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Rel at i ve cons i stency and sub j ects ' "theor i es"
i n domai ns such as nai ve phys i cs : Common
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Wh i l e augment i ng the l i terature wi th data that further exh i b i t context - speci f i c respond i ng to
qual i tat i ve mot i on prob l ems , Cooke and Breed i n (1994) exh i b i t common theoret i cal and method -
o l og i cal d i f f i cu l t i es that undermi ne thei r concl us i ons . Herei n these f l aws are exp l i cated and con .
trastec! wi th features of stud i es that avo i d the p i t fal l s of (2) theoret i cal vagueness , (2) over l y coarse
data aggregat i on , (3) nond i agnost i c, errar fu l assessment i tems , and (4) i mpreci se measures of the
var i ety of (mi 0concept i ons (e . g. , of " i mpetus , " or i nert i a) . The d i f f i cu l t i es cal l i nto quest i on Cooke
and Breed i n ' s cl ai ms that i mpetus i deas p l ay mi nor ro l es i n per formance and that "nai ve the-
or i es" of mot i on are l argel y constructed on l i ne. Because each confus i on of ten ar i ses f rom the
po l ysemy of "theory , " same emp i r i cal cr i ter i a for "theoryness" are d i scussed , i ncl ud i ng sub j ects '
conceptual , temporal , and coherence- based cons i stenci es ( regard i ng researchers ' model s and i so -
morphs) . Wh i l e nai ve phys i cs may be i d i osyncrat i c, baroque, context - dr i ven , and apparent l y i n -
cons i stent , i t mi ght (add i t i onal l y) be based upon fai r l y a pr i or i , systemat i c, and temporal l y stab l e
i nformat i on .

The cogn i t i on of phys i cs , especi al l y of mot i on , i s an
i ncreas i ng l y act i ve research f i el d , part l y because phys i cs
prob l ems are d i f f i cu l t yet formal enough that "answers"
can seem more at hand than for other domai ns (e . g . ,
"What i s the traj ectory?" vs. "How much of behav i or
i s hered i tary?") . There are al so wel l - known f i nd i ngs that
some apparent patterns of errors are ev i denced by sub -
j ects , h i stor i cal f i gures , and even oursel ves . But what are
these patterns - especi al l y the one cal l ed i mpetus ? Are they
(1) nai ve phys i cs "theor i es" (e . g . , McCl askey , 19$3) ,
(2) phys i cs "mi sconcept i ons" (e . g . , McCl oskey , Wash -
bum, & Fetch , 1483 , contra Smi th , d i Sessa, & Koschel l e,
1993 ; cf . Mason , H i l l , Conner , & Gu i ndon , 1988) ,

or (3) the resu l ts of a f ragmented understand i ng of phys -
i cal phenomena (e . g . , d i Sessa, 1983 , 1958 ; Ranney ,
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19871198$. i n press; Ranney & Thagard , 1988)? Such
quest i ons , unfortunatel y , dance about po l ysemous , i l l -
speci f i ed , and / or po l i t i cal l y l aden words such as "mi s -
concept i on" and "theory . " (Hence, one shou l d assume
that , herei n , such words are al ways i mp l i ci t l y quoted . )

Many have suggested cr i ter i a for "theoryness , " but
cons i stency , coherence, and a rel at i ve absence of contra-
d i ct i ons seem most appropr i ate here (Ranney , 198711988 ,
1994 , i n press) . Cooke and Breed i n (1994 ; hereaf ter re-
ferred to as C&B) of fer dam regard i ng cons i stency , but
thei r concl us i ons are undermi ned by thei r coarse methods
and l evel s of anal ys i s . St i l l , thei r work adds to the l i tera-
ture that supports "post - McCl oskeyan" or "ant i - Theory
theory" v i ews of dramat i c contextual , featural , and s i tu -
at i onal i nf l uences on sub j ects ' phys i cs responses (e . g . ,
d i Sessa, 1983 , 1988 , i n press; Hal l aun & Hesterres , 1985 ;
Ho j nacki , 19$8 ; Kai ser , Jan i des , & Al exander , 1986 ;
Rai sney , 198711988 , i n press ; R i dgeway , 1992 ; Schank
& Ranney , 1992) . Because my own emp i r i cal and thea-
ret i cal work supports th i s v i ew of context - speci f i c re-
spond i ng among nai ve! nov i ce sub j ects , [ wel come art i cl es
that have what I tai l the " l oose reason i ng" perspect i ve
(e . g  Ranney , i n press) . St i l l , d i f f i cu l t i es i n C&B ' s ex -

per i ments (beyond those they note) resu l t i n an art i cl e that
on l y amb i guous l y supports th i s (and thei r "on - the- f l y")
v i ew . A representat i ve examp l e of such d i f f i cu l t i es i s the
vaguel y un i form way i n wh i ch " i mpetus theory" and / or
"nai ve theor i es" are operahonaZ i zed - - i n contrast to the
many var i ants d i scussed i n the l i terature (e . g . , by Cl ement ,
1983 , and others ment i oned bel ow) . Coup l ed wi th some
prob l emat i c exper i mental methods and anal yses of l i mi ted
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- sens i t i v i ty , C&B ' s theoret i cal un i formi ty y i el ds response
cons i stency data that are not d i agnost i c regard i ng the ques -
t i on of "on - l i ne" theory construct i on . In essence, those
who mai ntai n that l aypeop l e have rel at i vel y stab l e the-
or i es of mot i on wi l l probab l y not be compel l ed by C&e ' s
anal yses .

In the present art i cl e, the l i mi tat i ons of C&B ' s method ,
anal yses , and theoret i cal v i ew are detai l ed and contrasted
wi th more d i agnost i c research on the stab i l i ty or l ab i l i ty
of nai ve theor i es of mot i on ; even so , C&B must be ap -
p l auded for thei r emp i r i cal ef fort and the scho l ar l y d i a-
l ogue that thei r work extends . Thus , the thoughts bel ow
l argel y represent construct i ve dev i l ' s advocacy , a d i scus -
s i on of common p i t fal l s i s assess i ng / descr i b i ng l ay the-
or i es (cf_ Don l ey & Ashcraf t , 1992) , and a more general
f ramework for cons i der i ng "cons i stency" and "theory . "

CONSISTENCY AND THEORETICAL
MULTIPLICITY IN NAIVE PHYSICS

A pr i or i , we mi ght expect that peop l e (and C&B ' s sub -
j ects) wi l l not be cons i stent : (1) our process i ng and short -
term memory capaci t i es are l i mi ted , (2) oar behav i or i s

cl ear l y context - and l oad - dependent , and (3) we regu l ar l y
meet chang i ng contexts and h i gh cogn i t i ve l oads . Wi th -
out extremel y advanced model s of both the creature and
the env i ronment , who wou l d expect such a sub j ect to seem
h i gh l y cons i stent? Furthermore, even i f we were capab l e
of comp l ete coherence among the var i ety of our (of ten
contrad i ctory) bel i efs and poss i b l e behav i ors , attai n i ng
g l obal coherence i s usual l y not worth the ef fort (Ranney ,
i n press) . Hence, l oose reason i ng and on - l i ne theor i z i ng
are assured i n comp l ex and / or unfami l i ar domai ns such as
phys i cs (Ranney , Schank, Mosmann , & Montoya, 1993 ;
5chank & Ranney , 1991 , 1992) .

Several researchers have stud i ed sub j ects ' response con -
s i stency i n the nai ve phys i cs domai n (e . g . , Hal l oun &
Hestenes , 1985 ; Ho j nacki , 1988 ; Ranney , 198711988 ,
1988 , 1994) . One ' s i dea of cons i stency i s al ways attended
by some ki nd of theoret i cal approach , and cost mot i on
constr i cts i nvo l ve (1) the Newton i an v i ew of vector add i -
t i on and i nert i a and / or (2) a var i ety of " i mpetus" not i ons .
The "recei ved v i ew" of Newton i an phys i cs i s ev i dent to
most researchers (but see bel ow) . St i l l , debates fo l l ow v i r -
tual l y al l attempts to def i ne i mpetus theor i es . Hal l oun and
Hestenes (1985) of fer a usefu l descr i pt i on of var i ous ki nds
of i mpetus bel i efs found among responses to phys i cs i tems .
McCl oskey and h i s co l l eagues have al so done th i s ; how-
ever , they aggregated cons i derab l y d i vergent i mpetus - l i ke
phenomena to of fer the sense of a "theory" - and wi th
i nappropr i ate aggregat i ons (even wi th sens i t i ve measures) ,
sub j ects wi l l al ways fai l tests of cons i stency . Al though
some have seemed to observe cons i stent nai ve theor i es
(e . g . , Caramazza, McCl oskey , & Green , 1981) , these
were general l y spur i ous resu l ts , of ten based on the ex -
cl us i on of out l y i ng or anomal ous data (A . Caramazza,
personal commun i cat i on , Apr i l 25 , 5988) , other aggre-
gat i on prob l ems , too few observat i ons , or rather i nsens i -
t i ve measures (see bel ow, and Ranney , 198711988) .

C&B aggregate sub j ects ' errors so coarsel y (as ev i dence
of " i mpetus") that the poss i b i l i ty of thei r exh i b i t i ng con -
s i stency seems quest i onab l e : They comb i ne a curv i l i near -
i mpetus response for the tube prob l em wi th a "Strai ght -
down" response for the cl i f f prob l em, but these responses
do not i nd i cate the same " i mpetus" not i on . I t i s as i f the
tube ' s bal l remembered i ts pr i or (constrai ned , curv i ng)
mot i on , wh i l e the cl i f f s bai l neg l ects i ts pr i or (hor i zon -
tal ) mot i on . S i rru l ar l y , thei r j udges mi ght have l umped
a d i agonal path for the cl i f f task wi th ei ther the strai ght -
down or the curv i l i near traj ectory - but i t shou l d depend
on one ' s reasons for i ts d i agonal i ty (see bel ow) .

Many have proposed i mpetus - l i ke nai ve theor i es (some
l i nked , for examp l e, to Ar i stot l e, Bur i dan , the Med i eval -
i sts , and Gal i l eo ; see, e . g . , Cl ement , 1983 : McCl oskey ,
1983 ; Nersess i an & Resmck, 1989 ; Shannon , 1976) , and
they d i f fer i n how they categor i ze sub j ects ' responses .
S i nce there are several i mpetus theor i es , "nai ve theory"
i s a mi snomer (Ranney , 198711988) ; one can even sel ect
among subtypes of constructs such as d i ss i pat i on , i nternal
force, curv i l i near i mpetus , "overcomi ng , " ' and so on ,

to y i el d med l eys of theor i es . C&B, though , aggregate re-
sponses so much that " i mpetus" comes to approx i mate
"common errors , " and " i mpetus theory" becomes a
fai r l y und i f ferent i ated mi x of d i vergent mi sconcept i ons
or mal comb i ned pr i mi t i ves (d i Sessa, 1983 , 1993 ; Ran -
ney , 198711988) , Indeed , by def i n i ng i mpetus too broad l y
and homogeneous l y (see bel ow) , C&B undermi ne thei r
concl us i on that i mpetus i deas are "unrel ated to the ac-
curacy of the associ ated traj ectory j udgments" - especi al l y
s i nce they report that (1) the correl at i on between traj ec-
tory accuracy and (purported l y) i mpetus - rel ated truel fal se
answers f rom thei r phys i cs test i s negat i ve ( - . 48) and
(2) the odds of a sub j ect bei ng wrong , g i ven that he / she
generated an " i mpetus" exp l anat i on , are much greater
than the odds of bei ng wrong i f he / she d i d not generate
one (about 49% vs . C24% , i n thei r Exper i ment 2) .

C&B seem to v i ew thei r mass i ve error aggregat i on as
a "conservat i ve" way to d i sconf i rm the "hypothes i s" of
cons i stency (cf . bel ow) . They i mp l y that , as the set of
i mpetus errors approx i mates al l errors , they are tal l i ed
as more abundant - hence, conservat i vel y boost i ng the ap -
parent cons i stency of i mpetus theor i es . But th i s argument
need not ho l d ; i t depends on error base rates , C&B ' s
"cons i stency" cr i ter i a, and thei r sens i t i v i ty for detect -
i ng i mpetus errors - - - each of wh i ch i s chal l enged i n the
next sect i on . For now . suf f i ce i t to say that these non -
d i agnost i c aspects of C&B ' s art i cl e ref l ect the theoret i -
cal ease wi th wh i ch thei r method cou l d i re used to y i el d
pred i ct i ons of ei ther the presence or the absence of con -
s i stent nai ve theor i es of mot i on .

METHODOLOGICAL PITFALLS

Th i s cr i t i que of C&S ' s methods l argel y stems f rom the
pr i or comments on thei r l ack of a wel l - speci f i ed nai ve
(" i mpetus") phys i cs theory . Th i s i s not an i nsurmounta-
b l e prob l em i n i tsel f . (No such wel l - speci f i ed theory has
yet been proposed , to my knowl edge . ) But C&B pai r th i s
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theoret i cal vo i d wi th a method that very coarsel y "p i geon -
ho l es" sub j ects ' respond i ng . Many of us debate about
when to use "ob j ect i ve" measures (e . g . , categor i zat i on)
versus more qual i tat i ve measures (e . g . , i nterv i ews and
verbal Protoco l s) , but the cho i ce i s as i nf l uenced , unfor -
tunatel y , by the pragmat i cs of one ' s research resources
(and Ortgei st l Zettgei st ) as by part i cu l ar research ques -

t i ons (cf . Don l ey & Ashcraf t , 1992 ; Er i csson & S i mon ,
198411993) . H i gh l y r i gorous (and even quant i f i ab l e)
"qual i tat i ve" methods take more resources per datum
than do s i mp l er sub j ect - or exper i menter - cho i ce or cate-
gor i zat i on techn i ques (see bel ow) .

Pi geonho l i ng (vs . Catal og i ng) Natural Responses
Wi th Sel ect i ons and Categor i zat i on

An i nd i cat i ve f l aw i n C&B ' s study i s the forced p i geon -
ho l i ng of responses i nto a few types that represent nei ther
a s i ng l e nai ve "theory" nor a common or stab l e var i ety
of theor i es . Both thei r mu l t i p l e- cho i ce sel ect i on al terna-
t i ves and ( thus) thei r way of categor i z i ng product i on re-
sponses show th i s . For i nstance, as ev i denced by C&B ' s
error cl ass i f i cat i ons , the strai ght - down "mi sconcept i on"
i s cl ear l y d i st i nct f rom the curv i l i near i mpetus "mi scon -

cept i on , " yet these are aggregated l ater i n thei r search
for nai ve theor i es . ( Indeed , Exper i ment 1 ' s pendu l um-
or i entat i on prob l em i nvo l ves yet another sort of i mpetus . )
So , some of C&B ' s prob l ems are rather i somorph i c, but
the response typo l og i es hard l y seem i somorph i c . C&B
mi ght have, al ternat i vel y , l ooked at the produced paths i n
a more detai l ed and var i ed way , wi thout add i ng post hoc
forced - cho i ce cl ass i f i cat i ons by coders . The present Ap -
pend i x , f rom Ranney (198711988) , shows examp l es f rom
a more sens i t i ve catal og i ng of the wi de var i ety of traj ec-
tones peop l e produce for the sorts of prob l ems C&B used .
Wh i l e th i s approach wou l d further reduce the compara-
b i l i ty of C&B ' s product i on and sel ect i on data, i t preserves
the data ' s r i chness for theor i es that ar i ght descr i be them .
Forci ng product i on data i nto the smal l set of categor i es
represented by C&B ' s sel ect i on al ternat i ves h i nders a
r i gorous search for theoret i cal / conceptual cons i stency .
Hence, the product i on versus sel ect i on contrast i s dub i -
ous for i ts l ack of more response- and theory - sens i t i ve
post hoc anal yses , i n sp i te of the j udges ' h i gh correspon -
dence . Th i s i s even more true i n Exper i ment 2 , wi th i ts
b i nary "ho l es , " chal l eng i ng i ts status as a rep l i cat i on)
extens i on . (The b i nary sort i ng may al so exp l ai n some re-
versal s of ef fects between Exper i ments 1 and 2 . )

Thus , C&8 ' s i mpetus "pr i nci p l es" are not suf f i ci ent l y
art i cu l ated or rel ated to thei r methods . Theoret i cal l y
dr i ven rel at i ons shou l d ex i st between postu l ated pr i nci -
p l es and one ' s methodo l ogy , especi al l y showi ng how re-
sponses map to mi sconcept i ons or p i eces of i mpetus .
(otherwi se, why not j ust use max i mal l y d i vergent fo i l s?)
These rel at i ons need not be one to one (wh i ch may be
hard to do) , but they can be done wi th conf i gurat i ons of
responses over tasks or types of data- especi al l y us i ng
stat i st i cal techn i ques (e . g . , mu l t i d i mens i onal scal i ng ; Ran -
ney , 1988) and other methods (e . g . , converg i ng ; Ho j nacl t i ,
1988 , and Ractney , 198711988 , 1994) .

In d i scuss i ng a theory ' s nature, we usual l y i l l ustrate i t
wi th speci f i c responses and exp l anat i ons (cf . the above
tube and cl i f f responses) . However , one may draw a d i -
agonal path ( for i nstance) for degenerate conf i gurat i ons
of reasons / "theones" (e . g . , v i ewi ng grav i ty and l ateral
mot i on as both accel erat i ve or both un i form : Ranney ,
198711988) . Furthermore, hav i ng fewer categor i es can

actual l y reduce apparent cons i stency by i gnor i ng subt l e-
t i es among drawn paths . Af ter l os i ng subt l et i es by p i geon -
ho l i ng , the data may no l onger be proper l y aggregated .
Cons i der a common cl i f f - standard response that moves
hor i zontal l y , there curves down , then moves strai ght down
("H , C, S" i n the present Append i x) . In Exper i ment 1 ,
C&B mi ght have coded i t as phys i cal l y s i mi l ar to any of

the four categor i es - f rom correct to wrong - depend i ng
on how the sub j ect and j udges ( regard l ess of j udge agree-
ment ) i nterpret the path ' s features (e . g . , shape, l and i ng

spot , comers , f i t , etc . ) . The features ho l d the keys to sub -

j ects ' potent i al theor i es or cons i stenci es . Cutt i ng the al -

ternat i ves to two (C&B ' s Exper i ment 2) may l ower the
odds of f i nd i ng cons i stency , as more subt l y d i f ferent paths

are theoret i cal l y mi scategor i zed l p i geonho l ed . (S i nce the

sort i ngs are based on phys i cal - not conceptual - s i mi l ar i ty ,

the paths are seemi ng l y categor i zed l argel y on accuracy . )
Th i s hel ps exp l ai n why C&B show a drop of "cons i stent l y

i mpetus - exp l ai n i ng" sub j ects f rom Exper i ment 1 (5 % ) to

Exper i ment 2 ( C 1 % ) as the categor i es were hal ved . I t
al so seems that , by reduci ng (and confound i ng) both the

cho i ces her prob l em and the set of prob l ems between Ex -
per i ments I and 2 , yet keep i ng the same (exp l anat i on) con -

s i stency cr i ter i a, one mi ght expect l ess cons i stency (as was
observed) , even though C&B suggest that reduci ng the
cho i ces shou l d i ncrease observed cons i stency . These po i nts

emphas i ze why C&B shou l d character i ze thei r sub j ects '

drawn traj ector i es i n a more eco l og i cal fash i on and not

force them i nto categor i es that d i sserve thei r r i ch features .
Al though j udges ' categor i zat i ons y i el ded a smal l f ract i on
of mi sf i ts , th i s more l i kel y ref l ects our ab i l i ty to do s i rrz i -
l ar i ty matches than i t ref l ects support for the "represen -

tat i veness of response categor i es . ' "

D i f f i cu l t i es Wi th the Method of Us i ng Wr i tten
Sel f - Reports for Cl ass i fy i ng Errors

Other d i f f i cu l t i es stem f rom a paradox i n C&B ' s re-
su l ts . Most of thei r (even exper i enced) sub j ects have some
i mpetus - l i ke i deas , as shown by true / fal se answers to thei r
phys i cs test . (Note that C&B ' s "test" and "prob l ems"
refer to d i f ferent i tem sets . ) Yet i mpetus exp l anat i ons were
general l y much more rare, suggest i ng that the wr i tten sel f -
report method i s i nfer i or to a fai r l y non i ntrus i ve struc-
tured verbal - protoco l sess i on - wi th respect to el i ci t i ng
exp l anat i ons that are rel evant to mi sconcept i ons - i n con -
trast to C&B ' s (and Don l ey & Ashcraf t ' s 1992) sugges -
t i ons about the i mpract i cal i ty and prob l ems attr i buted
to such i nterv i ews (cf . bel ow ; Hoanacki , 1988 : Ranney ,
19871 1988 , 1994) . I t i s d i f f i cu l t to tru l y conservat i vel y
err toward i mpetus exp l anat i ons i f the (graph i cal or wr i t -
ten) data l ack i l l ustrat i ve r i chness . For i nstance . one can
undercode i mpetus exp l anat i ons (e . g . , cod i ng them as
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"omi ss i ons" or "descr i pt i ves") j ust due to thei r brev i ty .
In a methodo l og i cal "compromi se, " C&B teed to el i ci t
l onger exp l anat i ons i n Exper i ment 2 , but (understandab l y)

wi thout success . A rel ated account of the paradox i s that
some "correct" exp l anat i ons (or "Newton i an" i nd i v i d -
ual s) actual l y use terms such as momentum as i f they were
i mpetus , but th i s i s not p i cked up v i a wr i tten exp l ana-
t i ons (and thus undercounted) s i nce one cannot query wr i t -
i ngs . For i nstance, I f i nd that sub j ects may say or wr i te
"strai ght path" when mean i ng "a f l u i d curve- no maj or
corners . "

a d i f ferent account suggests that the word i ng of C&B ' s
test quest i ons mi ght have spur i ous l y i nf l ated the tal l y of
" i mpetus" i deas , as shown by some of the exper i enced
sub j ects ' remarks; the quest i ons rel y on nornencl atural
tr i cki ness about i mpetus , momentum / speed , and other
quas i - subt l et i es . Phys i ci sts i have d i scussed these wi th
note s i mi l ar word i ng d i f f i cu l t i es - especi al l y those rel at i ng
to i mpetus : Quest i on 9 actual l y seems general l y true (not
fal se) , g i ven that (certai n l y angu l ar ) momentum, a vec-
tor , i s al ways d i rect i onal ; Quest i on 7 i s al so true (agai n ,
not fal se) un l ess one knows that i mpetus i s a "bad" syn -
onym for momentum ; Quest i on 10 i s reasonab l e, but i t
and some others rel y on subt l et i es of i nference pecu l i ar
to those fami l i ar wi th "phys i cs - mi sconcept i on - speak . "
Peop l e per form better on th i s test i f they th i nk that " i mpe-
tus" i s (1) not momentum and (2) a word to avo i d .

A f i nal account of the paradox i s that C&B systemat i -
cal l y mi stal l y some exp l anat i on errors as non i mpetus re-
sponses : Thei r "adds vel oci ty" error examp l e (see thei r
Tab l e 3) , wh i ch natural l y d i ps i n f requency when the pen -
du l um tasks are dropped for Exper i ment 2 , i s an untal -
l i ed ki nd of i mpetus response . S i mi l ar l y , some "sur face"
errors (e . g . , on tube i tems) may be seen as " i mpetus"
errors wi th r i cher exp l anat i ons . ( In contrast , Tab l e 3 ' s
" i mpetus" examp l e i s due to a poor prob l em word i ng
that i mp l i es pendu l ar "mot i on" at po i nt B ; see bel ow . )
These (somet i mes converse) d i ssoci at i ons between exp l a-
nat i on accuracy and sel ect i on( / p i geonho l ed product i on)
accuracy f i rrther suggest that C&B ' s data are amb i guous ,
y i el d i ng on l y tenuous concl us i ons .

In h i nds i ght , some past work l i kel y used dub i ous i tems
i n try i ng to assess i mpetus (e . g . , test i tems f rom McCl os -
key , 1953) , but C&B may too qu i ckl y rej ect the apparent
ub i qu i ty of i mpetus i deas due to th i s . They al so seem to
i nappropr i atel y rebate such amb i guous truel fal se quest i ons
to the p l aus i b l e al ternat i ve of el i ci t i ng oral - i nterv i ew /
verbal - protoco l responses (and thei r own i ssues ; see be-
l ow) . Th i s i s not mere methodo l og i cal preference : i t seems
untenab l e to advocate co l l ect i ng l ess data due to thei r
potent i al amb i gu i ty , and th i s shou l d not pose a prob l em
i f C&B des i re to be r i gorous l y and conservat i vel y b i ased
toward f i nd i ng " i mpetus cons i stency . " Many of us have
argued and shown that as sub j ects exp l i cate thei r i deas
more- especi al l y wi th converg i ng measures , such as
graph i cal dep i ct i ons - thei r responses and bel i efs are d i s -
amb i guated , overcomi ng defau l t descr i pt i ons and conver -

sat i onal max i ms (e . g . , Gutwi l l , Freder i ksen , &Ranney ,
i n press ; Ranney , I98711988 ; Schank & Ranney , 1992) .

The Importance of Proper Prob l ems and
Al ternat i ves i n Assess i ng Nai ve Theor i es

Many have used tasks that turn out to l ack some des i red
or purported character i st i cs - yet another p i t fal l for wel l -
contro l l ed nai ve phys i cs research . Of ten . " i somorph i c"
prob l ems (Dr response typo l og i es) are not tru l y i somorph i c
on the d i mens i ons of i nterest , and accompany i ng text may
not match the phys i cs i nd i cated v i a d i agrams . Some tasks
use l anguage that l eaves out needed caveats (e . g . , about
f r i ct i on , mass l essness ; cf . Anderson , To l mi e, Howe,
Mayes , &Mackenz i e, 1992) or that un i ntent i onal l y b i ases
so l ut i ons . But i t i s most troub l i ng when correct al terna-
t i ves are i nadvertent l y absent f rom mu l t i p l e- cho i ce prob -
l ems . Such troub l es are compounded when the fo i l s pro -
v i ded are mudd l ed or not theoret i cal l y wel l mot i vated ,
as the garnered data become even more no i sy . S i nce
C&$ ' s art i cl e i l l ustrates some of these troub l es i n each
of thei r four prob l ems , I wi l l ment i on a few as method -
o l og i cal caveats for future. research .

The "correct" al ternat i ves to two of C&B ' s three (e . g . ,
standards cl i f f i tems are i ncorrect , as the (50 - mph ! ) bal l
moves vert i cal l y before i t str i kes the ground (af ter a non -
parabo l i c, rather ci rcu l ar , traj ectory ; "C, S" i n the present
Append i x ; see C&B ' s Append i x B) . ' ' h i s cannot occur i f
ai r res i stance i s i gnored , as i nstructed . The "correct" re-
sponses actual l y i nd i cate a d i ss i pat i on - an i mpetus not i on
i n wh i ch l ateral vel oci ty i s l ost for no farce- based rea-
son . (Note that some sub j ects of fer i ncomp l ete "asymp -
tot i c i mpetus" var i ants ; e . g . , Ranney , 19871198$ . ) That
expert j udges can agree on the best of four i ncorrect draw-
i ngs (or thei r ord i nal i ty) does not al l ay the fact that these
"correct" cl i f f al ternat i ves actual l y represent a h i gh l y
robust mi sconcept i on .

Furthermore, i n l i ne wi th ear l i er remarkson var i ants , the
order of C&B ' s fo i l s var i es so much that the " i mmed i ate-
strai ght - down" response far the cl i f f prob l em ' s three ver -
s i ons i s termed "wrong" (standard) , "s l i ght l y wrong"
(perceptual set ) , and even "al most correct" (or i entat i on) .
Th i s order does not fo l l ow a theoret i cal pr i nci p l e, s i nce
t i e same sorts of fel l ow fo i l s are used i n each vers i on ,
Th i s i s a l ocal man i festat i on of a more g l obal quest i on :
The order of these fo i l s was determi ned emp i r i cal l y ; but
g i ven a conf l i ct between emp i r i cal i ncons i stency (whether
f rom "experts , " p i l ot sub j ects , or past stud i es) and a con -
s i stent , p l aus i b l e, theory ' s approach , i t i s of ten best to
use the theory ' s pr i nci p l es to devel op tasks and fo i l s .
Agai n , a mai n prob l em i n C&B ' s anal yses i s that response
categor i es were emp i r i cal l y but not theoret i cal l y mot i -
vated , s i nce on l y a smal l subset of produced responses
was used for categor i zat i on . I f one must "p i geonho l e, "
I advocate devel op i ng categor i es that represent mu l t i p l e,
p l aus i b l e, "theoret i cal pos i t i ons " - far more than two or
four , and i deal l y enough to cover v i rtual l y the fu l l set of
d i st i nct product i on responses . Z Fi nal 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 rom past 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 um prob 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 em f rom Exper i ment 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 m C&B ' s i tems . For i nstance,
C&B ' s or i entat i on emb l em ( f rom thei 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 / i mpetus
not i ons shou l d / does a prob l em assess?" Furthermore,
how do i ts al ternat i ves rel ate to " i mpetus" i deas assessed
i n other prob l ems (e . g . , curv i l i near i mpetus , 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 i mi ted d i agnost i ci ty of a few sel 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 i mpetus 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 i mi ted by the d i agnost i ci ty of one ' s
measures and methods . G i 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 .

OTHER WAYS TO CONSIDER OR EXHIBIT
THE PRESENCE OR ABSENCE OF

RESPONSE CONSISTENCY

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 " i mpetus" 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 ai m 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 ai m ( i . e . , modu l o thei r method ' s f l aws)
that sub j ects d i d not seem to cons i stent l y app l y thei r pro -
posed (aggregated) i mpetus 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 m no 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 random cons 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 " i mpe-
tus" model (hence . the - 48 ci ted above) .

How Fu l l i s the "G l 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 i mi st i c ( the "hal f - fu l l g l ass") , whereas React i ons 2
and 4 are l ess opt i mi st i c ( the "hal f - empty g l ass")_ Re-
su l ts f rom Ho 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 em s i tua-
t i ons , features , and (both a pr i or i and a poster i or i ) d i men -
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 rom random cons 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 i mi st i cal l y" term them "cons i stent" (non -
random) , yet r cou l d cl ai m that thei r respond i ng was far
f rom cons 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 - i mposed model ( f rom past 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 ustrate progress i vel y i nd i v i dual - centered con -
s i stency not i ons (al though the resu l ts show that sub j ects '
cons i stency l evel s were general l y l ow) : a and b are the
most model - centered (e . g . , Newton i an) examp l es ; c, d ,
e, and f are l ess so ; and g , h , i , and j are fai r l y i nd i v i du -
al l y centered . In each case, these fai r l y nai ve adu l ts of fered
drawn traj ector i es and oral exp l anat i ons for pendu l ar
rel eases and var i ous other (of ten i somorph i c) tasks , wi th
dropped , thrown , rel eased , pushed , and swung ob j ects :
(a) Correl at i ons between Newton i an accuraci es among task
sets were sel dom s i gn i f i cant . (b) Sub j ects correct l y tran -
s i t i vel y used (nontheoret i cal ) feedback on l y about hal f of
the t i me . (c) Response cons i stency over i somorph i c pen -
du l ar and dropp i ng / throwi ng tasks was on l y 20% . (d) Con -
s i stency among i somorph i c swi ng i ng tasks ' drawn paths was
on l y 19 % . (e) Oral descr i pt i ons of pendu l ar mot i on were
of ten i ncons i stent wi th near - transfer i somorphs ' pred i ct i ons .
( f ) Asymmetr i cal responses were of fered for mi rror - i mage
pendu l ar tasks 26% of the t i me . (g) Most sub j ects pre-
d i ct i ng a vert i cal path f rom a pendu l ar swi ng ' s nad i r gave
i ncons i stent pred i ct i ons for a wrecki ng - bal l task . (h) Most
sub j ects who pred i cted nonvert i cal apex - rel ease paths al so
sai d that pendu l ums rest at the apex (cf . "Hal " i n Ranney
& Thagard , 1988) . ( i ) Mu l t i d i mens i onal l y scal ed s i mi l ar -
i ty j udgments show that sub j ects v i ewed the dropp i ng /
throwi ng tasks as fai r l y unrel ated . ( j ) On l y 31 % of the
t i me d i d i nd i v i dual s draw the same path form (e . g . , as
some are coded i n the present Append i x) for task pai rs
they i nd i cated to be i somorph i c ; th i s h i gh l y i nd i v i dual -
centered "behav i oral agreement" measure even wel comes
pai rs that are i somorph i c f rom nei ther Newton i an nor
standard - i mpetus perspect i ves .

Our l ab has al so s i mu l ated mot i on bel i efs wi thout (es -
sent i al l y) rel y i ng on any phys i cal model , us i ng what I cal l
the "b i furcat i on / bootstrapp i ng" method (Ranney et al . ,
1993 ; Schank & Ranney , 1992 ; cf . Ranney & Thagard ,
1988) to pred i ct sub j ects ' bel i evab i l i ty rat i ngs for both thei r
verbal i zed propos i t i ons and a set of al ternat i ve traj ecto -
r i es ( i ncl ud i ng thei r i n i t i al pred i ct i on) . Our "reasoner ' s
workbench" (Ranney , i n press) automates th i s method as
i t hel ps sub l ects exp l i cate thei r nai ve phys i cs (and other )
arguments . Thus , we l i nk sub j ects ' on - l i ne theor i z i ng
wi th a general bel i ef eval uat i on model (ECHO ; Ranney
& Thagard , 1988) .

Semi structured Interv i ews Wi th Verbal Protoco l s
as an Al ternat i ve R i gorous Method

Un l i ke C&B ' s , al most al l of the rel at i ve cons i stency
measures i n the pr i or subsect i on rel y on oral protoco l s
f rom semi structured i nterv i ews , wh i ch are even cr i t i cal
for accuracy measures ; they narrow i nterpretat i ons of sub -
j ects ' drawi ngs , y i el d i ng (1) very h i gh i ntercoder rel i a-
b i l i t i es and (2) good ways to compare traj ectory drawi ngs
of both true and (e . g . , sub j ect - ) al l eged i somorphs (Ran -
ney , 1987 / 1988 , 1994) . Wi thout the r i chness of protoco l s ,
compar i ng sub j ects ' l dnemat i c and / or dynami c (e . g . , speed
vs . force) descr i pt i ons wi th thei r drawi ngs can be i mpre-
ci se or nond i agnost i c . Verbal responses to semi structured

i nterv i ew probes al so al l ow for more preci se tal l i es of sub -
j ects ' ev i denced i mpetus types (e . g . , Ranney , 1987) .

Oral protoco l s are d i f f i cu l t to garner and process . De-
vel op i ng r i gorous scor i ng rubr i cs and anal yses requ i res
creat i v i ty , and verbal probes must be constrai ned , non -
suggest i ve, and cons i stent (Er i csson &S i mon , 1984 / 1993 ;
cf . N i sbett & Wi l son , 1977) . But oral protoco l s f rom
proper i nterv i ews of fer converg i ng measures (wi th draw-
i ngs , cho i ces , etc . ) that are al most i rrep l aceab l e . Wi th
them, for i nstance, I found that each of one study ' s 28
exper i mental sub j ects (on a pretest to a 3 - h sess i on) ev i -
denced some features of both d i ss i pat i on and i nternal force,
and that 61 % al so ev i denced curv i l i near i mpetus aspects .
(Note that the proport i on of sub j ects ' rel i ance on i mpetus
was < . 5 overal l for each of the three types ; e . g . , Ran -
ney , 1987 , 1987 / 1988 . ) Th i s rel at i ve ub i qu i ty of ( three
types of ) i mpetus bel i efs contrasts wi th C&B ' s i nterpre-
tat i on of thei r exp l anat i on data- yet i t i s more i n keep i ng
wi th thei r phys i cs test data .

Wr i tten exp l anat i ons take fewer resources and reduce
some worr i es of exper i menter - sub j ect b i as . But they on l y
rough l y approx i mate oral responses . Sub j ects qu i ckl y f i re
of repeated l y wr i t i ng s i mi l ar rat i onal es and then cut
corners i n exp l i cat i on . C&B ' s des i re for l onger exp l ana-
t i ons shows th i s , as does the fact that al most hal f of thei r
exp l anat i ons contai ned omi ss i ons or mere descr i pt i ons .
Vi g i l ant wel l - trai ned i nterv i ewers obv i ate th i s , and they
are sens i t i ve to new exp l anat i ons that sub j ects mi ght not
wr i te . Mean i ngs of terms l i ke " i mpetus , " "momentum, "
" i nert i a, " "energy , " "oomph , " "force, " "accel erat i on , "
"power , " "dy i ng out , " and "overcomi ng" are al so
cl earer wi th the extra context and potent i al decompos i -
t i on that such i nterv i ews prov i de- especi al l y regard i ng
mot i on , wi th i ts d i f f i cu l t - to - verbal i ze perceptual charac-
ter (see Ranney , 1989 , and rel ated art i cl es) . Wr i tten ex -
p l anat i ons are of ten usefu l , but they are more retrospec-
t i ve (p l anned) than are oral verbal protoco l s , and thus more
suspect . In sum, wi thout the greater d i agnost i ci ty of fered
by oral responses to proper l y cont i ngent probes , C&B ' s
cl ai ms of l ow cons i stency among i mpetus - us i ng sub j ects
are, agai n , p l aus i b l e yet tenuous .

Theoret i cal Stab i l i ty , D i sscei at i ons , Coherence,
and Temporal Cons i stency i n Laypeop l e

Recal l that we mi ght attr i bute a nai ve (e . g . , i mpetus)
mot i on theory to a sub j ect i f h i s / her behav i or was wel l
pred i cted by a proposed model , but that much of the above
data ( i ncl ud i ng C&B ' s) i nd i cate, as yet , no such sat i sfactory
model . Furthermore, descr i b i ng the rel at i ve theoryness
of nai ve mot i on bel i efs presents even more d i f f i cu l t i es :
Context r i ven d i ssoci at i ons between perceptuo - ki nesthet i c-
motor i c knowl edge and verbal l y d i sp l ayed knowl edge are
al so d i sconcert i ng (e . g . , Anderson et al . , 1992) . Exam-
p l es can be anecdotal (e . g . , some of my sub j ects were both
poor mot i on - pred i ctors and el i te bal l p l ayers) , test i mon i al
(e . g . , co l l eagues ' stor i es on overr i d i ng one ' s cogn i t i ons
based on muscu l ar feedback) , or formal (e . g . , some of
my sub j ects who best pred i ct a pro j ect i l e ' s l ocat i on used
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very non - Newton i an exp l anat i ons and drawi ngs) . I t i s not
cl ear , then , i f a theory rests i n one ' s act i ons , one ' s con -
cept i ons , or both .

Another danger l i es i re assumi ng , as C&B seem to do ,
that apparent theoret i c / conceptual i ncons i stency means
"on - t i e- f l y" theor i z i ng . I t mi ght be that sub j ects are do -
i ng very l i tt l e on - l i ne theor i z i ng ; perhaps a proposed model
i s dust mai n l y orthogonal to the sub j ects ' theor i es . Were
th i s true, temporal cons i stency (e . g . , for i dent i cal tasks
over a del ay) shou l d be h i gh , even i f ( f rom the researchers '
v i ew) "theoret i cal cons i stency" were l ow . So j naeki (1988)
showed th i s : Af ter near l y a month ' s del ay , sub j ects were
(unexpected l y) g i ven the same (and new) qual i tat i ve mo -
t i on prob l ems . In contrast to the l ow ( j ust above random)
cons i stency f rom a model i ng perspect i ve, sub j ects were
much more temporal l y cons i stent ( i . e . , cl oser to per fect
than to random) . So , sub j ects (who were not s i mp l y re-
member i ng pr i or responses , i t seems) appeared to use
somewhat stab l e personal "theor i es "that st i l l defy descr i p -
t i on (al though one can character i ze the theor i es more so ,
ei ther a poster i or i or wi th many parameters ; see Ho j nacki ,
1988) . 6 Is not temporal cons i stency a hal l mark of a the-
ory? These data show that i nd i v i dual s can be af fected i n
the same way by the same (but perhaps not merel y " i so -
morph i c") prob l em / s i tuat i on character i st i cs . (Note that
d i Sessa ' s 1983 and 1988 "p - pr i ors" of fer a p l aus i b l e v i ew
of th i s puzz l e, but the approach does not read i l y l end i t -
sel f to formal pred i ct i on or emp i r i cal fal s i f i cat i on ; but see
Anderson et al . , 1992 , for a suggest i ve attempt . )

Ho j nacki ' s remarkab l e f i nd i ng i s supported by the work
m wh i ch we use sub j ects ' verbal protoco l s to "b l i nd l y"
pred i ct i nd i v i dual s ' bel i efs and pred i ct i ons (Ranney et al . ,
1993 ; Schank & Ranney , 1992) . Agai n , no phys i cal the-
ory i s i mposed as we encode sub j ects ' arguments i n a bas i c
exp l anatory coherence model (Ranney & Thagard , 1958 ;
Schank & Ranney , 1991 ; Thagard , 1989) . (Note that "co -
herence" does not i mp l y "no contrad i ct i ons" ; we a! 1 l i ve
wi th contrad i ct i ons among our bel i efs , s i nce we do not
have the resources to be g l obal l y cons i stent ; see Ranney ,
i n press . ) In sum, these ef forts , and those of Ho j nacki and
Resn i ck {above} , suggest that the phys i cal "theor i es" of
i aypeop l e may be somewhat systemat i c and temporal l y sta-

b l e, wh i l e seemi ng to be h i gh l y i d i osyncrat i c when v i ewed
as a group . Cl ear l y , th i s p i cture d i f fers f rom that of fered
by C&B (s i nce even thei r est i mates of Newton i an cons i s -
tency among thei r sub j ects may be chal l enged) . But i t
d i f fers even mare f rom those who cl ai m, as Caramazza
et al . (1981) d i d , that i nd i v i dual s adhere to a smal l set of
"bas i c motel s of mot i on . "

CONCLUSIONS

These comments make cl ear that study i ng nai ve phys i cs
entai l s much of what makes cogn i t i on research d i f f i cu l t .
Methodo l og i cal p i t fal l s seem to r i ng each construct , i n -
cl ud i ng the vague and po l ysemous not i ons of "theory , "
"cons i stent , " and "concept" (e . g . , f tarmey , 1994) , Ex -

per i mental mater i al s (e . g . , prob l ems , fo i l s , and correct
al ternat i ves) must be excruci at i ng l y preci se . Procedures
must i nvo l ve mi n i mal b i as . The most sens i t i se and con -
vergent measures are needed for d i agnost i c r i gor - One ' s
model s must (1) gu i de a study ' s des i gn , a pr i or i , wi th ex -
p l i ci t pr i nci p l es or (2) come f rom sub j 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&B d i sp l ay f i ne 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 usefu l methods of several stud i es descr i bed above .

C&B ' s concl us i on that nai ve i mpetus theory p l ays a
mi nor ro l e i n sub j ects ' per formance i s suspect , due to thei r
i mpreci se and ef fect i vel y mono l i th i c theoret i cal cons i rual
of the r i ch var i ety of types of i mpetus i deas , as wel l as
thei r dub i ous measures , categor i zat i ons , and anal yses .
Furthermore, as i l l ustrates wi th work by mysel fand others ,
there i s l i tt l e doubt of C&B ' s other concl us i on 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 sub j ects ' exp l anat i ons may
be constructed on - l i ne than C&S suggest (s i nce a stronger
pos i t i on comes cl ose to i mproper l y accept i ng the "nu l l
hypothes i s of i ncons i stency") . G i ven the aforement i oned
f i nd i ngs of cons i derab l e temporal cons i stency (Ho j nacki ,
1988) and the rel at i ve coherence of sub j ects ' bel i efs (Ran -
ney et al . , 1993 ; Ranney & Thagard , 1988 ; Schank &
Ranney , 1991 , 1992) , i t seems more p l aus i b l e to suggest
that , al though the l ayperson ' s phys i cs may be i d i osyn -
crat i c, such sub j ects ' j udgments and exp l anat i ons may yet
be found to he theory dr i ven - depend i ng on one ' s mean -
i ng of "theory . "
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NOTES

t "Overcomrng" can al so be used en a fai r l y Newton i an way Far
examp l e, sub j ects of fer exp l ananon5 such as ( I ) "the force of grav i ty
overcomes the j u11y hor i zontal i n i t i al vel oci ty of a bal l ro l l i ng of f a cl i f f , "
and (2) "grav i ty ' s accel erat i on overcomes the upward vel oci ty corn -

portent of a pendu l um dur i ng an upswi ng "
2 I agree wi th C&B that the mntwn cond i t i on m Exper i ment 1 was

f l awed due to the anomal ous dynami cs Th i s usual l y occurs when sub -
j ects ' data are aggregated , as C&B have done, s i nce r i l e fo i l s ' paths have
i nherent l y amb i guous dynami cs that are based on the sub j ects ' var i ed
model s (cf ear l i er remarks art var i ants) Po i examp l e, some mayeven
descr i be a fu l l y vert i cal path as ether accel eraLVe or not (e . g . . Shannon ,
1976} But wi th sens i t i v i ty to sub j ects ' exp l anat i ons , one can d i vers i fy
the paths ' dynami cs and assess the d i sp l ay type factor agai n

3 For the perceptual - set tube prob l em, for examp l e, sub j ects were
to l d to i gnore grav i ty wh i l e the tube l i es r i ot - an i mposstb0 i ty , s i nce
the tube ' s "start" must be el evated to be real i zab l e and cons i stent wi th
the text (e- g - , wi th the bal l accel ereaveIy "shot out" wh i l e merel y "put"
i n onecad 1 Al so , i n C&B ' s append i ces , the stomata prob l em ' s rocket
seems i n i t i al l y more d i sp l aced than the or i entat i on prob l em ' s , appear -
mg to have an i mp l i ed (e . g , d i agertal / curv i l i near ) traj ectory

4 Th i s computer program i s cal l ed "Conv i nce Me" {Ranney et ai . ,
1993 , Schank & Ranney , 1943) . Compare recent rel ated work 6y Ji m
Mi nstrel ] , Ear l Hunt , and thei r co l l eagues (e . g  Mi nscrel l , St i mpson ,
& Hunt . 1942) .

5 . The o l d tasks fo l l owed the new tasks , and thei r order i ng was
reversed , prov i d i ng memory i nter ference (Hoanacl u , 1988) Al so , Sub -
j ects even forget paths pred i cted orgy mi nutes ear l i er , even wi th external
i nemory ai ds (as m "f" above ; Rumey , 198711988 , 1994) .

6 S i mi l ar l y , one measure of rel at i ve i ncons i stency and / or i ncoher -
ence C "e" above) seemed fau i y l ow (on l y 29% for some ash of near -
transfer i somorphs , e g , see Roomy , 1993 , X994) .

7 Wi th thei r method , C&B ' s cr i ter i a for Newton i an cons i stency may
be son generous (hut cf . above and Hopacki , L9B8) , and a random con -
ststency measure i s needed Here, we mi ght be l ess concerned about
whether , For examp l e, the exper i enced arc fai r l y Newton i an than whether
the i nexper i enced have cons i stent sorts of i mpetus theor i es (Hence, i t
wou l d be i nterest i ng to know the proport i on of C&9 ' s "Newton~ans"
that were f rom rhea expenenccd group

(Cont i nued on next page)
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APPENDIX
A Samp l e of the Many Incorrect Traj ectory - Codengs f rom

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

Note- - Th i s i ncl udes some traj ectory - aspect codes - such as H (hor i zontal ) , C (wrv i -
l i near ) , 5 (strai ght - down) , R ( rect i l mear l d i agonal ) , Cd (concave- down) , Ca (curv i l i near -
arch) , Cu (concave- up) , and Ku ( rect i l i near / d i agonal - up) - for some l ateral , downward ,
and upward rel eases .

(Manuscr i pt recei ved June 15 , 1993 ;
rev i s i on accepted for pub l i cat i on August 30 , 1993 )


