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Abstract

English uses the same prepositions to describe both spatial and temporal relationshipstfeg:orner at 1:30), and other languages
worldwide exhibit similar patterns. These space—time parallelisms have been explained by the Metaphoric Mapping Theory, which maintains
that humans have a cognitive predisposition to structure temporal concepts in terms of spatial schemas through the application of a TIME IS
SPACE metaphor. Evidence comes from (among other sources) historical investigations showing that languages consistently develop in such
a way that expressions that originally have only spatial meanings are gradually extended to take on analogous temporal meanings. It is not
clear, however, if the metaphor actively influences the way that modern adults process prepositional meanings during language use. To explore
this question, a series of experiments was conducted with four brain-damaged subjects with left perisylvian lesions. Two subjects exhibited
the following dissociation: they failed a test that assesses knowledge of the spatial meanings of prepositions, but passed a test that assesse
knowledge of the corresponding temporal meanings of the same prepositions. This result suggests that understanding the temporal meaning:
of prepositions does not necessarily require establishing structural alignments with their spatial correlates. Two other subjects exhibited the
opposite dissociation: they performed better on the spatial test than on the temporal test. Overall, these findings support the view that although
the spatial and temporal meanings of prepositions are historically linked by virtue of the TIME IS SPACE metaphor, they can be (and may
normally be) represented and processed independently of each other in the brains of modern adults.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction 1978 found that all of them, without exception, employ spa-
tial expressions for temporal notions. In addition, he discov-
An intriguing feature of English is that many preposi- ered similarities as well as differences in how space—time par-
tions are used to describe both spatial and temporal rela-allelisms are manifested. For example, expressions for topo-
tionships Table % Clark, 1973 Bennett, 1975Jackendoff, logical spatial relationships like coincidenc the corney,
1983; Lindstromberg, 1998Rice, Sandra & Vanrespaille, superadjacency( the tablg, and containmentr the closel
1999 among others). Remarkably, space—time parallelisms are also frequently used to indicate that an event occurred si-
of this general nature are cross-linguistically quite common if multaneously with a particular clock timat(1:30), day-part
not universal. In a survey of 53 languages from diverse fam- (in the morning, day @©n Monday, month {n July), season
ilies worldwide, Haspelmath (1997; see alsaugott, 1974, (in the summeéx or year (n 2003; however, there is a great
- deal of cross-linguistic variation regarding not only the pre-
* The research reported in this paper was conducted in the Department ofCise spatial notions that are lexically encodedyinson &

Neurology at the University of lowa. Meira, 2003, but also which ones are associated with which
* Present address: Department of Audiology and Speech Sciences, 1353time periods.
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Table 1 holds that the conceptual domains of space and time are asym-
Space-time parallelisms of English prepositions metrically related because the direction of influence only goes
Space Time one way, with spatial concepts providing familiar relational
She’'sat the corner She arriveat 1:30 structures that help make temporal concepts more coherent.
Her book isonthe table Her birthday isnMonday/October This asymmetry predicts that the spatial meanings of preposi-
» 6th _ , tions should always be chonologically primary, and that tem-
Her coatisin the closet sﬁ;%g;%otge morningluly/the a1 meanings should emerge from them gradually through
She left her keys somewhere She had dinnearound6:30 a process of semantic extension. In his cross-linguistic sur-
aroundher desk vey, Haspelmath (199@onfirmed this prediction and found
She planted flowerbetween She likes to rurbetweer:00 and that exceptions are “virtually unattested” (p. 141). For exam-
the tree and the bush 5:00 _ ple, Germarvor ‘before’ (as invor Augustbefore August’)
She rarthroughthe forest She workethiroughthe evening is based owor ‘in front of’ (as in vor dem Hausin front of
She hung the chandeliever She workedver8 hours . .
the table the house’) because the temporal sense developed historically
She swept the crumbsnder She workedinder8 hours from the spatial sense (see aldeine et al., 1991Heine &
the rug Kuteva, 2002Hopper & Traugott, 2003
Shsetu%ail(i)med the pictuiie her She painted the pictuia an hour Additional support for the theory comes from language de-

velopment in children. The spatial meanings of prepositions
are typically acquired before the temporal meanings, which
Haspelmath 1997, for a review), but the one that appears tois consistent with the notion that these two kinds of semantic
be most consistent with the available data is the Metaphoric structures are asymmetrically related, with the former possi-
Mapping Theory (e.gBoroditsky, 2000, 200Boroditsky & bly providing a conceptual foundation for the lattelr Clark,
Ramscar, 200Zentner, 2001Gentner, Imai & Boroditsky, 1973 E. Clark, 1974. Also, preschool children sometimes
2002 Heine, Claudi & Hinnemeyer, 199Heine & Kuteva, produce linguistic errors that reveal a mind creatively shap-
2002 Lakoff & Johnson, 1999, 2003cGlone & Harding, ing temporal concepts by establishing novel correspondences
1998. One of the fundamental tenets of this theory is that with spatial schemas, as in the following utterances reported
metaphor is not merely a literary or rhetorical device, but by Bowerman (1983)
is instead a powerful computational ability that contributes
significantly—and perhaps uniquelgéntner, 200B—tohu- ~ Can I have any reading behind [=after] the dinner?
man cognition by allowing similar relational structures in - the pajioons is on the other side, after | ate. But there might
d|ﬁ¢rent con_ceptugl domains to be identified, and al.f,o by al- have been more on the first side [=before eating].
lowing candidate inferences from the “base” domain to be
projected into the “target” domain, thereby enabling a kind Today we’ll be packing because tomorrow there won't be
of meaning creation (se¢éummel & Holyoak, 2003for bi- enough space to pack.
ologically inspired computer simulations; see aldentner,
Bowdle, Wolff & Boronat, 200 With respect to space—time
parallelisms, the Metaphoric Mapping Theory maintains that
the three-dimensional domain of space is inherently more  This leads naturally to the question of whether the TIME
concrete and richly organized than the one-dimensional do-1S SPACE metaphor plays an active role in the representation
main of time, so the relational structures of temporal concepts @nd processing of prepositions for modern adult speakers.
are given greater coherence by being aligned with the re|a_ThiS is a controversial issue. Two alternative hypotheses can
tional structures of spatial schemas through the application be distinguished—the strong view and the weak view.
of a TIME IS SPACE metaphor. For example, moments in  The strong view maintains that the temporal meanings of
time can be construed as being analogous to points in spacePrepositions are always computed through the on-line appli-
and this Sim”arity may account for Why the preposit'[ﬁris cation of the TIME IS SPACE metaphor. In other WOFdS, part
used to encode both kinds of information (eaf. the cor- ofthe relational structure of these meanings is always actively
ner, at 1:30). The cross-linguistic variation thataspelmath derived fromthe relational structure of the corresponding spa-
(1997)documented regarding the specific manifestations of tial meanings through processes of cross-domain alignment
space—time parallelisms shows that some flexibility is avail- and projection. According to this hypothesis, understanding
able in how correspondences are formulated; however, thisa sentence lik€he arrived at 1:3©ecessarilyinvolves struc-
flexibility appears to be constrained, and an important claim turing the concept of amomentin time in terms of the concept
of the Metaphoric Mapping Theory is that the most regular Of @ point on a line. The strong view is obviously a very bold
patterns originate from a universal human predisposition to hypothesis, but it is not just a straw man. Some researchers
conceptualize time in terms of space in certain preferential in the field of cognitive linguisticsGroft & Cruse, 200fap-
ways. parently endorse this position, as indicated by the following
Evidence for this theory comes from research on semantic statement froni.akoff and Johnson (1999, p. 166]ry to
change in languages over the course of history. The theorythink about time without any of the metaphors we have dis-

Friday is covering Saturday and Sunday so | can’'t have Sat-
urday and Sunday if | don't go through Friday.
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cussed. Try to think about time without motion and space grounded. However, the weak view predicts that the spatial
We have found that we cannot think (much less talk) about meanings could be impaired without necessarily affecting the
time without those metaphors. That leads us to believe thatcorresponding temporal meanings, because the latter are as-
we conceptualize time using those metaphors and that sucksumed to be processed independently of the former. These
a metaphorical conceptualization of time is constitutive, at competing predictions were explored in an experiment de-
least in significant part, of our concept of time.” scribed below.

By contrast, the weak view maintains that the temporal
meanings of prepositions are represented and processed in-
dependently of the corresponding spatial meanings, so Un-s ethod
derstanding the former does not necessarily involve on-line
application of the TIME IS SPACE metaphor. Just as the 5 1 Subjects
word breakfastdoes not require one to think of a morning
meal in terms of breaking a fast, so the sente®lge arrived 2.1.1. Brain-damaged subjects

at 1:30does not require one to think of time as a series of o subjects with circumscribed left-hemisphere brain
points on a line. Certainly active metaphoric mapping is al- gamage caused by cerebrovascular disease were selected
ways available as an optional processing strategy—after all,from the Patient Registry of the University of lowa’s Division

the cross-linguistic data (and to a lesser extent the develop-of cognitive Neuroscience. The information provided below
mental data) suggest that the TIME IS SPACE metaphor is gpoyt the subjects’ lesion sites comes from magnetic reso-
an inherent design feature of the human brain. The crucial nance imaging scans that were used to reconstruct each sub-
point s simply that, according to this hypothesis, metaphoric ject's |esion in three dimensions using Brainvdamasio &
mapping is not'obllgatory. A more Qetalled consideration of oy 1992 The information about the subjects’ language
the weak view is presented in Sectién status comes from tests that are part of the battery of stan-

~ The goal of this paper is to evaluate the two compet- garq protocols of the Benton Neuropsychology Laboratory
ing hypotheses from a neuropsychological perspective. It is (Tranel, 1995,

well-established that focal brain lesions can impair certain
kinds of concepts while leaving others intact (ddartin

& Caramazza, 20Q3or recent reviews). For present pur- 2111, Subject 11760KS is a 47-year-old right-handed
poses, the most relevant finding is that concrete and abstracinan with 12 years of education. He suffered a left-hemisphere
concepts can be disrupted independently of each other. Al-cva in 1991 that damaged most of the posterior inferior pre-
though the most common dissociation involves impaired ab- motor/prefrontal cortex and underlying white matter, a small
stract concepts and preserved concrete concepts—i.e., th%ortion of the inferior pre- and postcentral gyri, the supra-
so-called concreteness effect (e@pjtheart, 1980Franklin, marginal and angular gyri, the insula, and the posterior sec-
Howard & Patterson, 1994500dglass, Hyde & Blumstein,  tor of the superior temporal cortex, extending into the sylvian

1969 Martin, 1996 Tyler, Moss & Jennings, 1995-several  fissure. The lesion caused a very severe Broca-type aphasia
cases of the opposite dissociation have also been reporteqyhich has remained stable.

(Breedin, Saffran & Coslett, 199€ipolotti & Warrington,
1995 Sirigu, Duhamel & Poncet,199Warrington, 1975
Warrington & Shallice, 1984 Moreover, concrete and ab- 2.1.1.2. Subject 21978JB is a 54-year-old right-handed
stract concepts have been associated with different elec-woman with 12 years of education. A left-hemisphere CVAin

trophysiological (Weiss & Rappelsberger, 199&Vest & 1995 caused a lesion involving the posterior inferior premo-
Holcomb, 2009 and hemodynamicHiebach & Friederici,  tor/prefrontal cortex extending deep into the basal ganglia,
2004 Mellet, Tzourio, Denis & Mazoyer, 1998Vise etal.,  the inferior half of the pre- and postcentral gyri, the ante-

2000 patterns in the brains of normal subjects. Given that rior sector of the supramarginal gyrus, and the insula. She

spatial concepts are arguably more concrete than temporalvas initially a global aphasic; however, this resolved into a

ones, it would be of theoretical interest to determine whether persisting severe Broca-type aphasia.

these two types of prepositional meaning can be dissociated

from each other by brain injury. The strong view predicts that

if a subject’'s knowledge of the spatial meanings of preposi- 2.1.1.3. Subject 31962RR is a 70-year-old right-handed

tions is impaired, his or her ability to use the same preposi- man with 18 years of education. He experienced a left-

tions in a temporal context should also be disrupted, becausenemisphere CVA in 1991 which damaged a small portion of

it is assumed that the temporal meanings always require ac-the posterior inferior premotor/prefrontal cortex, the entire

cess to their spatial correlates in order to be metaphorically supramarginal and angular gyri, and the posterior two-thirds

of the superior temporal gyrus, extending into the sylvian

1 A similar proposal was recently made about the interpretation of fissure. Acutely he displayed global aphasia, but this gradu-

metaphoric uses of action verbs ligeasp—e.g.,grasp an ideaor grasp ally resolved into a predominantly anomic aphasia with some
an opportunity(Feldman & Narayanan, 2004 residual agrammatism.
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2.1.1.4. Subject 42127HW is a 59-year-old right-handed picted spatial relationship. For instance, one picture shows a
woman with 11 years of education. Her lesion, which oc- cap lying on the supporting surface on a chair, and the subject
curred in 1997, is predominantly in two regions of the white must indicate which preposition best completes the sentence
matter of the left hemisphere. One regionis in the territory su- “The cap isin/on/besidehe chair” (answer ©n). The items
perior and lateral to the frontal horn and anterior body of the were carefully designed to probe the subject’s knowledge of
lateral ventricle, subjacent to the middle and inferior frontal various types of categorical spatial distinctions captured by
cortices; and the other, smaller region is near the posteriorthe following English prepositiongin, in, around between
body of the lateral ventricle, subjacent to the terminus of through over, under, above below in front of, in back of(be-
the sylvian fissure. In the acute epoch, her speech and lan-ind), andbeside(next tg (seeKemmerer & Tranel, 2000
guage were consistent with transcortical motor aphasia; infor details).
the chronic epoch, she manifested a stable mild non-fluent
aphasia notable for hesitancy and occasional word-finding2.2.2. Assessing knowledge of the temporal meanings of
difficulty. prepositions

The first three subjects—1760KS, 1978JB, and  Subjects were also given the Temporal Matching Test,
1962RR—have participated in several previous neu- whichhas60items. Asinthe Spatial Matching Test, thetaskis
rolinguistic investigations. The findings that are most tocomplete a sentence by selecting one of three prepositions,
relevant to the current study are as follows. First, all of the only in this case the context calls for a temporal, not a spatial,
subjects manifested consistently poor performance on a largemeaning—e.g., “It happendldrough/on/in1859” (answer =
battery of tests that focus on multiple ways of processing in). The principal difference between the two methods is that
the spatial (more specifically, the locative) meanings of pictures are used in the Spatial Matching Test but not in the
prepositions Kemmerer & Tranel, 2000, 2003 ranel & Temporal Matching Test (pictures were not included in the
Kemmerer, in predsOnly one of the tests was used in the latter test because the temporal meanings of most preposi-
current study, however, because it was deemed most suitabléions are too abstract to be clearly depicted). The 60 items
for comparison with a new test that focuses on the temporal consist of 15 instances of four sentence frames that focus on
meanings of prepositions (see below). Second, the stimulidifferent aspects of event structure: the occurrence itself (“It
for all of the tests in the spatial prepositions battery include happened..”), the beginning (“It began..”), the end (“It
photographs and line drawings of concrete entities in various finished. . .”), and the duration (“It lasted .”). The syntactic
spatial relationships, but as noted in the references citedsimplicity and consistency of the sentence frames minimizes
above, the subjects’ difficulties with the tests were most the amount of language processing that is necessary. The
likely due to impaired knowledge of the relevant meanings subject is told that each sentence refers to some vague event
of the prepositions, since none of the subjects had significant(expressed merely as “it"), and that he/she should concentrate
trouble with a variety of other tests that evaluate visuospatial on determining which preposition is most appropriate. Eight

processing and visual object recognition. prepositions are usedt, on, in, around betweenthrough
over, andunder. All but one of them &t) are also used in
2.1.2. Normal control subjects the Spatial Matching Test. The 60 items instantiate all of the

The four brain-damaged subjects were compared with different types of temporal situations illustratedliable 1
10 neurologically healthy right-handed control subjects, five  In order to perform well on the test, the subject must
male and five female. Average age was 50.1 years (S.D. =determine which prepositional meaning is most compatible
8.6), and average education was 13.6 years (S.D. =2.2).  with the other elements in the sentence. This requires
identifying which aspect of event structure the verb denotes,

2.2. Tests accessing the temporal meanings of the three prepositions,
and understanding the kind of landmark time period ex-

2.2.1. Assessing knowledge of the spatial meanings of pressed by the noun-phrase. The landmark time periods are

prepositions as follows: precise clock times (e.@:15); day-parts (e.g.,

Subjects were given the Spatial Matching Test (referred to morning; days of the week (e.gTuesday, months of the
as the Matching #1 Test Kemmerer & Tranel, 2000, 2003 year (e.g.,July); seasons (e.gsumme); and years (e.g.,
The stimuli include 80 black-and-white photographs of real 1859. For two kinds of landmark time period—namely,
objects that bear certain spatial relationships to each otherclock times and years—there are a potentially unlimited
In each picture, the “figure” (i.e., the object whose location number of possible instantiations, so the correct preposition
is the focus of attention) is indicated by a red arrow, and the must be determined by means of semantic computations
“landmark” (i.e., the object that serves as a point of reference based on certain rules of English that stipulate which
for locating the figure) is indicated by a green arrow. Based preposition is associated with which temporal category. For
on normative data, each picture is associated with either a sin-example, some of the test items have the same verb and the
gle preposition or with two very similar prepositions (eig., same array of prepositions to choose from, but differ with
back ofandbehing. For each picture, the subject’s task isto regard to whether the landmark time period is a particular
determine which of three prepositions best describes the de-clock time or a particular year. This is exemplified by the
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following two items: “It happenedrvin/at 9:15" and “It the trip took, (b) just the first part of the trip, or (c) just the final
happenedt/in/on1831.” Because the first item specifies that part of the trip.” Item 3: “The sentend¢e was tired when he
an event coincided with a clock time, the correct preposition finisheds about (a) just the final part of the trip, (b) the whole
is at, and because the second item specifies that an eventrip, or (c) how long the trip took.” Item 4: “The sententbe
occurred during a year, the correct prepositiorinis For trip lasted three hourgs about (a) how long the trip took, (b)
the other four kinds of landmark time period—namely, justthe firstpart of the trip, or (c) justthe final part of the trip.”
day-parts, days, months, and seasons—there are only a few
conventionalized instantiations expressed by certain sets of
nouns, and for this reason it is possible that people store in3. Results
long-term memory specific preposition-noun collocations
(e.g.,in the afternoonon Friday, in May, in the spring. The control subjects obtained the following average scores
However, an essential point is that even if such collocations on the tests: Spatial Matching Test = 97.1% (2.3); Temporal
are memorized, they must be tagged with the semantic Matching Test = 99% (1.3); Temporal Nouns Test = 100%;
information that they are only suitable when the temporal Temporal Verbs Test = 95.2% (6.2). The four brain-damaged
relationship involves “overlap™—i.e., occurrence of the subjects’ performance profiles are reported belBig.(1).
focal event at some point during the landmark time period.  1760KS selected the correct preposition for only 39 (46%)
Successful performance on the test depends crucially on thisof the 80 items in the Spatial Matching Test, yet he scored
kind of semantic knowledge, because some of the items have56/60 (90%) on the Temporal Matching Test—a highly sig-
the same array of prepositions to choose from and also thenificant difference (chi-square (1) = 3125 0.001). 1978JB
same landmark time period, but differ with regard to which exhibited a similar, albeit milder, dissociation between the
verb is used and, consequently, with regard to which kind of two matching tests (Spatial = 66/80, 83%; Temporal = 58/60,
temporal relationship is involved. Consider, for example, the 97%; chi-square (1) =6.8<0.01). Both subjects manifested
following two items: “It begarthroughor/in the evening” the dissociation for every preposition that was commonly
and “It lastedn/throughionthe evening.” The firstitem spec-  used across the tests, the only (minor) exception betaigr
ifies a temporal overlap scenario, so the correct preposition,for 1978JB. In addition, both subjects performed well on the
given that the landmark time period is a day-partnisBy Temporal Nouns Test (1760KS = 100%; 1978JB = 100%)
contrast, the second item specifies a “coextension” scenarioand on the Temporal Verbs Test (1760KS = 88%; 1978JB =
(i.e., the focal event co-occurs with the entire extent of 100%).
landmark time period), so the correct preposition, regardless  The other two brain-damaged subjects were the opposite
of the exact nature of the landmark time periodhi®ugh of the first two insofar as they performed significantly worse
Two short control tests were used to evaluate knowledge on the Temporal Matching Test than on the Spatial Matching
of the kinds of nouns and verbs that appear in the Temporal Test. 1962RR failed both tests, yet his score for the Temporal
Matching Test. First, the Temporal Nouns Testinvolves words test was far lower than his score for the Spatial test (21/60,
for landmark time periods. It employs a three-alternative 35%, and 56/80, 70%, respectively; chi-square (1) = 116.9,
forced-choice paradigm and contains 18 items. For each item,< 0.001). Moreover, he manifested the dissociation for five
a single noun denoting a particular time period is presented of the seven prepositions that were used in both tests. He
together with three different choices of definitions. For ex- was at ceiling on the Temporal Nouns Test, so his failure on
ample, “Summer is (a) a year, (b) a season, or (c) a day ofthe Temporal Matching Test cannot be attributed to impaired
the week.” Nouns for six different types of time period are knowledge of the meanings of words for landmark time peri-
included (clock times, day-parts, days, months, seasons, and
years), and there are three instances of each type. Second100 -
the Temporal Verbs Test focuses on the four verbs that oc-
cur repeatedly in the Temporal Matching Td=gin finish, 801
happenandlast The test employs a three-alternative forced-

choiced paradigm and contains eight items that are divided 60+ O Spatial
into two sets with four items each. For each set, there is a Meanings
single “reference scenario” that is described with a simple 40+ =

. . Temporal
sentence, followed by a series of four additional sentences, .
each of which is based on the reference scenario and includes - Meanings
one of the four verbs. The task is to match each sentence with

the correct interpretation. For example, the first set of items o
is as follows. Reference scenario: “Imagine that a man drove 1760 1978 1962 2127
from lowa Ci hi D ltem 1: “Th nten §

?1 t f:) aC tydBtO bC (;ago. tteth first € Ste ftfh d-??ts b Fig. 1. Performance scores of the four brain-damaged subjects on the Spa-
what happenees abou (a) Just the Tirst part ol the ”p’( ) tial Matching Test, which evaluates knowledge of the spatial meanings of

the whole trip, or (c) justthe final part of the trip.” Item 2: “The  prepositions, and the Temporal Matching Test, which evaluates knowledge
sentencdHe was tired when he begasmabout (a) how long  of the temporal meanings of the same prepositions.
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ods. However, his score for the Temporal Verbs Test was 6/8the Temporal Matching Test both require certain processing
(75%), and both of his errors were for the véirish, which mechanisms, but the former test recruits these mechanisms to
suggests that he may have some trouble understanding this greater degree; in other words, it is more difficult. If so, the
particular verb. If so, this raises the possibility that his ex- dissociation could be a reflection of damage to these shared
tremely low score (13%) on the 15 items in the Temporal mechanisms, as opposed to a reflection of damage to an in-
Matching Test that employ the “It finished.” frame might dependent neural network for the spatial meanings of prepo-
reflect not only impaired knowledge of the relevant temporal sitions. However, this potential “resource artifact” criticism
meanings of the four prepositions that occur in that fraate ( (Shallice, 1988is obviated, or atleastrendered less plausible,
on, in, andaround, but also a comprehension deficit for the by the additional finding that both 1962RR and 2127HW, but
verbfinish Finally, turning to 2127HW, she was unimpaired especially the former, performed significantly worse on the
on the Spatial Matching Test but had a moderate degree ofTemporal Matching Test than on the Spatial Matching Test.
difficulty with the Temporal Matching Test (74/80, 93%, and The presence of a double dissociation between the two types
47/60, 78%, respectively; chi-square (1) = $9,0.025)—a of prepositional meaning therefore strengthens the proposal
pattern which complements that of 1978JB. She performedthat they have separate neural substrates and are represented
well on both the Temporal Nouns Test (100%) and the Tem- and processed independently of each other.
poral Verbs Test (88%), suggesting that her poor performance
on the matching test was due to partially defective knowledge 4.2. Functional-anatomical issues
of the temporal meanings of prepositions.
The neuroanatomical correlates of the spatial meanings of
prepositions are slowly being elucidated, with neuroimaging

4. Discussion (Damasio et al., 20Q1and neuropsychologicaKémmerer

& Tranel, 2000, 2003Tranel & Kemmerer, in pre3stud-
4.1. Double dissociation between the spatial and ies suggesting that the left supramarginal gyrus is a criti-
temporal meanings of prepositions cal structure (see alstemmerer, submitted for publicatipn

This cortical region is damaged in all three of the subjects

The dissociation manifested robustly by 1760KS, and to in the current study who exhibited impaired knowledge of
a lesser extent by 1978JB, constitutes evidence that impairedhe spatial meanings of prepositions (1760KS, 1978JB, and
knowledge of the spatial meanings of prepositions does not1962RR) and is spared in the single subject who exhibited
necessarily lead to disrupted appreciation of the analogousintact knowledge of these meanings (2127HW).
temporal meanings of the same prepositions. For instance, in  As for the neuroanatomical correlates of the temporal
the Spatial Matching Test 1760KS failed an item in which the meanings of prepositions, this study is the first one to address
picture shows a baseball in a baseball glove and the sentencéhe topic, and the data are equivocal. While these meanings
is “The ball ison/in/againstthe glove” (he selectedgainst are preserved for both 1760KS and 1978JB, they are disrupted
instead ofin); however, in the Temporal Matching Test he for both 1962RR and 2127HW (although to a much greater
correctly chosen for an item in which the sentence is “It degree for 1962RR), and yet the lesion sites for 1760KS,
happenedhroughorvin 1859.” This example, together with  1978JB, and 1962RR overlap to a large extent (especially
others like it, suggests that a disturbance of the knowledgethose of 1760KS and 1962RR) and also include or encroach
thatin is used to specify that an entity is located within anide- on the white matter regions that are damaged in 2127HW.
alized container does not necessarily preclude understandingdence it is difficult to identify neuroanatomical dissociations
that the same preposition is also used to specify that an eventhat match the neuropsychological dissociations. Still, the left
occurred during a particular year. This finding, as well as perisylvian cortex appears to be implicated, which is interest-
similar findings involving the other prepositions considered ing in light of neuroimaging (e.gBellin et al., 2002Coull &
in this study, has significant implications for the controver- Nobre, 1998Rao, Mayer & Harrington, 20Q1electrophysi-
sial question of whether the TIME IS SPACE metaphor ac- ological (e.g.Mohl & Pfurtscheller, 199}, and neuropsycho-
tively influences the way that prepositional meanings are rep- logical (e.g.,Critchley, 1953 Harrington & Haaland, 1999
resented and processed. In particular, the dissociation chalMangels & Ivry, 200]} studies indicating that the right in-
lenges the strong view, since this hypothesis claims that un-ferior parietal cortex is important for time perception (see
derstanding the temporal meanings of prepositions alwaysWalsh, 2003for a review). Note, however, that these stud-
requires on-line structural alignment with the correspond- ies focus on the perceptual coding of fine-grained temporal
ing spatial schemas; conversely, the dissociation supports thanagnitudes, as opposed to the semantic coding of coarse-
weak view, since this alternative hypothesis claims that such grained temporal notions; in addition, there is independent
an alignment process is not obligatory. evidence that more generally the right hemisphere is domi-

If only the one-way dissociation manifested by 1760KS nant for coordinate (i.e., metrically precise) representations
and 1978JB had been found, this study would be vulnerablewhereas the left hemisphere is dominant for categorical rep-
to the following criticism, one that plagues one-way disso- resentations (e.glyry & Robertson, 1998Jager & Postma,
ciations of all kinds. Perhaps the Spatial Matching Test and 2003 Laeng, Chabris & Kosslyn, 2003
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A methodological limitation of the current study is that the The findings reported in this paper suggest that the TIME
design characteristics of the two matching tests are not per-IS SPACE metaphor does not play a necessary role in the
fectly equated. For the items in the Spatial Matching Test, all on-line processing of prepositional meanings. This does not
three prepositions are compatible with the linguistic context imply, however, that the metaphor is “dead” in the minds of
ofthe sentence, so identifying the correct preposition dependsmodern adults. Several studies have shown that when spatial
entirely on determining which one accurately characterizes cues are provided to people, they spontaneously and some-
the spatial relationship shown in the visual stimulus. For in- times unwittingly exploit them when confronted with tasks
stance, in the item “The ball isr/in/againstthe glove,” all that involve explicit, linguistically mediated reasoning about
of the prepositions yield well-formed sentences with reason- time, presumably because the TIME IS SPACE metaphor
able interpretations, and is the correct choice because its is a useful aid to problem-solving, one that is made prepo-
meaning corresponds best to the depicted scene. On the otheent by the innate design of the human brain. Most of this
hand, for the items in the Temporal Matching Test, only the research focuses on two specific metaphors that are com-
correct preposition gives rise to a legitimate sentence. Thus,monly used to talk about sequences of events: the ego-moving
in the item “It happenedhroughon/in 1859,” the correct  metaphor, wherein the observer progresses along the time-
answer isin because it is the only preposition that is fully line toward the future (e.gVWe are fast approaching the hol-
compatible with both the verbappenednd the nouri859 idays; and the time-moving metaphor, wherein time pro-
This methodological discrepancy between the two match- gresses toward the observer from the future (8.ge hol-
ing tests is admittedly a limitation of the present study, and idays are coming up fagtMcGlone and Harding (1998)
overcoming it should be a goal of future research. However, presented subjects with the ambiguous staterdégdnes-
it is worth emphasizing that successful performance on the day’'s meeting was moved one day forwamt found that
Temporal Matching Test cannot be reduced to mere statis-it was preferentially interpreted as Thursday if the preced-
tical knowledge of the brute co-occurrence possibilities of ing metaphoric context was ego-moving, but as Tuesday if
the forms of words, but instead depends crucially on quite the preceding metaphoric context was time-moving (see also
specific semantic knowledge of how temporal concepts are Boroditsky, 2000 and Gentner et al., 20Q2on metaphor
encoded in English (cf. Sectidh2.2. Returning to the ex-  consistency effects). Pursuing this line of inquiry further,
ample above (which is, for present purposes, representativeBoroditsky and Ramscar (2008jscovered that the same
of the other items in the test), although the two incorrect ambiguous statement was more likely to be interpreted as
prepositions—through and on—are incompatible with the  Thursday—possibly reflecting application of the ego-moving
entire sentence frame established by the flanking expres-metaphor—if subjects were simply engaged in the physical
sions |t happenedand 1859 the only two-word combina-  act of moving closer to a goal such as the end of a lunch
torial pattern that is truly ungrammatical is the phrase line or the end of a train ride. In additioBproditsky (2000)
1859 and in order to recognize that this phrase is ungram- found that when subjects answered questions abouttime, their
matical, one must appreciate the following semantic points: responses were significantly faster (129-ms benefit) if they
first, 1859denotes a time period of the category “year”; and were first primed with spatial schemaoroditsky (2001)
second, for temporal overlap scenarios involving this kind of also demonstrated that this priming effect is influenced by
time period, English stipulates that the appropriate preposi- cross-linguistic differences in space—time metaphors. To talk
tion isin. The prepositiorthroughcan easily co-occur with  about the order of events, English speakers often use hori-
nouns denoting years, specifically when the temporal con- zontal terms oriented along the egocentrically grounded an-
text involves coextension—e.dt,lasted through 1859Fi- terior/posterior axis (e.g., the bad timeshindus and the
nally, boththroughandon can easily co-occur with the verb  good timesaheadof us), whereas Mandarin speakers often
happened-e.g., the sentenck happened through the ef-  use vertical terms—specifically, earlier events are said to be
forts of many peoplspecifies causation, and the senteltice
happened on Tuesdaypecifies temporal overlap with a day.  raimeanings of prepositions with minimally varying items like the following:
Detalils like these were carefully manipulated during the con- “It happenedhroughonin the garden” versus “It happenéaroughonin
struction of the Temporal Matching Test, and while it is true 1859 The non-target prepositions in both items yield unacceptable sen-
that the test does have shortcomings, | submit that it never_tences, so that factor is controlled. Itis noteworthy, however, that preposition

thel ful first att tt luat | , choice for the spatial item depends on complex aspects of how gardens are
€less serves as a uselul first attempt 1o evaluate peop e%onceptualized for purposes of linguistic expression in English (e.g., whether

knowledge of how English prepositions encode the complex they are better construed as idealized containers or idealized surfaces—cf.
semantic domain of time—a domain that is treated somewhatHawkins, 1998 whereas preposition choice for the temporal item depends
differently by all the languages that have been systematically on the relatively simpler and more abstract knowledge that 1859 is a year.
investigated l(laspelmath, 199? This dlfference in semantic complexity and concr_eteness is unay9|dable be-
cause it reflects the fact that the temporal meanings of prepositions are al-

[ ways more grammaticalized than the spatial meanikigsjelmath, 1997

2 Anew approach might be to design a three-alternative forced-choice sen- Heine et al., 1991Heine & Kuteva, 2002Hopper & Traugott, 200Natalya
tence completion test that evaluates knowledge of both the spatial and tempo-Kaganovitch, personal communication).
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shangor “up,” and later events are said to kia or “down.” (2003, p. 16)provides an illuminating list—although it is
Remarkably, when answering true/false questions about timeonly intended to reveal the tip of an iceberg (e@ienki,
(e.g., “March comes earlier than April”), English speakers 1998 Dirven, 1993 Gattis, 2001 Heine et al., 1991Heine
were faster if they had just seen a horizontal array of objects, & Kuteva, 2002 Kuteva & Sinha, 1994L akoff & Johnson,
and Mandarin speakers were faster if they had just seen al999, 2003 Lindstromberg, 1998Pinker, 1989 Radden,
vertical array. 1985—of some of the abstract arenas that we routinely talk
Overall, these studies suggest that spatial information canabout in spatial terms: “kinship (asin ‘close’ and ‘distantkin’,
be very useful for thinking about time, and other studies point or the vertical metaphor of ‘descent’ in kinship) and social
to an even more fundamental link between spatial and tem-structure more generally (as in *high’ and ‘low status’), music
poral perception (se@/alsh, 2003 for a review). However, (*high’ and ‘low tones’), mathematics (‘high’ and ‘low num-
there is no evidence that spatial schemas are absolutely necbers’, ‘narrow intervals’, ‘lower bounds’, ‘open’ and ‘closed
essary for temporal reasoning, and in fBoroditsky (2000) sets’, etc.), emotions (‘high spirits’, ‘deep depressions’), and
reports that temporal primes do not facilitate performance on much more (‘broad learning’, ‘a wide circle of friends’, ‘the
spatial reasoning tasks, which suggests that thinking aboutplace forrespect’, and so on).” These and other considerations
time does not automatically trigger or depend on the acti- raise the possibility that the capacity to convert non-spatial
vation of corresponding spatial representations. This resultproblems into spatial ones is a key feature of human cog-
converges nicely with the neuropsychological data presentednition. The neurobiological and evolutionary foundations of
above, since both discoveries support the weak view overthis remarkable capacity clearly deserve furtherinvestigation.
the strong view. Further support for the weak view comes
from a series of psycholinguistic experiments with normal
adults which demonstrated that in on-line as well as off-line Acknowledgements
tasks, the spatial and temporal meaningsapfon, andin
were treated quite differentlys@ndra & Rice, 199Rice et This study was supported by a grant from the National
al., 1999. These findings are consistent with many people’s Institute for Neurological Diseases and Stroke (Program
impression that space—time parallelisms like those shown in Project Grant NS 19632) and by a grant from the Purdue Re-
Table lare so conventional that they are not very salient or search Foundation (#01-244). | thank Kathy Jones, Denise
transparent to awarenegm(;kendoﬁ’ & Aaron, 1991 Kreutzfeldt, Ken Manzel, and Daniel Tranel for technical
The fact that space—time parallelisms reflect highly con- assistance, and Natalya Kaganovitch for extensive and very
ventionalized metaphors allows some theoretical refinementsgenerous feedback on previous versions of the manuscript.
to made to the weak view. As noted in Sectigrit may be
the case that the TIME IS SPACE metaphor contributes to
the initial learning of the temporal meanings of prepositions
during language acquisition. However, it is likely that those _ _ _ o
. . . Bellin, P., McAdams, S., Thivard, L., Smith, B., Savel, S., Zilbovicius,
meamngs_evenma”y become stored entirely in the_con_cep— M., et al. (2002). The neuroanatomical substrate of sound duration
tual domain of time, so the metaphor can be set aside like @ giscrimination.Neuropsychologia40, 19561964
scaffolding that is no longer needed. From a computational Bennett, D. (1975)Spatial and temporal uses of English prepositions
perspective, this process—whi@entner (2001kalls “the London: Longman.
career of metaphor’—would be more efficient than always Boroditsky, L. (2000). Metaphoric structuring: understanding time through

. . . . . spatial metaphorsCognition 75, 1-28.
having to establish structural alignments with spatial schemasBoroditsky’ L. (2001). Does language shape thought? English and Man-

via metaphoric mapping whenever a preposition is used to en-  qarin speakers’ conceptions of tim@ognitive Psychology43, 1-22.

code atemporal meaning. Aoroditsky (2000, p. 4puts it, Boroditsky, L., & Ramscar, M. (2002). The roles of body and mind in

“spatial metaphors may play a role in shaping the domain  abstract thoughtPsychological Sciencet3, 185-188.

of time. However, with frequent use, an independent repre- Bowerman, M. (1983). Hidden meanings: the role of covert conceptual

L . . . . . structures in children’s development of language. In D. Rogers & J.

sentation is established in the domain of tlme_, an(_j SO spatial Sloboda (Eds.)The acquisition of symbolic skil@p. 445-470). New

schemas may no longer need to be accessed in thinking about  york, NY: Plenum Press.
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