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The Interplay between Geometry and Function in the Comprehension
of Over, Under, Above, and Below

Kenny R. Coventry, Mercé Prat-Sala, and Lynn Richards

Centre for Thinking and Language, Department of Psychology, University of Plymouth, Plymouth, United Kingdom

Three experiments are reported which examined the role of geometry and functional relations in the compre-
hension of the spatial prepositiomger, under, above andbelow The tasks used consisted of rating how appro-
priate sentences (containing one of these prepositions) were to describe a series of pictures. For example, the pi
tures comprised a person holding an object with the function of protection from falling objects (e.g., an umbrella).
Each picture was depicted with the object shown as fulfilling its function or not at different geometric positions.
The results of Experiment 1 show a significant effect of functional relations on the ratings given. However, while
over/undemwere very sensitive to functional relatioabove/belowvere more influenced by geometric relations.

The second experiment replicates these effects with objects depicting noncanonical functions (e.g., a suitcase
sheltering someone from rain). Experiment 3 manipulated frame of reference and found evidence for conflict of
frames of reference effects on the ratingodve/belowbut not in the same way forer/under Conversely the

ratings ofover/undemwere found to be affected by functionality while thosedioove/belowvere not. These re-

sults indicate for the first time that spatial prepositions are differentially influenced by geometric and functional
relations.  © 2001 Academic Press
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Being able to find objects in the world is onéerms which are generally regarded as having th
of the most basic survival skills required by anyole of acting as organizing structure for further
living organism. Similarly, being able to de-conceptual material (Talmy, 1983; Lakoff, 1987).
scribe where objects are and being able to fikairthermore, spatial prepositions have the virtue
objects based on simple locative descriptioraf relating to measurable characteristics of the
can be regarded as basic skills for a competemorld being described (Regier, 1996). Therefore
speaker of a language. The use of an expressibshould be possible to specify the components ir
involving a spatial preposition in English cona visual scene which are the predictors of com-
veys to a hearer where one object (figure) is Iprehension for individual spatial terms.
cated in relation to a reference object (ground). Despite the relatively small number of spatial
For example, in “the pear is in the bowl,” therepositions denoting place in English (around
pear is understood to be located with referencmly 80-100; Landau & Jackendoff, 1993), it
to the bowl in the region denoted by the prepodiarns out to be difficult to tie down the condi-
tion in. Understanding the meaning of spatidgions under which such terms are used. Tradi
prepositions is of particular importance in setionally, geometric constructs have been in-
mantics as they are among the set of closed clasged to underpin their lexical entries (e.g.,

Herskovits, 1986; Logan & Sadler, 1996). For

, example, in the sentence, “The pear is in the
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the bowl in Fig. 1a buvverwould be the most tions. In particular,functional relationshave
appropriate term in Fig. 1b although the gedseen postulated as key components underlying
metric relations between figure and ground atbe meaning of the spatial prepositionson,and
identical. Clearly, while geometry is importantat (Coventry, 1992, 1998; Coventry, Carmichael,
in the use and comprehension of spatial prepogi-Garrod, 1994; Garrod & Sanford, 1989; Gar-
tions, other extrageometric variables need to bed, Ferrier, & Campbell, 1999; Talmy, 1988;
invoked in order to account for use and compr&andeloise, 1994). Functional relations have to
hension. For example the expressitie, man is do with how objects interact with each other and
at the piangimplies that the man is playing thewhat the functions of objects are. For example,
piano, not just that he is in close proximity to itwith in, Garrod and Sanford (1989) and Coventry
To give another example, while the position of1992, 1998) propose that the lexical entry is
the umbrella is undoubtedly important in the
comprehension a¢he umbrella is over the man
it is likely that the function of the figure (to pro-
tect someone from rain) is also important in the
comprehension of the expression. The main areaWhether or noin is appropriate depends on a
of investigation in the present paper is the relaumber of factors which determine whether the
tive extent to which geometric relations versusontainer is fulfilling its function. These in-
extrageometric relations are predictors of thedude movement over time where the figure re-
comprehension of spatial prepositions, focussingains in the same position relative to the con-
onover, under, above andbelow Furthermore, tainer, or where the container is sealed, thus
we test the intuition that such extrageometric islocking movement of the figure beyond the
formation may be more important for some spaim of the container, allowing constraint of lo-
tial prepositions (e.ggverandundel) than for cation over time.
others (e.g.aboveandbelow). Before focusing  Empirical evidence for the importance of this
on these prepositions in more detail, we briefiffunctional analysis has been forthcoming for
review evidence for the importance of extragedepological prepositions. For example, Coventry
metric variables in the use and comprehensi¢h992, 1998) found that contiguity of movement
of spatial prepositions. of the figure with the ground significantly in-
] _ creased the use and ratinginfwhile independ-
Evidence for the Importance of Extrageometricynt mavement of the figure decreased ratings
Factors in the Use and Comprehension of \yhen the figure was positioned on top of other
Spatial Prepositions objects above the rim of a container as comparec
Recently a number of researchers has arguadth static scenes where the geometry was the
that extrageometric factors play animportant rolsame. Similarly, tilting the container reduces the
in the use and comprehension of spatial preposise ofin if it looks like the figure may fall out.
Garrod, et al. (1999) have also shown that judge-
@ () ments of the ratings ah andon correlate with
t independent judgements of movement (func-

in: functional containmentir is ap-
propriate if the ground is conceived of
as fulfilling its containment function.

tional control).

In addition to the effects of movement,

Coventry, et al. (1994) provide preliminary evi-
dence that use and ratings of prepositions can b
influenced by grounds which have the same

function but usually contain different objects.
When they compared static scenes involving &

jug and a bowljn was used significantly more

FIG. 1. (a) The pear is in the bowl. (b) *The pear is inVith the bowl as ground than with the jug as
the bowl. ground when the figure was a solid on top of a
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pile of other solids above the rim of the conto thebowl as a result of the principle dbler-
tainer. Furthermore, adding liquid to the jug waance which allowsin to be appropriate as the
found to further decrease the use (and ratings)fajure is part of a group of other objects, some of
in, but it made no difference in the case of thehich meet the containment condition. In this
bowl. Thus the addition of water appears to makeay a pragmatic principle allows an extension
the object-specific function of the jug (to conef the geometric containment region applicable.
tain liquids) more salient, further reducing th@he studies reported test directly which of these
appropriateness of the container as a containgéews is most plausible.
of solids. Additionally, Coventry et al. (1994) The second main issue we wish to deal with is
found that labeling the same objedishversus the notion that prepositions may be differen-
a plate influences prepositional usage, indicattally influenced by extrageometric variables. In
ing that different nouns suggest different objecthe preposition literature, extrageometric con-
specific properties. straints have been flagged for some preposition
] ) but not others. For example, in linguistic ac-
The Relative Importance of Geometric and o nts it is well recognized that there are use:
Extrageometric Variables in the Use and iy andat which involve a functional compo-
Comprehension of Spatial Prepositions et (Herskovits, 1986; Aurnague, 1995). On
While the importance of extrageometric relathe other hand, prepositions likebove have
tions in the use and comprehension of a range been regarded as being more simply geometric
spatial prepositions has been established, thespecifying a higher than relation in Euclidean
are two central issues which the studies reporteghace (e.g., Bennett, 1975). In particular, we ex:
below aim to address. First, although both ge@mine the differential effects of geometry and
metric and extrageometric factors are clearlgxtrageometric variables on the comprehensior
implicated in the use and comprehension abf over, above under, andbelow
spatial terms, it needs to be established whether
geometric variables dominate extrageometri@Ver, Under, Above, and Below
variables or whether these variables are equally The role of geometry underpinning the use
important in the use and comprehension of spand comprehension of projective prepositions
tial terms. On the one hand, Coventry (19983uch asver, under, above andbelowhas been
and Garrod and Sanford (1989) have argued féine subject of both extensive linguistic analyses
the centrality of extrageometric variables ande.g., Bennett, 1975; Brugman, 1988; Lakoff,
trace the effect of these variables back to th&#987) and recent empirical study (Carlson-
lexical entries for prepositions. On the otheRadvansky & Irwin, 1993, 1994; Carlson-
hand, Landau and Munnich (1998) have sugradvansky & Radvansky, 1996; Hayward &
gested an alternative interpretation of the empiifarr, 1995; Logan & Sadler, 1996). Logan and
ical findings outlined above. While recognizingSadler (1996) found that the prototypiedlove
that extrageometric variables are important, thaglationship is at a point higher than directly
argue that these kinds of effects are essentiallpove the reference object, in line with the centel
added onto the geometry to modify the geometf mass of the reference object. Displacing the
ric regions appropriate. Furthermore, Landafigure from the central axis of the reference ob-
and Munnich argue that these geometric regionsct was found to reduce the appropriateness ©
are well specified. This view would appear to béhe term (and other prepositions as well). How-
in line with that of Herskovits (1986), who hasever, these studies involved participants marking
outlined a set of pragmatic principles (termegboints on or rating scenes involving abstract geo
nearprinciples) which bend and stretch the geometric shapes rather than real objects with any re
metric constraints embodied in the lexicorations between them.
under some circumstances. For example, Her- The majority of studies examiniryer, under,
skovits has argued that is appropriate in Fig. above andbelow have dealt with the issue of
lato describe the location of tpearin relation frame of reference for these terms. One can us
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prepositions likeabovewith respect to one (or first two experiments reported manipulate these
more) of three basic reference frames (Levirvariables when frames of reference coincide.
son, 1996). These are the intrinsic (or object- The other main issue of interest examined
centered), relative (or viewer-centered/deictichelow is the relative extent to which preposi-
or absolute (environment-centered or extrinsitjons are influenced by geometric and extra-
frames. The intrinsic frame locates a figure witgeometric variables. In the preposition litera-
reference to the salient features of the grounalre, although extrageometric effects have beel
For examplethe car is behind the houssed documented, the issue of the relative extent tc
intrinsically locates the car in relation to the opwhich terms are influenced by these variables i
posite wall from where the salient front of thewot considered. Although Carlson-Radvansky,
house is, which is where the back door is. THeovey, and Lattanzi (1999) have shown that
relative use of the same expression would locaadovecan be influenced by functional relations
the car directly behind the opposite wall to thand context, Coventry and Mather (in press)
wall where the speaker and hearer are standimgve suggested thaveris more influenced by
The most common absolute use relates to th&trageometric factors thabove and that pre-
gravitational plane where terms likever and positions may cluster into functional and non-
aboveare used for positions higher than in th&unctional groups. Furthermore, Coventry and
gravitational plane. Now in relation to extrageoMather link this hypothesis to the extent to
metric relations, Carlson-Radvansky and Radvhich prepositions are polysemous. However,
vansky (1996) have found that the presence péither team of researchers manipulated geome
a functional relation between objects to be déry and function together with the four preposi-
scribed influences the choice of reference frantiens over, under, above andbelowin order to
used to describe objects. Imagine a picture ofaalequately test whether prepositions are differ-
mail carrier holding a letter standing near and tentially affected by these variables. The studies
the left of a mailbox. When the mail carrier wadelow do this for the first time. Our predictions
standing facing the mailbox with hand outwere thatoverandundershould be more influ-
stretched as if to be posting the letter, then pagnced by extrageometric variables thatrove
ticipants had a preference for using intrinsic deind below, while above and below should be
scriptions (e.g., the mail carrier is in front of thenore influenced by geometric manipulations.
mailbox). In contrast, when the mail carrier was In addition to the main manipulations, the ex-
standing with his back to the mailbox, then experiments also aimed to tease apart the influenc
trinsic-relative descriptions were preferred (e.gaf a number of distinct extrageometric variables
the mail carrier is to the left of the mailbox)previously labeled under the same banner of
While this provides evidence for the importanc&nctional relations in the literature. For exam-
of functional relations in the selection of a framele, Coventry (1998) on the one hand provides
of reference for projective terms, Carlsonevidence for the importance of the interaction
Radvansky and Radvansky (1996) did not ebetween objects in the ratings and usmpénd
amine the effects of functional relations on then the other hand, Coventry et al. (1994) demon
use of terms within a single frame of referencstrate effects which have to do with the usual
when functional relations are varied. They alsfunction of objects (e.g., a jug versus a bowl).
manipulated functional relations by changinghe first experiment examines cases in which
the position of the figure, and consequently thetine objects are shown to be either fulfilling or
research does not address the issue of the ralat fulfilling their canonical functions (protecting
tive importance of geometry and functionality fofunctions for one set of materials and contain-
spatial description. The third experiment reportetient functions for the other set), while the sec-
below examines the comprehension mfer, ond experiment examines whether an objec
under, aboveandbelowin cases where frames ofwithout a usual protecting function still illustrates
reference coincide versus conflict by manipulafunction effects if it is depicted as protecting (i.e,
ing both geometry and functional relations. Thdunctioning noncanonically) in the context.
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EXPERIMENT 1 tence when it described a picture where one of

Experiment 1 manipulated geometry anthe objects appea}red in its canonical position
function independently and together in order t8"d the lowest ratings when the same sentenc

assess the relative influence of both factors &§Scribed a variant of the picture which con-
the comprehension afver, above under and tained the same object tilted at 90°. We were

below Given the myriad of object knowledgealso predicting that if functional relations had an

effects reported for other prepositions, the e£ffeCt, participants’ ratings for a particular sen-

periment used two sets of materials involvingEnce would be higher when it described a pic-
two different types of functional relations. ThéUre depicting a functional relation between ob-
first set involved figures with protecting func jects than when the functional relation was not

tions (the function of protection from falling ob-Present. Additionally, it was predicted thater

jects), and the second set involved grounds Wiﬂpdgnderwquld be most sensitive to functional
containment functions and object pairs with re€/ations whileaboveandbelowshould be more
lations highlighted by how successfully they>€nSitive to geometric relations.

were interacting with one another. While func

) Method

tion and geometry effects were both expected to L i )

be present, it was predicted that function effects Participants Thirty-eight undergraduate stu-

should be more in evidence with the preposfients from the University of Plymouth partici-
tionsoverandunderthan withaboveandbelow pated in this experiment as an extra credit optior

Conversely it was predicted thabove and in a Psychology course. All participants were

below would be more affected by changes ifative speakers of English. _
geometric relations thasverandunder Materials The materials for the experiment

consisted of a total of 144 pictures and were
based on two sets of four types of pictures. The
first set of pictures involved the use of a figure
The experiment was designed to test for theith the function of protection from falling ob-
differential effects of function and geometry onjects. For these scenes, tligure was rotated.
participants’ ratings of the appropriateness ofhe second set involved the use of a grounc
sentences to describe a series of pictures. Thdth the function of containment. Object pairs
variables manipulated included three levels ofiith a stronger association with one another in
geometry and three levels of functionality. Theerms of object relationship were used for this
figure in the picture (for material set 1) was poset (e.g., a bottle and a glass), and for thes
sitioned canonically directly above the groungcenes thgroundwas rotated.
(i.e., in the usual position), at an angle of 45°, or Each picture in a set had nine variants (three
at an angle of 90° to the ground (see Fig. 2). Fdevels of geometry and three levels of func-
each level of geometry three levels of functiontionality), making a total of 72 pictures. Each
ality were employed. The figure was shown fulpicture was printed twice, once with a pair of
filling its function, the figure was shown not ful- sentences (e.grhe man is under/below the um-
filling its function, or other objects were notbrella) and once with another pair of sentences
present to make the functional relationship relge.g., The umbrella is over/above the mao
vant (a control). The sentences given to ratst all four prepositions.
were presented in pairs for each picture. The The first set of pictures depicted a person
sentences in a pair were identical except for thesing an object to protect himself from a falling
preposition. For example, a pair of sentencesbject/objects (e.g., a man using an umbrella tc
could beThe man is under the umbreldadThe protect himself from rain). The objects used
man is below the umbrelld he predictions were were an umbrella (protecting a man), a shield
that if geometric relations had an effect on th€protecting a Viking), a visor (protecting a gar-
comprehension of these prepositions, the partidener), and a hard hat (protecting a workman)
ipants would give the highest ratings to a serf-or each picture there were three levels of geom

Design
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FIG. 2. Examples of materials used in Experiment 1 (also see footnote 1).

etry of the object used by the man to protettvels of functionalitycontrol, where the object
himself (in this case thembrellg. The figure in the man tried to protect himself from was absent
the picture was positioned canonically directlye.g., there was no rainfunctional where the
above the ground, at an angle of 45°, or at aject was present (i.e., the rain was falling on
angle of 90° to the ground. Additionally, forthe umbrella keeping the man dry); andn-
each geometric permutation there were thrdenctional where the falling object was present
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but the protecting object did not fulfil its func-the second part first (though participants were
tion (i.e., the rain was falling on the man despiteot aware of the two parts). Additionally, the
the umbrella’s presence). See Fig. 2 for an emzaterials were randomized in a stratified fash-
ample of all nine levels of picture for one set abn. We created nine groups of eight pictures for
materials: each part. Each group had one picture from eac
The second set of pictures depicted two renaterial set and corresponded to a different
lated objects (e.g., aan and apan). One of level of geometry and functionality. Then, each
these objects was always a recipient containardividual group was randomized before being
The object sets used were a can and a pan, a lggbuped with another group. Each participant
tle and a glass, a chute and a skip, and a tap doadl a different grouping and randomization. The
a bucket. For each picture there were three lesnd result of this process meant that the possi
els of geometry of the recipient object (in thibility of priming effects was minimized.
case thepan). The ground in the picture was po-
sitioned canonically directly below the figure, aR€SUItS
an angle of 45°, or at an angle of 90° to the fig- The results for each set of materials are re-
ure. There were also three levels of functionaported separately, and the data are displaye
ity: control, where the falling/pouring object(mean ratings) in the Appendix, Tables A1 and
was absent (in this case there were no beansAiB. Analyses by materials and by inferior/supe-
the can);functional where the falling/pouring rior preposition setsofer/aboveversusunder/
object was present (i.e., there were beans fallibglow) were also undertaken for this experiment
into the pan); andhonfunctional where the and the following experiments, but they pro-
falling/pouring object was present but did notluced results of little interest, so they are not re-
end up in the recipient object (i.e., there weneorted here. Where follow-up analyses are re-
beans missing the pan and dropping onto tiperted, Tukey (HSD) tests were used.
floor). See Fig. 2 for an example of a picture Material Set 1A three-way analysis of vari-
with all nine levels of function/geometry. ance (fully within) was performed on the rating
data. The results of the analysis are displayed il
Table 1. The variables were function (e.g., func-
Participants were run in groups of 6—10 pedional, nonfunctional, and control), angle (cano-
ple. Each participant received the instructionsical, 45, or 9C¢), and preposition sebyer/
and a booklet containing the materials. The pannder versusabove/beloyw The mean ratings
ticipants were told that each page of the booklate displayed in the Appendix, Table Al.
contained a picture and two sentences, and thatAs expected, a significant main effect of angle
their task consisted of rating how appropriateras found. The highest ratings were given for
each sentence was to describe the picture usithg canonical orientation (mean ratirgd.16),
a 7-point scale, where 1 meant totally inapprdellowed by 45 angle (mean= 3.77), and the
priate and 7 totally appropriate. Participants wetewest were given for the 90angle pictures
free to use any number in the scale. The expefinean=2.27). There was also a significant main
mental sessions lasted around 30 min. effect of function, and all three levels differed
The test materials were divided into twasignificantly from one another. The highest rat-
parts. One copy of each picture (with one pair afigs were given for the functional scenes (mean
prepositions) appeared in part one, and the otheB.81), the next highest for the control scenes
copy of the picture (with the other pair of prepofmean= 3.53), and the lowest ratings were given
sitions) appeared in part two. Half of the particfor the nonfunctional scenes (meam2.87). A
ipants saw part one first, and the other half sasignificant interaction between function and
angle was also present. This is displayed in
* Further example scenes from all three experiments chg 3.The nonfun_ctlonal Scenegre given sig-
be found at the following website: http://psy.plym.ac.ukiificantly lower ratings than the other two levels
staff/kcoventry/spatpics1.html. for all three positions, but the functional scenes

Procedure
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TABLE 1
Results of Three-Way ANOVA for Experiment 1, Material Set 1

Source df and F value MS Significance
Functionality (F) F(2, 72¥ 82.41 0.62 bl
Angle (A) F(2, 72=213.22 1.04 wkk
Preposition set (PS) F(1, 38)76.07 1.71 *kk
(F) x (A) F(4, 144)=5.36 0.25 ki
(F) x (PS) F(2, 72F 34.36 0.50 e
(A) x (PS) F(2, 72F 122.15 1.00 wkk
(F) x (A) x (PS) F(2, 72 1.19 0.20 ns

Note ns,p >.05.
*p<.01.
**p<.001.
*** n<.0001.

were given significantly higher ratings than theactions betweerover/underabove/belowand
controls only for the 45and 90 angles. angle (displayed in Fig. 4) and betweaver/

Of most interest in the analyses were the maimderabove/belowand function (displayed in
effect for preposition set and the significant inFig. 5) provide evidence that these preposition
teractions between this variable and angle aséts behave differently from one anott@ver/
function. Overallover/underwere given lower underwere found to be more affected by the
ratings thanabove/below However, the inter- functional manipulation thaabove/belowwhile
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FIG. 3. Interaction between geometry and function for Material Set 1, Experiment 1.
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FIG. 4. Interaction between geometry and preposition set for Material Set 1, Experiment 1
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FIG. 5. Interaction between functionality and preposition set for Material Set 1, Experiment
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above/belowvere more affected by the angle ofteness of a preposition to describe a spatiz
the figure thamver/under scene.

Material Set 2Again a three-way analysis of With regards to geometry, the results were
variance (fully within) was performed on thesimilar to those found in previous studies (Carl-
data using the same variables as those used vatin-Radvansky & Irwin, 1993, 1994; Hayward
Material Set 1. The results of the analysis a& Tarr, 1995; Logan & Sadler, 1996). When the
displayed in Table 2, and the mean ratings afigure is displaced from the point directly above
displayed in the Appendix, Table A2. The rethe central axis of the reference object, appro:
sults were very similar to those found with th@riateness ratings for suitable spatial preposi:
first material set. Main effects of functiontions are reduced. However, this study also re-
angle, and preposition set were found, all in theealed a main effect of function of magnitude
same direction as those found with Materiadimilar to that found for the geometric manipu-
Set 1. As before there was also a significant ifetion. Scenes where the functional relation be-
teraction between function and angle. tween objects held were associated with sig-

There were also significant interactions beificantly higher appropriateness ratings than
tween function and preposition set, and betweesgenes where no such relation was present. Fu
angle and preposition set. This pattern of resultisermore, when an object was shown to be no
was the same as that found for Material Set fulfilling its function, ratings were lower still.
Greater function effects were found fover/ Importantly, the results also indicate that func-
underthan forabove/belowvhile greater geom- tional relations influence comprehension even
etry effects were found f@bove/belovthan for when the geometric constraint appears to holc
over/under The three-way interaction betweertlearly. The effect of functional relations was
function, angle, and functional/nonfunctionapresent with both sets of materials at all three
prepositions was also significant. This is dispositions, not just in the marginal geometric

played in Fig. 6. cases, suggesting that functional relations do nc
. i just come into play when the prototypical region
Discussion does hold (Landau & Munnich, 1998).

The results across material sets 1 and 2 wereWhile both geometry and function were
very similar. Main effects of function andshown to be important factors overall in the first
angle were found in both sets, demonstratirgxperiment, the results also indicate that prepo
that functional relations and geometry are botitions are not influenced by geometry and func-
important factors in determining the approprition to the same extent. The ratingsowérand

TABLE 2
Results of Three-Way ANOVA for Experiment 1, Material Set 2

Source df and F value MS Significance
Functionality (F) F(2, 705 96.23 1.01 sk
Angle (A) F(2, 70)= 164.71 1.64 ok
Preposition set (PS) F(1, 35)119.45 2.18 wxk
(F)x (A) F(4, 140)=10.47 1.99 b
(F)x (PS) F(2, 70 35.86 0.75 o
(A) x (PS) F(2, 70F 46.52 0.52 ik
(F) % (A) x (PS) F(4, 140¥ 7.26 0.25 ok

Note ns,p>.05.
*p<.01.
** 1 <.001.

*** p <.0001.
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MEAN RATING
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FIG. 6. Interaction among function, geometry, and preposition set for Material Set 2, Experiment 1.

underacross both sets of materials were founchl) function in context. For example, it was of
to be mainly influenced by functionality whileinterest to establish whether function effects are
above and below were mainly influenced by still present when a suitcase is used to shelte
geometry. This is the first demonstration thaomeone from the rain as compared to when a
geometric and extrageometric relations affectmbrella is used.
prepositions differentially. .
While the results were consistent across bolfSI9N
sets of materials, the effects observed with Mate- The experimental design was similar to that
rial Set 1 may only be present with objects whichsed in Experiment 1. In addition to the manip-
have particular functions. Although the effectsilation of geometry and functionality as before,
were present across a range of types of scenib® appropriateness of the figure as a protectin
in all cases the protecting surfaces were fulfilbbject was also manipulated. For example, eithe
ing the functions they were designed to fulfillan umbrella (functionally appropriate object) or
Given that Coventry et al. (1994) report objecta suitcase (functionally inappropriate object)
knowledge differences fan depending on the was used as the source of protection from rain
appropriateness of the object, the second exp€eFhe predictions were the same as those for Ex
ment was designed to see whether the functiperiment 1. Additionally, it was predicted that, if
effects found in Experiment 1 (Material Set 1junction effects are object-specific, then func-
are object-specific, or whether they are still pretion effects should be present only with the
ent when objects are fulfilling a function in confunctionally appropriate objects. Alternatively,
text that is different from their usual function. if functional relations are nonspecific, and deter-
mined by situation-specific context, then func-
EXPERIMENT 2 tion effects should be present for both appropri-
The second experiment aimed to establisite and inappropriate objects.
whether the function effects found in Experi-
ment 1 for the first set of materials are preselftethod
only for objects which are associated with the Participants Forty A-level students from a
function in question, or more generally for anyocal sixth-form college (age range 17-18) were
objects fulfilling a recognizable (but noncanonipaid for their participation in the experiment.
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All participants were native speakers of Englishng participants from falling into a pattern. As
Data from one participant had to be eliminatethese filler items are not relevant here, they will
because he did not finish the experiment. not be discussed any further.

Materials The materials for the experiment
consisted of a total of 288 pictures and wer@
based on the first set of (four) pictures used in Participants were run in one large group, and
Experiment 1. This time each picture had 1the procedure was essentially the same as tha
variants (three levels of geometry, three levels oked in Experiment 1 with the following excep-
functionality, and two levels of appropriatetion. In order to cut down the number of scenes
ness), making a total of 144 pictures. Eackach participant was exposed to, half the partic-
picture was printed twice, once with a pair ofpants were given the umbrella/suitcase visor/
sentences (e.gthe man is under/below the umbook materials (set A) foover and aboveand
brella) and once with another pair of sentenceate shield/stool hard hat/bucket (set B) for
(e.g., The umbrella is over/above the maon underandbelow The other half was given the
test all four prepositions. The inappropriate olreverse.
jects used were a suitcase, book, bucket, andThe materials were divided into two parts
stool substituted for umbrella, visor, hard ha{although no break was given). One copy of
and shield, respectively. In all cases the dimepach picture (with one pair of prepositions) ap-
sions of the inappropriate objects were matchgebared in part one, and the other copy of the
exactly to those of the appropriate objects. Seécture (with the other pair of prepositions) ap-
Fig. 7 for some examples of pictures with inappeared in part two. Half of the participants saw
propriate objects. part one first, and the other half saw the seconc

The test materials were mixed in with materipart first (though participants were not aware of
als from other experiments. This was done sthe two parts). Additionally, scenes with the in-
that other items would act as filler items, thusppropriate and appropriate objects always oc-
adding variety to the materials used and preventurred in different parts. The materials were

rocedure
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FIG. 7. Examples of materials used in Experiment 2.
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also randomized, ensuring that consecutive pic- Of most interest in the analyses was the sig:
tures were never identical. Each participant hadificant main effect of appropriateness of fig-
a different grouping and randomization. Thaure. Scenes involving functionally appropriate
end result of this process meant that the possibjects were rated significantly higher than
bility of priming effects was minimized. those involving functionally inappropriate ob-
jects. This pattern of results is in line with those
found forin by Coventry et al. (1994). How-
A four-way analysis of variance (fully within) ever, in the present experiment this variable did
was performed on the rating data. The mean raiet interact with any of the main variables of
ings are displayed in the Appendix, Table A3nterest, so the effect of appropriateness in iso:
and the results of the analysis are displayed lation is open to a number of interpretations.
Table 3. The variables were appropriateness lofiportantly, function and geometry effects were
figure (appropriate versus inappropriate figurejpund for both the appropriate and the inappro-
function (e.g., functional, nonfunctional, andoriate objects, indicating that function effects
control), angle (canonical, 450r 90), and are not limited to objects which are shown to be
preposition setdver/undeversusabove/beloyw  fulfilling their object-specific function but also
The results of analysis mirror those found imccur when objects are being used in a way tha
Experiment 1. Main effects of function, geomeedeviates from their usual function. This will be
try, and preposition set were found in the santiscussed later in the general discussion.
directions as before. The pattern of interactions
between these variables also mirrored those re- EXPERIMENT 3
ported for Experiment 1. As Figs. 8 and 9 illus- The first two experiments have established
trate, agairover/underwere found to be more that, when a single frame of reference is in-
influenced by functional relations thabove/ volved (or where frames of reference coincide),
below and converselyabove/beloware more functional relations are important determinants
influenced by geometry thaaver/under of the rating of the prepositions. There is also &

Results and Discussion

TABLE 3
Results of Four-Way ANOVA for Experiment 2

Source df and F value MS Significance
Appropriateness of figure (AF) F(1, 34)15.22 0.85 ok
Functionality (F) F(2, 703 22.34 3.22 Fkk
Angle (A) F(2, 70)=74.40 3.56 el
Preposition set (PS) F(1, 3539.37 6.83 rkk
(AF) x (F) F(2, 70=0.79 0.71 ns
(AF) x (A) F(2, 70)=1.42 0.49 ns
(F) x (A) F(4, 140)=4.66 0.55 *
(AF) x (PS) F(1, 35F2.25 1.57 ns
(F) x (PS) F(2, 70F 8.52 0.91 ki
(A) x (PS) F(2, 70¥ 42.20 2.24 bl
(AF) x (F) x (A) F(4, 140)=1.86 0.40 ns
(AF) x (F) x (PS) F(2, 70F 0.63 0.57 ns
(AF) x (A) x (PS) F(2, 70F0.18 0.42 ns
(F) x (A) x (PS) F(4, 140¥ 0.85 0.36 ns
(AF) x (F) x (A) x (PS) F(4, 140¥ 0.86 0.35 ns

Note ns,p >.05.
*p<0.01.
**p<.001.
*** p<.0001.
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consistent difference betweaver/underand priate for the extrinsic frame of reference but in-
above/below Over/underare more influenced appropriate for the intrinsic frame of reference.
by functional relations thaabove/below and Given the findings that geometry has a much
conversely it would appear thatbove/belovare bigger effect on the rating @bove/belovthan
more influenced by geometry. The purpose @iver/under(and vice versa for functionality),
this experiment was to examine the relative efve predicted that conflict between reference
fects of these variables by manipulating geomé&ames (a geometric manipulation) should simi-
try in such a way as to provide coincidence darly influence the ratings @bove/belowmore
conflict between frames of reference. For exanthan over/under In the literature on frames of
ple, the scenes in Fig. 10 illustrate a Vikingeferenceaboveand over have been classified
holding a shield, but unlike the geometric maogether as projective prepositions (prepositions
nipulation of the position of the figure in Experwhich also convey information about the direc-
iments 1 and 2, the rotation of the ground leadi®n in which one object is located with respect
to conflicts of reference frames. With scenes do the other), and therefore it has been tacitly as
the left, the extrinsic (gravitational) and intrinsicumed that they are influenced by frame of ref-
(object-centered) frames of reference coinciderence effects in the same way. This experimen
With scenes in middle and on the right, the exvill determine whether this is the case.

trinsic and intrinsic frames do not coincide but

conflict. For scenes on the left, one can say tH3ESIgN

the shield is above the Vikirfigr both frames of  The experiment was designed to test for the
reference, but for scenes in the middle and dfifferential effects of function and frame of ref-
the right,the shield is above the Vikiigappro- erence on participants’ ratings of the appropri-
ateness of sentences to describe a series of pi
tures. The variables manipulated included three
levels of geometry of the ground and three lev-
els of functionality. The figure was always placed
in the same location and with the same angle
(cf. Carlson-Radvansky & Irwin, 1994). One level
of geometry of the reference object (ground)
yielded a unique frame of reference, i.e., the in-
trinsic, absolute, and relative frames of reference
were the same. The other two levels of geometr
of the reference object yielded a conflicting
frame of reference between intrinsic frame of ref-
erence and absolute frame of reference. The ex
trinsic frame of reference was always collapsed
with the relative frame of reference.

The predictions were that if conflicting frame
of reference had an effect on the comprehensior
of these prepositions, the participants would
give the highest ratings to a sentence when it de-
» scribed a picture where there was no conflicting
frame of reference (i.e., the intrinsic, the ab-
solute, and the extrinsic reference frames were
the same). We were also predicting that if func-
tional relations had an effect, participants’ rat-
ings for a particular sentence would be higher
when it described a picture depicting a func-
FIG. 10. Examples of materials used in Experiment 3. tional relation between objects than when the
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functional relation was not present. Howevergopy of the picture (with the other pair of prepo-
following previous results, we also predicted thasitions) appeared in part two. Half of the partic-
overandunderwould be more sensitive to func-ipants saw part one first, and the other half sav
tional relations tharaboveand below and that the second part first (though participants were
aboveandbelowwould be more affected by con- not aware of the two parts). In each part, half of
flict of frame of reference thaoverandunder the materials contained the prepositianger/
above and the other half contained the preposi-
Method tions under/below The materials for each part

Participants Thirty-six undergraduate stu-together with the fillers were completely ran-
dents from the University of Plymouth partici-domized with the only restriction being that
pated in this experiment as an extra credit optighere were never two picture materials from the
in a Psychology course. All participants wersame experiment paired consecutively. This
native speakers of English. Data from one pamade sure that participants never rated the sam
ticipant had to be eliminated because he did nptepositions gver/aboveor under/below con-
finish the experiment. secutively. Each participant received the materi-

Materials The materials for the experimentals randomized in a different order.
consisted of a total of 72 pictures and were ] )
based on four types of pictures. Each type dreSUlts and Discussion
picture had nine variants (three levels of rotation A three-way analysis of variance (fully
of the referent object and three levels of funcwithin) was performed on the rating data. The
tionality). Each picture was printed twice, oncenean ratings (collapsed across materials) ar
with a pair of sentences (e.J.he shield is over/ displayed in the Appendix, Table A4, and results
above the Vikingand once with another pair of of the analysis are displayed in Table 4. The
sentences (e.gThe Viking is under/below the variables were function (e.g., functional, non-
shield to test all four prepositions. All materialsfunctional, and control), angle (canonical’°90
involved the use of appropriate figures. or 180), and preposition sebyer/undeversus

All pictures depicted a man using an object tabove/beloyw
protect himself from a falling object/objects (as A main effect of function was found. Follow-
in Experiments 1 and 2). For each picture therg analysis using Tukey HSD tests revealed tha
were three levels of functionality and geometrthe nonfunctional scenes (mean ratmn.61)
(as in Experiments 1 and 2). However, for thevere rated significantly lower than both the
geometry manipulation this time the man ifunctional (mean= 6.11) and control scenes
the picture was positioned upright, lying on th€mean= 6.06). There was also a main effect of
floor, or upside-down. Half of the pictures hadngle. The canonical scenes (meah08) were
the man rotated to the left, and in the other halfited significantly higher than either the°90
the man was rotated to the right. See Fig. 10 f@mean= 5.79) or 180 scenes (mean 5.91). A
an example of all nine levels of picture. main effect was found for preposition set in the

Again the experimental items were mixed irsame direction found in the previous experiment.
with 88 filler items from other experiments in No significant interaction was observed be-
order to give variety to the experiment and preween function and angle, but interactions were
vent participants from falling into a pattern.  found between the preposition set and angle an
preposition set and function. These interactions
are displayed in Figs. 11 and 12.

The procedure for testing was the same asThe interaction between geometry and prepo-
that used for Experiments 1 and 2. This time thsition set illustrates a conflict of frame of refer-
experimental sessions lasted around 25 min. ence effect is present fabove/belowthe greater

The test materials were divided into twdhe conflict (rotation of ground), the lower the
parts. One copy of each picture (with one pair @&tings for these prepositions. The scenes wher
prepositions) appeared in part one, and the othtbe ground is rotated 9Gand 180 involve a

Procedure
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TABLE 4
Results of Three-Way ANOVA for Experiment 3

Source df and F value MS Significance
Functionality (F) F(2, 68¥ 19.29 0.81 el
Angle (A) F(2, 68 7.85 0.56 il
Preposition set (PS) F(1, 3434.45 2.50 *kk
(F) x (A) F(4, 136)=1.20 0.13 ns
(F) x (PS) F(2, 68F 17.41 0.81 ok
(A) x (PS) F(2, 68F 11.39 0.29 ok
(F) x (A) x (PS) F(4, 136¥ 1.30 0.13 ns

Note ns,p >.05.
*p<.01.
**p<.001.
*+* p<.0001.

conflict between the object-centered and enubetween the canonical and 2&genes. This re-

ronment-centered frames of reference, armlilt makes sense if one interprets it from a func-
therefore it is unsurprising that the ratings fotional perspective. When the ground is in the
these scenes are lower than those for the cansopine position, the surface area of the figure is
ical scenes where there is a correspondenoet large enough to ensure that the rain, for ex
between frames of reference. However, fample, will not drip off the umbrella and wet the
over/undera significant drop in rating for the man. Therefore the figure is not able to fulfil its
90° was in evidence compared to the other twininction due to its inappropriate size, and as ¢
positions. No significant difference was presemonsequence the functional scenes and contrc
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FIG. 11. Interaction between geometry and preposition set in Experiment 3.
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FIG. 12. Interaction between functionality and preposition set in Experiment 3.

scenes are much nearer the ratings for the naatings of superior and inferior relations, as has
functional scenes where the figure is not fulfillbeen found previously (Carlson-Radvansky &
ing its function, although the nonfunctional ratirwin, 1993, 1994; Hayward & Tarr, 1995;
ings were still significantly lower than the othet.ogan & Sadler, 1996). In addition, functional
two levels of functionality. If this explanation isrelations in the present studies also influence th
correct one might expect that the use of largeatings of superior and inferior relations. When
objects would cause this effect to disappear. a figure is shown to be fulfilling its function in
In line with Experiments 1 and 2, this experi-context ratings increase over a control, while
ment produced differences in the influence diouting of function leads to a decrease in rat-
function and geometry omver/underversus ings. These results demonstrate that functiona
above/belowalthough in magnified form. The relations are important in the comprehension of
significant interaction between functionality andspatial prepositions. The results also go some
preposition set revealed thater/undemere in- way toward specifying what specific types of
fluenced greatly by functionality while no func-object-knowledge effects previously subsumed
tion effects were found foabove/belovat all. under the banner of functional relations actually
influence ratings. In particular the results show
GENERAL DISCUSSION the effect of functionality in relation to two dif-
The pattern of results across the experimerferent types of object knowledge—the functions
demonstrates the importance of both geometticat objects usually have (for both protecting
and functional relations as factors influencingnd containment functions) and how objects are
the appropriateness ratings of spatial prepogunctioning (noncanonically) in context.
tions. Main effects of function and geometry Given thatgeometry and function are both im-
were found in all three experiments. Overall, thportant determinants of the ratings given in the
degree of alignment of figure and ground witpresent studies, the results for the first time shec
reference to the gravitational axis influences treome light on the interplay between geometric
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and extrageometric variables. Landau anspatial expressions. A spatial template is a spa
Munnich’s (1998) suggestion that extrageometially defined representation in the form of a grid
ric factors come into play only in cases wherghat specifies areas of relative acceptability of &
the geometric constraint does not clearly holéigure positioned relative to a ground (see alsc
would not appear to be supported by the presehiayward & Tarr, 1995). When the spatial tem-
data. In all three experiments the influence gblate is centered on the reference object an
functional relations was in evidence even whealigned with its reference frame, it specifies the
the prototypical geometric relation was degoodness with which located objects in different
picted, indicating that extrageometric factorpositions exemplify the associated relation. Fur-
may play more than the secondary role proposealermore, it is assumed that there are differen
by Landau and Munnich. spatial templates for different spatial terms, and
The results also provide evidence for the firsthen polysemy exists, there is a different spatial
time that prepositions are differentially influ-template for each polyseme. Additionally, when
enced by function and geometry. While most préhere are a number of reference frames whict
vious studies have made the assumptionavet are possible for a visual scene, Logan anc
and above and under and below have similar Sadler (see also Carlson-Radvansky & Logan
meanings (e.g., Bennett, 1975; Logan & Sadlet997) claim that these are activated simultane:
1996), the pattern of results here illustrates ineusly and in parallel during comprehension.
portant differences between the two preposition Within this framework, the most appropriate
sets. In all three experiments, interactions beegions on the template fowver andaboveare
tween geometry, function, and preposition selirectly above the ground, while the highest rat-
were found.Over and under were found to be ings forunderandbeloware directly below the
more influenced by the functional manipulatioground (as is the case in linguistic accounts sucl
thanaboveandbelow and converselgboveand as Bennett, 1975). As already indicated, if we
belowwere more influenced by geometric mawere to follow the line taken by Landau and
nipulations tharover and under Most striking Munnich (1998), then functional relatiogisould
were the differences between preposition setsily have an influence on ratings when the posi-
when conflict of reference frames was involvetion of the figure on the template lies in a region
in Experiment 3; no effects of conflict of referwith a low acceptability rating. In that case, one
ence frame were found fover/underand no ef- could argue that extrageometric information
fects of function were found fabove/below comes into play when the geometric constraints
do not clearly hold. However, we have seen tha
the functionality of an object influences the rat-
Armed with the present set of results, we cangs of prepositions in cases where the optima
begin to develop an account of the meaning pface on the spatial template maps onto the
over, under, above andbelow which involves scene (e.g., see Figs. 3 and 6). This suggests th
the integration of both geometric and extrageanultiple constraints are used to evaluate the ap
metric variables. A useful place to start is witpropriateness with which spatial expressions may
the reexamination of how geometric approachesto visual scenes.
in isolation break down in the explanation of the While a geometric analysis of the type pro-
present data. As Logan and Sadler (1996) offppsed by Logan and Sadler (1996; see alsc
an unusually well-specified account of how gedregier, 1996) offers a means of capturing geo-
metric regions operate which is compatible witmetric relations in a precise way, this is only one
less well-specified linguistic accounts (e.gtype of constraint which relates to use and com-
Bennett, 1975; Herskovits, 1986), we can begprehension. Other constraints come in the form
with a consideration of the limitations of theirof the functions that objects have (which may
approach. According to Logan and Sadler, spaell be lexicalized), how objects are functioning
tial templates are used to map onto visual scenascontext, and the wider context in which the
in order to apprehend both spatial relations at@nguage and/or visual scene occurs. Although

Over, under, aboveandbelowrevisited
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some of these constraints are driven by larcount for situation-specific meaning of spatial
guage, ultimately the situation-specific meaningxpressions, the results of all three experiment:
of spatial expressions also relies on nonlinguisndicate that different factors have different
tic information present in the visual context andveighted influences anver/undewrersusabove/
conceptual information which is best characteelow In Experiments 1 and 2, although both
ized nonlinguistically. These sources of informapreposition sets were influenced by the geomet
tion may be integrated on-line in a mental modealic and functional manipulationsyver/under
of the type proposed by Garrod and Sanfordiere more heavily influenced by functionality
(1989) and Coventry (1998), the output of whiclwhile above/belowwere more heavily influ-
leads to a situation-specific use/comprehensi@nced by geometry. Most striking was the ab-
of a spatial expression. The view here is in linsence of a conflict of frame of reference effect
with a growing literature which demonstratedor over/underin Experiment 3pver/undemwas
that multiple constraints, both linguistic andn- affected by functionality alone whil@above/
linguistic, influence comprehension on line (e.ghelowexhibited clear frame of reference conflict
Sanford and Garrod, 1998; Sedivy, Tanenhausffects but no functionality effects. These re-
Chambers, & Carlson, 1999). sults are compatible with the view that object-
In order to see how this type of model operknowledge is more important fasver/under
ates, we can reconsider the data set. Experimehtain for above/below While the results for
1 has shown that information regarding the proabove/belowsupport Logan and Sadler’s (1996)
tecting function of a figure influences ratings otlaim that multiple spatial templates may be im-
spatial prepositions. One possible account qfosed on the visual scene centered on the pos
this finding involves an extension of the lexication of the ground, the results foverandunder
entries for figure and ground present in the sesuggest that there is no need to use multiple spe
tence to be rated. Given that ambrella for ex- tial templates for these terms as early processini
ample, has a protecting function, it could be aref information in the scene (e.g., the rain)
gued that the presence of rain in the visual scemtearly primes the construction or selection of
becomes relevant driven by the lexicalized funadhe absolute (environment-centered) frame.
tion for the noun. However, while the lexical en-Therefore Logan and Sadler’s (1996) claim that
tries for the nouns occurring in the expressiospatial templates are computed in parallel may
are undoubtedly important, the lexical entriemot hold forover/under Thus we can begin to
combined do not provide an adequate account sée that different sources of information may be
the data in the present experiments, even witlised for different preposition sets.
this added (pragmatic) extension. The same pat- The explanation for the pattern of differences
tern of results observed in Experiment 1 wagor over/underversusabove/belowin terms of
found in Experiment 2 when figures were useweightings of different linguistic and nonlin-
which do not have the lexicalized function de-guistic constraints does not preclude the influ-
picted in the visual scene. The relevance of raience of functional factors fombove/belowor
in this case is unlikely to be driven by the lexicageometric factors foover/under Indeed Logan
entry for suitcase(instead of an umbrella) but and Sadler (1996) found thater and above
rather is present in the visual scene being dendunderandbelow behaved in the same way
scribed. Therefore, co-occurrence relations/digcross a series of experiments involving abstrac
tributional relations alone of the type advocatedbjects without any salient functional properties
more generally by Burgess and Lund (1997) anith the absence of a context. If objects are preser
Landauer and Dumais (1997) are unlikely tavithout any functions, such as the abstract ob-
provide an adequate account of meaning of sppects used in the experiments of Logan and
tial expressions without consideration of nonSadler, it is unsurprising thaiver/underand
linguistic variables. above/belovappear to behave in the same way.
Although one can outline a number of differWhere there are no object properties of rele-
ent variables which need to be invoked to asance in a scene, geometric properties alone ca
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still be used to evaluate the appropriateness the need to separately represent a massive nur
these spatial terms. On the other hand, Carlsdrer of senses in the lexicon. Many of the multi-
Radvansky et al. (1999) have shown that fungle senses in the analysis given by Brugman an
tional relations can influence the comprehensidrakoff naturally fall out of this approach with-
of abovein cases where this is the salient masut the need to lexicalize. For example, Brug-
nipulation, and functional influences above/ man (1988) assumes that the differences in th
belowwere present in the first two experimentpresence of contact the tablecloth is over the
here, although the effects were smaller than ftable versushe hand is over the tabig a result
over/under of having two different lexicalized senses for
The difference in the relative importance obver. The alternative view is that tablecloth
geometric and extrageometric factors for differhas a lexicalized covering function, and there-
ent spatial terms is likely to relate to the exteribre it is expected that the tablecloth will be in
to which prepositions may be regarded as polgontact with the table. Therefore it is not the
semous. Whilebove/belovare often treated as preposition which is explicity marked or un-
having one sense each (e.g., locative superionarked for contact, but rather the situation-
locative inferior; Bennett, 1975)yerandunder specific context primes a model where contact
by contrast are highly polysemic, as has beenay be clearly required, disallowed, or either al-
shown by Brugman (1988) and Lakoff (1987)lowed or disallowed. In this way the variety in
Indeed, three central sensesowkr have been the situation-specific meanings o¥eris a re-
proposed by Brugman (1988)—the “abovebult of sensitivity to contextual modulation and
schema (where the figure is higher than but nobnstraints provided by the context.
in contact with the ground), the “cover” schema We have begun to explore an account of the
(where the figure covers the ground and is usdiferences between spatial prepositions in the
ally above and in contact with the ground as iextent to which they are influenced by geomet-
thetablecloth is over the tabjeand the “above- ric and extrageometric constraints which must
across” schema (where the figure is moving onraside in both linguistic and nonlinguistic do-
path above and extending beyond the boundiains. Whileaboveandbelowwould appear to
aries of the ground as the plane flies over the be more purely geometrically determined, and
bridge). Although these are the central sensese perhaps more completely specified in term:s
proposed by Brugman, she outlines dozens of spatial templategyverandunderby contrast
other possible senses which are all lexicalizediould appear to be less well specified in the lex-
If we follow Logan and Sadler and assume thaon and more subject to contextual modulation.
there exists a spatial template for each padHowever, the account we have put forward need:
yseme, it is not surprising theteris more sub- to be further fleshed out. For example, the issue
ject to extrageometric influences thabove of sense selection versus sense creation for spi
given that object knowledge needs to be atial terms remains unresolved in terms of the
cessed early on to work out which sense or termpresent data set. In particular, it is of interest to
plate is appropriate in context. examine how processing takes place on line ir
As an alternative to the multiple representaeal time. Nevertheless, the results for the first
tion of spatial templates or sensesdwerin the time indicate that multiple constraints are needed
lexicon, it could be that the large amount of poland further that a hitherto unrecognized spatial
ysemy proposed foover by Brugman (1988) preposition classification may be present in Eng-
and Lakoff (1987) may be the result of the sertish. This classification is a continuum from
sitivity of this term to contextual modulation.prepositions likeaboveandbelow which are pri-
Rather than using extrageometric informatiomarily geometrically determined, to those like
early on in processing to select the appropriata, over, andunder, which are influenced by ex-
sense/spatial template, object knowledge usadgeometric relations and in particular factors
early on may allow the generation (sense creshich have to do with what objects are for and
ation) of a situation-specific meaning withoutvhat they are doing, as well as where they are.
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APPENDIX

TABLE A1

Mean Ratings for Material Set 1, Experiment 1

Canonical 45 degrees 90 degrees
Over/under Above/below Over/under Above/below Over/under Above/below
Control 2.97/3.20 5.89/5.35 3.34/3.58 4.57/4.41 2.72/2.31 1.95/2.03
Functional 3.57/3.57 5.58/5.18 4.03/4.10 4.43/4.36 3.49/3.26 2.04/2.07
Nonfunctional 2.14/2.51 5.12/4.89 2.37/12.41 3.74/3.93 1.99/1.73 1.70/1.96
TABLE A2
Mean Ratings for Material Set 2, Experiment 1
Canonical 45 degrees 90 degrees
Over/under Above/below Over/under Above/below Over/under Above/below
Control 3.52/3.85 5.62/5.54 3.44/3.66 4.86/4.58 2.20/2.01 3.01/2.51
Functional 5.02/5.10 6.03/5.96 4.43/4.49 5.29/4.92 3.13/2.66 3.24/2.87
Nonfunctional 2.16/2.60 5.56/5.10 2.29/2.26 4.40/4.28 1.62/1.63 2.68/2.48
TABLE A3
Mean Ratings for Experiment 2
Canonical 45 degrees 90 degrees
Over/under Above/below Over/under Above/below Over/under Above/below
Control 3.58/3.87 5.49/5.21 3.98/3.99 4.73/4.63 3.37/2.74 2.92/2.92
3.26/3.38 5.52/5.27 3.60/3.54 4.73/4.49 2.91/2.27 2.65/2.65
Functional 3.74/4.05 5.51/5.47 3.96/4.56 4.70/4.78 3.88/3.11 3.06/3.00
3.84/3.53 5.63/5.10 3.88/3.51 4.66/4.30 3.36/3.28 3.25/3.03
Nonfunctional 2.75/3.06 4.88/4.93 2.85/2.80 4.06/4.15 2.78/2.23 2.84/2.42
3.02/2.89 5.03/4.80 2.59/2.74 4.07/3.83 2.12/2.14 2.45/2.67

Note.Regular characters are for appropriate protecting objects, and italicized characters are ratings for inappropriat

tecting objects.

TABLE A4

Mean Ratings for Experiment 3

Canonical 90 degrees 180 degrees
Over/under Above/below Over/under Above/below Over/under Above/below
Control 5.88/6.08 6.50/6.39 5.42/5.74 6.37/6.28 5.63/6.04 6.20/6.19
Functional 6.14/6.21 6.4716.42 5.49/5.73 6.29/6.20 5.99/5.99 6.16/6.20
Nonfunctional 4.91/5.15 6.61/6.21 4.47/4.89 6.41/6.24 4.88/5.38 6.12/6.09
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