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a b s t r a c t
The bulk of the research on the neural organization of metaphor comprehension has focused on nominal
metaphors and the metaphoric relationships between word pairs. By contrast, little work has been conducted on predicate metaphors using verbs of motion such as ‘‘The man fell under her spell.” We examined predicate metaphors as compared to literal sentences of motion such as ‘‘The child fell under the
slide” in an event-related, functional MRI study. Our results demonstrated greater activation in the left
inferior frontal cortex and left lateral temporal lobe for predicate metaphors as compared to literal sentences, while no differences were seen in homologous areas of the right hemisphere. We suggest that the
results support a neural organization principle for motion processing in which greater abstraction proceeds along a posterior-to-anterior axis within the lateral portion of the left temporal cortex.
Ó 2008 Elsevier Inc. All rights reserved.

1. Introduction
Metaphors are used frequently in speech and play a signiﬁcant
role in every day communication. For instance, we easily recognize
that the sentence ‘‘This job is a jail” does not describe a job that is
literally an incarceration for committed crimes, but a job that
shares with the notion of jail, the attributes of conﬁnement, punishment, and hardship (Bottini et al., 1994). Nominal metaphors
like this involve aligning semantically distinct nouns and assume
that we understand what a job entails and what a jail is.
In this study, we investigate the processing of another type of
metaphor, the predicate metaphor. Predicate metaphors such as
‘‘The man fell under her spell” use motion terms ﬁguratively as
compared to literal sentences such as ‘‘The child fell under the
slide” that convey actual physical movement in space. Very little
is known about the neural basis of predicate metaphors. Given
the differences in what is being processed metaphorically (i.e., object entities/nouns vs. action events/verbs), it is far from obvious
that the lessons learned from the nominal metaphor literature generalize to predicate metaphor comprehension. To date, research
into the cognitive neuroscience of metaphors has not explicitly
considered the fact that not all types of metaphors (i.e., nominal
and predicate) may be processed in the same way, nor has it established guiding principles by which one might hypothesize the
functional neuroanatomy across different types of non-literal language processing.
At issue in predicate metaphor comprehension is the fact that
the level of abstraction in action event and verb processing plays

an important role and may be reﬂected in the anatomical organization. We suggest that motion representations, an important component of action events, follow a posterior–anterior axis of
increasingly abstract processing along the lateral temporal cortex.
Speciﬁcally, we propose a cortical organization of motion knowledge abstraction in which concrete motion percepts are processed
in the posterior inferior temporal gyrus, while more abstract motion concepts are processed anteriorly across the posterior middle
temporal gyrus (pMTG) and further to the superior temporal gyrus.
Predicate metaphors could represent a highly abstract level of
motion representation in which physical movement is not being
described. In summary, this study considers a functional–anatomical organization principle, based on evidence from perceptual,
word, and sentence processing, that suggests a posterior-to-anterior organization for concrete to abstract motion knowledge
processing.
2. Methods
2.1. Participants
Fourteen normal, college-age participants were recruited from
the University of Pennsylvania community in compliance with
the procedures established by the university’s Institutional Review
Board. All were right-handed, native speakers of English and naı¨ve
as to the purposes of the study. The 4 female and 10 male participants had a mean age of 21.5 years and education of 14.6 years.
2.2. Materials
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Stimuli materials consisted of three target conditions, each with
35 plausible sentences:
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(1)
a. Predicate Metaphors (PM):‘‘The man fell under her spell,”
b. Literal Motion (LM) Sentences:‘‘The child fell under the slide,”
c. Non-motive (NM) Sentences:‘‘The merchant was greedy and
gluttonous.”

Each pair of PM and LM sentence was constructed around a verb
and preposition combination that can be interpreted as a metaphor
or as concrete, physical motion depending on its context. NM sentences reﬂected states of being, emotion, etc. These states were
chosen to circumvent any potential spatial component confound
with size or shape descriptors. Across the list of sentences the same
set of subject nouns were used for the Non-motive Sentences as for
the Predicate Metaphor and Literal Motion Sentences (see Appendix). Finally, in addition to the 35 plausible sentences for each of
the three conditions, 20 implausible counterparts were created
for the plausibility judgment task by reversing the order of subject
and object nouns, for a total of 165 sentences. An additional 55 ﬁller sentences with varying syntactic structures and plausibility
were included to reduce the possibility of participant strategy
effects.
Sentence stimuli were normed across several factors: (1) Word
Length; (2) Written Word Frequency; (3) Noun Concreteness; (4)
Noun Imageability; (5) Noun Familiarity; (6) Sentence Figurativeness; (7) Sentence Naturalness; and (8) Sentence Plausibility.
Scores for Written Frequency, Concreteness, Imageability, and
Familiarity were acquired from the MRC Psycholinguistic Database
(http://www.psy.uwa.edu.au/mrcdatabase/uwa_mrc.htm). From
the database, Written Frequencies are word counts from Kucera
and Francis (1967), while noun Concreteness, Imageability, and
Familiarity are composite scores ranging from 100 to 700. Scores
for each sentence were calculated based on the average of the subject and object noun scores. Ratings for sentence Figurativeness,
Naturalness, and Plausibility were obtained from 20 participants
from the University of Pennsylvania community who met the same
criteria but did not participate in the neuroimaging experiment.
Ratings range from 1 (literal, unnatural, or implausible) to 7 (ﬁgurative, natural, or plausible).
To determine the characteristics of the stimuli set seen in
Table 1, one-way ANOVAs by items with post-hoc Tukey’s tests
were carried out for each of the seven factors. Overall, the analyses
reveal signiﬁcant main effects for all factors (ps < .004**), except for
marginal effects of Familiarity (F(2, 102) = 2.890, MS within = 1589,
p = .060) and non-signiﬁcant effects of Word Length (F(2, 102) < 1).
However, the pattern of results from the post-hoc Tukey’s tests reveal that the effects are primarily carried by the NM sentence con-

Table 1
Mean normative scores and ratings (standard errors)
Predicate
Metaphors

Literal Motion
Sentences

Non-motive
Sentences

Word length
Frequency

6.06 (0.06)
281 (85)

6.09 (0.06)
139 (57)

6.17 (0.06)
125 (54)

Concreteness
Imageability
Familiarity

524 (18)
533 (17)
571 (14)

544 (13)
552 (12)
549 (13)

486 (21)
507 (19)
555 (13)

Figurativeness
Naturalness
Plausibility

5.95 (0.10)
6.04 (0.13)
6.04 (0.14)

1.44 (0.07)
6.47 (0.11)
6.58 (0.07)

2.54 (0.38)
6.62 (0.32)
6.65 (0.06)

Written frequencies are word counts from Kucera and Francis (1967). Scores for
Concreteness, Imageability, and Familiarity range from 100 to 700 and are based on
composite scores from the MRC Database. Ratings for Figurativeness, Naturalness,
and Plausibility range from 1 to 7 and were obtained from 20 members of the
University of Pennsylvania community who did not participate in the neuroimaging
experiment.
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dition and that PM and LM sentences are not signiﬁcantly different
from each other except for the Figurativeness attribute.
In the cases of noun Concreteness and Imageability, the posthoc tests show that the nouns of the PM condition are not signiﬁcantly different from LM sentence nouns (p = .257 and p = .246,
respectively), though NM sentence nouns are signiﬁcantly less concrete and imageable than either (ps < .01* and ps < .055, respectively). Familiarity has only a marginal main effect. On post-hoc
tests, the nouns of the PM condition are marginally more familiar
than LM sentence nouns (p = .059). PM nouns show signiﬁcantly
higher Written Frequency scores than both LM and NM sentence
nouns (ps < .01*). However, if Familiarity and Frequency play key
roles, then both factors would imply that PMs would be easier to
process. We do not ﬁnd this to be the case in the behavioral pretest discussed below.
In the case of Figurativeness, PMs are signiﬁcantly more ﬁgurative than LM sentences as designed (p < .001**). Meanwhile, NM
sentences fall between PMs and LM sentences in Figurativeness
and are signiﬁcantly different from both (ps < .001**). Finally,
PMs are signiﬁcantly less Natural and Plausible than either LM or
NM sentences (ps < .015*). However, all sentence types are highly
natural and plausible with scores greater than 6 out of 7. Nevertheless, these attributes are included as noise covariates in the analysis of the functional MRI data such that activation differences
cannot be explained by ﬁrst-order effects of these factors.
In addition to the normative scores and ratings, the sentences
were piloted in a behavioral experiment designed to mimic the
neuroimaging environment. The event-related design included 17
undergraduate participants from the University of Pennsylvania
who did not participate in either the normalization ratings or the
neuroimaging experiment. For each visually presented item, participants were asked to judge the plausibility of the sentence. Reaction times for the plausible items of the three target conditions
were not signiﬁcantly different (Fs < 1), minimizing the possibility
of time-on-task confounds.
In summary, all sentence types are of equal Word Length, highly
Natural, and highly Plausible. The set of PMs is signiﬁcantly more
Figurative than the set of LM sentences and the two conditions
are not signiﬁcantly different from each other in terms of noun
Concreteness, Imageability, Familiarity and in participant Reaction
Times to the sentences when assessing their plausibility. The set of
NM sentences falls between PMs and LM sentences in Figurativeness, but use signiﬁcantly less Concrete and Imageable nouns than
either. Possible consequences of these differences are addressed in
Section 4.
2.3. Experimental design
In this event-related experimental design, the sentence stimuli
were divided into four separate runs of approximately 6.5 min
each, such that no matched sentence item appeared in the same
run. Approximately 1/3 of the items were presented initially as
metaphorical, 1/3 initially as literal, and 1/3 initially as non-motive. Within each run, the sentences were pseudo-randomized such
that no two consecutive experimental trials were from the same
condition. Fig. 1 illustrates that each experimental trial was 6 s
long and randomly interspersed between experimental trials were
random ﬁxation trials of 0, 3, 6, and 9 s in length. An individual
experimental trial consisted of an initial 0.3 s ﬁxation point, followed by a 2.5-s presentation of the sentence stimuli, and closed
by a 3.2-s ﬁxation point.
Each participant viewed all runs and all items. The order of runs
was counterbalanced across participants. Participants were asked
to judge whether each sentence was plausible or not; whether
the meaning conveyed by the sentence was something they could
imagine happening in the world. The correct response for plausible
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Fig. 1. Experimental design. Within each of the four runs, ﬁxation trials of random
lengths are interspersed between experimental trials. An individual experimental
trial consists of an initial ﬁxation point, followed by the sentence item, and closed
by a ﬁnal ﬁxation point.

PMs was ‘‘plausible.” The plausibility judgements were made as
the sentences were displayed. Task accuracy and reaction times
were recorded via a button box and analyzed.
2.4. Scanning parameters
Participants were scanned in a 3.0 T Siemens Trio scanner (Siemens Medical Systems, Iselin, NJ) with a standard Siemens/MRI
Devices 8-channel head coil.
High-resolution anatomical images were acquired using a 3-D
MPRAGE sequence (TR = 1620 ms, TE = 3.87 ms, TI = 950 ms, and
ﬂip angle = 15°). Volumes consisted of 160 slices with an effective
thickness of 1 mm. The in-plane resolution was 1 mm  1mm
(192  256 matrix, 187.5 mm  250 mm Field of View (FOV)).
The functional volume acquisitions utilized a BOLD EPI sequence (TR = 3000 s, TE = 30 ms, and ﬂip angle = 90°). The volume
was comprised of 45 slices and the interleaved slices were effectively 3 mm thick. The in-plane resolution was 3 mm  3 mm
(64  64 matrix, 192 mm  192 mm FOV). Each of the four experimental runs consisted of approximately 130 such volume acquisitions for a total of 519 volumes. An initial 9 s (3 TR equivalent)
buffer of RF pulse activations, during which no stimulus items
were presented and no functional volumes were acquired, was employed to ensure maximal signal during the length of the functional run.
2.5. Group activation maps and ROI analysis
Functional data processing and analysis utilized the VoxBo Data
Analysis package (http://www.voxbo.org) developed at the Center
for Functional Neuroimaging at the University of Pennsylvania.
Preprocessing routines included standard alignment, smoothing, and normalization procedures. For each participant, anatomical and functional volumes were aligned by setting their origins
to be equal to each other. Anatomical data was then normalized
to the standard MNI T1 template using the SPM2 normalization
routine. Functional BOLD data from each participant was realigned
using rigid body alignment and sinc interpolation to register each
volume with the participant’s ﬁrst functional volume. Normalization for the functional data then used the same parameters and
SPM2 routine as the anatomical data. Finally, smoothing of the
functional data used a full-width half-max (FWHM) kernel of
3  3  3 voxels.
For the data analysis, individual, normalized participant data
was modeled using the modiﬁed General Linear Model (Worsley
& Friston, 1995) and a 1/f estimate of intrinsic autocorrelation
(Zarahn, Aguirre, & D’Esposito, 1997). To model the hemodynamic

response, each covariate was convolved with a set of eigenvectors
derived from a principal components analysis of hemodynamic responses collected across participants in Aguirre, Zarahn, and
D’Esposito (1998). The set of eigenvectors was designed to serve
as a near-basis set to model evoked signal changes up to 16 s following the neural event in an event-related design. Group activation maps were then constructed by a random-effects analysis of
beta values for each covariate at each voxel. To account for the
number of spatial observations, only clusters of 40 or more activated voxels with uncorrected t-value thresholds greater than 3.0
(p < .0051) are reported. Based on modeled data from Forman et
al. (1995), these values together approximately correspond to an
equivalent voxel-level false positive rate of p < .000001 which in
this experiment is comparable to a Bonferroni-type correction with
an overall alpha = .05. Noise covariates included the task-related
Naturalness and Plausibility ratings of the target sentences as well
as the Reaction Times for each individual participant.
Anatomical regions of interest (ROI) were derived from the
Automated Anatomical Labeling (AAL) map of the MNI single-subject brain (Tzourio-Mazoyer et al., 2002). After translation to the
appropriate ﬁle format, regions were resampled to the correct
dimensions and manually adjusted to compensate for resampling
errors. The anatomical ROIs include: (1) the inferior frontal gyri
(663 average voxels); (2) the superior, middle, and inferior temporal gyri (1058, 1518, and 411 average voxels, respectively); (3) the
lateral occipital cortex (529 average voxels); and (4) medial occipital regions including the cuneus, calcarine, lingual, fusiform, and
retrosplenial cortices (350, 472, 534, 465, and 174 average voxels,
respectively). The middle temporal gyrus ROI was divided between
anterior and posterior portions by a coronal plane deﬁned by the
posterior extent of the Sylvian ﬁssure at the supramarginal gyrus
(plane deﬁned by Ytal = 32 mm in Talairach space).
Analyses followed the same procedure as the whole brain
activation map analysis, but only with voxels deﬁned by the ROI
contributing to the random-effects group analysis of the beta
values.
3. Results
3.1. Task results
Participants performed the plausibility judgment task with a
mean overall accuracy of 91.9% (0.9% SE) and reaction time of
1720 ms (63 ms SE). Analyses include only plausible sentence
items (see Fig. 2).
A one-way ANOVA of accuracy for the three sentence conditions
shows a signiﬁcant main effect (p1 < .003**, p2 < .04*) and post-hoc
Tukey’s tests demonstrate that Predicate Metaphors are signiﬁcantly less accurate than both Literal Motion sentences (by participant p < .006**; by item p = .063) and Non-motive Sentences (by
participant p < .008**; by item p = .075). A similar one-way ANOVA
of reaction time for correctly answered sentences shows no significant differences (Fs < 1) in accordance with the behavioral pilot
study.
3.2. ROI and activation maps
Table 2 demonstrates the regions of signiﬁcant activation for all
contrasts: (1) Predicate Metaphors vs. Literal Motion Sentences
(PM vs. LM); (2) Literal Motion vs. Non-motive Sentences (LM vs.
NM); (3) Predicate Metaphors vs. Non-motive Sentences (PM vs.
NM); and (4) the Figurativeness covariate across all three conditions. Analyses include only plausible sentence items.
In the case of the PM vs. LM contrast, there are more regions of
signiﬁcant activation in the left hemisphere than the right. In particular, the left inferior frontal gyrus (IFG) ROI and anterior
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Fig. 2. Task results. Mean accuracy and reaction times (standard errors) by participant for plausible items only.

Table 2
ROI analysis t-scores

Bolded and shaded t-values are signiﬁcant (p < .05). Positive t-values indicate activation while negative t-values indicate ‘‘deactivation.” Includes only plausible sentences and
noise covariates of sentence Naturalness and Plausibility as well as participant Reaction Times. IFG, inferior frontal gyrus; STG, superior temporal gyrus; MTG, middle
temporal gyrus; ITG, inferior temporal gyrus; LOC, lateral occipital cortex.

portions of the middle temporal gyrus ROI bilaterally show significant activation. The contrast of LM vs. NM shows signiﬁcant bilateral deactivation in the superior temporal gyrus ROI, the anterior
portions of the middle temporal gyrus ROI, and the lingual and calcarine ROI of the medial occipital cortex. The contrast of PM vs. NM
demonstrates signiﬁcant activity in the left hemisphere. This activity includes activation in the left IFG ROI and the left posterior middle temporal gyrus (pMTG) ROI, as well as deactivation in the left
lateral occipital cortex, fusiform, lingual, and calcarine ROIs. Finally, for the Figurativeness covariate across all three sentence conditions, an activation pattern similar to the PM vs. LM contrast is
seen, except for only marginally signiﬁcant activation in the right
anterior middle temporal gyrus ROI.
Fig. 3 and Table 3 display whole brain activation maps for all
contrasts. While the maps largely echo the results described in
the ROI analysis (Table 2), some ﬁndings of note not captured by
the anatomical ROIs were present.
In the case of the PM vs. LM contrast (Fig. 3a), signiﬁcant clusters of activation (40 or more voxels with uncorrected ps < .01) are
seen in the left angular gyrus (( 42, 57, 33) Talaraich coordinates
(mm) of peak activation, 149 voxels), the left IFG (( 53, 18, 7) peak,
44 voxels), the left pMTG (( 62, 38, 7) peak, 130 voxels), and the
anterior middle temporal gyrus on the left (( 53, 9, 15) peak,
129 voxels) and bilaterally (( 50, 7, 26) left peak, 63 voxels;
(53, 1, 25) right peak, 227 voxels). Of particular note are the

clusters of activation in the left pMTG and angular gyrus that were
not captured by the ROI analysis. A visual examination of the pMTG
with the t-value threshold set to 0 in Fig. 4 illustrates the signal
trends in the region in which the cluster of signiﬁcant activation
is offset by a large posterior region of non-signiﬁcant deactivation,
averaging to no signiﬁcant differences for the ROI analysis. It
should be emphasized that Fig. 4 displays non-signiﬁcant levels
of activation.
The contrast of LM vs. NM (Fig. 3b) shows signiﬁcant clusters of
deactivation bilaterally in the calcarine gyri (( 9, 84, 10) left
peak, 331 voxels1; (9, 75, 9) right peak, 82 voxels), the lingual gyri
(( 24, 53, 2) left peak, 331 voxels1; (24, 47, 3) right peak, 177
voxels), and the anterior temporal lobes (( 53, 1, 15) left peak,
404 voxels; (53, 8, 16) right peak, 151 voxels). The contrast of
PM vs. NM (Fig. 3c) demonstrates signiﬁcant activation in the left
pMTG (( 56, 49, 11) peak, 110 voxels), both dorsal and posterior
to the pMTG activation of the PM vs. LM contrast above (( 62,
38, 7) peak). Finally, for the Figurativeness covariate across all
three sentence conditions (Fig. 3d), the pattern of activation is nearly
identical to that of the PM vs. LM contrast. Signiﬁcant activation includes the left angular gyrus (( 42, 56, 36) peak, 77 voxels), the left
IFG (( 56, 29, 4) peak, 50 voxels), the left pMTG (( 53, 40, 8) peak,

1

Part of a contiguous cluster.
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Fig. 3. Activation maps. (A) Predicate Metaphors vs. Literal Motion Sentences demonstrating left angular gyrus activation at Ztal = 33 mm, left inferior frontal gyrus (IFG) and
left posterior middle temporal gyrus (pMTG) activation at Ztal = 7 mm, left anterior middle temporal gyrus activation at Ztal = 15 mm, and bilateral anterior middle temporal
gyrus activation at Ztal = 26 mm. (B) Literal Motion vs. Non-motive Sentences demonstrating bilateral calcarine deactivation at Ztal = 7 mm, bilateral lingual deactivation at
Ztal = 2 mm, and bilateral anterior temporal lobe deactivation at Ztal = 15 mm. (C) Predicate Metaphors vs. Non-motive Sentences demonstrating left pMTG activation at
Ztal = 14 mm, dorsal and posterior to the pMTG activation seen in the contrast of Predicate Metaphors vs. Literal Motion Sentences (A). (D) Figurativeness Covariate for all
three conditions demonstrating the same activation pattern as the Predicate Metaphors vs. Literal Motion Sentences contrast. All maps are plotted against the MNI singlesubject standard brain with threshold t = 3.0 (p = .0051) and ceiling t = 5.5 (p < .0001), signiﬁcant for clusters of voxels greater than 40. All maps include plausible sentences
only and covariates for Naturalness, Plausibility, and Reaction Time. Surface maps were generated in Brain Voyager for visualization and orientation purposes.

Table 3
Peak activation and cluster size
Left

Right

Peak coordinate
(mm)

Size
(voxels)

Activation
direction

( 53, 18, 7)

44

PM > LM

Posterior
Angular gyrus

(
(
(
(

63
129
130
149

Literal Motion
vs. Non-motive Sentences

Ant. temporal
Lingual
Calcarine

( 53, 1, 15)
( 24, 53, 2)
( 9, 84, 10)

Predicate Metaphor
vs. Non-motive Sentences

MTG
Posterior

( 56,

Figurativeness covariate

IFG
MTG
Anterior

Predicate Metaphor
vs. Literal Motion

IFG
MTG
Anterior

Posterior
Angular gyrus

50, 7, 26)
53, 9, 15)
62, 38, 7)
42, 57, 33)

49, 11)

( 56, 29, 4)
(
(
(
(

50, 7, 26)
53, 9, 15)
53, 40, 8)
42, 56 36)

Peak coordinate
(mm)

Size
(voxels)

Activation
direction

PM > LM
PM > LM
PM > LM
PM > LM

(53,

25)

227

PM > LM

404
331a
331a

LM < NM
LM < NM
LM < NM

(53, 8, 16)
(24, 47, 3)
(9, 75, 9)

151
177
82

LM < NM
LM < NM
LM < NM

110

PM > NM

(50, 2,

227

+

50

1,

+
b

111
111b
106
77

+
+
+
+

18)

Peak coordinates are in Talairach space (mm) while sizes of active clusters are in number of voxels. IFG, inferior frontal gyrus; MTG, middle temporal gyrus.
separate contiguous clusters.

a,b

Parts of two
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Fig. 4. Predicate Metaphors vs. Literal Motion Sentences in the posterior MTG
(Ztal = 7 mm). Threshold t = 0 to demonstrate signal trends and not a map of
signiﬁcant activation. Otherwise, as Fig. 3.

106 voxels), and the anterior middle temporal gyrus on the left
(( 53, 9, 15) peak, 111 voxels2) and bilaterally (( 50, 7, 26) left
peak, 111 voxels2; (50, 2, 18) right peak, 227 voxels).
4. Discussion
The current study examines the anatomical organization of
predicate metaphor processing. We consider an anatomical organization principle of metaphor processing based on a posterior-toanterior organization of abstraction in the knowledge of motion.
To summarize the key results, Predicate Metaphors (PM) as compared to Literal Motion (LM) sentences showed signiﬁcant clusters
of activation predominantly in the left hemisphere, including the
left inferior frontal gyrus (IFG), the left posterior middle temporal
gyrus (pMTG), and the left angular gyrus (Fig. 3a). Bilateral activation occurred in anterior portions of the middle temporal gyrus. LM
as compared to Non-motive (NM) sentences showed deactivation
in medial occipital regions (Fig. 3b), an observation we discuss later. Finally, PM as compared to NM sentences showed greater activation in the left pMTG (Fig. 3c), both dorsal and posterior to the
pMTG activation seen in the PM vs. LM contrast.
Our claim that the abstraction of the visual perception of motion to the conceptions of motion used in language is shifted more
anteriorly along the left lateral temporal cortex can be placed in
the context of a broader literature on the perception of motion as
well as word- and sentence-level studies of motion knowledge. A
prominent framework in cognitive neuroscience investigations of
semantic knowledge is the sensory-functional theory, according
to which the knowledge of concepts are instantiated in or near
the sensory-motor areas associated with the relevant percepts
(for a brief review, see Simmons & Barsalou, 2003; cf., Mahon &
Caramazza, 2003). In the case of visual motion, area MT (middle
temporal) and the related area MST (medial superior temporal)
of the macaque middle temporal gyrus are selectively sensitive
to the percepts of motion. The homologue to area MT/MST in humans is functionally attributed to the junction of the inferior temporal and occipital gyri (Beauchamp, Cox, & DeYoe, 1997; Tootell et
al., 1995; Watson et al., 1993). As we have argued elsewhere, con2

Part of a contiguous cluster.
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crete visual motion serves as a perceptual point of entry for more
abstract motion processing and the conceptual knowledge of actions may be instantiated nearby (Kable & Chatterjee, 2006; Wu,
Waller, & Chatterjee, 2007). Simulated motion and implied visual
motion with action pictures have all been linked to areas within
the posterior lateral temporal cortex (e.g., the pMTG), sometimes
including and often just anterior and dorsal to area MT/MST
(Damasio et al., 2001; Grezes et al., 2001; Grossman et al., 2002;
Kable, Lease-Spellmeyer, & Chatterjee, 2002; Martin, Haxby, Lalonde, Wiggs, & Ungerleider, 1995; Martin & Weisberg, 2003; Oram
& Perrett, 1994; Tranel, Kemmerer, & Adolphs, 2003).
At the word-level, support comes from object vs. action concept processing (Damasio et al., 2001; Grezes et al., 2001; Grossman et al., 2002; Kable et al., 2002; Martin et al., 1995; Martin &
Weisberg, 2003; Oram & Perrett, 1994; Tranel et al., 2003; Wallentin, Lund, Ostergaard, Ostergaard, & Roepstorff, 2005a). For instance, Tranel et al. (2003) demonstrated that deﬁcits in
recognizing action concepts corresponded to lesions in the left
pMTG. Additionally, Damasio et al. (2001) found activation in
bilateral pMTG comparing naming actions to naming concrete
items displayed in pictures using positron emission tomography.
Finally, Kable et al. (2002) explored the functional localization
of object and action conceptual knowledge by comparing functional MRI activation in a picture-matching task to a word-matching task. They contrasted picture stimuli of action events to object
entities and found greater activity in area MT/MST of the left
hemisphere (see also Kable, Kan, Wilson, Thompson-Schill, &
Chatterjee, 2005). By contrast, the complementary word stimuli
contrast of verbs to nouns activated a region just anterior and
dorsal to area MT/MST, within the pMTG and the posterior portion of the superior temporal gyrus. Regions in the lateral occipital–temporal cortex are also involved in the conceptual
understanding of actions as judged by the knowledge of thematic
roles established by the verb (Wu et al., 2007).
At the sentence-level, the pMTG and the IFG have both been
implicated for the processing of motion knowledge in ﬁctive motion sentences (Wallentin et al., 2005a; Wallentin, Ostergaard,
Lund, Ostergaard, & Roepstorff, 2005b). Fictive motion sentences
such as ‘‘The road runs through the desert” express an abstraction
of motion knowledge in that they describe scenes in which the
inanimate subject noun cannot actually move. Fictive motion sentences, unlike predicate metaphors, however, still describe a spatial scene (Talmy, 1996, 2000). Wallentin et al. (2005a) presented
sentences with animate or inanimate subject nouns crossed with
dynamic (motion) or static verbs and found greater activation in
the left pMTG for dynamic than for static verbs. However, ﬁctive
motion sentences (inanimate-dynamic) yielded ‘‘no less activation” than sentences of literal motion (animate-dynamic). The lack
of signiﬁcant differences between ﬁctive motion sentences and literal control sentences may have reﬂected limited statistical power
or the possibility that ﬁctive motion sentences, by still describing
spatial scenes, are more difﬁcult to distinguish neurally from literal
sentences of motion. In a follow-up study, Wallentin et al. (2005b)
explored the metaphoric processing of dynamic verbs by presenting sentences with animate or inanimate subject nouns crossed
with concrete or abstract object nouns. They found that predicate
metaphors (animate-abstract) as compared to the remaining three
sentence types signiﬁcantly activated left lateralized IFG and anterior portions of the lateral temporal cortex.
Taken together, we believe that the literature on action and object processing, verb and noun processing and sentence-level ﬁctive motion support a functional–anatomical organization
principle in which more abstract motion knowledge increasingly
engages anterior portions of the lateral temporal cortex. This principle is especially relevant for predicate metaphors that center on
abstracted conceptual representations of motion terms.
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In this study, the hypothesized posterior-to-anterior organization principle for degrees of event abstraction predicts that within
the lateral temporal cortex, PMs would produce greater activation
than LM sentences anteriorly. The results show this pattern of activation with a signiﬁcant cluster of activation in the left IFG and
pMTG, anterior and dorsal to the human MT/MST homologue
(Fig. 3a). Additional circumstantial support for this conclusion is
provided by Fig. 4, in which activation is seen in anterior portions
of the pMTG, indicating greater activation for PMs, while deactivation is seen in posterior portions of the pMTG, indicating greater
activation for LM sentences. Furthermore, the Figurativeness
covariate across all conditions replicated the results of the PM vs.
LM contrast (Fig. 3d).
Contrary to our expectations, the contrast of LM vs. NM (Fig. 3b)
does not show signiﬁcant activation anywhere in the whole brain
analysis. The lack of activation may be the result of unexpected
limitations in the design of the NM sentence condition. Speciﬁcally,
the deactivation in medial occipital cortices may be a reﬂection of
attempts by participants to visualize the emotive states of the subject nouns for the condition in response to the verbs ‘‘appearing”
and ‘‘seemed.” Thus, the NM sentences may have been more visually engaging despite having lower Concreteness and Imageability
ratings of the individual words. Despite the this potential limitation of the NM sentences, the contrast of PM vs. NM (Fig. 3c) shows
signiﬁcant activation in the pMTG, both dorsal and posterior to the
pMTG activation seen in the PM vs. LM contrast, as would be predicted by the posterior-to-anterior organization principle.
The clearest demonstration of such an organization principle
would include posterior deactivation in the pMTG for both the
PM vs. LM contrast as well as the Figurativeness covariate. The lack
of such deactivation in this study could be the result of insufﬁcient
statistical power. As such, while the results are not completely
unambiguous, we argue that the weight of the evidence from this
study and the literature supports our claim for an anatomical organization principle of metaphor processing based on a posterior-toanterior organization of abstraction in the knowledge of motion.
Certainly, more investigation is needed to verify the claim and
work is continuing, with better control of the stimulus dimensions
and additional stimuli, to replicate and extend the ﬁndings.
Returning to the PM vs. LM contrast, other signiﬁcant clusters of
activation include the left IFG, which is likely to represent competition between meanings of spatial terms in the PM condition,
including at a minimum the designed literal and the metaphoric
interpretations (Bedny, Hulbert, & Thompson-Schill, 2007; Badre,
Poldrack, Pare-Blagoev, Insler, & Wagner, 2005; Chee, Hon, Caplan,
Lee, & Goh, 2002; Fletcher, Shallice, & Dolan, 2000; Moss et al.,
2005; Thompson-Schill, D’Esposito, Aguirre, & Farah, 1997, 1999).
For instance, Bedny et al. (2007) provide evidence that activation
in the left IFG represents top-down selection processes for wordlevel meanings. In a deﬁcit-lesion study of polysemous and homonymous words, the authors conclude that the left IFG suppresses
irrelevant meanings during word comprehension. As such, the
competition between the abstract meaning and the literal meaning
in predicate metaphor comprehension probably activates the left
IFG. Finally, greater activation for predicate metaphor processing
was also found in the left angular gyrus. The posterior parietal cortex has been previously shown to mediate knowledge of spatial
relationships encoded in prepositions (Tranel & Kemmerer, 2004;
Wu et al., 2007). The sentence stimuli used in this study included
prepositional terms, such as ‘‘jumped at the chance” or ‘‘ate up
the story.” We suspect that this area may be engaged in the metaphoric uses of prepositional phrases. However, our study was not
designed to test this hypothesis directly. Future explorations of this
issue might include metaphors such as ‘‘reading between the lines”
in which the verb does not convey spatial movement, even in its
concrete sense.

As a ﬁnal point, in the introduction we mentioned that the bulk
of research in metaphors has focused on nominal metaphors. We
raise the possibility that nominal and predicate metaphors might
be processed differently with different neural instantiations. The
idea that nominal and predicate metaphors might be distinct from
each other is in line with recent trends in cognitive neuroscience
that recognize that the processing of entities is distinct from
events, and the lexical semantics of verbs are distinct from nouns
(for example, see Cappa et al., 1998; Damasio & Tranel, 1993; Kable
et al., 2002; Perani et al., 1999; Warburton et al., 1996; Zingeser &
Berndt, 1990).
Nominal metaphors, according to Structure Mapping Theory
(SMT) proposed by Gentner and colleague are processed much like
analogies (Gentner & Bowdle, 2001a, 2001b). For example, in the
nominal metaphor ‘‘Men are wolves,” an analogy is drawn between
the target of the metaphor, ‘‘men,” and the base of the metaphor,
‘‘wolves.” SMT consists of two sequential steps, Alignment and Projection. In Alignment, the semantic attributes of the target and the
base are mapped to each other in order to maximize one-to-one,
parallel links. In the example, the attributes of men are linked to
the attributes of wolves, respectively. In Projection, an inference
about the target is made from the relevant attributes of the base.
In this case, the predatory attribute of wolves is projected onto
men, giving the target its metaphoric meaning. Thus, distinct conceptual entities are selectively conjoined into a common semantic
unit in a way that traverses their respective conceptual boundaries.
In predicate metaphors, it is unlikely that the identical Alignment and Projection process occurs in establishing the metaphoric
meaning. If one compares the literal sentence to the metaphor in
Example (1) (‘‘The man fell under her spell”), no target and base
nouns are being aligned. Rather, the phrase ‘‘fell under,” is used
to describe metaphoric motion based on the context provided by
the nouns. The metaphoric meaning is derived, not from mapping
across distinct conceptual entities, as much as it is from the bleaching of sensory-motor features from the meaning of ‘‘fell under.”
Our basic proposal is that the meaning of spatial concepts in verbs
of motion includes both sensory-motor as well as more abstract
conceptual features. In predicate metaphors, the sensory-motor
attributes are shed, and the remaining core abstract conceptual
features are highlighted to establish the meaning of the metaphor.
Our proposal that spatial concepts have both sensory-motor and
abstract conceptual features is consistent with Jackendoff’s view of
Conceptual Structure (Jackendoff, 1992, 1999; for related proposals
see Levin & Rappaport Hovav, 2005; Pinker, 1989; Van Valin, 2006),
which is ‘‘an encoding of linguistic meaning that is independent of
the particular language” (Jackendoff, 1999, p. 5) with constituent
representations of syntactic parts of speech such as Things, Places,
Events, etc. Central to our discussion of metaphor processing is that
conceptual functions apply to different domains. For instance, Jackendoff demonstrates that the verb GO can apply to a spatial location
and literal motion as in ‘‘The bird went from the ground to the tree,”
or to notions of possession as in ‘‘The inheritance went to Phillip,” or
to notions of properties as in ‘‘The light went from green to red.” In all
of these instances, GO shares the same core conceptual representation, a change of state. We suggest that the metaphoric meaning of
predicate metaphors is derived from these core abstract conceptual
features while eliminating or minimizing the more concrete spatial
and motion features of the verb.
In summary, our study demonstrates an anterior bias within the
left pMTG and into the left IFG for predicate metaphors. More generally, we suggest that all metaphors might not be processed similarly. We propose that metaphoric processing involves the
selection of speciﬁc conceptual attributes over the sensory-motor
attributes in establishing the non-literal meaning of spatial terms
and engages the left hemisphere with an anterior shift from the
neural structures of the relevant spatial perceptual processing.
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Appendix
Predicate
Metaphors

Literal Motion
Sentences

Non-motive Sentences

The man ran for
ofﬁce
The boy fell for the
trick
The woman jumped
at the chance
The girl ate up the
story

The man ran for
the train
The boy fell into
the hole
The children
jumped in joy
The children ate up
the treats

The gentleman
swept the
woman away
The colonel reeled
in his ofﬁcers

The janitor swept
the ﬁlth away

The man was shy but
determined
The boy was loud and
energetic
The children appeared
to be afraid
The girl was
courageous but
prudent
The boss was angered
by the situation

The champion
threw the ﬁght
away
The opponent
pounded in the
point
The boss ironed out
the details
The politician
dragged out the
speech
The uncle brought
up the child

The ﬁsherman
threw the net away

The man carried
out his research
The man held up
the bank
The girl wound up
her mother
The man took back
his promise
The student picked
up the lesson
The girl stood up to
her boss
The man spelled
out the plan
The woman dove
into her work
The crowd broke
into a dance
The man arrived at
his decision
The lawyer
wrapped up the
case
The student ﬂew
through the test
The man fell under
her spell

The ﬁsherman
reeled in a ﬁsh

The builder
pounded in the nail
The servant ironed
out the wrinkles
The father dragged
out the trash

The colonel was
composed and
digniﬁed
The composer seemed
to be talented
The builder was
frustrated by the
owners
The servant was bored
by the work
The father was loved
by his children

The servant
brought up the
bags
The husband
carried out the
garbage
The champion held
up the medal
The gentleman
wound up his
watch
The customer took
back his gift
The student picked
up the book
The speaker stood
up to the podium
The pupil spelled
out the alphabet
The woman dove
into the pool
The thief broke
into the store
The traveler
arrived at the train
station
The wife wrapped
up the present

The uncle appeared
weak and frail

The plane ﬂew
through the air
The child fell under
the slide

The plane seemed
grand and graceful
The merchant was
greedy and gluttonous

The husband appeared
to be faithful
The champion was
proud of his record
The crowd was
cheering with
anticipation
The customer seemed
to be wealthy
The wife appeared to
be delighted
The speaker pretended
to be excited
The pupil seemed
eager to learn
The woman was happy
and radiant
The thief was silent
and quick
The traveler was poor
but independent
The lawyer was smart
and successful

Predicate
Metaphors

Literal Motion
Sentences

Non-motive Sentences

The composer
searched inside
her heart
The psychologist
picked at the
problem
The woman walked
out on her
marriage
The student rose to
the challenge
The single man
picked up the
woman
The athlete threw
out his back
The merchant
drove up the
price
The man surfed on
the web
The professor
cleared out his
head
The politician hit
below the belt
The speaker stirred
up the crowd

The musician
searched inside her
desk
The child picked at
his food
The captain walked
out on the deck

The musician
pretended to be
humble
The psychologist was
calm and
understanding
The captain had a
powerful build

The submarine
rose to the surface
The garbage man
picked up the trash

The submarine
seemed to be old
The garbage man was
completely exhausted

The worker threw
out his mail
The car drove up
the path

The worker appeared
strong and athletic
The car was new and
expensive

The man surfed on
the wave
The professor
cleared out his
ofﬁce
The dart hit below
the board
The cook stirred up
the soup

The politician seemed
to be nervous
The professor was
excited by the
research
The dart was light and
balanced
The cook tried to be
charming
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