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Relat ive consistency and sub jects ' "theor ies"
i n domai ns such as naive physics : Common

research d i f f icu l t ies i l l ustrated by
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Wh i le augment i ng the l i terature wi th data that further exh i b i t context -speci f ic respond i ng to
qual i tat ive mot i on prob lems, Cooke and Breed i n (1994) exh i b i t common theoret ical and method -
o l og ical d i f f icu l t ies that undermi ne thei r concl usi ons . Herei n these f laws are exp l icated and con .
trastec! wi th features of stud ies that avo i d the p i t fal ls of (2) theoret ical vagueness, (2) over ly coarse
data aggregat i on , (3) nond iagnost ic, errar fu l assessment i tems, and (4) imprecise measures of the
var iety of (mi 0concept i ons (e . g. , of " impetus, " or i nert ia) . The d i f f icu l t ies cal l i nto quest i on Cooke
and Breed i n 's claims that impetus i deas p lay mi nor ro les i n per formance and that "naive the-
or ies" of mot i on are largely constructed on l i ne. Because each confusi on of ten ar ises f romthe
po lysemy of "theory, " same emp i r ical cr i ter ia for "theoryness" are d iscussed , i ncl ud i ng sub jects '
conceptual , temporal , and coherence- based consistencies ( regard i ng researchers ' models and iso -
morphs) . Wh i le naive physics may be i d i osyncrat ic, baroque, context - dr iven , and apparent ly i n -
consistent , i t mi ght (add i t i onal ly) be based upon fai r ly a pr i or i , systemat ic, and temporal ly stab le
i nformat i on .

The cogn i t i on of physics, especial ly of mot i on , is an
i ncreasi ng ly act ive research f iel d , part ly because physics
prob lems are d i f f icu l t yet formal enough that "answers"
can seemmore at hand than for other domai ns (e . g . ,
"What is the trajectory?" vs. "How much of behavi or
is hered i tary?") . There are also wel l -known f i nd i ngs that
some apparent patterns of errors are evi denced by sub -
jects, h istor ical f i gures, and even ourselves . But what are
these patterns-especial ly the one cal led impetus ? Are they
(1) naive physics "theor ies" (e . g . , McClaskey, 19$3) ,
(2) physics "misconcept i ons" (e . g . , McCl oskey, Wash -
bum, & Fetch , 1483 , contra Smi th , d i Sessa, & Koschel le,
1993 ; cf . Mason , Hi l l , Conner , & Gu i ndon , 1988) ,

or (3) the resu l ts of a f ragmented understand i ng of phys-
ical phenomena (e. g . , d i Sessa, 1983 , 1958 ; Ranney,
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19871198$. i n press; Ranney & Thagard , 1988)? Such
quest i ons, unfortunately, dance about po lysemous, i l l -
speci f ied , and / or po l i t ical ly laden words such as "mis-
concept i on" and "theory . " (Hence, one shou l d assume
that , herei n , such words are always imp l ici t ly quoted . )

Many have suggested cr i ter ia for "theoryness, " but
consistency, coherence, and a relat ive absence of contra-
d ict i ons seemmost appropr iate here (Ranney, 198711988 ,
1994 , i n press) . Cooke and Breed i n (1994 ; hereaf ter re-
ferred to as C&B) of fer damregard i ng consistency, but
thei r concl usi ons are undermi ned by thei r coarse methods
and levels of analysis . St i l l , thei r work adds to the l i tera-
ture that supports "post - McCl oskeyan" or "ant i - Theory
theory" views of dramat ic contextual , featural , and si tu -
at i onal i nf l uences on sub jects ' physics responses (e . g . ,
d i Sessa, 1983 , 1988 , i n press; Hal laun & Hesterres, 1985 ;
Ho j nacki , 19$8 ; Kaiser , Jan i des, & Alexander , 1986 ;
Raisney, 198711988 , i n press ; Ri dgeway, 1992 ; Schank
& Ranney, 1992) . Because my own emp i r ical and thea-
ret ical work supports th is view of context -speci f ic re-
spond i ng among naive! novice sub jects, [ welcome art icles
that have what I tai l the " l oose reason i ng" perspect ive
(e . g  Ranney, i n press) . St i l l , d i f f icu l t ies i n C&B' s ex -

per iments (beyond those they note) resu l t i n an art icle that
on ly amb i guously supports th is (and thei r "on - the- f ly")
view. Arepresentat ive examp le of such d i f f icu l t ies is the
vaguely un i formway i n wh ich " impetus theory" and / or
"naive theor ies" are operahonaZ i zed - - i n contrast to the
many var iants d iscussed i n the l i terature (e . g . , by Clement ,
1983 , and others ment i oned bel ow) . Coup led wi th some
prob lemat ic exper imental methods and analyses of l imi ted
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-sensi t i vi t y, C&B ' s t heor et i ca l un i f or m i t y yi e l ds r esponse
consi st ency dat a t hat ar e not d i agnost i c r egar d i ng t he ques-
t i on of " on- l i ne" t heor y const r uct i on . I n essence, t hose
who ma i nt a i n t hat l aypeop l e have r e l at i ve l y st ab l e t he-
or i es of mot i on w i l l pr obab l y not be compe l l ed by C&e ' s
ana l yses .

I n t he pr esent ar t i c l e, t he l i m i t at i ons of C&B ' s met hod ,
ana l yses, and t heor et i ca l vi ew ar e det a i l ed and cont r ast ed
w i t h mor e d i agnost i c r esear ch on t he st ab i l i t y or l ab i l i t y
of na i ve t heor i es of mot i on ; even so , C&B must be ap-
p l auded f or t he i r emp i r i ca l ef f or t and t he scho l ar l y d i a-
l ogue t hat t he i r wor k ext ends . Thus, t he t hought s be l ow
l ar ge l y r epr esent const r uct i ve devi l ' s advocacy, a d i scus-
si on of common p i t f a l l s i s assessi ng /descr i b i ng l ay t he-
or i es ( cf _ Don l ey & Ashcr af t , 1992) , and a mor e gener a l
f r amewor k f or consi der i ng " consi st ency" and " t heor y . "

CONSI STENCY ANDTHEORETI CAL
MULTI PLI CI TY I N NAI VE PHYSI CS

A pr i or i , we m i ght expect t hat peop l e ( and C&B ' s sub-
j ect s) w i l l not be consi st ent : (1) our pr ocessi ng and shor t -
t er m memor y capac i t i es ar e l i m i t ed , (2) oar behavi or i s

c l ear l y cont ext - and l oad-dependent , and (3) we r egu l ar l y
meet chang i ng cont ext s and h i gh cogn i t i ve l oads . Wi t h-
out ext r eme l y advanced mode l s of bot h t he cr eat ur e and
t he envi r onment , who wou l d expect such a sub j ect t o seem
h i gh l y consi st ent ? Fur t her mor e, even i f we wer e capab l e
of comp l et e coher ence among t he var i et y of our ( of t en
cont r ad i ct or y) be l i ef s and possi b l e behavi or s, at t a i n i ng
g l oba l coher ence i s usua l l y not wor t h t he ef f or t (Ranney,
i n pr ess) . Hence, l oose r eason i ng and on- l i ne t heor i z i ng
ar e assur ed i n comp l ex and / or unf am i l i ar doma i ns such as
physi cs (Ranney, Schank, Mosmann , & Mont oya, 1993 ;
5chank & Ranney, 1991, 1992) .

Sever a l r esear cher s have st ud i ed sub j ect s ' r esponse con-
si st ency i n t he na i ve physi cs doma i n ( e . g . , Ha l l oun &
Hest enes, 1985 ; Ho j nack i , 1988 ; Ranney, 198711988,
1988, 1994) . One ' s i dea of consi st ency i s a l ways at t ended
by some k i nd of t heor et i ca l appr oach , and cost mot i on
const r i ct s i nvo l ve (1) t he Newt on i an vi ew of vect or add i -
t i on and i ner t i a and /or (2) a var i et y of " i mpet us" not i ons .
The " r ece i ved vi ew" of Newt on i an physi cs i s evi dent t o
most r esear cher s ( but see be l ow) . St i l l , debat es f o l l ow vi r -
t ua l l y a l l at t empt s t o def i ne i mpet us t heor i es . Ha l l oun and
Hest enes (1985) of f er a usef u l descr i pt i on of var i ous k i nds
of i mpet us be l i ef s f ound among r esponses t o physi cs i t ems .
McC l oskey and h i s co l l eagues have a l so done t h i s ; how-

ever , t hey aggr egat ed consi der ab l y d i ver gent i mpet us- l i ke
phenomena t o of f er t he sense of a " t heor y" -and w i t h
i nappr opr i at e aggr egat i ons ( even w i t h sensi t i ve measur es) ,
sub j ect s w i l l a l ways f a i l t est s of consi st ency . A l t hough
some have seemed t o obser ve consi st ent na i ve t heor i es
( e . g . , Car amazza, McC l oskey, & Gr een , 1981) , t hese
wer e gener a l l y spur i ous r esu l t s, of t en based on t he ex-
c l usi on of out l yi ng or anoma l ous dat a ( A . Car amazza,
per sona l commun i cat i on , Apr i l 25, 5988) , ot her aggr e-
gat i on pr ob l ems, t oo f ew obser vat i ons, or r at her i nsensi -
t i ve measur es (see be l ow, and Ranney, 198711988) .

C&B aggr egat e sub j ect s ' er r or s so coar se l y ( as evi dence
of " i mpet us" ) t hat t he possi b i l i t y of t he i r exh i b i t i ng con-
si st ency seems quest i onab l e : They comb i ne a cur vi l i near -
i mpet us r esponse f or t he t ube pr ob l em w i t h a " St r a i ght -
down" r esponse f or t he c l i f f pr ob l em, but t hese r esponses
do not i nd i cat e t he same " i mpet us" not i on . I t i s as i f t he
t ube ' s ba l l r emember ed i t s pr i or ( const r a i ned , cur vi ng)
mot i on , wh i l e t he c l i f f s ba i l neg l ect s i t s pr i or ( hor i zon-
t a l ) mot i on . S i r r u l ar l y, t he i r j udges m i ght have l umped
a d i agona l pat h f or t he c l i f f t ask w i t h e i t her t he st r a i ght -
down or t he cur vi l i near t r a j ect or y-but i t shou l d depend
on one ' s r easons f or i t s d i agona l i t y (see be l ow) .

Many have pr oposed i mpet us- l i ke na i ve t heor i es (some
l i nked , f or examp l e, t o Ar i st ot l e, Bur i dan , t he Med i eva l -
i st s, and Ga l i l eo ; see, e . g . , C l ement , 1983 : McC l oskey,

1983 ; Ner sessi an & Resmck, 1989 ; Shannon , 1976) , and
t hey d i f f er i n how t hey cat egor i ze sub j ect s ' r esponses .
S i nce t her e ar e sever a l i mpet us t heor i es, " na i ve t heor y"
i s a m i snomer (Ranney, 198711988) ; one can even se l ect
among subt ypes of const r uct s such as d i ssi pat i on , i nt er na l
f or ce, cur vi l i near i mpet us, " over com i ng , " ' and so on ,

t o yi e l d med l eys of t heor i es . C&B, t hough , aggr egat e r e-

sponses so much t hat " i mpet us" comes t o appr ox i mat e
" common er r or s, " and " i mpet us t heor y" becomes a
f a i r l y und i f f er ent i at ed m i x of d i ver gent m i sconcept i ons

or ma l comb i ned pr i m i t i ves ( d i Sessa, 1983, 1993 ; Ran-
ney, 198711988) , I ndeed , by def i n i ng i mpet us t oo br oad l y

and homogeneousl y (see be l ow) , C&B under m i ne t he i r

conc l usi on t hat i mpet us i deas ar e " unr e l at ed t o t he ac-

cur acy of t he assoc i at ed t r a j ect or y j udgment s" -espec i a l l y
si nce t hey r epor t t hat (1) t he cor r e l at i on bet ween t r a j ec-
t or y accur acy and ( pur por t ed l y) i mpet us-r e l at ed t r ue l f a l se
answer s f r om t he i r physi cs t est i s negat i ve ( - .48) and
(2) t he odds of a sub j ect be i ng wr ong , g i ven t hat he /she
gener at ed an " i mpet us" exp l anat i on , ar e much gr eat er

t han t he odds of be i ng wr ong i f he /she d i d not gener at e
one ( about 49% vs . C24% , i n t he i r Exper i ment 2) .

C&B seem t o vi ew t he i r massi ve er r or aggr egat i on as
a " conser vat i ve" way t o d i sconf i r m t he " hypot hesi s" of
consi st ency ( cf . be l ow) . They i mp l y t hat , as t he set of
i mpet us er r or s appr ox i mat es a l l er r or s, t hey ar e t a l l i ed
as mor e abundant -hence, conser vat i ve l y boost i ng t he ap-
par ent consi st ency of i mpet us t heor i es. But t h i s ar gument
need not ho l d ; i t depends on er r or base r at es, C&B ' s
" consi st ency" cr i t er i a, and t he i r sensi t i vi t y f or det ect -
i ng i mpet us er r or s- - -each of wh i ch i s cha l l enged i n t he
next sect i on . For now . suf f i ce i t t o say t hat t hese non-
d i agnost i c aspect s of C&B ' s ar t i c l e r ef l ect t he t heor et i -
ca l ease w i t h wh i ch t he i r met hod cou l d i r e used t o yi e l d
pr ed i ct i ons of e i t her t he pr esence or t he absence of con-
si st ent na i ve t heor i es of mot i on .

METHODOLOGI CAL PI TFALLS

Th i s cr i t i que of C&S ' s met hods l ar ge l y st ems f r om t he
pr i or comment s on t he i r l ack of a we l l -spec i f i ed na i ve
( " i mpet us" ) physi cs t heor y . Th i s i s not an i nsur mount a-
b l e pr ob l em i n i t se l f . ( No such we l l -spec i f i ed t heor y has
yet been pr oposed , t o my know l edge . ) But C&B pa i r t h i s
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t heor et i cal vo i d w i t h a met hod t hat ver y coarsel y " p i geon-
ho l es" sub j ect s ' r espond i ng . Many of us debat e about
when t o use " ob j ect i ve" measur es (e . g . , cat egor i zat i on)
ver sus mor e qual i t at i ve measur es (e . g . , i nt er vi ews and
ver bal Pr ot oco l s) , but t he cho i ce i s as i nf l uenced , unf or -
t unat el y, by t he pr agmat i cs of one' s r esear ch r esour ces

(and Or t gei st l Zet t gei st ) as by par t i cu l ar r esear ch ques-
t i ons (cf . Don l ey & Ashcr af t , 1992 ; Er i csson & Si mon ,
198411993) . H i gh l y r i gor ous (and even quant i f i ab l e)

" qual i t at i ve" met hods t ake mor e resour ces per dat um
t han do si mp l er sub j ect - or exper i ment er -cho i ce or cat e-
gor i zat i on t echn i ques (see bel ow) .

Pi geonho l i ng (vs . Cat al og i ng) Nat ur al Responses
W i t h Sel ect i ons and Cat egor i zat i on

An i nd i cat i ve f l aw i n C&B' s st udy i s t he f or ced p i geon-
ho l i ng of r esponses i nt o a f ew t ypes t hat r epr esent nei t her

a si ng l e nai ve " t heor y" nor a common or st ab l e var i et y
of t heor i es. Bot h t hei r mu l t i p l e-cho i ce sel ect i on al t er na-

t i ves and ( t hus) t hei r way of cat egor i zi ng pr oduct i on r e-
sponses show t h i s . For i nst ance, as evi denced by C&B' s
er r or cl assi f i cat i ons, t he st r ai ght -down " m i sconcept i on"

i s cl ear l y d i st i nct f r om t he cur vi l i near i mpet us " m i scon-

cept i on , " yet t hese ar e aggr egat ed l at er i n t hei r sear ch
f or nai ve t heor i es . ( I ndeed , Exper i ment 1 ' s pendu l um-
or i ent at i on pr ob l em i nvo l ves yet anot her sor t of i mpet us . )

So , some of C&B' s pr ob l ems ar e rat her i somor ph i c, but
t he response t ypo l og i es har d l y seem i somor ph i c . C&B

m i ght have, al t er nat i vel y, l ooked at t he pr oduced pat hs i n
a mor e det ai l ed and var i ed way, w i t hout add i ng post hoc

f or ced-cho i ce cl assi f i cat i ons by coders . The pr esent Ap-
pend i x, f r om Ranney ( 198711988) , shows examp l es f r om
a mor e sensi t i ve cat al og i ng of t he w i de var i et y of t r aj ec-

t ones peop l e pr oduce f or t he sor t s of pr ob l ems C&Bused .

Wh i l e t h i s appr oach wou l d f ur t her r educe t he compar a-
b i l i t y of C&B' s pr oduct i on and sel ect i on dat a, i t pr eser ves

t he dat a' s r i chness f or t heor i es t hat ar i ght descr i be t hem .

For ci ng pr oduct i on dat a i nt o t he smal l set of cat egor i es

r epr esent ed by C&B' s sel ect i on al t er nat i ves h i nder s a

r i gor ous search f or t heor et i cal /concept ual consi st ency .

Hence, t he pr oduct i on versus sel ect i on cont r ast i s dub i -

ous f or i t s l ack of mor e response- and t heor y-sensi t i ve

post hoc anal yses, i n sp i t e of t he j udges ' h i gh cor r espon-

dence . Th i s i s even mor e t r ue i n Exper i ment 2 , w i t h i t s

b i nary " ho l es, " chal l eng i ng i t s st at us as a rep l i cat i on)

ext ensi on . ( The b i nary sor t i ng may al so exp l ai n some re-

ver sal s of ef f ect s bet ween Exper i ment s 1 and 2 . )

Thus, C&8 ' s i mpet us " pr i nci p l es" are not suf f i ci ent l y
ar t i cu l at ed or r el at ed t o t hei r met hods . Theor et i cal l y
dr i ven r el at i ons shou l d exi st bet ween post u l at ed pr i nci -
p l es and one' s met hodo l ogy, especi al l y show i ng how r e-
sponses map t o m i sconcept i ons or p i eces of i mpet us .
( ot her w i se, why not j ust use maxi mal l y d i ver gent f o i l s?)
These rel at i ons need not be one t o one ( wh i ch may be
har d t o do) , but t hey can be done w i t h conf i gur at i ons of
r esponses over t asks or t ypes of dat a-especi al l y usi ng
st at i st i cal t echn i ques (e . g . , mu l t i d i mensi onal scal i ng ; Ran-
ney, 1988) and ot her met hods (e . g . , conver g i ng ; Ho j nacl t i ,
1988 , and Ract ney, 198711988 , 1994) .

I n d i scussi ng a t heor y ' s nat ur e, we usual l y i l l ust r at e i t

w i t h speci f i c r esponses and exp l anat i ons (cf . t he above

t ube and cl i f f r esponses) . However , one may dr aw a d i -

agonal pat h ( f or i nst ance) f or degener at e conf i gur at i ons

of r easons/ " t heones" (e . g . , vi ew i ng gr avi t y and l at eral

mot i on as bot h accel er at i ve or bot h un i f or m : Ranney,

198711988) . Fur t her mor e, havi ng f ewer cat egor i es can

act ual l y r educe apparent consi st ency by i gnor i ng subt l e-

t i es among dr awn pat hs . Af t er l osi ng subt l et i es by p i geon-

ho l i ng , t he dat a may no l onger be pr oper l y aggr egat ed .

Consi der a common cl i f f -st andar d r esponse t hat moves

hor i zont al l y, t here cur ves down , t hen moves st rai ght down
( " H ,C,S" i n t he pr esent Append i x) . I n Exper i ment 1 ,

C&Bm i ght have coded i t as physi cal l y si m i l ar t o any of

t he f our cat egor i es- f r om cor r ect t o wr ong-depend i ng
on how t he sub j ect and j udges ( r egar d l ess of j udge agr ee-

ment ) i nt er pr et t he pat h ' s f eat ur es (e . g . , shape, l and i ng

spot , comers, f i t , et c . ) . The f eat ur es ho l d t he keys t o sub-

j ect s ' pot ent i al t heor i es or consi st enci es . Cut t i ng t he al -

t er nat i ves t o t wo (C&B' s Exper i ment 2) may l ower t he

odds of f i nd i ng consi st ency, as mor e subt l y d i f f er ent pat hs

are t heor et i cal l y m i scat egor i zed l p i geonho l ed . (Si nce t he

sor t i ngs arebased on physi cal -not concept ual -si m i l ar i t y,

t he pat hs are seem i ng l y cat egor i zed l ar gel y on accur acy . )

Th i s hel ps exp l ai n why C&Bshow a dr op of " consi st ent l y

i mpet us-exp l ai n i ng" sub j ect s f r om Exper i ment 1 ( 5 % ) t o

Exper i ment 2 ( C1 % ) as t he cat egor i es wer e hal ved . I t

al so seems t hat , by reduci ng (and conf ound i ng) bot h t he

cho i ces her pr ob l em and t he set of pr ob l ems bet ween Ex-

per i ment s I and 2 , yet keep i ng t he same (exp l anat i on) con-

si st ency cr i t er i a, one m i ght expect l ess consi st ency (as was

observed) , even t hough C&B suggest t hat r educi ng t he

cho i ces shou l d i ncrease obser ved consi st ency . These po i nt s

emphasi ze why C&B shou l d charact er i ze t hei r sub j ect s '

dr awn t r aj ect or i es i n a mor e eco l og i cal f ash i on and not

f or ce t hem i nt o cat egor i es t hat d i sser ve t hei r r i ch f eat ur es .

Al t hough j udges ' cat egor i zat i ons yi el ded a smal l f r act i on
of m i sf i t s, t h i s mor e l i kel y r ef l ect s our ab i l i t y t o do si r r zi -

l ar i t y mat ches t han i t r ef l ect s suppor t f or t he " repr esen-

t at i veness of r esponse cat egor i es . ' "

D i f f i cu l t i es W i t h t he Met hod of Usi ng Wr i t t en
Sel f -Repor t s f or Cl assi f yi ng Er r or s

Ot her d i f f i cu l t i es st em f r om a paradox i n C&B' s re-
su l t s . Most of t hei r (even exper i enced) sub j ect s have some
i mpet us- l i ke i deas, as shown by t r ue/ f al se answers t o t hei r
physi cs t est . (Not e t hat C&B' s " t est " and " pr ob l ems"
r ef er t o d i f f erent i t em set s . ) Yet i mpet us exp l anat i ons were
general l y much mor e r ar e, suggest i ng t hat t he wr i t t en sel f -
r epor t met hod i s i nf er i or t o a f ai r l y non i nt r usi ve st r uc-
t ur ed ver bal -pr ot oco l sessi on-w i t h r espect t o el i ci t i ng
exp l anat i ons t hat are rel evant t o m i sconcept i ons- i n con-
t r ast t o C&B' s (and Don l ey & Ashcr af t ' s 1992) sugges-
t i ons about t he i mpr act i cal i t y and pr ob l ems at t r i but ed
t o such i nt er vi ews (cf . bel ow ; Hoanacki , 1988 : Ranney,
19871 1988 , 1994) . I t i s d i f f i cu l t t o t r u l y conser vat i vel y
er r t owar d i mpet us exp l anat i ons i f t he ( gr aph i cal or wr i t -
t en) dat a l ack i l l ust r at i ve r i chness . For i nst ance . onecan
under code i mpet us exp l anat i ons (e . g . , cod i ng t hem as
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" omi ssi ons" or " descr i pt i ves" ) j ust due t o t he i r br evi t y .
I n a met hodo l og i ca l " compr omi se, " C&B t eed t o e l i c i t
l onger exp l anat i ons i n Exper i ment 2 , but ( under st andab l y)
wi t hout success . A r e l at ed account of t he par adox i s t hat
some " cor r ect " exp l anat i ons ( or " Newt on i an" i nd i vi d-
ua l s) act ua l l y use t erms such as moment umas i f t hey wer e
i mpet us, but t h i s i s not p i cked up vi a wr i t t en exp l ana-
t i ons ( and t hus under count ed) si nce one cannot quer y wr i t -
i ngs . For i nst ance, I f i nd t hat sub j ect s may say or wr i t e
" st r a i ght pat h" when mean i ng " a f l u i d cur ve-no ma j or
cor ner s . "

a d i f f er ent account suggest s t hat t he wor d i ng of C&B ' s
t est quest i ons mi ght have spur i ousl y i nf l at ed t he t a l l y of
" i mpet us" i deas, as shown by some of t he exper i enced
sub j ect s ' r emar ks; t he quest i ons r e l y on nor nenc l at ur a l
t r i ck i ness about i mpet us, moment um/speed , and ot her
quasi -subt l et i es . Physi c i st s i have d i scussed t hese wi t h
not e si mi l ar wor d i ng d i f f i cu l t i es-espec i a l l y t hose r e l at i ng
t o i mpet us : Quest i on 9 act ua l l y seems gener a l l y t r ue ( not
f a l se) , g i ven t hat ( cer t a i n l y angu l ar ) moment um, a vec-
t or , i s a l ways d i r ect i ona l ; Quest i on 7 i s a l so t r ue ( aga i n ,
not f a l se) un l ess one knows t hat i mpet us i s a " bad" syn-
onymf or moment um; Quest i on 10 i s r easonab l e, but i t
and some ot her s r e l y on subt l et i es of i nf er ence pecu l i ar
t o t hose f ami l i ar wi t h " physi cs-mi sconcept i on-speak . "
Peop l e per f or mbet t er on t h i s t est i f t hey t h i nk t hat " i mpe-
t us" i s ( 1) not moment umand ( 2) a wor d t o avo i d .

A f i na l account of t he par adox i s t hat C&B syst emat i -
ca l l y mi st a l l y some exp l anat i on er r or s as non i mpet us r e-
sponses : The i r " adds ve l oc i t y" er r or examp l e (see t he i r
Tab l e 3) , wh i ch nat ur a l l y d i ps i n f r equency when t he pen-
du l umt asks ar e dr opped f or Exper i ment 2 , i s an unt a l -
l i ed k i nd of i mpet us r esponse . S i mi l ar l y, some " sur f ace"
er r or s ( e . g . , on t ube i t ems) may be seen as " i mpet us"
er r or s wi t h r i cher exp l anat i ons . ( I n cont r ast , Tab l e 3 ' s
" i mpet us" examp l e i s due t o a poor pr ob l emwor d i ng
t hat i mp l i es pendu l ar " mot i on" at po i nt B ; see be l ow. )
These (somet i mes conver se) d i ssoc i at i ons bet ween exp l a-
nat i on accur acy and se l ect i on( /p i geonho l ed pr oduct i on)
accur acy f i r r t her suggest t hat C&B ' s dat a ar e amb i guous,
yi e l d i ng on l y t enuous conc l usi ons .

I n h i ndsi ght , some past wor k l i ke l y used dub i ous i t ems
i n t r yi ng t o assess i mpet us ( e . g . , t est i t ems f r omMcC l os-
key, 1953) , but C&Bmay t oo qu i ck l y r e j ect t he appar ent
ub i qu i t y of i mpet us i deas due t o t h i s . They a l so seemt o
i nappr opr i at e l y r ebat e such amb i guous t r ue l f a l se quest i ons
t o t he p l ausi b l e a l t er nat i ve of e l i c i t i ng or a l - i nt er vi ew/
ver ba l -pr ot oco l r esponses ( and t he i r own i ssues ; see be-
l ow) . Th i s i s not mer e met hodo l og i ca l pr ef er ence : i t seems
unt enab l e t o advocat e co l l ect i ng l ess dat a due t o t he i r
pot ent i a l amb i gu i t y, and t h i s shou l d not pose a pr ob l em
i f C&B desi r e t o be r i gor ousl y and conser vat i ve l y b i ased
t owar d f i nd i ng " i mpet us consi st ency . " Many of us have
ar gued and shown t hat as sub j ect s exp l i cat e t he i r i deas
mor e-espec i a l l y wi t h conver g i ng measur es, such as
gr aph i ca l dep i ct i ons- t he i r r esponses and be l i ef s ar e d i s-
amb i guat ed , over comi ng def au l t descr i pt i ons and conver -

sat i ona l max i ms ( e . g . , Gut wi l l , Fr eder i ksen , &Ranney,
i n pr ess ; Ranney, I 98711988 ; Schank & Ranney, 1992) .

The I mpor t ance of Pr oper Pr ob l ems and
A l t er nat i ves i n Assessi ng Na i ve Theor i es

Many have used t asks t hat t ur n out t o l ack some desi r ed
or pur por t ed char act er i st i cs-yet anot her p i t f a l l f or we l l -
cont r o l l ed na i ve physi cs r esear ch . Of t en . " i somor ph i c"
pr ob l ems ( Dr r esponse t ypo l og i es) ar e not t r u l y i somor ph i c
on t he d i mensi ons of i nt er est , and accompanyi ng t ext may
not mat ch t he physi cs i nd i cat ed vi a d i agr ams . Some t asks
use l anguage t hat l eaves out needed caveat s ( e . g . , about
f r i ct i on , massl essness ; cf . Ander son , To l mi e, Howe,
Mayes, &Mackenz i e, 1992) or t hat un i nt ent i ona l l y b i ases
so l ut i ons . But i t i s most t r oub l i ng when cor r ect a l t er na-
t i ves ar e i nadver t ent l y absent f r ommu l t i p l e-cho i ce pr ob-
l ems . Such t r oub l es ar e compounded when t he f o i l s pr o-
vi ded ar e mudd l ed or not t heor et i ca l l y we l l mot i vat ed ,
as t he gar ner ed dat a become even mor e no i sy . S i nce
C&$ ' s ar t i c l e i l l ust r at es some of t hese t r oub l es i n each
of t he i r f our pr ob l ems, I wi l l ment i on a f ewas met hod-
o l og i ca l caveat s f or f ut ur e. r esear ch .

The " cor r ect " a l t er nat i ves t o t wo of C&B ' s t hr ee ( e . g . ,
st andar ds c l i f f i t ems ar e i ncor r ect , as t he ( 50-mph ! ) ba l l
moves ver t i ca l l y bef or e i t st r i kes t he gr ound ( af t er a non-
par abo l i c, r at her c i r cu l ar , t r a j ect or y ; " C, S" i n t he pr esent
Append i x ; see C&B ' s Append i x B) . ' ' h i s cannot occur i f
a i r r esi st ance i s i gnor ed , as i nst r uct ed . The " cor r ect " r e-
sponses act ua l l y i nd i cat e a d i ssi pat i on-an i mpet us not i on
i n wh i ch l at er a l ve l oc i t y i s l ost f or no f ar ce-based r ea-
son . (Not e t hat some sub j ect s of f er i ncomp l et e " asymp-
t ot i c i mpet us" var i ant s ; e . g . , Ranney, 19871198$ . ) That
exper t j udges can agr ee on t he best of f our i ncor r ect dr aw-
i ngs ( or t he i r or d i na l i t y) does not a l l ay t he f act t hat t hese
" cor r ect " c l i f f a l t er nat i ves act ua l l y r epr esent a h i gh l y
r obust mi sconcept i on .

Fur t hermor e, i n l i ne wi t h ear l i er r emar kson var i ant s, t he
or der of C&B ' s f o i l s var i es so much t hat t he " i mmed i at e-
st r a i ght -down" r esponse f ar t he c l i f f pr ob l em' s t hr ee ver -
si ons i s t ermed " wr ong" (st andar d) , " sl i ght l y wr ong"
( per cept ua l set ) , and even " a l most cor r ect " ( or i ent at i on) .
Th i s or der does not f o l l ow a t heor et i ca l pr i nc i p l e, si nce
t i e same sor t s of f e l l ow f o i l s ar e used i n each ver si on ,
Th i s i s a l oca l man i f est at i on of a mor e g l oba l quest i on :
The or der of t hese f o i l s was det er mi ned emp i r i ca l l y ; but
g i ven a conf l i ct bet ween emp i r i ca l i nconsi st ency (whet her
f r om" exper t s, " p i l ot sub j ect s, or past st ud i es) and a con-
si st ent , p l ausi b l e, t heor y ' s appr oach , i t i s of t en best t o
use t he t heor y ' s pr i nc i p l es t o deve l op t asks and f o i l s .
Aga i n , a ma i n pr ob l emi n C&B ' s ana l yses i s t hat r esponse
cat egor i es wer e emp i r i ca l l y but not t heor et i ca l l y mot i -
vat ed , si nce on l y a sma l l subset of pr oduced r esponses
was used f or cat egor i zat i on . I f one must " p i geonho l e, "
I advocat e deve l op i ng cat egor i es t hat r epr esent mu l t i p l e,
p l ausi b l e, " t heor et i ca l posi t i ons " - f ar mor e t han t wo or
f our , and i dea l l y enough t o cover vi r t ua l l y t he f u l l set of
d i st i nct pr oduct i on r esponses . Z F i na l l y, some of C&B ' s
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Cl awed prob l ems have prev i ous l y been used by other re-
searchers ; agai n , dub i ous and / or amb i guous prob l ems
f rompast work (e . g . , the tube prob l em' s ward i ng vs . i ts

drawi ng) shou l d not be retai ned due to h i story al one .
? ' he pendu l umprob l em' s al ternat i ves , and the or i entat i on -

prob l em' s ward i ng , are even more theoret i cal l y and other -
wi se mudd l ed . C&B real i zed some of th i s , dropp i ng the
prob l emf romExper iment 2 . Schank and Ranney (1992 ;
see al so Ranney et al . , 1993) - and l i kel y , C&B ' s own
product i on data- of fer better pendu l um- or i entat i on al ter -
nat i ves , though they are hard l y representat i ve of the fu l l
set of el i ci ted path forms (see the present Append i x) .
Wh i l e part i al l y emp i r i cal l y der i ved , our tasks are more
f ree of the troub l es found mC&B ' s i tems . For i nstance,
C&B ' s or i entat i on emb l em( f romthei r Append i x A) states :
"Wh i l e the bal l i s to mot i on , the str i ng i s cut at mi nt B. "
I f the bal l were i n mot i on , the "correct" answer i s wrong ,
as i t suggests that B i s the swi ng ' s endpo i nt / apex s i nce
i ts vert i cal path i nd i cates a zero rel ease vel oci ty (Ranney
& Thagard , 1988 ; al so see Ranney , 198711488, i n press ;
Schank & Ranney , 1992) . So , thei r prob l em statement
(wi th "mot i on") conf l i cts wi th thei r "correct" answer
( f rom i nstantaneous stas i s) .

C&8' s tube and rocket prob l ems al so present d i f f i cu l -
nes .3 More cr i t i cal l y , we must ask, "What nai ve / impetus
not i ons shou l d / does a prob l emassess?" Furthermore,
howdo i ts al ternat i ves rel ate to " impetus" i deas assessed
i n other prob l ems (e . g . , curv i l i near impetus , i nternal
force, d i ss i pat i on ; Ranney , 1987) -wh i ch shou l d be ev i -
dent i n d i sp l ays l i ke C&B ' s Tab l e 3? Al so i n contrast wi th
the l imi ted d i agnost i ci ty of a fewsel ect i on / categor i zat i on
fo i l s , abstract zero - grav i ty prob l ems ( l i ke C&$' s rocket )
can be used to more sens i t i vel y assess i nd i v i dual s ' evo l v -
i ng understand i ngs of impetus or i nert i a . For examp l e,
one can i dent i fy d i ss i pat i on and i nternal force i deas v i a
part i cu l ar responses to such far - transfer tasks (Ranney ,
198711988, 1988) .

In short , assessments of the cons i stency of sub j ects '
nai ve theor i es are l imi ted by the d i agnost i ci ty of one ' s
measures and methods . Gi ven d i f f i cu l t i es wi th C&Bs (or
other scho l ars ' ) prob l ems , al ternat i ves , test quest i ons , ex -
p l anat i on el i ci tat i ons , and data aggregat i on , thei r concl u -
s i ons regard i ng such cons i stency are qu i te tenuous . The
next sect i on el aborates th i s po i nt wi th a focus on al terna-
t i ve ways to assess and approach sub j ects ' cons i stency .

OTHERWAYS TOCONSIDEROREXHIBIT
THEPRESENCE ORABSENCEOF

RESPONSECONSISTENCY

The Cons i stency Hypothes i s i s Not
the Nu l l Hypothes i s

Imp l i ci t i n C&B ' s art i cl e (and same others) i s the i dea
that sub j ects ' cons i stency may be rej ected by showi ng that
thei r responses do not fo l l ow some patterns (here, a
cr i ter i al set of " impetus" responses) . We seem i n con -
tro l : the data do not f i t a certai n "model " (e . g . , wi th

p C . l ) , we are tempted to rej ect "cont i i stency" al ong
wi th our nu l l (model ) hypothes i s . But th i s cl aim i s too
g l obal ; sub j ects may be per fect l y cons i stent , yet use un -
ant i ci pated pr i nci p l es and / or task features . Th i s i s the
curve- f i tt i ng prob l em (e . g . , Harman et al . , 1988) ; any
f i n i te data set may be generated or model ed wi th enough
parameters (and sub j ects wi el d many "parameters") .
C&B can at best cl aim( i . e . , modu l o thei r method ' s f l aws)
that sub j ects d i d not seemto cons i stent l y app l y thei r pro -
posed (aggregated) impetus model . But , due to i ts i nf i n i te
breadth , we cannot rej ect the cons i stency hypothes i s . We
can rej ect the " i ncons i stency hypothes i s , " though , i f the
data are l ow mno i se, by f i nd i ng features or pr i nci p l es
that pred i ct sub j ects ' responses beyond random l evel s .
C&B of fer nn randomcons i stency val ues , but they sug -
gest that some sub j ects ' data can be accounted for wi th
( l ) a Newton i an model (but see bel ow) or (2) an " impe-
tus" model (hence . the - 48 ci ted above) .

HowFu l l i s the "Gl ass" of Cons i stency?
Many arguments over cons i stency - i n any domai n -

are based on react i ons to the contrast between the pr i or
and poster i or "gut" expectat i ons of those v i ewi ng the
data . I f a model can account for , say , 50% of ( i nd i v i dual )
sub j ects ' var i ance, one mi ght (1) h i gh l i ght the sub j ects '
surpr i s i ng cons i stency , (2) prai se the model ' s pred i ct i ve
power , (3) note the "mi ss i ng" 50% , or (4) wi sh that
more cons i stency were observed ; React i ons 1 and 3 are
opt imi st i c ( the "hal f - fu l l g l ass") , whereas React i ons 2
and 4 are l ess opt imi st i c ( the "hal f - empty g l ass")_ Re-
su l ts f romHo j nacki and Resn i ck ' s work (e . g . , Haj nacki ,
1488) are i nstruct i ve : They too assessed cons i stency i n
nai ve mot i on concept i ons , cons i der i ng many prob l ems i tua-
t i ons , features , and (both a pr i or i and a poster i or i ) d imen -
s i ons . Wi th a metr i c of cons i stency we devel oped , sub -
j ects were found to be on l y a f ract i on of the way (1 .7 on
the metr i c) f romrandomcons i stency (about 1 .5) to fu l l y
cons i stent (3 .0 across Newton i an i somorphs) . Ho j nacki
cou l d thus "opt imi st i cal l y" termthem"cons i stent" (non -
random) , yet r cou l d cl aimthat thei r respond i ng was far
f romcons i stent (at l east regard i ng the cons i dered model s)
and thus h i gh l y context - speci f i c across basks . (See the ca-
veat bel ow, though , regard i ng temporal cons i stency . )

Model - Centered Versus Ind i v i dual - Centered
Cons i stency

Cons i stency can al so be thought of ei ther i n terms of
a researcher - imposed model ( f rompast stud i es ' resu l ts ,
hunches , etc . ) or i n terms of emergent pr i nci p l es based on
i nd i v i dual s ' responses (cf . C&B) . Co l l eagues and I have
used measures that span much of th i s cont i nuum (e . g . ,
Ranney , 198711988, 1988, 1994 ; Ranney & Thagard , 1988 ;
Schank & Ranney , 1992 ; see al so Ch i , 1492, pp . 161-
162) , and one comes cl oser to treat i ng cons i stency as i f

i t were a "rej ectab l e" nu l l hypothes i s as one uses i nd i -
v i dual s ' responses to devel op cons i stency metr i cs . Hence,
the fo l l owi ng examp l es (a- j ; Ranney , 198711988, 1988,
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1994) i l l ust r at e progr ess i vel y i ndi v i dual -cent ered con-
s i st ency not i ons (al t hough t he resul t s show t hat subj ect s '
cons i st ency l evel s were general l y l ow) : a and b ar e t he
most model -cent ered (e .g . , Newt oni an) exampl es ; c, d,
e, and f are l ess so ; and g, h, i , and j ar e f ai r l y i ndi v i du-
al l y cent ered . I n each case, t hese f ai r l y nai ve adul t s of f ered
drawn t r aj ect or i es and oral expl anat i ons f or pendul ar
rel eases and var i ous ot her (of t en i somorphi c) t asks , w i t h
dropped, t hrown, rel eased, pushed, and swung obj ect s :
(a) Cor rel at i ons bet ween Newt oni an accuraci es among t ask
set s were sel dom s i gni f i cant . (b) Subj ect s cor r ect l y t r an-
s i t i vel y used (nont heoret i cal ) f eedback onl y about hal f of
t he t i me . (c) Response cons i st ency over i somorphi c pen-
dul ar and droppi ng/ t hrow i ng t asks was onl y 20% . (d) Con-
s i st ency among i somorphi c sw i ngi ng t asks ' dr awn pat hs was
onl y 19 % . (e) Or al descr i pt i ons of pendul ar mot i on were
of t en i ncons i st ent w i t h near - t r ansf er i somorphs ' pr edi ct i ons .
( f ) Asymmet r i cal r esponses were of f er ed f or m i r r or - i mage
pendul ar t asks 26% of t he t i me . (g) Most subj ect s pr e-
di ct i ng a ver t i cal pat h f r om a pendul ar sw i ng' s nadi r gave
i ncons i st ent predi ct i ons f or a wr ecki ng-bal l t ask . (h) Most
subj ect s who predi ct ed nonver t i cal apex- r el ease pat hs al so
sai d t hat pendul ums r est at t he apex (cf . " Hal " i n Ranney
& Thagard, 1988) . ( i ) Mul t i di mens i onal l y scal ed s i m i l ar -
i t y j udgment s show t hat subj ect s v i ewed t he droppi ng/
t hrow i ng t asks as f ai r l y unrel at ed . ( j ) Onl y 31 % of t he
t i me di d i ndi v i dual s dr aw t he same pat h f or m (e .g . , as
some are coded i n t he present Appendi x) f or t ask pai r s
t hey i ndi cat ed t o be i somorphi c ; t hi s hi ghl y i ndi v i dual -
cent ered " behav i or al agreement " measure even wel comes
pai r s t hat are i somorphi c f r om nei t her Newt oni an nor
st andard- i mpet us per spect i ves .

Our l ab has al so s i mul at ed mot i on bel i ef s w i t hout (es-
sent i al l y) r el y i ng on any phys i cal model , us i ng what I cal l
t he " bi f ur cat i on/boot st r appi ng" met hod (Ranney et al . ,
1993 ; Schank & Ranney , 1992 ; cf . Ranney & Thagar d,
1988) t opredi ct subj ect s ' bel i evabi l i t y r at i ngs f or bot h t hei r
verbal i zed propos i t i ons and a set of al t er nat i ve t r aj ect o-
r i es ( i ncl udi ng t hei r i ni t i al pr edi ct i on) . Our " reasoner ' s
workbench" (Ranney , i n pr ess) aut omat es t hi s met hod as
i t hel ps subl ect s expl i cat e t hei r nai ve phys i cs (and ot her )
argument s . Thus , we l i nk subj ect s ' on- l i ne t heor i zi ng
w i t h ageneral bel i ef eval uat i on model ( ECHO; Ranney
& Thagard, 1988) .

Sem i st r uct ured I nt er v i ews Wi t h Verbal Pr ot ocol s
as an Al t ernat i ve Ri gor ous Met hod

Unl i ke C&B' s , al most al l of t he rel at i ve cons i st ency
measures i n t he pr i or subsect i on rel y on or al prot ocol s
f r om sem i st r uct ured i nt er v i ews , whi ch ar e even cr i t i cal
f or accuracy measures ; t hey nar r ow i nt erpret at i ons of sub-
j ect s ' dr aw i ngs , y i el di ng ( 1) ver y hi gh i nt er coder rel i a-
bi l i t i es and ( 2) good ways t o compar e t raj ect or y dr aw i ngs
of bot h t rue and (e .g . , subj ect - ) al l eged i somorphs (Ran-
ney , 1987 /1988 , 1994) . Wi t hout t he r i chness of prot ocol s ,
compar i ng subj ect s ' l dnemat i c and/or dynam i c (e .g . , speed
vs . f or ce) descr i pt i ons w i t h t hei r dr aw i ngs can be i mpre-
ci se or nondi agnost i c . Verbal r esponses t o sem i st r uct ur ed

i nt er v i ewprobes al soal l ow f or more preci se t al l i es of sub-
j ect s ' ev i denced i mpet us t ypes (e. g . , Ranney , 1987) .

Oral prot ocol s are di f f i cul t t o garner andprocess . De-
vel opi ng r i gor ous scor i ng rubr i cs and anal yses r equi r es
cr eat i v i t y , and verbal probes must be const r ai ned, non-
suggest i ve, andcons i st ent ( Er i csson&Si mon, 1984 / 1993 ;
cf . N i sbet t & Wi l son, 1977) . But or al pr ot ocol s f r om
pr oper i nt er v i ews of f er conver gi ng measur es ( w i t h draw-
i ngs , choi ces , et c . ) t hat are al most i r r epl aceabl e . Wi t h
t hem, f or i nst ance, I f ound t hat each of one st udy ' s 28
exper i ment al subj ect s (on a pret est t o a 3-h sess i on) ev i -
denced some f eat ures of bot hdi ss i pat i on and i nt ernal f or ce,
and t hat 61 % al so ev i denced cur v i l i near i mpet us aspect s .
( Not e t hat t he propor t i on of subj ect s ' r el i ance on i mpet us
was < . 5 overal l f or each of t he t hree t ypes ; e.g . , Ran-
ney , 1987 , 1987 / 1988 . ) Thi s r el at i ve ubi qui t y of ( t hr ee
t ypes of ) i mpet us bel i ef s cont r ast s w i t h C&B' s i nt erpre-
t at i on of t hei r expl anat i on dat a-yet i t i s more i n keepi ng
w i t h t hei r phys i cs t est dat a .

Wr i t t en expl anat i ons t ake f ewer r esour ces and reduce
some wor r i es of exper i ment er -subj ect bi as . But t hey onl y
r oughl y approx i mat e oral r esponses . Subj ect s qui ckl y f i r e
of r epeat edl y wr i t i ng s i m i l ar r at i onal es and t hen cut
corner s i n expl i cat i on . C&B' s des i r e f or l onger expl ana-
t i ons shows t hi s , as does t he f act t hat al most hal f of t hei r
expl anat i ons cont ai ned om i ss i ons or mere descr i pt i ons .
Vi gi l ant wel l - t r ai ned i nt er v i ewer s obv i at e t hi s , and t hey
ar e sens i t i ve t o new expl anat i ons t hat subj ect s m i ght not
wr i t e. Meani ngs of t er ms l i ke " i mpet us , " " moment um, "
" i ner t i a, " " ener gy , " " oomph, " " f or ce, " " accel erat i on, "
" power , " " dy i ng out , " and " overcom i ng" are al so
cl ear er w i t h t he ext r a cont ext and pot ent i al decompos i -
t i on t hat such i nt er v i ews pr ov i de-especi al l y r egardi ng
mot i on, w i t h i t s di f f i cul t - t o-ver bal i ze percept ual charac-
t er ( see Ranney , 1989 , and rel at ed ar t i cl es) . Wr i t t en ex-
pl anat i ons are of t en usef ul , but t hey are more r et r ospec-
t i ve (pl anned) t han are or al verbal pr ot ocol s , and t hus more
suspect . I n sum, w i t hout t he great er di agnost i ci t y of f ered
by or al r esponses t o proper l y cont i ngent pr obes , C&B' s
cl ai ms of l ow cons i st ency among i mpet us-us i ng subj ect s
ar e, agai n, pl aus i bl e yet t enuous .

Theor et i cal St abi l i t y , Di sscei at i ons , Coherence,
and Temporal Cons i st ency i n Laypeopl e

Recal l t hat we m i ght at t r i but e a nai ve (e .g . , i mpet us)
mot i on t heor y t o a subj ect i f hi s /her behav i or was wel l
predi ct edby aproposed model , but t hat much of t he above
dat a ( i ncl udi ng C&B' s) i ndi cat e, as yet , no such sat i sf act or y
model . Fur t her more, descr i bi ng t he r el at i ve t heor yness
of nai ve mot i on bel i ef s present s even more di f f i cul t i es :
Cont ext r i ven di ssoci at i ons bet ween per cept uo-ki nest het i c-
mot or i c know l edgeand verbal l y di spl ayed know l edgeare
al so di sconcer t i ng (e .g . , Ander son et al . , 1992) . Exam-
pl es canbe anecdot al (e .g . , some of my subj ect s were bot h
poor mot i on-predi ct or s andel i t e bal l pl ayer s) , t est i moni al
(e . g . , col l eagues ' st or i es on over r i di ng one' s cogni t i ons
based on muscul ar f eedback) , or f or mal (e .g . , some of
my subj ect s whobest predi ct a pr oj ect i l e' s l ocat i on used
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very non- Newtoni an expl anat ions and drawings) . I t i s not
cl ear , then, i f a theory rests in one ' s act ions , one ' s con-
cept ions , or both .

Another danger l i es i re assuming, as C&Bseem to do,
that apparent theoret i c / conceptual incons i stency means
"on- t i e- f l y" theor i z ing . I t might be that subj ects are do-
ing very l i tt l e on- l ine theor i z ing ; perhaps a proposed model
i s dust mainl y orthogonal to the subj ects ' theor i es . Were
thi s true, temporal cons i stency (e .g . , for ident i cal tasks
over a del ay) should be high, even i f ( f rom the researchers '
v i ew) "theoret i cal cons i stency" were low . Sojnaeki (1988)
showed thi s : Af ter near l y a month' s del ay , subj ects were
(unexpectedl y) gi ven the same (and new) qual i tat i ve mo-
t ion probl ems . In contrast to the low ( just above random)
cons i stency f rom a model ing perspect i ve, subj ects were
much more temporal l y cons i stent ( i . e . , closer to per fect
than to random) . So, subj ects (who were not s i mpl y re-
member ing pr ior responses , i t seems) appeared to use
somewhat stabl e personal "theor i es "that st i l l defy descr ip-
t ion (al thoughone can character i ze the theor i es more so,
ei ther a poster ior i or wi th many parameters ; see Hojnacki ,
1988) .6 Is not temporal cons i stency a hal l mark of a the-
ory? These data show that indi v idual s can be af fected in
the same way by the same (but perhaps not merel y " i so-
morphi c") probl em / s i tuat ion character i st i cs . (Note that
diSessa ' s 1983 and 1988 "p-pr iors" of fer a pl aus ibl e v i ew
of thi s puzz l e, but the approach does not readi l y l end i t -
sel f to formal predi ct ion or empi r i cal fal s i f i cat ion ; but see
Anderson et al . , 1992, for a suggest i ve attempt . )

Hojnacki ' s remarkabl e f inding i s supported by the work
m whi ch we use subj ects ' verbal protocol s to "bl indl y"
predi ct indi v idual s ' bel i efs and predi ct ions (Ranney et al . ,
1993 ; Schank &Ranney , 1992) . Again, no phys i cal the-
ory i s i mposed as we encode subj ects ' arguments in a bas i c
expl anatory coherence model (Ranney &Thagard, 1958 ;
Schank &Ranney , 1991 ; Thagard, 1989) . (Note that "co-
herence" does not i mpl y "no contradi ct ions" ; we a!1 l i ve
wi th contradi ct ions among our bel i efs , s ince we do not
have the resources to be global l y cons i stent ; see Ranney ,
in press . ) In sum, these ef forts , and those of Hojnacki and
Resni ck {above} , suggest that the phys i cal "theor i es" of
i aypeopl e may be somewhat systemat i c and temporal l y sta-
bl e, whi l e seeming to be highl y idiosyncrat i c when v i ewed

as a group . Cl ear l y , thi s pi cture di f fers f rom that of fered
by C&B (s ince even thei r est i mates of Newtoni an cons i s -
tency among thei r subj ects may be chal l enged) . But i t
di f fers even mare f rom those who cl ai m, as Caramazza
et al . (1981) did, that indi v idual s adhere to a smal l set of
"bas i c motel s of mot ion . "

CONCLUSIONS

These comments make cl ear that study ing nai ve phys i cs
entai l s much of what makes cogni t ion research di f f i cul t .
Methodologi cal pi t fal l s seem to r ing each construct , in-
cluding the vague and pol ysemous not ions of "theory , "
"cons i stent , " and "concept" (e .g . , f tarmey , 1994) , Ex -

per i mental mater i al s (e .g . , probl ems , foi l s , and correct
al ternat i ves) must be excruci at ingl y preci se . Procedures
must invol ve mini mal bi as . The most sens i t i se and con-
vergent measures are needed for di agnost i c r igor - One ' s
model s must (1) guide a study ' s des ign, a pr ior i , wi th ex -
pl i ci t pr incipl es or (2) come f rom subj ects v i a sens i t i ve
anal yses of data that are r i ch enough to foster such emer -
gence . Al though C&Bdi spl ay f ine ef forts , thei r exper i -
ments seem to fal l short on most of these cr i ter i a, rel at i ve
to the useful methods of several studi es descr ibed above .

C&B' s conclus ion that nai ve i mpetus theory pl ays a
minor rol e in subj ects ' per formance i s suspect , due to thei r
i mpreci se and ef fect i vel y monol i thi c theoret i cal cons i rual
of the r i ch var i ety of types of i mpetus ideas , as wel l as
thei r dubious measures , categor i zat ions , and anal yses .
Furthermore, as i l lustrates wi th work by mysel fand others ,
there i s l i tt l e doubt of C&B' s other conclus ion that con-
textual cues are cr i t i cal m the genes i s of some of thei r gar -
nered responses . St i l l , fewer of subj ects ' expl anat ions may
be constructed on- l ine than C&Ssuggest (s ince a stronger
pos i t ion comes close to i mproper l y accept ing the "nul l
hypothes i s of incons i stency") . Gi ven the aforement ioned

f indings of cons iderabl e temporal cons i stency (Hojnacki ,
1988) and the rel at i ve coherence of subj ects ' bel i efs (Ran-
ney et al . , 1993 ; Ranney &Thagard, 1988 ; Schank &
Ranney , 1991, 1992) , i t seems more pl aus ibl e to suggest
that , al though the l ayperson' s phys i cs may be idiosyn-
crat i c, such subj ects ' judgments and expl anat ions may yet
be found to he theory dr i ven-depending on one ' s mean-
ing of "theory . "
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NOTES

t "Overcomrng" can al so be used en a fai r l y Newtonian way Far
example, subjects of fer explananon5 such as ( I ) "the force of grav i ty
overcomes the ju11y hor i zontal ini t ial veloci ty of a bal l rol l ing of f a cl i f f , "
and (2) "grav i ty ' s accelerat ion overcomes the upward veloci ty corn-
portent of a pendulum dur ing an upswing "

2 I agree wi th C&Bthat the mntwn condi t ion m Exper i ment 1 was
f lawed due to the anomalous dynamics Thi s usual l y occurs when sub-

jects ' dataare aggregated, as C&Bhave done, s ince r i le foi l s ' paths have
inherent l y ambiguous dynamics that are based on the subjects ' var ied
model s (cf ear l ier remarks art var iants) Poi example, some mayeven
descr ibe a ful l y vert ical path as ether acceleraLVe or not (e .g . . Shannon,
1976} But wi th sens i t i v i ty to subjects ' explanat ions , one can di vers i fy
the paths ' dynamics and assess the di splay type factor again

3 For the perceptual - set tube problem, for example, subjects were
told to ignore grav i ty whi le the tube l ies r iot -an i mposstb0 i ty , s ince
the tube' s "start" must be elevated to be real i zable and cons i stent wi th
the text (e-g- , wi th the bal l accelereaveIy "shot out" whi le merel y "put"
in onecad 1 Al so, in C&B' s appendices , the stomata problem ' s rocket
seems ini t ial l y more di splaced than the or ientat ion problem ' s , appear -
mg to have an i mpl ied (e .g , diagertal /curv i l inear ) trajectory

4 Thi s computer program i s cal led "Conv ince Me" {Ranney et ai . ,
1993 , Schank &Ranney , 1943) . Compare recent related work 6y Ji m
Minstrel ] , Ear l Hunt , and thei r col leagues (e .g  Minscrel l , St i mpson,
&Hunt . 1942) .

5 . The old tasks fol lowed the new tasks , and thei r order ing was
reversed, prov iding memory inter ference (Hoanaclu, 1988) Al so, Sub-
jects even forget paths predicted orgy minutes ear l ier , even wi th external
inemory aids (as m "f" above ; Rumey , 198711988 , 1994) .

6 S i mi lar l y , one measure of relat i ve incons i stency and/or incoher -
ence C"e" above) seemed faui y low (onl y 29% for some ashof near -
transfer i somorphs , e g , see Roomy , 1993 , X994) .

7 Wi th thei r method, C&B' s cr i ter ia for Newtonian cons i stency may
be son generous (hut cf . above and Hopacki , L9B8) , and a random con-
ststency measure i s needed Here, we might be less concerned about
whether , For example, theexper iencedarc fai r l y Newtonian than whether
the inexper ienced have cons i stent sorts of i mpetus theor ies (Hence, i t
would be interest ing to know the proport ion of C&9 ' s "Newton~ans"
that were f rom rhea expenenccd group

(Cont inued on next page)
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APPENDI X
A Sampl e of t he Many I ncor r ect Tr a j ect or y-Codengs f r om

Ranney (198711988; Exper i ment 2)

R, C :H, C, S . C, S : H. S : C. R

Ca, S :

I

Cu, Ca : ~ \ Ru, Ca, 5: Ru,R Ca ,R

Not e- -Thi s i nc l udes some t r a j ect or y-aspect codes-such as H (hor i zont a l ) , C (wrvi -
l i near ) , 5 (st r a i ght -down) , R ( r ect i l mear l di agona l ) , Cd ( concave-down) , Ca ( curvi l i near -
ar ch) , Cu ( concave-up) , and Ku ( r ect i l i near /di agona l -up) - f or some l at er a l , downwar d,
and upwar d r e l eases .

( Manuscr i pt r ece i ved June 15, 1993 ;
r evi si on accept ed f or publ i cat i on August 30, 1993 )


