:!1 -i-s 2 " )7 :.lci -1,:.ç sta_ncr^,:_rcl r,l.el"¿i_aij-c.l.
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o i ''¿he .¡:iii.Îe l,cncÈs l:re,,.i,,.ieq,'u. '¡he -l,i,ro äie¡irls is -ì-. 59. il.ii,h I s-¡ j-'¡j-çr.l r"a--Li-c

of -l-. 3a .;ic.: c;1:lo j: ;¡.,,-¡-,r !1....r- '1,1..: i, j_il¡tfeitú" be'ri;eeil 'i,le ne;,e sr:o::::s fl ,'

ì,Ìre ::j-.r.j s in çi"i-i1rs ',,en iïld el 3'"'33 j-s ili r-.lLt 3x.çr-l-3Ìl -'úo ili.lie -'',hc re,-,r',rt-i ¡

s';¿'r,j--.ti c.:.1.1-;r si-::.r-r-iílictrt. .,1 cr'-r-il ciJ' r'ai,-r-¡ of i . lll i-s ¡'r'.rlLu.ì-leC *.o

rr¡-}ie',*he qi.!-i.,e::,.:nce be-bt.re;-,n î,ile:':e¿t:S Si,1n:rll:l-,:::.n'i,.:.-i, i-,lr::e ij',Ve -:ef'Ceni

lí11¡ê-l- oi ccr:,:'icilnc, e"Ii ,'r'e iiLi.s'; i-ccÊ-ri, ',-'l e nül l' l.l.;¡r;'i'11'1rslj-s ani" ¡'Le''t'e lh:'í

no'ù.'rtie cjj-í1ll:r:ence e:.j-s't,s i.ii'Lhe a-iriir-i-',,¡.r oí i.he ¡:j-:r:is a'u t,lílr: p.t.'e-cr-e ten

a.[cj. eli]r.¡.¿n ,l-er¡el t,o cr'.c îunct,-i.cn¡l thi,r,kin¿. { ç61r1r-rl,rli,5ol"i of 'cha cr,r.[fe.r*

ence ìte-'ì,iiei::n the ne.:-n,scot-cs fc,:¡r.'i,'iie ¡,'1 i:l-s -Ln gllcÌ+:s cleven ?.r:l.cì 'i.,-,.l'):l-ve

sj:rjçs 't,i-ra.-L ì;l:rere is " 
ci i-.Îie:'cnle ofl ií":,6 sco:r:e l¡(r,',¡ls -j-n 't,he-i-r' lrespec*

rir¡e i;rÐ;,,ns, Th.is gives r.i-:,:e -l,o r- clr'i.,j-c,ri,l- r':-'r,j-o of l.ií:. -ì-Í-' ¡ '--:::i'ci cal-

i:e_t,i,c j-s ?. í"Q cr f.ìore, i.ie r.e je c+- .,"1:re n',1-.;,1, |.:.,-roi;irr-,:si :; s j_l.ce oÌ1 '_-,r 6tr"" -r-'n

¡. jlu_n.Jj:rrii t,::j-l,l-s r.¡or-r-.r.cl. a -'la-rîe:: clj-Î',erence,:1i-,'je f:lcrt: s.irrtrl-j-r:r 3:ili'ol:sr.

,rrr,çrl ?, .'r,r-ue ili-f i'etl,lrlce )-s r.erc,í iiie lt1a.)r *,,hel'efo¡:e be conficìenl, 'l,he.''¿

ihere a::e a-i, ,L-ea.st, ni::r'et''/-n-i-ne chlnces'j ol-1''ü ci ¿ hu'n'-L¡:c.;d -r,ì L:':.t 'i'he c1 if *

fe:rreirce i'¡a-s r¡re¡.te::-bh¡.n zero:i.nl -uhh-t, ì,l-r.u t¿ri.de t.n¡e-rve Ê;irlsj a-r'e reÐ':l---l.-1,¡
-- ,, --," i)_

sr-r,Ðerior 'Ì-o the g;r'lcìe s] rrerr øir1s in ntea-n f,-1,1,a.-1-lxlen'u" 5j-1j-l ¿r'l;r, a.

Coït.le.rìSon of the lüean -ceuíOr'Il¡:lceS cí tl-'e oi-:i'l s ^ì n ¡ir:.cìes -r-,elt âl-fd

twelve sho-,i.r e c::j,-bj-c¡-1 r-a'bio of L' .98. 1,1-e r,lä-)¡':ltjec1; -,,lte nul-''- h]-l.o*

t,hesi-s a-b .Clt- ]-eve.l- cf coni'i-cl.eri.ce encj- be conÎiien'i, 'bhai, the::e â.r:e orac-

-i,-'i e.l'l*r¡ ônê hrincl.-r-'er c}lancés oLl'b of e. ìru-nrjrecì j,ira-'b the rij-fference '1¿rs

:*.-.r.^ i,cr" .i-.h.- n I ilr9 
"

It*'Ibid 
. , rr. :l-f 5

(
'ï'Ðid.,j p" ?-c3
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T¡:.bl e rlif cor:::n"l:es '¡]re rrle¿n scc::es a-t',-,ainr,;cì b;r 'rÌre bo,,,rs a't,

vari-ous ¡,r:.cie 1¡3r"rçl-s. Tle t,el¡l-o sÌloçt-.'¡¡¡.'; il:.ere :-s g" ll:::n cijjiiellence

c-i !"7ir- sco'.r:t:-.oi,nt-,s 1-.ei-,treen'uhe't¡;'o lle.:lilti Ío:: the bo-',-5 ¡-tt ä::a"cìes t,en

p.nd. eLe.¡¿n. Th.:i-s rj-T¡"s rtise l;o e. cr-'r-1,i cl,l- ::a'i,j-n n,f ,lr.20 and- r,.ie .nr¡..i.

r'4.3i.lj uiÏ

COl,,PrïlrlflI-i.lI r'ii,tll'í SCCrli.rlS ir0:1. 'rlili BC'aS rliiOl., GP"i.,Ðr; il0 iii:J:l

itTrmber
Gi:a-cie of Uc¿r-n il S"Ð. s"E" s'8" c.R" of

C:,ses Score m O.r'i i- Si- r,: ni- -Î i r: ::.n. c e

í. 8t_ jy) 
"O -1 f0"7 l_"19

ïT L5t. 1,8.7g g "7)t t-L"5 .93 L"57 6,"2.¡ 
"01-

xl 15r LrB. 79 rr ( o?
L!ê/ e/J

x_rr 8o 5l "81 ?.08 9,77 r.09 l-,L3 1r"95 
"0:t_

.f Or i^ 
^r'It ()! -/ a'J2 ln ? r 10

--vo I LøL/

;{TI B0 5t:.87 L6"82 9,77 1"09 l-.í¡l- 10,L5 .Ot-

Thi:: Trble rea.cls es T¡,.Ì:le TI.

reiee'i, i,he nrll h-¡,-o'¿jtesi,s end be coniiclent-i,hat a r,ru-¡: cl-i-ffe::enc¿ cl.oes

e:i'i st :-n 't,ne nean pe::.i-o:í'rrÌ:::lce l::-Li¡een the bo-,¡s at -Lhe ':raci es ten anol

:l-e r¡::: .'l-ci¡e-ì s in tlr çi r" e.'oi 
-l-i'c.' 'Lo clo f unc'¿ion: -l- ih: rk-i n!' " ,J-e na.:' s ¡.-,'

the bo;rs-in;ire.de el-even â-re s,-llerj.or io '',he Jro.t¡s jr-n itrr.rì¡:-ben j-n'r,Ìrei-r'

neâ.n a-r,j,åin:.':ent. torirna.::i,son oí ii-¡.e inea.n le::,iloi'n:incis cr- the bo;'s in..¡2.rì 1g
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el-even aircj.'Lv'.:lve sÌ"1c..;s'uh,:i'uhe::e j-s a cijf,lerei-Lce c:f ].08 rí ijrej-r

riie:ûls" li-ì th a cr:i'l,ic¡.-i- i'atic of if "(15 r'¡e ;1;r-ii' ¡.rì¿,.-ln tej=ci -b,e .,u-l-l

þ'¡oo'ihesi-s a"¡id be coniictLent '¡iia"-'¿ there ê.r: I,rr'¿-e'i,; ceil-l' oiì3 Ìlunrlt'eC

cha.nces ou,t o [ :. bunc]:::d. fhai; -i;l:¡.e ¡ii-i.Íe r.enîe '.¡as sree.ter i:r:a"n z,era "

'ti,þ lne--r¡ s:--u- tÌre-t l,ne bo-rrs in. gra.c,e 1,'¡elrre a.rei rteel-'l--ir slt.ìcri-cr. -r-o the

bc''¡E; in ,Í-L^ede c'l-even i-n ì;1,.ei-r a-l:iJ-i'b..' 'Lcr clo function::.1 -U-L:1 nli.ì nq "

Table VIII ::e-¡ea.] s '¡h¿,t ilor' ',,ire en-ui,rê .,,rcìÌr.-:ì o.l s+.uceni,s 'r,es'cecl

tlle::e j,s e. con:ta'n{¿ :-rr¡:::ovenent lrom. Zr:lðe -bo 
5:.r:'1."cì.r:. Therc w,:r--< onl''r â

T1l3iE Vli_1.-'-

c01,,pÅ?"ATlril ì r:tji ijrlûlüij .rOij- i-i_LÈls t^tiD

lilr-ritbe r, .l,,er¡e -l-

*r'¡.cle of i{ea-rr
C:ses Sco::e

iìqirqT
m

C.A. of Si ¡:.-
ni-il i-c ::-n"c; e

Q¡',o:r1 . ^.,o_f:L i.

1¡-ì-
llL

21 |t

25)

îQ nC

Ìl.i " ( i-t R{lo"o) ),?_.7 I t? ). oo -0:l

.{I

JiTI 1 11

!.i) o | +

t:..S (

L2.7

OO

1?

F,,t, I 1? . ot-

Thi-s Tal:.1-e rea-ris ¿ls T¿-¡ l-e VfI"

d,i l.ierence cf .tB i:eü.¡eeir l,he cj -i :i.lei'enccs o-''l the rÌeans scores f rcrrn

:ir'¿de 'Lo g::acie ancj. -'¡-ì-t,ir crj-'i'i c¿Ll- ra'L-,i-r:s oll ;-. t.: ¡nc !.fi1 re s-.,:cri..''-1-1-

1"ic ,na:!:rr:;j ,rc-i-, ihe nu1-l- rit.cci,hesj-s and be con.i'j,denï, ih¡rL a ''¿-r'u.s cl:-f-

ferei:ce does ei';:ist, :-n i,le ilie:n lrl:i:faTt'rz.nce beti.,le,.':n si.¡-riì,en.''"s -ft'o.at l:::¡.ile

'r.o tìj'å.cl:e,



C'::fT:ifr. IV

ïl1g rtliT¡jj'tT T,l iriliC,i:irri Süillil:irfS iji åili,:i'i0 ü¡,i T:lrÌ i¡lfli'l.ilitirj
rlr,-,1i1[:j¡,r1 :i]r ¡itil Cr:l Trri inlli :.ìi,il.ir:il:j 0l T,¿ l,i_ì'1"

-l-n ihe rrr¡vj-oLr.s ch:-:ti,ei' ';Ìre -r,i¿s1, .ê-s ,!. -r',.rh.ol-iì r.¡2.rì ccrrs-'ì-cj,erecì j-l-r

o-r'c1e r .-o rji iì',,r:r:'rrij-lte -Lo i.til,t -1, ÊjIL?n-ù 'i,l-re c':-l,i-re ciroììr:) c-Î ¡u,e s'r,i-a,,1ls -,:eie

är.,sL{ìtÍe.l ì:_.- -¡itu g-i,¿;ìr:n-,.s:.t" i:1,.1 v¡-.fj.oì.is 3i'arì,e level-l:" Üo:itr:a-ij-sOn,.-.

.,.tt,-.ce Tt':r)t¡'oc'ii"rern -i,i-ie ncan 1lcÌ'foti:¿lrlc;es cf -i;he ¡.:ir'J-s ¿¡.nd, i:,t:r's bcr,it

-,,ii.'bl': fu i:nc] bc'i,:.te:n qitir.í]3s" I'; i,s '¿ilc rr'¿r"lose of 'Li :.s c]l¡r'1-ue-::' to

ri:lscili j:,ìre,:r:'.io,fm;.nces c;if rl:;e siu-¡i.ents on e:.cit o.i ''r,.;cì si.i ¡i:,:',s,:s

t¡hicil coririt.fisie{':j 'úì:e ¡;n-t,i-tt.: 'Lls'i,i-i.i,1 r-lJOl:i:¿ì.t'ii" ¡}L:-cn r-.h:r.s,3 ¡-ì:,i,e::¡is'r,o

-1,:ii,,'r:, ;,1 :l.:;:''L:l clÌ--l-rl-r l.l-:.i-]-i'i,.: i-lt-re;'cn-i, j..:: 
".lie 

r)t'oi:.jt':-::ì:- :jlir¡ -icilcrr.ri-l:.t

.-.,:-i i,r -'¡i ts i;,.:re ''¿.:::1,r:¡., :

i, Tl,r: :.ìt:,1 i-'l-,,,' -r,-r reccii:ïìizù func-brcna--i- relr-ati-cn.sjrirs bt:t--,¿eeir

-1,,,¡o or- 1rl.ofI a,,r-1.:r-tli,i-tirls" Iit sub*.|,cst I scri:'; ¡'c;1li:::rlli-z.r¿iì. asor."cis o-i

-ir,i. Llc'r, i. otr.r-l il'¡ l;.:r' e'l-, r: :: ie ii- .

2" irirìco!.Ìlt t,-t.,,.rr o-l ir-l-::r:-'¡ i-otr:'-l- ::'c.l-e-Lj,on-q.iìi..a i.ri.:',,1.¡e¡,:n 'i,i.¡o ct' irc¡:r:

.ìuan'r,iti-es r¡c], 't¿he ¿,bj--ì-i'L-¡ i,o D]¡j-rr'3ss ';bat ¡'i:}::i;j-cnshir ::":r ,:. fol:rrr-lia,

3, lìecor:n: bion o,i hr,,1'¡ ,.1 cir,:lnqe :l-n onc va;'-ì-abl-e r.f.le c'',.st ¡.no''r,¡e r""

il" Tl,e :b1-ì-ib¡,r.Lo c'ier'-¡ve e. íolllLt.r-,:r.1-ir:orit i,¡.-i,¡,l]¡l-e o-il¡¿.-l-u.rs.

J ---," it';r= .rbi l-ji,'¡ i'o chr.n.te tiie siinjcci., o.'l :. -Îo¡:':nu,'a.

f, . ?r-rr'rc'¿j-on¿ll re-l-e.ii-cn shj-p il-s e-.,tlljl!ssed, ì:;r Í.Í:.,rlis "

-in o;'ûc:- -t,o es-l.,i,:late -bhc 'lua-l -i-i,1¡ of -i;h¡: tÊ-r'ilo-rrÍÌs-nce oi the ni-;,]:

scnocl s'Li-Lcj.en'i,s j-lt e e.cì o i '¡Lrr ¡-r;i;¡- g¡11*'¿(:);ì,s, 'i;h::ei; sl'i:,s of -i,,.iÌ-.Les tere

ctls'úr;t.rc;ì,er". ?jLe -Î.'i:r,.;t ihi:,:e sÊ'ili::ì , ccr:,r:r'j-si-nii Tib-'ii:s IT, I lrril ì{ï, con-

rle-Tes 'r,Tt.e Ll"tî?,n Dcr.îor:íilillces of *,,Ìie 
".:irl s a.nd bo.rs lbi' erch oÍ iìle L':,-lee
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high school gra.d,es. In each tall]e the íol'lor¡i-ng in:Îormation j-s

nreseniecl:

(r) Tire nurnber oll questj-ons in ea'ch set'

(b) The nu¡rber of girls and boy-s u.r.rticirati-ng in ihe 'test.

(") The mean scores 'for each sex"

(.i) The cijifel:ences beil'reen the mean scoÏ'')s'

(u) The stantl.:rcl d.eviatíon oÍ'Lhe ine:.n scores for ea.ch sex on

TirBLIl IX

to}lrr,\R:i,s0iI o.î Tiri I'i i,u\] PjP"lo;o,i'l{},f t¡s FOR TI-lx íI'IRL'S AI'TD

B0TS Olt GRAnil X Ifi ÛACH Ol'r Trli SIß-T]I'STS

I Girls l-33 lO ?.hB I"25 "l-1- ilF- Bl to 7 "58 "l-o L"36 "L5 .18 "55 Ii. s"

rr Girls 13J l-l- 5.55 2"95 "26
Bo;rs Br l-l- 5;o2 "53 3.01 -33 )t2 L"26 i\T" s"

Ifi Girls 133 2Lv 1t.77 5"0¡. "iü+
Bo¡rs 81 2t+ ilr"59 .18 l-1"62 .5t "67 "27 ld" s'

TV Girls l-33 6 r"79 1. ?1 "L5
Boys Br 6 1" 87 '06 L"flr "22 "26 .23 li. s"

v Girls 13J 5 L"76 L"26 .u
Bo¡rs 81 5 r.h8 "28 1.1-Lr "13 "1? r"ó)+ l\i. 's'

VT Girls 133 l-Lr 7 "6Lt 2"93 "25
Bo;rs 81 rh 8.52 

" 
BB 3.11+ "35 .53 L" 66 i\T. s.

The Table reacis a.s Tabt e \IIïI"

""
Tes'b Sex Cases ,lucstions Scoi'e D" S'D. -.:'-ù- "Ïê:if-j'." Lev,el-
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each of ì:he sub-'tests.

/ â\(f') The sta-nc-e.r.d deviaì;ion of ihe mea-r:.s,

(g) The S'r,anda.rci cj.eviatj-on of ti:e clj_ffeleï.1.c;s of -brre meens.

(h) The cr.i iica.l ratio

(l) î,,he-r,her. or no'r, the resneci;ive scores ¿y-e si gni fi cant at

the "Cl le¡¡el oI coniidence"

Tabl-e Íl{, nage !0, reveals tirat there is no statis'¡ical- sien.ìf-

icrni d,j-fÍerence tl,.:'bl,le..:n 'r,he nein 'ceriorrances of the girj s anci 'oo¡rs at

ì;he era.oe X Ie¡¡e-l-" This confirms j-n-îor¡ra-bion tha.i wa.s obtajrecl in the

::rer¡io¡-ts chalter bu-i, in rd-rliÌ;i-onr llrjv{)a'l s the fac'¡ tl-rai irere i s no

on.e area. of tne ent-ìr'e 'r,r':sN i¡1 t¡ir,ich eithe:: ihe øir,ls or bor¡s har¡e a.

rnai:lted cìif,ie::ence in their rneaïÌ performance. ilor iro sub-test câ.lL Trre

sa)¡ ihat:.t the "Cl }evel of coniioence'¿1ie ne:n ¡erforrûance of one or

'¡ile other sez is bei;i,er" The grca.tast varia-l,j_on Ð.llr-rears to be in sub-

te:;is v a¡rd vr ühe.r:e criiic¿ri ratios of l-.6L an¿ t.6,1 respectivel¡r

i-nd,i-ca-tes'¿hai a.t the .10 le-¿el oil conficLe.nce theL:e ns.)¡ be a" cìiffet"ence

inthe ¡:ea.n nerfornance of the 3ir'ls a:rrì botrs iu -"he:, al'e.?s.

Te.ble X, nage $?, pt:'esents an eniirel;r cìi-flfelent siiua.ti,on. In
íir/e ou.'r, oÍ the six sub*Nests the nean re-r'for¡lance o-f the bo-1's 6u¡-

ran.r,;s tlnai oí 'bi':e i;irls. .'.li',,- crit-ìc:,.1- raij-os of 3-21 o-r beii,er., i.re rija.J¡

be Ver;t Confíri.eni that tÌre bo¡t5 a.-::e r..:rl -r,r Suterior -'r,o ì,he girl_S in
nean aiia.in-ment. Tire on.Ì¡r a-::ea -îcr. -øjiigfl '¿ltis c_-l_¡_'ii:r calnot be ma.iLe i s

io-r" su'o-test v. -i¡r:rareir-ul -y thcre j-s iro s: gnifican'r, di-f f e;.ence in the

ireÊ.n -;lerl.oT"llâJìce of ihe bo¡is an,:r fìr."ls -bo deriV: a forrnula ÍrOn a-i;a_bl-e
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of r¡¡¡]-pço. lji-'L]r one er:cieDiioü, -iì; rLoul,ci. seeiìr Ði:oba.bl-e'r,:.e'r, i,here is

a- -r-ea:l- fi¡-in..ì:-,¡ '';l'ii+ bo-¡s o,i'r,he L.oÐulation testecl to clo ilu_nc-bicae.l

tÌiinking ai, 'il,:.e ¡:::acir elevcr: level .

TJ,BI,I X

c0l.'}.È3ISCliri C¡' TilZ iE.::irii F:tä'rO3;.itii\10 ti 1c? iitpri GIll.LS .\l¡fi)
BOraii CF rii'r,iD,i XI Iiii i-tCji Oit T¡ii SUB-TI¡TS

Strb-
Ter'; S:-: l:'scs -Lr_cî- :eo.c I 1-1" i.,i.r S,'i"_. l._1" ,3i-¡,

-i.i-t::s ll o:r-lr- ' .l-evel.

ï Gj-,-'ls 91 l-0 T " !L \"57 ".1-í--tso;rs l-51- l-0 I,tlL "70 1-" jr: ,11- ")-? j. f;S 
"Ot,-

Ili:'.:'lr It r.r (" ?t 2"t' "2,)ì3c.¡s lrl t_l ?.lr¡í r.tT 2.11" "1g "3\ l.liL "ot_

;;T ìirr.. O. ,1, r), t)Í rl r( !1.*L'. -,-4..) )n-') ,,:,

Bc¡,.s :l5l- ?'tj 1-7 "82 ?,"87 1.6? ,3f: "65 |l "Lt .Or

rv tj-.:_r_s ?t, 6 n.25 1...5 "r!Bo.'¡s l-51- ó j.Ol "77 :l " iZ ,L.r .?,u j. 2r 
" 

O,r"

'i¡ r-l :-l q ¡c ( ) (? I /,¡. r ,i
. / / -ò-:! e:

,uo.¡s _r-51_ 5 :¿.,)z ,35 _'." 11ó ":l-2 .20 \"75 j.i",s.

TI GiL:ls 99 lh 7 "69 ,ì-i. r-E ,it?-
Bo;ì.s L51- r-l,i O"ji J..6g ).7i ,li .52 ?,"?"5 "O:1.

'.:_'j- j_r T"lrl... :." i,:, S - - T:,rl-l iX,

.^: CO'Í':r..,-'i..-:fn ¡-r í' 'i-,ì-rì. ?Ce:l'1, .ÎOf' '' ,-. - :'-':-- tltr.' l:,--'- ''u '1.' , 
-.r-. 

, .l

i;¡el:re f-ey',t)- is shor'¡cr i-:r Ta'b-]-e lr,l, p¿t:,e 53, il-n eriiì:i-n;i.ticn cf i,h-l-s i:r.bi-e

l".ilcl. .?. coirlrl¿--,¡..i-5,3n r.¡i-i,h 'i:,'ttz ::tj=ltL scortíls cf '¡ire rt-ill.:ri-t-r]'i.lÉl ì,.r-..n,'l,e l:iLc'.:: ';Lli-h

ì,;.r.e .rii ]:,-l-s ani:ì. bc-r¡s¡ i¡-i.'f.h orle e:iccr:-i;j-cn , h.:,::,ra j-i...r:rrovc¡]. t.h¡:i:: T.:s-.)?c:t-j:í.ì
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mean scolres" In i;he fi::st four sub-t,esi;s'the girls ha"ve rrra.de i;he grea-ier

ra.in as in each case the c'.iffe::eirce in the rtea.n score bei,r+een the qiL:ls

a.nd boys has dec¡eased io a rnarlceci- exten'u" In the first tl.¡o sub-Ì;es'r,s,

'ç+here there rdas a si-gnificant oifíerence in'che resnective Itean Ðer-

formances be'urveeir the gi::l s and bo-¡s at ihe grao.e ci-even -Level, there is

nct a- sigrt-iîicani; diffe:renee j-n iheir irleen Ðerformances s.t i;Ìre 3racìe

tr.¿el-ve -l-eve--l-" The 'i;able shous ì;ha.t ihe resul-ls are not statisi;-lcalj-i¡

signifì-cant ai;'r,lre .Ol l-e¡¡el of confiC-ence. Tn Su-b*tes-b V the::e has been

:,r.n increase in tlie mean scores ior both sexes but tire difference be'r,r^reen

TtiBLE l(ï

c01.1PAn.LS0i'l 0F Ti{-l l,illtu,t Punir0R}i4,lrlc:ìs Íotì. T;il GIRLS .Al\iD

BCYS 0F Glì.,ÐE XII IiJ ,I:l.Cji O.tr Trji ,S-tIts*IiJST,S

Srub- j'iio. IIo. of iíean ci 
^.UJt-¡ è

Test Sex Cases (Þes- Sco:re D S.Ð. S"E" S"8.. -^ C.R" Level
tions m ol-ll '

I Gi rls 5t 10 B. 17 1" 00 
" 

1l+

Boys B0 t-o B "36 "rg 1 " 01 . rl "L7 I . 18 i't. ,s 
"

rr Gir.ls 5t l-1 7 "67 L"90 .27
Bo¡rs B0 11 8"31 "6L. L.gg "2L .3L l-. fJB i{" s"

III Girls 5t 21+ f8 
" 
73 3.Bz .53

Bo;"rs E0 ùr 20.63 1"90 3"L5 "35 "63 3"01 "01

Tr/ Gir'l s ()T 6 2.63 2"07 "29Bo;¡'s B0 6 Lr"27 l.lr)+ 1.8h "2o .35 Lt"5l "01

Y Gir'-l-s 5t 5 3 "Lt9 L,97 "28Bo¡,rs Bo 5 )+.fz ,63 L.39 "l-6 "3r 2"03 r\i" S"

- ¿1 rl / ¡¡ I an //v.l- ur_rls ,L Llf Õ"J¿ tJ. t ( .oo
Bo;rs 8c 1L'. 9" 98 3 "96 3 "86 " L.: " 78 5.08 .01

This i;a.ble shonld. be r"eao- th:': sarne as Ta.bl-e X
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iheir rìieens ha-s no'r, been srifíicientl;' grea.'r, íor" a confici.erag lçr¡sl 9f

.01 , In t]-¡:ee sub-tests the boy5 ha¡¡e iraint¡.ined 'uher.r sr¡¡eriorii;y of

r-1elîíormp-fÌce " In nariicir-l a.r¡ 'r,hese areas arîe as :[ol-']-oi+s :

/\(a) Tire ::ecoe'nition of ìror.r a cha.n9e iit oire r"rprieble :f îects

anothe-::.

/r \(b) The abil j-ì:1.' io chinr,¿e i¡s s¡ì:jecb oÍ a iorTni-ila-, æd

/\(c) Iunc'rional- relatj-onshj-n as exÐlessed Ìr-¡ ørachic¡.I re-

,r::esentation,

The second rrour of tabl-es corrnrises Trb]-es T-iI, IIII and fIV.

The,lrev-ious set of tables coïrÐered the riLe¡n Ðerforr.n¿nces of the boys anci

c.i-L:l s at each of i,he three gracje l-evel-s. The secrrr,cl. gT'ourr oí i.rb]-es

coTÌlÐares the mean per.io::mance for each se-;r and for i,he totel ponulation

t.eci.od fi^nr,r or-rde t,O gfa.äe"

Tr-bl-e XIT, na.ee 55e revea,Ls Ì;hai j:r Su'o-tes'o I ihe Ei::ls oÍ graC.e

'i.eirh¡d ¡ hirvheir Íìean scol"e tiran'bire sirls o,î gracì,e eleven" In Sub**r,est

!f, 'bhe p'irls ol gra,Ce el-even h-aci e 1^,;qher.ìiea.n score 'uhan';he 3ir"1s of

gracle t'.+elve. Tn the l-atter caser the cìecrea.se is suf licien'r,J-;' al-ai.ruing

to rna-l<e i'' staiistj-ca.r-ì--' siSnificr.nt, at 1-e:st, al, tne "Oí lerrel of

confir:'ence. In eoroparing the rlean scores cí the girls in gracles ten ani

eleven, tr',e rbilit:i'to ci erj-ve a fonär-llla fi'orn e. table of vatues sho.l"¡s ihe

6n-1-rr ¡2r1- .¡-ìn n¡r'ìc lr.¡ -i,he cr¡de elevcn p'irl s ¡-L the .01 ccn.îi rlence leve]-,

Tire g;eatest 3ai-n has been:rr.cìc bJ, the Er":'cìe ii¡e]-r¡e 3irl-; e.s i-n four of

the si:: su-b-tests the differences of the r:r.ie¿r.n scor"es are si¡rni¡t"*nt a.i

j:he "i'l lei¡el- of conficìence. There eÐÐeå;rs 'l;o be n6 significa¡b ch,mce
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in qracl,e i-,.re-]-ve siu-il.en'uIs a.b:ili-'t;r'r,o cira-nge the sui:jeci, o-i a forrnula

a,nd in ihe'r,eSt on ql:¡.rlr.ì.c"1- reÐi:esenta-Lion c:l ¡. i'rrrrc'oiotl tl'lel:e is

ac'ì:na.l-l .,' a ciec::e¡.se i-n t,he l,leen Ðe:riortl¡,irce.

T,\BLI XII

Tdri P:tRICIil'ß1{Ü:l 0¡ Ti:|{ GIÊT'S Oii,[lLCi] 0F Tlill
sìIts-Tlj.sTs j'iltiì'i i:?';itliì Tc Gl"ÄLu

._
,Sùb- li]unber lrea¡ Signilli-cance
Test, Grade Ca.ses Scoi'e D S"Ð' S..ll.-" S.D*.-.^ C.P.. Le¡¡el

Iri Clil l-.

r r l-33 7.[B L"2i .]-l-
;{T ?9 ?"ü *.oir L"57 '1ó "19 *.2r Ìí"S.

rrr 5t 8.1? "13 I,OO .l-]+ "2t 3"lr8 .01-

rr x L33 5 't5 2 '95 "26xI 99 6.29 . 7L 2 "89 .29 '39 1. 87 ld" S"

xïr 5t 7 "67 1"38 l" 90 "27 "39 3"5L "01

Trf x tj3 t-Ir. ?T j.o\ .[l+
XI 99 LL"95 .18 5.35 '53 "68 "27 Ì'¡. S.

xrr- 5t- f B. ?3 J.'/B 3 "82 .53 "7 5 5 "Ol+ " 
0l-

rv x 1-33 r" 79 l-" 7r "1-5xr 99 2,26 "L? 1" 85 "rB "23 2"OIr i'i. S.
xrr 5t ?."63 "37 2.07 .29 .33 f-"Lz i'1. 'S"

v x L33 L"76 L.25 .11
xr 99 2"57 .81 L"53 .L6 .19 \.Ze .01

xrr 5t 3,1Ê .92 L"97 "28 "3? 2"87 "01

IrI x T33 ] "6',\ 2,93 "25lf 99 7.69 .05 Ir"1B "LrZ .hB "l-0 l'1" s"
7|Ir 5t 6,oz *t.67 \.zl .66 .78 -2'lr -"03

The tabl-e sliould- be -rea.d- as folloi¿s: Íor siri:-'best I5 l-33 grade ten
girl-s a.ttained a rn,ean sco-r3 of 7"L8 r¿ith a standa-rd d-erria-tion of L.Zj, a

s'La.ndard d,e-¡iatíon oí i;he ¡rean of "1I. Tor grade eleven, 99 siuo-ents a'u-
-i;a.-ìned. a fileer-L score of ?J-f. if, a decrea--se oí "0L in i;ire l1e¿n, a siandard.
der¡i-ation of 1.57, s'uandard- error of i,he:nean o,t ,16, standarcl- e-rror of the
o-iÍ.rîerence oä.1p, criij-ca-l- r'a'bj-o of .21 and il-.e scores a"re not si-3:ni--iicrnt
ai the "Cl l-evel of confidence. etc.
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Tab-]-e TIII con:ares-i;l:le neen scores of the boys on ee.ch of the

sul¡-tests fron g:ade ì,o g::acì-e. fn four of iÌre six sub-iest,s l'¡e ney say

tha.t rt tire .01- l-evel of confiC.ence the::e has been a re:.l e;roirth from

g-;rad-e ten to gracì-e e.l-er¡en and f::on grir.ì: el-even to ;. e.rl-e tr.relve i:o'r,he

abil-i-i;-,r of i,he bo¡'s ¿o do func'r,ionrl';hj-dling. Fror,L ihe r'.,sul'bs obi,ained

TrLBll,t XIïI

TIE FEiìicRirllirilCri 0F Tlût BCY,S 0N rìACH Ort Tr:iÈ

Stlts-TE¡iTS 1riì.Oi'l G!-rLrlI T0 GIìADE

'5ïD-Test Grade
i\lutber

Cases

j-iean

Score S"D"
m

S-i-gnificance
Uú,1. lrtvg!UolJq. 

^ôoatl 
"

ÏI

ïLr

X
rï

XÏÏ

X
XT

ilI
X

rl
xïr

^
X1

rfir

Y

XI
,{II

XT
XTT

0_L

r<r
BC

B1
I)I

BO

B1
r rt¡L)L

BO

B1
1 r-í1

80

B1
1 r-lL)r

BO

tì.]u-L

tll

BO

r" jo
1^ì

? arl

¿"Lt J-

tQo

LLøO¿

¿1"o1

r ol ,

lc?
r" o¿l

lljr

r"llo
'l ?o

J"ll+
? 70

JoOO

1rt
"L)

1l
'ì -l

tô

c1

?Â

"ro
c^

"IO

!a
ø Ll,)

lr-
"L)

?R
ôQ

. atJ

"oJf1
")L

c'7

1'7

.20

\/
" ¿1()

2"o7
L.Lt6

f^ Lc

I aô
)oLL

l. ôÕLl.øC'/
I a/u.'Jo

B"Lr7
6.oo

1R7
-l 1?

.u2
ì\Ì q

,01
.01_

.01

.01_

"01,0I

.01_

,01

nie

( ">a
ô 1ì ¿/l]"J-4 " )OA?L rt.JO2,.

) Ðv.
7 ")$ z.IIy
E"31 .e5

r\ "5e
L7 "82 3.23
20,63 2"BL

r.cl
? n? 'r 1Á
)ov) L6L\/

\"27 L.2\

1, ¡rB
t aD 'ì ),1,4ø/L !ô¡.i!;

l+.12 l-.20

A(t
9"38 "86g"g8 .60

TV

V

VÏ

Thi-s Ta.ble read"s as Tabl e XII.
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j-n sub*-be"¿ I: it uo''rl-d e,)oear th¡.t frorn the vier..¡ooint of a generali 2ed

asnect of func'l,ionrfj-i1r, ihe bo;',s atta.j-n a fairJ-y hig-h sta-ncia.rd of

ner-lormance aÍ'be:: l¡hich the increase in the mea¡r scoÍ.e is less l¡ron-

ounced e.s coi-t'oarecÌ tc the other s,ictions of ihe tesb. The res',rlts al-so

shoi¿ tna.t i;ìre boys at-bain a nore Ðronouncei increase j-n i;heir a-bilit-l¡ to

anrrl¡r 'r,ire Íunc-bi-on concepts exltr:essed in Slrb-tests II, IfI, Tr/ and V.

In no ca-se i,'rí:.s t.rere a Cecrea.se in i;l:e liean scot:e tlu'ouÊhout the ì,hree

,l,:ra.ri,es testecl . j'Ii'uh one exceotion, the increase in ì;he rteen scores tras

greeter" for" gr'.d.e eler¡en tha,n r..rhat j--b r.¡¿r-s for gr"ade ir^rel-ve. .Ll'¿j,ouqh

ther"e r¡Ia.s âß incre¡.se j-n ihe rireall scolles Íro¡n gracle i:o gracì-e in ì;l-.e.

abil-itir rr,o recoÉlnize .fluneiional rela.'bicnsìrii: as ex:::essed b;r gra¡]hs, tÌre

i-ncrease i¡râs norr, si-gnjr-.iicaui ert tire "01 confiCLence lerrel"

T.:,bl-e XIV, lage !8, i-nc].icates a- meesu-treable increase in 'ohe a'Ì:-

ilj-t.,''bo do runctiona.l-'bhinl<i-nq front grEde to gra.d-e in each a.rea of the

er'lbi-re 'cesi exce:t i-n i;he abi-]--i'r,rr'- úo inl,ercrei grq?,ri-caI r"eltreseniaiion

o.[ functior¡.1 re.l-ationsÌri'rs" Tn 1,ìri-s p.:r'r,i-cul-.r sub-te:t, ire ac'¿ual]-.¡ ha-d

a decrea.se j-n ihe rïean scol'e a.t ti-re gradc el-even'lerrel-, Genera.l-.'-v, the

increase i-n tlie nea-n scores for the entiz'e Dolllt.-l-a'r,i,:n tested is fairl-v

regu]-ar a:: in no in:tance i-s ihere a. C,j-fference greater'uhan 1"5 noinis.

Tn sub-tests I ancl TV, 1,lie inc::ea.se is cons-ba.nt. lor the firs'¿ îive of

t-,he sir su.b-i;ests the increa.se i-n ¡ne¡n Ðer'.îorlnence o-i-Li:e siudents in the

1'hree high-sehool- grades is si-gniíicalt a-t the .01 confidence l-evet .

The tiri.rd- grou'ts of t¡.bl-es co:iLorises Tabl_es XV, li[I and_ X\TL



f'o
>O

COi''iPt-lìIS0Ì\l
T¡lSTIìD

T¡']3il¡ XIV

Oir Tirrtr l.laai'l PERrr'ORi'iLtJCES loF" Tm PCPUT.ATI-0i\Í
1¡IiO}i GF,.¡JE TO GiIATI OirJ ßATI] .SUB_TE3T

Sub-
m^.^+r-- u

liT'acie I'lo. or
^^ ^^^U:r'ùçÒ

l'..ean
Score

>t- ìnr Il-cence
S.i_u- S"f 

". - ^^ C.1." Level

TÏ

I 2L),-
YT 2qÕ

XTT 13].

T 21lt
Xr 250
TTI ].31

l{ Zil+
,{r 254
XII 1]1

r 211,

xr 250
XIr 13r

T 21lt
XT 25O
xrr 131

T 21lt
xr 25o

ffir 131

( ø)L
7OnI ê /V'
QÔô

?n^
¡9vv

OoUD

r l, rrrlf o ¡ l-

l-o" íJ
1o Ao

1^D

-) " 
o-)

r6ol
? -78
?Â7

'7 A'7| è/ |

l.Oll
B. hlr

19c)
?A'i i,oo ¿v Lo L+/

?o l 1ll
e ) / Ie v!

?oo._6//

1.ó3 2.58
aß 'l oÂ

l, ofrLlø /v( -alø\i1 )e-LO
^ 

a/ . /¿)ø-t-D )"rt

I ?O
-Lo Í./

onloTê /v La / i

Rfl r noLo\,/

1)9
1-1'l t -q?-r no 1 Á'7to v / -!o v i

{ I l!r/ ø \)4
a a 

^ 
/^

- 
| -\ Í il<

6\/ Jø'J)

/n / r'soU ¿1.Ð)

^Q
íìo
nÊ

D'\

"j-o
1'7

l:t

-tc

.IO

.\R
t/

" ,L¿l

uoJ

l,r

"r2
,f-2

"to

},4
l,(

1'7

"22

"20

.ol

.ìJ7

Act
LL. ¿Q

u,3g
7.02

Lnn

- la
-t )'7

"0t
,01

.01
" 

0:r-

"0t-
,0l-

.01
,01

.0f
"01_

ïv

V

Ir:r-

Tbe Table reacls: liice Table XIII

These te.bles sltow the ma.ster)- coeffj-cien'ùs for. tÌre g-irl s: bc;;s end tota_l_

ooÐul-aiion rescec'Lri.¡el-).'. lloi' each test ihe tot,a1 Ðossib_l_e. -bhe a_ctua-]-

number oi correct responses and the r.esu--r,-ring rte.silery coeffj_c:'r_ent hâ_s l:een

d-eiermj.necl fol eâch srade e.nd lor the eniire hic'h scho'rl-.to.ru._'l-a_iíon t,es-t,ed,

toge'i;her i^.'j-ih the ran]:ing of the test for eâch gracle and for the high

school-,

v-l
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TrÌ¡J,e ]i1¡, -û ::.t.{.j l:}A, sì.r.;-.,'i,r -iÌt::,i l.¡i--i,,.r. i,.:to e:lce,r'c,-i ctis t,hr:r;: i-s ¿_¡.

-i-rrcri,.a-í;e .-l-¡r t,l':r r:1iì,s1,e-¡1r coc.Îli-ciî¡i''"s -Í¡'ore ç::a.de to rr¡,:-i.e ,iio:r e;;.ch cf tiir:

Si:: su_,-.i.-.i,e::'Ls " Tiie c:tcrr,.-bj_on:r i_Íí: r_1.1. a.}i_o:t-L ni,al ir,'ì'nl-r: iecz't::_se i n su-b*

'bes'L I -Ln Lhe :'il-r s'L,r'-- :c : l -i-c-i-':r:'-i i'or ii.raijc,, el-¡;vel r.;i-:rl-s i-n ¡ene::e.1

i:.ro ij-c:j-er.:.c.,. j-n. .rriÌc.i-n:ì-'uj-.-rÌ-r o,-' iunct,j-orr¡:.L .r'el,a'l;iortslt-i-rl a.ln(., , Ê. ra'¡ite:c r.tro*

noLr,nceo. c.je¿r',1¡se .io:r giracìc 'Lt,ii:-Lr¡,.,r :.r,i-::r-l-s ,i.n 'blie i-n'b-ì -i-i'1,-¡ -,o :L't'¿?lf-ai-'et

i¡r'arrhi-c¿"l- i:crreseirt,et:i-:,n of func-bi-on:il r::-ia'L,i onslLti-l as revealcc.l blI sir.Ìr-

telL, !7-i" TÌre 'r,¿.b-]-e sho''is -L,he.'¡ -i;irt:

r.enelr e,-l-i.z e iJ. :Lst: r¿c t o i f unc t-Lc n::.1--ì'[1r

¿Lri-l -l-^¡ies '¿o e"scr-ertai n ¿.

ii :: -s-i, ío:r e ach ¡i ra cì e . 'ihe

¡ìi:'l s t

l^ ,l.-lfriCd,

abili-'L,r-Lr::'ecolÌni".ze hot.r ¡. cl:¡n3e in one vari-.r.bl-a ¡-f-iects ¿.irothc:r r.reui?.1)r-e

rarrkecì -=ecr;r:ri. ilo:: e a.ch ,3r"r:-ce " S:-rir*1,es'u' I-]- -L'¿-rij{e.i iÌrircì ,ior' ¡: ra.':l.es r:l even

a,ncÌ.-|,r,¡e_Lve anci fo:: i,he enti.,:e g:fcrr-i: oi r;il'l-s'Les-iec.l ìlit'c lanherj. fo,,lr:t,h for

i]rade ten" ill j-s sr.t-l¡*ie[:t consis'r,e. o f ':,rio sei.rar,?'Le a.bi]-j-'r, j-es " ,ro:: *ach

si,'br.:-ati-cn rtresea-Lec,l -bhe ç:irl-s r.rerê; ASli¡..:cl. -Lo cle'LernÍne -i,he relatiotrsr-,i-i:

ii-ir¡o_t_r¡ed, e_nc.ì second,-l_.' 'l,o c,..rtltes..: -Lita"t lel¿,--i;icnsh.j-r ::.s a fcr,nula." .À iu::-bher

:-nal--,'Ei-s wi,l-l 'n,: fomd i-n -"ubselueni; t,ab-l-es i,o rieì;er'lr:Lne ç,',-i ch of ''r,,rese

ì:,rro f e.c-1;ors "rll.'esen'uec,L ',-,ile grze:íer cji.i-ij-cliLi.,," Th: :-bj-.1-i-tl. t-c ch¿l.np-:e the

subject oi a fo:trnl,-l-e. nrcvect-ihe rnost rlj-.[i-ìcill-i, ior !.:'edes ten ancì eleven

r-ri-:l-s. The i,'¡nt'o-¡el:eni; in nosi'i,ion 'lc'r '¡-ra.c).t' t,',:elve !-ii-rls in 'b,.ii-s lh¿-se

o,l 'Lhe tes';:i-ng irlo,::r:er1 i-s n"r:ob¡.bl-..¡ rln: not, so .uciÌ Jro 
¿¡. beiier uncì.ei:*

si,aniìing of ihe f,"i,lc'l j,ona-r, r"r:-r'-¿,ì,:Lonsiir:: j-il¡o--l-¡recl: ltiri r';Lti-e r e. r.'i1,:s-i'.e::

î,rrcl', 1--i1,-¡ in a.l-¡:r:b¡',:i c :'r:ni--.'.ri: 1,i-c;n" The ttes-ì;e:l coef ,. j-c-i.en.'r, io::' ,.ir:r,-'le

-i¡,¡e]-ve gi-::L-s ¡..las r,l ,;ter-:-r-i-,recL as );,f ,79 pey oen'r,, which is s'Lj-li ra.l-¡.t j-r.eI.¡

ior.r, T:ie see.orrcl los''¿ c]"i.f.i'-l-cl";r.l--t, '¿-r2a of -'iuaci;ione.l i-i,-' .lor' .'T:.cies -ben e.ncl-
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T¡iBLE XV

TiIÍ I'i-Lllænia' Å]'n Pr,ll]C-lì'iT,iGE Of üü',ii:iûT P'trPOiT-qXS FOt TrTiJ

GIP'LS TCt:TilER i. IITH i'1h STiìP'li CC:ilj'ItIEi'iTS
Ai':lD R[itrKIlTG Oir SUB-T]ISTS

Gra"d,e Grade Grad.e Gra.des Raniring
X XI XIÏ X*XÏ]. X XT fiT X-XIT

Sub-'r,es'¿ T

irlo. of questions Il30 990 5l-.Z 2830
i,Io. correct resnonses 195 736 Lf8 2L\9

Èl ô- él 
^t 

O. a/ n/ ^ll.:"ster]' coel :. ieient 'i lr, ö1 '(1,." Jh öI" 9O 'l5.9Lt I I f 1

¡iltD--Ües1i II

ldo. o.1' c,uesti-ons LL63 1089 í6t 3l-I3
lrjo" co::rect, resrronscs 7L8 626 392 L766
l-.ster.¡ coef iclent (l"Lz 5l "lt1 69"87 56"73 Lt 3 3 3

SUD-l,eSìl I l-L

}io. of questions 3L92 2376 I22L' 619z
I'To. corlect resÐonses L943 1[78 956 \.]97
l,las',,er1' co:íîicien-b 6t"\9 62"20 78"10 6L1.73 2 2 2 2

bllll--UOSI IV

lrTo. of ouestions 798 59l+ 306 l-698
lilo. co'L':ect rr-:soonses 2\O 22b f3l+ 598
i.i¡s'¿err¡ coef:'icient 30"0? 37.7L \3"79 35"25 6 6 5 6

S-nb-test V

I'io of cuestions 66, \95 255 rl-+15
iilo" coi::rect resDonses 237 25\ 178 669
ll:.,tery coefíj-cien: 35"6\ 5L.3L 6g"gO 35.35 5 5 \ 5

Srr'tr-test TI

ìrT^ ^ 1 ^.,^^+i ^h- t 8Âz I ?ÂÁ 71lt 7a6Zl\u o U - U Uç¡ UIUIIÞ LW\ rL lr(.'u I J4 ) r'

i'To. cor"r"eet resporses 1016 766 307 2089
Mrs-cer1. coef,licient 5\.56 55"?-'5 l:,2.99 52"12 3 b. 6 \

This te-b-]-e shou-]-cl be rep-cl as foli,oi¿-.: !'or sub-test I iher:e i^¡ere 995 out o[
¿. rsssible of l-330 co-r"rect 1"esÐonses a:rc1 a master;:r coeffj-clent, of 7l-r,81 ner
cent, íor the gracìe X girls, etc. Sub-test f ra-n1;s first in a.chie''¡enent
in p:racles ten, elerren a.nd- ilrelr¡e ancì for hiqh school girls"
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e]-evi,,r. -.ir]-s is i,lr-e e-hj-l-rtl¡'i,c cl.erj-ve I .eo:::Lr.;,1-a- fioii: a tabLe o-i ve'j-ues.

Tlie bet,ier" rel a,i-.¡e sbancli-ng "iclbhe '¿te.de ¡:l^rel-ve gi-i=J-s in i.,is a"rea"

is ¡ossi'n1.i. d-u.e *,,c incre:.secl u-se oî i¡irl-es þ-,r'i,lre senior sl,ud.ents. iu-ri*

cti-on¡,-l- ::e-l-e,iionsÌr.ip a.s e;r:r'essed b-.'r ¡:i':'rhs :rankeci- Li-r-¡her ,ior *"he qrl'de

i,e1 g.i.r1s th:.n io:t ihe girlr.s oi ¿:r'acìes eler¡en ancr t:.ielve" li-'¡o í¡.cì,ors

:ire¡' ha-le scrne bet.1,i-1,9. on ''ii:.i;=,; i::.n11ì-n,¡. In ''rhe .ij-l'Sj, t1-e.c',,:, ar'r:xì-:l'rlt¡¡

to i-ns'ui:Lt-c-ri-oi:l r'la¡r ha.Ve l:een one lî;CtCr', ¡'Lni. i;he rra'LlL::e o'[ ''¿'le gfeÐÌli ca]

ï,3rlr.cScn'úa'Lj-on U,Secl. 1a".¡ br': ancflter:. By bhe na-',-,u"le of i;he ¿¿¡¡'i6r'r'lar"

c;on.,¡ent ¡ilci jjitÐrorel eil:rira:;i,s cn. .l'.i,nctioii¡11 r'e--!-ai;,]-anshl: 't,i,re Siris of

r¡rrcte -bt.-elve ha¡/e ,l-(rS'u, -ihe.i,r alrj-hj-r,l¡ 'i,o ln-¡errl::e-1, iuec-Li-ona-]. ,:çl e.-bi-cn-

sbj-r: l:.¡ rle?.ns c.1- r,.:r:a.¡:1,s. The ia.n-l-e ,::.]-so sroi";!-r 'úÌf¿-''*r' ioi:' 'li-¡e cf i]ie six

s-Lrb-teSr,s at lcesi tr^ro Ê,:ll:c,,,s i-rltl 'll¡.e Sailie ra.nilj.nt as tnai':foC-br':

en'rire hi-gh scrioo i- l)o-r.-t,'ll-¿lùion oÍ ¡i-rl-" 'Ùes''-ecì '

Tir--r.ir .i\ITt neÍ ¿ 62s sito'or:: tiie i.-ra-steil¡ coef .'icient ior -'ltre i:o;r's

for ea-ch of rire Su.b-'ù?s-,.,s anri .io:: cis.cir gl'e.de toge'uÌre:: ui-bh the corres*

':onc¡-r-ng 
:ranki-ng -for ì:,ile su-b*1;esi;s" TheIe are flu-ch g;Ï::;L'''er va-i:^ì ei]'ions

in t,lLe ¡-C,,,1¿I fa:r1ti-rtg o.f 'l:he 
-qr,rb-Iur.:st'S froi.'r g:racle t'o gri:'cìe tilan i¡ha't

,¿as the ca-se for rlie qj-rl s" jlr:oÍi g,.ra.de to g::'a'de ì;'-Le.fe '-as no o.ecrease

in',,he rûqst,e:rr. COe:ilrl'ìcr-en-'c,s i-n i:ire Su-j:*'rests" -ln fou-r'c-f the sir: sul¡*

j,es'¿s'c-,¡o â::a,'leS hicl lhe sa.lire ranìri.ng; as -îor the en.ti-re gf'run oí 1:O;;r5

t,esterr. ïn g;rl.cì-e elerrcn, '¡'he -.¡:an'i';i-n¡, Íor the borr: rella'j-ns ir'Le s¡¡ne e's

bhr: i':-nìli.irg .:'io:l iÌre ,*?,r,:.d,e e,r.ven gi-rl s. In ¡i-r'ad"e 
-ten, -ÙiLeL:Ê i;i3S âI1

irite::'CÌ l-rge i-n -,,he r¿nki-nfiS Oî si-rb-t,es-LS fcl,r.r a::rci. .iit¡e¡ 'br:'-', oiher'¡isc:

,ohe f,an¿i-niis ueÌ11¡.j-n the sa:ne,. The gr:r:a1,esr, chan¡,e is in gra-cie i¡el¡¡e
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ïit131,.:, XVf

TIiE iilinBn.'l ri.lr"D Prll:clllT:iLiri c,I cc,ìlìjicT P,isPoi¡]srl,s î0n ThE
BCIaS TOfiT,'31, iiIl.:i irisTr¡iì.f CCìF,lfcrii\iTs

.¡r,il:l P,É^ìiÌiIr'\'iG 0-F SI]B-T;ìS?S

G::'¡.cje Lk'a:je [ii'¡.cle i,Lracies jìenk.ì-ng

T XI l{:r_:L I*ii:!_I l{ )iI XIT H" S,

Sub*.Lo:,'b I

I,io. o 'l cues'¿,i-cr1s 8f0 I5l-C 8OO 3L?.A
;l¡, co::r'çct res'.¡rrî cs íl-ll L?2? 65F, c5LL
i!i:.-qtel-)¡ coe:Íi'j_cient, 7lí" 80 ii1.39 81,,50 cÎ0"1r8 l- l- 2 I

SilO-.-Le';-r, _L-L

IrTo. o i ,lu-esì,ions C9l- L'':{:1- 88C )\32
iio. co'r:c'b l'îrìrrns3s l''t7 1-1-n3 f4i: 2l-.tit
lllas''rer,-,' cce-lij-c j-ent, !'5 "'i7 67 "61- 7r.r")S 63.92 L 3 L L

Sl:l:¡*'i:i:s"i; ïïï

l'lo " o i .ìir-e,str-ons 19ldi 362): L92O 71.88
l'lo" co,:::eci, r'es,:onses t,i Ej 2693 l6L:9 i,i25

/^ 
^¿ -l õ¿ Õ^ r- ãôl:".s'Le:..' c rr_i ::_c j_c¡-b 5.l " 
iii 1): " ;I rji. i,i 73 "7 t 2 2 l- 2

Sub*ì,est IV

fio" oi .r-Ll.jstjlons ¿-81¡ 906 L80 L872
lJo" cor'-:^clu t:es.-ciLscs 151 Li-lr -?Lr:l- 9l'.6
lLi¡;.sì;3¡'ir coefij-ci:nt 3t.07 5l.ff 7i"01+ 5a,53 5 6 6 6

)Ll?-.Le,çI v

j',io. o l rr,resr,j_ons )+Ol 75í LOO _.15,5C

irlo" co¡:::'r:ct resronse.s LL9 )-rLO 329 888
i:,irs'¿e,:-¡ coef ii-cient 29 . -i8 58 "Zg 82 .25 $(: " 

j,2 6 5 ) i
)lì r-r*1"í-j S-t /-¡_

I'jo. o Í cucsti,ons l-:1"3]l 2L7.Lt l-120 Ir3ó8
I'io. carreca; reslronses 6çO :l-l-117 798 ?,A5
líi:.sl;e::.¡ coe îli-cien'; f,-C.8L 67 ,O3 lT"?-i 66"it 3 L¡ 5 :

Tl:ij;-q T,'ì¡,1-o ¡rþ¡,11çì bl ::ç¡-r'r :s Te.'o1e IY.
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1.rl:€re in no sub-Nest is i;he::ar-ilring the sa;ne Íor i;he giris a_ncì bo.,.,rs.

Tn zr¡.cies ten an¡l eleven, ihe ranking-s fcr sub-tests f, II, TIf ancì VI

remain the same " Ti:e onl.-¡ chen.:es er-e tÌre i-n-berc;ra.nges itr. ra.nking fo::

sub-tetts ÏV ancl \I at'r,he gra-o-e ten levei. idith fou¡" e:,"ceo-ti_ons, ell
oî -r,1-iern at the g::a-cìe ien ler¡el, the nia.sier¡r coef-'ici:;nts lor iÌie bcvs

are gre:.ier than ihole for the girls"

Table XVII, na.ge 6)-¡, is a surrrla.r¡¡ of the nerceniages of colrect

f'el-Ðonses for ee.ch oí i;he sub-'t,e,$s for ihe entire nolu_lalíon i;esì;ecl.

,fub*'r,est I r,:,irks as the test l'.drich shor.,recì ì;he gr.e:.tes'r, uncl.eï'sie,¡¿-.,_,.*

Íor the enti-r"e grou-T) of s-bu-i.en'i,s. The seconcl ee.siest-Lesì; is -cub-tes-i; rr"
fne a.bi,l-ity to recogni ze f,mcti on¿-l- r'ela-iionshii: bc'ç-,r¡sun 1..¡o or rnore

qu-entiiiss a¡ol'bire internre'r,ation of h r,i a chenge in one variahl-e af-
Ílects a:rothe:: seens io sorne extent to be genere.l_t¡r esta.b-Lishec a.t the

hiqh scÌ,ool ler¡el" The e:,pression o-î the relatj-crships a.s a.lp:ebre-ic

formul-as, the in-i,erchange of bhe subjects of the forüiu.a j-n o::d-er +.o cb*

tailr ne,¡ re-l-atj-onsh:Lcs is not, cler¡elo,lecj-,ro the sa¡re cÌe¡iree" Ti:e ini;er*
pretati_on of atabrq of values is no-t c,Ìevetoned_ io a.ny aÐpr.ecia,bl-e e>lt,ent

j:r slai-es ten e-ncì. eleven but 'r,here is a deciCecl i_nror¡enent i'or grade XII
siuclents in tire understaudi-ng of tliis concent" The table sl.ror.¡s that the

siutlents of g-;raries ten a.ncl eleven are lrore ca¡aÌ:le of inier_cretins grâpiL_

icaL re¡resentation of functional, rela.tionshi-o" For ihe entire hj-gh sclr.oo_'l_

population the m¡'lsterr¡ coefíicient re.nk-ings r"fere a.s fo1-lolrs:

(") The abil-iij' to recognLze fu:rciional relaiionsl:its berr,+een

ir.,¡o or nore qua.niities.
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T"{BIÐ X-fTT

IilUl'ælliì Ai'lD PitBCrliüTAGli; 0}- COR.Ì.i¡CT :ìS'JPOI'ISES FOP, TiiE
POPULATIC\I TESTE! T0f,.ilTìfiliR i",TTr{ TilE Ì/-É,STTERY

COJ¡IIFT,jTENT Ii]']ìJ R..¡{i]K:LI'íG IIOR TJJ' SUB-TIìSTS

Sub-test I

ltTo, oil questi-ons
l$o. of co:':'eci resoonses
'1,Í+ef,cr¡r nnaf f i r:ì eni

511I]*T,CST II
lrio" of cruestions
jtio. oi corrcci resÐonses
Ilasier-,¡ coef lici-ent

.)lr-D-ïesI. I_l_ I

irTo. of questions
i{o" of cor':'eci resrronses
l,í¡ sf,¡rrr¡ r:oef -'-i ci ent

Sub-test IV

j'To. of crr-restions
lüo" of correct T'eslronses
J,i¡ sf,pl^.r r:orli i'i ei ent

Sub-iest V

lfo, oí cuestions
i,Io. oÍ cor;ct restonsi's
j'ips l-,erw eoef ii r:i ent

Srrb-tes-u VI

itTo" of ques'ci-ons
ìrTo. of corr"cct resÐons?s
J¡þ qf,c7:r e ne Ê'i ci ent.l v vv-' -!\/r-

311+It l¡ 2Bc)

2605 9922
82"fl] 69.)+8

Grade Çr'a-cìe
XXI

2l-Lr0 25co
L6o9 L965

75"18 ?8.60

235\ 2750
I t 4( 17)rQ

fr9.05 63"60

Gr"e.des

X*XTI
^-^,1^

1¡TT

rl10 5950
1086 ù.66o

82"go 78"32

rlil-rr 651t5
Lo56 3960

73"28 60"50

Ranking
XT XTI !]. S"

5ne 6000
3r\6 !r?l-

6t"25 69 "52

12BL 15oo
39L 6lg

30"Lt5 \5"20

786 357a
)+75 15LrL

60 "Lß )Å3"25

'ì ô?n 1)1,ñ
!- | v L,/v

"lA 
Aclt,

))v v.+
aa 

^o 
rt¡t rt¡

/¿oLl //o/!

?_996 3500
L7o6 2183

56.ilr 62.37

655 2e75qor 1qÍ7
77.10 52"33

1B3l+ 8330
1t-05 b9e)+

A¡ c( (c o(vvoL-) J. o-,) 6tr

This Ïe.bl e biLo'Li-l<i, bz re'a.d r-s Tl'clt-e K'/I .



(b) Recot-ttttton of itor-.¡ a cì:ange in one v¿-r.i e-bl-e ¡,.f-iec-it,s

a.nother va-r:-aJ:,ì-e "

(c) The abilit;'r ''co exÐress 'Í;he rel a.tionsl:ie betr.¡een -Lr,;o or

l¡.ore v.r.ri-:.bl-es as a. f o-ilr,ru'l a.

(C) Funci'ional :relationshir a-s in+ue-rnr.eted throuE.lr gr,mh-

icrl- renrc entaii-cn"

(") The abj--l-ilr to cha-n*-e the subject of a. .[ornu]-a."

(f) Ihe abil-iì,-rli,o derj-v,., a fo:rrauia fron a t¡'ble of values.



CI.IAPT}TÌ, V

Å DETÂTL¿¡] lliiAiJSTS 0F Tdl¡ f U-i\lCTI0i\1jLL ,5ï1Ui\'llI0ifSPPJS;iiTID
ri{ rti'u3i,iffi'.å å''iffi' fi.i"TH 3åi8åTrcl'r 

BY

This chacter dea.l s nrine:'i-ll¡ iú'r,h tne d-egree of success b;r the

stucìents in -¿he indir¡idu-ai functional si'i;ua-tions pi'esented b;'the tesì;"

The cha¡ter also attemrts to cla::ify, trhererrer Ðossible, the t-¡res of

errors made b;¡ Ì;he stu-ctents and- io give a coltparison of the urrors for

the .r¡riôns ørôllns and ørrcle level-s.

Eor Sub-test Ie r+hich dealt i.rj-tl:l the recogniticn of eeneralized,

--*^â+^ ^r r"'-..=ional rel-a-l,ionship ancl l"râs: Ð-fisrde:'eci on. a true-fa.lsedJUçU UÙ UI I 4llV U!Ulld'L L r:-o' rr!\/rlrJll

ba.sis¡ ]-itt..le cin be deduced a.s to *rre o-uali-ty of 
"ne 

er:ror, but, for

snbseouen'u sul:--bests, a- mtire dete.r-lerJ an,:l;¡sis of the siud.entsr res;t:onses

is lossibl-e.

The t,a"b1es of -i,he cha.pter shoi..' the trt:-s',er;.r or crr.'oÍ'coefí'-icients

ior each cluestion ancÌ, r.lrer'e "ossib-l-e, tÌre t¡¡es of erroi'ma.d,e on ea.ch

o.1 tlr-e sevenl',v nu-esiions of the en-bir"e tes'r,in3 ÐrogrFr:. Tire foll-o-iri-nq

reference-list r,oil-r, be used "ior" quesi;ion resÐorlsi;så

R - r'eni:esel-L'r,s a. correct resÐonse 'r,o 'r,he question,

X - re.n¡'esents an incorrect -i:esconse to -bhe cu-estion.

A - represents an ìncor::'eci res.oonse in ihe leco3nition o:C'uhe

:r,u-nct,i onal- relationslrj-n involved- in ihe cru-sti on"

B - r'enresents a.n error j,n set'L',ing u'¡ the:cecu-i-recl fornule." For'

thj-s partj-cular si'r,L1e-r,ion '¿Ìre students h.eive becn su-ccessiul in ,1e'ter-

lurinirrr, the rel ¡tionshrns inr¡ol-¡¡eo bu-.b her¡e not i:'een al:le to co¡ri:i.ne these
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pelationsir,j-os j-n]uo ê- I"eÐ1esen1;atj-ve formu-l-a.. $yrnbol-s Ä and B t'rere

u-secJ. for Sub*iest II r,¡here t'"io jlac'uois l,Jelle involv-ec fo:r a co:'r'ect

so-l-uti-on to *r]te Ðar'úicu,l-år si'i;u"a"iion.

:L
Sì_r_D-IeSI I" the .,lbilit). to fl"q

bei;r,reen Ti.ro o:: l:'lore rl,rria.bl-es"

Table XIf:t-"ì-, page 68, siror'istie ìlercentagesoÍ- pa.sses anC," fail*

ures for ea.ch que-stion Ln Sub-i;est I" The pe::íoTmalrcte of tl¡e 8i::ls:

bo¡,rs, ancl tÌ.rat or'i;he enti::e no¡ulation íor each p'ra.c'.e and for iire hiqh

scllool is i:r.esen'r,ed.. The -ba'ble e^]-so shol;s iire ner"forirLence le vel of each

o.uesti-on on thi-s sub-test frorrl the ea-siest'¿o tJre rtcsi cìii-li-culi.

Íro¡l the tabl-e, five i-nferenccs tita.lr be :n¡.d-e, 1!'ilîs-,,, i-n s::rple

direc'; varia'tion, sr,u.c.lents a-,, a,'l-J- g:ra.d.e le¡¡els ha-ve l-ü'r,l-e CiifÍiicu--Lt-,'

j-n asce::ta-ini¡g the rel-a-i;ionsl-ril bei-¡reen t,he variables" ']res-Lions Ir TIr

TV, V]II ald IX sho',reci- rr:ster¡r coefjlicien'i's in el{-cess o-[ eiglrt';r-i1¡6

ner cent for ee-ch sex anrl g-r'a-Ce" Second i-1r, unfarnil-iarit¡r ritÌr i¡rticular

situ-a'r,ions tencìs 'bo:'iard ¿ì- rfronounced. decrea.se Ln 1,-e abilit)- to visualize

lossibl-e rel-a'uionship" Tiiis r¡as na.r'¿icu.ì-ar-ì-;t' ì;rue in o.uestions such a.s

,lÁn increase i-n tl:ie nu:d:er of na.ges in a- yearbook d,ecreases i;he cosi of

nu-bl-ish.inpt -¡he bookrt, o-r'i-n a situa'r,ion such as rtThe ra.te of d-enre-ciation
- - - -- J

on a ¡ta.chine denend-s unon tn-re l-ength of the emecteC ì.ife of ihe machi-ne.r'

This i.nfo-nnation seems to inclicate that the ra,nge a.nci scoÐe of tire fun-

c-r,ioira.l etÐeriences at tl re senior high school level is some'.rhat 'l j¡rjtecì"

Thi-::i-lrr: deitth in func'uioiral th.inki-n¡i s:etrs to be la.cking in i;he pop-

ufation -L,esteci. The range of mas'beri¡ coefficien"bs for t,he foi-r-or"';iug

1_)ee llpÐencl-L
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Tml i\iUì{EER. },}lÐ
-4CH-iEiiSifl:r'ltlT

TABÍJ ,,;'iÏÏJ

PERC !ìj'iiTÄGE (F CCiì-lr,ICT nnSPCLjSilS ;i.illj
Î,AÎN'¡G FiJP, ]TIiCÌÌ QL.EST].OIT TIì SUB-TT],ST

TII
T

,if ,trr
c^..UUÀ GB GB

.r-l"l: 6e t-82 BB 1l_r5 233 \g ?8!9 13 32 r_1 6!7zz

S¿uuden'r,s

ES
I

)LL¿

5J

R

)i
!27 25L 297

L32z!
_,Þqtç_r:l Çoqlf_g _ BSJL 83"95 85,o5 BB.8g 96.03 92.\o g6.08 96,95 97 "gg 87 .gg g3 "59 gL.og 2

Questiori 2
n
xa592\!27

r,las'uerJ¡ Coeff , 88.72 88"89 88.79 87" 88 95,36

l-18 7?- L9a Bt r-Ltt 23l- lr8 75'lq z 1

92,)JO 9'8,A2 93,75

1 
^î ^ôa ^^1 

/l a-L¿) ¿¿L ¿> ! >LL¿B 30 2t, 53
93,13 Bg,LO g3"27 gL,\3 t-

Question 3
R
l{

85 53 t_38 6\ 105 t66 3L 5tir8 28 7 6 38 116 BL L7 29
85 l-80 209 389)t6 lol 1c3 za6

6L.89 63"6a 66"99 65"38 9r:as't,er'.-j¡ coef-î" 63.r6 65)r3 6L.)-ig 61,62 6g"53 ó6,1+o 66"67 6j,75
Question Lr

R

X
r13 7Lt 187 BB 126 276 \5 7 z l-t,Z

21 11 27 )4 Bilr 2\6 27L
37 36

86,92 87,82 Qr a^ Ir;! ø)1 )itastery ccefÍ. BÀ,96 gl_,36 BT"3B BB"8g 8L,77 86"hO BB,2L 90"oo 89.31.¿
Quesr].on j)

Ð l_19 óo L7g B7 t32 2r9
l)' 21 1( 19 ro ?l¿¿ +/ ¿*

1c9 2l.B 2i9 íat
4ô al Èa oô(.. )2 )) Ou

83"21- 87"63 83.Ot_ 85.21 6

\z 67
/lJ

-.ie""!q{y -c-,o"1{'--81-.1+7 7\'32 83 "6]+ 87 "88 B? "lil- 87 "60 8e.35 83,75
Q.uestion 6

R ,o3 55 lIrB 73 113 1"86 \5 59 loL 2r1_r( 1+o 26 66 26 38 6L 6 21 27 72

-_la¡j__erî1!o_eff-" _ þ2r22 6l "9o 69.t6 73"7\ 75"1+9 7i+"ho BE.2)+ 73"75 7g"3g 7)r,56

2)7 ??8Lc | ¿tv

B( títL/!

-^ ar' 11 ô
llø(J lJ"O'j. Ò

Ques+"ion 7
il- IU4

29l(
itlro¿o-t î ^^.?+vvgf¿ o 8"19 85"18
Question I

R lilt
Y lc)t\

:.,iõ ô+^-,. n ^^rc Âf z r:'éù1,ËI.l/ \JUt,Ia ø v) o I i-

ol
¡,¡

Qo ztvaø | -L

13[ zaí )+:
L7]458

BB,7l+ Bz "oo BL",a:-

l-30 ?12 Lú
21 îB )'

86.09 BL" Bo 92"!6

72 1r-5 228
a - / JtÕ1ô

go"oo 87"78 Bo,5ó
)iT2

171 71

l+:- 2B
Bo,8L 7\,T z

181 82
3i 17

B\"58 Bz.B3

50!
ta]4

Bh" zo 7BT"

lo
l+

I23 243 273
U t,o 39

92,37 85, 86 87 "52
ñ/ ^ -ÕÕn{¿ 595"c0

Q.u-estion 9
R

I.
iil

¿¿
69 r-8c 83 L36 zL9 \5 76 i.zr
a2 3l-i 76 15 31 6 l-r l-0

239 28,L 5zoLiir. 31. 75
B,\,1i5 go,oT 87 "3g 3laqt_e1¡ l!g!,i y__81.'lró 85"i8 81,"11 8.3.89 go"oT 87 "60 BF.2L 95"oo gz,3î

Question l-0
R

X
¿Li

109
27
hJl

fl

AOJ
tt)
B?

o¿
Bq

oQ
IJ

l-72
2A
1!

)+z
1B

Ii? rirls r.r'rô r.mrrrê
n:.sterr eoef ii ci ent'--"- "** ¿/

62 60 t_31
69 223 l8i

the testu For
Õ¿ ñaiIeS O)olle Ine

2c)1

3ol+
j+8 

" 
gt tc

question
nrr ¡q* i ¡,'nvi\/-vv u*vtI

iiastery Coefí, 18" 33,33 23"83 i6.1"ó l+t,oó Jl"20 39 .2L 5P-,5a )+7 ,33 ?1 "2A i+t,98
The Ta.bl-e ::earis as folJ.or,¡sc fn Grade X there were

1, there lre:"e 1111 correct anc'ì. .l-9 j.:rcorreci t"esponses. The
ra.:rked- ås *,he second easies-c, elr-e*stian of ihe test.
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fij-r,es*uí.on, rrTlle rjeil-tÌj.ì!,-a)-.f cf i. î'lri.r ¡1'3 ¡ìr.::--,3ì3í,-s li: -LÌf:: :t.T,':¿, c,i ti,ile S:,',.lllïe:rr

i..iri.:l í-i'oli, ),-(-^.-t-/n';¡er cel1, for i,ire i:t:tiir: Êl-er¡eir ,giri-" ','c i2.5C ,:e:: cent

f6¡ ï-.,¡q Í:l'ade 'i,..,¡e--ì,vii bo.Ë" T-'i' ¡..tz,r:',,lie cnì---¡t,¡u-esiiorr. ili: lù'-i-c -'LÌie

¡¿',.s!¡ç;¡';i coefi:-r:,ii.'ttii al-frf:rr-'ler.i. l'i,.lio'r,i ijft.'trgi: ceni -in. i,hil: ¡;i"o'.tn O-[

.rU.eSi,j_oil.s,lÛi-:-;'.i,'ri.i.-.'.¡it..l¡€:l':]13-|¡¿.|!'ii-,L,-j..]ilr')T',ìSeJÏLe.ìtlal¡,3.,u¡.1¡cif|ici':--].i.

cij-r',t,:r;-i,.¡n.rl.:,-i,j,llt" rl-! r:al,r-:¡: j-l..sc¡ren i:,i ì,lie|en '1.1 
rì-t':.1r': c^-t,.".:,-in¡i

Nl¡j.1-s r,'¡6r,¡.x'1.,ì,.e:re -i-s ¡r i-riit:l,c1¡e;,r.ent, i-n ti:e n:.s'¡er'1.r coef,Îi-c-l ent: fro. l i:':.c-e

-l,c qr:¡.r-l.i:, ior 1,he ioia.l- rlo'li.t'l-¡-ti*ûn {,es'u':cl . Tlie '¿l-ii'ee e-"c?-1t, j,otl,s .:-i'e

.,ì.r-ts-ì,j,ilnsJ -bh:r'ae, .íoi¡,r: tnd i i-¡e " llr .1lLest,j-on '\.,:'-,T'e:: t tite g::arir.: igil 5'¿r.1ri3nt,5

:-'bt,¡,i.:leiJ ¡¡. rrris.i.,e-r..,¡ crte,i,'.j.cj er-r" of ,t)-i.),11t , 'bt:i: grl,cì.e e t-eVen s'¿i:rJ,entS 6/,.ìlo

nûcl t,ne i.:'t't.¡l,z r,r;e-l-v, s''¿ucìeni;s í:¡." t1" In r:'L:-esticit f ou::', i,hr:r=e l,Ia.-q :r s-'l-itjr'r,

rlec:ce:r.se i,¡. tlr.e \'{,.s:'LeT.r coef i.ic.",e,L-rì: .iOr' ¡;r'a.ci,,: eiev,:rl e-s ijre 
'r:i'-:''r,e.::-,r

coe,i.î-i-ci-eirj,s; io::' ì;nt tirreç: l':j.¡,,1: sclior,r-j r{.r:acj.es 'rre¡c ij7" :18: 8r:" lC ancj 89"31-

¡gg;,rs¡-ì-;ì-r¡glr,r" Tjle tilj rcl eïceit-r,tr-oì] î¡:i:r.S Clil,e,SijL,:lí.t fir¡,¿ --þ¡-, 1'e the rii;'.s'Lef-rr

coc.îii-r:i-ent, fo;: .,i.ec,ie ì,r.rel-ve r¡as'lol.:ei: than-Ì,ha,i, -ic.r !'i:'2.c.1.e eiet¡en, These

coef,i j_cj,ents r.;ejle F:j"(Lt 8T,6C a.¡d.,Ìj"2_l_ res,lr:çi_,j_r,16],..'r"

The rre::.iornånces of tl:e þ3-'r5 in strb*'l;esi I r¡as bl,:-b'ì,er i;han'r,haì

oi -rhe si:rls" iTor t,he ¡:irls, tÌ:,,:r'e r'rere onj-.¡ û.¡o ol¡-es',.-iol:ts i-n t¡h-ì-ch ì,le re

l¡ras en i-ncilease in 'rhe nls'uerv coeil:'-i-cion'i, ,lron g-.r"a.ie to ¡ìre.c-ie" Tile

þ9:r¡-; sÌ',61¡ed ¿in inC;'e;:se j_n ilr.e rril'-Sr,et:lr e¿aeiil-ic:j-ents fron r.¡:rade ì;o gra.iìe

i-n -qi,x oÌ.r'ú o,1 '¡i:e t,en. qi-resti-ons" :lhe reslll'is t.lso shc¡'b.h¡.-t, i*n f-i-¡e

crlres-f,icns t,h,e rnas'i,ev.¡ coeli:))-cj-en'i,s for the ¡iirris iÌre3,'ùel: a.-L tire graile

¡çn :reve]- 'iir¡rn r,ihat 'Ì,he;,r r.ret'e a-+. 'btie F,r:acl-e elirrlen I e¡,'el . in. ¡:-aclr case

ii,r:ec'l:, ¡,¡a.i::-i.-i.i.cn tr¿l.s ì nr¡o]..¡ecj.. ror cu-e:''.ioirs jbrir. aitd- iiiite: bo bh o-'[ trh-ì-c]r
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in¡olve variation r..¡i'r,h a constan*,, iactor, the masterr¡ coef.-'icieni l¡as

p,reatest for grade elevrtn sÌ,uäents. Eo¡- çuestiou lÌi-r'e, the mls'f;er-rr

coefficj-ent for ihe girls'.-ras grea.t s'b at the grade ten l-evel" 0n i,he

o'r,l1er hrnc'l, the nia.r'ber-' cr:ei;Îici ent i ir questi ons tìlret:, f i-¡: anC siX

rrrere qreater for the bo:¡s at the g::a.d-c e,1-even ìevel than ¡-t the gra-cie

irrelve lcvel-" lor cuesticns folr trre i,i¿rster;r ¿ssfficienÌ;'ta.s grea.ter'

at tlie grad.e ten level ihan at the grs-de el'-:r¡en l-evel "

**2ìi10-resr JI. - Recopinition of lJunctional- l.elationship a.nd" tl:e lrbi-liÌ:;'

Ì;o L¡cpress -bhat i?.el-a'r,ionshic a*q a !'ormu,le-.

Table XIT, pa.ge lI, sl:roinrs that the m:Lster.w coef-Îi cients f or the

clu.es-L,ions in Sub-tes',, If are consider:.'r:1y lou'er than tiie m:,rs-uer,l¡ co-

efficien'ts in Srb-test T" Tn S''lb-test II, there are tr.¡o factors in-

vol-ved" The first is the recop:nition of the r"ela'bionships jlor ea.c:r

Ðarticuf-ar situati-on and, seccncll .)¡, 'uhe ¿bility ì;o I'J-rite -t,he exi-sting

rela-iionshj-r as a. formul-a. Tne response to an;r question of this groull

¡¡Iâs coÍlst-ci,e::ecl incorrect ií aqr one of tire two 0âfrus o-i the o.uestion t¡as

ej-tAer incorrect or i-ncoíßÐlet,e. For Sub-'r,est I possj-ble existiqc. re*

la.ticnships rrere i-ndi-cated by the n:.ture of the i"rording of tÌre rrtesti-on.

S1b-test -[I z'equireci nol'e depth in frr-nc'biona]- thinkin¡, e-s no clues l,Iere

øir¡on f,o r-rossi'ble relationshio beii+een tne va"riables" The --l-ot¡er niastery

coeffi-cients r.¡ere ilr.en in al--l- i:rob;;bility cju-e to t',io fectors, nafiel¡r,

3 greater depih in rela'¿ionaf 'rhinlcinr¿ and the regrouping of the existing

2See A,t,tendjX
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variabres so ihat the;.. ira;r be',rritten es a-lr. ¿-lgebra-ic íonnula.

For the puupose oi this ilrr¡estiga.iion, Tab_]-e XJX reveals a

nurnber of nerbj-nen'u facts. In i;he first pl:Lce, il-re r¡.sier;r coefficients

:ior the enti;e hi¡:h schoo'l ¡o-cl-r-laii-on 'cesied s:to'.^¡ consíc'ierabl-e range" In

onlv five of ihe eleven ouestions of this tesi; Co i.¡e íind rnastery co-

eÍÍicients oí sjxty-six ner" cent or better. Ttre y?"nge is fr.on 3f.l_O

Lo 77"98. Seconcillr, 'r.'¡i-'r,ir one exceri'ion, tìre ioÌ:a.l- rpstery coef.ii-cients

incre¿se fron prade tc ggaoe for e¡.ch funci;j-ona.l si'tua.tion i¡resentec in
-bhis su-b-test. The excention is e,uestion tr,rent¡r in '¡jrich the students

:rere asked to cietern:ine r-non r.ù.at îactor iire circi¡nference of a- circl-e

i.rol¡-ld denend e:^rd to -¡:-lite the e>ristinø reiptionsþiLr. Tiiir.d.l-V, for graO_e

ten, onL-¡ one ouestion hacl L lraster;; coef :licient grea.ier. than sixt.r-six

rer ceni, ior gre.dt'. el,even eight quesi,ions hed a na.ster-;r coeÍii_cient of

sixt-¡*six 'rer cent or b:'ble::, irl:crczs Íor irrac]-e tl.,elve t:ere:rere nine

Que-siions lha.t showecì ti.is oercenta.¡çe or be'tter. The range in rrrasterv

coefîicients for p:rad.e ten is f rotn 12"61 'Uo 68"69, a range _lro¡n 36,80

to 7B"Il0 ior gra.de eleven a.nC, f::om Lr5"8O Lo gZ.3T for r¡r.ad,e.1,,"re_-l_ve"

Sirce t',,¡o fr.ctoTii 3.Tê inr¡olvecl. in deterrrr-ìnin3 the u¿.s'r,er-l co-

efíicients for''une situations in sub*test rJ-, an at'Lermt -r.¡a.s me.cie to

cl,eterririne l¿hicìr of trrese iwo f ¿cto:rs pr.eseniecl_ the gre:.ter difÍ-icr-rJ-iy"

In o::cìer to ijetenti-ne tire er:ro-rî coef-li cien'us â- colull ¡¡¡âs nâd-€ of the

errors ihat::a]' be a.ttribu-tecl to each of the f¡'.c'iors. The errors r..rer-e

cla.ssi Íied, into tt'ro rna.in .,'rou.Ðs as íol-l-ous: Erl'ors A .::eÌ:resentecl er-r.ors

i"n the question the"t r,¡ere ¡"ti;::ibuted t,o -r,he inabil-iil¡ oí the siuc.ent to

cÌeternine ihe rel-¿.tionsiri-l-¡s or variabl-es involveir. The err.or coefficient,s

'¡ere d-etern:ined" on 'the tota-L nossible resÐonses, Errors B ::epresenis 'the
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errors maci,e j-n arrangi-ng the va::ieb--l-es j-nto ¿.n a-lpjebre.-i c fo::lnula'" Ïn

ee.ch case the s'úLr,i.e-r1-u,s iiacì corçle-becl correct'l-;r the fiÏst pa.t"'' o'i th.e

or;-estj-on, In each ca.se ihe total- nossib'le resÐonses rlere rj-:creaSed- b5"

',,he nunber cf errors m¡.cÌe j-n cJ-etermi-ning tl-re rel a'tionshin involved and

'the ne::cen1,a-ge of effo::s for nrlors B nlas cle'bernj-necl on i'iris nê}I 'r'orr'â1"

A revie-..r oí Tables li-i:e I.{T anci l¡.lil-i¡ nage f}-tr::evee-ls-LiLe foi*

Lo-i.ring inío-.r:nation jrer'ì,inent to 'biris j-nvestigation. Tn -i;he ilirst

i-ns-ba-nce, íor. the oolulati::n testecl, ',¿he abil-it)t to rjr:i:err'ri-ne the fu-n-

ctioa¡--l- re.l-:r-i,-lons?rils j-o'i¡ol.¡ed be-Uireen tl'¡o or lilore f ¿icto::s a:pears to

be easi-e:: .¿han -bhe I,bilifir -'¡o sei; rrl: "bile co]rÏesilondi-n"¡l rel-ationshir as

an a.l-gebi:aic fo::rnu1a-, f¡ r:acÌr cå.se: the 'r,otal- el'r:'or coe'f '''i ci ent is -ì.o="¡er

for eri:o::s À-i,rran,Îo::'Lire co-rÎ-rlesooncii'n¡i lr'ro.r's B' T-n on-!--¡ Ì;hree c¿'l's'cs

is an inc::e ase j-n tl:.e i:oì;¡-'l- eÎrct: co,:lf lici-el-ì'l' l:eco:fdÊcL ¡'-q '¿ir'e -t:e::ior"naoces

of the siu,clenis alle cornjla.r'ec ír"oir gr".cic',,o'-'r"¡,cìe, In frbles Kii, Tl{I ¡'ncl

ïil-f the to'ta.l ei.¡oï'coefíicients fo-r'e-rl:ol:s i',îo.¡the gir-Ls in e::ch o'e

the high schbo-l- qrades a-tîe rre;eÌlectiirel;v 22-.):, 1l .20 and- t5'86' i'''here

ihe'e is e. iecrease rn tl'le er':'oi'coefílicieni 'Î::oäl grl'cÌe ien to grad'e el*

evcn r,re :îind ¡.n increase i-n "¿itr: errot' coef.íi-cien'; .l-'ro¡l grad-e ele'¡en to

gf'a.c-ì-e i-r¡elve" llor ihe cor¡'esponO-in¡4 gra'd-es lle io't":-'-l- eÏ':'Or: coeí-Îicien-ls

for .ì;he bo.,rs r^iere 23"22, 9"69 a.nd- 8"Ll-. Eor l¡ci,-l 3i:-'r's and bo,'rs the

gr.eaies.Í; ir,tit::oveinent in '¿he abj--'l-i-'t y r,o teco¡:n)-ze r.e'l ationdiics l¡etlreen

í,lcto::s ¡:aites ¡la.ce betlreen g;-.r:a'cies Nen a:rc1 ele-¡en' 'A- seconrì feai"'rr-e of

the'r,ables is tht: c'iecrease i-n range of tle er-r:oll coefÍi-ci-en'fs in graC'es

-ben a.ndL ¿lsrlen and th.e j-ncrease l-n ure re]Jl.ge fo-i: bo',,h sexes in gi:acìe

i;l+el¡¡e. Ári ercanina.tion of t,he erxct coefíicilenis jlor ihe bo;rs a:rcl
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?-ir:l-s i-n g,::ad-es ten a.ncì el-er¡en shor,¡s tha'u ouesì,j-on 1T is'ule onl-l.

clu.estion fo:: i¡hich 'bhe eri"c-r' coef rli-cieni for gr.ade el-even exceeo,s

that.lot" gre.de ien. The bor¡s of 3gacle ten shou ien Þei'cent be'¿rer

moersie.ndi-ng of the rela-ì,i-onship inr.ro-ived-. In cleterlili-nj,ng the f onnu_la

thai rtl-a.tes thtr .¡a.riablesr the 'i-r'ls and bo-.'ls o[ ¡,r.acìe ten had a lor.,eï

erîor coef icien'i, in three oues'bions" These ,--aJei:e cluestion 12. in i.¡hich

ihe stu<lents r,^Iere asi<eci 'Lo r."rite the rrerirrreter of a triang;le, questi-on

L3 in t'¡hich the siurients'"+ere a-slced-'bo',rri-te tir-e vo-i,r,r¡ne of a cube- and

in cluestÍcn L9 in -..d:i-ch -r,l:le-rr i¡ere io c'Ì.eternine the forlriu-la conneciinfl

tìre anou¡'¿ oÍ inouel- s:rent dur:nE-Lhe noirth, thei:::':ontì ,-'l;' a1l-ol.iance,

-bhe a,nOu,rt of ¡ro,"or¡ r-=r.nod rìrrr"in¡ .Lhe nonth ancl the auount -bbef¡ irrd on

detosii; a"t the end o:fl t?re mon'ch" For ouestion 20¡ rrhicl: p-slled the

s-bucj,ent,s to dete-r'inirre the for¡rr:.}a connec-Li,ng '¿he ci-rcrr¡nference a-nd

di¡Lrneier of a circle, '¿ire er,:or coefficien'b for i,he gr,:Ce el-even qir-1-s

,ias gre:.ter ihe.¡. Lhai of 'uhe qra.cle i:en gi-rls"

Corura-ring ihe ne::forn,?.nce oí grarìes e.'l-evel1 and t.;¡el-ve stuclen'cs

j:rtileir a1:ilit;'r io recognize the relatíonshir involved, an exa¡rina.tion

of T¡"bles i{XI e.ncl ,{XII reveals that in seven of tìre e-l-even cruestions in

ihe s¡-rb-test ì;he oi¡'Ìs of ørade e--'l-even ha.ci a lor+er error coefjlj_cient

in d,ete::n'inini¡ the rel¡.t'ionshj-r,. in.¡clvecì. In comt:aring,; 'Uhe pi:riorma_nce

of the l:o,¡s of qra"d-es el-er¡en;ncl- tr.ielve, t,he lai;'¿e:l had a l-o'ç.rer eTT,oT

coefficient i-n seven of tile eleven ,ques'r,i-6¡1s" I-t aÐ:ears tlia'b fair.l-i'

ra¡i-rl, irrprorrenent is rnade b;r ì;he sturi.ents i-n grr.d-e ele¡¡en in äet,erni-ni-ng

th.e relaiionshins in'r¡ol¡¡ed betiueen ti+o or nore variables" A r.evieu of
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T:.bl-es LX a.nd ,'{iiI sl'ror.¡s a malked, decrease in the err:or coef'ficien-Us in

eï'ro1'S A fi"oln gracìes i,en to eleven. Ii corntla.i'iSon oí tiLe pe::fcrma"nce

of g::a.cÌes sli:ven anrj'l,.,¡elve stucients indj-cates trat, tjere is a sligþi

d_eci.e¿se in their. abil-ity to recogn-ize exi-sting ::el-ationshi'¡ for ì;he

gi:rls ancÌ a st-igÌri; rncrease in ihe aJril-ii;y of the boys. tfnerea-sr there

1.ïåS a'cotal eTroT coefficiert'r, of l-0"29 LÎor ihe gracre e-i-even siuients,

there is a'botal er.ror coefî-Lcient of ]1"31 for gracre ti¡elve stu0.ants"

The difference :-n perforrilallce is not si¡1nifica.ni. j'Jhe't is j:'¡ort'ant

is'u]re îac'r, -'cha', an inci'ea.sed a-j¡i,l-ity tc ::ecognize functiona-'l- r'elation.-

shj-n j-s no-b m¿lintaíned fi'orn gra'ce to gra'de.

-',lJith resr¡e cì: 't,o the a'oiliì,)' fo:r: -t'he sti.rclents '¿o set up the

cofrrespônrling algebraj-c forllluJ-a, Ta-bles Ð(, X,{I ¡.nC K.{II shor+ 'that the

total- error coeíficient,s a::e gI'e¿.ter for lirrc::s B than for Er¡:ors 'A-"

The tabl-es shor', th¿.i the eTroT coef,licients fo:: the gra.iìe eleven sù-rdents

j-s etlí-rroxinr:,1,e11.r one-h¡:lf those of bhe grad-e ten stuo'ents. idiih the

eliceo'r,ion oí tl,e totaj- erï-or coeí,'ii-cients betr¡een tne gre'des ten a¡ô'

eieven gi-rls, ihere is a fe.irly consian'r, increase in bhe abj-l-ity io

set u'¡ ihe corresponci.inÊ al-gebre.ie rela't,ionship" t'io factors a-re in-

r¡olveci' The first of thr:se j.s an i¡rcreasecl abil-it;r 'r'o recognize t'he

f-d¡ction¡]- ::ela'cionshio anrf eroressing -uha.'ü rel¿¡,tionshir: a.s an a-l*

cebraic equr-ra,len'b and, secsnçi-'l-1r, the increa.sed ,flac:ili-t ir r""d1,h 'bhe

la-ngu-age of a.l-gebra. The seconit is possi-b-1-:'¡ tl-ie lessef'of the tt"¡o

6ecause bl- tLe end of the f irst "rr ,Ð-l: cf ni qh school p,r"acìe '¿en stud-ents

he.ve a s.iufficient r.io::l<ing knor,rl-edge of the language of algebra io
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crl-i c-Îrnf.nrilr¡ êOmpleie ihe folrnu-] as r:eclUirecì :r-n Ì;hiS part o-î the .r,est.

In so¡re ce-ses'¿he error coeffi-cients íor gl:ad.e ten students a;'e €-c-iilãll.ir

l-ower i;h.nn those oí grides elevoì-I or tr.¡elve s'Lucien'r,s. ïn a.L]- irrob-

ebilii;:,'the fact thai tlrr.t par'uicu-:l-ar concertt has ::ecenil-y 1;eeir-Uaugiit

i'n r;i.¡rìa *.on rn¡¡¡ be the Ciel,ei'l1f.n-ifp; íaC'bOf .

The incliviolua.l i-beiiis on i;his sub*-Les'¿ .'Jere ca.r"cfuli-1- e>r¡:,lineci

:i,n orcl-e:: 'Lo cla.ssif]t the t-',mes of errors ihaì, a:rre,l.::eci rn tlie s-Lrb-tes-1"

Tn orcier to cli-sc:.rss aclcc,ua.ie-l-.,t ihe'¿vr:es oio, eri:ors nad.e i-n the i,lu-,is'uiolls

¡he íol-fo¡'¡iirg::e"ference,-l,is-t, r.¡il ,l- be usecl .

0 - neani.ng an omissj-on of the cnes',,ion

lJ * rneaning a l:es,rot"rse tlrat is u-nrel-a,tecì to the t¿r''i,j-culer sit-

ue.ticn

P - nie.aninp; a pa.::ti al -i'est:onse i s

a-reas are r"eouirecl i-n crcl-er to cle'r,errnine

â-.TeÐ,s of *i,he tr.lo ci-rcles. In sorne ca.ses

rnined-the area oi one circ-l-e"

. j-ra¡ th -'ìôÕ+,-i On e_-ì_CVen tr.lO!1r Lt uvu L

the ii-fferencts betl¿een the

th-e :-.'uucr.unts .-ave only dete:'-

Q - neaning bire cuali-Uy of '¿he resÐonse. In 'r,jris case i,:'le

stuC.:n'bs c,irj not pursue the identirÎication far enough -uo åssu-r'e'r,he

successful coriroletion of the rej e.ì;ionshi-l:. Tn cr.uestion ll soine of tìre

stud,ents rirerely inclice.Ì;ed 'LÌra'u ihe äifference in area.s of -br¡o circles

Cecencled cn the siqe oí 'the tr.¡o circl-es. The¡r cìid not rlursue ì,ne

::e1a-u,ionshir: au;¡ farthe-r'-bo iirlica.'ue that i;he size cf i;he circles de-

nenc"j. cÌ on1,he si"e of their resÐ'rcNive radii-. if 'uhe s-bud.end- fol-]-or¿r:cì

this nar-i;ia-l- a.rrs',ier r+ith e corrcci -ior:itu-l-a i;hen crec,i''r, i,¡a-" g-ìven for

'che enti:'e cruestion.



jii - rne¡"nil1q all e-f:r'cl: i-n i-nt,e::l-.1:c'ùa'r,:-orl c.ri t,h.= -l t-n r,il¡-e

:..11'\-iJL .-.É

,-{ *- rneani-n!ì âll j-nco::::ec'¿ resnonse

-A- * ¿.,:r erl'or a-ftL:i'otúeci bo -bne :'Ln'ue:-rlre*r,a-bion o

{a

oi

the rel¡r-b'i on*

Slt i,t j-tr-.rOJ-.'C(: 
"

.lo:i: c ecll

i-,¡te of

'L,.'ra,t ilar¡

-Lc thc

correct I-esltonse

the s-¡uclents',.'e::c;

-Ì.i n¡,, ¿1,r '¿ .¡¡;

s,il-'Les'r, a

aiçiebr':.-i c

+ -'^'l ^ -i - -^-ú¿rf_!\': !- 'J-L

iil sei

rl-'ì 
-tr.Lr I -

fc:::tu,-l-a. "

esítn-ueci. r ri ctt s rroiis tl''e

t-^ -. )rì a¡^ a'n1 i-h o

>Lill-,t?s-t, It - i

c-i-rcles l.,Tolìl cì dlet,renc-i on;

/\(^) ThI ra.C:'-,r-s of ';ì e lirtcr cj.r'cle

/. \(b) 1þq ¡a-,-j:ì-rr,r: oí'- 'L;he srii .L:l-cí. ci-rcle" .

t^
Ihe re,¡ui-recl, io.r:r.:,r.tp- l) = ìí (nt -\

Cne fee.r¡ure of -i,ìre rra.jo::i t;' 6¡ tire c.u-esij-oirs in 'r,

.7.,i-c1-;, hi--ir rrl:c':r:r,a.-e oí s'Lr,.denl;s iL¡.-u he-..te o::li'L

is ra.i:h.eL: su::n::ising 'Lh.r'; qi:a.o-e e--l-even sti-l.dents s

in :: e co qni-z.i,nÏ'Lh e r el a" l, j-oi-is h.r'-r: s ilrvo-]-.¡e c' " Tal:l-e

e]-even stui.enl:s oriritt,eci to s'r,ate ',,,lie recrr.ir'--rl -rel

ì;2n ,1¡.n-= U_rU. :'l_ . le ì tr r.li_.....ìtJ, I S -..C ta I -r,¡'r,t .ì , SOf te C

ì-,r¡le oi err'or" I¡i 'r,he ¿nsL¡¡:r

., i-i-" lh: s s Llb -'i, e s f, -i,iie rros-l: coltno't

ìei.- res|onses l.^,.¡.1.¡ lre lossi-b]_e ¡:¡ci

al--l;ei"r1ir ì;e resrtoits es.

?rei:ce (.D) in area- be'ù"¡í3r:,n i-r"ro

R

?\r")

hi-s sub-tes-b is {,he

i,er,r the clrresti on " iìr

iror-rl,d. h:rre CiJfi-cul-'r,1r

ïX.LII, r:a.ge J?, sh.or.¡s

a't'i o¡rsiri--¡s. 11 gr-ade

f ihesi: -r,Ie ï9 il.s f cl I ols:
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T.i3L,i X}iIII

iiirriTUR] Ai'D PE?i CX¡IT OLr .Èlì,101 llìCi', G?ilDil
T0 Gi1.!Jit lii ,iLÌCSTfOiÌ t-t-

]I::::ors é,

XIXIr

¡ìri'o r". Ê

ll.r"io '[

T)-¡e

c \?_.50

^t )7 ¿^Õ
't - iè/v

U 3O,OO

il'o-u1"1
e.r:.'o1'S ilO

LoO"0c 18.33

I r /n4I .D1

tt

ir ,[

'irrm a

^ 
ô^ I I ^aw ,'-ro'..) <_:,29

P l+1.: r 2!:" 6/t

v ?) )Á (c o(.
J!6 r-v )!øv,) ori. c i

:'-2 ô?
i) 73 L?_

The tahl c si-'ou-l-cl. ree.(j 3s fo,l-'Lor.r..i: In i{ra-cle 'rùen) L2"5O Ðerî c.rnb
Ð.i -ï,he inco:l'r'ec-i, f esrlonses r.iere due t,o o¡lj_ssiorìs¡ ?7 "t;Ó per- cent, ¡ejte
clue 'i-,o in¡.cleor-r¿,'-i:e cl:-ii-n,'rii-cn o.l '¿he rc_-l_a¡:Lcnsh.ì-,_. in.,¡,¡lveiÌ a_nd jO i:er"ceni, of j,he L:es'-.onses h:.ri- i-tc c,rn:lÊcj,ioii r¡i,'¡]: the '¡:.i:'L1cu-l-ir .iit-ncì,i_on¿.l
sii,u-¡-i,i.on, etc "

'Ilie rela--Lj-onshrr-. l:et,'.¡ecn1,he ¿ire:-s of ijre j:i¡o circ,l-es il elcnd.s u.to.o,Lb.e

,ij-s'i,incç¡¡ b'¡1,i,¡s{-rn 'ùll.:: tl.¡o c j-rc-'l-es, tire I ength and ,.,¡icl'ch o.i -Lhe c-ì_::cl_es,

tÀe circur:1.îetence o-e 'l¿,.,ch e:iee,r,;he clj_si,ance, .ro.-Le:na.,c:ji:e beti+een -bjte

-i:r¡o ci-Llc--l-ee" flhj-.r-1.¡ i:er cent o,í-' the err.olrr-c ¿,rt -L-,ì-re grac]e ,;çn r 61-çì- ..r¡rs

oí'- ',,j]i s natuile" T:'er^0 r,.¡¡-S a- co¡r-L,tlete âllsence of resr:onses o.î tÌrj_S

r:.Leiure i-n gr':,r'ìeS eleven ¿ì,ïlcì,-Lir,,j_-ì-r¡e. It rriil llC no-r,ecl-tjr¡_-1, e-,¡eit ¡.t.Lhe

trrldi-,s e-'l-eI.¡en ¡.nii 1.,'¡e1ve Lr:r¡e-i- rL.,i¡€re ere ;-ui-I.i. a- nLrl'itDe1, oí' s-i:u-r.ìer:.-ís --,;iro

aIe irot-, -too su,re ori ihe Íu.nc'L,i,or:-l- r--,:r a-'¡i-o:rsl.i-':,s -¡-¿.,16lvecÌ, i-n lrob]-e¡i

sj-'i,',i¿tions cìerli-n..' i¡j. i,h '¿he ereg ojl ¿: c:'r_rcl_e. ïn er1otl_q E tj:ere t:i,ls

å c,)nsj.ler¿Ìljj-e :ant):e i;r ';irr: f,:.rrlul e,s Ð:ìîi:se.riÊd b,¡ -bhe s-buclents in
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il -l-us'r,::¡.tjnE; bhe functional r'el ationshin and tire :îorrnnla'uion of 'r,hat

rela-tionshi¡ as an ¿.'l 6¡6þ¡aic foi'iriula. So¡ne of the str-rcìents beiier¡eci

that *r,he reqr-ri-red- for"rnu-ì-a shoulcl. be e¡nressed as 'the cl ifÍ'erer:.ce l:etireen

the tr,¡o r':cÌii-, the ciifferences be'L,¡een 'Lhe rliameiers, cÌlfferences be-

'r-,I^Ieen 'their circunferences, ihe ratio lerr,lceerÌ 1,he cir.c',:¡tferr,tnce and.

oiar,rei.er, ¡r'oouct of thej-r' diarneters and circu¡ferences. ÐT-oc]ì;Lct oí

r"aclii a.nd dipmeters, -i,he raiio oí their aroes, the rrroc,uci of their.

e.T'ea.s. illhese r.¡ere not si-ngle eruors nor âre f,lis-1r !çrmi-cai for r par.-

ti cul¡r' p-ra.i ,. Usu:llr¡ -c,lre í:rec|renc;¡ of 1,he error r¡as lnu,ch rrea.ter. in

cre.cl.e ten but IIe c.rn:lo'c sJj¡ -Ll'lrt tì:ese ert'ors rrere confi.nccl to ry.t.(ie

ten" Tn rnost ceses -bher¡ i'rere found tf¡:ouqh i,he entj-re high school

ooirul ation testecì.

,S¿b-'i;est l[I - îuestion 12 Ti:e Peri,eier (p) of a.n)¡ triangl e r"nul-d

i'er:end on:

/\/\(" ) Ttre I e:ng.r,h oi one sicÌe (o )

/r \ / \
( Ð / l.ne -LenqI, -'l or In? sec.ncr. sacle ( s,)

(c) The lenEbh ojl t,lie -';r.,iro- side (t)

Formul-a: p= olslt

One fl.ctor in -r,his question r.ras ihe vast number of unrela.tec.ì vari¿þ16"

that l¡ere sta.teci and tìle hig:h:-ncidence of omissions a'u ì,he grarj.es

el-even and tr'relve --l-evei. A seconci :î¿:-c-Lor r¡¡a-s-i-,he nuinber of stuclen-rs

i,¡ho staì;ed- thaì; in orcler'uo ceterni-ne the Ðeririeter of a tri-an¡rle ire

::ust ,cnor.r ',,he l-enqth of 'rhe b".se eno tire rreroenôi-crilar height of the

iri enc,'l p ^ P:.rt,l r¡ t.' ,e et,¡t,ornonf, i q nnrran*. lrrrf. lr-:¡nnÄ l-lra nn n-r-'-''-.)
,-.oncìnn nî c crrr]g 'r,en StUdent. The effOfS ll COf tiOn al_:nOSi in-,'arìabl.vv !¡r v (+¿ ¿gv:./
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sho-rred ihe::esu-l-i1rrg forrirula as';ite area of a. iriansle ius*r,ea.cl of

ihe ner"ineter"

TABI,,4 }I}.I!T

j'.i-1!TIJRn 
"åìr,t-Ð PIR CEi',lT 0F riR'ìOR FR0i,1 GR.TLTJE

110 GR.lLIljl .lll il-t-IISTI0ïí 12

E:lrors A Errors B

Grade X Xï XIT X X1 XIT

Bn:e t¡pe

o L\.56 \7.22 5¡. Bh o r8,1? )t"35 5o.oo

a 22"33 r{:.r3 n. Br,B3 g5.65 5o"oo

u 53,LL 52 "78 29.03

E'r.ors t-03 3rÒ 31 11, li6 B

This T¡,.ble shou-l-d rea.ci in the sane nanner ¿.s fable LXIII

-Hlni,rsr¡ar îa-n a-av6i'S lt, lhe StUd,entS liaVe be:1 g:i_rlr,.1 the leenefit Of the

C.oub'u and the erltor has been cl¡sseC as Q" For erl'or.s B-ihere i.¡asnrr,

e-n.1,¡ (ìcubt and- conse iuenì;-Ly'1,'¡eerror ira.s been classed ¡.s a::ea-cling error"

fn cle-r,erni-ning 't,he rela.tionshil bet".'een variabfes the f o,rl-or.ring

"t.¡ere f-r'equentl¡,r ;nentionerL: the I ength a.nC heigiiL oî the siries, -r,he

d,istanceandrthe ìreight, l-enqLh of 'r,he ra.dius, tiie cliameter ancÌ cir-

cu.nlerence. Ior 'r,iie corresÌlonil-inr formula the area of a- ì:rian¡:le and

i:re nerincte:: cf z tecLan4le t¡ere íreo-u-en-bl-.1¡ st:teo- es the rec.,u-i:'ed.

L:el :ttj onshil "
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Srb-ilst II - lues-ui-on l-3 The voJ-u¡.e (7) of a.::egtri:r cube will

d-enend L).ron;

(.) The r:n!'i;h oí : siC.e

Forlr_utA., V = S3

Tjre results of Ta''rle XIV seem'co inCic:ì;e-bh¡.t lhe concent of the

.Jol-uile of a- cube is bet'ie:l und.erstood b;' grrde 'i,en- stuclenis iha.n it

is for s',,udents of qra.i.es el-even and ''c,'".rel-ve. -Acì;ual-Lj¡r ¿.t'rhe gracle

-i;en level- ihere i,s the ,¡os:,i-bil ii::, oî r'ecenc}r i-n instruction anC, tha.t

'r.:e ccûcer''c, since jt i-s l-i',,ile Lr,sc(-ì b-l-r frs.d.e e-]-cven and t-'¡el-ve stuci.*

err',-,s, ha.s been ,Îor"goi;-ì:err" Tor cl,eter'rl:,-ning lJle ::e.l-a.iicnsÌli¡ sorne of

tjre resr:ojlses iiere 'r,rret t'h,e incÌe:¡encien'i var'-ì a.ble '¡ou-l-C. be ihe ci::-

cr-:¡lfe.fcnce of :, cíxcLe, ì,he u¡ic1't,h and- i:lie l-eng;-r)r, r'¿,cl.i-r-l-s ar:rcì, l,ei-p,hì;,

d 1-a.lnete¡. a:r.d. ì,e.i_¡:Ì-,i, ci¡cr_i4f cr.ence a-nd. 1Lsi qÌr-L, i;he dens_'it;,*" _ln s ba-t..

Íng th.: foritrill-a th:, f'r,l-lol^,nr^r1' l.lcre -'ire,ruenti.¡ rì i-r.¡en ¿,rs ti:Le reoLr-i-Îe,-i

Ti'lBlil i:j;Y

i{,i,ILIR...; .filill P,¡li cili.r1 cr rilì:ìtÎ ,I':ìOli G:¿,,:fiJ
iilO ?f..lÐll Il,l irlil::'lICì'l i'j¡. l-3

'ii-i"^¡c 
^ 

lfrnr"q ìJIf ¡JIù 1

',1::a,de ]i.I ïIi XT i(II

f yme

c\ X1 Q'?
V ' la j I

tõ" l-ir"L 9

u 27.5\

/^
--i-l'r'ûr"S Õ:'

Ðooof

)í, l^1

Õ"L)O

/rl

100 "00

T,tDe

C :l_00.00 -1) Þ )\)

'q7 "50

Ilo)U

L0

'7" 7^
tieiu

22"?2

2B

This Ta.bl-e shou-}ci, read in '¿he sale ms.nner e.s Ta-b]-e XXIV.



-[oi'inula: Tbe a.ree ol a. circ'le r¡i-th ::¡.diu-s sr

:¡rod,nct of heighi :r.ncÌ. -rai_qhi;, t,re area of one

Su'r:-test ïï - cue:Ì,-i-on l-L" Durin3 e no'r,oÍ'

Erro::s A

rI

ô^ñ{

sur"face ai'ea of a. cube"

si-c-ì.e of the cu-'ce'

t,¡i -.r T 31r.?â.1 :e j :- r,ri -l a<

lI::r'ors B

XI IÏÏ

io'bhe c¡.l.:Lon. The lr"rd.:er o-i clll-ocs (ç) I usc,:.,u-nn.. ihe't,¡rn

'-'rou]-d clei¡end on:

/\(e ) T;:e fct.".l nul,hel: oí i'i -es -Lrave-. -erì (, )

?he ri¿cruj.r'ecL foniu.-ì-a is G = litrt)

irron 'uhe sta.n<j.coint of errors Ar tiris cluestion r,:nks â-s 'r,he

seeoncl e:.si-r:tt ques-bi c,n o -f tìris sub-'r,e,.;t, The rrros'r, cori-liron incorrect

rresÐonse ì;o the first ÐÐrt o,î';he cuesbi-on -¡a.s'bh¡.t the irr:mber" of

srl :l-o1s used denên-cìs on i,he cosi of the g:.so-l inc, 'uÌ:e srte?d, ?nci

1,he n¡-nber of -ce::sons in ihe ca.r'.

T¿IILE X}i'1Ï

IiATIJP,I $[t PEì- C-iIiT Oir .JR;'IOR irij"Oi'i G].ÄÐI T0
G:lìii,rlE Ilí ClLjj:jTIOj'l 1l+

Grade

bæe

0

]i

Er-r'ors

XÏI

jó"r 1 too"oo

ôJ. Lr)',

366

Trn¡a

0 18. í.1-L L5 "87
a,- ^a ^iÕ1"-1i) C'¿1"1J

5e 63

1O ?r'ILrs í )

O1 
^r'

IO

rPlri - rll-l^rl a -1r^.rl r7 -¡¡-.1 ^ - îr.'hl ê YYÍT:.1 !-r-Ð .:.:-U:ç DLIUL:-:L. ! iiC.Lr .l-ù IaÞLv :L!,t i
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?or er:ro-r's B the chi ef error' :.¡a.s the j-¡r¡:::oner statement of r"e-

laì;i onshil be'bi.reen 'r,Ìie r:ir:r.ibeil of gal-ions u.sec1, the ar¡erage cÌis'cance

t:er qa..l-l on anc'l "rhe total cii =¡ntt"u tra"vel -r,ecl" fn cach grade a-Ðrtro,l*:-

iratel--r¡ B0 cer cent oí the stud.eni;s inCica-teci- tjre rec¡uìrer-, íormula

-^ n * ¡ r' n.r-ð ,J - L) D.

Arb-'¡est TT - Ouesti-cn l-5" The nr-rtber c:i riozens (l) oran3es I ca:t

h.ra- 1^- ,1'l 1,r r.ri l_t- cer¡encl on:

/ \ /^\(a/ '.!j -," co s-L rer .,ozen (uJ .

The reruirecl fornula- is .ll = lll"00-d-
T!-BIE XXT61

I{ÄTTJi,i .Aiill P:iR Crlì,rT Oir ]in1ìû!t Fi,,OÌi GÍi:Ð;l
T0 llE,Ajlll IiÌ Q-riE;rT-iON f5

Xrrors ,A Erro:r's B

Grad,e X XI XII X XI ffiI

Tl:e Tlpe

0 l-00 , 00 100. 00 100,00 o 7)+" ].9 Ur " 
l-t )r lOO . OO

x 25.81 55"56

Eri"ors L5 rB 6 55 36 l+

This Trb-l-e shou--l-C rea"e .:s Trl:le X\VI

Of 'r,he 595 stu¿ents r"iho i:ar'r-,j-cipa-bed in -'cne inv,:sti-qa-i;ion 6"55 pey

cent of tlre stucÌen'r,s omit'ì,ed to st,a.te the rel-ationshr-ns involved in

th'ì s ctuesiion. Ti:i s ¡¡¡-s.-bion ra:rkecL as the easiest of tlre group

l.:.r'esendecj- in'r,his si-rb-iest" The rrajori-L-,r ol'Ì;he tJroe X er::or.s tha'i, oc*

cur:red i-n this cuestion r¡ere ci-ue to tne ía-ct tha-t tire sì;uo,ents steted.



85

'¿ha'; Lhe n"¡ii:r'oe,r: O'Î clOZ':nS Of Of ln¡eS +.lia't ^¡¡-l cì ì:e bOi;-¡'ìl-,, iOI :.ll .OC

r¿¡-s Oou:l- ''i,O f.l:re ,,-,:roili;Ct oe th,e i'í'.t-C.e nel' CÌoz'en ani r''ne òo)')-a'X o:', '¡lte

cos-L te-r' c:,ozen cìi.rn-cl:ei ll-rr 'i,hr' 't,oii".-l- cost oÍ iìlr-: c:i:'l'n¡":ii.""

Su.'o-'¿esi, if * iþetii,on l-fl " i'" t:lnsr¡itir i¡rishes '¿o iele¡läi-ne t'he

..r-ea (":,) of e, ci::'crl-l-¡.1 't:-ilc.e o-f tin. ti',ha-'i, 
'-iu-ij'ù be lrnc-r'¡n in o::cre: io

Cei-,i::tirri-,:e -rli:; a::aa cf -bhe'¡i.ece':.Î ¡i-nì

(u) Ra-nj-r-rs oi 'rhr¿ ¡j-ecc of ì,-i-n? . (")

The i'i¡cui-r'ecl ,'io::iltu.l-a i..s i:l = í, ,2

lrr'AIJ i'liVIII

r,l,i f iriiirr,p 
;Ì,.r,?riji;3ir:";,,¡u 

:.,ìr_!¡ Giì,r D l

æ:æ::.-.:-- -::::=:
ln'ors :1' E::::ors B

n:î t.r::

' 
l(I fII I TI ;{I:L

T)-c e Tl're

C /.:6 "57 6C 
" 
OO lOC " 

OC C r Lr.08 22 "22

LT 33,3/r LO,OO u Bl"gz ?7"?8 l-00-00

Errors 2L l-O I] 7L 63 28

T:,i s Table sÌroul cì r'ea.d. a"s Tib]-e lXVlÏ'

The chie.Í' er'!'oT' j.n i::::'o::s 4,,¡as 'fhe fr-ct' the s-i'u,.je¡'¿5 1¡'-ì nlaincci

the i:,ri.e. of r,he c:Lr,'ci-r-l-a¡'rri-¡:ce of 'Lin clenencierì on i,Ìre le¡rE-Lh atro l''''iiiih

c.l t,t"ie i,i,n. ïn r.i:li--r,-'rnrc the ¿¡..:."e¿-. of t,i:¡e i;i-n as ell a.igebr"li-c fo'r'nui-a, ihe

-""U-îr-er'us i+i:o-íe 'blre ci.rcun.i'e:-euce cÍ t,he cj-rcl ?: '¿he i:::o'd,ilc'¿ Of ci .snd

''rÌre sc¡r-r-e-:ce of iite rJi-e,riiei,er, the rroii.u-c't, oí' '¡he cilc:urrr'lerence and ihe

cji::ne"elî¡ the fofnu,-l-a io:' 'il'lice 'ùlle r.i'ea. of r. c j-rcle¡ tire lt¡:ol.ìu-c{-' of ri

ano. tlre racl,j-us- t,ire r¡rod,nct oí lìie circurn.iei'ence ¿nd. tìre cìi a:'ne'r,er, ¡.n'd-
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ihe raiio of the circumfeyence to 'r,he clianeter.

I'i, is rr,ther su.r"¡risj-n¡i ì;hc.t cne-t::i-r"i oí il:e ri-ch- scìrool

:-rorru-l-a.tior are una-b,]-e to recornize and j-n-Lerpr-et ihe rel-ationshi¡ be-

tr.¡een the re-cl,iu-s anc] the ai:ea of a circ-le" Ê.,ren e-'¿ -uhe EraCLe -;r+elve

.l-evel lr¡sniv-five Ðer cent of the;stucìen-rs:.:er-e unlb-]-e io cole r';-itl'r

ì;he fu-nci,i onal si't uat,i-on preseniei..

Su.b-test II .. Qlr-s_q.bion l_7. ìt 'j, re bel'inninl of ihe yert' Jares cleuosi'¿ed

lj2Oir "00 in a- ba.nlc a-ccou,n-b shich he has ji,rs'L orenec'ì-" IJo rîur'.bhe, C-eoosits;

nor,..l_thtj,::a-r.,ra_l-s r^rere nalle. The îjrs'1, i_ntei:es.l, rtaì¡irenu il,¡,S na-rje a'b the

end of ihe îi::st, silc morrths. :.j.i ,a-" .ir-l-:lthe-r in,íol.¡'n:.tj-,-rn l.ior;l1cl ':e r.ecru-irecl

in o::ci.er ''r,o r,l.etern,r-ne the toia]l- Ð,ioilnt of r,cirey (Ä) i-n tt:e ¿:.ccoi:nt a.iter'

the irrter'r-:s'L par,T,rent has been t;r¿lcle2

(" ) llite i.nteres'i; r'a'bc :le.r --3 î.n. " (l)

The re¡ui-reci. fo-r"nul-a is A = 2OC I ZOO nf

Eor t.t-rj-s cue-"i:ion l,he onl-,' c:roull of studeni:s l,¡ho recei.¡ecl å. na-s-

Ler¡¡ caeîílj-cjen'u qre".ieTl-rrai-r Îi f-LJ,r per cen,l, -.\ra.:ì tht,: ¡,¡rlci.e tr¿el-.¡e Srou¡"

-[t:,1.:-s-r, be as"-u:r:ed" i:La'b i]:e eitii,Ly siir.cì-eni,s rlho oni-i;-becÌ to sÌ;a.ì;e bhe

fu:rctional- r"el-ai,ic¡:rshiÞ -i-nr¡o]-i,,eC. i-n t,iris sii:u¿.-bion coi;-icL no'L j-ien'uj,f-tr

the va-r'j-abl-es involr-vi:d. i.cì;ua.l-l':f thre n'Lr-ìr1ber oÍ er,:ors th:ì. h¡ve been

¿l ¿.ssi.iiecl- und er erro:L'íi 3 in Ta.b-i-e l{ìfi,{, pe:ge 8J, cìoes noi rlres{ìn'u a-:Ì

en-Li rel.r true .ri-cf"Lrre a.s 'i.,c -r,.[e fu,ncti-oiral undersia"nd:r-it,rr ]:¡,- tire nu-r:il-s

oí 'clie situaij-or:l ni.'esenteci.. T¡:e er-folls ci...ssecl, uncr-e.c 'r,-¡oe 0 a-ncl U are

::el-a,i,ivel;r fe'..r â.s corrrpareci to the eriors cl ¿-ssecÌ unC,el" t't¡pe P. In. 'bhe

lai'çer" case a Ðs.rt, of 'ùl're r-ecuj"reci fonnu-La ';a,s Ðresented." Tn ee.ch c a.se
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'bh.e siuclen'ùs,¡ro-Le'¿he ior:nu'le-,,lor ihe sr:lole inì,ere-c'r, for ihe he-lf

;¡,re a.r' inste¡.c1. of ihe :rccunu]-a-r,ec-ì, e::ou-nt.

TÀBI,¿ i}i.TX

j,jri'FJil.ä tü,¡-Ð p,jrì ctrilT 0-¡r ,¿r1?0rÌ IRO]-
[ì]l"iìÐE T0 G-'"1'ÐE li'i i:UiSTiC'li l-7

ìr'rors .Ê*

{jl'r_cje l{ 1,I "'L.L 
I

llrrors B

X- TT XII

ïnre Tt/pe

6 'r oo"oc l-0c"û0 ]0o"oo t t7 "36 27 "78 5"67

P BL"z 6 69.L7 9.7 "33

u ,38 3,oi'

Errors L9 26 35 ilrl-r 120 3Õ

Tiris Te-ble reacLs as Ta.ble I{XWII"

Sub-test II - tu-estj-r:n l-8" A cer lee-ves a tonrn at 9.00 a..n. and

lrr¡tiawellìn- con'hìnuous]',r trr'il¡es a-t a second to"r.l a.t nocn" The

| /-\cìi-str.nce (D) t.ce-rrelled ',;cul-d- C,etend, uÐon!

(a) The rverage soeed Ðer hou-ï' . " (a)

The requj-r'ed forinl-rla i-" Ð ä 3 R

Ågain we fincL a fairl--,¡ hi-6h:'a"*ue of ornissj-on or.r't'icul:rr-l-.-r'in the

rlirst Dart oí ihe cues'r,i-on. It jras been noi:ecj 'i;iia'b i,i]¡erei¡er. the stucl.enis

i:ave some e.cr-r.u-aintance i¿i th the re-ì a'i,ionships -LÌra,-u are i-nr¡ol¡red ,che¡r 3-¡s

less j-nclj"ired to guess a. l: tìre ansr.rer'" Ra.'¿her 'r,ha.n gu-ess ilrey ¡.i:e rnore



BB

ant io omii ¿¡" cn-:-estion entirellr. This i13-5 been noi:ice¿ pa::tj-cu.l r.rlv
-'..,ath ihe easier" ques1;ions in -Lnj,s s-ùb-!r,est.

T,\BL,i X,{K

II;ITU.|ìE Âì,]I) FEii CEITT OII JilìOË. ,,?,0}i GJIIiI]E
T0 Gll:iDE IÌ't ç¡tl¡51J0ì't t8

tJr..;:or:s A

ire-ce T XI XII
T\nra

X XI TIT

Errors B

tI¡nro

0 76.A9 10O"OO TOO"OO t 25"6L,20,75

T_ 23"9L x. 7):.,36 7g"?5 t-oo.oo

Er":'o::s ll t5 L 3g 53 23

Thi_s labl-e shoutd reaC as Tabl_e XXIX,

Tne chi-e-fl erroT tha'r, -l¿l.s cl-a.ssecl- under erf.ors Â r¡as tiral, the rer¡uired

var-ia'bje ,'¡as-ube iine or the Cisi;a-nce beii^¡een the towns i-nstead- of .t,ire

?"-|eT?.,c.e::a.te:¡er: hoUr" '¡'roil the nâ.r,ure o:f t,he re,su.:os?S b1r tne l_iìl

siudents i.¡Ì-ose responses ';e::e ìncor::ect ii r¡as obvious tÌre¡r ]ç¡1e- liti;le
abou,t the rr:.1-a.tionshin bet,ireen .uhe clis'r,ance, r.Lte, a.nd_ ti,re ini¡ol.¡eci.

In i"¡r'iting ihe a.'lciebra-ic fornula ti_r.e ci:ief er.ì:'ot: t"ia.s ti.r¿:_f the stucle¡rLs

e>ìll:essed- the ciistan:e betueen the torrns as a cuoti-en'r, oí the distance

and rate , 'l,he rate and- t,i,le, -u}ie clisi¿_nce and ti:le, md, ihe n::ocr,uci

o.f the d.is''r,ance e.nci -r,i::e. These t;.mes of responses for thj-s or.esiion

irere co¡tnon iirrou-cirout tirc en-'ci:re h:r-,gh schoo--l_ gr"a.des"
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sul¡-'Lcst rr -'luestion 19. rf ¡,'ou r"eceivecì- you.r all-ci-yrance a.,, tire

beginnirl: of the nontlt and-;rcn :arnecl a certa-in sun of mone)¡ cirrr.i_ng

ihe nonih, r'lha.t lroul-d )rou need- to ltnorr¡ in or"C_er 't o cletenirine r..rnat

a:nouot of mone.' ;,'oLL sÐen-., (S) di,rr:_n¡ the nontl:?

(r) ,Unou-nt, of the ,{lJ-o.r+¿nce (¿)

(b) .l'nount .Irrned (¡)

(") A,rrount lefi at ihe end of the ironth (1,)

Tir,: r,arr¡rirr.d fnrnrr]¿ i5; S = A / it _ L

TÂBLJ Lç{I

i{ÀTUp,J :\t,lD ?¡R C¡llilT 0F trí.ìOii rlir,oi!: GtAui¡
T0 r,"ì.1Ðli Ir! ,lìil¿:iTIotii 1g

taâ:a ^s ^ ^jJ-L'r'ors A frr_,rs B

G.r:acLe ]i XI XïI X iiI XII

ït:e Bnre

o )+7 ,82 l+q.og 57 "Bg o 1oo. oo gL"67

X 52"1,8 5a,9t L2"l-t- X S"j 3 LO(I"OO

Errors 92 55 t-g rt_ ZL. g

Thi_s T¡"b-l-e shoulo read a.s T....bl-e iÏl{.

In inosi cases the s'ì;uqlents rli_C" not indicate th:.t, tÌre;r r,rust knor¡ ilre

a-r-r.oìr-íl-r, of none-r¡ '¿he.t t"rE.s 
-l r:f t at i;jre end of ,¿he ¡nonth. In the cases of

errlors B the formu,-l ¿. ¡¡¡.s -,¡-riiì:en il Lerrls oil 'the arnouni oi noney lhat

rcna'inecl. at the enC of the mon'uh insteaci of ín ierns of the a;itount of
iïone-1¡ -bha-L rrras sneni cìu-ri-n¡ the rnont,h.
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SiÈ- i:er'¿ .ll - ue::ij-o-- 20.

/ \ , / r\(: j ':il'3 ( l--r'!';T,li (C. j

/. \ ,/ . \(O,) Il-:riì CCìlSi,l,nll il.'f.i

Tire .¡'eru"iieci. foln''-rl-a i s;;

Liilirl la],lilI

(C) oi : ci rcl-e -l-r-r-

'J-,_J-l-ÀUè

il/.'lllr.L¡ irl'D I'i,Ì C¡li'iT 0¡' I" -.J11 F,"Oi'i ]:r:i.Lr-:I
TJ G,i:îlil I'1 lü:iST,[ü]\ 20

Gr':'lcle

l',.re

û 101 
" 
00

]irroi" s
ï,I XII

l,lC,00 i00.3î

jirro:: s B
XYJ ïïI

1 - a\r- ^a ôr
! [ ø\j') l) a QL

Lt),t."32 3B -09

38 '(:) 39" 10

88 2L

û

B

,Ï

l-...r o I C

a):ft':'o::s 28 lo

T, is ii¡.b-Le shor;.L] lea,c j-n -bÌre s::,-ne irrajller as T¡.,-oIe liy;ïI"

Âs ln 't;]:.e cese oÍ .iuesirj-on L6 rrhj-cl: clea--l-'r, i¡ith i;he e-lrea of l. ci-rcJ-e,

:1-t i-s ::¡.i,hei: -q.rrrlri si-ng ai, the n¡,r.rbe:' of errors r.n q.uest,ions c]eal-i-np:

¡,d-'r,i:the ci::cle. it n;.s'r,ílr.\¡ coefiicient of i;!.83 is ra--Lher'-l-o-r,'fol:';lri,s

pa,r-l,i-cu-lla.r' con-cert. Ii. -i s no'r, å irÊi.r conceÐj, :ior hi¡¡h sc;j-iocl s-il¡,cìents

bu'¿ r-s â,-r:'-1.?.ïot'Ir,l-'.,- c- conce,ll rn¡.i i-s ee-s.il-.¡' ,loi:loiten" S'¿ud-en'¿s o-fl

t-r:i':íi.eiii t,en. snd tt.¡elve c,irt r;,se';lre ccncer-.t io scrrle e:i-teni. B'.-ihe n¿tut:e

o.i 'i,lie cu:r':,:i-cul-ar c'lntent -tl-r.ere i-s v":!-,r l-i--ile (-rccåsi-on r;o i;r.se i;,rc
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ci,ï,c:l-e i-n :-.:::.r-1e el-e¡¡en al {eb¡'.:',. 0f '¡i-re 'l:l:r'ec grlcies the g.r';,rde e'l evetr-

,sii,r-rrL¡lnt,s h:.d il-rc loi.,est rL¡.si,ei't¡ coef|-ici-enf"s ,íor ih.i,s -'utls'¿ion"

fi, is djf-iicu-}'¿ i,c de',,errnine i'¡ire',-,har ol: not, i;,l,pe R errc¡: j-s

aciue-]-t-.¡ a reao.-ìng eï'j1or bi-r-t once a-gain tlre student has been:.ir¡en the

Lrenef:ii of, 'r,he doirbt" In e:ch cl,se the st-r-ir.]ent cleterrnj'necl the ¿-xea- oî

i.be circ,l-e 'itrsteacl of tir.e circ-ur,lriierence. In i:rl:i ii--na- -ulte co¡'resoonci*

ing ior,niul,a. sorne oif '¿he nore coìl'l:lon eï'ro-.rs l{eie as fo--i Lot¡s: c j-rcun*

fer+nce of ¡. seirj-.-circle¡ cl.ou'o--l-e the c-i-r'curofe::ence oî ;. circle,

crori¡c-t of the ¡a.cli.us ¿.ncJ thc a.rea, of the ci-r'c,Ler Ð:foi.ucì, of ihe

cìi¡;.;leier a,ncl tlie arca c.íl ihe clrcLe, ll::otluci, oí i-,he raclius:ncì'úhe clia"*

Iri:-'i+::, d,oub-ì e ilie clia¡ret'errtz'vro of the area. and. radiu-s, oi 1,h'e a'rea

a-nC cl,i-¡rne'¡eï ¡-¡-ild of 'Lhe racl-i-'.rs ai:c.i cii-aneteL:.

Sub*iesi, II * Ç¡;.es.tion 21. Tlie L::¡.tio (tt) oi co:tml-et'ecl Ðâ-s3:r€s

ijrroi¡n br¡ a ctt¡t''¡3¡þa.ck -r¡:rl-1, clepencl- ucon:

(n) The n'.¡r'oer of nasses thr:omr. 
"

(b) The nrunbe:: of co.'¡-l-:'uecl r¡?-sscs

The recluired forrrula i s "" È, = C/T

Thi-s o¿es,,ioir i:ro-.¡eC, to'oe ihe i:aos'L clifîicu-l-'t q.uestion in the g;roup of

question.s in thi-s sub-test both f::on -u}e st:ndlroinì; of c'Leterni-nin5¡ the

::ela-ti-onsÌ-ri-!s irwoh¡ed and ef so in exir'essi'-ng the ::e]-a'.-,i-onsiti,r ,?s an

a-lgebraic forrnula," Annroxirna'bel;r ei-gh'Leen Þer cent' of tÌre s'uucLent's

onitted tlr.e r:ues'uion eniirel;r ¿p,¡ a:nroliiltitel',' 5it 'u.O ¡e:: ceni oí ihe

r"enaining stu.J,ents r.rere une-ble to eqlrless the relationsl-riirs of 'che

.¡aria-bles as an a.l-p:ebra.ic forrnu,l-a.. T,a.ch oí farnilia.:ri-ly i'rith the sit*

u,:.t'ì on pr"esented, ser:'meol to ¡a.ve been t]:e cjrief reason for the l-o'¡

:n;ster¡,r coefficienì;" Iu se'uting u:p tire forinula -bhe chie:i êTTaT 'titàs
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jii :l'ilþi

irirÞ'ri'
-L l:iJ ' !r

iJtlD ?:::Ì. C¡i'¡T
TIJ i;trt:lii iiri

äÍliIII

Llir lìr'ii0ii iì'lì,Oi,i il,,t.:,Ji3
i ui,:lil-iOlt 2l

lh'r,:.cl.e l{

!,t)=

û I Cil.lc

ilrors .ll

riI
i}"ro::s B

ï I'if .tIï

25 "?8 I.26

f li" o9 )r?:.5L

?o o? ),R rrl,-, ë/t +|ù!)

i^- ¡-l.L: { >U.

,'iII

:l-Oc. cc i00 
" 
cc û

P

V

l-:, o 1.1 I

ì/ì ?lrl-ve lr

?o Re

tti_illioas :)a lr \7

Ti'i s Til:-r.e sllcrr,-]-c î.jâ.cl ,.r.s 1r,ì:rle :ilLlfi.

'r-.ÌLe f:.'-cr'i: i;Ìr¿--'r, ,,Ì--e -ior'¡lr:--j-a ir,l:Ì i,:o.Ê'b câ.[:ies r,;¿¡-s -i-nr¡e.1.'L,ecl" i:to-brle:: cci.i.i]cn

cllioi: -ri8"s Srùír'.-'új-n[.; ''ùfre l.;::.-þis j-¡:l-'L,:ritis cf ijLel inr:oil,¡]_e-Led. nirssgs an,:i

f-i-nalr-l-)r .i,,i:e nl-s:iirtez=nreta--L:i.on of 'ch.s te::rl i'ati-o " k, seven c:,ls,trs ì;i1rl

-t e¡:l'i .¡is i-rr'rer'-ri:a'Lecl. iì.r:ì 'i,l¡e rii f ir.:r:e1'r.ce be-i:i.:ei;n -Lhe co l:.1 l;lulbÊi l:. cf

i.-ri-ss/:S ''¿irL'o:,,, a :ncl 'ilie li-¡:,1::r colrn_l-(.j'i,c.ì

l[i. srilL-lâ,I'-rr: ''"i 
''r ,.¡itt¡,.i.1-c]. be no'l.,el. i;Ìr: ,; in iio s.ì:, c.i -iltr,: si.Lit¡:.i,rcüs

llrirsi'r)nt.ìcr' i-i:l sur¡:';es'1, II -bi:ere r'r3-,s :r- iir.or.; Lì: :rn i-,hr: ¡:b_l_.]-.i ,r¡ l,o ,¡ilrnl:

:.,.ìrrC';-icr-r:'1,-l-..¡ l-,-- ¡1".¡-1 .*l',-"LLcì.Cf:'-t:.'¿-:: iilg-.r 17','rr.r"r;rgggr.l j'i:'clì t,i:-l-i':e i-,,-¡ :.li.l_,,,c.

.il-'e.¡:il iíe::e Ì"ull''.,.:i.¡el- r'rl..,Cen't,,i,C-..LS, ,:lnô jin C¿.:C:, Ct¡:,;re .r11e'i,h.i:tl:i¡.,¿iC¡-l, CU_r:"r.t-C-

ij,l-i:i {:cì:n'r.,e,:i'i-, iof.'i,Ìfe i..l':..rie trlár,¡.ì ilj:j-jr,l.ítfLi,,, ï-cSr-lc':t:i-b,l-e. TÌ:e,'nlLici:-i;.1-,;_.t:.s

.'.ll'e tir:.'L r. '.ì)jtcìt.,r'¡ïl o Î -ir:.irciion.l,-Ì_:!--L-\7- :::ilr¡t, :;.i-r:rss coil-i,ì_Ìììj.or_r,s rrse of

'iu:rlr:i,j-cnil.]" :;:r-1;ri.:-i,-ì ols j.i: rn¡;l-j:j:e¡r.:-i;j,cs .;'r-lila] cìcj,"r-s'i:jL'a ,,:'lo'¡iìi ii: 'r,l,Lei;ì-r" ¡se.
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in One Vr,:r'ie.ble A-îfects

-[no*,,her.

Ta"ble XWI, pe.g.e ó[, revealec] 'r,he'r, ,Sub-i,est III ra:rl<ecl second

-i-n per',.'orma.nce i.¡ith a. rßasruer]¡ cor'-fÍ'icieni, of 6l .LA ilor Ì;he entire,

nopula.'¿ion l,esieci, -alacir group,ras m,:ne up o:î four or five qr:es-bi6n5

desiS,necl lo tes'u the uncle::s-u:-:rd.inij oÍ -Lhe funciicn in¡olved." To tha

rit¡,i oil ee.ch crueslion fir¡e staiemen'r,s .:.rer"e ¡irren. One value re'cres-

ented. eiì;heri;he a"iount, or i;he nu-mber" of ii-nes r:y r.ihich ihe func't,ion

wil-l increase olr Cecree.se. TÌre siudent r¡as reouirecl. 'r,o und-er,]-ine the

ste"iernen'L 'i;iLa b ',¡ould correctl ir C,efine the rel ai;i cnshi.ir " Tiie íi rst

se'r, consi-srecl oíi a srouÐ o.l five auestions ba.seii on a. C.irrc-b varia.ti-on,

The groun ::e¡d as io,L Lcro¡ss

22-?-fr. The 'r,otal cost (C) of a. ntu'ber of :rticl es ....l.j.l',i- depencl u-lron the
n.r-nber (n) oí ar'r:r-cles pu.ï'cir¿ìsed :"nd the n::ice (p) pu. article.
Tiris is r,:prcsentei b-,' the jlcr¡lll¿. [ = np" l.lhat chense ta.kes
ol r.ce in C if :

22. rr¡rf j-s d.ou-bled a-nd rÌ'pÎr re:la-ins the same? no change, L/2, Lfty, 2, \"

23" tr-ôrt iê doubleci anrl- rrnrt rerta.ins i;he sarne? no change, L/2, lflt, 2, L.

2L"" Both thrr r-ird rrprr aï'e dou-b1ed.? no change, L/2, L/IJ, 2, \"

25, rr¡rr is cioubl-ed anü "prt is treblec-l? no ch¡nqe, 213, Lt,, 6, 8.

2-6" rtnrr is dou.b.ecl .e"¡d rÌptt is þslr.isfl? no cÌranger 21 3, \.r 6.

Tahle XXN-TV j race !I¡, sllo-.'is bh:t the s-r,ucì,en''ls ha'¡e a ¡iooii 3r'a-sp

of ho'¡ in cl,irect va-r'iai;i-on a chani'e in one variable r'¿i--Ì-l affect r. chr-nge

in another" The 'uable sho'ws that, the naster'.¡ coeíí-'icien'ùs increa.se from

gracì.e rto 3f:de" The ì,ab-r,e a.'l-so shor¡:r 'bh¿¡-'i; ihe incre:se for qracìe ì;¡r¡el¡,'e

1
See Jlnr)eno.].x
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is more i,han double that recor.'ded íor

siror..¡s tl¡la.ì, for the entire Ðo'oul-â--r,i on

,,.or 'this i-.trorJo o.l q'¿es'¿ious is 8i"6L

o,i i,l-ie f1..re grours 'in sil'o-test TIT.

ilra.de ele.¡en. The tab-l-e also

iested'bhe irta.ster'.¡ coefíici-en*r,

i+hich ri.,niis fi-::s't in ¡erfo::rnailce

,1,?D I e .j',,ìr \I v

ïnE Ì'.1.STERY COûÎJ'ICIIäTS f O'? i,'UisTTJtIS 22 - 26

iilt ¡.cj.e

Oues.

a,L

,),.- l-t

'1Õ

iU UIJ

XT
BT

XÏf
GBT

X*XII Rank

8r.96 85 "L9

Br-.95 ¿7 "65

E:í.7r ú.95

7ii.1g 8.1_",,8

75.L8 16"51'

80 .75 82 "96

fi3"r_'7 g(,.96

Rl, (R Â? Ê?vr+6lu r)) ê v)

85,05 I'r 
" 
8t

79,9L 7L,7L

75 "lo 7L'."71r

8f."62 79. Bo

81" ilO BB 
" 
lr0

B)r"09 86"[0

87"¡ii- t5.20

B7.+l- Br. zo

90 .73 8L,l+il

Birì.ót_ 85"tz

9().)B 9e,75 97 "7L

9a"Lg 96.25 g3"Bg

92.L6 98"75 9lr,l-B

78"13 86.25 81"2r

9L"L2 95"0c 9\"66

go,1g gt:.oo t)3"L3 85"lrl

The talolc rei-ds: rlor" qu.esti-on 22 L]ne ill1,sfs¡.,- coe:îlicj-eni íor
the c,i-::'l-s oí.iï'ïìde t,en j-*. 81.96 neL'cen''r,, 'L,he rlis¡ter-'¡ coef icienj: Io::
8,::a-cle 

-ben 'bol's j-s 35"1-9 ¿ird .iorLi-re iotal ¡¡raiLe ten sì;u"d,en--t,.s -Liie- rl¡.s-
ter/ coeîîicienb:ì-s 83"17 ner cent, etc.

The rnos'i; colll,rron i,nco::.rect, resÐonse io¡: c'ue:;ii-ons 2? and 23 r"¡¿-..s

the sel-ec'Lj.on of i-';en 2 i-:: cech. crse" In other r,rorcir, the:tucJ.enbs

na"int,ainod '¡h¡.t j-f ue ci orùl-eci '¡he nrrrr-ber of articies orrrcÌr¡¿seci or

d:,:u-l¡]-eci'bl-re co-si lle:l a::ti,c.-l-e i'u r"roul,cr, half i,he t,oi,¡i cost. thrs res*

Ðonse ¿ccou]l'i-ecJ. îor 6L Ðer cenl of t,he erï'ors rn questia:t 22 ¿,nd 59

¡-.er cent in cues'bian 2),
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Tn 58.1 oer ceni o-î tlie incorrec',-, resrlonses fcr cluestion 2i-¡ tle stui,ents

sti."teci. thai if nnri and, itnil pjle r:a.ch ci,oirbl-eci -bh.en'r,he toial cos'i; wouf-C

be cioubl-er,t, s-nd i-n 28.li ner ceni cf ihe i-n.cor..r'eci resnonses the

s-Luâeni,s s'l-,a-cr.:,C. iba.t ti,e-¡'e l.roi-r-ld Jre no cir?nP)3 in -r,he toi,ai- cost.

Tn fort-¡¡ lel cen',, oi'¿he incorrect resÐollses in cues"bicn 25

the st¿cjents sta--i,ecl t,j:¡-t ¡s r11¡ri i-s doul:1 etci anri Ìrrlrl is ì;rebled then the

'Lo'bal. cos'r, l¡ou--r,o be tl'io-tni::<js of i-ts orig;rrral cost. In e.noil-rer for't1r

cei: cent of ì,he incorrec'¡ res¡onses-ihe stucieil',,s s',,a'i,ed th¡-t t,he tofa-l-

,ro"-u r,rrot:,-l-cj be ej-r'h'r-, 'bilees ihe oi'i qj,.t.:.]- cos'r,"

ì1or'-'r,¡;*fi-ve Ðell cen-L, ojl the incoirec.l; ::esnclses j-n cu-esì;ion 2ro

i.¡a.s a-'¿'L,rj-br1'r,c,(l to 'l,he selection oi itern t¡rro -i n 'Lhe g.nst'lers ì,o ì;l:e rirlht

of ',,lle initial -sta-LeríLeír'; e.nd tlen-'r:-,r*-foilï Ðer cen-r, of the incor-recf

t:esÞonses'l¡as clu-e'i;c the serec'r,iott oí item iiu'ee b-r¡ ì;he siid.enis.

The secc ncì g::oi-rn of ,r,ur:lij-ons reacr as iolLo'.is:

27-30 T;,e area (A) oi: â- soLlå.r'e i.rith side (X) is repi'esenì-ecì b¡r

the for'ir:,ula A = X2" llìhat ciianp,cs -'ualie l:l¿ce i-n "iL if rlÏrr iq

27. Dorrbted'i t/2, t/ùu 2, \u B"

28, trej:l-ed"? 21 3, )+r 61 9.

29. Hal-¡eci? tf 2, t/Lr, 2, Lt, B.

3O, I-ior¡ nti:ch gre ater r'¡il-l- trlitt be if
frf,rr ì5 rnacie fou:: tí¡nes a.s grea'c? L/2, LfL1r 2, \, B"

llror¡ Trb-] e TliT\.I¡ ,sage )5, thr''e in¡orLani fl:cts il:..¡ be iecLucei.

TÌ'ie first of these is thet, oiirec'b l¡aria-Li-on rh ere one oí the r¡ariabl es

is squa,recl is a much rilore di-iiiicul,t concelt'blip-n variation r.there the

r¡a.ria-bl-es are o'î the f irst clegree" The raasterlr coefficients for the
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cuest,i ons of 'uhis groi-lÐ ;.I'e co'í]Side:lc-bly lor,;'er than the rtasterJ¡ co-

ef .ii cients for the pr.evious gl'ouÐ cf qi:,estions. Tiris j-s DaT't'icu:l-l-r:l-)¡

tr.ue a-L'i,he gra-C.esten ancì e-ì-even ler¡el-s r.¡here'r,l-iere are c,ificrrences

e.s la-rqe as -bhjrt¡i l]ellcenaage noints. .A seconcì f ea-tu-r"e of l'he i'¡'bIe

is thi.b the ne-sterlr coefj]ic'i-ents S,'.ot"I inc::eases frolr ç,ra.c]e .r,o grad'e

.lor boil-r. sexes'"dih the rliol1Lì rronouncecÌ inc::ea.se a.i i;he grade '',t¡-elve

TABtiJ XXXV

T':ri I'iiiST,4,ì.Y COIif l¡IC}ii'lTS -1r'O]ì 'lUi;STI0i'!S 27 - 30

Grecte x )lI líIÏ X-XII lìair-k
r."rrt.nÊTGBTLIDIu

Ques "

?-7 (t5"1,.L f:L.,r-9 6)t. ro5 ?o'?o Bz"t-z 77 '6c BL";r 95"a0 90"8L

28 51,89 6Lv.tg 30'28 6Lr"6h ?8"ilr 7?-"80 Blr.lr 9L,25 87"79

29 5Ir"B9 5ç"56 5t;I 59"59 ?c"86 66"1Ð ?8")-r3 87.5o 83"97

30 39"85 Ir:1"98 110"65 5Li"5J: 63"05 5p"60 5?-"711 78'75 72"52

rorar 5l:"5t 5l¡.)+B 5l"ze 62.37 73"5L ií9.10 71.\5 88"12 83"97 15"79 2

This Tzble rea,cls: as Tabl-e XliIV.

ler¡e... Grade T..+el-r¡e siucl-enr:s ¿¡-tÌ,a.in a iairl-y hip:h level of -oeríornance

a-nd" the g;reaier undeï"s'uand-ina, of iire functional relat,ionsilrns involveci

in-l;hi-s gï'oltt) of situa'¿ions see¡ns to be l,cqu-irect i-n grade ì:r:elve" The

tni::d obser-,/a'¡icn is that i-n quesÌ;icn 30'r,|re::e is a cha.nge in the cort-

nosition of the rel-atj-onshic as the -forrnulÐ- sì'Ìo-,IS a- dirt:ct variat,ion io

e sqns.re rooi" The me.s'cer;r coefiicj-en-ls a::e consicier'.lbl--'r l-otler fo.r:

"¡l:ris cuestion than for the o"i:he.r clu-estions of i:ne glroup' lioirever,
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L¡1e::: i*;: ,r.n ilfai-r'i:i:',:]e i.,i.L Lìc rl::,s-i,rl:1.)'^3r-i.i:'i-ç-i-:,:ri'ì-,sr f{-r:." l.ìro'tlt sll.rr.tf:t :ijjoïil

gl:'r. al C -iO 
L,ì:.t.ar D .

iÌie -,,1:,:i-.'.'t-i rj.,ro'.1,.ì o-i .tr:,t:i-i,_ì_oíis .'t-.,.t:),.-i:: ,:,.s 'i'i,..1-'l-o1,¡iî Í

;l-*,15" ii'iie '¿irie (-i) t,c ii:i:li? :j. cejtit:ì-il jclrnrlr clc.-,eä¡],.-: i-,oo::'c,li.rl
i. l-st,¡,tcc (ll) 'ui':,.,'el- ì.e¡r qnrr iire r'¡.tc (il-) r,-,e¡ h¡;1,;'. ?h-.Ls
i-t¡r rel::'::s3ifi,3rì ltr' 'i-¡le lo.l'ltu.l-r, ,i = 'l: / \, ".1 :,.-L et-^: .:rr.e
'i,¡-:l..*e:-,r l];,:¡,:¿ -r"lt T i r':

-.;,i-. .i -Ls rioLrlt.r-ecl ,:Lri,ll .L::'en-:ti,i-.::-l,he ìi:rrite? !\o t':,?T!i):e3 \i/?:, 2)y j,, it,"

]2 " .ì ;i-s i:r,;:l.,1.t,:l ::.1¡l ll r: clr;r.lrl.eii.? n.o cÌ'r i'ltia,::t, ?./3 , ,' ,12 , 2 " :,.

):?" 9c'i;"i, I :.rir,; ji :t.,:s iloi,:.1-, 1-¡:,-ì ? fllr ,:liit-il,-:Ê: ) /f:, L/):, Z, h.

]ji " :,ì j,s L:l-.;'i..:rl :r.,i;l |, -l,s c'l.or.l-'r,--l-t,li' í:¡ r.:'fti.i:,;.,,,, i/l-, :-f):, 2, !:.

i,':,. .-j ir-s clcLtì-:li':il at:rcl li.i-r,: ri:¡.-l.tr.:ri.? .ifo cli:lï'iÍiÊ,l/?-,1-1.i.,2, L.

T.il-: I ¿ fiij,-ii,]7]

Tl:rj j,::ìS.f i::,1 CC.j,¡Jir-lI lil'l,ll l.r0.Ì, :jîJ,ì--rli:!-,,lllS lI- * _ì;

37., c:e 'r irI rlr
iiSTGfl|til_ÌT

9?-,C5 8a.lr0 9ó.08 97 "ia 96,:¡5

6-t.r:r2 5T "za í,.0"?8 68.7i 6,i,,ú5

8t..i 8(.-"lc 8(,,?3 9? "5C, 9t.o?

í4,"29 JrE.iiû !ír1.,-32 6í:.25 .,)3 
":,6

7l-ì"tJ¡ '¡3"(:-0 8?":t5 gLr.C0 P,7.A2

75"1:9 6| "6a 76"86 81"ûc 80.ó0 (;7 .89 1

,-ìì,.'l Aa "7"? r.loL_r. . _Ló i ¡ t t c j l

ar I,q rì l,fì 1,1ø ¿: :..i1.1ø--) Li')ø!i.

ì I a- el..:,'_,'-,/.1û i:.i:
/ñ ^¿ ^õ ^,/ -/Lì / (!\ r-¡_r {/a tiìo 
- | ),/., '' )' o )

,?9 57"':ì1 (..Á"rn¡,

. íi 58.r (') .6L

3t- 81" ij:i f-lo

)z 1t,87 irl',

Ji (>5"9r 69

lli 3/¡. tl-: llr
4./ /- -l ¿/
): 5/ollÍ l''

To'1,.:.1- 58"itg 57
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fn 'i,l-ri s qicr.irt of iruesii-cns; the ',,ine cì.e¡encl.s ulon j:ite *,cLa]- iis-

t.:,:ice a¡-d- 'bhe ¡.zet:lqe re-te :ter" jrou-r.. Tì:e t-nclersl-,;a:rclj-np- oi -bhe concr:rts

i-lr-u-olvec,ì. i-s b''/ no Ìlel.ï1s ¡.-q "lcva.ncecl ls -Lne ulcÌers-ua-i:ic.ilt3, of i,::e ii-ì .¡¡rr,¡

-;e.::j-¡.'bion es ',rresílj1l:ecì .Ln '¡hc |irsi, i.:-ïjor-r-Ð o.f '¿hj.s su.l'l*te-st" Tle oniy

'.tt.i-rlst-,j-on th¡.t ¿l1-,::oi:j-l:ri,,'úes 'i,he m:.-te:r,,lr coe,'ii.'j_ci_en-Ls o,i Ts.bLe l{ïliIi/: llge

9Lt, j-,s "¡nestjon J1 oí-L,h:i:; i.roL;-:-r ol luçsr¡ioits, In,,,hj-s i:a,rtrcu,l_a_jr cjue,s-

ticir i;he va-]-u-e of on],-r' one j-ncjei:encl.en't, r¡arj-ab].e ',"r::.s cìr,an¡ecl e.nc]. ,:.-q ..u,ch.

ì,Ìle s j-t''ra-"i on j.,r¡.r a. iì:Lr"ect v¡.¡:-ì-: ì.:,on l::'Lii¡ecn i.r,¡o v¡-ri :.ll-t e s " T;LbLe l{7il{VIr

'rs::.;'e ll , ¡.1-so i.nrr icårr,es 'r,h¡r',, t,here j-s .l-i-t,t--l-e l¡.'o:-,or¡r.::lent in tire aclri-eve*

ir:ent, oÍ' t'he ij,il,l.rl<.1 e]-¡:veu iiirt.l-s .?.s cor[0¿r-rec] -:l'¿h th,e ¡erjloï'rû¡-nce of t,,re

gi"acìe -i;en qj jt:Ls. Tl: e i,ej:ie ¡r.lsc rer¡e,r.l s -t,bri -Ln thr..ee of '';lle .ij,¡¡e

,,iu,¡:sNiors jn i,his -J'our-ì 'r,he .-'r.¡.r].e 'Len eir.l s þ,1,:1. I hi¡:ner tìr.sts¡;,, ç6*

eí-;'ic:Lent'rira¡'i,Ì'ie Êtracie Êlevei-l gi::-ls. 0n -i-h¡: o'i;llel hend_ ihei.,.: i"s an

s.ver'rge incL:e.se of sj-xteen percen'l,age rloj_n'us l¡.jr the g:.iLc,[e twelrre gi.::l s

in tl:e sp.me gro,.r,Ð of questì-ons. llhe iab-l_e al so sjroi.rs -i,h¡,-L fo.,: the 'r:o.¡s

e.nr-l ihe 'r,or,i.i- ¡oluj,4.'Ì;i-on the rii:l.s-r;e::";r coe.illi-c.rent--q cio incres.se frore

¡¡r;de to qracl.e bu-'u r'-tt on1¡¡ i,'+o c,uest,ioirs rrces the iot,a_l- tna-sieri¡ eocf.-[ic*

j-eni, z"oa"ch a. irarÌ< oî ni-nei,-;r rter. cent ot' be1:'ie::"'

T¡ie .fourth r-rou¡ oí qrrestions in tfris sub-t,:s'|, te-ds as .iol l-ol"¡s:

36*LÐ" If y = -ì-O/x: r;hs.t chanp-ts t,:,lte ,tl,rce in ur,-r if Ìr]'u is

31 Ðo,,rbiecÌ? t/2, t/3, tfit, 2, \.
37 Tretrrecl? L/2, L/3, L/L, z, 3.

38 Hal-veo? tf Z, Lfl¿, Z, Lt, 6"

39 l'ihateve:l rra-l:ie ì s i':iven to rrLrr 'Lhe fyocìu,ct ojl 'Llit val-ue and
tl-.e COlfeS.O:iinl -/L]-U-e Of :r-rrrl n¿ct
aL'ta;¡s equal- :1., 2e 5, LO'- L5.
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!,-1 . :if 'f"-':rr :-s ,,,-i ';,.:n ¡, n¿,.b,:' c,'-..¡.,,Iu:s a.s 7_, )-/?, L/3, L,/\ c';c",
th¡:n e l.ch r¡-l-,,:c '''f iï-; ir i¡i--Li di..ifr-.r. il.r:cri: i_-i',s i:ri:vi_i.,,:,- -r-:-.-l,i_,_es

b:i i-f 2, l_,i;; u 2, l, ir"
ilor -i,':is .qJ'olir oí ri.;-,-:s'Lì-ons ilre r-L-odu-rt c.l -1,ì.re t'.¡o .,¡a::i,l'ir-l-es

j-s con¡¡-t,:,ill-lr'::e:í!c:9-Llre one r.ri:¡-ni,'ì-ì,,¡ rs siicr- ì,ç v;,.1'-,, i_n¡¡e::sel-,¡::s thrl

cL'c:ex " írìt-.?s-',,i.tt j,9 in ¡. :rt-i,j,:ul-li: iLi.i,tr,:,;:.,r,1: ,tÕ j,oci,:_.s -l;jt,-: ¿;:-i,,c,en,;j_r..ta of
-bLlc s't,:ri.a''lt'¡c 'i;iic.i¡.c-1, Lhai; iiie -r::,co,ii,:t,,1Í-Lìri: v::.:::_a]¡l_e: :i-s ¡. corr*

s'i,:rr-'L' Tile rn:.s'cer-¡ cc: il.ici-eni, :r¡ ¡'eco:r:c-j :iì i¡ Ti:,'b-rre ïiixilrl inclic rj,es

tli'"; -bhi: ctncí::jD-ï, i.¡:.s noi, u.ncìer.s"i,occl h'tli-,r.re :.1..L.ìori--l-ri of the s-burìc:rì:,s 
"

Tlr.3 l-ota.,l :l: stcr'i¡ cc,:.i'íi-c-i-eü-i,s f-'o,l' -i,ìiir.: c,,r,.-:,,:i:,i on ,-,:-.or,crd_ f i:oirr ;l_.]i

T"li,r.i 1 T,li-l:.iII j-

iitlri rl,liiTt:ìr:.r¡ ¡l!:1,r:r_lfiili?,S irOi:ì rrli,STIil,iS jó "- hO

æ .---* :_:-
iir',:rie li XI )ïI X_ilI tte.nt¡,GBT[,!BTGiìT
,:..]r-es.

)5 76"69 Et"lLE 7ç1"fic 70"7c gll.og, gt-.2c g\"tz gt,.?5 15.L_a

37 ?Lr.óE J?_"81t Tt_",,r9 ,37 "67 E'].)-rLr 73"2a B?"jj i)2"5a 87.7?

l8 65"çt 7t-,6r 6.8.6g Á,1.6L g5"L: l6"oc 9g"23 gC"c.ro gl.lr
39 l,ì"8i 27.L6 J1"3_l- 33. j3 5a")) l+j"60 5\.ço go.0o 70.23

lc L7.?_g i_2.3'Li. til.j+2 27"?7 lt"ti3 ?_7"6,0 Lg.r¡z i6"zi í1")i3

ï.rrtr"., _1ï=.._lt^7"(:E6L.i2 
7).Tz 8l"oû7e.3e 52"\? 5

illhi-:,¡ Tabl

ÍJor gra.cìe ien to 7C.?_3 fol: ¡;r'a,cie t,¡el_¡¡e. Tire :rros.l; ctif.iicu-tt si iuation
in tì-i:,.: scries of cu.es1,ions uas'c,r_t-est-ion l+O in i.ihich i;otat itas,ùe'v
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coefíicien-bs-r ra-n¡¡:eci frort !5,1t.2 .ûo-::' grade 'i:c¡n 1;c i,3.Li for: g::acìe

'L',-¡clve. The q,;,esii-cn i'i;sel-f bclirers '¿he c¡:l c'¿l-u-s :lrj, i'; j_s sus*

leC-Leci -Lji¿r-'r, '.¡hn.'¿elreï' SLI-3CeSs ihe s-i,r,i¡eni,s ha¡¡e l:r.d" '!,iaS on a. ba.s,is

o.i nl.'¡h.err.::'ùicert' nel:-ilri¿laiioil- r'¡.-thr::: ihan on t,ìre bas'is of uncer-qrL,F-û-d--

j.rd o-i the conc.:r1+ç j,nir6]r¡s¡1," f;n i,he basi s cf -',,he rÊ:lfc:i-rseS oiL +,ite

.ílj-.l'l:,'r, 'L\:T?Ç: rìiles+uircÍ1s o f -i,iij-s !r.ro,-rp -i--r, :¡oü-Lc-, ¿-..1':le 3.r 'l.,ita.ì: j;hc s-ruíj.ìn'ús

Ì.lirl ¡. -e ¿ir' ìtnc.;rl-elge of 'b¡e rei a'cionsilj-cs invo,]-l-ecl bu'¡ -L,lr"e resul-i,s ol

the. las i:, 'ti.¡o r,iüe s-l;j-ons o i ll.,e ,;,-loi;,l.l -ì.nc.ice.-l,i::: ì;ì:,:t i,he c.ìr:lt'¿Lr cf -i-he

uLrcÌeis'L:.ocij-n:r '-is no-i, i.oo i:î,,:a:L" Cn '1,Ìle i:nli¡'i: ¿at'ci-Ì,1 c.r.i ¡ue:;.i;j-ons

,r,ìte::e i-s iln incle¡.se í:in,'t ,.1:t';'rie 1:o i.:,t'.:.iì,e in t,'.:e '1'',rg-'c i-,rn.cìi-tr.i. | -' 'ii;.e

i'el-a-i,-io"ilsl-:;'11 i-¡ivgl¡rrçr;1 . 'ilrs -to',,1.1 i13gì-g¡rr cocr.Íi:lci-¿Ì-ri,s:i-n.-rre:'.se f:.'oill

Ti'¿,r-le 'Lo 
¡1 ra.cìe :¡ bil -Lirr: !aï'ea-üe.t i-nc::e -sc bcirì.Ie:ìn r.,- -'lr':: .-''.--,v-l:r :r^ii.

ür:,l,ve.

Tl:e l-a-s'¡ i:r'oLi,r orÎ '-: Lr-es-r:io1'rs -rln i;l:j s su,b-ì;c¡-1, l'cai.:r ¡.s .ic,L i.ol¡s :

tr:,.1*i:i'" Ii 'l-ì1,: l,'r:-nc-¡rr;.] ,'ìr'',ieli-l:,: i;-r¡oti '-l ,.t Lr¡. i,ri'e¡'el- L, r i1,: .?:lr' ,t-i-,e lie
r,'li ll-..^i, e .Äìtcsi:ì -,,b..j-:: r:,i-ì-¡:--c j-onshi-'t b;'i ';he ilo .':i.r..'-r ï' * I.1 .t'.-l' irÌre:re
]Ì i't.,1:i:',ì"r'...,11'¡,-q i,]r.e t-.1'i-nC-l't¡1.:.1-J Ï l-,ha i-iì'i-,,::.1 ',.:¡.r" ,la.Ì.l: rr,J¿r r'. R -i,1.'l.; l'¡.te
cet-' r¡î'irì-::' :,-ncì, 1- -i,rtt -'r,-irrre _i-11 -rte ¡.1's:, .'ilt l.'i; .l.s -l,,li.e l,:.Î.ie ci tn F i-f

lÈ. j- -r-s clou,bi-ccÌ ¡,r:.rl- iì ,:.nc]. ? :'eltli,n -i,le sr:rie?

l:2. iru :',-¡; ir¡-lv¡..rì and. I :rtcj T reir-r,::-j-n -i,he sale?

'-:-). -ì -i.s :.Ll.l- rccl , T" i -s cloribl-c l' .?t^Ltl i L'r:irr::i ls
''¡,]:,,,, S¡l'ite?

T arc ti.r,:ìr r.l.oiil:l-rcl ?

lr-il.; ' T is r.,or-:-bic ci, !l ir-s l,,r ¡-],-r¡eri, T is '1,:r'rb-ì-ecl ?

Th.-¡ f oriltil.ia et'tt]--Lo:.cc] i.¡: -i,:-.:i,.:

';h.e 3-l--31, gÍourl hi,rt -L,r.e si¡ua'r,ion

no

1 /2,

-t /¡

¡r ¡11 ¡¡r-¡:.1-ì

'| c\L ) - -t.) !'t

no

n"o

l-r,o th,

)./\,

-l il

't", -, ^

i;it: L

3,ri-i,I':r.

!;r-'o'.+ j-s : j-iil:ì--l-a.::

:'-s ai-f Ï ::t'cnt ¡:,ncl. ?:n
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been j-n't-,roc.i.u,cecl." Be-bi'¡een 'bhe ì;t.¡o si"bu.:.-bions -tullere il.oes no.t a,lloj,:.)eT' to

jre arr .-!;o'lr;cj.,:,'cle rjj-f,ie::¿nce in the -i;o'i;:-l- i"i:',a.s'ierii coefj-'i-c_ien'',,s. In

TliBi-ï-i l:;,1[VIfI

Ti{ll lir::Srrailll CCLIîIC-!:Ii.iTS lCÌ rli,lllltlO¡15 lr.:l- - L5

11"',,rp ri l{ï .{ïI il.-Ti:t R¿n1r
GRTGBTGBT

Î;:es.

Lr 8-r-"2C 7rì'.0-i- ilc"3? 79.79 Ð"73 3ii.L0 gii.:19 !r-r.'r0 ?)"L)

):.2 lr'1"-Lt_ 3í"80 lr.l-.\!r ),2,1l2 ,',")C) Jr'1.fiO 68"6j 1)"75 7L,76

Li 5i"U'L 70")7 67,2ç 66,()(, 80. r,3 ?l:"iri-r 7ô"i-ri tc.fo t,'i.)t9

)i.lr 36"a9 \9,75 zt.gf.. 3rJ"l0 3:;"78 32.)-i0 5.|r.90 58.7i i7.l:i
L:; 68.\2 r.1-"73 6:,. ij8 6:-"6t 7\"i?- 67 .60 58"6) P.Í"25 79,)9

IOTri-r-, 59t " ?5 i3 "33 5l .Ot 56 "Ya 
(t6 

"Cg í,2 "t6 7 ?_ "t 6 Û0, 75 77 .):L 53 "66 Lr

The Trb,l-e reacls a.-q T:,bie :{-:{l:i/Iï"

r:ene::al . tr.lo -iui;e::esì;irtc ie.r.-r,1-1.-r'esj :,r.t'e t'.,:vea.l ed. :|he -t j-t-st, o.i-. 'r,hese j-s', -. -'* .-_,

-biia'¡, if one f:cto..: i-s ch:.-¡1,.:cÌ ancli'¿he ren'ie:Lni-ns -i¡,ctor or f:.ctors reîìiailn

nans'i-.¡n-l-. flro *a¡'içrrÌ1rnc"s i,n r:uest,ions 31-J5 qroun a_no Lil *ll5 g,îoLlD are

-Ll're r:errie " I't is in-bere s'Lin,2; No no te i:ha't, 'clL:: 'ì,otal lnrsi,::r-:' coe ii'i cien-Ls

'lor qt::.,ic: e--l-e-.'en is ihr: se,iire -i n each ca,se as r,l're co¡ilcari-son of Te,lcle

XI-';Yfr lage ô1, ¡r-ncr T:b-Le jüi,ì'VïII r.rj-l-l rci¡ea.l . Thc seconä íea-tr-x'e is

t,rai l:ii;jr iiie e:rce,:tion of i:uesti,ors )+1 rlcì l-Ll , the r.elat,i6nsþi1-. t-s norr,

u::d.er"stocd b.¡-l,iie s'[i-'-cLents of rra,cl.es'uen:---ncì, e-]-evr:n bn'¿ conce¡'L'is

ia.irL.r 'r¡e-Ll e st:"bl isirecl. b]. ';-r.e stuccni-q oí p-'r:c": 1,1^¡el¡.re" The one a"re¿r
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i-n r,^¡hich -bhe grad.e +,T,.iel\.¡ê s';u-dents e:inerienceci a. qree.i; iì,,,;al- o,i dif-
fi-cul-i;r r,lr,eî T.rhen each o,i t,he ind-ei:endenl, va.ria.bl-es ;te.s cbubleo.

This did not nreseni'bhe sane dif i-cr-rl-t.. i-¡ r-.uesiion 33 r"¡he-re the

sane si-'¿uation .:.ia.s -c.fesen';ecJ" The difference in performr_nces na¡rÌæ

oe.t''u,ial-11r due to ile i-n-brociuct,i-on of fhe adc-riti-ona".'l- vari-able anc. con-

secuenill' g::e:ier cli.îfi-cu]-t,r¡ in conrlrehencr.ing r¿he relaticnshi-i: in_

r¡o'lr¡ed or the introduction o-î the ex'¿r'a. va-r'ia-ble raa.¡¡ have resu_.1-ieci

in nore frec.i,rent rnenii:ula"1;i-ve er::ors. In either ca.se i't does shol^r

a l-e-ck of i;.ncie::'sl,andi"nr¡ of i;he nri-ncir]c i_nvolr¡ed.

btlo-ll sï I v The -{"bili'ti¡ to DeL:ive ¡.,Tornula f:ron a Ta-ble oÎ t¡alu-es.

In '¡his sub*'i;ert ì;he -Lo-l-i-o::i-n - rliiecii-'tirs ¡inC ¡uest,ions '",rere

i:r'esentecì, to tbe stu-cl-ents 
"

Ðj-r"erct"ìcns; Sru..Iv each o.i -bhe :lo-r-l,ol,út-¡t' r¡r¡ìrÐs of nu-nhe:cs. The val ues
for the l-e.st nentioirecì. let'i,er .ior each g:rou-p ci.enenC,s for
i-';s r¡r-..Iu-e r;¡on the other r¡a._]_ues i-n the grolll" ,¡,lri'¡e the
folr.ruì-r sho:rir5; ho:.r the la.st l-et.;er in ea.ch grouD rìerend.s
,.r-:]on 'tile r'.llc:.i_nlng l-e-L1,ers of the [.1'or-l-).
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The si'tu'a'bions sel-ect'eal f,iere tnosr: that Ìrigh schoor siucients u-n-

doubtecij--;¡ har¡ç ¡¡.¡i scïrLe ex-Der"ience ,nli,ch in eer"rj-.r fìuedes" The;r ;¡^*
c-'l-ltdeci ilie rel atronshir 'læ'L,L.reen i;h.e sici es a.nd ar.ea of a- sqùare er:cl of
a cube, ihe ::e1atj-cnship b:-l',,;e:n ilre ba.sc, height ancì a-rea o.rl a triangle,
the s'ides a-ncÌ ,''eri.,le-r-,el' of a rec-ie.nq1 s, ti:e p'inci-pa.l, :.-aì:e cÍ i-nter.est.

ij-llre.ani ¡-ccu:'nul-a-bec. p-mounì; oí'- a si-nr¡l_e àu¡n of mone;,r, :nd ,,,he iiir.ect
va::ia-tion lrett.¡een -br..¡o r¡ar.ishles ,,.lhen e, constant f r.etor is ernnl o,.¡ed"

In the inl't,i-¡-l tesì,ing croÊìran ne,n-i¡ ¿:rìetitione.l iabl-es of values

Tiere eli.ôit-ineci. SOlne o-i 'r,he::e rrieT,e ltot rnC],u-cìed i_n ,¿he rlreseni, te si aS

tni: r'esul-r,s sho,ïecL a nerfec.r, score for. i;he entj-r.e popu.l_ai;icirbetiecì in
the cilot'r,est. Inc'r ucl.eo ê,monq ì;hese r.:eie tr¡o q,uestions that invofrred a

direct va.r'ia,tion -=rr-eh as x = ], e-ncr r = 3y" others that r.,,,ere no.b ipcii;-ded

in the fina.l rÌrr"ft because thei¡ a!¡earecl to l¡e too easlr were sucir re:l-
aticnshics a-s c = a,/b:1{ * abc, I{.= a,./b, a:rclD = u/b /.. ûni,he
o'''her hand for re]-ati-onshi¡s ti:at ere invoh¡eC i-n such forrnu.la_s a.s

y = 36fx, "2 =-^2/h2, T s a /a * c a.nd, T:1ì - nd, i;hei¡e.riiit-y co-

efí:'icien-L,s r."Iei:e so l-ow Ì;i're-t -r,ì:rey cou.]cl. not be lncllriciec.l j-n ilie fj-na.L o].r.a.it,

Tl-re resu'-l-t,*c of Tab.r-e xi{-xrx, nage 1oI¡, shous ilra.t, rii.th the ex-

c::¡Ni-6n of ouesti-ons forir¡-six 'r,he ru-'.ster";,r coe_í:riclenis on t:is ¡¿¡1
of bhe Ì;esting Ðrogram r¡¡¿.s 1¡s¡1r -ì_s-r. Th::ee fac.bors a_re j_nclicatec"

rl'irsN-l-v¡ '.'ri-th +.he e,-rcenii-on oí r:li-recl, ¡¡ari-ation in .,"ni-ch ilre siucienis
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oil the nj-loi'uesi h¿¡rj a. ¡ei,iect scojte, t,ire u-nierstanclinr o.i -r,jæ fun*

cti-crrr"'l ¡:ela-'bronsni: es elnresseri b-¡ ¡ Lab] -e ai_ r¡a.lue-q i-s noi

'leveloled 1;o an¡r a-¡-oreciabl-e exì:en-u b.r' the hiç:h schcc-L stucien'r,s,

T-iLBiii )IlLTfX

ÎHì i..¡ìSTitp,ra COIr ¡ICIJ¡]TS iOir. ,:tLE:tTIOli,S )r.6 _ 5f

Gracle x xr xrr x*xr-L P,anrrGBTGBTGBT
Qu-e,.,;.

Lt6 6:i,t6 4"i9 6?.61 ?o,TO e,L.B5 71..¿c: 6\,7L 9c.oo 8o.tj I
lt7 2i+. cql- 2?, "Lt5 2lr,3t- 37 "3T L)r" 17 lrl_.60 5l¡. g6 ?0"00 filr. g9 j
Lr8 18" 7g 28.39 22,89 L9,tg 35.09 28.80 33 "33 65 "oo i? "67 ¿r

L+9 L3"5J r-3" jl8 L:,"55 L3"L3 27.81 2z"oo _t-9.írt 56"2í l.r1"çB 6

5o 3\.27 lC,"?7_ 17" lS 5Lt"'j5 6il"t-g (>?_.Í),) 5[. sg e6"25 7ii.05 2

5t ?-3"3t- 2o"q', 2t.LL3 i1.31 lr3.Tr l8"Bo 3t",t3 58.75 Ls"s5 5

Tot,a-l iC"O7 iI.O7 iO,!5 37.ilt 50"t-t- i:>"Zo Lr3. T9 7l-"0 jr l¡O,Li )_t3"25

Tlre T¡,bie rc'¡-cr,s z . .tior cuesì,ion l'6 -'t,'ne çira-d.e '¡r:r-i qi,ris a-it,¡-_-i-nr:J' a
ina.siei'.¡ crj,?i,lici-en'i of 66"1-!> ner cent, ilre boi:.s 56.1g rã:r cent e_ncL t,ne
to[,el .tii:-l-.r ancì ]tl-,'s- -floi: qr.i..rle i;en ijie y.. s'¡erir coef iicient l.¡e.s 62"(:1 , e't,c,

secon,l'ì,rr, 1n rnost c,?.scs eir i,r,rli:ôveliient -ln the n,:s'i;eï.;, coef.i'icien-,-s is

noieiL :irol,t g:la,cìe ì,o :r¡.d,e. Tì ,e i:'.r:,.::...j:ett :l,lir.¡tov¡ll:ten"-¡, is iii tr.re i:r:1.-

foillance o-i ihe cr''.,Jl:'L rr.rre st'-iCents" Tir,i 
-s i-sj,o be elrceci,ecì b":ce.u,-qe

sj,ucl.arrts at'Lira', I¿:vei âi'L:ì rorÍrot-i.-iecl i,¡j_'i,h a_ p:.rij¿i.ruef.:¡,:.r,ieil¡ of t¡:bul ,:rr"

i-n:lçryl¡.t,j-on, Th1.r:cll;r, '¿he ';::"'ole re'¡ea..:_:t -l,.ì:L;r.-i; :,,.i, itie o;:arìes el-i:ven air,l,
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t,..¡e--l-¡¡e l-irvel.s 'l-he nerio-rtn¡.ncer c.Î 'L,l'e l-rot¡s on i;hj s sui¡-ies'r, i',' a-s

consið,er"¡.]¡l)' be'¡,te:: 'clt,:¡ -uha+- o:1 tÌre g'ì:"1 s"

Suh-t,r.:t V. W ; .e _:}r::i t"t, oi - ror:rLr.l1 .

In i,,Ìris .tt'otr:r oli cuesiicns ',,irr: s-Lu-cieni,s ',,,rêr€ il--r*von five io-rr¡iu,--l-:.s

e¡,ch o-i i¡hj-ch :r':nïesearLec a cli--ii-r:err:; -L-n-,e oi ,.".-ria'bicnshi-r. 'Ih,:se

I,rcLle rí)Ðlesen',,ecl ¡.s Îol-l,oris: a cii.:c¡:ct' val:,::.''L,ion, :. ci.irect va.riation

:tllrs e. constlnt,, i-nvei'se '"¡a.T'ia-r,ion-": direc-L r¡a.r"iati,on i"¡ith 'ì.,irr: in*

c]er;eni.ent -¡¡-i'i-a.b]-e scu-a-reci, ¿. dilc:ct r¡a-r'i-ation ','úth noL:e tha:r -i.,'¡o

v¡.r'i,a"bl-e s 
"

lli::ec-l,ions: Sonetùres i-r, becotres necessa-r'1r i,o cÌt:n¡;e,':- ío.,:nu-ia i¡-
-Le,r:'ins of ano'r,heu crl:a-n'ui-tl.¡" ir"r:,"r.rite eäch oí the fol-
lor.,ii-nÊ; i-n ierns o-i j;hi: cuan'bi-t.¡i s'ta.t,ed:

52" rf p = -t-2s i,hen s =

¿^ t51. l-.i' -. = tm- { 1t -;hen :: =

ll, T]r n - Ln,/n,',1 . LL .!'.. é .i.'.rr'.-. tiletB ;

rJl t.o 
^ 

.,l). l-i .{\ ã k' 'Lhen k =

ttl T¡ TT -. !i^5b, Ii. V = ,aJU, t,-,en :'. =

The n¿¡-ste::r' coef|icie:nts of th_.s Erorlr o:l r'ire:-bj-ot-ìs å-r? ¡r'iven

i-n Tabl-e XL, c:.¡.:e lOl-. Di::ec'c r¡ariaiion seems to harre becn'r,he easie*qi

si'r,na-tion îcri,he si;r-rdl-ents to ir,n-dersiand-" Tle bo.¡s çf rv¿¡ls.-¡ elLeven

anc'l- t.:.¡e]-ve ag,r.in siro,;^¡ec'ì ì;heir s',1-Ðeriori-'r-l¡ ill -uhe i-ntei'oi'e'i,atíon cf -Lhe

i:ha,nge in -bl-:e L:el a.ti cnsiri-t: " Di:'eci varia-bion irhi ciL incl u,cÌerl ¡. cons-íe.ni;

íaci,o-r' ¡.s 'in ctuestion 53 presr:nlecì i;he sl:::a.''ces'r, ciifîicu-tt:,r i-n ee.ch of

t e tlrree r.rr-cìes. 'Ihe ,rct.ire ü¡elve students ?.-Ðlee-r i,o ltir.'e a rtucl".
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gjl:eater und.eys+r,a'r-rcìi-n;r oi'blre conce'ilf invoiveC trut e-¡en l]ere the fun-

ctional ¡'el ¡Ãicnshi'os ha'¡e l1o',, been adecu-:re-l-;i es-Ua'b--risheC' Tn the

liglrt of the fac',, tliat ¡:ra.cì,e 'uLrelve studenis Sr-'enc)- nuch oí their i"i:;ie

ItuC,;r1ng ine s-braiaht iine, -ï;heir" llef'íoÛt¡.nce on 'r'his o.uestion l'¡as

rto'r, .¡e]:.:¡ encouf'agin.g.

'I-AB]J XL

Tl-E i''A STiiì.:( COI'r;'ICIEIiTS ilOP, arllElillloiis 52 ' 56

Gra.cie X XI IiII X-XÏI Rank

GBTGETGBT

5z 69"L7 65"1y3 6t.16 79"79 B8"cB BLr.8o 7e.ß 92"50 87"02 I

53 L2,o3 ?.)r1- 10" 28 2l-,.21i 2?. El 26"L0 52"9)t 66'25 61'07 5

5lr lr.rí.1r 38.?_7 L2"52- 5!t.!rLt 68"87 6)^20 7O"r9 86"25 80"15 3

55 7 "52 9. 88 B.)rl 3iJ "38 3!.1+ìr )-Lo"oo ?B.lr3 82"50 Bo" 9z 2

56 Llr.36 25",o2 37.-?9 59"59 (:5"16 ('3"20 69"02 83.75 77.86 lr

roraf 35,6\ 29"38 T"27 5L.3L -18"29 15"52 69"i\L ?',2'25 77"10 52'33

¿r -

The ,oa.l:le l,:lacls: To:,: cr¿es-r:i-on 5ø ¿ne f¿rade ru,en girls a.ì:-LainecÌ

a- nas'i;er;r coef ici-ent of 69,Li...e1 c3ï¡rr,: -bhe boys 65"li3.qer cent, ¡nd ihe
'r,ota.j- gi-r'ls ancl bo1,r-s 'r,he naster';i'- coeffiãient fo,' grrc-ie 

"ãn "¡as 
67'76 ete'

Tn-¡e::se varj-eticn Þreseote.i. a great dea-l- o,i cljf-''licu]-i-¡ ì,o 'i;Ìre

stuclenis of g::ad'es ten rnc e]-even' Tire be-¿ter lrer.ior"ances blr ihe gr:'de

t,'.:elr¡e s'Lucìents j-s crobabl.y' r-irr,'-: io tl:e rÎa.c-ì: 'ihat ã. i[ore c]etail-ecl' stucl.-"r

of r';-,r,io, Ðl:olo-f.tion ¡:lcl. va.ri-¡.tion is a rle-::-,. oi'the p;ra.de t'¡elve

¡iaihenatic s Ðr'oÊì r:'¿rln 
"

Souare 7'ç1s'?" '¡a.E atroiì',er a::ea in -';ii'ì ch gri'd'es -tan e'nd el even
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stu"ci.ents sl.oi+ed. l-i-t'¡ie success" This is a bii, su.r.:ri s-ing a_s g::ad,e

eler¡en stu0eir'¿s ha.ve :luch of iheì'Ì' n-r^ôl'r¡m in :1 ggþ¡;. bi,sed on su¡'ds

a.:1d, inrric'..:s. Uníor'r.u-il?tcl- -¡ nu.ch of ihe i.¡orlc aprleeïs io be on ¡. man-

i'rulr'uiv¡: ba-sj-s a.nd-t,he lresu.l-'t,s orÎ-Lle inr¡:sr-.iiia.'r,ion shol.r:.'bltai na-n-

j-r:i,r--l-¡.tion cj.,,,lroid. of fir,nc'bj-onal- urrc:rersi,anclj-nf, j-s of --l-i'btle v¿lue.

A ccr..¡¡r.r"i-son of the raster.r coeiricien'¡s of T¿-b-"ie ïL, r:age 10ó,

"¡i-Lh 
i;l::.i; of 'I;,-b,i-e IN:IIV, .Lîage 9l+ and ',rith T:,ble }.Iltv, rage !'-6, in*

äj.ca.'r,es -',rie.t bire in't er*pre'baii-on of cl-eirenrience is rnore d.rfilicu-Li; 1n

fortlu-las ihan in ver"bal st¿.ienents. lire natu¡'e of nan.¡ of -bhe ï'esponses

ir-. ''rhi s f ic)rr-ll oi cues-bions s.Lrcn¡r'1 .,r su.rtr-.rc.f 'r,s t,ne susr ic.ion ¡llai -i,he at*

tenrrt was of ¡ire n¡¡-i:u-¡:e o-[ ne,'tri-r]u.lî'r,i:¡.-: j'-rg¡;Iin11, :'-nsiea.ci oi'Lir-i nli1ng

abou-'u -Uhe riei:enc'l ence o-r' ::eiationsh-ì o betr¡een tbe r¡¡r'i:,.bles o,fl 'Li:e a"l,-

-eb::ri-c 'lo:::. r l-a.

Su.b*'Lest iII, Llr-r.n c*ui cn¡-1, ìLel-a.tionsÌrj-,-. as jìeoresrlntecl l¡r¡ Grarhs "

Tn ihe inj--bi¡.L l)l:oir,llâÍrl -q3v,.::I1 
'b;"c'es of ,.'.t'.".Ðl::r r;rolt,,:: cousio.e¡r:d-.

Thr:s t', r--ïel'e å--q f o1-lo-..is :

.l-" 'l'lle qr.l.:tl't of cl.ircct llrort,ct'l,-i ¿11 i,illj-ch rì¿ì--\r lte rei:::Ltgi;n'';ec'b-¡

''.hÊ llo.rrtula. y = ax i,,heie lall r3.'1r..::;ents a- const¿:n'L,

?-" The grlnh o:1 cli-:lecl, l:rol¡rtion rll-u,s s. coÍis'Lri:n1, i_¡-i i,:re f or¡n

"r=¡lrJb.

3. Tl-ie grarh of in.-erse ,lrilr,.o'1'ti-o:r in the f o::n y- * aly-

Ir. The gr"arrh o-i squa,.r:es in ihe íorm;' = e:{2 ühere rre.Ir r'ê-

l-. r e a er-r,S u,n:,-t"'¡.

5" îhe ¡,r'anh lf s;cri-r-et:e:; i.l 't,ir.3 latiri -¡ * Ðx.2 1.¡;etc r'itr i s a.

r) o E i,-l,j.ve lli.,itber c'tb^c ",: iyi,3^11 r..r-nf.r¡r,r 
"



6" The grar;h

7 " TÌre gra-.-ti-r

resent's i'tni tr'"

of

of
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square I'oc-t*. in tl:re íorn 1. = aF

cu-bes j-n the form ;r = a:;J i,Iirete riarr re'')-

Tire -ciudents r.¡ere a-ske,ì io consi-c,e::'i,h.e sevea t''¡oes of granhs

ila.i !l¿:.d. Ì:een const¡'uc'beo- encl belol.l each-lrriie 'úhe fo::,i,.llr-ll. ilrr-u'.^:-Õuld

shoi¿ tÌr.e::elatronshirl tre'r,r.,¡een the var'ieb]-es" !,,rl,,:e"blio Ð.rrolre.o'. to be

tco eas.;,- Íor s'tucìents oí the'¿lrlee hiLgh school- rpaces" TÌre varidit;'

coef:-'icients -[ol ti¡res 3u 6 and 7 dj-C- no-i, '..ia-::rani; i,he rnctusion of

'rhai r,¡zr3e of g::anh i-n 'bh,: final rjra.f L. ïn es.ch cise ,¿ire -¡a.l-i-dibr¡

coefi'lir-c:-eTÌ¿r, r,1å,Íi l-ess i,,1'¡a.n .10"

In ijre fj-n;..'l- r;ra.-ít th:'ee gr':-lhs r{ere _inciit_cj.eci j_n -r,le Les,¡"

Ea-ch gra,rh',';a¡'l colls'r,itu-cìtecl in sub-test ïli anci- fo:"-,e¿.ch gra,cii å nlüt-

'oer of cu.r¿s-Li.cns irere a-.sl<ec, i,o {e'i:eri¡ij-ne ì;he der:ii: of i-rncjersiand-r:g

in- r'ea.d j-n.p=: gra:riti r:¡-l reÐri':sent,a-'r,ion of a futcÌ;iona_lt_ sj_tu¡,,iion"

57 - 61-. Bel-or.¡ is a. gïallh -;¡n j-ch 
"Ja,nes pr.ena-recì. å,f-r,er a

irì-hj-ng triir r.,.'rbli solle oî llj-s fr-i,elrds. I,ie et"-
ternrted ',,o sllor'r the relaii_on-qhi_r: be"Lrecn the
cl.istence .t-nci ttte iìne r-i:.]-ired.

,.lis'Lance

in miles"
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i7, ,'.lrat, r"i:ts iÌre .:.v,:,rr:-l"e le'l:,,,t :-.eL ho-il_a' 'ì,rre.1r r,ie.lltcri?

:iE . :'lo:,i i,r ,:,el¡ ho';-::s ci icì i,.:e;' L.::--l-ìr ?

5?. licr f.:-i.'1ì .i.cì i,; ie;r l+:¡.,1-ìl in 2 Ìtc..r.s: 20 niinu,j,es?

6A. ll"ri-t¡: lhe-, f c:rniila iùi_cli i;oulci t:r-..¡re,sen,ú ille
i:el aii,on:il:::r.r: ile',,.:.:ei:a -i,he 

cl i-s'i,l;:c,: aarì .¿il e -i,i.Lre 
"

TJrc lrt.r.s're t::.:' ç:ccî ii-ci-en*r,s .io:: e l"cl. of 'bhc.:sc oue s-bi.c rLs iìla.;,¡ llaì

Íoi,r,r-rcl- i-n 't,:b-l-e ").-i,r" -4. sr,r,::r¡ris.Lr.,Õ' .'¡e â.-'rL1-ir i¡l -l,hcse lrl:-s''úc:1.¡ cocíi-i.ci_cnts

T_i !1.1,;; ,a,ì,I

tliii ri¡,5.i-il,li cû-ili.iICIrir,iilts 'r'{}rì_ ':iirit?_i.l'ì,is ;1? * ó:i

t::'¡,,.r,e li üI jiII X*j{II
GI]T,J3Tti.RT

t7 9r,73 92.Í? ,)?-"a6 82. fl? g2nr-: 8t.irc 6(,:.67 t)2.51\ 32"Lir

58 9L"73 ,l5.rn 89,ç:í 80" 3r S9. jlr 8,5"00 116.67 B(,"25 Tg"<Z

i2 7C,(:7 7,a.?5 72"\) 6a,6L 76.8?_ T.j")rO 56"g0 cr2.!O 72,5?

6o 7a.67 16.?1 7z"j:j 6\.65 B,(;"a9 Jl.(la 50.Bz BT" í,0 76"3j

6- ,Lr8"8T l-;.i,6 lí1"!o lrl.lrl ?0.86 ,5c"cc Ll"Ir 72,5o 6t_.0?

:: "" J::!:ï !: :Lï:ïl' 1: :: 1ï:]: l!:!* ::' :_
Thjs Ta.l:-l-e reacls a--c Tel¡r'_e XL.

is tha.t Ll-re coeíij-cj-en'i,s Íio::' ¡.:r.ao.l;s ten a.nci el-ev¡::¡r rijr_::l-s are hj-zhe::

i,ha,n -i;l:ie rr:'.s'ùer-,r r:-oef.i-i-cj-ents -í'o:r the g:r"arJe -i:i-rel-¡e p.i.::'.1_s" Fo:: each

cu-es-Lion lhe iri¡i.-ster:;r" coe:iíicien'r,s for t,j-re ¡:.irt s cl,::ct'e¿.sed, j-'rorn



lt-0

qrs.de 'r,o gÍ:de" Ío-r" ',,he bo;is -bhei'e i-s in most ca-s€)s â- sl:-gh-c j:tcrease

i-n'r,Ìre:"ea::ie::¡r coefí:uclenr, ilroni:'1.",?rìe io 'rf:.díj. The nos'u Ðronounced

treno. -uo-,;¡a.rCÌ an incr:ea.sê .¡i:i.s 'in-t,he abi]ii;y to -u¡'i.ì,e the al-5eb-r'aic

:'el e.tj-onshi n'¿ha.*r, exisi,ed l-.etr^reen tlle varj-e.b l-e s "

The abilirÍ *ro j-nter¡r'et cranh.i c:l represen-t'atj-on c.oes not

al¡rrear t,c be cìe.¡e-r.oneo. to a.n;r trcai e:';tent" Tire tT"inc j-r-.'l es -i'nvoir¡ed

in orres;ij-ons 57 a"nd 58 ¡,.¡er'e-bhe serte as'Llr.ose involved in oues;tions

59 arta 6C" TÌ:e corre.l-atj-on 'Det',.'een these t,'io -"ets of ouestions shouli.

'l¡e ver.¡ hi-eh i,.et. thez'e is a. ccnsic,era,ble r¡âlti-¿ìnce in tirei:: yt:.s'i,erl¡

c r: e ilil i-c ien'r, s 
"

The *ceconit. grou.n oÍ.1 cu-es¡ion.s. r'¡a"s ba.sed. on ¿¡. graoll o i t,ì.'.rcres

l^rhj-ch the coe!Í'icLent of flre sqria:rec va::ia.ble -is 6if;r.

6Z-66" A bo-,¡ has fcur s,:tlares ea.ch of rii.íjierent, size" iie
nl-ot,-i,ec 'r,fre relationshi-n het¡¡een 'r,he length of the
sìdes of the soliares ¿nd '¡he ê.rees oí the sruar"es"
t



l-r-1

/6̂2. ,lh,r-r, dc -ì,lre nr-r,,rbe:rs a-'ú -t,he hot1,olir oÍ tle iiìr::ìÐh
re.rresent,?

,5). ..,-h"r r-,o LLe nr¡r:be s ;-l-cnl 'i,lre sjr-oe oi ¡;lLe grl:rÌ:.
.¡e¡ t" 3 s,:n-r, ?

óir. F"e¡-¡c-r. froäi iìr3 gr'l1h t,þre ar"cJ- of a s.ru¡.re 3
inches in l-eng';h"

/tJ6r" :'Illt i-s i,ire i-nc::e-!se in-bÌrre rì.if.f6i:ences be-
t',,¡e..:n ì-,he ¡.r'e:,,s of tl-lo seueres as tire si.d-es
oi Lhe squares incr':ase b.'r one ri.llit?

//t).. ll¡"ji;: ì,he íormrl a trla-t '¡or-i-lci sllolr 'che rela'Lioli-
sjlll-. 'nc';i¡een t,hese 'ú'!,trf ..'Í"ou-¡ls of ve.lues"

rìr , ÊT ,1 1¡T T'ì'
l:J.tJ llltr_

G.r:.r:'e )l ,{ï XII X-}|:LI
GBTiSTGBT

(,2 r.1,"66 TLL.0l r>î:"2.i 69"69 77.lrE 7)-r.Lo 5c"91,80"13 70"g?

6-1 19.3g 72.81 (:,lL.li[i ç19"(tj ]6"82 71r"00 ]¡!r,02 3t "25 ó8.70

6)i 5T"rli 5::"zA Ll "?\ (¡j.63 7L"t2 ó8.1r0 50"98, 8c.00 lr8"7|

65 9"77 1.1,"1_t :l_0,28 ro"-t-o 2:t.,35 L7.2a L"g6 3a,c)o t9"i¡6

65 2L:"06 30.86 ?-(t"â3 31.-31 Lt]'."3i 39.2c\ n-"57 5o"oo 38,91

TCTÂI, i.li"01 ):?"39 iti.'.5L l-r8"89 58,hl íir.611 3)t.9a (ti'"ao fi"29 5t"¡e

The Tab-],c re¡,cj:-. .:s Tlble i{I,T"

The i1'¿r.;-t¡r,et,ert:j_on o,i ilii_s ,tr.rt:.or .re.s r,:lrclL iro¡:'e d.j.,ir'l-icLlt fo::' t,he

s1,u-clen'r;s il:r¿:.n 'j;].:e -r.nteri-.::et,a'L-Ì-on of '¡he gL:ir¡rì': of rii:lec"t, 'tr:'olo::'r::r-on. ]i.s

in the ,t::ç:r'-j_o'-i-q ¡;r.l-rir, -Lhe .lj-r.l s of gracì,e t,en sh.ouecj z. T:eLte:: u_ncjer'*



!L?-

sr,a,ncilng o i .i,he l;t'i nei .r-l ^s i-n-i¡ô-lriei 1,h¡::r i,he qi-i:'l s of :,ila.cì-e 
'i:,',.rel ¡¡e.

Tite bo.Ï5 sho:¡ e. .i:,.j-¡'ll-,lr ¡çt'¡il ¡.1 i.nc::easc i¡r ';ì:r:j-r' rrl¡ii-'l-ul¡ io i:t'¿el-c:rct

íhe ¡,ra.nì,r.icr,r.l, i'ci:r'eseit'L:.'r,j on. t:rnrio,-rj-r:.ì,ej 
"i 

one* uìiirri of i,i:c-: si:ricìr:nis

colr-id niri ier,erine';he e'le¡ten-Ls oi-LJre ¡lrali"- Verr..y- iev ai'".,.r: sir:-

i-itn];s r.rç.¡,.; ¡r..iâìlt c i 'iìre í.'g'; i¡',¡:,i :s -Ì;lt,'-: si,ze of tire sc'i-r¡:,le i-¡:l ii{.-:l?('

r,ht cli.Í:lr:Te'iLt:e jr-,LtL åte¿ì bi:tt','ecc. *cij-ccestj,vc -qc.ìtei'es îo:r¡t a-n ari';lrre tic

Di"o;ìi'es:sicn .r.¡i-Lii i.he i:r-f.ieïí-läce i:e-l,-:¡een -i,he j;erns of "bite r:l'oqr-essi-on

es 2. 'lhei:e e.jlr',\e¡,rS to b.; l-i t-l-.|e, i-f :.n.', ,:,1'r,'ì,eni, j-on ,:r j-i::tc l;ecì to.;a.rcì"

ihc cl r:'¿,er'Lir:'ini-nt a.nC. üorfs-i,1"ì1crj-oir. oÍ r::r¡.lhs i.-r'¡ ihe '.¡-se of l-:i:ai.i,'::nts"

?he use o.i rï:cj.:t-,tn-i,s :i-rr ¡_ir¡..rìrj-cr.iì felÍi)r,.Êrl+ul.i,j-oll r¡oLLcl- Ì'Lol rlll-r¡ ¡,'j-d j-n

Il:e coLls'uilrctian o-Î g::;:,llì'ti c¡--L relrresr:nti.-"l;ir''ns l¡ii-i, '.'¡rlil r-i- :, 1-;,,'o ai d' s'l;u-

clents i-n tìre r-n.Ler.':¡::etaiion of -Llie re,l-e.t,i-r:n::Ìtr,r c:lisbin5 bel,tlc'n 1¡a-i:-

i-a-b-ì.es. i¡i ne.l l-l¡: i,he in'i:e¡'itre-r,Fìti-orr o.i "ulri-s frtr:Þh a-nd, 'i:'Ìie r':s:lesen''l-

a.i;ion of L,he :.I-gebrlic folrnu"la. rrl3-iì v€ï;r u-lr-È a,'t,,i.'Sf:.c'r,oi:1r.

'Ih¿ firi:.l- :'zr"¡:-ìll r::¡ sr-'-r-l-,:.r 'ùo -bjre ¡rececìin¡, g.r:a;rll in '¿hel j-N

r.ia-s âiso a. q::alh of sclr.?-res bu'l, ii, va-i:j-eci :i n th¡-'i, the coef.[icien-ï, oÎ

the seu-¡.r-ed], va.::iabl-e'¡as noi; ,:nj-tv. ir,rii,Ìr-L.lie e:<ce'r-bion of '¡rr:j-ting'r,lie

.Íornula. co-ru:rec'b:_n¡¡ ',,Ìre vâ.riebl-es, -ì-,he cncstions -bh::t -øere ¡.sì<er-l concern-

-i,ng ihe ¡¡.raph ¡;btennted- i6 i nr,re sii-,,'r.'" :íJur',,iie:: .i,rCers-t,a-:'lcl.ing s oi

17r rJr: ¡ ¡l i.e.-ïlseLlt,e.-r,i O.ll.::* ''--''

j,,:ith mr;s'r"T1'coa!{:i-ci-eiris ?-s --1-o',,rr as-ihose iL: lfab-l e ILIÏI, na¡e

1-t!, ttre j,n';ernre-ua-r,icn o.i I ra.nhi cir,l reÞresenta.lj-on i s nof cier¡elooed

Lo a,nv grea-t e>li:eni a¡ion¡.'st our" hir:h schocl s'r,r-lcl.en-Ls' ln ciu-esiion óJ,

',.he studenrùs i"reaÐ a.skecì -i;o rie-f,ernine p:r'a.'rhi-c¡-lr:,i lnot¡ a- cl:an3e i-n one
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67 , Â.s the value o-f A

6al" "4s X r¡a.r:ies froilr c

5g" tor¡rl-e-l,e -t,he *r,a.bl-e

ï
A

:ì-orlltu I

ancl n

Stud-'¡ tne gi'e'lr', be_-l-o¡.¡ Lncì

a.r'e ba-sed oir tÌ--r-ì s gre-,:j:.
4

¡

D

tl_?

â,nS',.rê:î i;ìe cues'r,ions ü¡.a.t

'/,

i.ncl'ea"secL the i¡¡-l rie of T

'¿s 3, A var'ies fron lo

o-í cori'es-conr]i.np: vaiues of l! P-t-rci 1r

th i: rel at,i onshir¡

¡¡¡'riable e-ffecis a.nother -¡a-ri-abl-e. The rnes.uer.y coeff:i-cien,i, rarr,!,ieci from

5L.88 ilo'i;,re r'-ìrrs in,¡:r..,Ld,e-br¡¡e'rve to 77,50.ior p.:rscìe tì.rel\.¡e boys. rn
ihre'e of the -ioui" cuesti-ons in this ÉlrouÐ the gr.ad.e ten girls ciicl better
than the gra.cle twel-ve girls. In i,,.¡o of ihe four. ou_estions lhe g:rarJ_e ten
bor¡s h¡.cl e" hi-eirerr *ester¡r coef.íicient .bh:rn the bo.rrs of ?,rad,e ir^letve" ïn
lues'r,ion 6B the stu_clents i;er.e asl<ecl to clete::mins the raniie i_n oni: r¡a_r_

ia-b]-e a's tjre oi;ller i¡arj-abJ-e j-ncileases be'r,',.¡een cer'ùa,i-Ìl lim:-ts" T¡e g-ir.l g

oi grede t-r.'¡ç]r¡g shot,.ecl- tli.e l-ortesi a.bil -'Li;-¡ 'r,o inter:ret .uÌie si-i,uation

ancl the bo_1rs c,î ¡rrn_ri,,: ten hacl ihe hig:hest itaste::)¡ coefi,j_cienb,ioi,.Ì;i:e

/r ," .il1.'t-Le l,ne

betr¡sen ¡

t,L rÐg h¡*i,
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,litl;i )t!IïI

ll¡l lrilST,:Lll tOlllrj,{lllllrlifS F0? iìriIÊTICil,S ó7 - 70

ft'r.rie ií- xl liI l{-xIT
GBTGlìTG]]T

r¡l (,6"92 7r,"25 ?r"09 57 "(,7 72"85 70.,ît 5Lr"8ij 7'i .í.1 6i,"7.\

ó8 61.(,,6 8c.21'l 7a"56 6ir.{.!.t 71,"L7 ?t,8¡ irr,18 'i(:"i-j i2.59

rr9 ).û-"35 lco"L.s )+t'"5ç 5í:";¡ 7i¿.)-E 66"ao 3),33 1L"25 5,1.L8

7A 2"25 J.7C 2.80 ?.07 r¡.,92 r_tì,00 5"88 2ó. ?:i L8.-?2

To-',a,. L3.?9 lr-1.95 L:.,1ì"Ot ,1r9.2lr 5l "lt 5l,r"liO 33.82 62.8t i!"52- 5L,\9

This T:nle i.ea.cjs ¡_s T¡,b_-l_e l{-T,iI

en-'ii-r'e gï'oftrl o.Î -"'ri-rcien'cs. TÌrrou¡irlou'u -[?lc 
E:rac;.es a-lriro:lilrr.at':--]-r¡ "!lif'b.¡

nef cena of 'fl1e si;i-rclen'ì.s r"¡ere a.b,]-e io reacl rhe cor,:.i,.sconcj.j-nr Uabl-e of

',ral u-er -i:r'on t-,Ìre qrar¡h but, tttost, o l 'lhe s'i;uri.enl,s "rleie un.:.Ð.1-e -bo sei u,i:

'i;he ricr-rnula thai; -rlould- i--l--L.us'1,::a'¡r: +;he i"el-a,'r;rcnsþi:-. be';ue:ln 'i;ir,: i¡'.ro

va.rr¿b1es 
"



Th-'j s ch::-.'i,ef' r-r:'e3e i'Ì'r,s, -ii:ls-ì:,, a sLlïlr'-:,-i1 '' oí ';ne IíloËrû i-ittcr"i::,¡i'i,

i n,'cil¡.i;i on ari..:r:lnn ci.irr oil -l;lL..e ,i,nvesti-rt;:.ti ln; .;econr!., c eri,.1l._i ìì colic. Lus-

-i-cns'"li:';, l¡.i,r'hì; be sir.¡.r'cs-ì:e¡-i ¡'.: ¿:. r';::iLlJ-'l, oí i,r,¡ -Lnv1ìs-i',i-¡'å-'¡,-i-cîj il.nr:i.

'i,jr.i-i:.cl-: sì-1|:t..:r s-i,ed..L-Lres llo::.E llt-icit l¡_i_-¡-l_h.i:r. inve:s.i,:l qr_.r-,,Lons nj_qjrb i_.e

;r"'l.]cle in. crcl,,.:r.' -Lo rÌe-Le::r::-i ile ¡rr.!.r,ri'ci_oi¡.1 :i_:l îo-,:ill:¡.'t,ic,l. ::e 1.1',r,j,.¡r: -bc -i,Ìie

i-¡|'tîo:¡rilie::.+., rsi: :.'el-a-bj-onr-.-l- -L.hj-ni: jrrt h;r' s i:,i-r.de..t',,s of n:ì't.llr:iil,'cj-cs.

S'-r-i:t:.r:r.l':l oi Ll.e !-1 n.riinrl.q of t"ris ,lnr¡est,ic¡_.i,i.on

L" llie::'e is a cìi ir-'c-r-'l:nce j-r: -i,he ii1ei.û scof'es -i.l':ofir r:.,r::cl,? 'i,o 
ç:.t:'t..rj_e:

i"n t,ire h-ì-,,..h sciroll_ l-.o,tr_i-ì_¿:--i,icn '';Ll::.t r¡as 'bel;ieci, Tiie L:e:reciive îi:,lng

,ic':: Êr¡,c]-e s ten, ,:lÉìven a-i:i:i, tre]-ve ïele 3?.Or), Ìr5"?Lr a.ncl 52.51-. ilhis

':i-rrÊs j-ncr"Ê-=.s,r 'l,o nean. cli.r'-,le::ences of 6"61 artð 4.rll fron pra-cles ten

ì;o eleven fld], í'ïor-[ r¡r':.iio-. e]ei;-en. to i..:ej,r¡e rcs"i:ec'¿lvel_r¡.

?." l\lthon¡;ÌL ''r,itelc l.res a- ccitrj'':ån-t, ri_se i-ir 1,1 e iite¡.i-i scores :f rotil

g,:::-ri.e'i,o,irz,Ìe orr'l,Ìle ei.¡i,j-rr: -l;Êîi¡'[,]r,,?t"e rs lii.'r,!]-e e¡¡i_rjencr: o.1 cojlst¡.n-r,

ri-se i-n tll,e ne:-'r.n sccres on -Lne ine_Lvicr.ua.l sec'i,ir_cns of -¡ho test,.

1l . In z::lclc 'cen, -ü:ie äe:,ìa scôres Íor' -l;he i:-i-l:.1-s a.i:cÌ l:c,r1,'s i.ter.e

j9.09 rncl i9.f! rr:suect-1-r'e,l--r¡" ,ii';h ¿. c1i-f ,ie::ence of on_l_,- .0,! i-n tbe

iile a.n scores be-l;:.re.:n 'Lltr: ilirJ,s ancl 'nrr¡s 1,ie itiAr¡ sa".¡.r iÌ:a.ì; {;,ei-r ¡.b j -Lj_i,r-

to do fuac't,j-,:nal- 'i,h jnicinl ai, 'L,his g.ri..cì.e level j_-" t,lre sîne,

Jr. A collrr.r'ison oÍ-t,ire ¡¡ea.n scolres o-f g::e-iìes 'uen encJ. e--l.even p:ir-l-s

sllc¡'r"s ilri:i 'Lhr: cl.if r'elerrce of ineir iie:r.n scoïes i-s no'r, s-irn'i i.ì c¡n't, ¿.'¿ 'Lhe
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.tl- le¡¡el oí colt.t,'icìence. Tì:Lr: d-Lf,erence l¡et,"re'.:n-Li.e:,-,e¡.n s;cole: oil

fl:ailes íì-l siren ::nc-, tt+eir¡e li rl-s .'.n L:re serilJles -L:s-bec rs si1;ni.'icani

r..t- ilre "01 level of con,îiCer!c.?"

5. r¡or l"he bo¡,¡s ¡¡. clrjl.le::ence oi'Llte rire::.'rr

ic¿.n-l :-'b e¡-ch l-evt'l t.¡i,-'r,ir ',,h.r: gle,l.ir:r ci:-fíe:r'errce a-''¿

-i-er¡el.

,:UUr ù -1-ù-

i- 1.,: rrrr Ä a
Ur:'/¡.!:.-\¡!',

sii¡tif-

elcven

6, llo:: 'bhr,: en-h,:1,r'e ,:c¡r.iiation -r,es-i,eri ,lor Ì-,:ris investii:"e,ti-on,

t,::e .J,i-ileti'enCeS c;1 tire Ìi1€ren Scol:its j-'r'oîÌ1 ti¡lcl.e '¿O ¡-¡r¡-de are Sian-'¡-j-'ice.n'r,

¿.i,¿rre "Ol- love-"1- o.l colij,rlence"

7. 3.llbhe ,.::.t:l oi Í'ì-r¿.cle e-,-l-i:r¡en i,l:ere j-s a :re in di lleL:erice of

aÐrf'oltj_ne.te-]_-rr ong r"'íì3.i acÌri-?\ret'1et:-i, i:re-t:,¡er-:n ii,e bo.,¡s ¡.ncl qi-:r-l-s. The

nttÍ,1:i'L -qcore for t,he 6tra.cì: elÊrren bo-lts is sl,j-,lr't -l--,r hii.'ì:er .t,h:.:r the nean

sco.fe for' 'r,he i,r:T':ì,Cro -t¡'rr:.r,-¡e 
¡.,rr'-ì s '

¿1 , T:re::o i-s a ';i-Ce ov,:'r-Le"'¡Ði.n:: of the score cirstribu';i-on -'ior'

-¡he -Llli'ee qra.cì,es" The Ðossib:l-e Score ior' ''¿he t,,:si j-s 70. Tj.e r-nolivicl*

iral scoLe: r'a.ni,ie f::on l-l-'r,o í-'8" tr'¡en--¿-,¡*íi-"¡e:tei ceo'r, oi tbe p;radLe'r,en

stuc-'lents recei¡¡ecl. a- to-ual- score ¡,;r':aier then'c le Irleerr scoí'e for-bh.e

qr¡.cle e-l-cven :r,,-l-cl.enis i.nrr a,'.-,'ll'o;:ijäa-L:l-r' tÏ':e1 .¡e ltell ien-t o;' i,le ':ra-:le

-L,en si,itcients rec:j--¡Dcr scoi.-e : l:i1]her' 'bl-ia.n the l1e?.n scor¡: icr al,r,c-j-e

-Lr.¡e-'r-ve s1,uclen-bs" Tl:ri-r:'',1¡-,sj--< rlef' cen'1, of the qracle el-er¡en silrcj.errbs

l:eci:jiT./eal- scotles ],arger -ur.an the i:reen scor'e îo.:r' Srirde t';e-lve siucients"

Ûn -r,¡,\e lor,¡er r,anfe of the sc:t.,rre, t,iii't-r'-1eil-r r)er cent of Plí',?.cle e-l even

sr,i-rCen-Ls recei,vci scor'Ês ,'l-oi;er tìra¡ tÌre n'reail scores .lor' 9.:l:¡i.ci.e 'i,sn, e.nci

i:hjr-::ì;een ::ev' cenL o-i iìre ;:'a.i,: 'uL'i',:,i¡/e stujients h¿lcl I score lo¡;cr t,han
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tlle ¡re¿',n score for gli"a.de *r,en. trnent-rr-ì,irree tler cent of gr:"cÌe tiiel¡¡e

s-r,u-r]en-Ls; ob'¿r-ineci ScoreS bel-oç 'r,he r:le'¡.r'l -score íO¡' tir'!'ie elel'¡en"

9. llrc-rn ri:e.cie t,o c"fa.ci.e 'cher:e is a rros:' ''rbl-e ove::l e'cpi-ngl o'i 'i'ìle

tìlea.r] scores Îor: oh.e gi rl s, but -Llle ller.n scores íoilLhe bcl¡s cÌo not'

cTerLaÐ "

lO. Fo.r the enti,re test,inB ìruc8,râLi 'u'iiere rs lc one ailrl¡. of tlie

Sir slib*-i;es,¿s in r.¿.itrch eiiher- SeX SÌlo"IS a.nr.r SU-oerioril,rt a.i i;he grade

"¿en .l-er¡e l-" lJ ihr: grai,e eìeven ler¡e ,l- the on.l1i area. i-n '.'ilLj-c:':- lbere i s

no si-gni:_-i-c¡_n.r, r,liÍ,':Î¡:rlnce aì; tlie .cl- l-er.el o i con.Îj-d ence 'tfe'urleen -l,he

rrl€atf;q of thr: 3i-r.i-s anrj. bo,rs; is in i,he ab:Lliiy'bo chnn5le i-'he srrbject of

s. i-'orinU,l,a" A'lr the gr¡.d,e r,,¡e-]-ve 1'--¡/êi -r,i'lere ¡-re iÌ¡:ee 3Ïe3-s i-n r'¡¡r-ch

t|ie::lr are no siinitÎìcan,, cjj-fil,:::enr:eS lleil'lel:n tile neln-' Of l:iie !-iri-s

and bo-l¡s. These e-reas a-l:? llesÐec'r,i-r¡el-l': tbe abj-lj-i,;t¡ ì:c reco.Qni ze

lu-ncticnal rel-e.tionshi.ts in soílre genera.l-izeri a.s'reci,s of functron:.-li'u1':

l:.ecop:njrrlj-on oi functi-ona.l ¡slationsiri--c between 1,"ro or rnor3 variables,

-btre abil-ii_rr bo eïrlress 'c:la.t i'elationshil e.s a f oflrìul-a,, a-nci, '',ìre ebili-'b;r

-lo ch.a.n¡ie Lhe su-bject of a- íonirr-il-a.

l-l_. Tor.Lhe qirl"c iher-e l.res onl;)r one frea of 'r,he t,esi; in ''..;hich

'j:here I,Jå.s a s:r'-gnií:i-ca-ni cli-f,fercnce ber,r¡een i, e neans of 1.r'a.de ì;en e-ni,

e--l-even s-budents" Tiris r,,r,:',.s i-n i;he a.rea o-Î chanzing iìie s:u'oji:ct of a

forrnut-a., Ti-.'is -uies n¡'obab]-.r'c]u-e to E-i:e,"ter faci-] it-' i-n neninu-l:¡.tive

abi-ì-it1r tþ.a.n io unclerste.ncli-ng oü functj.onal rel-a'uj-onshins; j-'rrrrol-¡eC,"

Be1,r,¡een ç:rl.ci.e s el er¡en eld tr^ie-l-i¡e -t,r-,ere at'e tr"¡o a.t'34-s -"ilpr-e ti¡-ele i-s no

signi-i-i-cani difíez"ence be¡r¡ecn tire lre¡-ns aL '¡he "0-1 confi-clence le\¡el "



t-l_B

f¡'¿he .ii::st of ihese, 1,he abi_r-ii,.¡ io ie::j_ve a fo¡:rtu-le. _fr.or.rr a tabl-e of
r¡åilr-:;se -ulle,:.e is soine it:aior¡e:,rent in 'Lhe ne¡n scoltes irorr ilie encl oi

a'r'ed.e eler,'en to -bÌri: enri, oÍÌ g::a,cle twe.Lve. In ibe ar"ea of Íu:lc-r,iona-l_

z'ela-',-,ionshil as et,:oressed b;ir rrai:Ìrs ti:,e ¡ri.ean or' t,læ fira_de e]-er¡en

giL:J-s was l¡et'uei'ai, the .03 le-¡e]- o.i confi_o,ence tire.n il:e ¡ean of tÌ:e

Itr¡,de t¡.¡eli¡c: girl-s.

l-2" .ror -lhe þe1rs {,here i s no si3:ni.'icani riif ference betlreen the

mealls of su-ccessi-ve g=i:a-cj.es in '¿he rlenera.Lj-zed asr:ects of functionalii-r,

e-nci in 'L,lre a-b il-it,r- Lc eticl'ess ,iu.nciicne-] re l-a.'l,i-onsiiin i-n 1','1rr.":,'tcaJ ye-

irresen't,a"-r-,ion" In ¡l-1. o',"he:: ereas il,er"e i-s ¿,1 sign-i -i'iclnt cj-i.Î le::ence

be¡,i¿e:':n'uhe inearts ai i:he "0-i- -'l-cvel or,'conficience i¡.'on qlao-e'i,c i;-êcre.

l-J' -For: tl:re loru--l-a.ticn 'ì,esì;ecÌ, tire oni-.¡ ¿lr"e¿. th¿.t does not sho.,.u

i signi-ficant, cii í,ierence betr.reen i;Ì::e ¡:ae¿ns o¡l su-ccess'ì¡¡e gra.cles i s in
-ihe interr:reta.tion of .ir-rnctione-l rel a'r,i onshi!¡ b¡' ,.-r'enh-J-ce-l r.ìtresent-
¡*-" ^.-

1)-l' In r,he radring r,rf -r,he,qix sub-tests there ï,iere only t,..io arees

ubich haci bi:re sa¡:e ra.td<ìn[. Íor ea-ch g::ad,e anc f'c:: the eotire lopr.rl-at,ion"

These t¿ere the a-r"ea o.í iiener.a]ized luectio:l¿.lit¡. ¿n¿_ iLre ::ecognitj-on

o.f i,or"ir a cJr¡.n-..e i-n one \¡ari-,-.il11-e a-f.iec-bs ano'bher.. The re:rrti_np: for the

grld.e eleven s-iuclenrr,s on t,he six. sub-i;es*t,-" r.¡a,s -i,h.e same ¿.5 i;he r"¡-.rrl<jns

.ior" the enti-i'e no,tul at,i on tes'led-"

L5" jlor i:he ::j-r'--l-s in qrlci.es ien a.ncj e-l-even tirere ïrere onl .]¡ tr.io

¡-ree.s in r'rh:rch-birese rti::'is rcceiv::ci o- r,".:.si;er';. coeîj-icrent of íû ner cent

or-betier". Fcr e:.ch g.r:a-cì.e e- iÈori ,.encral a.sp:ct of fu¡ction;:iity a_nri

the recognj-'L j-on o [' ho'.+ ?. cnaT\se i,n one r¡ari e.b] e .'.ií-îects anothei. rrere the
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on'l-r¡.r.reas :ì-n.'¡hi-ch a._ master...¡ coef i,i-cieni of: l:0 rier cenr. i;ere ob.-iain.ed."

!-or' l.he Er';-cie -i1.¡e-r rre r-i i'"i s ilre ¡'e l.reT"e !r,i'o ¡.reas in ujtich '¿he¡¡ ôj cl not

et,'i,ain ¡. r['s'reri. cor::f.ii-cient of 6C ner cent. TÌ:ese a-l'eas lnere ï'esuect-

ivel--¡ i-:e abilit;," t,o cj.e::j-r¡e e. fornu-l-a -iroir a. te,b]-e of '¡.r-l-ues anci fr¡¡c-

ii6n::l- r'el-aticnsir--'r-c as oïJuêsrS€d bj,t n:a.trÌ:s,

Lr'," Eo:" i,he llt:e,,c1,.q tc,n Ï:c;rs t,herc :.¡r:r'r ihree ar'.ja.s in wiij-ch

*l¡o.¡ ¡ìjrì rrn* oi-l-,¡.i_n e rita.ster-¡ eOef l'lj_Cient Of 60 ref Cen-i;. Thj,-* l,laSut 1!: )' u.Iu r:u u :'- u

j-n ì:l-ie su-b-t,est iha.'t, rjerlì: rri-tìr 'ihe i'eco:,rni-ti-on of jlunctioile-i rele.'u-Lon-

shj-rrs ¡l-ncl tre sxr-lï'essio¡ of ',-,he i'el¿:-uionsli-'rr as a í'o:rinilia. j f.he tòi-r.it=..-

'ì;o ci..¿r'ir¡e a. for:l¡,rl-a. -f.':ô::¡ ¡. 'i,''bl,: o i Yí'l-u.rs; and t,he ahili-Ly ';c ciranqe

1,he subject of ¡- for"mula. fn -{r'e.cìe el-r:ven ti:1,-¿-¡:e ïeie-Lr,io a.res.s,"

n"r,üle-l-.'i 'l,ire e-l¡il-j-i;-¡'r,o cl.er"i-v' :,. forrlu-la fr"oit a t:i.bl-e oil 1¡i'--l-u€rs :nd';he

:lrj-Lj-i;-,' 'i,c cira.nqe the subjeci, oÍ a f orr,ì1,1"Ì-e. I'o:,:' ,*t:r)c Ll^le-l-r¡e 'tr''¡-q 'i,he

¡rr,-'.ster'l¡ coef iici-enj:s lre.r'e i-u e,'lcess of 7t Ðer cen'1,"

I ?" :'ii1,l i-,.:o c:lcerrtions 'i-Ìre n."i-<iç¡.¡ r:a::'i, líc-Len-',-" ior ei.ch

ijr'¡¡.rj-e-sex-.-rollrr j,n cach 5¿þ-l,est j-t1c:i'eases Îro.il- g1'tc).e to ¡¡i.¡.d,-:" The

i':io -zcert,i-lns, ìro'l,h ai-'r-si-ng i-n sul¡*iesi VT., :r.: -bhe sha;-t iecline

ic. i,he i'i".s-ue11- ccef ii-c,Lcnt íoi: the ir:¡'a:de -b-'iel-.r,: 3i¡'l-s-, ¿l.ndthe r.lecl'eese'r

ir,n i-lr'e ';,r i,¿:-1, rf,?..c'úeï-,r cccf ii-ci-en'b f or' ç,,r'aclc -Lnre-l.,ve . The .l-a 1.,'i-er i-s clt¡-e

i,o ihe t-ìrroìloLlnccci rjecrr,:¡-se :i-n -Lii,': .r,'g'i,e-r-'r r:o.:.i,.'-i-c-1.r,:nii¡ ,ior "he grlcre

'ùr,Ìe I ,ii' ¡rìi rl s

Ì8"

i-n I rrr:rb:-i

--ô-'-.r11'l . . -i.ho-'--" '- )

Tn iìre :¡bi. l-ii,.:¡ 'i-,o {e'iertrr.ì.ne

¡:tat,e:.-,r.:¡r-b e,nc'l -i,o e:'Ð .Ì.'c sÍ:ì -úij

lrr s-i,e::;r aae'Î i j.c:i-ei1+r,:j .r tr" lj

-LÌlr,r ¡'e r Lli ::¡ici, vav-1 ab-i,es -,.nhe::eni

var j-,:.bie :-r j,r--¡. l,n ¡,-.l-r-r eb-¡:a.ic

'i,en i:!cT.'r¿ Cr,t"iie l oi¡. ,-,or

r:liie

-^^.1,,j ai,\.r-r-t



i-n ilie ;i::ou-r 'i,l

.ì;,.::n _-r-l:r¡e1 í,o:l i*iicìL -ì:he n1.s1,e1..r,1, (.û

:lil:: Cen-'i, e-ig,irrr, iir.:-.¡,a-cìe el_r.:ven a

l_20

lrllLl¡ -1.r.¡.. e-'ú,i,l.le ir_f¡,Cl.e

in e::c:,:ss of si_,.:i:;i

-^ ^lítl_l

¡bi-r"i-ti,es involvec'1. in -cii.lt*1:,e st iI

:rfì'ûo :.tt l.l-i:eb:l;Lj-c :]lol:'l¡tu--l-c. r.¿:i:s,l:ot'Ê

't,]':,e '¡¡.;:i-¡-r¡i,n,., .i,niro'l-irecl i-n i,he f liix;

o I,l .i

-L--^¡ ---tr fl':i r_ \i u "

-rliL¡ se --l-

Of fire '¿i¡o

{;1i? r¡s¡i¿b1st

:: c-Li-on ,rf

:ì-9. Ð j-.cect vajrj-å"'r,ion bof r.¡e..ln 'i¡e.s iite concel-L be¡_-ri

un.j e:f.e-i,coci b¡r L,he s rucÌeni,s o,il e .3-cir gre-cl.i?-sÊ)i fjrtoilì-r" :lnj-s r..¡a_s -ì n -iurn

.Îo.i-].o,;ecì b-,' rji-rect, r.r"ri-,?.trui-ôn :¡hei:e ile i ncleor¡ncl.ent v¡,ri.able -r-s ¡ sc,.1:l're 
"

i-nverse va-::ì-iti,on, e.'ilc ûj-n¡.l-l-v cli-i"ec'i v¡r'i;-'r,ion to a sc,ua.re 1oc,l,"

20" r'ii-';h 'cire :-,ossi'o-Le e;';ce.ii;i.on o I d i-r.ec'¿ r¡a-.ri¡,-L-Lon, .ir,i,¡tc-i,i-ç¡1¿¡.1

r^.elati-onshin ¡;l exn.rcsse¡l l1-¡r ¡- N'-'11 e o.l ,;'¡.Lu-es is rrot oevel-o:le.l -Lc ei.rJ¡

â.1-rr j:3c j.:ll-l-e i;-n dersia-i:d r'-n¡; iL1, erren ì:he g''a-ci-e t,¡.¡e Li¡e l c-¡e.l-. Ijl di::.,:ci

vsri-?-'üicn r,¡Lre::e one of 'che v¿.r'i-sbles is a. s.tì-a-t.e r¡a,s cÌelel;ecì. f"oor *""

aru-est:tons ì;i-l¡.'L "¡erc qi-ven i-n ijrt: 'r,es'1,, trle reina.ining ciu.esj:ioi-ls t¡c'¡,ld in

iltoslu ciÌses sjlot.r ilrls'ber;r coefllj-c j_eiris. belor.r fiÍiy ne:r cent.

?-L" Prior to gr::-de-L-¡elve¡'¿he abi,l-it:)r.co cha,ngìe-Liie suÌrject of

a foi:litu,l-a. j-s not ciel¡e-Loced- io ar;'r ¡;r'eiLi, ext,eni, In the rlejori t.r of

ca-se-c ihe ¡-nasier'--v coe.iiicj-ents in qr"aoes -Len anrj ele.,.en r,¡eie'bel-oi.r fift;r-

ner cent,. i,.Ii-r,ii one exceltion, ';he toial nia_ster,¡ coef_îicients .ibr gla.i.e

ì,r.le-l-r./e .;eri,: "oe-L',,er ',,it,:_il scìr.rentl¡-seven neï' c ent"

22" iro:: p-l:a.lhical re:r-z'esen,r,ati-on oi f uirc'uiona-]- r'e-l aj,ionship i;he

gr.?-ph o.'i di::ec'¿ nropcriion r,ras -i;he ea.siest t-;"¡e of a,r'a.i:h to inier,¡r,i.:t,

ïn rc:¡.ri-inB; 'r,ne :l-n.f'onm.i;j-an 'frorn ti:e granh, the stu,eien-L;s at each revel
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lrs.cì, in¡.s'ì,er,¡ coeîîici.eit'rs in excess oÍl si:ltl\¡ lt,3i cenü" In .ihe inter-

lrei,a't,j-on of -ll:e cor':ros,-roilC'in.' a.l:leb¡:aic for.-:ula. f coril the gra;rh, -ì:he

rz:-s't,e::¡i coeí-fl j-cienis .lo:: r:he ¡,-i::l-s ¿ti clch gr:,,d', level r.¡eTe 'oel o...r

fift-r. oer cen'ì,. Eo:: tne bc.-¡'s ¡¡" n:ste::y coeíi.icienr,s r.,'er"e 55"55,

7D"86 ¿,nc1. 72."50 fc:: gr"a-cìes i,en, eJ-even anll: t',.:el-r¡r: respective--1....v-" TLle

re:ult-t,s of tire final 'Ll¡o zrachs j-ncÌic:';e th¡"t bhe s-Lu_cLen-Ls c::,n ¡.ea.d

r,¡ith rea-scnabÌe accur¿ì.c.'r,¡ tire quarrl,iì;ies or -¡a::ie.bl-es ¡'enresented, but

hlve -ì-j-i,tle u-'rrder'-qtendj-nq of such conceni:s as gï'e.rìien'r, 'the i,al-. l-e of

¡¡ar.u-e..:" o:: 'Lhe îo::nu-l e. rel-aiing the vari-abl es"

Concl-u-si-cns

\s :- iesLr,l-t of

lli-niini's o il th]

,s-bi llati-on thc

l Jnv,:s¡,Lri:-t j,on

.îo llo .¡ingr :,r.re -Lilr,.. co n.-

i-n -t,Ìi'.--:

'r,he in¡¡

cli.is:-onL-- :

-l" iflrorrgh,ou,t the iril¿ir schoo]- gre-c-Ìes, 'Llrere is ¿t lleasurr::tble

increaSe j"n|he ¡'rdol"e*,rnri'inø ¡f the _Ítmc'¡j_ort conCer¡t b)r l:i_f¡,Ïi sChoOl

si,u,dents. 'lì're incre:.se in t,':e rrre a-n iroriÌ tire-r.ie to ¡;r:.ie t"ras :'e¡;ule-r.

enc si:-ni Llicr.n-b a.t i;he "Ol I er¡el of conf icience.

2" l"Iith one excerrtion, increases i-n tire ne;-ns of the indi--¿i-c]-

u-a,.]- s-,-rb-i;ests r^rere recorCecì.. Tii,e inci:re se s: holier¡er¡ liere not reg,ul_ar.

íor ea-ch of the ¡hases of fu¡rctitna-lit;¡ t,esteri. fn -t,Ìr¡:ce sub-iesi,s

the inCrr.:ese i.û -l-"he nean f.r:om qltacìe to crade'i,iâ.S I'i::tu--i-a-i'. T:e cìiffe:r:-

Cìnces oí tìte iíeânS on tjre renaininr: srb*t,est,s clid, noi erceeC .7!.

The i-ntiicafi-ons a-::e th:'-t i,l-:ere is a iairl 1r y1;¡1lar j-nclteÉl.se f::om Eracie

to 3ra.d.e-ìn t,he abiliÌ;;;r of h-ì.'h school- stu-oenl,s'r,o ci o r:ela-Lionel think*

i-n¡: in ih-e v¡.rj-oLrJ r:l,Jc-Ls of :ilrnc'bion:_li-b¡r.
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3. The::"LUcien.i.,s ci {,lr- h-ìc.þ sC}Lool h"rre a_.n ülfe,-:r.,S+r,LÌldrng of a.

.iaì-,.,' r'al¡.te oi .iunctiona.l- concerrts. cÍ 1,llr(ì conceDls Ðresen-Lecl the

øir.-cle i,en stucì.erÌ-,,-q .?-ÌlSiroreci írft,-rr-five .Ðeï' cent of 'ì,ile luesì,'ions cor-

TecÏ"1y,',,he qra.d.e e.Lev,il--r, siucients a¡lsl-terecl six'b.t-five Ðef" cent co-:l-

Tec'JLl,r, ancÌ ihe g::ade 'r-¡¡elve s+uu,clen-r,s a-nsT.del'ed -qevenil'*frve ler cent

ccllîe cr,r.-lr.

L.. In o;i"acìr: 'c,en nei-r,i^,e:r seli si,o'lracl. e.n)¡ su-llerior:ii;r in relat-

rone.--l- 'r,irinlci-ng. In gracie e-Leven 'Lìre bc;'5 ízr ou'ost::ir¡led 'cire gr::ls

j-n ir'le sbili--,-..,. i,o 'bhinÌ< Íunciional-L:'¡" j-ir 3r'a-cìe ''¿:ielv': Lhe f iris

beF::a-n -bo :re8.ain sorne of the ¡Jrounci the-rr lost i-n grad-e e-l-eve:L'l'

5" Funcl,ionalifr 1115 ¡ be t¡.u- 't r"Ltire-¡' i]ran l-e.Î*,, rlo ci.acce"

l'i¡.n-.,. ç¡'-i;ne si'i,u-a-'1,-ie115 -tresentecL l-nt,he tesi,the s'¡uclenr,s llad en*

cou-ntereo. throu.aìhout ì,,teii: jr,:;rior a:rri senìor l,j-i¡h scirool p-.reries" .,1|en

stucien'¡s l.Jej'e a-ekecl to think a]¡ou-t t,h.ese sj-'¿ua-tions in terl,rs of

'î,rn¡*i^.r.'l:'1-'. -ìl- Sooìì b3ca.1ìle :viCent rh:i; :'e] r"-bic1al -bh¡-rtr'-n:: is-L U-f lrJ Ul-!.,.11ri.!! U. ! a

no'; r"l¡;aLCLccl. as the -.1 

'ri-lr'li.nc¡ sl qnsnt, j.n h:'1.'i: school ,'ta.-1h.,'na''rj-cs"

There rras'r,oo ml.ch ¡-,úien¡'r, to e.lll"ive e--1, a. solu-tion tlu:ouilir ¡ncchanical

rrani-rtr.;-l a.t'i on 
"

(>, To a. grear; e;i'r,en-L, d,;'t-bh i-n fl-rnc'¡ion¡"l thinki-n;'ì seem's io

l¡e -¡a.ckj-ngi aì; the higlr scirool ler¡el . Iir';jre j,-n:L'¿j-al-l,,stin!; -Ðl'o!'rê.rr

cne iest con-l,a-i-ner, tr,¡o eLr.e:,:t,i-ons ithj-ch irere su-llsecjtlentl;'r cJ.i scarcled

because lhe iif ij-cul-'ü;r inciex '¡a-s .00. The clues:tions ucsier"i i;lie'bhr:r

o:: no,¿ t,here ii?.s 3- re1ati-onshi-¡ b':'u,':'¡ee:rllhe 1-"nt'.bh of 't,he sici e of a

sjcuâ.j:e a.nct, "i,Ìle feï'irû?t"r: of ihe sarr'te sqtÌátre, l.nd lre|ireen i,he lenqih
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of e sj-rle oi ,:r- sr:Lr.r-re a:r,j :r--'r,s :.rei." Tn ilre jlin:_-l- t,es,; ¿r. ,:ru-es,Lj-on r,\riìs

:j,uc."-l-ucl:rì i:lni c,.r 'r,e s-L.ec, i,hc s-.''lcl,en'L!,s eb-i -r i -i,:,i. -to cì,eti::..iilj_ne ,¡,re1::el oi.

tan¿ -iir::il€ -i s a ::.e1;.t,i onshi_:¡ -r¡e.Li.¡een .L,he :tei

SCr-r-,',ì.1:e" :ilire cU,e-q'i'.: C:n rJ¡S a.n:il.ie¡g¡ì 3¡¡¡gç-'¡;.1_:.r -J-, 
j-rr ^. . '-\ -''î 1.:\.^-l

cf -¡l.te g::lde 'Ì,en stude:rts, ';L:i-r'1;j--one le:" c¡r r al r cl .-:roi¡

s''ul'rcient-,s 
"

Stud.en-ï:s Í¡te no'L chr.l]_cnoer.l su f ili c:i-en Lì-;,r i,o 'bhi-nli

s-i,udLents, aitd, ior:''r,i¡-ser.ren rjell ce:tLi o.f ì,i;e gr':l,.cì.e

cl:j.on¿--l- si,tu,r"1,ion:;, i,ncì. 1;he_¡:'..: ê-f.te rrs to be l-j-ti,lc .t-^ ^,t..--!U'JU:]U

-blie,.-,r'oces:les o,i .îrrnctj-ortai'ì;iririkj-nli to,^,r.ob_l-err

7 " ll'Ltnc'i,ic:rir,'l- th:1 nl;-j n!.' a.,c t¡r:l-iec.ì bo i;:bies ''.-el_ut s,. -nr.r.

i;o ch:.¡t.,, ieq 'ilrc

errteni rl.r:ior'.' rùo

Îe sr,ì ectil¡r,:l-,,r ,ior:

eler.¡cn strr-cìents,

i;hi-nl.;i-az"

eul¡ir-:c''; o i a iol.iu_l-:. j_¡, no-t, d evc Loleci

g.r:lcle i;:relrre. ües'l,e.r;.r co::f . i-c:Lr:n-r,s o

i..,r'a.ci-e 
-ben- s'iür,r,ents, and itj;í,2A ancl, j:j

inclic a.,r,e 
-l 

or',' abiiiì;-v j-n'r;ire se 1,t.ro areíìs;

în1¡

oi -ì

fo ¡:

o l--

t-^

r -li 
J

.)t

ü-r ',r 51,

rrrrì 1rì 27
!,..-!{ /..'ë'. l

..:---1.-

runc'úl_ol1å,_L

8" fn '¿he -r-rïccess of fu.nci;i-one_r- '¡hi-nkir-rr¡' -ì:he stu-den-i;-q cl_ever oc

a.t e,n ?a.T1 ..r stat,: of ¡i.,lt school i;::a.in:!_n.r the abi_li--Ll. ,ro se,ì_ecì, ilæ

corì1ioûÊrlru'larts cf a. fulrcticnirl si._1;r_¿a.ii,,:Ln bu-L clo no-i, clerre-r_orl .r-,o .r,l_.e

S¡Ii1e (:)Lien'r, i n i;h.ej-¡: a.b-ì---ì-i-f.l¡ ''L,O ::,e-a::r-;lnr:e ',¿irCSO t)S_:rrüS _j-nt,o ¿:.n e--l-gel:::¿ij-C

fo::nu-l-¡-. lTs¡ r,3¿çlr "i-?.cÌe t,'.e ¡bi l-.1'¿.',, .-ro seríìci, '¿ile va.i:i-i-,bre s of a

fu.nc-ì,icn:.,ì- s;j,"i;i:,:-ti-on 1."¡íj-sj â.r'-i1'çl;i11.3.t,e-l--,¡ t.¡j.ce a.s gr:-eat ¿is r"i¿r,s ì:he i,.'rril-,r_t;,.,

-u] er:''lì.r.i.:e 'Li¡-e:;e r¡¿.'.r':L¡lt--l-e-c i,n-r-,o a-n e-ll-qeb::,l.ic f or-iltu-i--a.. ï.c r.;l¡-s e."ri_clent,

fL:olr-r. It:n'i¡ r: il i,he l:esìlonsa:is zi ven -L: ¡ll.l tc-bi-oil- t si,-LL.r-aii_cns: r,h:,.u Lire

s'j;ucien'j-s çì.3l,rsrrt'ç¡l ,¡ qï,.'rr.í cici-l on r'c-be --l e.:-rni-ng -re-i,her i;kian on fu_ncì;icna.l

uncl ei" s t,;:.ncl.i- ili,. "



LzL"

9" ll:ion fhe ¡,bove eí¡.,ht obser"v¡-tions ij. j-s c-l.e¡.r th:,{, co-tlÍses

in äie'uheili-iics rnust be so nl-¡l¡ni-iecì .znd deve-l-olecl Lo ¡reseni: t,o -il-te

stu¡-cnts a c cnt j-nl,oLtsj l-rro .-lairr o.i consc j-ous iunc-bi onal si -i,lr:,-tions

:nC to lrovide fcr- grori'bn,in the îunc'Lj-on concerlrr, tllr"o'-r.'-1l.rcut,',,he hi-qir

scÌ'rool- q::acles.

,q;r[ÄS _¡,i r¡j]llfi-i ¡-LT;¡Tiiit, fi,IfJSTIGÂT:t0i\S
Si:lOUiD B.rI Di flIl.OPÉD

l'lucir has l¡e:rn -..;rit'Len ¿.1¡out tl:re devel-oÐinen'r, and uses of t¡e

:fu-nc-t,ion concept bu-'i: i.¡i'¿h resllcc'u to ihis concel-.-i;-Lhere are veri¡ fe-,,i

]-nvesii-qa.'r,.Lo:r't.r 'L,ha.L, h..:v-e bei:n ¡r:rcl.e ¿-L-b ej-i,her rre e-'l-ei'rrn't.a::1', ju-nior

ìi:-th, senior' 1:ri3h schoc-ì- or' ,:ur,rre:rsi.t¡,r le-¡c,l-" Tn or-der to c-.rea.te a

betì,er i-rncler"s'i,and.ing a¡d grrt.;ier u,se oí the fu-nc'i,ion concect i,n-Lhe

'r,ca-c.i--.ir,ng oi n¿¡tl:re.ni-tics:,re.n¡,¡ r,dcì.ition¿.l -'Ln¡¡es'¡i,...¿.ì;ions shoul ,::l- l¡e na.de.

A fe',r i-nrrcstiga.ij-ons th;.',, niEht be sug¡"es1:err- as bhe rcsult of iiris

in¡¡estiga-ti-on a.::e as folioçs :

1. Tnv;sii-¡ia-Lion in'¿o ihe cl,erreloltrl¡':t1t oi va:-ious ¡iieses of

íuncii-c'r:.h-t-' ilrcl the 3r"o::';li of 'Llre flr:cì;i.cral concr:r'¿s -;-;'or-ti' oui

'¿h: e1 t::trr-LaL;., juni-or, encì. ss4¡-or iri-¡h schot-L .,;-raies"

2" 31¡¡,;s-i,iga'ì,ion -ìn'r,o -bhe ¡:rethoC. oÍ Ð:fesent,j-ns jhnction-al-

sj-'r,uaiions encì concel-L,s to siud-en'¿s a'r, *¡he eleirten'LaL:;¡, junior a.nd.

senior hirh school gracìes"

S"Inves-L,i¡:a.t'i,ons 'in'co 'L.he d-er¡elornent oí courses of stu-d.ies

in natncina-tiCs e.t, äe s-l r¡¡¡sni-.¿¡_1r, juni-or, a:rcj_ senicr iril_n sciloot l-evel



"naser:. cn 'il g -Í'unc'i:i.on ccncc::t.

ii . Tnves'rj.s¿ij;j-on j-nic 'i,irs ¡-oç oÍ t,ne iu-nc-Li-rn conc;e'r; j-n

r,he so l,i-,l.-bi"on. o I ni'oh'-l-ci'rs"

5" 'll:ie fuL:ct,-ion conce¡i, e,-s a;r:'--l-iect rúo gleolr'ie1,l:J,¡"

aá1Í¡. T?ie r-i:l,l_-b¡_¡i1g 1,,1,:: '^.-t,i.re,_.Ti a sj;Ud-erL-ì, ?S il-l -,r_-l_t.teilc: .,¡:.r: 
.h:i_S

L'l-i---l-i'i.'rt ';o i-nt,er'rre'4, :iunúiiona-]- -ei-r,r.tE--L,iol.s in l;ili;h.:irl¡.'i:,i-ú-s,
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U_a-. lrêh r"a_^: -1-.

BtÙi(s

iienr-¡ iír'o nenb ere, 3:]g?illgå o i _.sr ",:.t" lltii:gg:lign -

l:,cGi:¡.r,1-:lì-,-l-.1- Boolr ílcrfra.i-ì.¡, Tnc ", l-9h1"

Ch:c¿-1.'p; lilj-'¡rrsit- oi C:.i¡-'Ï'p -FlrÆ+ îfî3-:

i,trEîãn¡l- co unc iîTîTe¡-ci' e::sI'ratn..:iira-Lics. .ã:i-gLr-bh -i¡l¡.::-rr¿lolt o,íl -rh':l

õF rtã';ñr,¡.¿cs. lil.c'.¡ iic::it; dureàu oil
Ccileie, Ûc.1-ii.r,bj-a 1in'i-u'31'¡-<i tf [, ].it]3 "

Pu Ì:, Ì -l,c:'t,i-ons, Ti-:¡"cher':,

l''r:';f' -' ='it. t 
ì-en¡'-"' j.

Lcnrina,ns,

j'rlu.ce.r,ion. I\le'¡ liorl¡ :

i;¡.,:iiil ¿r.r" Il" ?." jlel-r.'üj'*cr1tr.l ancì Îuncl;-l-¡l:¡¿-Ì- Ti¡-rnllj,ne. irJi-ui.h 
.I':,:¡--r"bclÌ: 

O'i

ihe ìla'j:loãîi- ft--,-ltcif- c-l ilercher¿q o.il l,l:l'iheil¿.,'l,i,cs. iiei¡ ''hrþi:
Ru::eau cf tÌul: ,.ic¿-r.'r,j-ons, Tee-chei:s Coll-l eirr:, Cc'i ri¡L-bia iLni-velsi-'';',
1 t]?1,

, L/ -rLié

1)rê?Vr3e 
-fi_l.r-iE¡r !. irTne P1:.Ce of lr.L¡.th¡:rri¡.'bics j-n Scrconc-l¡-r-ii XrjUca.r,inn.rl

The i¡inal P,enort o-i -bl."e ioi-n-i; Coi:c¡¿i-ssi-on oi -¿he iiaih.e:na-t-i.c:-l
ffi;.e r" s æ-Effie.r-'ra.'r,i.c s . TIi l,e entÈ*'Íe ac:.r ok
æ- i'la't hen'ai,ics. Bureau
oí lìu,bl-j-cati-ons, fr¿3-sheIS coll eP-,e: ccl ¡,rnbj-a- r;-ni¡¡e-r'siti" 19)-10"

Ti:ro::nriike, i'ìoi:eri; L" l?er':;oni-nl- Sel-r:c'r,i9n' lie',¡ lir:rk: John l'l-l-1e'lr

ancl, Scns Inc . o 19Lt9.

fiiflrre iì,e-oxg,e,ni-z,a,Li-on o.jl }la.thena.t,ics in seconr.la.r'v schcols"rr
.A. i,ìe:ocr', bl¡ the -i'l¡'¡i-on¿l Corrnit''ree on t'ie-the,n¿ltical- 1lslrr-ll--eiilen'üs

ïtrñffi -t 
Ìr-e-tqá. t.ii e ¡re. ti. c e..l- .Ê:. s s o c i a t i ? " r!_Al" t i! n,

T^.. c - ¡rP,r'ô-iTffi;-liorl;h',on ]'E-1ffi

i.i,r,,llICl.iS

g-s5]i cl:1., :l-rnr:s¡ R" ir-jlevel-or-.inr. ¡'unc'Lj-ona,l, Ti-ri-nìrin3 i-n '-ec¡nc',erir
School jui¡-'i,herä¡:.'uics"rt Thrlrcì Terrboolt oi 'clle i'ìIbi-?ra.l-- Co'¿ncii
oÍ Teache::s of I'i¡'-iht-:rne.Ði-cs, Ñe-r.¡ for"iE: Burea"u of ?ublica-i;i,ons,
ffi CotuT,r',¡ra ijnj-r¡ersi.ly, L92?). pp, L2 * 5(1,
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fr e.t'...t¡.f .r !r,.nll-¿¿. it

Council- oÍl Teachers of iLt:.tn-
ernaihics. lrlci.; rcrk: Bureau cí
UO.'-llllDr ä UìlII¡eI'S:L*v,r, )-/)1. f:'.

'ilrrhl i n.i'i .¡nc T,:¡:nlrar.. O^l I a.'a
) : ,..v;!ç: - vu j. -e: -.J

t-^ -1:.¿ * i).

J0-Cr"¡IALS

Frnì:q -'- '^ " ) J" louston" rrTlr.e ilu:rc'¿i-on Concert i-n Seconcia.rr¡ Scl:ool- i'ia'¡J¡e-
(0c'ucbe:r, r-95[), Li,']l- - L^oLr.m:.',.'i cs. rÌ j.i:,rthrrira- bics Teacher " ]iL'V-f:L

Br:sl-i chr E, R. ltCu-rl j-cu,r.¿l"l' Trencls in l-lig'l School it'1¿|j1s¡¿Nig5. tt

úellgçlirs_jg1gg, XI,I (Feb::u,?"ï:/, r9L8), 6) * 6c;"

Cì L::i siof.ier'-eoì'r: A" C" rtTea.ciri-n2; iì'u::c{;i,oiral Eel¿.i,lonsÌrils i-n Il erten'iar)¡
AJ-gebra.rr School. Sci ence e.nci ii¿l'r,hern:l'bics, XIüII (,1,ia.7r, L9)9),
/11 /¡nrft_r_ _ ()t /o

!J.r Vt!ui.u.LlJ tÇ t U û

1'Þthern'Jics
rliirni-i: ì;i¡.r: !.rbrcj.,Ju-nc-uion l.jea.ns to -iì.i-geb::a. Tea-cìrers. rr

:x:ll.ì{ìlÏ (jra,;r, f9ll3) t ?-12 - 2.t_ø.Te.-'.C I ,er

il,t.g,l-e, ilcl-¡in. rrToi¡a.r'cl- Betti:r' iì-r:;ohs rt.

(ti,:.rch, rgL2) , LzL - ,r_31"

Jr.ger, 1,,,ri-iLj-¡-rr A. ttni-i-'lctiooa"l lia'Ulietla-t,i cs - Gracl-es Seven Through
'l_Ì...re]-i¡e. n j,i:ltheraa-bi-cs Tea.cher, iILIV (i::¿', f-i5f-) t 2c,'7 - 301-.

Geo-i"ge:;, "T. S. !rE'.incì;ion.aÌ

5Cu-c;¡:"-i,'i on. ti School-
1'ì- -i ¡ lri irc ! s,

Sc-ì ence a.nd

.ll1 \.UJçu uf-vç o f i:{a',,i, e.lt aii-c al
I{XIX (tla;y , L929),lÍe.i;hern¡.-ì:ic s

5oB - 5i-5 "

Geo::{es, J.,S.
Scllco--l-

rrFuncì;icna-} Rela.tions
Sci ence a.nrl- lia''t,hena-bics,

Geor:3es, J. ,S" rrTeachinl lunctj-ona.l- Th.i.nking i-n iiathe:ratics.ìr Schooi
Science ancl ]"1a-thernr.ti.cs, .ril,VI (t,iovercber", 19ltá), 733 - 71fi.

S " uj,ia-Lhel.1:.iics in

and ]ta'uhem,lti-ca.l T-r'a.i:ri ng . 1l

li.ÌivÏ (Cct,o1:er', L926\å 1tr39 - 7cli"

'i;l: :: Jur:rio " Col,,,rr¡:,u. t, ,jcir.oo I Scì ence
(rirrch, t-iìl?) , 312 - 316. -_

Geof'o.:)S ) ti.
a.no

]-l:-r'1,,.1n.r iia.,,irj-ce L", Roì1,.:r-b l" :jricliso.r¡ rlli¡'al:hic¡:,1- iuie uhoos j-n Science
ancj. i":r.tl:eli¡.ti cs Te:.chin¡i. ir Sc,iocll Scjl-ence a.ncl l1¿:'bÌierna.i-ì cs, L
(Feb-r'ua-r:.,', Lgll), 20Ò * 2r-i.4,.

i-ied,r:i-cÌ-.., r1, R. rrFu¡-nc-i:j-or-ia-l- Thinjri.nl "'1
)íT,r (l:,r:-i--i-, f9lr0) , 351+ * 36t.

ScÌrool Sc ir:nce ani, i'.ia-uhgtl¿'"'¡i cs
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llen,. ersl ct-., r,,j-, t. 1rê. SLr,g¡,esied p::o¡1r'ftn_ rlor ife:chinp -r,ite Tunc'Li-on
Conc:n-t, ln Hr¡h Sclroo-,- .{-l-¡ebra.r' l'{e.iher'ra-rr='å_Tgegþi, ilii'llÏr
(iiarcir, 191ó) , t-zl - L?(.-.

J:cllson, ',Ti--l-r- j-rl;t j,T" I''"",h¡'¡ C:'-tr be iJonc in -ô-ì-geb:: e-?rl Schoc.l- Sc j-ence
anc ìi¡'uher:r:.1;-ì-cs, ï-LII (i¡,:br'1f¿.r-)r, 1tìL2) , LL¡2 - IEK. --

i'ij-nne.¡: J:cob jt. irT,ìe ld-nc'¿j-on Ccnceni in 'bire Schrì;:r-on of Problems
in S i.enen'r,ar';I j\-l.gi.:brr-. 't Schoo,L Scie nce ¿,nrl ì.ir*ìrorr¡-i-i nc --fi.i/

iito.e.ber", ili'';i,'alJ - z'-.ff--:''':--1'-:::.':'--:"i
"i-ì-¡..a*r T.:n^'n ì: llT. eJ u vv:- 116

l'ir" i;h-ern:¡.'¿ics . rr

L'l r r t'l't! | - - -il

ir.r¡ ,.-¡ r¡¡ T l._-l -;-.ãr.
, 

. ¡'--: v\-.:.

Science

rlr-lc -L,i-on Conc e::1,
Sciro'-r.1. Sci-ence an,

in .rrirsi 'I:¿.r 'Fi ¡ r Sehn¡l
li.,<-I (Jr-:Lne, l-921),i",athen¿llic s

".rit,¡rot, J" ìr,. ir:ìe1¡,t,i.onr.l Thir-i1lii-nç: ¿.s a- Cr:tr.:tjon fo.r Su.ccess i-n
toil-e¡ie Ìr¿,'.-ì:Ìren:ltics:,rl l,a;rreiits'bj-cs T,:r¿.chei', äj':lä.VTIf (le¡*
rlr-ar'1¡: 191t5) , 6l¡ * (-'-1ì

i.'i J I r.r'-----" t
rlTr'e Devel-onrnon't, of 'Ì:lre .:-unc'ii-on Concell-L-ir Schoo--j-

]X,lVII:t (iia"-.;', f928) , 5:¡6 * 5r-6;-a-nci 1, ia.'Lìre:ìnai-i-c s

11 iiT

Sciencc

to

all(i
ÍlTlie ir::ob-Leils c i
i,athen:.-i:,i.cs, l(lv

:'"¡.:e.c!-ì ng :Ln -Jialhr:üi,:.bics. IÌ

f = - ^\ +\
\ J rn11î.111¡r L' .). ) ) r i+ - L. _L "

:ici orl

Sclloor'- Sci-ence ::rr;l l.ra'¡he-
rl.9 

--
-iduc¿:-Li-ol: iti. ì:Ìr.e

:._U::=_.*c= l- Ther,

itlyb'--':::'g-,, 
"T¿s " ,¡-" rrilhe Te:.chj n,c of [iran]r,.: " 

rr

lìi'i"cs j .-i-.I (.r'.nu::' -, :l-1r1), ilr ', -

P"e':.,ie, ':ij-il-j-.:n ll. 'r-\ .i1"ci-.cs:l io.r 1..¡,Lbheil¡ t,:i-cs
SeconrJc.r".,¡ Schoo_Lso:i t,he ilni'ued S-¿ates. Ìì

li;{livl ( Jcn,ia.r'y, f_gl3 ) .

Van Z-¡,*, .itbr'ai:¡.¡-i:i J. ;lTh.t: loi:'l:il-l.a - Th,:: Ccr.r: o-[ .Ll!:ebra.ti
Igrglpi, ,.{lili.Illf I,Dc:c.,::her, 1'l-,ii) , 368 - .?71.



lt1
¡r,lP,iäll.{ i_

-l-r\,iS'i.-illCiliOi¡S tOr"" r-:I'/IliG Tlü T¡llT

l-" The n,r¡ti.¡riur -Lure aliot,i,ecl f o:: iire eîlí).îe ì_e:t is
cìoes noi, i-ncirldc 'i,rr.e .Li_nte r"cct:,ir,cd. to il iri,r,i.l¡u,¿e -Lite
ì,he t:::.-c?:er':,; r -'ins t,-ttr-crti!r_ìì-ts bo 'bl:,e s -'¿.Licl.ent,s 

"

5 ¡ri-nr-¡-j;r:s. Th: s'lrocll.l- 
e'u,l; encl io::

2" :i:Lcit si:,u-dei-ri i-s '¡c t-rc j_s,.;u_er,i one bo,¡lc.'l-et, ¿rid j_s a_sllec.. ]:o l-L:_ce i_ti'ace r;-o,.nt¡rrcJ cn 'r,he clesÌ,: Lini:il- suci-¡ t,-'rn:: -i,hlt r¡e i-s _junsir"r-r_ctecl. i;o coäi^
r'l i;-Le -i,he i-nfor-.¡rat,.r-on .t ',he bel:,ru:.',-n!: oÍ i:he t,r,:st.

3" ,\s soor: r-s 'r¡le stuclents have T:een ¡,;i-ven .,r:lLle ¡;i_r,ne_i t,o
i,es-';, clo ÌLo-u rrialte a:Íi. colil,ienis Lillo,.r-t,¡jr: test ancl. clo rro.L
ertesti oir-s b.¡ i;l-¡e -s'r,u-cJent,s.

il ' Xa-cl:r stucl.ent s, oLrl cÌ jl¡,ve ili.'Liri:ï' ¿l- ïlen oî :rencii * nr:eferabÌ-i; a reilc:L-t.

5" iÌe:'.c i;he ilo.l- -ol'ir'. r:-:r1r.n-tions and. -'r-ils1,::uc;ii-cns ic, i;he s-bi¡-cien,¡s:

llXach of ¡,roi.t- la.r¡e l:e:'bí,e :,i.ou_ I iest ll:rich at._La¡;tnt:., .Lo t::ca¡ilÍe
J¡ou:: ail'i 'j i t",r j,o e"îc:Íess :lo-¡ tt¡o oi' :totie v:-Ì-ile s ol, cLlan,¡.i--bies a_re -r.e_Lateci
enC- rrr:l.r sþ¡rn{es .'rn a.r-r¡¡ one oi.i,llese -"¡-ij-l.:f:iec,i; chan¡::es i-n oih.r:r.s" L.í-.tior ex¿'¡irrle, ;rç11 

"^ren'L-,'Lo 
r- siore ¿n¡| ì¡¡-¡¡-rri'ri five ,ror-r,i'li,s o.i;-ie:-ì: then,L,ile-i,o-t|",-l- cost o-i'¿he inei',t..;6¡-lçì. cieilencl. ulcl the cos'j, n--.,::: rlou:rd" Ol:, :i thecosi; pe:: ,lou-nd- o-i nea-t, -'¡¡,s d-cr.rb'l ecl il-ren titr: iotat- cost of -bjæ r,,e a..,r, r,ro.Lr_l-cÌbr: d.onbled,"

TÌre tes1- is r]ir¡ided into si_.1 su'b-.L,esis. ¡.1-i; Lhe l:e¡,i_rrninE: o:i ea.ch
::eacl ihe r-1irrc.Lj-o:is ca,:reful-i_.,y* ancÌ 'i,hen cci,it:lele ,rhe sub*tes-bs. Il soite
c.r.siìs: a.s a- zuid.e, sanr-l-e que;'tioirs r:rr¡ced_e ,¿he sub*t,esi. 1..,Iaen you ¡ave
comDlete.-l the lj_rst sub--'¡es-L -t,h,:n j-ruriec_-iia.ii.:-t 

.,:r- conij_nue r¡ii,h tire secorrd.
si-r-b-'¡cs'b" Lou rnu.';t clo a.r-l si-x sub-t,ests r.ri-'bhin a jli-f'u),, ni-nu-te 'b-'urie -"1_!tit.

lfcu- nlu-si: observe -Lhe jlc-ll:oi.¡j:rg rr_r-_-l-es;
e." ll.rj-t,e !tcú_'( T\?,:i:,?, iiie n¿lne o il ..rroLr.r scrr,ool ¡ r,roüï ¡l::acìe, oaì;e,

anr-l i'¡he''ulle:: ¡ral-e or' ûena1e i-n'i,he pr:oÐer snece rrr.or¡i.cìecl. s,t,c.he be¡inninp
c i t,',1 ies'L,

b" Tou_ ;r¿r¡¡ use ei_'u¡:eí, l)el:t oLl r¡enci_!- - p::efer"a-ì:] .¡ :encil-"
c. Do not, bel'in tire iesi un'l;:i-'l- -;'ou ì.tvJ be,'-:i: i-nstt"rr.c''r,er.-bo cìo so"d. T,i ;¿n erJ:or ha.s becn lr::rcie b-'l-e.ch or:i, t,be i-ncorrec,t, r"esnonse

a,nci. i'te-r'k ì,lt¡:, a-nsi,te T :lo1]- l¡e]-ieve -bo be Cr::,r"eci.
e. You, are 'bo ri:¡.cj. i,he clj_:r.ections -¡.recer_].i-n,¡i ei.cjr sub*,l,esi ¡rnd

iirr:n colrrilc'r,e i'i.e sub*-Les-b. ,.,lor.k st:adil-," unii_r_ er.ch sLrb-test ha.:: been
conn-l-r: -¡e cì 

"
f . Ðo no-b iluess ai 'cÌie a¡ts,ìii?rs"
g. lilor.¡ -¡r.r-::n 1¡oill: llocl.í.j_e'¡ anil. conlrleie ilre -r-nrîorrn¡,r_-i,ion a.,¿ t,he

tor o:Î the first llålie. l.Iren;.e11 ha-ve coni::l_ot,ea -bhe inior:r¡_ij_on,r,lren-L,u:,n
the booj<-l et, -îa.ce cl-oi.'lti;¿-i'd.

h. -i..b are nol,r reacl.:)¡ Ío:: cu,r tes-i;. Tu::n -bhe bcold_at, ¡_nC,. " ,bc:qj-n,
Trre fif i,v tninu.t,e 'ui-ne i_s -i;ellen ,*iro¡,r. ills ooint. il

begi n the
Atn,S':,Ie l1 å-n--\i
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ÄÌrP.lill,ìl-X II

S'luileilI IS l,i::rl fi".'.,trl)i !i,.i.

SCiiii-'r, sc0lìI

_rfi:f ,lr lt¡ -rÌì -r

ÐIll-,iCTl-ll'lS; In the rra-renthesj,s r.f'íer er.ch oí i,he foil-o-l';inl state:lenlr,s,
rrr-:tile :ìTrr i i t'Lte s-r,ate:rert-L i s -LL:u-e, a.n<J ltllrl j f 'Lhe s-r,ale-
lren-i: :i-s f a--l-se.

I " If ¡;he Cj-¡-ine'oer o.i a. l"¡iiee-l- is :'r-nc::,:e.sed-, iire nlunber oi rer¡o-l-utj-ons

tl:re r.;heel- r;Íoir-lci nal;e in ì.::lrrel-l-i-ni: cne lni-le i-s cj.ec:re:-seij . ( )

?-. .A:r inir¡:easi: i-n tLre nl-r,.irile:,'o1 be,se Ìr-i-'t,l'b¡r i,r. b¿l-b'Ler cli:c.fei,'.ses

.hi-s ba'b'iing avers-irìe' ( )

.". Tite i:e,'¿e Of d.erlfecia-i,ion of ¡- m¿rc.,i-ne cle::ends u-.oil -rìre ]-enÍtÌ-i

oi il:e e>nected --l-ife of t,he nlcliine. ( )

i-1. The rrroii+t, on ,3r-r l,r'--ticl-e is equa'l to '¡ìre r-l,jíferr:nce be'j;i¡een

-che se--l-,]--i lt!; Ðïi.ce âr-ni -Lae cosi-b l: r:-ì-ce of i,i.ie art,i cle. ( )

í. .J:ro i-ncra:,se j-n the nu.,l|rrer of l¿-,i,Çs in ¡- )¡ei,l.irbooi{ rj.-:crei'"ses

-ihe cost of '-ri1þ1-i-.i:i-n¡ì 
-Lrìe book" ( )

6" If i. s 36/8, a- riec::c;a-se -Ln 'bhe va-l-uc of B cìecloe-ses 'che ve.l -

ueof ,1. ( )

7. If l;fOo is i-.]-¡.ceC in a be.nk :.t '¿he be'ri-nli-:rg o-i a- .'.¡-:ar a.ncl

is a. l--l,ct¡ecl- to .cctr:¡-]-."-'úe i-nleiles'¡ for one -,n33-.d 't,hen the si-ltt¡Ie

inie::es-b e.1, L. r¡er cen'b is 2:::etjût>T'¿ha,tr-c,.e:j-creL'es'c a-ì; l+ r:er

ccnt co¡;,':ou.-lo:tj serli-r:nu,a] 1-t" ( )

t. af a -i,ree )-10 fect ta--l-,1- ca-s-Ls a. siiacioi'¡ of 20 i;,e'u, -fhen 
a-

sti,ck lO -=ieet 'ba.lJ- casts a- s1:ai.ow o-i | -íee'L. ( )
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9" If 2C / t, = / :,, i,nen an inc:.easrt i-n the r¡e.-lue of x rrill in-

cre¡.se t,he v:]u.e o.f ..¡" ( )

10. The rerjnet,er oi â soui.lle de:renc]s r¡ron'bhe a.re¡. of 'Lhe squar"e. ( )

SLts-.TI)T II

.t-rl.,ÌÎrlTIOiiS; In eich c,f t jre fol-]-oi¿i4ç: -"Í'l,ri¡,-bj-ons one ,ru¡ntier cÌer:encìs
uÐon one or nore o-i,Ìrei: ou.:niiiies for. i'b," value" Fil-t in'bhe blanl< sÐaces sta.t,ing: .u,iìLe cLr,an.il:'-i,¡r or cu,entiti_es ì,h¡_t,
Ð.ce y ccruireo .ioi: t,he solu-t,j-on c:i e:,ch :trcbien, T,e,,¡ each
eu-:r1-¡1¡" be ren:r:esr-.:.n't,eci bi¡ ¿. l:'Lì,er ancj. u-se i:i:e leit,er o:"
le'ú'r,ers ]rou ha.ve chosen -Lo r;ri-.,¡,,: a f or.räu-l_¿ l¡hich l¡¡uld
renresent ''c,,}re rc-t riions;hi_t of .t,he quani,i-ties. (lf an
e.rep- i¡; i-rrvol'.¡ed, d,o not jir.st siat,? ð"-r,:-:2. bui shoi., ho-tr
Ì;hat aree is obtaineci,. )

S*?]9, 1'¡r ::c -r'í)ss :r.gen'¿ r,i-i si:es r:,o cjl:ì;e::roìne -rhe io,t,t,l TJeiir.|,r, (T) oi
a- nu:n"ncr of r::'b:Lcl_es e¿ch l¡ei-p:iri-ng ille sa:re alilou-n.l," i.:"n¡tj.n.îorrnrt,ion i.¡ou.l_d. be ::eqir-ir"ec in o-rcjer: to ce-LerLine L¡re to.r,e_.1_
wei ght'?

_r-" Tire r^¡i:i,?-Ìri of one ariicte . " (.,¡)
? " The nr',:rbei: o,l a.rij_c-l-es (tt)
3"

Iorr-ruta: T : ljlri

1l . Tl:re cl j-iference (¡) ln alrea. Liei,i¿ern -i,i,rrt cj'rcle-c ',,rou.l-ci cì.enencl unot-Ì:

1.

?
Jø

::'orrnu-l a: lJ =

l-2. The lei:in,::-t,r-.r: (P) o"' în,r-i,i'ia.nc;le Lci:-r.cj c,ì.cnend ì_r_ro.n:

L"

?"

2"

?
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L) " llle r¡O l_ì.-f'le

1"

l'v,r o-i ,l re,t'ul-ar. cube .zil-,ì ci:nencj. rr¡cn:

llt . lluri-nL anoior
of ,p.a",l_,r:ons (G)

1/
l._. " l. ir.e ntL'tne I

nend u_ccn:

rfo rinlrl ¿¡- : V =

'ni-l 'c +^ -1-l.^. -"^-uv L/,.iç -,,..i_-jon. The numl¡e:-j;rir: l,,ro:il cì rl:lend, u-l--rçn 3

,

).

t_.

.)

'ì-,r'-ìr¡ T

T r-l-s.ecl

â_vel:¡.f,irJCi ,L5

c;ur ing; iÌre

?

o,i r.lozens (Di o:l

¡lormu"l-a": G

or8_nr.es -i- can br-r-,i -ln'¡. -:l r'11 , --,' -ì I : .''v- :ô .i | .-L .:- .re -

1.

D

?

L6" A tinsni.th -,r_-i-shes io
of tin. 'i,,ihe_,¿ 

mus-L he
l-r-i ece of ti-n?

llonnu._l-a: Ð g

clet,ern-i.ne the a-r.ea. (:f) .of a cjrcul-ar -¡iece
l¡noi,¡ r'-n orcier to clc.uerllline thi: ¡.:l;a of the

t_"

2.

3"

iro rrilu]-a : Ji *

)-7. .{'b r¿Ìle be qinnrr."l of i,he ì,¡..ri_11 Jârtes cieÐosj-ieci ::|ZOC in a- 
.6¿:lr,k 

n_c_corr-nl; '''rhích he ha-s jus'b orreuec.:. i,o -lur'iìler oe''-rosr.ts or l^:i_,¡¡.r-.i'e¡¡arsl"Ier€r lì1acle" llhe firsL iir'r;:r'es-1, la-.,lllen'ü r.¡as lîrar-,re a-t,r,Ìæ god of .r,.rie
fiL:st s::i nr:nrhs. t:rteL îts,r'r,i-rer: i,nio¡-:,reilon r-¡orir cì be :leQr:.i_reo. in



t"3l

order ic cleter":'irine iilc'tctai alt"ioilnt oi lono;,'(.r'r )-ìn'ibe:r-ccoLr_n-i,
::!t,:zr tle rn, eles-t, l¡.-,,¡fiien'ü h¡,-q been t-,.e.de?

1"

?_"

1

Foi:'nula-: A =

,l-8" .!. çt.r l-er,ves a 'Lorrrl e.i !i.OO a"il" ::ncl b-,¡ t,i::.ve,j-i,j_n, coilì;j-nu_oris,r-rr
âr 'i.-vcrs .l.Jr, ,? sîccnc, to-i.¡n ¿-t, n,t:n." .tll:e ,ì.i:-¡:e_nce (D) tra.ve-Ì- ìcrì
-1.¡oi;-.]-ci cÌtlen<j. u.on- *

1"

2"

)"

''ô":.lllrs Tl =

L9. llf rrou- rrlceived --rro1.ta alioìi".îûce å'r, ih.rl begi-nir.i-:ri- o.f '¡he r,ron-tir. .ncl

J.roir- ea-rneci, t- cet+-e.i-n str,¡t ci lloni:;r cltur:--ì-nii the norl-bh, iihe.i i,lclr,il-cÌ v¡'r-r
n¡:ecL'Lo ltnoi'rln otfclel: ''',o lÈte.rlt-Lne trire---i anrioum oí:,oni;-i¡ l¡cit- sr:r,.:nt1^\
',.S; rir'.t';.i'l: ì,h6r l,t,1ìll,hir

:t- "

')

?

1o1.;.,¡r-lr: S =

?0. The ci-rc;u:ielcnce (C) o Í a c j-:i:'c:--r-e r.rj-l i ,ierenit, lirri-,n;

1

?
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22 - i:5

.io iilrl-e,:'l ¡: r-l:i

cl.o',rj.;l e ci ¡nil'

íi :l.nd. ,? :,r.re

rJo r rbl-e rì. ¡,.¡rc].

ioubl e r:l at:cì

Th': :L.i:.::- (,1.)

fc::'nu--l-a iL =

lll'

:lo.L' tlll-¡--Ì., ¡t. ;

,::r'.-ì 'l ¡ eF -]-t-T
j,_if, _:-.1_,L

In -i,i:'e .ioli-ct.r l; l-.i'or.r.'-'ì c il c.i-ti'ls:i:-ons cj-::cl.e tl:e e.its'l.r?it -tn
-'1¡c ¡'-ì,1:.¡r¡-, l i e .,ch .:ruesii-oil r'¡l:i-ci: be:l'b :-rrs¡-¡ll.'':s t,ì-ie a-LÌesli,orL.
Tl:.': r¡: i,.ie 'ì,c 'i.:rç 1-'ì-r'l'¡f i'lrtr'¡:.Seti-is ,..:.'r--i,he-r'i,ite a.t'loi-tn-i, cr' 'bhe

nr-li,r.iier o-i ì:i-res Ì.-.r' ¡:hi-c,' 'r,he illnc'1,i,--l¡. i"iil-i ilnct'ri;t_so ôl- i],.,.:-

1^\T'1_- 'r¡'¡ rì_ ç¡gi' ( C) o.. p rllr'.tll , ,= o'l c _''i;ì.r'l .'c l-i ':l r.:,- :_lr. i.t_:roir -'-,1.â

t-lu-i.lbiì,r: (n) o-i lriic Le s lì-1ltcÌtirsrii ¡r':d 'bì:e -,i. ì-ce (,:) ,rt;r. l-r'ij_cl-e"
Thi s js t:eì,-I'iÌrìí:lLi,ei: j:-,¡ 't,ne for:,:t.r-l-4. C ,* n, " .;Ìi;.--.'r, cjr.r.n¡,;ç5 l-¡_:-l1B

rl r i.cc l_ü ., r-i :

Ð -Íe¡tr.¡r.t.:tr:: '¡i13 ¡r.::.:le: i]o r,:it.¡:.nr:ì,¿ , L/?, l,/L,., 2, l-'-"

ì-t L^rÌt:¡.,.j-n: ihe slne? ¡it :h,ln.g.e , l-f ?,, 1.,:\.:., 2) ] "

iror-ilrrrr:rcl? no cit¡nî¡¡, .r/2, 1_i\, 2, L.

n i:¡ 'ur::b_l-e,:l'J no clle.nsie , 2/ ), 1., ,')i i,

¡ i-s h¿-l--¡c;ql ? flo ç:)''',,¡oiac s 2 s 3 , L,, (: .

oÍ.. p, ¡:¡l¿e.r.r: ¡i_-'i].. :i,ic (X) i- t,,t r.r:,:si:rlr,ecj b;,, _r1=
a'l('. ',i t¡,.t cl::::n¡,:t 1;:::;es ,¡li.ce jln :, j :î li -i s :

?7. Dou.bl-edî: L1?, L/L:, ?-, Lt, Ò1,

28. T,:ei:i:cì? 2, 3, 1.,, 6, 9.

?-?" ¡iatvecr.? L/Z,L/]:,?-,\r 8"

30" 3¡i hor.,r inrch nrc¡.icr :.rtl-L X 'ne i.î
A is na,c;e iou-r 'ti-¡ir:-q s-*s fììr'e.=.t? I/'2, Lf \ , 2, L: , 1,.

il * 15" Thc ¡.i(e (f) ì;o r::,r<e ', ce:r-Lr.:l-n jcu:tnr,:*,' c.ìacencl.s u,to.3 'i,ha

cl.i-s Lrnce (::; -i:r-ve1 -ed ¿.-nrj tii€ r,.vit-,ta-i:e t A-r,c (l) .t ì1. hoì.Lr"
ift ,-i s i-s l:.:Ðr"csen'r,ecf i-.ir the -îor¡,iu-:-a T * Ð/8. ,.ûra-t chanc,e¡
ta-l<e ,:-l ¡¡.ce i.rr T if :

3L" D is lou,bll-:cL ¡ncl Ê :,lene.ins 'Lhe s¡rnel

32. i" i. i;r-bled- and ji j s cjou.Ì:l-eci?

I l" !o'Ì;h ¡ and l_ '-r . rlÕ:r_lt.l_cr:;

ch¿ìr:Lirte, L/?, 2, 3, L..

che.n!:e) 2/3, 3/?-, 2,, 3.

chanles 1../2, l/L,r 2, )-:.

no

no

no
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31t,. i,r i.q Ìlal.¿ecl anct ! i-s 6slbie¿'lJ no ch,?ly,ic, t/p, _1_/L, Z, L:"

35" D i-s doLil¡-ì-err e:r.,j, lì is h¡.l..ecì? no chr¡1,,.e , 1,/2, L/Lt, ?, \"
36 * l-r0, fi 7,, * LOf:i, r,rl.rr.-i cir:.¡,,r:s -lal.tc r:Ìi.ce i-n y ir. r i.s I

:t " lor:birri': l/2, l/) , i-1,¿ , 2, L "

37" llrro.led? l-/p,L/i,!/1,,213,

]i. ll'l-.¡r:rl? 1/2, t/j,, Z, ):, 5"

39" l,fira-i:e¡¡ei: rra-]-u-e i-s qi.¡sn to x ì;i:e nL:od,uct o-i tb¡i-L .¡alue .:nci tlie
cor'r'e'glloncl.i-n,,: va]-rie of ;r i¡rust 11.:a:,re s,1il,1r ¡. J-u z, 5, l-0, l:1 .

i+0, If x is !,ir¡an a, n,,ulboi: o.[ vl,-]-ucsi as -ì-, liZ, l_/j, TfL¡ e.uc", .r,hen

each. v,r-lue o,fl y l.r_ì-l cjii.'.ier .iroin j_-Ls Þrr:vj ou_r:r v¿tl ile l:v:
r./?-, i/3, z, 5, rö"

l+1 - l:í. If the ::rinci,::L-l- cl.e:enc-rrs Lt,tor 'üi:re i_n'bere::i, ::¡.tc- a:rcl. t,iitre l¿e
lli 'ì-rt, e-rltroi:rs -i,lte re1¡L-L,'i^ansirit b-rr thr:, llc-r'r,t.r-l-a p ^ t/tf i"rl:elte
P .t-rtr¡rese::l'',s -'il'le lli_ncì-llJ-, I the j_nteri;st rll)t:. -ì¡aj..J'. R ,¿ìie

_-i¡etj.l¡¡ r.,',:'ì;e of _r_n-b,.:res-i, a.r:ci T i,ile .,¿ûl.e in -,¡a:-s" i...fi1:,:.r; j,s t,he
ef lec'¿ on F ii:

Ll . I i..; cioub,-l-ec] a-nd, l. ancl- T ¡:erne.i-n t,he s¡:re; no cir,::rg;e, 2, 3, !r,, g"

!:.2. !- is Ìralr-ved anc]. r ,:-ncl T ::eii:'j.n üre.s¡-ine? no cÌr:.nge, r/2, z, 3, ll"
ti!:J " -ù i s .r.l:--.-l-r''.:ci: T i_s cioubl_ei" a_nci I :len¡.ins -ui:e s¿¡¡re?

nc ci-rrnp:e, L/2, L/l¿, 22 3,
ìl':ii" T" 11' ?ncr T a.re e,:.cl'i doi¡,lrli.:cl'l no cÌ.r,:if]Ír:e, tf z, tfLlu ?, :,"

Lr5. T i;,. cloublei, 1ì is h:.]--¡edr T r.: irebleci? ni: ché1itÊ:e , L/2, L/lt, L/3 , Z.

iSUB*'i,lST ïV

DI-tri¡lijTfiljriS: Stuci' e¡.ch o.i the fo,l -l-o.r.r---i-nr'1 i,:rou.rrs of rrr1i-:rbe1s, ?l-1g r¡a-lu_es
:ior -i,ire I a,st irien-bionerl l-e-b'i,er for e¡ch ilr.ou.:t cieoencls for
i';s va.-j-u-e u:ron-ì;:-:e other Vali:.¡.:s j_n tna,qro,,in. -. ._i-ie t,lre
ío::tlrr",:.1-a. shci¡-ing l:o-r,¡ i:r.a l¡.s'; -ì-eti,er i-n el.cÌ.r grou-n rl-eit-.eirds
u¡on the -¡'ene.íni_nr li-r_:'¿t,ilrs of iite q_rtoLlc.

'tt6.F1z3l+6
s :l- b I L6 36 s=

\1" r I 2 3 L 5r 3 5 7 ? t.t- !=
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¿tA 3 B r0 g zo ¡ ï
L l. P too .r oco zooo 3ocon "r3 "cL .05 .05

A _r-cl t-0h0 2tC0 ll_50 [ =

51" i,, I 2 3 h 6
T I A 27 6\Zt6 !=

51..,i2?_3\5
U?-5h65
P B tIL l]r 20 ?o .D=

SLE.TIST V

il*:l,iCT-LOi\iS: Soneti¡¡Les j-'t becornes necessêt'..,, r,o c,?i :.nge e forz,iui¡. in'terlirs
oi sci.l.r.r ot,ìrez. quan.r,i-i,Jl" l,r;*,,,.,:r-r.t,cr eacit of .Lre follot,i_n-_ i_n
¡,er.nts of üte cll,ran'i,i_i-r¡ s.t,a,L,ecj "

S:rinle: ff A = b - c, -birc.rr b = A I c

SiB.TEËT VT

DJiì.,i0T1 c1'lS, Si:ucl¡¡ c,:.1:e_iu-l-.ì;' e,'.ch' oÍ -r,lle fo t-1or.¡ing era.n js a.nc, -bhen
ansr.,¡er the cuestj-ons'-r;:r'-u¡.i-ilin3'r-o e-cìr g::arìr. .,,riie;,our
ansT..ror in ihe sli.ìce .,¡o ,¿he ::ir;h'r, of t,he qu,esiion.

5l * eU Belo,*r is a ?,ra;:l: ',.¡lrich J:¡ies ctieÐej:ecì af ber a. hil<-'ln,,, Lr"j-L. ,.,.itlt
sone oÍ' his .îr'i encls, Ii, ¡.t,',.err:t,eci -in silo¡ .i,h; i:eiaiiclshii:



the cisl:ance and- ',,he -i,:_irie r¡r.,1_lllcj,"bêt-;fe ¡:î

Lìi.*s -uance

i.n

iÍi-]: s

57 " t,h,e'r, ',,¡¿¡-s i,he a--,¡e:ra2-e :rt'L,e oei' hou.r -b,':rer¡ ,¡¡l lrerÌ';

5e" ilor'i rr,an;,' hoi.rr:s cii-ci ì:her¡ r,¡r.,]-lc']

59. IIol+ f¡.r d-Lcl, birer¡ Hâ.ll{ i,n 2 hour.s 20 ni-nr¡,i,es?

ó0- ilor'r l-ong ciic] i--1, taftc ì;ir,..:lrr to:.r¡Llr: l-'J iri_l_csl

(¡L" l,.;ri-te -i:iie Ío:r:nu.l-a. i,ira.i .",roul-C. r"itilt"r:rsenrü i,he re-l e.*u,ion*
-shi-Ð be'üI.ieeíl i;he c; i,r-; La.nc e a nd. 'i;l-re j;i,rne 

"

62 - 66, /L bo;rr h:.s fou-i' scir-¿rtî:r sj er:cj: o-f rr-i. ií' ;r.enì, size. l:ie l.J-o,¡Lr:cl-Lhe::elations:.lir: b,.:tt¡eeir ,uhe -l-eirguh oí-i,hc si_c,.::s; of the
scru-ares r.ncj, 'bhe e.T:ez.s of 't,he -qcue,res"
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Iri."l; cic -¡i..e nr,L¡:belrs a'ù 't,ire bct,ton oi bhe gra.ri-t ¡e-cr":serrtl

,,h¡.'i: ilc -ì.;hra n.i.:.],¡btJ.s iì.]-onpi 'L,r:re s-1,cj-e oÎ i;'e ¡1:::¡rh Ïellriìsen-t?

Èeaci. i::c::-L the 8::¡,¡ir 'uhe ¿::el- oi a. sc'":-a::e I :r-ncl:res jr-tl lcng-i'h'

-li. e..l; -is ,¿liLe j,ncr"eise i-n 'i,he cri f .ieI'encas l.--,et'.de,,'liL 'i.'e ¡,::eas oí
l,he scu-aI'í.ìs 3.s '-lìr.e s.i-c.es oí r,i Le ,s.ì'r'âre i'nc-r'e:r.se b;r ore i:'n-l-''"?

',.,!r'll,e ';he íoi::::il-:.-L¡,i -,,h:.'t, r¡cLl.itì sho','l 1,1i:,: 1'1; l3--ij'r:ns;l::'-i-lr l:il-ì:'i'le::n

';h.e se tl,¡o l,':r'nill:rr o.il 1¡¿1,-l-urls.

* 7). Sti_Lci.r -i;1'e g::a.-Ìr bcic,," at.l a..lSr.rer' -'¡,l:ie .rlr.estions 'i:,h¡. , a-.re

¡asec"l O"rr .bii:'i-ç Ê,r::.t-.h"

9v 4þ r?g
A

oî .r1. i,ncrclses'Lhe

^j

Ir

\l

,t++

67 " As ì;he ¡¡:.--l-¡.;r-rl

/a\
i:.'-) " .llS -L "i,'.'Íl-e :-l

1,,r" ,O'..t ì.;-j -l_'Ll

.ir.'o¡¡'- '';c

'b¡b--l-e of

02

3 j Â rr.:L::'j-e:

rl-,,-lt:
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l\
I
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it

?c. li:.',i.i,,:
.'; tn cl
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