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Summary

Embodied Language

� The Symbol Grounding Problem

� Language and Motor simulations

� Language and Perceptual simulations

� Language and Affective simulations

� Abstractions

The Symbol Grounding Problem

Hardan (1990). Physica D: Nonlinear Phenomena.

Let’s assume to be in a 
chinese city, with only 
a chinese dictionary.

Who do I know where 
to go? 
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The Symbol Grounding Problem

Hardan (1990). Physica D: Nonlinear Phenomena.

I look at the dictionary what 
symbols in the street mean.

Then look what the symbols 
in the dictionary mean.

etc…

The Symbol Grounding Problem

Hardan (1990). Physica D: Nonlinear Phenomena.

Symbols are abstract and arbitrary, 
and cannot be understood solely 

through their connection with other 
abstract, arbitrary symbols.

They can only be understood by 
being «grounded» in some other 
representational format that it is 

understood in itself.

Embodied Theories resolve the symbol grounding
problem by asserting that abstract, arbitrary linguistic
forms (words, phrases, abstract syntactic templates)
are understood through their grounding in our bodies’
system of perception and action planning.

E.g., The word violin is tied with sensorimotor
representations (simulations) of what it means to see,
hear and play this instrument.

Embodied Language
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Summary

Embodied Language

√ The Symbol Grounding Problem

� Language and Motor simulations

� Language and Perceptual simulations

� Language and Affective simulations

To understand the word give or kick involves the 
recruitment of the motor systems to simulate giving and 

kicking actions

Motor simulations play a major role in the comprehension 
of words and sentences about actions

Motor Simulations

Imagine the sentences:

• Meghan gave you a pen (action toward you)

• You gave a pen to Meghan (action away from you)

• You Boil the air (meaningless)

Task: «is the sentence meaningful or not?»

Stimulus-Response 
Compatibitily

Glenberg & Kaschak (1992). Psych Bull & Rev.

Far from
you

Close to
you
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Task: «is the sentence meaningful or not?»

Glenberg & Kaschak (1992). Psych Bull & Rev.

• Liz reads you a story                                    (action toward you)

• You read a story to Liz                           (action away from you)

Stimulus-Response 
Compatibitily

Stimulus-Response 
Compatibitily

Tucker & Ellis (2004). Acta Psychologica

Object words automatically potentiates motor components 
(affordances) of possible actions toward that object

Stimulus-Response 
Compatibitily
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• Clockwise sentences: «Jenny screwed in the light bulb»

• Counterclockwise sentences: «Eric turned down the 
volume»

Task: «is the sentence meaningful or not?»

Individuals are faster to produce a
response compatible with the
meaning of the sentence

Stimulus-Response 
Compatibitily

Zwaan & Taylor (2006). JEP: General
Yes/No

Clockwise & Counterclockwise sentences presented one 
bit at the time.

Stimulus-Response 
Compatibitily

Zwaan & Taylor (2006). JEP: General

The runner eagerly opened the water bottle

Time

continue to 
next part

Clockwise & Counterclockwise sentences presented one 
bit at the time.

Stimulus-Response 
Compatibitily

Zwaan & Taylor (2006). JEP: General

The runner eagerly opened the water bottle

Time
Action
verb

Pre-verb Post-verb
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Clockwise & Counterclockwise sentences presented one 
bit at the time.

Matching effect
as soon as the
action verb is
presented.

Stimulus-Response 
Compatibitily

Zwaan & Taylor (2006). JEP: General

Imaging studies have shown that passive reading or
listening to action language activated motor and
premotor areas (e.g., Hauk et al., 2004).

Motor activity for verbal stimuli

MEG studies have shown that passive reading or
listening to action language activated motor and
premotor areas (e.g., Pulvermüller et al., 2005).

Motor activity for verbal stimuli
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A pulse of current flowing 
through a coil of wire 

generates a magnetic field. 
If its magnitude changes 

with time, then it will induce 
a secondary current in any 

nearby conductor (THE 
BRAIN).

Transcranial Magnetical 
Stimulation (TMS)

Motor activity for verbal stimuli

Tomasino et al. (2008). Neuropsychologia

TMS of M1 facilitates the performance ONLY during
the motor imagery task.

Motor activity for verbal stimuli
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Are sensorimotor simulations necessary for language 
comprehension? If so any task requiring access to the 
semantic knowledge of action words should be achieved 
through sensorimotor simulation.

Alternatively, sensorimotor simulations are 
epiphenomenal. They spontaneously occur (e.g., through 
a mechanism of motor imagery) but they are not 
necessary for the interpretation of the semantic content of 
texts.

Embodiment or Imagery?

Imagine the sentences:

• Pick up the pen                                                         (positive)

• Don’t pick up the pen                                              (negation)

Is the understanding of a negative sentence associated with a 
motor simulation?

If word meaning is «grounded» in one’s sensorimotor 
representation, its’ understanding should elicit a motor 
simulation, even if in negative form.

Motor activity for verbal stimuli

Tomasino et al. (2010), Neuroscience
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Motor activity for verbal stimuli

Tettamanti et al. (2008). Neuroimage

vPM

Two Step Model of Negation

Negative sentence require an additional computational step than 

affirmative sentences?

«Don’t pick up the pen» → «pick up the pen» + «Don’t»

How can we pull apart the motor response of the whole negative 

sentence, with that of its’ positive sub-portions?

It has been suggested that negations («Don’t») engage inhibitory 

signals towards the primary motor cortex (Papeo et al., 2016)

Imagine the sentences:

• I pick up the pen                                                    (1° person)

• He picks up the pen                                              (3° person)

Is the understanding of a 3° person motor verb associated with 
a motor simulation?

If word meaning is «grounded» in one’s sensorimotor 
representation, its’ understanding should elicit a motor 
simulation, even if in 3° person form.

Motor activity for verbal stimuli
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A pulse of current flowing 
through a coil of wire 

generates a magnetic field. 
If its magnitude changes 

with time, then it will induce 
a secondary current in any 

nearby conductor (THE 
BRAIN).

TMS effect

Muscle pre-
activation

Transcranial Magnetical 
Stimulation (TMS)

Activity of left primary motor cortex as measured b y TMS-induced motor evoked 
potentials (MEPs , mV) recorded from the First Dors al Interosseus muscle of the 
right hand

Experimental design: 2 verb-category  (hand-action versus non-action) X 2 person 
(first versus third person) 

Papeo et al. (2011), J. Cog. Neurosci.

**

Motor activity for verbal stimuli

Motor activity for verbal stimuli

Willems et al. (2010), J. Cog. Neurosci.
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Motor activity for verbal stimuli

Willems et al. (2010), J. Cog. Neurosci.

White: Lexical decision
Black: Imagery

• Stimulus-Response compatibility studies confirm that 
sensitivity judgments on action sentences are faster when 
the motor response is compatible with the meaning of the 
sentence

• Neuroimaging studies confirm the presence of motor and 
premotor activity during action sentence comprehension

• However, a great part of this activity can be interpreted in 
terms of epiphenomenical simulation (motor imagery) rather 
than automatic simulation necessary for text 
comprehension.

Motor Simulations

Summary

Embodied Language

√ The Symbol Grounding Problem

√ Language and Motor simulations

� Language and Perceptual simulations

� Language and Affective simulations

� Abstractions
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The historically prevalent theory of knowledge representation 
in cognitive sciences has been that of amodal (or 

propositional) symbol system (Fodor, 1975; Knitsch, 1998; 
Newell & Simon, 1972; Pylyshyn, 1982, 1985)

Perceptual Symbol System → symbols are not amodal, but 
grounded in perceptual systems. Through the construction of 

perceptual simulators, the cognitive system can run many 
symbolic operations

Perceptual Symbol System

Barsalu (2008). Ann. Rev. Psych.

PPS retains the symbolic functionality of traditional theories, 
but implements it differently, using perceptual simulations and 

dynamic systems.

PPS assumes that multimodal representations can be 
potentially used for many different cognitive operations, such 

as language, memory, conceptual knowledge, etc.

Perceptual Symbol System

Barsalu (2008). Ann. Rev. Psych.

To understand the word or phrases describing visual motion 
involves the recruitment of the visual system to simulate 

moving objects.

Perceptual Simulations

Imagine the sentences:

• The squirrel runs to you

• The squirrel runs away from you

Task: «is the sentence meaningful or not?»

Kaschak et al. (2005). Cognition
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To understand the word or phrases describing visual motion 
involves the recruitment of the visual system to simulate 

moving objects.

Perceptual Simulations

Imagine the sentences:

• The squirrel runs to you

• The squirrel runs away from you

Task: «is the sentence meaningful or not?»

Kaschak et al. (2005). Cognition

Match

Mismatch
RTs

Imagine the following sentences
• John put a pencil in a cup
• John put a pencil in the drawer

Stanfield & Zwaan (2001). Psychological Science

Perceptual Simulations

sentence + +
«Was the 

object in the 
sentence?»

Time

Individual are faster when the orientation (horizontal vs. vertical) 
of the object matches the one implied by the sentence

If symbols (words/sentences) were truly amodal, orientation
should not matter. The task would be accomplished by
inspecting the picture to detect sufficient perceptual feature to
allow recognition.

If symbols are built through perceptual simulations, the word 
«pencil» is processed through representation of its visual 
orientation in the context described.

• Visual orientation: horizontal/vertical (Stanfield & Zwaan, 2001)

• Object shape: eagle with wings open/close (Zwaan et al., 2002)

• Movement direction: towards/away from (Zwaan et al., 2004)

Perceptual Simulations
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Summary

Embodied Language

√ The Symbol Grounding Problem

√ Language and Motor simulations

√ Language and Perceptual simulations

� Language and Affective simulations

� Abstractions

Emotion Simulation

Imagine the sentences:
• «The college president announces your name, and you 

proudly step onto the stage» (positive)
• «The police car rapidly pulls up behind you, siren blaring»

(negative)

Havas et al. (2007). Psych. Bull. Rev

Task: «is the sentence 
meaningful?»

Emotion Simulation

Task: «is the sentence meaningful?»

Havas et al. (2007). Psych. Bull. Rev

Negative

Positive
RTs

Individuals process more rapidly sentences with positive 
emotions when forced to «smile»



11/27/2016

15

Emotion Simulation

Task: «is the sentence meaningful?»

Havas et al. (2007). Psych. Bull. Rev

Negative

Positive

RTs

Individuals process more rapidly sentences with negative 
emotions when forced to «frown»

Emotion Simulation

Task: YES/NO question about sentence comprehension

Havas et al. (2010). Psych. Science

botulinum toxin-A

Paralisis of corrugator slows down 
comprehension of sentences with 
negative emotions

Summary

Embodied Language

√ The Symbol Grounding Problem

√ Language and Motor simulations

√ Language and Perceptual simulations

√ Language and Affective simulations

� Abstractions
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Abstractions

Representation of abstractions (e.g. Time) are «grounded» in 
particular domains of concrete experiences.

Imagine the verbs:
• He said (past)
• He will say (future)

Task: Is this verb at the
past/future tense?

Santiago et al. (2007). Psych. Bull & Review

VERB

Computer Screen

Abstractions

Past is most easily processed on the left, whereas future on the 
right of the screen.

Santiago et al. (2007). Psych. Bull & Review

VERB

Computer Screen

Abstractions

Santiago et al. (2007). Psych. Bull & Review

VERB

Computer Screen

Time

Past Future
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Abstractions

Imagine the verbs:
• Yesterday, Hanna repaired the bike (past)
• We will get off in Bonn in 5 minutes (future)

Task: Is this sentence at the
past/future?

Ulrich & Maienborn (2007). Psych. Bull & Review
Ulrich et al. (2010). Memory & Cognition

P F

Abstractions

Imagine the verbs:
• Yesterday, Hanna repaired the bike (past)
• We will get off in Bonn in 5 minutes (future)

Task: Is this sentence meaningfull?

Y N

Ulrich & Maienborn (2007). Psych. Bull & Review
Ulrich et al. (2010). Memory & Cognition

Conclusions

Embodied approach to language comprehension has received a 
growing amount of support in the literature

Critiques: embodied hypothesis is incomplete. Sensorimotor 
representations must be incorporated into a broader approach 
that contains both “embodied” and “abstract” representations.

• Grounding by Interaction (Mahon & Caramazza, 2008)
• Symbol interdependency hypothesis (Louwerse, 2008)

Mahon & Caramazza (2008). J. Physiology
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Grounding by Interaction

Conceptual knowledge consists of both sensorimotor 
representations and abstract, symbolic representations 

abstracted from experience.

The sensorimotor representations of the dogs we encountered 
in our life are not our concept «Dog».

We represent the concept «Dog» resides on an abstract layer of 
representation that generalizes across sensorimotor 
experiences.

Symbol Interdependency 
Hypothesis

Linguistic meaning derives from both abstract information and 
sensorimotor representations.

• Abstract information is used early (surface-level interpretation 
of linguistic input)

• Sensorimotor information is used later (more detailed 
representation of the content of the language)

(But neuroimaging evidence show that motor involvement of in 
passive ready occurs quite rapidly.)

Louwerse (2008). Psych. Bull & Review
Louwerse & Connel (2011). Cognitive Science


