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Fhis renearch wan prompted by Broainerd o c1ah)
grgument that - on logieal grounds and contiary to
Ulaget s mexy‘ul ogreal growth, the acquisision ol
proposttyonal Logire shoald precede the acqulstition ol
Clats and raelat tonal Fogre, I'wiy .--i.-un}’)Leék {Canadian and
Amerbean) ob prrmary ogpade chiadedren (fged 609 yra, ) wel o
prauented with two contg ot aporat tony tasks bauned on
clasg and reldtional logre, and a twenty 1 quest fon
Dalke which augapaed cbo L ens s nndc:xnlqn\f'ﬂ%nm 04 Lwu
Pnberpnee tulos and Ctheoe axcomn whiteh form tha basts ot
l‘)l\l—f)/u.‘ill Lonal togie,  The maln pugpmosae vfrsm to Lind watt 1
young ehidbdren underut and the badlo P”}i';!”)“m ob pro
ottt banal lul‘ju', and Lo avaluate tha davelopiant ol
Fedat tonship batwaoen Uhe undaerstanding of proposltional
Foghe and tha acquisitlon ofl comcrat o xmmrqummf.i
Ressth Ur From hoth nmlnifnmn fagyastad hat, m‘ﬂnmxy UK ande
l‘hth'r‘:n, Fedgardlang ol aga, underatand tha basio peingh .
Plean ol pﬁ‘&‘)ps‘;uﬂ Fonad  bogle and that thia uhdex s tand g
THoacquilrad belora conorala oparations, oF alass and

Feakat banal  Logle, \ \
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Than rescarch tnvolved the assesusment  of ptrmaty

L2

(]ltxdc( childrens' (aged 00 y(:?h:»;) under standing ‘ul

pPropositional dogie,  Although the rationalé and methods

P ‘ :

cmployed haretn ara similar to those ubed by others who
A

ﬂ(‘w(: Sltudied Pogleal abid it e (e, Bua t, l‘H‘)‘; [EN

PO Bnnts and Paulun, 1965) they da e umx'kmu‘y f rom

14

Plagalt “u approach (Praget 1957 Inhalder and Plaget,
P95 Flavell, 1903) tha 1ot luance of which i kB pons i
bBleo tor the pravalling view that an unceorst anding of

ro
proposit tonal Joghie v ol agoquired wnt Ll adoloascoanoe
(age 12 yoars and after),  In ordar te Place tha eagnt

‘

Htudy oo dts proepar gontaxt (U In pecapsaly to digonsn

Proget "u approach o proposit tonal logle and 1o cono dar
o :

spie of the' work which has coms dn bte woke,
L.

N
]

LEpROsLL '.h.'».xfmlﬁ.x‘w.u'..ez and - Adalesaent fhinking

] f N 1
' !

Lo 1958, o collaboratbon with B, Iphelder, Plaget
bk i phed "he draowt ] off Laowghaa ] hinking, feom Chi ddhood
Lo Adolascanca,  Thiy vl uie, whléh degcstd bheay apd
1Alngnrqtmﬁ 11 trnnﬁléﬁmndﬁpmm thea canorete operations
atage ta the formal oparat Lans stage, contalng viptual ly

i . , ) * : » : 4
all of the informat lon Plaget has provicded regacding his

: ' ' i I, " .
view that propositional lpgla ip unigquely associated with
A { ! )

it

i

. }ﬁh)li?vmnt thought . This book provides the coptent for
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The concrete operations stage tn assoctat ed with

middle childhood (approximately 7 11 yrs, ), - This .‘i‘d(]\

kS ased on saepatatae cognltive structures which corr e

’

spond to the logle ol classes and the logre of 1elations,
-

Thanking durung this stage 1o 1n et of JactQal it fes,

Clans and relat)onal Logle enable simple operat tons ol

r
corroupondence, clasgllicat ton and order g upon physlcal

obJocts which can bae obsor ved and ln«'u'ulpumtmd, but do ot
permit considarat ton ol mota complcex object rolat tonahi pu
which are not concretely ovident in oa situation.  on the

other hand, the formal operat bunt stage Ta ageoctaled
. \
withnadolosconce (aga 12 yvia, and aftec) ., This nltage I

Ly paeacd dn Al Antegratod cognitive stracturs which oorre.
sponds Lo a cumpl et Hystem of prnpuﬁAfXanl bexgdar, Mhiis
synten Lo comps based of the 16 possibla ralatlonships
wbhtalnable aong Lha propositions P, o and thels negat lveas

(Appandis A tables L hase palat benshipa) . Thinking during |,

4
)

bhin ntaga A An terma of possibil it ias,  Tha Lo PrOpOEL -

{ i i i i H
Llonal ralat lonphitps ("hinary opecatlons) expeass ol

Lhex ways b whioh CRe ol Joct g (ynp[nbkmﬁ) OF a aompl ox

sHitnat Logy way Totearaot Lo produce 'a particular onteome,

L

takan todether, thess propositional relationships enable

hypéthmtlnﬁmdaduuxkyé remsoning which ipvolves the o
! % ' !
pystepat Lo, cops hdarat Ton of all variables ﬁﬂd“O?Nbiﬂnk}Qnﬁ’
' ! o : :t‘ i“%‘
thereof whiah' may flgurﬁ In the outaome of a complex /
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oo blustrate thestitferences in thinkimg whioh
oceul o at o the concretoe and Torpimal sUages chyldren nd
.ululc::s('<¢:T1(:.s wute presentod with complex situat yons

p v
stmilar to doemohstrat tans usod an juntor high sohool

b

A

gotence olasson, Thedse demonstoattong dnvolved sueh

things at the oquality ol .mqjm?ﬁ ol ancidencoe and rof loc
/ ’

tron  theae oxqurl by l\u&\ul a balanca  the rola ol anviaible
¥

N
magnet tsm and the combinat ton ot colorlans ‘Liguids to

colored solution, o aach casa, sub jocets woer o

arikod to grplain a particular outeone o solve Pt tlou

Lk ol hesn, 7 Phes pewmalt wad (hat ChA VAT an wer not abla
Lo provida cotract axplanat Lons ok :1()llx(’lﬂ)llﬁi/ whit ko
Qmml’mmmnl,ﬁ Wik er,  I'he verchal UELIUREL ety pub Jaot mnads
whf“;ﬁ mm»hu‘nkluj ol outcoma or nolving a problen ware

pecotbded did pubneguant by analyrad by Plaget,, Mid
apalysis off the pedponsa photocols ahowed that  obld o ann!
s
=Y
farluro wan duo to thall wnay st emat do Meier of cCorpeRfnd

)
]
ey clang bl beat ton and ordes bg proaedin on whiteh fallad

Lar aagbauMt tha ;n:umlhlm combitpatiions aof vagiableag Anvolved

) i
b paktioular UM?UHM@M and polutions, Hae atteibuted tha

1

younger subjectst failuka to the paparatea, unintegrated

shrneturas of olass and ralational Alodio whiah underlle

[

aonereta oparations,  on the other hand, Plaget s analysis
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congrderation olb gl L the ways in o which the varralbiles

L]
\

entarled conldainteract . He attnrhuded the oldeg

Subjects !t mucecess Lo the inteaqrated struacture  or oo

plote combinatoriod systoem ol propositional logre which
A4

underlles tormal operations, e ) -

Accorddandg ta braget understanding proposit tonal

Logre anvalves Ahe yse of all of the proposttional 1ala

’

L
Cionahaps an the combinatontal mystem.  Plaget s analysio
Yool the responsoes ane adolaseent (Gou) omoeda when explaln

L}
Ing the rolo of dnvistibbe magnoet Lom showed Uhat, 1ot he

i
»

A

coursa ol hlua erplanat bon, Gou gava Fanpontos which
[~}

'
akpransad cach and all of tha 16 propositional falat ton

A
shilpa, Fa
. 1
Although tha Inhaldar and Plagaet ook presant 8 an

A
alaborateo fatlonala and aomg AV lustrat fve support  for the
View that propodnttional logle unlguealy charactear ke

adotancent Chinking, the dnlormatbon v providens xxmm Nt
Sconst ittt pound Ampﬂranl'myluﬁnwm. The authors maka no, o
al tampt to dating thale salplea, Lo ndnﬁuntmly A | b
. - ' '

thalpr apparatus and proceduras, or Lo aubject any of thaelr

Piwtbnga Lo atatiptical treatmeit, Nevertheless  readais
L}

O L“1ﬁ bk axu|xmft with the luypassion that the

N . J , _ o
anthors regard Cha acquisition of propositional, 1ogia at
[ N . A ¢ ¥

the formal operatlons stage as a distinet, fovablable and
ahrervabla phenomenon comnon Lo all adolesoents, ‘
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eplicat von and Feanaly g \
Lovell (19ol) Soondact od 1 tollow up study caploy

Tl ten ot the ‘i«‘l;"lh codemonst rat tonyg desor thed hy
Foheelbder and Prraget I.uv«-l‘l detined hag sampla of
subojecte Caged 808 yrs ) descrrbed moroe oxplioat ly. the
appataban and procedat en o involved, and valmibated b
A llnlllll].‘i(,' Jwovel b g pedults showed that very floaw and ‘,
aonly his o ablest and \nlnh‘.":.il subifecty fully (‘M'l\lmvx\j b
Btage ol tortmal oparat tons,  Lovall .'l\,mwm'(m,y 'Hml
|'1'u':1‘c:>l HoTample conslatoed of "able ohi bdrent,

| Hesceant ) y/., it (1 <,T] J)opertormed a replicat ton ol
two of the Inhaldar and Dlagat demonst satlong, viz, the
lhgo wrper Vit and A hes l.mﬁx«ir; aRpar vuent o ni:AIllpl(‘e
condintod o averadge adolancoepts (agod :\M A vres ),
grited adobencanta (aged fo«17 yes) and adulty (aged, 20
| Yoy r;. ). o, lg\ax MU rapoprted that X?()&Ax;kll y LO% af hiw (e
adoloncanta funct boned at ho }ﬁlly'xnxmn! beaverl, whihe
| ST?{R?A Chont 405 of hits avarage adolescants and adul b di (f

How o Dab it s ma ko gonehugion was that formal stagea think

Yk 5

K 1

Jnu was fnP ﬁ§om éamhdﬁplnnmknr FOUl Ang aliiaigg hokinag )
ado L amdan nnm'mﬂuﬁtﬁ‘ | ‘
ke
w W) boglatans ad a payochalogiat (Hynum,‘whbmdﬁ
A " "3 ;
apd Weite, 1972) rtmnquﬁed &ih{;f: protooal of ({lmx,' whiah

4 '

,Vingﬁﬁrppeaentmd to il lustrata the usae of all 16 proposi -

a Ulonal palat Lonships, Mhese Investigatars fbund hh“k
s C ' [
KL egrat vy Interpratat lon and nnnlyﬁl‘;ﬂ of Uours protoaal
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wotto Lanlty, [Hresy Shiowe 1t I fato only erghit o

i »
Contso tenponines o onLd e comntrded s exprensions ot e
proposttironal relatvonshipn o quest ron and Chat the' ot

welbo dTncorrectly anterpretoad by Praget . They also sag

»

Sested that ot Jaast six of the 1t proposttional relal ton

)
Ships are Tnoxpresstble o common banguage:,

Werl b 7 By mtan ared Thoman (We gt 7 1971} const pact o

A

Frogbiah oxptonstont for Len ol Praget ' 16 Loy combb
Batbons ("W Togt tor Propositional Logie™) and adint n s
terad them Lo thieo groupn ol sub factsg 9 yaas ulxlrs,'
Peoyear obds and 1Y yoaar olda, Althotigh the grada lavel
AT orpneos Welbe topor bed wore fow and m;t‘ groaat . hita
tanults showed that older subject s solved moka probl g
2]

L. : i )
gl uriestd fuon e binary opalat fond (““rk”"YUlMH_NH subjoct b,

Werlte hiypot hapved that  olds nuk;jm:t,rz who seored high on

\
Uhes WHT Cest would alto Ubic ogpe bnary Opeas qtm/nm whey

dolving the Bola of Inviarfbla Magnet tam Lask, Al

T"““‘HM““” g thibs tash, Wally found, that not un}: ol hiw

BUb oot i Uaed ol e Chap Cive operations, and that all age
LAROUPpE ubed Ui Hadie ﬂvn oparations whan solving the
agnst baine tesiKe L addi U hon, Wel b poted  (hat MU",‘i of hila
ﬁub]mf*t.'ﬁﬁHuukﬁwglnly Hulvedd the pagnat Lsn problem correat,
Ly without uMn‘g; any Mrmu; apatativng, Most Bub jeats
Fasponded slply by saying, ", xmiﬁ'} ha a lagnat",

' o The rasulta ef the pregacding gtudlas gar lously
wnde ek e lagat ta o approach to pj*'\'lpi.’m‘l_t;i&"}ﬂfﬂ hogphe,
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Pecopbes hiowineg that b raget s combanatortal ystem s an
thapptoptrat e omodel Por o adolesornt ot hoaaghnt the ponaldt
o thesne studies aentoon Che means Doth analyt ro and

procedaral  Praget hans cmployed to o rnter that his oystoem

”

ot propoadsttional logre 1ty present tnoadolescent thinking,
Analyusits and escarch n ) Driterent Praradigm

Praor to thy roncarch reportod abovae, ar sonu
(1900) analysed the Togreal banty of Piaget 'n Lormal
opetalt tons dtage and cobcluded that the combnator rtald
Ayt om proponosd by Praget did ﬁul conhlorm o many wayn o
what dogielants ordinar by call propositronal Lbaghe,

Ynnka and Paulus (1905) alao noted the unlguopess
of Pragat s combtbatorlal ::ym;:mt They polated out {that |
thera 1o nothilng oo npwrﬂ“H‘)lmlnluc‘jl\l‘, an doglelann
Viaw 11U, whioh xm]uumu Fpdbviduala to upe all of
l‘mmunt YO haly 4;uu‘m,nnumlm betore LU can propet by b
fald that thoy undesstand proposiUrong) Toghe, These
nvent gator duv:':l;apud a bespl Lo adness dedac i ves
Faationdng b adolapogies,  Thelh tast conphated of gueas
Clong partaloing to class loghe whieh peguleead sy b bogist b
Foaponing, and gquastions pertatning Lo propositional dogio
whitth feuised condational raaponing.,  Monkg apd Paulus
arprentad tha oplnlon that thelr test was a nope direet,

Al apfsm ops bate maanur e of tha undarstanding of p“;p«;)m,;

Clonal bogha than the methods enployed by Plaget,



(o a pecent ot igque of Praget "n o propositional
Povpre s C19979) arauesd that iaget o systom was not
e ey untgue . buat dedect pve” o Fonas contested Praget T
clarm that young chirbdren (under 1) yirs.) cannot hand e
|)ll»},}<')t\l|<.§)ll|\| Logire on the grounds that Chyf?“ll‘nm I
r't/!ln-l nntontabile o talne,  on Che ones Imh(}',‘ g
polnted out that Praget gocms to be concer nod with somo
Kind ot wholystare Togioal abr bty which can’t be anntesibod,
Pather than with the abli ity to reason accalding Lo st
ol principlon ol propositronal Joghes on tha ot haet hand,
ookt polnted to several studioas whioh sugyganst Uhat

!

young ohik b e .Au\muhn.m\unl HOG Prince i phas of  propond
. v

Protial dogie,

Hid ) (lool) conducted an ynvett bgatron of the
Logheal abrbrtian of young chidbdran (aged 609 y’nx.)’.
Alliciiy u.?; bogheal piobdems whiloh she protantad to hor
b joet g wealk qmml( VOB axplenslng two infasance fulag
commonly eployaed by boglatans whan axdoiat babig propo-
it lonal logile, vieda, Modun Ponans amsd Modus ol Lo,

Both ol thesa babsle pelnedplas of proposit lonal boghe
antall tha lofarancs of conclusions from hypothetdoal
preduigas,  HiEVD e pasulta phowed thatt ehibdreans' salut lon
ratas on Lhasea mrumnm‘ Fulap x:mgxgcd ﬁ’(xm_in T4 to DR
Hubsequent by, duppes (19645) cited M8 rasultd Lo supe
port kg view thal youny childcan ara able to reason ‘:U'A S

hy;mi;hm‘1«':«‘),-«1@«1&1531;l'\Ju mannar apd are not Limited to

-

J



concrete operations an Mlaget proposed.

"'Hl'l('h and Shaparo (1964) qm-:;tinm'm HUPPes Gee
of bl s taindings as conclusive evidence thal YOy

)
chibgdren aroe able to think oo hypot het doo deduct 1ve
mahined ﬂ They pornted out that an ol s stady chibdren
-
Wl € X'('.T(lwl‘lll(f(‘l only to recogntye the valldity o dnvalid
Ity of ‘nc::vm:.krmx“y conclustonyg drawn from hypotheteal
premises,  Children wore not roguired to "tant” the
valbdiyty ("(&lli(ﬂ'mlu‘wﬂ, wh!lwh OrBben and Shapiro sup
posed should boe a better measura ol hypothat 1o daduot | ve
Peasoltng. Thoso dnvest bgators adiind st ared two taptla Lo
two et chied groups ol pr biary (H}'M\lm chitbdran,  The (st
HEOUp wan proesantod with B s test, which ragquisod g
tYestoor ot antswel to each quest ion,  ha pecond GEOUP
War prosonted wilh an altarad varslon of ML '8 tast in
whiteh one thied ol thea b e waga "apanad up' B0 that Uha
conehuntong did not necantag | A'y faollow from tha proulpes,
Unbihes Hi bl vn o Fg bl test, tha guant bond A the ol t s gk
taal wake opon to thiao potnibla anowetp: Yyan', fpo0
and "pot anough e luss s Dak Lorma e k;y‘ nMMHu’g who wep'a
presanted with MAb s tast wan ot the same high edval
it dably raported hy Hill,  Hut pﬁrf&fﬁfﬂmﬂﬂé by «hi bdgan
.
prasented with thae altored teast wr\;ﬁ slgniflcantly kower,
oo {

OtHelan and Shaplreo obsoelved kz'k’mt::,‘ for one raapson o
otheat, ahh bdran who kel v el the test with “*"’P‘“’lﬂ*‘

1

£
quett fonr" avolded the "not enough olues"  answear, /
[ €,

[



Althougb o ven and Shiaptto suceeedoed 1n |Hl|:‘i!lllt‘l.ll1£¢ a
more dittreult o test ol hypothetpeo deduct pve 1easontng,
therr contfhirmat ton ot Hill toonditial r'l._nk:nn(;:-; Lhends
coupport o to the possibhility that young children arc dware
ol the neceasary relationships expreaged In princtiplos of
propositional logie ke Modus Ponons and Modus 1ol lans,
Nodroltt and koberge (1979) alno prosentoed pelmany
e childron with anotanpcat ol Modus Ponaens rx’lrh‘l Mo
'I/‘éll Fanag . They var ted mode of prosantat lon bn terms ol
conerate and verhal, angd typa of contont fn tormg ol
telatoad and uneelatoed,  Thelr rasulty showed that obhidd. o
[ .
Fen pakboried wall on Modos Ponans,  but  lass wall on
Modus Tolbann,  In addition, thay found that péxifirmdxnﬂa
wat bottar with the concrato prasantat Lon and with: tha

1
rotated contont "I'hes K(ulifm[i and Roberga study s tha

mott pocant In the partas of studlas dl porunsad hearaln,

cach ol which sntalls the apsessmant of proposit bonal

Loghy An a way AL arent from that of Piagat,  purthear,
thote aludian sagsast. Lhat when tha baglo prined pled ol
propositional Togic, auch ap Lhe infarenca culas, oara
prasanted ad aspagnoad Ao oa Al et ﬁqd apprapklate pannpear,

young childean appadr to understand thean, .

Al Arduent. tor Kagly Acdulsition |

Braknapd (1975) han wery ooeptily contended that

proposit ional lmulh cannot ba an appropciate modal for



adolescent thainking.,  He has pornted out o detenminant

r(."ldl rtonship l»}(‘(wm;.n the Togre ol prapositions and the

ot her two hranches of mat bt Lol Logre, vie, the logice

ol relations and the logie of classes,  This relationship

e vibmdlar an principle to the relat lr()ll.“il’llp betweaan axtth

met e and algoebra, Just as o abbthimet 1o 1 s more basite than

«xl(u:l‘x‘.n o that the opetattons and thaoraems of algoehra

are dar bved Lrom moke proldt 1\/;3 atithmetic nottons and

' 3

not the othar way artound, no propositional logle g ok
\

baste than the ltogice of clansas’ and ralat ionn, For, rall
1

ther amdowmn,  Inferanca culean and thaeoresnn ol propOalt lonal

Logylo ara asmployaed in nlq';m and relattonal logle, but not
convarsaly,  MBralnard arguan, that 0 tha logio of olagpas

+

ansd relat Lons ara usod as o modal for o glven ptaga of

lagleal growth (concrat e oparal bons) thaen tha aucoad | pg

HUage  (Lormal oparat tons) capnat,, logieally, b6 based on
' A )

the dogia ol propositlons, L5 anything, pxwugrmﬁkt:xcnxdﬂd

Lag e showld charact el aa caghdt Lve anﬂumltlnnﬁ whih

pracesda Lha conceroeta oparal Lons slag,
A i

The Pragant, Htudy .

1

Ihe principla Tnpatus behind the prasant. study was
Brainard' s argument that, on logloal Grounds, the acgquisl-
C A tlon of PPdPOQAKXpnu] logle phauld precede tha acquisitlon

Oht Ulnﬁﬁ.qhd‘rmlntjhnnl logle, or coparata oparat Lons,

b
bmplodeally, tha work by ML (1961), O'Belan and Shapleo
\ v ! "



A s
(196H) and Fodroft and koberge (19746) seemed to andicate
that primary grade children have o grasp ot Modus Ponens

atd Modus ol lens, obvidusly, however, success with two

~

Inference rules 1u not enough evidence 2o wartant the
saggest ton that  youhg ohi ldren thoroughly understand

proposttional dogre. To provide a motoe complet e meanur e
{
of young chbldrens' logteal abibat tes, one which would e

Fogognd ved as omul Clelant by thordugh, 1t was declideed to
- D ' ’
ardenn thott uwndoarstanding of all the axtoms and itnfar.-

once rules auployed dn the aslonat fzat lon of a commonly '

,.

acknowledgaed tormal gyntaon of propogitlonal logio,
The Basle Prinetplos of &’rqp&#aﬁul Uional Logho,
. oy ' :
Relaranca to wost any: Intraduetory text on symbolia bogle

(0vgs, Basdon and O'Conher, 1993 ox Maaseay, 1970) will

)

. | ,
make evidant the deportant basloe and denaral  prLopart bans

DL arxboit and dnboronco pulan,  Axbog bbe fundalient al

COmpori o propos it bontg whitch ara always 1w, Inferante
‘ \ ,
Fuleas ara tha means b whiteh AU oan ba sald that o glvean

proposition follows Fron one or mora othar prnp0ﬁxtkonﬁ;ﬁ

1 !’i.f ::‘

Taken togal her, theme baslo pelnciples dateomdng tha 0

vabkdiLy of any praposition o chain of propositilons in a
‘ . 2

by '
pyfate,  AMuong tha few comnonly acknowledged systens of

"y

propagitional logle are ‘l‘.hk?h‘@ of Whitehead and Rushel
(1910} ,cmd Alongo (?hur"«i.‘h (1956) , k The axloms and Anfer.
fanae 'A‘HU’F" n“‘rployf:q py‘ﬁﬁﬁrcmg«wja'c‘mmfzﬂn fk")p m;uay in
‘t*fh&;-a Pﬁ:ﬁm‘xl*l Inveaptigat hon tep twa peqsonm“ q, 'hhey;'am !
' . : ' L v

[
V
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\ 1y
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Pewer an niamber and b they are all expressed 1n terms of
conditionabn (1oel they are tormed by use of the Horse
shoe connectaive ™ 20) 0 This second feature makes the
axtoms and anference pules more castly expressible in
Fogloash,

The axioms which wero cmployed 1n the present study

"
A

ares AL Ermat ton of tha Conmsaguent , Solt disteibutive Law
ol the Horseshoe and Conversoe Law of Contraposit lon,

Thens axlomns aro to propositlonal logio what the flrst
!

Faws of arithmat le ara to avithimt le (off, Braipneacd, 1976),

Lt ke commut at Ava,. ansoclativity and dg gﬂ‘k'lhu‘t.lvﬂy whiohr
A ’ R ‘

detine how nwmbers are connected by additlon and mult bplt

cat bon, thesie amloms det tne how propositions are connaet od
: i

by une of the "hordanhoo",  AfCcmation of the Conmesuant

(Written p2(gop) ) axproanan tha fact that:  GIvVen o

shrapotsitlon (p), than probae tha conmeguent of anot her
' 1 "
propaosition (q) . Haelt disteibutive Law of the Horsashoa

(weltten (pof{g2ae)) 2((paqg)2(p21)) ) datines tha dig.,

trbbut v M'n}mx*téy of  the horsaahoa,  This daw axprapiad
+ A ‘:

the Tact thaty  when a propesition (p) Aaothe antegedeant’

! 3% '
ol twa nther propositions Linked by o hogrpashos (pox),

0P As the antecedent of he Flrst proposition (pRq),

than poie thae antecedsnt. of the second proposition (pbx‘) .

Canversa Law ol ﬂmn‘mpumUun (weltten ( ~Apo~i) D (qop) )

erprasEas Lhe Lact thats' If an antecedeant it composed of

o condltional 'A‘t’ukmifmﬁhlprf}c‘qt:yme:n' two negqt,kve\a‘% - .
‘ A

A A
4 i



propogitions (A~ poaq) .th(m the contsequent 1n o condl
tironal relatitonship fotmed by (i‘h.m(qan the signs of the
two proposttions and lﬁf\%ut:ilnq 1/(.‘11 order (qop). 'l'lyl(‘:
two inference tales which were ecnployed 1o this study
ate:r Modus Ponens and Substitut fon.  Modus Popans
(written (poqg - p):)q)/ ) exprasson Lhe fact that: 1 a
conditional ralationship asiuts baetween two propositionn
(p2q) and the firat propostition (p) 1le trua, then the
second proponttron () s true,  Jubstitution (writtan
((peoa) = (rep)) 2 (rog) ) exprassan l,‘hw fact that:s A1 «a
conditional relatlonshiip oxlaty batwaan two propositlons
(pog), and a third proposition (0) de equivalant to the
Lot p;q@umxlkun (p), thoen a condhtional ralationship

\

ALt s bobtwoan e Uhird and pocond praposit bons (eoq),

bawro, AL iy 0 caln ba pubat btuted for p, ) \

Rallpnale Behind tha copstruction of the Quest fon
Chad ke, Both Infarance pulas and asions bnvolve a poeoes.
ﬁnury pealat bonship bat ween Lwnvurnupm wl propasit bang, Mor
L“fmrmnwp Fvhhgand, the Lieat group ol propositions 1e the
Pheiiigan of an acguient) and the seqgond gooup 18 the
conluston,  An axaupla is the following arguuent whioh
Is valld via Modus Popeng: ‘ |

Bramplea )

" 1':"‘ :
hoghaak RPorm lngbish Bxpreassion
o fieowp o pog ] o IE Mary wesrs hep boots, ;
L b (Premipes) Ihen Macy's feet will stay dry,
’ \ . Magy.weaps her bhoots, A

R e , " s
roup 2 q - (Concluslon) Mary's feet will stay ern

i A
[ Vol
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N

iy lar ly, uxlp?\:a express a relationship between o group

\ .
\ s
of proposttions on the tett hand side of 4 mafo Togreal

connective, and a group of propositions on the right - hand
3

stde.  An exampla b the Converse Law of cContraposit ron:

"y . ( 5,
"

FExample 1| '

Logteal Porm Enghish Exprénnlon
(~po~q)>plgop)  Group | It, when HALL s nnt\thlxmty,
} Bl nevar drinks wator,
droup b diroup 2

(roup 2 Then, 0 B drinks wat ar,
) Uhen BALL 48 thirsty.
X :
To racognlae that tho conclusion follows from thaes

/ n
premdoen on fxamplo Totoplbes an andarstanding ol the
11ﬁ "
fnlatenca pule, Modus Pononsg, S larly, to BEE 1t hat “the

f‘im“f”}ld Ggroup of propositions Follows H/‘Dm hes | R}W\Hl

MRaipd o lllAmplléH ol uﬂdmxutunujnu ol Tha axlowm,
Convelno Law ol doplieapostt Lon, (‘311 the banis ul th®y
Latdonale, o Lost was construoted to assoess YAUNg] uhfld»
l‘ﬂn,r:i",n\.l'x'idmﬁ'rilmmknu af sacoh of tha flvae basle principleas

Ti‘= 1
ol proponlitional  bogio,
o amponn younyg ohl ldrens ! unaurﬁlnndinu ol the
Lthver basde ppineiplos of pﬂmpﬂml X,{'mnl lqglc* aah e

ulpku}wgp txnnhlmtwd lnto | nukxpn and’ éXPﬁ&ﬁSQd in canteant,

N 1 , oA
tﬂﬂMM)“ to the mxpﬁrlﬂntu af  primagy grdﬂa ﬂhildfan, as in
e : A
the two mxmmpkmm preyiowsly uivemg kach, pgfnvipiu W
v \ ‘“ 't ," N

Ppﬁhbnlﬁd A a guestlon prurqﬁed by the, phnasenuguppuﬁm

n w

ynu know thats,, WM And, (..(‘M‘h q\watkcm reqfur‘ed mlthc\r

a yeash or a Hpo nnﬁwatn‘ Akthough bhe quap(innp were

[
| 1

i



this atudy (6.9 yes,) aorcesponds, "within a Plageat Lan

' coptext, to the period of transition bhatween the pre-
' [ ) | i P

"ﬂ! 1 6

posod 1noan hypothetlcal manner  the concern in thes pre-
sent study was not so much with the intracactes of
hyfmthet leo deduct 1ve r:::.'x':mnln(;, atoin Q' Rrien and
.‘i;hcxf)ll()'.‘i (1968) work, but more simply and directly with
young childrens abrlity ta recognize the necessity and,
tlHleWllHUm:r(Hltullle Lo the five spocifice prlxnw;z{mn
whiteh torm the basta ot proposit lonal logie. o lne
with this concern, no "opencd. ap® 1o x'c:vi;zhtx Lng "inay b
or "not o anough aldes answars wore construoted,  Ennls and
Paulus C1905) and others havea shown thﬁt not only ahild.
ten but aluo adoloscent s and adulta perform lase well on
Fogleal problamn For which thepa ara no NECORBALY 06
vkunAunm; Further, an attonpt wan made, Lo provida fanl ).
Far andTrelated contant, an apposed to unbami ) iak,
symbo b be o unralated content which are known to LIeih eadpiaa
AL end by o dogieal problens for adults ap welh ap

] a ! s
ahlbdrean  (Wilkine, 1920 and Kﬂdxnlf=nnd Hohardu: L'h)
They quettlonnalre n%ntqinlnq all thea qdmﬁtjnnm prasant ed
A thtm‘mtudy appaars in Appandix o,

[

aga- kabga ol tha young obi ldran employed as pubijeats in
[ ! A

; L)

oparat lonal  anpd conepaetea oparatilonal stages,  Thus, sowmea
) ! . i l b i

ot the ohlldran Wﬁpp axpectied Lo ppmsamn concratea operda.-

tlong while othary ware potl, 1o Upthkn elnpl e hea )

| '
|

¢

ey
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cvidence toegarding Nratnerd s (1979 contention that the
acqulsrtion of propositional logre should precede the

.u*n}m:ilt lon of contete operations tho subjocts (o this

[

A
:stu(kly were adminlst eped two tasks which assens the pre

:ﬁ{ngvc' Ol conctata operat tons, Thaese tasks aroe daetallod

~

Bl

l}‘l{ the next soct Lon,
(/
i/ Fha Principle guostiong of Intopent, I'hiex iy fon

cobjective of this dtudy wan to find out whathar yaung
. ’,9 ‘
]

1’("%/&%111(““::11 (agexh G 9 yra,) undarstand thae baslo pranciphoen
af pxnp«mﬂjmm Logre, o not,  Kalatod gquastiong oh
Intaraot which thts ropostab wan danlgnoed to m“mm:x' Wk e
., linnru an g Lrand in young chib bdrans 't undorst andd .
Ing of dbaglcal prbnciplaus 2., do young ohilbdran tind
Howe loglcal pranotiplas mora diaffioult to undorstand than
b hkak, and 11 spo, whihehd %, de thera o davalopantal
Fadatilonsahilp batwoan youndg ohod ddeong ! um‘j;;rri(‘mu“,uu of

hogleal Pckplon and helr Pk bormanes on Plagat ian

£
rconer et s opakal Lol tanaky
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Met Lo

Suby ety

Pwor samples of 72 chaldren served as o subjects an

this study.  Both :;\nnpluu congratad ot 1Y boys and 1Y

£ "
girla trom each ot grfades | Joand 4, Subjoacts oo the

v

Prist sample woepo diawn trom Che class Lt %& amhhob e
chabin, ur ban c'slr::nml:tnxy sohool o Bdnoenton,  Canada, o The
ages tange ol birat o graders wan G oyra, to ) oyress, 1 o,
dnd ther mean aga wan O yin., O s, . The age fange ol
decond gradet s owan D oyras to D oyrn, Ponns, o and the moan
adea wat loyrn, ‘; Wi, The age range of Chrd gl adery
war Boyrn, to Woyess L e, and Chie ean m,jlm Wal b
t Y Dot . Phes sAper bigonter For thilw mrulgpln Wel bl
W ke caucantan, aged 44 yiao,  Subjocts n Uhe soacond
#

Helip ke wanes diawn from the clans binte ol a kuy;mr ik edcd bz
cland pwbal elonantary dehool bn Deap DPagk, WM-i’Mmh:m,
Ther age range of t.‘ijé‘ FLast geadears wab G yew,, G mnﬁA Lo
! yx"u.‘, o, and the sl ages wap O yres, o L e,
They age rangea alf tkﬁ.: HECOI Gradars was YEH, D i,
Lo B yeen, hoons,, and the mban aga wag Yise, LL g, .

i f
The age ranga of tha thiead ijx*l-lﬁaf;‘r'fi was Hoyred, ;) 4 mns, Lo

Uoyrea, A o, and Lhe ean aga wad 8 yrs,, L1 wos.

"I'hea axperbmanter for thid sappla was A Fewa l e fmulmﬁhm

Aeged ,’J‘%Wi;i, i .
i A

¥

5



Mat et rtals

[

The: concrete operat rons I'aske . Tor annenn transd
tivity of length and conservat ton ok length hateraly
Wel o o prepatod atter Bralnerd (19740 For dength transd
tivity  threo agticks weroe cul Lrom BWeodowling o stock: o
P00 o ntiok (padnted blae)  a Z700 cwm, o stick (palnted

-
yvellow)  and o 2805 cme sticok (padnted blua) . For length
L)

consotval Toh, bwo 0 o, Tengthy wora cut Lo L yerl bow

Ilyluh v

The Quastionbali e, Po apsesd undorntanding of the

prdncaplon ot propositional Logie, a quest bonbaib o wal

i -

constructad conmrat bagtot X0 Ttemn,  four pal Lulznxiu; ta
agacl o the tive Aogloal i Aawx}»ln.nf (rnexs Appandix ),

According to lhn’ tatitonale mentionesd praeviounly . sach

FVledn haed Chier gpeamred al Dodnig

CLE you know Che Dooat group af stat ousnt s,
pi Lher second group ol statoment s troaa)

Phes Jowk tems pek baliibig to adael prdnc b e ux’)nﬁllﬁtmd ol

(wo atampleas whioh dared oo contant  and Two agprat,

mrmnﬁ(nmJ pog b tava and aps pedgat dve) tor mach aexampla

(eragye s e 14 pertaloing to Subsbituation, in A}.qmmm
g ! ;

Choo Bach Do ym:':\ typed phoan bdax card for praganta-

]
ko,
* h P

‘ | i

TP eatient Conditiong

Ager,  Thiae age lavals, plaisavan yedar-olds, BavEn.



bt yeenr ol el ero bt e Yol b Lrom g dees
. L3

el enpec brve by wer e ibadd e

TR el e ot ey st e b L torm e
1oy weer e sty e

e Twor ol the D order s ono whitehr the prornea
pPles can ocenr wer e tatoboandy chosen ol prrcssient at ban,

Chler b owan Phie ses oo Aabmtrtataon (0 Moddug

9

i
Potenn (1P onver e Taw ol Tanttaposttion () Lol

distrabat ive Law ol the tHorsoshios (00 AL tmal Lon ol ot he

Consequent o (A) s opder T owas Lho seagucne e MOA D e

3

Ones bl of the subject s wol ¢ prosontod with thoe P

ples an onder L, and ane halt of 1 e b e b werg e

/

presentod with Opder 1,
Al

L '
S bt Ona-ha bl of tha i temn o the guent Lon |

My

0

' {

' . i | i | a
fadire expr e 1t h(;“: PE A e Miﬁm Moo poni b ives way S
. B ) 2 '
bengubr ok a Uyent aptiger . Obks hall of Che | Camn sspr ot

hes pancdplasn o o negat L v Way ahd feqqulisad a Yhot

[
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TThe Conncr et o operatrons tanks aned Uhie quuenst pon
L
Pead e wCle prenentedd o cach Sabipect (o0 pradividua b by
At sobhood hour s b a oo sepatate trom the o Lar
Loame, Pach 5 owas proesen’ cd with the concrate apoarat 1ons
taska st Ayl the gquestionnarr e baat Dur i the
atinensments o the D and the eaxportmenter (1) gal acton

Prom aach othoer at a small table, To avold dintraction
and contunton gl taut matagr valy woer e madhitalnexd uldssg
tho tabilo oot of sight. ondy thotie maler lals pertalnd g

tothe particular task at hand wed o vigihlae to S oal any

vlies L bnee, The total agsonmnent sasnion lastod apps ond
mately Ph ulnuton per ),
Adibb s ter Log the Concroeta Opetat lU“M“ Tamhe,  ach

Bowar prasontoed with Cha Jength transitivity tash Laenpt,

i

Polbawed by the Jangth conticrval Lol tank,

The procedur o for atipattbng Lranst Ivity wamp o
Fodlown, Moeat o 40 took el threao ptheka from undeg thea

Cabilen, Thon ™ holding the st boka togeather In one ol his

haides, Bosbowed Uhemn to 0 and daid, "I'hate apra ko
¥

Hlbdoks hiace, two arsa hlue and ong Wb yallow, chght e,
Whesn 0 gave o adnent , i P, all the pticks benaath tha
table, oul ol abght, Neaxgt, B took the blua and yeal low

BLLcRa o equal Langth fromn ubder the Lable and placesd

]

them on tha Lable numm\nnx by, batora b, W onoved the

Hlbloks aloga Logothear so that Boeonld sea thay wara of



)
ol et Fhearo v ke " ar e T hese StarcKks the same
et vl When 0 aaves b assent otook the Hilue stk
atel put ot heneath Ui taldd e ont ot saght Nesx ! [

took the Tonger blue stocek from under the table and
o

plac (g\, 1t ,mn/ h&?,.! pble beside the yellow stiok, I moved

/ "
ﬂ{ Lﬂ\i “11{4“(‘ Qﬁc{“ﬁml“l T e, 1O .1 hat o .'nlll«% sae that the
‘ H

'

:,q

H

'i

‘ “({f(umﬂ]x' Il(](l H l‘h the yoellow stioc k., Thoen ©
:n}\tﬁd}.,lx. );1{);; MIW I(l]m SUreh Tonger than the yoellow ot ok
Wi ."?" AV Nl ansont Fotook tha yellow gtick and pual
LU beneath Che table  out of sight,  Fainally 1 took both
brlues ot lr?\::) one bneach hand . and whii be holding thioem
vertlcally about thrae foet apart batore S, 1 anked the.
" N
Lolbowing Gandomly ordesod) quontionss (a), "aps {hoebo
two st beke the pame bangthy (L) "1 ons of hane
slhoeka dongar 2 (0 do, whioh umu‘)”"(\‘), "IHoonsm ol thana
BUAcke ahorteg o (00 Mo, which onea)n

Thes procedl o Lok ampaps gy cohmatvat Lon wad an
Fodlbowse Mirat, Botook tha two plecan b cotd ol e&ual
Fandgth from under tha tabla and placad Chen on Che U abla,
hotdvontally botore [, B moved Lhe placas clope togat her
n_Q Lhal 1 coukd mes that they welea ab sgual length,  Then
Ioadked, "apra thaso pracas Gf cord Cha pans bangthet,
When 1 gave hin appent, 1 benl the pilecs of cord nearar

i |

Ioto form o wim shape,  Than & apkead tha followlng
{Fandomly ‘“.idm,‘,jd) qumu.l'«;;‘m; (a), "ara Lhesa two pleces

b o the padies Fangthi (), "im ape ol thase plecas of
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colbd Tongen [ T whir T ooge ) () RN N Y AT SN R B Y RPN
price e ol ool Ao e (el sSo . whiteh Onee. b o
At i nter tneg Chies Quest Lanines ) Fe, Following

presentatton o the concrete operat tons Lasks . B taook e
L]

N

Pndex cands with the ttems typéd on thémn and satd to e

4 "ohave e ostack ol cards heres, Bachy card taelln
someat hing about o boy named B Ll (ghrl named
Marty dor girla) and casnh oard atks a quest ton,
Frocgoang to read thoese cards to you one at g
Uhmes, bach tomes Torgad a guest Jon,  you' e
supposod to o tell e the raght answer . The
Prrat card saya. ., "

Inar 1 ng mn.-,wn(m o ob the quest ionnatr e, whoen 5 henttat od

-

altoer 1 had 1 aad o particular card, o whan O askod foar
the card Lo be o read, 1D ta toad Uhe cald, DU annwer
Lo the concrete opatat bons tasks and bko antswel s Lo §he

questlonnart o o welo pocobded by 10 during the asnosiinent

vakib o,

Deapaindent Vag ’Arahhm

A

s
The dapendent vartablan ol It arGost wokea g

CobPoections neorrsctnaitg ol tha subjact 's answers on Lhe
Y
Phaget bah Canka and oo tha gquest Lapibal e,

Ahpwetl s on tLha Pragaptian tapka, Huh]?utn‘ PR R0 L

anpwars Lo tha thraea guedt lons partainhng to transitividy
andd Lo thm/tlusuaﬂiuﬁﬂblxunz partaining to consarvat Lo

Wk Pavorded o o peore shaat, (pea Appaodds D) by

WarKing an "W, Jpoorrect appwers wera recorded Ly

makRing an O,
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A

Answer s O (il.(:; Juent nmu‘xl"x [ Whesn answet 1ng t he
Phems of the quest tonna g subject 'y tesponded by saying
Cyestoor Tnot s Thetie two calegol ben ol TesSponse welt o
Fndteated opponite aach 1 tom an (h:-:.:n'nxu sheat I g
the ansenament Lor lagreal understanding, the exparn
mentor simply Chicsce ke {(rimt hed ."‘/") In the cateaegory

corresponding to the subject s esponse,



el ts

Fach correct anwal on the twenty 1tem quest 1on
HAall e was ashlgned o sSoara ot . With four (teoems
pertalming to cach ol the tive principles of propositlonag
lu(;‘l(', the oo podgsibhle geore on each 1 ll\('lplc,: Wil
O and the maxtmam possible seota wabs 4, ".l‘hu mesans and

standard deviatlions ol the nwmber of corroect answors on
)
cach pranciple are fapoltad by gradae lavel for both

:mll\plm-i 1o Table 1,
Analyrest of Var Lance

neparate 3 (Grads Laveal) X 2 (Sex) X 2 (Oprdar of
Provsantat ton) X 2 (Condition) X 4 (Lo ieal Principlea)

i red modal analysas of varlanes wore cotput e Foar e
i
Canadlan and Anerlean samplas,  Two madn of fects altalned
Shagndfleance bor tha Canadlan sampla; tha batwaear .
/

Subfectn ot foect For Grade Lavel (B=11, 10, df~2/44,
PSa001), and tha within aub jeats afféet for Logloal
i

Prdnc i ple (<86, 94, di=4/09%, <, 0001), Iy additlon, A

pegond. ordar dnteraat ton, Sex X Condltion X hog Lol

'
'

Principle, attained signifiloancs (K4, 15, af=4/192,
<L 00h), rquuuuwiﬁxuaim Rost hoa comparisons of the Grade

Leveal maangs Fevealed a planlficant (B< ,00) difference
' : N ' ;

!
[

heatweean Gragde 4 and E'?F'.ﬁ.k‘xigrnddﬁ Loand 2, fut no ALffarance

hetwean grades 1 and A (pea ’l‘n‘mvl & R). Orthogpnal

i i ’
. i '
' . !

48
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Table 2

”

Orade Level and Laogreal Principle Maany

For the Canadian and Aperican Samples

TSIFY ALY
Canadian samp |
Ohade Lovel

1
2

LE

Logleal Prineipl e ' "

Modus Ponens

Hubstitut lon

AL st Lon of tha Conacguant,
Salf-distributive Law aof Lha Horsashoo
Coanvearsa lhaw of ('ff;)nf:ﬁxpmﬂl:h.m

[}

[

Auardcan Manpl e

oy Lty " I

ﬂg'rx‘s'{nl Likavea )

,1 [ 4

Lo heal Pringiple

Modun Panans ' .
Aubstitut ion '
Afflrmation of tha Consequent,
Sell-disteibutive Law of' the Horpeghos
Gonverde Law of Qontraposition

Sy R e L L T TR B T o S VS

i

Meran

4, 94
3. 94
2,090
2, 8]
.39

|

b R)
l")n 34
15,67

3,975
B 86
4,86
2,50
24y 25



S

Polynomials analysin ot the Grade Loevel ef | oct showesd
that the Lincar component accounted {or the graat ot
shate of varrtation (P13 14, dt -1/69, 1« L004h) The:
Fotest for the qu"ulx(xt Lo component wad nonsighlt teant,
Newinan Kuels post hoe compat fsons of the Logileal
Prancipla maans (Soco ’l‘uk»lc;_ ) dhaclosed the l‘olluwn”u_.;!:

A
Converdsa Law ol Contraposition was Slgnitieant)y (< .()lfV

o
mora diffiealt than cach of the other principlas; Self
dintraibutive Law of thae Horsashog and AL rmat lon ol the
Conacuent wegre equally diffleult, but both wera shgnifa
Cant by (BCL 00 more ditfteult than Modus Popans and
Subst L tat Awln; Modus Ponans and Substitutlon were ejually
dUblrenlt,  Newman.Kuels post hoo domparisons of the
msrant faor the Hax A Condhtion X bogleal Principle intear
actlon ravealed that boys (n the negat lve conpdlt lon
seoted slgodficantly (<, 01) highes khmnlﬁwq in the
1M»;il(yl vn:l(~«»n(41x ot on AtEimation of the Copdegiuant,  and
Ghlrds tn Lhe pnﬁxﬁﬂyu capditlon sopred gﬁﬁnl(imanrky
U‘$>s01% It Lhmu=qlx3m In the negativa v&ndlhﬁﬁn an
Beal f dlAtribut Lves biavt ol tha Hopseshos,

Tha rapults for the Aerican ﬁamplm showed no
uignlfxnaﬁn Orade Level effect and no hlqnifiﬁrnh lntux
‘m:'tzkm‘nﬁﬂ e «mly At teat which attained, signi Floance was
the wkthln muhjcvlﬁ fa £ mifth ﬁgr Logxéai Prdncipla ,

(pmﬂo LA /192, QAOOO})A NawmqﬂaKu&lé péaﬁ hoao

uumpapxﬂunm'pf‘Lha Loghoal ' Prinoiple meaps (see Table 2)



terin ward eatablished to partition @,U ﬁ(xb}jeﬁ‘tﬁi[

q

~

dinclosed the tollowing: Conver se Law ol Contraposition
and Delt  distroaibutive Law ol the Horseshoe wer e equally
drftreult, bhut both were signptficantly (< . 01) wmore
dittieult than cach ”1' the other principles:; Affirmation
ol the Conswquent wadg silgnif tcantly (P< .01) mora diff)
cult than Modus Ponent and substitut ton; Modus Ponend and
Substltotton waere equally ditficult, Inspection of the
Logleal Priancipla maans for Uhe Capnadian and Amer lcan

sampleas reportad in Table 2 Indicateg that tha order of

difthculty of tha five prinelples o

wad Lhe same for both namplan,

A ordinal analypis was copducted to avaluate the
duavelopmantal valat bonship bﬂtwﬂﬁnv(hﬁ acguisition of
propasitional logle (ap moapured by ovarall pmpfnpm;nnm
o the gquestlonnalia) and tha acquislition of conceoats

aparat lonyg (ag mmmm‘vs‘ad k.)y 4)}{(:;2;11)\ Parformanca on the

Cankn fog AmnuLMILrnnﬁxtLvALy and copsarvation),  Ad with

Anpwars on Lha guedt lonnaisa, eaah aorkeat apswar op the

Lapks for langth transitivity apd length conseryation was

f I

i , i N 3

apslgned a4 soora of 1, With three queast Long 'partaining ‘
i A

Lo edah task, thd minimun pospible score on both tasks |

aombined wap 0, mnd the maxdmun possible conbilned soore

wab G, o copduet the wrdinakl apalysis, pagp-fall opk-

'

A 1



tndepoendent ot o ade foevel Fnta two cat egor e iy

I
subject s who h‘.u’l acquited proposttironal togle bul bed not
acduired concrete opetations and L, subjects who had
gedquiraed concrete opaerat tons but had not .u'(ilulx'c.:d Propo
St lonal l()(;l(", Two sets of crfterta ware auployed,
Criterton A poegquired o mintmun total score ot L4 (0 7T0%
correct) on the gquest ionnaive (or propositional fogie to
ba comldated present, otherwlte AU was congbdes ed abuant
and, o minbmum total scoke of 4 (67% cortoct) on tha
Fength transitavity and conuarvat Lon Carks fox conet et e
operaltiont Lo befconsldaroed prasant , otherwise 1t wap
consldered abaai(t . Critorion B dU fared toom A Ih that a

Fa ol Ih (THA corraot) was regqulred o

oo total  se
)

"t hes r.w&";*jﬂ_hmxmnu, Both pets of oritarla were applliad to

t ha dczt;u b thae Canadian and Anerican sanples and tha ro

Hul "mpmu b Pable 4, 'The }mmmmnmm shown in ‘Tahbha

4 owWeL t;mn,'md Fak slgnifloance by upa of tzhc; binomlal st
. ,

(Hhegad, 1956),  Jhe prababi bty valuas balow Tabla 3
ndbeate that, for both samples and acoording to both peats
of crdtakda, proposit ional logld i accuired halora con-

Grata opakatd ons,

i

bnother predent study, the Plagaetlan tasks wape
auployed only ap a pdfferanca vackable to epable the avalu.

ablon ol the davelopmental relationship between propost .

tlonal leglo and copapatea oparations, Fog this reason, no

'

analyses partalning solaly to lepgth li\r\unﬂit'iviyt:y or |

A » : i h



‘ Tabiles 3

o
l\\V“ )
¥ The bevelopment al Relat tonship Between

Propositipnal Logie and Concrete operat tons

For the Canadian and Amer tean Samploes

Propousttional Logie Conerate Oparat Lons

Canadran Sample

CF Lt ek | e , Py eanaant Abirieant
. A C P rasont 40 ylraana
Absent (rnn . ) .
I} L oeatarant 44 28
Ahricnt A 11

Aniar b can Hapl o

AL e M gaeseapit Ahieanit
Presant X A nAA
"Ahrcant, QAN 0
P eameand ]2 BT AN
Abisieant (Ao 20

; Motoa, Criterlon A » 70% correct on ths quant lon.
@ and 0T correot on tha coperata gperat lons asksg
EC i tapton 1o~ Thi corraot on the quedtkonbalne and 67%
EOX ezt ol the coperata opatatlons tasks,

P ey . ()l,(]\

B¢, 00) i .

AR L0001




Length conservat 1on wes o planned. Hut Inspect ton ot e
seores on the conereto opetat 1ons Vasiks showed Chat
approximately 970 of the subjects o hoth samples cort oot
by answered all the quest 1ongs peatarning to transitivity,
e
while 44° ot the subjects an LR Canadlan sample andd 22%
of ”m'_..,-“t,)(‘(.“,‘ b the Amer bcan sample cornoct by answenr exd
all the quastions pertalndng Lo conbervatl 1o, Owli) Lo
the cotling el tacts 1ot lected 1o the high solut ton 1 at oy
Oncthe Inleroance pulas amd (e portoct portotmance by
rxc::xi-k Y all subjfects on transitavity, the Intferonca rul oo
and transttivity were omitted from the 1ol low b analy sy
which ovaluats the development al relal Fonshidpa bt weesn
consul vat lon and edach ol the thrao agloms,  Pass. (al) "
cHlterta tor cach of thana analysan roeguiced o moa
seore of 4 (or TWG corract) tor each axl o Lo ba conmtdeagead
Pratont , otharwioe (U was con il dearad aliaait , und eh VA A R
Heora of 2 (or 675 porrect) for consarvat lon to b COpH
dored prsssant, otherwipe LU Wag copsldarad absent,  The
Fadulta ol theta analysed ara prasented (o Tabila 4, The
Binomial tast was ulgn Uhtd Lo Last tha ralatlonships
showie An Table 4,0 e probabd bty yalues below Tabla 4

Indtoatsa the following: far both samples, Converss Law of
i .
conteapos it lon and contsarvat lon area acguilred synoronous hy;

A

i

for the Qanadian samplea, Sal foddgtedbut i ve haw of the
Hopseahos and donservatlon agea acguiced syporonausly, bt

for the Auoerloan sample, Helf.disteibutilive Law of the

f
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The Devalopment ol

Tabhle 4

Reddatrannhips

LI

Peet weeesn

fravcshy ot the 'l‘hyﬁ AX L omes .m?\ Congervat 1on

for the Canadian and Ameroan .‘i.unplnu/

N\

AR o o

/)

Canver s W ot
Contraposit ron

ol cdinterbut pve
Liaw  of the Horsonhos

At Lykiat fon ol
thier Caonpexjuan!

Convet e Law of
Contreapasition

Sedtodist e bt dva
Law of thea Horpashoe

4

A Ematdon of 7
thies Unnﬁtqumntﬁﬁ

o
AR, 00)

Connervat Ton

Canadian Samplo

Proerticant

Abriont

g esticanit

Abtiont

Prerfieint

RYSTITEIRY

Froesrieant
? 14

17

Ausibean HDamp ) e

Fapant

Absant

Mragant

Abpsant

Mrgatant

Ahseant

o

Preaticant,
t

{3

£y

’f/\A

Nl

Abient

10

L0

24

I

Abhsant

XY

!

At

RN
N

-

A0nA

26



Horseshoe proecaedes conscervation: for both samples,

@ )
AT smat von ol the Consesjuent procoedes conserval ion,

v
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Dlgcussion

With respoect to the ma for question posed 1n this
study vizo whether or not young chibdoen under stand the
badte principles ol propositional logie two tindings e
to suggest o posttive answel Firawt, taking over all
pertormance on the twenty dtam quatt fonnalle as o geaeneal
measure o underatanding, the means of all gradan 1 om
both soamplos ovidonced solut bon ratos o CIAC AN ol TR
woall bayond Cho S0% object ive chano :sx;"l‘l‘u"fu;X Fata,
Hoecond,  ercepl oo one cant, wheka Who Al boan Mecond
i adern o solutdon fate on Convarpa Law of Contraponition’
Wit ')U%,‘ solution.datas on all the moiociplas by all tha
Jradon from both samplas wak @ geaatoar than B0%., \

Hesulta partalning Lo tha gquant ton of an ager L rond
b chobdieans ' undatdtanding ot proposit bonid bogp b wara
el vocals  Whitle an ags (g adea - Level) af Fact wap &yl
depeed Tn tha Canadlan salpla, hoba was oted 1o the
Asar bean salpla, That an age trand was ohsarved tn the
Panadban, namphe bl net i thea Amérkqﬁn palpla may ba dua
b part txznun&ﬁz aoounoil e factors.  ha fural ares From
which the Auerloan saliple was diawn i populated by
AndANXnglm of low soolo-economie status,  Pyplaakly,
childian with ralathvaly depressed backgrounds show slower

-
Huprovemant  (an honoa,  fawear, and mora minimal ddffarances

Ph pertforiancea) 1o tha peimary grades than thelr count k-

1

' ¢ f ah

by



parts an o mrddle class urban ar eas :’,surh as that from which
the Canadian sample was o awn. Although the Canadiran
sample 15 more representative of maddle class North

Amet tca, the concluston that an age trend N generally
evidant on o pramary grade chi Ldr ang under standing ol
PLoposttional logie 1y probably not wartant od, That
baertormance by all subjectys from both damplos was und torm
on aach proy e d ple, indapendent of grade laval, (1,c¢,, $ho
Gradae Leavel X Logleal Prdnceiple ‘Al'xlm'm‘l Lonms ot taind
Hlgniticancae) laends support Lo he suggatlion that no age
Prend oniuta An pramaky. grade ol bdrany undaerst anding of
Praopostitional logle.  Furt her, GRCEpPL rurqunmdlun thicd.
Jhader s, mean pertoliianess on the gquastlonnalra wan aluost
bdantical for abll grades from both sgamplan,  Mloally, 1t
shoulad be noted that. ags Crands Lo partoriancea on tapks
FARe the gquest lonnalia have boan observed An PEAIREY  (hade
chilldran by mole invedt | dators (a,g., HAOUL, 1961, and ‘

[

Kodiolt and Roberga, 19759) but pot by others (a, Ua o

OB e and Shaplro, 190H)

Concerning the quedt ion of whet hat OF Rt Moe
principlen are mokfs diftloult, than others, 1t ip alear
Lhat. ehilde s in thin study found the axloms more diee)

ceult than the Int erence Fules,  Whareas all ahildren
|

phawed pear perfect pertformance op Modus Ponens and
dubstitution, with solutlon catas canging from 90 to 100%,

gHolutLan ratas on the axloms were maeh Lower,  ranging

t
“
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From S0 to 80, The order ol Increastng dufbiculty of the
o :
Pive pranciples was the same for both samples. vz, Modus
Poniens,  Subst o tat Lo, Al rrmat l()l-l ol the Consegquent
seltodrstorbutive Law of the Hol seshoe, Conver se Law ol
contraposition,  Although no A Priord hypothesas wer e
formulated ragarding the relat fve drttteulty of tha prin
urtplets, thae previous work by Hallb (1961) and Kodrott and
Robergea (1975) had shown that, Primary grade ohibdran 1
Modus Poneis gquita aasy., At Joeoast two Factors ara Known
Lo dnercaso ditticully on logleal problems such as thowuo
posed i the quant lonna i e, Nelpsor and Weana (1962)
have shawn, and 1L hays beon cont | e hy othars (a,q,,
Haygood and Bourne, 1964%), that Logroal probdemns whiol
ke ulxuvluxukly mogLa’ complas (In tarme of mora REQpOsT -
thans and motea s’mmw‘:c"lvl\!&,m) ara mora diffloukt to solve,
A dacond Tactor in the presancs of negat Aans Lo the
propositions of logleal problems,  MAALL (1961) found that
Lhe pratianee of nagat iont was a bhat tear prediotor ot difri .
LUELY Thal complexity,  In an atbenpt to accouat for the
%xdmx ol ditfleulty avidenesd ip the prasent ptudy, each

of the Phve Jogloal principles was analyged in Lerms of
\ \

S pber of ptwpoﬁxtxunﬁ, nukear of bhinary aonneatdves and

numb@r‘nﬁ Regatlons, lable 5 shows that these factors

Lakean saparataly, o togethear, fail tnippovxda A goéd
\ ] i )
pradxphknn of the ralativea dkffAeudty of the figﬁ-Prinekf

phen, \H%& préﬁﬁnmm of negations in the pogitive ' .

\ i .

'

l .
. [
. ) .
\ ¢ 1 ! ' i
i v

\
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lable 9
The Number of ropositions  connectives and Negations in the
xpressions ot the Five Principlas of Propositional Loglce
Nuinbar  of Numbeor of Numboer of
Prancipla rpopountitions Connect 1veos Negat ltonn TOPAL
Ponitive Mapresnion
Modua Ponann A 3 Y] 1
o
Sdubbtitution M 5 0 I
/
Affacmat ton of 3 2 0 )
tha Cunprjuent
Salf o dlatrahbut jve i) & 0 13
Law of tha Hokpaahon
Convag ng Lav of 4 4 7 2 U
Cant rapapition
Nayat dvm hapgasnion
Modus’ Ponena A A A A6
Hubat b tat fon ) [+ b} ) 1A
At Avmat bai of 4 A A b
tha Cohneajusil,
Hal o dadtcdbut bye ki 0 1 A
Law uf the Hoxnanhon .
Calivel pn Loy of A 3 3 H
Capt kagrani b dun
Yy g . - B L i
Cambid hod NApress lung
) = .‘ i i e s LR I P =
Modua Ponsns l t I 3 27
[
Aubst At ut hop | W A6 . 4 25
' , ' . i
ALRARmat hon of 6 A ' 1 I ¥
tha Conssgieant : - ' .
[] o ' \ i !
BeAf-Adatpibutiva Mo g AR A . AT
baw of tha Moppephoa - ‘ o
Gopvarpea haw of ' 8 8 ; 3 17
Qopt papanition . D . ‘ .
! n 5 \
3 =orsaEmosnie . e
l i , l i
i t . \ ‘,l B . I
i N 4
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1
expressions of the prainciples distinguishes Converse Law

of Contraposttion as most diffacult, but this dist incetlon
bicaks down when the negative expressions of the prinei
ples (all of which contain negations) are conslderad.

The complexity factors give a rough Ifndication of the
order ot difficulty of Modus Ponens, Subst itut ton and
dell o disteibutive Law ol tha Horseshoo, LF ALl rmat lon
ol tha Conseguent m‘uA Convaerse Law ol cContraposition arg
arcluded from thea unalyniu. Farther examinat ton of the
principlan (Hoo Appendlx 13) raveals t.‘kmt [\lTU’llliﬂ;H;H of
Lhe Conpequant and Qonverse Law of contraposition pospass
undgue featucas whilch are pot assessed In Lhe analysis
prasant ed An Table %, Afficwation of the Conseguant

AL opn tream all the rast of the principlos b that a
blnary relatlanship (g Dp) As Anferced from ﬁ}ﬁ}nulq

propodilion (p). Although AffArmation of the Consequant
bo deant complax, the presence of entlrely new Anforma- |

Clon Ao bte plght-hand atatement very Llkaly (noreases

Mo dirriewl by, Convear s haw of Contreaposlition ts wnlque
' ,
b that the propositlons which appear in the Lagt -hapd

“ptatenant ara hegated and reversed Ln the ﬁlghtahdnd@

; [ N o
Atatement,  Althouwgh Converse Law of Contrapositich gon-

i +

FLanﬁﬁr&quxyéky few, pxmpﬁﬁiniﬁns and égnneégiveﬁm enéb%
. ‘ Lo : o
Mg edslear eﬂéhdlng of tha‘1nformation'neﬁeﬁsaryﬂto
‘ o R ‘_ |
appens Atn vallalty, more pﬁ@@éﬁﬁihg;iﬁrfﬁﬁﬁlféd;@6 decode
thes knfnpuﬁliﬂh; leﬁh‘ﬂnd5ubhequ iﬁ%péaégéﬂthe< o

‘ [
i
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diftrculty of "rmv::x.‘:w Law of Contraposition,

Conceaernting the developmentall relationship hatween
the understanding of propositional loglce and the acquisi .
tion ol concrete operations, the ordinal analysis of
overall scores (rom both samples showed that propositional
logic proades coner at e aparat fons, ven when tho morea
strlngant, propositional logie (:“x'xl.mm(m (regquiring 79%
correct anpwars) wag aliployed, a mignifl umHy graat ar
proportion of childran showed an understanding ot propo.
shthonal Togie, dn the abhanoa of (.Joﬁmrfat'fa npmrqt.xéinm,
than the roverse, l"url'hmq-, tha separata ordinal analynoas.
hat wo c‘;m:h af tha asloms and r:mmm*vmt'lﬂ_n rhowed that
ther arloms ware acgulred bafors copsarvatlon, or in
aynarony with aonpecvat lon,  That Copvearsa baw of Contrea.
pos it Lon and HBaelf-disteibutive Law of the Horseshos (in
the Canadian mampl ) &xn not emergeae baf'ora ﬁﬁnﬁﬁfvdklmn.‘
doss pot warrant the nnnvluﬁlqn that thase axioms are pot
msmﬂm:q batore thea ptage of ooporat g npm*:ﬂ;knnri! |
lik‘fx} neardd (1970 demonst rnt ad lﬁ};ritr thes caxé{inzx* O e Ap% Lt ion
l(m" r‘&H"Hn;gMy) ol the Lhrm‘a"mqup *1nmnaa Of t:ht: c:m'wx‘ul*n

aparat Long Skuqm ¥ txunmitkvlty, UmnpaRVntion qnd ﬂlq&h

i ]
1

Inekusion, &ouhdrvqtjﬂn was employeq am ) meqﬁura of*

’cnnwrutm upﬁxntlﬁnh 10 the peparatie: opdinql analybas beg
! ! 1
caunse all but\ﬁxm uﬁ the nhlldpan from bﬁth pqmplep phowed

) )

Pvrfu@t pupformqnme on trannltkviﬁy ﬂukﬁlwhxle ﬁonservaa‘

"'xinn 1h mopm qx Cloult thqn transiniJityf ib L& leps

[ i [ .
| A

4
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L

ditticult than olags tnclusion, and so represents o quite
conservat lve x‘noc;:mre ol the concrete operations stage,

In addition, 1t 15 recalled that v;lxl le the crl t’;:x‘l on oz
the presehca ol conservatlon was a minimum ot 2 corract
answars (G75%) the orit ;}L'l on for the presence ol the
ARLOIE wat o o unum of :3 correct anuswers (75%)

Bafore procecding to the goenoral dlscussion, brelet
considerat Ton should be givaen o the {act that no sax or
randam (Urdu}, Conditlon) maln effoeots attalned signAli-
canca bn lhlmvntudy. Differences In concaptual and
Yanguags abllity between boys and girls aged 6.9 yrs, are
occasional by but pot always obﬁmrved; That. Ocder or
Condition of principle presantation should maka po dfffex-
anct was cartalnly deplred, but not nemﬁﬁﬁnrlly axpected,
The sdngla Hax X Condlition X Prknﬁipléﬂlnteraéklﬂn aof the
Canadhan sample seenn aubject Lo no clear or ueaningful

pRplanatlon, oxeapt that ont of nearly sixaty possible

Lhtaractlonn at. laapt. ope mhwukd ba mlgnificant. by chapas,

A

Hanak _l l)Mwmapjon and llnplh rations

Ak Amid ki

' ] .

1 h ' . ' '
R pcnqklcd thni tha presence @I negqtlonﬁ

|
fnkléd .o dlbtlnquiﬁh Lhu pelaixva diﬁflcukty of' tha fkve

ppln@Aplﬂﬁ ok, pxupaminiunal lmgicn X@t (exalunding ' the

[
'

' ' ' ! : v ' S

Ial

lrgvenleﬂ (hnh‘pgpﬁﬁﬁmdnﬁa R the 'axioms was ﬁigﬁifiéqntly

o f
' i ' :
4 ’ ' ' | b
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(P <C.001) better with po.slt 1ve expresslions which required
"yes" answers than with negat ive expressions which
required "no' answers.  For gach sample, H6% of the cor-
Fect rasponses woere "yos' answers Lo positiva expresslont
ot Lhe axtoms, and 44% of the correcl responsas were "no"
answers Lo nedative exprassions of the axtoms, Slinpee
positive exprasnlons predant ed Instoancas in which the
axlomy wara tr‘uu, whike negal lve axprasaions prasapted
instancas An thch the axloms were false, the better par’
Formanca on posttive exprassiond raflects and cont Loms
whal. han been rveporcted by others (e.q., HALL, 1961 and
Ennds and Paulug,” 1965) that trua or valid axpresslons of
Logical prfnmiplnﬁ ake mof@ eaplly recogniced than falsa
Ok Lhvalid exprassions, It should also be maentioned that
Lhe graater percantags of corréot “yes" apswers (and |
hanoa, the bat ter papfommancs on positlve @%praﬁvkmnﬁ)
probahly raflects, to mmmé axtant, tha aommonly obsecved
Landanoy of ahildean to agres, or say "yes" more often
Lhmng“nu“ when Lhﬁy nﬁé nat. ﬁu;m U; he xugrevt answal Lo
A quaﬁtxonf Sinos Hillvs &1?01)|quaﬁhionﬁ WELe QORSLAUG-
ted I the gane mapner as the QMaatipPﬂ in the ppeaent
.peSearmh; (that A8, thopa quuptionﬁ whiah oontained nequ

K

ti@nu were also thOba Whlgh requiﬁed “nﬂ“ QBSJEﬁﬁ Eéme Of.z

& OOL pepfmrnunﬁu whivh pha qﬁvrkbuted Lo'ihe pasenﬁa
P P

T

cofl, negqtionb Was Aik@ly thu Le nulg ot“uhlldtennﬂ tendan@y

i ‘_
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Hoclo economie factors were pointed to as a pro-
bable explanation for the better perf{ormance on the
questronnalre by Canadiagn thlr(f{]l‘i.ldﬂffﬁ. The relat 1v<‘:ly‘
POOL P f()rlndW{(J(: on the contervation task by children In
t he /I\l‘nf:ric,um sample (22% of the Amertcan semple gave
worrect answers to oll of the conservation quest fons,
while 44% of tho Pnnqdlunlmqmplm did s50) 18 also proba-
bly account able tnoterms ol the gocloccconomle differancoes
betwesn thae Anerican and Canadlan samples, 'ﬁ%pkdmﬁ the

if!
battor parformance by Canadlian third.graders ‘snd the

/

disorepancy n HOOE G an the umnﬁaﬁvatxoﬁ task, the
Fasults obtained trom both samples euployed In tha pragant
ntudy weare q\TH.,ﬁ conplatent,  Apart from the geographical
uhq poc Lo ccanoml e dUEfaraneas, tyo dit Farant SRPaL LINean -
bLors wara euployed In this regearch, While the weltear
parved as axparimantar for the Capadian semple, his

B nl An»lqw, whnhﬁnd no pymVAwuﬁ Fesearah exparf e

7
and o hnuwlbdqm of tha prasent study besldes that, .

Eegul red Lo qdmjnkﬁheﬁ Lhe tnhkﬁ, ﬁeﬁveq as expearinantac
for the American sample, In this ﬁontakt, the conaiateancy

of hhé FeEULLE attast to thelir genaﬁalihyt and suggest as

wull t]u ufkkﬁnﬁy and rallqbility ot Lha measures empl@yEd

BWY) amﬁmun ﬁonﬁpmtm ﬁparthonu qnd propopltlonql Iugiv

e prln«lplm xkndingm of tha premenm ﬂ%udy muggaﬁk-‘

that pbimqry grade ﬁhlldpan undepﬁhqﬂd the bqﬁic prAnGA -

‘plmh of prnpapitlﬂnqx Vag e and, “that this undaﬁhtqndiﬁé

i l ! ' A .

! . ! ty L 1
) . v ) E
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15 acquired before concrete operat ions. These results
fend empirical support to bBrainerd's (1979%) contention
that the acquistition of propositional | ogie should pre
cede the acquinit ton of class and relational logice.
Home investigators (Ancluding loglelans) have
arguaed that Plagat 's combinatorial sy st em of {ka;g;):ilt Lona J’
Loghe s an Inappropt Lot e and unnecassar by complex form.
Wlatton,  Plaget' s modal of udwluﬁvﬁnt thought, secmns Lo
mhx and confound e undmmtr&ndmg of propositional logio
with certain ather m:an_:‘hm of foxmal reasoning, such ap
ﬁhm ability to qunmrnltﬁﬁ 2l ) pnnmkhl@ combinat lons of
vartablay ralavant to oufoomne, oF the abt ity to fsolata
noMinglea variable qndkcmnuldmr bts dnfluenca whila hold.
Ing other vaslabhos constant . In Lhe contast of rumaqan
wm;lukmﬁ hreaeagy raported mmvm publioat ton of  "he (irowth
Wl .nﬁi«ql Thinking fram childhood to Aol escenag!,
Liingdr (19713) "Eaaappralsad Plaget s goporeta and focmal
Alagan, and conoluded that wany of thea diatdnaet iong

Plaget has drawn batwean obi bdrans and adolesaenty!

thinkin, Lo ludd ng logloal abllitles, do not hnldaup'undﬁp

alosa sarwtiny,  While <“emq1n c‘mgmuvu qul“tluﬁ uc\/y

.-@hqrqeterLAa ndwlumvent, ﬁormql opepthonal thinking and
| dxﬁtlnguipn 11 Irﬁm bhu txinhlng of youngerlchildrenp the
rasults: ok the present fatudy puggeﬁb-xhqt the undenstand=;’

1ng of prﬂpggitlnnql Logxu, pcg sa, doea not . Instaqd At

ypeqﬁb thnt avean pximqry qrada ﬁhildren hqva a reasonably

] i
‘ o ) | , o
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thorough grasp ol propositional logle, 1n 5o far as they

show awarencss ol the inherent truthfulness and validit y
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Appendix A

The sixtecn bhinary combinat tons of the propositions pooo

s
L

and thertr negativen (p ‘l)\ and the correnpondl ng
propositional relat yonships whirohsthesae comblinat tong

CRPLGDn.

. 5.3 Confunction

Do N Nontmplleation ul g by p
(Y S| Nondmplication of p by (
4. I Conjunet fve Nogat bon

b Ry ol X Aflirmal ton of p

U ) and fn Al rmation of

1. s and Ay Fepul va b aanc e

Yo jal and fny Kachplocal hxcluplon

9. fry and jag Nesgat ban of (‘q ,
1O, fay andd }Irq ' Nexgat bon ol p
I, }Ajruhl};{rﬂullnj by s junet Lan a
P2, s and pap and g Mook procal  bophieat ton
LA, g and g and gag Linpk Leat don
l? c I and R el pay Incompmt bty

Iy ad aldd pxg alid pap o and gy Cotpr bt e APl riat bon

loo. 0 ‘ Negat Lon '



Appendirx B

The Five Basto Principles of Propositional Logic

y,

Positaave bxpression

Modus Ponans ((p>q) * p)loq

Substitut pon ((p2q) = (r-p)) D(r oq)

At irmat ton ot polgop)

tha Conpeguant R

el dlatribut v (p2lg2r)) 2 ((pogl>(por))

Law ot the Mot sashion

caonversa Law (~ po~q) D (gop)
al contraposition

Negal Lve Bxprapnlon

Modus Pongn ({~ponag) * ~p)D Y
Subst btut bon ({~pon~qg) * (k= pl) 2 (r2y)
AL Armat yon of AP 2P

th Canpexjuant

Helb dinta bt ve (b2 (a2 ~1)) 2 ((pog) 2 (po't))
Law of the Harsoashoo

Canvakna Law (~pog) 2 (gop)
ul Contrapod it ion \

:
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1.

Hupposg you know that

i

Apprenda koo

Quaesgt tonnatr o

(Substatut 1on)

Suppose you know that
Whoaver doos good wsork
Will get a priaze

OB doos guod work

s U true (hat;
BALL will gat o prtzaoy

] I
Supposio you know that ;
Whoavaer dees not do good work
WILE not qget o orlce

LB dages not do good wor k

s bt truer that
BALL widll gt a pridbeae

Suppons you know that
Whoever Iu tha [Iest parson dp ) A
WiLL be the fiest parson Lo do hone

FEBELL in" the tiest porson \n L loa

s 1t true thats
CBEEL Wi ha tho FAest parson to go b f
Suppota you know that
Whosver In pot the Flest person An Line
WALL Dot be the Fleut person to go home

FEBEAL dn pot tha st parson in ) ipa
‘ »

|| (‘; b e that s “ )
BIVE whd) ha th FIRst pargon to go howne?

[
P

(Muduﬁ Popnens) ‘

AE BELL wears his boots i ‘f
Then BT s feat will stay dry

i
' P



Appendix O (continued)

N, (continued) .
And you know that:
Bil) waears his booty

s 1t true that:
BIEL s Lot will stay dry?

L. Buppotice you know that:
FEBILL does not. waar his boots
Then WALl 's feat will not stay dry

And you know that;
BELL dous pot wear hils bootw

s 1t true that
Birlhbte foeot wikl atay drey?
7. Supposo you know that s '
O BELL wata al)l his dinner
Then BEbb wi bl got doessert
‘A

And you know that
BALL oats all his dinnar
-
e LU truey Lhat,
AL wi b gel deanaor (7

Be  Huppona you know that
OB does pot wat all hils dinnes
'4‘hmn BALE widd not get despapt
Ancl ynu Know that ;
BLLY does ot eal all hie dinpar

e bt tpua that,
BALL whl) gat dosseart ¢

n

@ (Converse Law of Contraposition)

9, Bupposa you kpow that
When At As pot cold outpide
Bk navur plth in the hwupa
Is At true thats ! '
LEBAAL plays in the hﬂuaﬂ
ﬂh@n Atds fLold outslder

]
i [y

N



Appendrx o

10,

(cont inued) .

Suppose you know that s

When 1t 15 not cld outsitde
Birll somet tmes plays an the

ls 1t true that:
FE Bl plays in the house
Then it 15 cold outsideoe.

Suppona you know that
When Bl L not thirsty
BLIL never dr inks wat o

Fa At true that
OBl drinks waler
Than WLV ks thirast y

Supposa you Know that s
When BULL ta not Lhirmty
Heosomol tnsan drinks wat or

L bt true Uhat s
HEoBebl dednks wat ap
Then BALL o thilrsty

(el dlstributive Law of

Supponog you Know that
When BELL s hungry
O momeona g veoy
Mea will eat (it

oAt e
LY when DALY s hungry

Then when BULL Lo hunegry
Mer wll )l mat 4ty

Suppase you }xxl«)»1 that 4 i ‘
When B4ll 4s . hungry

sotssane glves hdm some b ead

Lo

O

the Hornenhoa)

Wl somse braad

1 £ ﬁUMunn@“UAV@h him some braad

te W11L not eat it

b
i

Is At Lruu~,
LE when pil) g hunqry

Bomeons . ULVGD Wi, some braqd

Then when Bl Aﬁ nunqry
Me wikl aqt At
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Appendrx ¢ (continued)

e Suppose you know that:
When Bill goes to the stora
I he takes some money
Hig mother will let him buy candy

Is 1t true:
It when B1ll goes to the storoe
He takes some money
Then when BLIL goos to the storeo
Hig mother will 1ot him buy candy?

LG, Supposa you know that:
# When Bl goes to the stora
M he takos sone money
s mothar will npot let him buy candy

e it trae:
FO whean B goss to thae store
Hea takas some mopcy
Then whan BIL goks to the store
His mothar will lat him buy candy ?

(ALt Lrmat bon of the Unnﬁequent)

Vo Bupposs you know thats
HiLL dn & g@od"cnoh

Lot teua thats i
HE B akos sone oo les |
Thean ML) g o« (ood coak ¢

i
W, Hupponts you kpop that
CHALL ds et i goeod ook
L U Lrus thats : .
HEBLAL makas poca COpkil o ‘
CMheanE il As oa gmnd=nnnﬁﬂL ’
19, Buppose yxm Know izl’Aqt;;" X
o AL ds very tired , |
{ . L Yo ; .
s itigpue that ' - o
R LEBALY takes off his coat
Then BA1L is very tiredy oo

i ' . )

: s .
I Lo ' i
o ' A



Appendirx o

<0, sSuppose

A Bl

(cont 1 nued) :

you know that:
s not very tiread

I's (U true that:
LD BELL takes oft his coat

Then

Bil)l is very Ul red?

t
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