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Towards a model  
of metaphorical understanding

Bipin Indurkhya
Jagiellonian University, Cracow, Poland

I elaborate and contrast propositional and imagistic components of the meaning 
associated with metaphors. Considering some examples, I argue for a spreading 
activation model for representing the propositional component of the mean-
ing. Then, based on recent behavioral and brain-imaging studies, I elaborate 
on a sensorimotor account of imagery, and argue that imagistic meaning is not 
peculiar to metaphor, but can play a key role in so-called literal utterances as 
well. I then propose an image-creating mechanism, which works in the opposite 
direction to the abstraction mechanism, to model the comprehension of certain 
metaphors. This is followed by some brief comments on how to incorporate the 
notion of correctness within this model. Finally, I argue for a unified account 
of understanding so that the same process models literal as well as metaphor 
comprehension. I argue that it is not the process of understanding that separates 
the metaphorical from the literal, but the nature of the activation pattern that 
results from the process.

Keywords: imagery, abstraction, metaphor, creativity, image-creation, 
metaphors

1. Introduction

Much of the debate on how we understand metaphors, what they mean, and 
whether they can convey any epistemological value has focused either on their 
propositional aspects or on their imagistic aspects. Carston (2010) provides a 
recent portrayal of this dichotomy, and a thoughtful attempt at reconciling them. 
Carston argues, with an array of excellent examples, that there are two processing 
modes: one propositional and the other imagistic. In the propositional mode, one 
constructs a literal meaning of the text with some ad hoc tinkering by broadening 
or narrowing the meanings of some words or phrases in order to fit the context. 
This process can explain how we understand sentences like “The sky is crying,” 
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or “My car drinks gasoline.” In the imagistic mode, first a coherent image is con-
structed based on the literal meanings of the words and phrases, and then this 
image is interpreted meaningfully in the context of the target. Carston goes further 
in arguing that each of these processes contributes in its own way to the proposi-
tional content and also to the imagistic content of a text.

In this chapter, I take this model developed by Carston as my point of depar-
ture, and elaborate further on the nature of metaphorical understanding and 
the role of images therein. Towards the end of this essay, I will also make some 
observations relating metaphorical understanding to correctness. I embark on this 
journey by introducing and discussing some examples of metaphor and how they 
might be understood.

2. Metaphorical understanding

Let us take an example discussed in Black (1979): “Nixon is a halo surrounding 
the vacuum.” One can think of it in the context of the US politics in the 1970s, 
though it is not necessary. What happens when we understand this utterance or 
piece of text? The focus is on understanding here, for the reader may have a high 
regard for Nixon’s political achievement, in which case she or he may vehemently 
disagree with the statement. But an agreement or a disagreement presupposes 
understanding.

Considering how this example might be understood illustrates both the prop-
ositional and imagistic processes discussed by Carston.

The propositional process considers a halo as a bright ring surrounding an 
object that attracts attention and might inspire awe. A vacuum is a lack of sub-
stance. With some ad hoc tinkering, we could get the idea that the utterance is 
implying that the object (Nixon) lacks any substantial achievements, but certain 
hype has been created around it. But for some readers at least, this utterance may 
evoke a strong imagistic component: one may imagine emptiness or blackness sur-
rounded by a bright ring. The image, however, also might require an interpretation 
whereby the middle blackness part may be made to correspond to achievements 
and the bright ring to the public or media perception. It should be emphasized 
that the creation of the image and its interpretation proceed hand-in-hand and in 
parallel so that possible interpretations also constrain what kind of image is cre-
ated (Hofstadter 1995). Finally, both the propositional and imagistic components 
taken together may constitute one’s understanding of the utterance, though their 
relative strengths may vary widely from person to person.

What is it that we are constructing when we go through this process described 
above? What constitutes one’s understanding of the utterance? This question can 
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be addressed at different levels: we can try to answer it in terms of neural activa-
tion patterns, in terms of conceptual or imagistic mental states, in terms of behav-
ioural responses of the reader, and so on. I will dabble in some of these levels a bit 
later on, but for the time being let me just say that understanding the utterance 
requires one to construct a mental representation of a possible situation to which 
the utterance can apply.

This formulation uses three key concepts, ‘mental representation,’ ‘possible 
situation’ and ‘apply’, so let me elaborate a bit on each. ‘Mental representation’ 
means that the construction is internal, and is being imagined, in conceptual or 
imagistic terms or both. ‘Possible situation’ means that the situation being imag-
ined does not have to be correct, or even believed by the reader. Here it would be 
instructive to look at very interesting experiments by Pollio and Burns (1977) and 
Pollio and Smith (1979), where they asked participants to come up with mean-
ingful contexts (if they could) for ‘A is B’ sentences that were essentially strung 
together by random pairs of nouns. They found that the participants were able to 
come up with very creative contexts to render many of the so-called anomalous 
sentences meaningful (see also Indurkhya 2007). The main point here is simply 
that the reader has to be able to come up with at least one (imagined) situation to 
which the utterance can be applied. This brings me to the concept of ‘apply’, and 
let me just say for the time being that it means that the utterance and the imagined 
situation cohere together in some way.

Let me consider one more example to consolidate this formulation of under-
standing. Take the first verse from the well-known poem Seascape by Stephen 
Spender (1986):

There are some days the happy ocean lies
Like an unfingered harp, below the land.
Afternoon gilds all the silent wires
Into a burning music for the eyes.
On mirrors flashing between fine-strung fires
The shore, heaped up with roses, horses, spires
Wanders on water tall above ribbed sand.

How do we understand this verse? Notice here that the mode of propositional 
processing does not take us very far because a harp and an ocean belong to very 
different conceptual neighbourhoods that are far apart in conceptual space. A harp 
is a musical instrument and activates all sorts of other music-related concepts. 
An ocean is a body of water, and is related to other bodies of water (like rivers, 
lakes, seas); to vessels that ply bodies of water; to animals that live in the bodies 
of water; to waves, to tides and to other phenomena that can be observed in large 
bodies of water. Through ad hoc tinkering, it can be related to large quantities etc. 
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However, none of these mechanisms bring it any closer to a harp. I am not aware 
of any empirical study on this particular verse, but based on our earlier study on 
the dynamics of conceptual associations in poetic metaphors (Gineste, Indurkhya 
& Scart 2000), I would claim that an ocean and a harp are conceptually distant.

In order to understand this poem, one may need to generate detailed imagery 
for both an ocean and a harp. We may need to imagine what an ocean looks like 
on a calm day, and what a harp looks like before it is strummed. This imagery may 
draw on our prior perceptual experiences with the harp, and perhaps other string 
instruments, and with oceans and other bodies of water. We may need to imag-
ine how light reflects off the shiny strings of a harp, and off the surface of water 
when there is no wind and only a hint of ripples. Moreover, these two images may 
need to be aligned. For this verse at least, the resonance between the two images 
is so strong that we may imagine a picture of an ocean and a picture of a harp 
put on top of one another so that the lines created by the reflected light line up. 
(Indeed, based on this intuition, we have carried out a number of experiments to 
examine the role of perceptual similarity in the creation of conceptual associa-
tions (Indurkhya et al. 2008; Ojha & Indurkhya 2009). Finally, as with the previ-
ous example, it should be emphasized that the processes of creating the images 
and aligning them may operate in parallel, aiding and constraining each other. 
Indeed, contemporary research in neurolinguistics supports the view that paral-
lel processes, some top-down and some bottom-up, competing and cooperating 
with each other, constitute a basic modus operandi for our brains, and pervade 
all aspects of language processing from letter and word recognition to contextual 
disambiguation (Dehaene 2009, Ch. 2).

I recapitulate the discussion above by saying that an utterance is understood 
if one can construct at least one possible situation to which the utterance can be 
coherently attached. The situation may be manifested in propositional units, in 
imagistic units, or a combination of both. Let us now examine in more depth these 
two components of understanding: propositional and imagistic.

3. On propositional understanding

What does it mean to understand an utterance or a piece of text proposition-
ally? In the traditional semantic accounts, it is assumed that there are some literal 
meanings that are accessed, and based on those meanings and the grammati-
cal structure of the utterance, some kind of representation is constructed that 
amounts to understanding. This representation can then be loosened or tinkered 
with in an ad hoc fashion, if needed, to fit the context. But what are these literal 
meanings?
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Consider a banal utterance: “It is raining.” What is the literal meaning of 
‘raining’? This utterance can be applied to a variety of situations: drizzle, heavy 
downpour, a violent hailstorm, and so on. Does one consider all these situations 
in understanding the utterance? This seems to put too much of a cognitive load 
on the reader. Moreover, there is little empirical support for this position. The 
spreading activation model of language comprehension (Anderson 1983; Kozima 
& Furugori 1993; Sharifian & Samani 1997) provides a more plausible account. 
According to it, the concept of ‘raining’ is linked to a number of other concepts, 
and in understanding the utterance these concepts are activated to a varying 
degree. Together with the context effect, which enhances the activation level of 
some concepts and suppresses that of others, we are left with an activation pattern 
of concepts that amounts to one’s propositional understanding of the utterance.

If we consider how comprehension is tested in young children, we can appre-
ciate the plausibility of the spreading activation model. Let us look at the follow-
ing comprehension quiz aimed at grade 2–4 children (http://www.abcteach.com/ 
accessed on Dec. 15, 2011):

A Rainy, Windy Day
It’s a rainy day at my house. It’s rainy and windy. The pretty fall leaves are flying 
in my yard. They are beautiful. They are orange, red, brown, and gold. They are 
falling off the trees in my yard. I like to watch the leaves fly. The rain and wind 
make the leaves come off the trees. Soon the leaves will be all on the ground. I can 
help my mom and dad rake them up. I like this time of year.

1. Where do you think the boy is when he is watching the leaves?
2. What colours of leaves did the boy see?
3. What season is it?
4. What made the leaves come off the trees?
5. The boy likes to watch the leaves fly. What is making the leaves fly in his yard?
6. What is the boy going to do when all the leaves are on the ground?

We can analyse each question, and consider in detail what kind of propositional infor-
mation is required to answer it. But for our purpose here, it is sufficient to make just 
a few observations. Questions (1) and (4) can be answered directly by paraphrasing 
pieces of the given text; they only require access to basic word meanings. Questions 
(2) and (3) are, however a bit more complex. In question (2), the concept ‘colour’ is 
not explicitly mentioned in the text, but ‘orange’, ‘red’, ‘brown’ and ‘gold’ are, which 
are instances of colour. If the child understands the text, she or he is supposed to 
figure out that these are the colours of the leaves that the boy saw. A child who knows 
the names of these individual colour terms, can recognize and name them, but has 
not yet learnt the general ‘colour’ concept, may not be able to answer this question. 
Similarly, for question (3), one needs the information that fall is a season.

http://www.abcteach.com/
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Questions (5) and (6) require more complex processing. For question (5), 
concepts ‘windy’ and ‘flying’ are activated, and it is given that the wind is making 
the leaves come off the trees, but then general world knowledge is needed to infer 
that in this situation wind is making the leaves fly: this is not explicitly mentioned 
in the text. For question (6), one needs the assumption that when a sentence B 
follows a sentence A in an utterance, then generally the event described in B tem-
porally follows the event described in A. Some common-sense knowledge of the 
autumnal activity of raking leaves is also helpful. (This may involve an imagistic 
component as well, but a discussion of this is deferred till a bit later.)

This simple example shows that understanding an utterance or text is a matter 
of integrating the words and concepts mentioned in the text with other existing 
concepts, and in a way that is coherent with general world knowledge and contex-
tual assumptions. Without this general knowledge and these contextual assump-
tions, it is not clear at all what the meaning of the text might be.

Let us consider another example, “The water is boiling,” discussed by Carston 
(2010):

[This utterance] could be intended and understood in any of the following ways: 
strictly literally, communicating that the water is BOILING, so at or above boiling 
point; as an approximation, communicating that it is close enough to BOILING 
for the differences to be inconsequential for current purposes (e.g. for making 
a cup of coffee); hyperbolically, so not BOILING but closer to it than expected 
or desired (e.g. too hot to wash one’s hands in comfortably); or metaphorically, 
suggesting, for instance, that the water, although not necessarily anywhere near 
boiling point, is moving agitatedly, bubbling, emitting vapor, and so on. In each 
case, a different concept is communicated, all of them derived from the literal 
encoded concept, and on the non-literal interpretations the concept’s denotation 
is broader to varying degrees than that of the lexical concept.
 (Carston 2010, 303–304, author’s emphasis)

Though I am in full agreement with Carston when she says immediately after this: 
“The claim is that all these interpretations are reached in essentially the same way, 
namely, by an inferential pragmatic process of deriving contextual implications 
which meet particular standards of cognitive relevance,” I take a stronger position 
with respect to her statement that the utterance can be communicated strictly 
literally, meaning that the water is at or above boiling point. What is the boiling 
point of water? It depends on the atmospheric pressure, whether water has any 
additives (like salt) added to it, and so on. Needless to say, it cannot be ‘above’ it 
because that is the whole point of latent heat: you cannot raise the temperature 
of the water above boiling point no matter how much you heat it. Such techni-
cal quibbling aside, the main point I want to raise here is that it is implausible 
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to assume that some strictly literal meaning is available, which is then loosened 
depending on the context.

Considering this example in the spreading activation model, we can say 
that the concept of ‘boiling’ is connected to the concepts of ‘hot’ and ‘bubbling’, 
among others. Without any context, we expect the water to be hot and bubbling, 
as these two concepts receive the strongest activation through ‘boiling’. If the 
context is such that concepts like ship, ocean, storm are activated, then the ‘hot’ 
concept is suppressed, but ‘bubbling’ is boosted. In the context of a bath, perhaps 
a Japanese onsn, ‘hot’ is boosted, but ‘bubbling’ may not get a strong activation 
level, unless ‘spa’ is activated as well. In the context where ‘laboratory’, ‘experi-
ment’ and related concepts are activated, other aspects of ‘boiling’ like ‘boiling 
point’, ‘latent heat’, become active and central. So this so-called strictly speak-
ing literal is just one of the myriad of activation patterns that may result from 
the interaction of the concept and different contexts. One could even account 
for irony through this model. If the context is such that the opposite of what is 
being said is likely, then ‘hot’ can activate ‘cold’. Opposing concepts normally 
inhibit one another, but because they are related (through opposition), in an 
appropriate context ‘hot’ will activate ‘cold’ rather than some other unrelated 
concept like ‘thick’.

To sum up this discussion, I would like to submit that propositional under-
standing involves integrating the concepts mentioned in the text with other related 
concepts in a way that they all cohere together. The semantic structure of the lan-
guage is reflected in how these concepts are related to each other in terms of how 
they activate or inhibit each other. Moreover, the context effect can be modelled as 
the pre-existing activation pattern of concepts, which modulates how the activa-
tion of the text concept spreads. (See, for instance, Waltz & Pollack 1985).

4. On imagistic understanding

Let me now elaborate on the imagistic component of understanding. First of all, 
notice that in understanding “it is raining”, one may imagine a gentle drizzle, or a 
tropical torrent. One may imagine the pitter-patter sound of raindrops. Similarly, 
in understanding ‘the water is boiling,’ one may imagine the water bubbling and 
frothing over, steam rising from its surface, the glub-glub sound of bubbles rising 
to the surface, and so on. However, these imagistic components seem to be largely 
optional, and not necessary for having understood the basic meaning of the utter-
ance. But now consider the first verse of a beautiful poem by the Nobel Laureate 
Bengali poet Rabindranath Tagore:
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On the slope of the desolate river among tall grasses I asked her, ‘Maiden, where 
do you go shading your lamp with your mantle? My house is all dark and lone-
some – lend me your light!’ She raised her dark eyes for a moment and looked at 
my face through the dusk. ‘I have come to the river,’ she said, ‘to float my lamp on 
the stream when the day light wanes in the west.’ I stood alone among tall grasses 
and watched the timid flame of her lamp uselessly drifting in the tide.
  (Tagore 1913, 46)

In understanding this poem, it invariably invokes imagery of a riverbank, tall 
grass, a maiden shielding her lamp, a lamp floating in the tide, and so on. We 
cannot easily rule out these imagistic components as optional in this case. We can 
even make a comprehension quiz similar to the one for “A rainy, windy day” above, 
where the reader needs to be able to refer to these images in order to demonstrate 
comprehension. We can even argue that an imagistic component is required to 
answer question (5) in the quiz above.

One can say that being able to write vivid, imagery-inducing text is the hall-
mark of a great poet or an author. As another example, consider the first two verses 
of a hauntingly vivid song Morning Morgantown by Joni Mitchell:

When morning comes to Morgantown
The merchants roll their awnings down
The Milkjocks make their morning rounds
In morning, Morgantown

We’ll rise up early with the sun
To ride the bus while everyone is yawning
and the day is young
in morning Morgantown

This phenomenon is just so pervasive that we need not look hard for such text. 
Here are the first two lines from Lord of the flies by William Golding:

The boy with fair hair lowered himself down the last few feet of rock and began to 
pick his way towards the lagoon. Though he has taken off his school sweater and 
trailed it now from one hand, his grey shirt stuck to him and his hair was plastered 
to his forehead.  (Golding 1954, 1)

Notice that in all these examples, we are looking at literal, or non-metaphorical, 
text. Yes, there is an occasional isolated metaphor, like ‘light wanes’ in Tagore’s 
poem, but it is not crucial in inducing imagery.

Finally, the following dialogue from Lewis Carroll’s Alice in Wonderland illus-
trates perfectly the interplay between the propositional and the imagistic compo-
nents of meaning:
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‘Ahem!’ said the Mouse with an important air, ‘are you all ready? This is the dri-
est thing I know. Silence all round, if you please! “William the Conqueror, whose 
cause was favoured by the pope, was soon submitted to by the English, who 
wanted leaders, and had been of late much accustomed to usurpation and con-
quest. Edwin and Morcar, the earls of Mercia and Northumbria –” ’
‘Ugh!’ said the Lory, with a shiver.
‘I beg your pardon!’ said the Mouse, frowning, but very politely: ‘Did you speak?’
‘Not I!’ said the Lory hastily.
‘I thought you did,’ said the Mouse. ‘– I proceed. “Edwin and Morcar, the earls 
of Mercia and Northumbria, declared for him: and even Stigand, the patriotic 
archbishop of Canterbury, found it advisable – ” ’
‘Found what?’ said the Duck.
‘Found it,’ the Mouse replied rather crossly: ‘of course you know what ‘it’ means.’
‘I know what ‘it’ means well enough, when I find a thing,’ said the Duck: ‘it’s gen-
erally a frog or a worm. The question is, what did the archbishop find?’
The Mouse did not notice this question, but hurriedly went on, ‘ “– found it 
advisable to go with Edgar Atheling to meet William and offer him the crown. 
William’s conduct at first was moderate. But the insolence of his Normans – ” 
How are you getting on now, my dear?’ it continued, turning to Alice as it spoke.

In this example, the short paragraph concerning the earl of Mercia is dominated 
by propositional meaning. The duck, however, ignoring the context, focuses on the 
phrase ‘found it’ and interprets it in imagistic terms, which provides the humour.

In conclusion, I would like to claim that even literal text can have an imagistic 
component, and this imagistic component can play an equally prominent role in 
the comprehension of the text as the propositional component does, if (in some 
situations) not more.

5. On the sensorimotor aspects of imagery

The next question then is: What exactly is this imagistic component, and how is it 
different from the propositional component? In imagery research, there has been 
an on-going debate between the view that images are picture-like and pseudo-
perceptual, and the opposing view that images are just another kind of proposi-
tional or symbolic representation. A glimpse of this debate can be found in the 
BBS article by Pylyshyn (2002), and the peer commentary immediately follow-
ing it (see also Kosslyn, Thompson & Ganis 2006). I am going to skirt this issue 
here by adopting a sensorimotor account (O’Regan & Noë 2001; Thomas 2002; 
Thomas 2009) for the imagistic component. According to this view, a component 
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of meaning representation incorporates sensorimotor contingencies – that is, 
information about various ways in which the object can be acted upon, and 
how its perceptual properties change in response to those actions – and various 
cognitive processes may refer to this representation as needed. This was articulated 
by Barsalou (1999) as perceptual symbol simulators. In fact, the account of the role 
of imagery in metaphor articulated here is an elaboration of commentary I had 
written on the Barsalou’s article (Indurkhya 1999). In recent years, much more 
empirical evidence in support of the sensorimotor representation has emerged 
both from behavioural studies and from brain-imaging studies.

For example, Zaidi and Griffiths (2002) use a horizontal white parallelogram-
shaped board attached to a vertical black baseboard to show how people are unable 
to predict correctly what it would look like after a rotation of 180 degrees, even 
when they are given an explanation of this perceptual illusion and after they are 
allowed to examine the object and look at it from all angles. Using this example, 
they argue that visual perception and imagery construction are intertwined pro-
cesses, and use some of the same mechanisms.

As brain-imaging technology has made rapid advances in the last few years, 
more and more empirical data has revealed how sensorimotor parts of our brain are 
activated during tasks that involve imagery, and also during language comprehen-
sion. Just (2008), Kosslyn, Galin & Thompson (2006), and Kosslyn & Thompson 
(2003) present an overview of how visual, auditory and movement imagery involves 
corresponding sensory and motor areas in the brain. As to how one connects the 
brain activation patterns with the imagery representation, we present an example 
taken from Dehaene (2009) that involves visual and aural representations of let-
ters and phonemes. There is a small area of the brain in the bottom side of the 
left hemisphere, called the left occipito-temporal area, which Dehaene has dubbed 
as the brain’s letterbox area. This area is invariably activated when one is reading 
text, but not when doing any other visual recognition tasks like identifying faces 
or objects. When text is presented orally, so auditory processing is involved, the 
letterbox area is not activated at all. However, when people are asked whether the 
spoken word contains a descending letter like ‘p’, ‘q’ or ‘j’ – the strokes of which fall 
below the line – this area lights up, presumably because people imagine the written 
word (Dehaene 2009, 72). This suggests that a level of representation is activated 
for this aural task, which is the same as when written letters are being processed. 
The participants report that they are imagining the written letters to spell out the 
word as they carry this task. So this amounts to the visual imagistic component of 
the representation of the aural stimuli during this task.

Let us now look at the interaction between this sensorimotor imagistic repre-
sentation and language. Rolf Zwaan and his colleagues did a number of response-
time studies to demonstrate that language comprehension involves static and 
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dynamic perceptual simulation of the object or event being described. In their 
earlier study (Zwaan et al. 2002), they showed the participants sentences like “the 
ranger saw the eagle in the sky” or “the ranger saw the eagle in its nest”, followed 
by a line drawing of an object (eagle with folded wings, eagle with its wings spread, 
or another object), and the participants had to answer whether the object was 
mentioned in the preceding sentence or not. They found that the response time 
was faster (for the ‘yes’ case) when the line drawing was coherent with the preced-
ing sentence than otherwise. In other words, if the sentence was “the ranger saw 
the eagle in its nest”, the participants responded faster when the eagle with folded 
wings was shown compared to when the eagle with its wings spread was shown.

In a later study (Zwaan et al. 2004), they used sentences with motion verbs, 
like “the shortstop hurled the softball at you” and “you hurled the softball at 
the shortstop”, followed by a two-image sequence in which the ball either got 
slightly larger (so approaching towards you) or slightly smaller (so moving away 
from you), or two unrelated objects. The task for the participants was to decide 
whether the objects shown in the two images were the same or not. Similar to 
the previous experiment, Zwaan et al. found that the response time was faster 
when the sentence was coherent with the relative size of the two images. In other 
words, if the sentence was “you hurled the softball at the shortstop”, the partici-
pants responded faster when the ball in the second image was smaller than the 
ball in the first image.

Even more compelling evidence for the activation of sensorimotor repre-
sentations in language comprehension comes from brain-imaging research. In a 
ground-breaking study, Pulvermüller (2005) showed that comprehension of action 
words like ‘lick’, ‘pick’ and ‘kick’ automatically activates the corresponding area 
in the pre-motor cortex. In other words, ‘lick’ activates the area corresponding to 
mouth movement, ‘pick’ activates the area corresponding to hand/arm movement, 
and ‘kick’ activates the area corresponding to leg movement.

At about the same time, Buccino et al. (2005) did a TMS (Transcranial 
Magnetic Simulation) study to measure the effect of listening to action-verb sen-
tences on motor brain areas. They used hand-action-verb sentences (“he washed 
the glasses”), foot-action-verb sentences (“he kicked the door”) and abstract-verb 
sentences (“he hated the sea”). They provided further support to the hypothesis 
that understanding of action-verbs leads to automatic mental simulation of the 
corresponding action; that is, understanding action stimulates motor imagery:

The main finding of the present study was a clear modulation of the activity of 
the motor system during listening to sentences expressing foot/leg and hand/
arm actions. This modulation was specific for the effector involved in the lis-
tened-to action. Listening to hand-action related sentences induced a decrease of 
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MEP amplitude recorded from hand muscles. Similarly, listening to foot-action-
related sentences induced a decrease of MEP (Motor Evoked Potential) amplitude 
recorded from foot muscles. Listening to abstract content sentences led to results 
which did not differ from those obtained during listening to action-related sen-
tences involving an effector different from the one motorically represented in the 
stimulated area.
 Coherently with these findings, the behavioural data showed that RTs were 
slower when participants responded with the same effector that was involved in 
the listened action. Taken together, these data strongly support the notion that 
the processing of language material modulates, at least for sentences expressing a 
motor content, the activity of the motor system and that this modulation specifi-
cally concerns those sectors of the motor system where the effector involved in 
the processed sentence is motorically represented.  (Buccino et al. 2005, 360)

Desai et al. (2010) asked their participants to listen to three kinds of sentences: 
some involving motor verbs (“I throw the ball”), some involving visual verbs (“You 
read the book”), and some involving abstract verbs (“They consider the risk”), 
while undergoing fMRI scanning. They found that “comprehending sentences 
with hand/arm action verbs activated areas associated with action planning, visu-
alization, and execution. Processing sentences with concrete nouns activated areas 
involved in visualizing objects” (p. 474).

Even more recently, Cacciari et al. (2011) did a TMS study in which they pre-
sented participants with action-verbs in four different contexts: (1) literal (“the 
policeman follows the thief ”); (2) metaphorical (“the girl follows her instincts”); 
(3) idiomatic (“Giuseppe follows in the footsteps of his father”); and (4) fictive 
(“the railway follows the stream of the river”). They measured the brain activation 
patterns in two experimental conditions for each sentence. One immediately after 
the verb was presented, so that the participant did not yet know the context, and 
the other after presenting the whole sentence. They found that the corresponding 
motor area is activated immediately after the verb is presented, but only if the sub-
ject is animate. In the second experiment, they found that among the metaphori-
cal, the idiomatic and the fictive categories, the highest level of motor activation 
was achieved for the metaphorical sentences.

In summary, we see that more and more evidence is emerging that in under-
standing an utterance or a piece of text, the sensorimotor associations related to 
the words and concepts occurring in the utterance are automatically activated. 
Consequently, this component needs to be explicitly included in a model of 
understanding.
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6. Modelling imagistic component in metaphor understanding

Now that I have elaborated on the imagistic component of meaning, I will try 
to incorporate it in a model of understanding. Let me start by considering how 
to model comprehension of imagistic metaphors such as ‘the ocean as a harp’ in 
Spender’s poem discussed above in Section 2. For modelling such examples, we 
need to posit a mechanism that creates sensorimotor, imagistic representation of 
the text or utterance. Perhaps the best way to introduce this mechanism might be 
to contrast it with abstraction.

In a conceptual space, the notion of an abstraction hierarchy is often used, 
and is easily modelled. For example, the concept ‘wolf ’ is a subconcept of the 
more abstract concept ‘animal’. There have been numerous accounts of metaphor 
that model it as a process of abstraction (see for instance, Glucksberg 2001). In 
other words, given the source and the target of a metaphor, they try to find a 
common concept up the abstraction hierarchy that subsumes both the source 
and the target. So, given “man is a wolf ”, we try to find some concept that is 
more abstract than both ‘man’ and ‘wolf ’ but subsumes them. Sometimes, such 
a concept is created based on other parts of the abstraction hierarchy and other 
properties of the source and the target (see for example, Way 1991). In the case of 
“man is a wolf ” we might come up with an abstract category ‘aggressive animal’, 
which would be considered the meaning of the metaphor. (We should note here 
that there are other ways in which abstraction has been used to model degree of 
metaphoricity and metaphorical aptness. See, for instance, Torreano, Cacciari & 
Glucksberg 2005.)

The process of creating an imagistic representation works in the other direc-
tion, so that instead of going up the abstraction hierarchy, we create a concrete 
object or scenario – based on our past experience, of course – with detailed sen-
sorimotor images to represent the meaning. This process is akin to what Barsalou 
has called perceptual or sensorimotor simulation. (See also the gestalt projection 
model outlined in Indurkhya 2006). For the example of Spender’s poem, the suc-
cess in understanding the poem might lie in being able to create one single image 
that could be linked to the activated concepts of both the harp and the ocean. This 
linking might involve intermediate concepts. In this example, ‘harp’ would activate 
‘strings’, and ‘ocean’ would activate ‘ripple’. Both ‘strings’ and ‘ripple’ would be 
connected to a part of the sensorimotor image that has lines with light reflecting 
off of it. In this way, ‘strings’ will be seen to correspond to ‘ripple’ because they are 
rooted in the same imagistic component. This process, which is exactly the oppo-
site of the abstraction process, is shown graphically in Figure 1.
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1 1

2
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targetsource Harp-related 
concepts

Conceptual 
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Sea-related 
concepts
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Imagery

Figure 1. Both source and target evoke imagery: (1) source- and target-related concepts 
evoke their respective imagery, (2) a perceptual resonance occurs between these two 
images, which, in turn, (3) causes emergence of conceptual associations between these 
two concepts

A similar approach can be used to model comprehension in other metaphors, 
such as Carl Sandburg’s “The fog comes/ on little cat feet,” which is also discussed 
in Carston (2010). In understanding the poem, one creates a sensorimotor image 
that can be seen both as a fog and as a cat and is advancing silently. This is akin to 
the process of double perception discussed by Reinhart (1976).

A different role of sensorimotor imagery emerges when we consider examples 
like “Nixon was a halo surrounding the vacuum.” Here, the phrase ‘halo surround-
ing the vacuum’ can be used to construct an image, but it is not related to a con-
crete image of Nixon, at least not to what he looked like, or other perceptual details 
of his being. Rather, we consider various activities in Nixon’s political career in 
conceptual terms, and this conceptual representation is reorganized according to 
the image created by the source of the metaphor. So the ‘halo’ corresponds to all 
the ostentious activities, and (in the conceptual representation) there is nothing in 
the middle; no content, no worthwhile actions. Thus, in such metaphors, the per-
ceptual, sensorimotor imagery created by the source reorganizes the conceptual 
representation of the target. This is shown graphically in Figure 2.

Emily Dickinson’s “My Life had stood – a Loaded Gun – In Corners –” provides 
another example in this vein, where the source provides the imagery, and the con-
ceptual knowledge of life is seen in terms of this imagery. By ‘seen’ we mean that an 
attempt is made to connect the elements of the imagery to the conceptual elements 
coherently (so that their associated properties are preserved.) In the Nixon example, 
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the image of ‘halo’ has perceptual qualities of shiny, attracting attention, inspiring 
awe, and so on. In connecting these elements to our conceptual knowledge about 
the political achievements of Nixon’s political career, we need to make value judge-
ments about those achievements. For example, an ardent supporter of Nixon may 
understand the metaphor but would vehemently disagree with it. This brings us to 
the problem of estabilishing a shared reference with a metaphor, and determining 
their truth or correctness, which we consider below in the next section.

7. Communicating with metaphors: Believing game and doubting game

If metaphors are to be effective in communication, it is important that they are 
able to establish a shared reference between the speaker (writer) and the listener 
(reader), and there must be some cognitive mechanisms to establish their truth or 
correctness. For example, a political columnist writes that Nixon was a halo sur-
rounding the vacuum. A reader violently objects. The reader clearly understands 
the meaning, for otherwise she or he would not be upset. Those who do not under-
stand the metaphor would simply shrug their shoulders and say, “I don’t know what 
you are talking about.” So what is going on in the mind of the reader who objects?

On one extreme, we have views such as from Davidson (1978), where it is denied 
altogether that metaphors can embody any truth at all. However, many others have 
sought to provide some account of how metaphorical statements can express truths 
(see for example, Hill 1997). Traditional models, which start with the notion of 
literal as given, also assume a notion of literal truth, and then try to account for 

emptiness

1 2

target

source
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media appearances

2

actual 
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Figure 2. (1) Source evokes imagery; (2) conceptual knowledge of the target is 
reorganized to fit the imagery
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metaphorical truth as some kind of loosening or relaxation of truth conditions; or, 
in mapping-based approaches, by applying the literal truth conditions to the mapped 
terms, instead of directly. In our account, which is based on the spreading activation 
model, it is not clear how to characterize the notion of literal truth, let alone how to 
extend it to cover metaphors. So let us elaborate on it a bit here.

For the discussion here, we would like to use the term correct instead of truth, 
because the latter is too strong and only applies to propositions. It seems more nat-
ural to consider whether the description of Nixon in the above utterance is correct 
or not correct (or, apt or not apt), than to say whether it is true or not. Moreover, 
correctness can be applied to actions, postures, procedures, directions etc. So one 
can talk about correct ways to serve in tennis, or correct directions to the town 
hall, where it would be quite a stretch and unnatural to use the term true, if at all.

Now consider a simple utterance: “it is raining”. How does one determine that 
it is correct? In the discussion above, we have characterized understanding as being 
able to imagine a situation to which this utterance may apply. But the imagined 
situation is very subjective: one may imagine a gentle drizzle, a tropical downpour, 
or a great variety of other scenes that could be considered as raining. If we are 
looking out the window and determining whether the utterance is correct or not, 
it would not do to create an imagery and then match it against the perceptual data, 
for given the great variety of possible imagined scenes, the chances are small that 
the one you imagined would match against the perceptual data that represents the 
current situation outside. Moreover, perception and imagination cannot happen at 
the same time, for they interfere with each other because of wanting to use the same 
brain areas (see also McGinnn 2004). So we need to run the model in a different 
way, where the perceptual data is considered right from the start.

This situation can be handled using the gestalt projection model we have 
articulated in our earlier research (Indurkhya 2006). Basically, the concepts that 
are activated by the utterance “it is raining” are projected onto the perceptual 
data in a coherent way – so that the constraints of conceptual associations and 
the perceptual data are both preserved. We should emphasize that the percep-
tual information can be indirect, and some inferences may need to be drawn: for 
instance, someone just came off the street and is dripping wet, or you see people 
on the street with open umbrellas but do not see the rain directly. The point is that 
the perceptual information is integrated into the activated concepts in a coherent 
way, either directly or through intermediate percepts or concepts.

The situation is a bit trickier when we do not have any perceptual informa-
tion, but still a correctness judgment is called for, as in the Nixon example we have 
been discussing. When a Nixon supporter objects to the statement “Nixon was a 
halo surrounding the vacuum,” he or she is objecting to the judgment that con-
nects Nixon’s achievements to the vacuum. This requires an interaction between 
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one’s background knowledge and the imagistic or propositional representation 
that constitutes one’s understanding of the utterance.

A similar example I recently came across was in the instructions for using a 
wine vacuum pump set: “Before removing the aroma stopper, use a finger to push 
the stop valve gently to the side in order to allow the vacuum to escape” (emphasis 
added). One can understand the instructions, as well as the metaphor “allow the 
vacuum to escape” in imagistic terms, but many may deem the metaphor as not 
correct, for it is not the vacuum that escapes, but it is the air that rushes in to fill 
the vacuum.

A key aspect of understanding vs. correctness that I would like to highlight 
with this short discussion above is simply this: though understanding an utter-
ance means coming up with a possible scenario, which may include an imagery 
component as well as a propositional component, to which the utterance can be 
applied, judging the correctness of the utterance does not mean that this scenario 
has to correspond to what we perceive to be the reality. If a correctness judgment 
is called for, then a different process needs to be activated, where perceptual and 
other background information constrains imagery construction as well as how 
elements of the imagery are applied to the conceptual knowledge.

It may be useful to notice a connection here with the two reading strategies 
discussed by Elbow (1973): the believing game and the doubting game. The believ-
ing game corresponds to a sympathetic reading, where the reader tries to adapt to 
the writer’s point of view. In the doubting game, the reader is critical of everything 
that the writer says, and tries to refute it. In the view presented here, the process of 
understanding requires playing the believing game, and the process of determin-
ing correctness requires one to engage in the doubting game.

8. Towards a unified model of understanding

In this final section, I would like to take a step back and consider what the dif-
ference is between literal and metaphorical understanding, if anything at all. So 
far, I have presented examples of literal text above with strong imagistic compo-
nents. I have also reviewed research on imagery – both behavioural and brain-
imaging studies – to demonstrate that understanding literal utterances, when 
they involve action verbs or vivid sensory experiences, can induce sensorimotor 
images. So the question is: what distinguishes the process of understanding a 
literal utterance from understanding a metaphorical utterance? Notice that in 
the model articulated in Section 6 above, I posited source and target concepts 
(or concept networks) that are linked to the same sensorimotor image. However, 
if we look at the text of the Spender poem, there are no explicit flags for the 
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source and the target: the source concepts are freely intermingled with the target 
concepts. So it may be possible that the meaning emerges from the same process 
for the literal as well as for the metaphorical. Indeed, in reading comprehension, 
the reader is often not aware whether they are encountering metaphors at all. It 
almost seems that to judge whether an utterance is literal or metaphorical is a 
meta-level task. One possible way to distinguish them is to look at the brain areas 
that are responsible for processing them.

In recent years, there have been several brain-imaging studies to see if spe-
cial brain areas are involved in processing metaphorical utterances as opposed to 
literal utterances. In Bottini et al. (1994), participants listened to either literal or 
metaphorical sentences, including plausible examples (“The investors were squir-
rels collecting nuts”) and implausible examples (“The investors were trams”). They 
found that sentences containing metaphors elicited more activation in the right 
hemisphere. This was the beginning of the right-hemisphere hypothesis for meta-
phor processing, for generally most of the language processing takes place in the 
left hemisphere.

However, as other studies identified and refined the role of different regions 
in right and left hemispheres in literal and metaphor comprehension, a more 
complex picture started to emerge. Jung-Beeman (2005) summarizes some of 
this research by identifying three different components of semantic processing: 
(1) activation, (2) selection, and (3) integration. He demonstrated that each type 
of processing occurs in both hemispheres, albeit in a different way: the right hemi-
sphere (RH) performs coarser processing and the left hemisphere (LH) performs 
finer processing:

The LH quickly focuses semantic activation on features related to the dominant, 
literal or contextually relevant meaning, while inhibiting features related to the 
subordinate or contextually irrelevant meanings. This strong categorical semantic 
activation is conducive to most language comprehension tasks, and especially to 
production – speakers must produce a single word, not a hybrid of several related 
ones. By contrast, the RH maintains weak, diffuse semantic activation of a broader 
semantic field, including distant and unusual semantic features, features that seem 
irrelevant to the context, and secondary word meanings.
  (Jung-Beeman 2005, 514)

What Jung-Beeman found more puzzling is that there seems to be a separate right 
brain area dedicated to the task of integration: namely the anterior temporal lobes. 
When people process the meaning of single words, we find activity in the posterior 
temporal cortex. But when people hear stories without a title (so more cognitive 
effort is required to integrate information), or come across information inconsis-
tent with the given context, there is increased activity in the anterior temporal lobe 
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in the RH. This area is also active when people draw causal inferences, process 
novel metaphors, or engage in creative problem solving.

Later experiments have further strengthened these findings. For example, 
Stringaris et al. (2006) found that the right ventrolateral prefrontal cortex was 
activated in the metaphoric but not in the literal condition. They also found an 
increased activation for the same region when participants noticed a semantic 
relation between words and metaphoric sentence primes but not between words 
and literal sentence primes. Eviatar and Just (2006) found that metaphoric utter-
ances led to higher levels of activation in the left inferior frontal gyrus and in the 
bilateral inferior temporal cortex than literal and ironic utterances; and ironic 
utterances led to higher activation levels than literal statements in the right supe-
rior and middle temporal gyri, with metaphoric utterances resulting in interme-
diate levels in these regions. Schmidt, Casey & Seger (2007) found an increased 
RH activation for unfamiliar sentences containing distant semantic relationships, 
and an increased LH activation for familiar sentences containing close semantic 
relationships, regardless of whether sentences were metaphorical or literal. (See 
also, Coulson & Van Petten 2007; Mason & Just 2006; Shibata et al. 2007).

However, as Schmidt et al. (2009) point out, our current picture of how the 
meanings are processed in the brain, and how context is incorporated is splotchy 
at best: “The dominant neuropsychological hypothesis that the RH processes met-
aphors is not supported consistently. In addition, this hypothesis remains relatively 
coarse in its neural claims.” (p. 4). This is also echoed in Marshall et al. (2009), who 
used novel, poetic metaphors and compared them with literal familiar utterances 
and unfamiliar nonsensical utterances. They found strong activation levels for 
novel metaphors in the left dorsolateral prefrontal cortex (semantic and episodic 
memory) and in the left posterior middle temporal gyri (sentence comprehension) 
(see also Rapp et al. 2004).

Thus, we see that a complex picture is emerging as to how meanings activated 
by different words in an utterance are integrated, and how they are affected by 
the context. We may not yet have sufficient data to construct as comprehensive 
a model of semantic processing as the one provided by Simos et al. (2002) for 
the reading process, but there have been significant achievements. For example, 
research is going on to show how the brains of the speaker and the listener show 
synchronous activity during successful communication (Stephens, Silbert & 
Hasson 2010). Also, studies are being done to see how neural circuits in the brain 
incorporate information during extended real-life activities like watching a movie 
or having a conversation (Lerner et al. 2011).

Moreover, comprehensive models of language evolution are being developed 
that take into account evidence from neurolinguistics, and that do not take the 
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notion of literal as given. Notable among them is the framework being developed 
by Michael Arbib (Arbib 2005, 2008, to appear), which takes the position that 
“inferring the meaning of an utterance of language need not be a simple, direct 
translation from ‘syntactic form’ to ‘semantic form’ but may be an active process 
calling on diverse ‘knowledge sources’ to negotiate what appears to be a satisfac-
tory interpretation. We may use our estimate of the overall meaning of an utter-
ance to guess the meaning of a novel word therein, possibly guided by the internal 
structure of the word – but also guided by the social interaction within which the 
utterance is embedded” (Arbib to appear, Ch. 10).

Such models address concerns raised by Barnden (2009) against traditional 
accounts, which rely on mapping elements of the source to the elements of the tar-
get. Barnden argues for giving context a more central role in guiding the construc-
tion of metaphorical meaning. In fact, in models such as the spreading-activation 
model described avove, or the one proposed by Arbib, context is the key to mean-
ing construction for all utterances: literal as well as metaphorical.

One consequence of these models worth highlighting here is that the meta-
phorical meaning is not constructed via the literal meaning route. On the contrary, 
these models incorporate the hypothesis that all that is conventional and literal 
now must have been metaphorical once (Indurkhya 1994). This is because what 
is literal now is essentially due to the associations that have been strengthened 
through frequent usage.

In summary, we see that more and more evidence is emerging indicating that 
in understanding an utterance or a piece of text, all the conceptual and sensorimo-
tor associations related to the words and concepts occurring in the utterance are 
activated. They interact with each other in complex ways, and context, as rep-
resented by the pre-existing activation levels of the concepts and sensorimotor 
states, further modulates this interaction. The tidal bore metaphor proposed by 
Deheane (2009, 113–116) may perhaps be the best way to visualize this process, 
whereby each utterance causes a tidal wave that works its way through the exist-
ing conceptual and sensorimotor network, reaching into its far recesses here and 
there. The context can be thought of as the topology of the shore and the inland, 
which is dotted with hillocks, troughs, ridges and gullies; except that this topol-
ogy is dynamic and is constantly changing in radical ways so that each tidal wave 
encounters a different topology. As the wave recedes, the lattice of rivulets that is 
left behind might be what we call ‘understanding’. The process of tidal bore is the 
same for the literal as for the metaphorical, and the distinction may well lie in the 
patterns of rivulets that are left behind.
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