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Abstract—Spatial relational terms are ambiguous because they
be defined by different and sometimes conflicting frames of refer
Previous research has suggested that multiple reference frame
simultaneously active before a reference frame is selected. Two &
iments examined the on-line selection of a reference frame to g
mine whether it is assisted by inhibition. These experiments ug
negative-priming paradigm in which access to a reference frame
assessed on trial when that reference frame was either available
not selected or not available on tria 1. Significant negative prim
ing was observed; it operated along the axis of the reference fr|
encompassing both endpoints. In addition, reference-frame sele
seems to be independent of object selection. We cast these fi
within the view of negative priming as an inhibitory mechanism,
discuss their implications for the use of spatial relations.

Spatial relations, such as “above,” are ambiguous because the
be defined according to various and sometimes conflicting sourc|
information. For example, Figure 1 shows a reclining person loo
at an overturned chair. The person is trying to determine w
“above” is; the different possibilities are represented by the t
boxes. Specifically, Box 1 is above according t@hsolutereference
frame whose vertical axis is oriented with respect to gravity. Box
above according to antrinsic reference frame whose vertical axis
oriented with respect to the predefined sides of the chair. Box
above according to eelative reference frame whose vertical axis
oriented with respect to the head and feet of the person viewin
scene (see Levinson, 1996, for formal definitions). Reference fré
are applied to eeference objedi.e., the chair) and assist in the seal
for alocated objecfi.e., the box).

Previous research has shown that multiple reference frame
simultaneously active prior to selection. For example, in a prev
study (Carlson-Radvansky & Irwin, 1994), the intrinsic refere
frame was dissociated from coincident relative and absolute refe
frames by rotating the reference object 90°, as in Figure 1. This ré
ed in conflicting assignments to vertical spatial relations suc
“above.” Significant competition among the dissociated referg
frames was observed: Use of one reference frame was more di
when another indicated a conflicting direction. Another st
(Carlson-Radvansky & Logan, 1997) showed that the activatio
multiple reference frames is automatic. Despite instructions to|
only a specific reference frame, performance was influenced by
vation in the noninstructed reference frame.
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above the chair according to the intrinsic reference frame based
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IS The simultaneous activation of multiple reference frames is us
g [ihddllowed by the selection of a single reference frame. For exan
M¢Dne study (Carlson-Radvansky & Irwin, 1993, Experiment 3),
Cflcipants selected a single reference frame from among two comp
ones on 93% of the trials.
S &'Fhe current experiments explored whether reference-frame s
I0it5n involves the inhibition of the nonselected reference frames.
'GBea is borrowed from studies in visual attention that have shown
egeRction is most efficient when accompanied by an inhibitory me
>Shikm  that reduces the availability of the nonintended items
! r@%iews, see Fox, 1995; May, Kane, & Hasher, 1995). If refere
Nff@me selection involves the inhibition of the other active refere
ffigdines, then some cost should be observed in an attempt to use
IdBfence frame on trial that was not selected on tria+ 1. Such a cos

frame based on the reclining viewer.

REFERENCE-FRAME SELECTION

USFB5).

responses texperimentabndcontrol pairs of prime and probe trial
that differed only with respect to the objects used on the prime t
Consider the pairs of trials shown in Figure 2a. In each box, the
square is the located object and the larger object is the refe|

acti-The current experiments assessed negative priming by comp

object. The task is to judge the acceptability of “above” as a des
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Fig. 2. Expeimental and conti pairs of pime and pobe tials for assessing getive piiming in Expeiments 1 and 2. d&rs with pime and
probe eldions tha mached and misntahed ae shavn in (a) and (b)respectrely. The same conditiongut with an irelevant object on the

prime tiials, are shevn in (c) and (d).

and an intinsic reference fame dehed ly the sides of theotaed
object; sub objects a calledtriaxial objects.The contol prime tiial
uses an object (soccer baldy fwhich only two reference fames a&
available: the coincident elaive and &solute eference fames.
Because these objects do notédpredefned sidesthey cannot dehe
the intinsic reference fame; subh objects & calledbiaxial objects.
Placement of the loted object (the squey on both gme tials is
“above” accoding to the coincidentetaive and asolute eference
framesTherefore, on the &peiimental pime tiial, there is a taget ref-
erence fame (elaive-absolute) and a disictor eference fame

VOL. 9,NO. 5,SEPTEMBER 1998

(intrinsic); on the contl prime tiial, there is ony a taget reference
frame The pobe tials in Fgure 2a use aotaed tiaxial reference
object (peals) with the locéed object placedbave it accoding to the
intrinsic reference fame Thus,the distactor eference fame on the|
prime tial becomes the tget reference fame on the mbe tial. If
selection uses inhibitiorthen the intinsic reference fame will be
inhibited on the xpeiimental pime trial but not on the contl prime
trial. Thus,use of the ininsic reference fame should be merdiffi-
cult on a pobe tial following an &peiimental pime tial than on a
probe tial following a contol prime trial. Across pobe tials, the
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same eference objects are usedallowing a compason of identical
probe tials as a function ofxperimental and contl prime tials.

Furthemore, inhibition could opegte (a) upon all aas of a efer-
ence fame (b) upon a spedif axis,or (c) upon a spedtf endpoint of
a speciit axis.The curent peliments gamined the lter two pos
sibilities by including pais of tials in which the pime and pobe ela
tions mached (dbove-above, belon-below; see k. 2a) or mismeched
(above-belav, belon-above; see K. 2b).We expected thaif inhibi-
tion operted along the ertical axis,we would obseve signifcant
negative piiming in both mé&ched and misntahed pais; havever, if
only one endpoint ere inhibited we would obseve signifcant ngja-
tive piming only for the m#ched pais.

Because this desigrelies on paicipants using theelaive and
absolute eference fames as ell as the ininsic reference fame
acmoss trals, explicit instructions to use theseference fames vere
given. Bylis and Tipper (1995,cited in Tipper & Milliken, 1996)
found th&imposing a dterion for responding esulted in mae neya-
tive piming than alleving paticipants to decide hoto respond

EXPERIMENT 1

Method

Participants
Eighteen Uniersity of Note Dame underadudes paticipated
for couse cedit.

Materials

Ead pictue contained a cermtr reference object embe@d in a
gray squae tha measued 13 cm x 13 cm andpeaed on a \ite
field. Sixteen objects are usedeight tiaxial (podket wetch, pump
kin, tom&o, peat, bear woman, tree and bid) and eight biaxial
(datboaud, basletball, soccer balltennis ball,chain, bicycle wheel,
sun,and sand dollar)The objects wre similar in shpe (oughly cir-
cular) and sieg (M = 2.9 cm in diameter)There were two versions of
ead picture: In one the ieference object as upight (used inifler tri-
als ony); in the otherit was otaed 90° tockwise Rotdion dissoci
ated the intinsic reference fame flom coincidenteldive and asolute
reference fames 6ér triaxial objectsput had no eal efect on biaxial
objects. Eale picture also contained a loeal object thawas a small
(3-mm) white squae. Across tials, it was placed in one obfir loca
tions:relaive ove, belaw, left, or right of the eference object fsm
the pespectve of the peson facing the monitofThe distance &im the
squae to the center of the objec®/4.3 cmA sentence of theofm
“The squae is the gference object]preceded the pictay
with the Hank containing theelaion “above” or “below” and the
name of theaference object gpeamng in the sentence

Design
Ther were thiee types of pme and pobe tial pairs: expelimental,
contol, and fller. All pairs were constacted fom the bllowing factos:

1. A negative-piiming effect resulting fom actvation within multiple ref-
erence fames cannot be due simpo these instrctions, because Céson-
Radvanslky and Layan (1997) shewed tha sud actiation is automtc. Raher,
the instuctions vere used to gt paticipants to select theppropriate reference

frame to allav an assessment ofgative piming.
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spdial term (ebove or belw), orientaion of the eference object]
(upright or motaed), object type (biaxial or iaxial), placement of the
located object (hove, below, left, or right), and corect ansver (yes or
no). Expeimental and conal pairs followed the érmat displayed in
Figure 2,with half of the pais containing pme and pobe elaions tha
mached (eg., above-above) and half containingetaions tha mis
mached (eg., above-belav). Hller trials were constucted to counter
balance all dctos acpss the xpeiiment. Eab paticipant perbrmed
256 pais of tials, divided into bur Hocks of 64,with factos counter
balanced within albck. For eat bock, there were 8 pelimental
pairs, 8 contol pairs,and 48iller pairs. Fom the paticipant's pespee
tive, there was no indiction thd the tials formed pmme-piobe pais.

Procedue

A sentence gpeaed for 1,000 ms on a computer monitor anasw
replaced with a picte The task was to detenine whether the sen
tence vas an acqeable desciption of the pictue. Participants vere
told to respond as quiity and accuately as possile by pressing eithe
the“yes”key (?/) or theé'no” key (z) on the kyboad. Response time
were measued from the onset of the pictito the ky-press esponse
Intertrial interval was 1,000 ms.

Participants vere told to espond'yes” if the spdial relation in the
sentence @s corect accading to either the ininsic or the coinciden
relaive and asolute eference famesand to espondno” only when
the placement &as incorect accading to all eference fames.This
instruction ensued“y es” responses to bothipres and prbes 6r the
expetimental and contl pairs. A picture-identifcation task and a
yes/no esponse taskamiliarized paticipants with the objects an
response dys, and eight pactice trals were then pesentedFeedbak
was gven duing practice ony, and peactice vas epeded until fwer
than two erors occured

Results and Discussion

Four paticipants vere excluded 1 because ofxpeiimenter eror
and 3 br not bllowing instiuctions. Response times less than 100
or greaer than 5,000 ms eve excluded flom anaysis (less than 1%)
A significance lgel of p < .05 was adoptedAnalyses of esponse|
times ae presented her, anayses of accuarey shaved the same pa
tem but are not eported because of space lintitms.

Probe tials

Pairs of tials with an incorect esponse on the ipre (4%) or on
the pobe (8%) vere excluded The emaining déa were submitted to|
a 2 (pime type:expeimental or conl) x 2 (pime-piobe elation:
mach or misméch) repeded measwes analsis of \aiiance Mean
response times and acagy are gven inTable 1. There was a main
effect of pime type with responses to pbes bllowing expeiimental
primes M = 933 ms) signitantly slover than esponses to pbes bl-
lowing contol primes M = 880),F(1, 13) = 5.5,MSE= 7,049,indi-
caing a ngative-piiming efect of 53 msThere was also a main f&fct
of prime-probe elaion, with mached elaions M = 879 ms) signif
cantly faster than misntehed elaions M = 934 ms)F(1,13) = 5.4,
MSE= 7,755.The inteaction was not signitant,F < 1.As much ney-
ative piiming was obsered when the elaions misméached
(M =49 ms) as wen thg mached M = 56 ms),indicaing tha neg-
ative piming opegtes & least along the ole axis of theeaference

o

ms

frame ether than beingesticted to a parcular endpoint.
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Table 1. Mean corect response times (ms) and pentage correct
(in parentheses)alr the expeimental and contl probe tials in
Expeiments 1 and 2

Prime type

Prime-pobe elaion Expeimental Control  Negative piming

Expeiment 1:Irrelevant object bsent
Match 907 (94) 851 (95) 56 (1)
Mismatch 958 (89) 909 (92) 49 (-3)

Expeiment 2:Irrelevant object bsent

Match 981 (95) 853 (100) 128 (-5)

Mismatch 989 (96) 925 (98) 64 (-2)
Expeiment 2:Irrelevant object pesent

Match 946 (97) 935 (97) 11 (0)

Mismatch 1,005 (94) 939 (94) 66 (0)

Note Negative piiming was calculged by subtacting the dta for the contol
trials from the déa for the epelimental tials.

Prime trials

Mean esponse times onipre tiials were also angized as a func
tion of pime type and pme-piobe elaion. There was a main ééct
of prime type with responses toxpelimental pimes M = 973 ms)
significantly slover than esponses to comtr primes M = 768 ms),
F(1,13) = 41.3MSE= 14,319The efect of pime-pmobe elaion was
mauginally significant @ = .09), but not intepreteble because thg
mached or mismeched design#zon does not gply to pime tials by
themsees.The inteaction was not signitant,F < 1.

The efect of pime type is not suarising, given tha rotaed objects
(in the expelimental pime trials) tale longer to ecagnize than upght
objects (in the contt prime tials) (Catson-Radansk & Irwin,
1994; Maki, 1986; McMullen & dlicoeur 1990). Indeed mary
reseathers hae desdbed sub orentaion efects using eference
frames (ay., McMullen & Jolicoeur 1990; Robeson, Palmer &
Gomez,1987; Rok, 1973). This efect suppds the idea thathe
intrinsic reference fame vas actie although not selected orpeii-
mental pime tials. Compason of pime tials when the eference
objects vere all upight (as on ifler trials) revealed no diference
between traxial and biaxial objectds= 763 ms and 770 mespee
tively), t(13) < 1.

Summay

Expeiment 1 demons#éted signifcant neative piming tha
encompassed both endpoints of the axis eferance fame sugest
ing tha inhibition assists inaference-fame selection.

EXPERIMENT 2

In Expeiment 2,we examined hw reference-fame selection is
affected vhen paticipants also need to select the lechobjectWe
were motivated ty the obseration tha locaing objects in theeal
world often involves selecting one objecibfn among man objects.
Also, the need to select an object is the stashtisk in most rgative-

priming expeiiments (see &x, 1995; My et al.,1995).Accordingly,
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on some gpelimental and contil prime tiials, we placed an ielevant
object so thait was corect with espect to the nonselectesfarence
frame? Figures 2c and 2d illusite the conditionsdr trals with
meatched and mismahed pime-piobe elaions, respectiely. Partici-
pants vere told tha the squag was the loceed objectand thathe cir
cle was an irelevant object thewould gpear on some itds and
should be ignad For the &pelimental pime tials, the irelevant
object vas placed coectly with respect to the to-be-inhibited (iimt¥
sic) reference fame

The question ws whether object selection auld influence
reference-fame selection. Expenent 1 demonstted tha the pes
ence of an ielevant object vas not necessafor signifcant inhibition
of the nonselectedeference fame (see also daon-Radansk &
Irwin, 1994; Calson-Radansk & Logan,1997). Havever, it is pos
sible tha placing an irelevant object with espect to the nonselected
frame seres to boost aatétion in tha frame; this wuld require a
concomitant inaase in the amount of inhibitioaquired, resulting in
more ne@ative piming. We reasoned thaif this were the casethis
increase in ngative piiming would be obsefed on both mahed and
mismached tials, given tha in Experment 1, inhibition opested
along the axis of eeference fame ether than on a speafendpoint.

In contiast, it is possilte tha object selection is lgely indepen
dent of eference-fame selectionAccording to Laggan and Sadle
(1996; see also Capn-Radansky & Logan, 1997),seach for and
selection of the lodad object taks place after eeference fame has|
been selectedhis sugests thaary effect due to object selection yna
be adlitive with ary effect due to eference-fame selectionWe rea
soned thaisud an efect would opeate only a the locdion of the
irrelevant objectand thus be obsexd only on madched tials because
only on sut trials was the locted object on the pbe tials placed
where the irelevant object vas on the pme tiials (see K. 2¢).Thus,
if this intempretaion were corect,there would be diferential ngative

2. We thank an angmous eviewer for this sugestion.
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priming acoss mé&hed and misntahed tials in the pesence of an
irrelevant object.

Method

Participants
Thirty-one Unversity of Note Dame undgradudes paticipated
for couse cedit.

Materials and design

The pictues fom Expeiment 1 vere used On half of the igls,an
irrelevant object (aed ciccle with a 3-mm diameter)ppeaed along
with the locéed object (ite squae). For the &pelimental and cont
pairs, the irelevant object was alvays placed on the je tial in accor
dance with the nonselected (insic) reference fame For the filer
pairs, the irelevant object s placed on bothipne and pobe tials and
in all possilte locdions so theit appeaed in eab locdion and on gme
and pobe tials an equal imber of times aoss all tials. Eat patici-
pant perdbrmed 256 pas of tials; on half the nelevant object vas pe-
sent,and on half it vas d&sent. The irelevant-object-asent tials
directly replicated Expeiment 1. The tials were divided into bur
blocks of 64 pais, with trials with and without the lielevant objectan
domly intemixed; all factors were counterbalanced within dolok.

Procedue

The pocedue from Expeiment 1 was modifed to indude the
instruction to base judgments on the placement of thiewsquae
around the eference objectand to ignoe the ed circle when it
appeaed Practice intuded tials with the irelevant object pesent and
absent.

Results and Discussion

Three paticipants vere excluded br failing to follow instructions.
Response times less than 100 ms wegr than 5,000 ms eve
excluded (less than 1%Analyses on the accagy daa sheved the
same gnerl pdatem as the angses onesponse times.

Probe tials

Expeimental and conti pairs with incorect iesponses on theipre
(4%) or on the mbe (4%) vere excluded The emaining déa were sub
mitted to a 2 (dme type:expelimental or conwl) x 2 (pime-pobe
relation: mach or misméch) x 2 (irelevant objectpresent or bsent on
the pime tial) repeded measwes analsis of \ariance Mean esponse
times and accary are gven inTable 1. There was a signitant main
effect of pime type with responses to pbes bllowing expeimental
primes M = 981 ms) slwer than esponses to pbes bllowing contol
primes M = 913),F(1, 27) = 4.8 MSE=52,495,indicaing a neative-
priming efect of 68 msThere was also a signdant main dect of
prime-pobe eldion, with mached elaions M = 929 ms) signi€ant
ly faster than misntehed elaions (M = 965 ms),F(1, 27) = 4.3 MSE
= 16,844 There was no inteziction betveen pime type and pme-probe
relation, indicaing as nuch negative piming when the gme-piobe
relaions mism#ched M = 65 ms) as Wwen thg mached M = 70 ms),
F < 1.These d&a replicate the esults of Expement 1.

There was no main ééct of irelevant object F < 1), and this &c

tor did not inteact signifcantly with the other dctois individually
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(Fs< 1.5,ps > .23),although the thee-way interaction gproaded
significance F(1, 27) = 2.7,MSE= 18,406,p = .11. Gien the wide
range of ngative-piiming efects (sedable 1),we eplored this inter
action futher by calculding a 95% conflence inteval using the eor
term for the inteaction (Fsher 1966; Loftus & Massornl994); a cit-
ical difference of 62 ms as equired for signiicance When the irel-
evant object vas d@sent (as in Expanent 1),there was signifcant
negative piming for the mached trals (128 ms) and misrtéhed ti-
als (64 ms¥.However, when the irelevant object vas pesentnega
tive piming was signifcant for mismached trals (66 ms) bt not for
matched tials (11 ms).

We intepret the elimindon of negative piming for the méched
trials as the esult of combined &cts of eference-fame selection
and object selection. In tes of eference-fame selectionthe mis
mached tials indicde tha the axis vas inhibited Thus, the object-
selection dfect nust hae been dcilitatory in order for the
negative-piiming efect to disapear There ae two possile reasons
for a fcilitation efect. Frst, the object-selection taskas \ery easy
and mg not hae invoked an inhibitoy medanism. Secondnhibi-
tion may have been pplied to the irelevant objectput been estict-
ed to the color and sha of the objectfedures tha were relevant to
behaioral goals (Tipper, Weaver, & Houghton,1994). Both possibii
ties would leave the irelevant objects locdion actvated which would
offset ary inhibition gplied duing reference-fame selection.

Prime trials

Mean esponse times eve anayzed as a function of pne type
prime-piobe elaion, and pesence orlasence of the iielevant object
using a 2 x 2 x 2epeded meas\@s analsis of \ariance Ther was a
significant efect of pime type with responses orxpeiimental pime
trials M = 1,011 ms) shver than esponses on cowlrprime tials
(M =837 ms),F(1, 27) = 21.3 MSE= 79,516.This efect was pe-
sumdly due to the lsange in oientdion of the eference object,
because compaon of pime thials on which the eference objects
were all upight revealed no diference betwen traxial and biaxial
objects Ms = 813 ms and 797 m®spectiely), t(27) < 1.Ther was
a main effect of pesence of the rielevant object,with irrelevant-
object-pesent tials (M = 947 ms) signi€antly slower than irelevant-
object-dsent tials (M = 901 ms)F(1, 27) = 4.1 MSE= 29,712 This
finding demonsttes tha paticipants were undle to completef
ignore the irelevant object on the pne tiials, and indicgées the need
for object selectioriThere were no other décts,all Fs < 1.

Summay

Expeiment 2 eplicated Expeiment 1 ly demonsiting signif-
cant ngative piming tha encompassed both endpoints of the axis
a reference fame In adlition, reference-fame selection as bund to
be lagely indgpendent of object selectioa, piocess imoked by the
presence of an rielevant object in the dispja Speciically, on the
irrelevant-taget-present tials, there was signifcant neative piming
on misméched tials, but an #@sence of ngative piming on mached
trials. We intepret the &sence of rgative piming on mached tials
as esulting fom a combingon of inhibition due to eference-fame
selection and act@tion due to object selection.

3. Negative piming did not difer acoss these conditiong(1, 27) = 1.5,

MSE= 18,915p = .23.
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GENERAL DISCUSSION

Expeiments 1 and 2 both siwed signifcant neative piming of
the axis of aeference fame on tial n when the eference fame vas
not selecteddr use on fal n— 1. Our intepretaion of theseasults is
tha inhibition assists in the selection of oreéerence fame fom a set
of simultaneous} actvated eference fames (Cdson-Radansky/ &
Irwin, 1994; Calson-Radansk/ & Logan,1997) ly suppessing the
relevant axis of the nonselecteeference fame The finding tha inhi-
bition is gplied to the axisather than thealevant endpoint sugests
tha axes and endpoints mabe s@arte paametes of reference
frames (Lgan & Sadler 1996). Futher eseath needs to atfess
whether inhibition isesticted to a parcular relevant axis (gg., vetti-
cal) or whether it opeates on all ags of the eference fame

One possile consequence of the use of inhibition @ference-
frame selection is the consistent use dadfarence fame acoss tials.
For example people seem to ke peferences ér using paicular ref-
erence fames 6r paticular spaial relaions (Calson-Radansk &
Logan, 1997). Moeover, patticipants vho ae working together in a
spaial task tend to codinate their use ofeference fames (Skober
1993). Futue work should detenine whether ngative piiming varies
as a function of the type oéference fame to be inhibitedand hev
this is elaed to peference br use

Expeiment 2 also xamined the elaionship betveen eference-
frame selection and object selection luiding an irelevant object on
prime displgs resulted in no rgetive piming & the locaion of the
irrelevant object on mbe displgs. This finding sugests thaobject
selection esulted in &cilitation tha offset the inhibition pplied dur
ing reference-fame selection. Futarwork should adress vhether
increased ngative piming could also be obsexd a this locdion with
a moe difficult object-selection task. Mergeneally, these esults
demonstate two points &out reference-fame selectionfirst, the
presence of anrelevant object is not necesgaior inhibition of the
nonselectedaference fame because sigrifant ngative piming was
obseved on tials without the irelevant object. Secondhe pesence
of an irelevant object does nothenge the amount of inhibition
applied to the axis of theeference fame Negative piming for mis
makched tials with an irelevant object vas similar to the rgative
priming for mismached trals without an irelevant object.

Finally, we hare intepreted negative ptiming as the prduct of an
inhibitory medanism vihhose dployment is fexible and gal relaed
(Millik en, Tipper, & Bruce 1994; Tipper et al.,1994). It should be
noted however, tha an intepretaion of negative piming based on
episodic tace etrieval (Neill & Valdes,1992; Neill,Valdes,Tery, &
Gorfein, 1992) could alsox@lain our esults. Selection of the i
sic frame on pobe tials would cause the implicit and autotita
retieval of previous tials involving the intinsic reference fame
including the e&pelimental pime tials. On these jpme tials, the
intrinsic reference fame vwas not selectegénd would theefore have
had a'do not use'tag associged with it. Havever, on pobe tials, this
reference fame would have been selectednd it would theefore have
had a‘use” tag associged with it. This confict between tgs could be
responsike for the slaver responses on the gibe tials following
expelimental pimes eldive to the pobe tials following contol
primes tha did not irvolve the intmsic reference fame

Regardless of vhich inteipretaion is corect,we beliee our fnd-

ings ae impotant because tgeffer one of thedw demonstations of
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negative piming to an astract constuct (a eference fame) thais
never plysically presented (Negative piming to @stract constucts
has also beereported for, e.g., semantic meaningJipper & Driver,
1988; actionsTipper, Lortie, & Baylis, 1992; and situgon models:
Radransky, 1998).
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