
Can context overwrite the lexicon? 
An EEG study on affordances and 
telicity in the meaning of nouns

Erica Cosentino, Giosuè Baggio, Theresa Garwels, 
Jarmo Kontinen, Markus Werning

Semantics and Philosophy in Europe 6
St. Petersburg, 13th June, 2013 



Structure of the talk 

� Background

�Abstract symbolic account vs. Embodied account

�Two-step vs. single-step model of interpretation

� EEG Study

Research questions

Material

Method

Results 

� Conclusions 



Abstract symbolic account

Meanings arise from the syntactic combination of abstract,
amodal (i.e., non perceptual) symbols that are arbitrarily
related to entities in the real world.

During a process of transduction from the
sensorimotor experience to the mind every link with the
body is lost.

LATENT SEMANTIC ANALYSIS (LSA, Landauer and Dumais,
1997): meanings are extracted and represented on the basis of
statistical computations applied to a large corpus of existing
texts. They are represented as vectors, detected in matrices
(spaces with different dimensions) which describe the co-
occurrence of terms in documents. That is: the meaning of a
word is derived by its relations to other words and other
abstract symbols.



Embodied account

“Rather than viewing the body as a support system for a
mind that needs to be fueled and transported, [advocates of
embodied theories] view the mind as a support system that
facilitates the functioning of the body. By shifting the basis
for mental behavior toward the body, these researchers
assume that mental processes are supported by the same
processes that are used for physical interactions, that is, for
perception and action. Cognitive structures develop from
perception and action”. (Pecher and Zwaan, 2005)

Meanings are grounded in sensory-motor processes. They
are captured during experiences in the environment and
reactivated to simulate perception, action, and introspection
associated with those experiences.



What is an affordance?

Affordances are dispositional 
properties of an object or an 
environment that, in 
combination with a particular 
bodily structure, determine 
possibilities for action. 



The Indexical Hypothesis 
(Glenberg, 1997)

We use affordances to understand sentences:

� “Danielle used a CD to scratch her back”

� “Danielle used a short length of thread to scratch her
back”

First, words and phrases are indexed (namely, they are
associated with the objects they stand for), then affordances
are derived from the objects, and finally, the affordances are
combined as directed by the syntax to produce a coherent
simulation. If we can envision how the combination of
affordances can accomplish the goal described by the
sentence, then we understand the sentence and judge that it
makes sense.



Two-step vs. single-step model

When do listeners relate a word or a sentence to the wider 
discourse? 

Two-step model

Discourse processing proceeds in a bottom-up fashion: local
meaning is established prior to global meaning. --- Local
semantics cannot initially be overruled by the wider
context ---

Single-step model

Contextual information may be used in a top-down fashion, such
that the local contribution of individual words or sentences is a
function of the construction of a situational interpretation at the
global meaning level. --- The context of discourse has an
immediate effect on the unfolding linguistic information ---



EEG recording
� N400 effect

A centroparietally distributed, negative ERP deflection that
peaks at approximately 400 ms after word onset and has been
closely linked to the processing of meaning.

The N400 is elicited by every content word of an unfolding
sentence, and its amplitude is inversely related to the ease with
which the word at hand is related to its semantic context.

Example: (1) I take my coffee with cream and sugar.

(2) I take my coffee with cream and dog.

Sentence-final words that are semantically incongruent elicit a
larger N400 than words that formed predictable completions
(Kutas and Hillyard, 1980).



Once done, she uses the funnel to pour 
water into a container.
Once done, she uses the funnel to hang
her coat.

Clare got herself a funnel to make home a
little chemistry experiment and to this end
put a dye in water.



Clare got herself a funnel to make home a
little chemistry experiment and to this end
put a dye in water.

(A) Once done, she uses the funnel to pour
water into a container.

(B) Once done, she uses the funnel to hang
her coat.



The pre-test: Latent Semantic Analysis 
(http://lsa.colorado.edu/)

SSVs

Noun Verb
Funnel

(Conventional) 
to pour .30   

(Unconventional) 
to hang .13

t (39)=5.449, p <.001 

(semantic similarity values, mean)



Target Words - Lexical Characteristics

Number of letters, 
mean

Number of
syllables, mean

Mean frequencya

Conventional
(e.g. to pour)

7,575 2,95 11732,73

Unconventional
(e.g. to hang)

7,575 3 11822,68

a CORPUS "La Repubblica" ca. 331 milions tokens



Semantic violation of the telic component.
Comparison between conventional (A) and unconventional (B) 

combinations in Neutral contexts

Grand-average ERPs elicited by Conventional and Unconventional
combinations in Neutral context (conditions A and B) and the scalp
distribution of the effect.

F(3, 93) = 6.048, p =.01 B>A: 427-479 ms



Once done, she uses the funnel to pour
water into a container.

Clare got herself a funnel to make home a
little chemistry experiment and to this end
put a dye in water.

(A)

(B) Once done, she uses the funnel to hang
her coat.



Clare finds herself with an extra funnel and
decides to glue it to the wall leaving the
narrow end facing outward.

Once done, she uses the funnel to pour
water into a container.

Once done, she uses the funnel to hang
her coat.

(C)

(D)



Global discourse effect.
Comparison between unconventional combinations in 
Neutral (B) and Supportive (C) contexts

Grand-average ERPs elicited by Unconventional combinations in Neutral
and Supportive contexts (conditions B and C) and the scalp distribution
of the effect.

F(3, 93) = 6.048, p =.02 B>C, 427-479 ms



Once done, she uses the 
funnel to pour water into 

a container.

Once done, she uses 
the funnel to hang her 

coat.

Clare got herself a funnel to 
make home a little chemistry 

experiment and to this end put 
a dye in the water.

Clare finds herself with an 
extra funnel and decides to 

glue it to the wall leaving the 
narrow end facing outward.

SSVS

A B
.36 .34

D C
.35 .34

CONTEXT

LSA 
Context to test sentence

AD = t (39)=.496, p =.622

BC= t (39)=.288, p =.775



Reading Span Task
Verbal working memory capacity
predicts the amplitude of discourse
effect

Verbal
Working
Memory 

(Total score, 
mean)

A vs. B B vs. C

High 
performance 

(31,8)

B > A
(p=.028)

B>C 
(p=.035)

Low
performance 

(14,06)

B > A
(p=.037)

not significant
(p>.05)

HighP

LowP



(t (31) = 2.559, p<.05)

Comparison between telic combinations in Neutral (A) and 
Supportive (D) contexts

• No standard N400 
• A < D: 483-596 ms

Late N400 effect is consistent with more controlled
processes of affordance simulation (Chwilla et al., 2007)



Comparison between incongruent (B and D) and congruent (A 
and C) conditions

B>D, F(3, 93) = 6.048, p=.009
A=C, F(3, 93) = 6.048, p>.05
427-479 ms



To sum up…

� Semantic violations due to the telic component of lexical
entries elicit an N400 effect in Neutral contexts;

� Semantic violations of telicity do not elicit an N400
effect in Supportive contexts (telic violations can be
overwritten by contextual information);

� The amplitude of the effect of global discourse context is
predicted by verbal working memory capacity;

� Whereas the difference between incongruent conditions
is significant, there is no effect of the experimental
conditions on the N400 in congruent contexts.



Conclusions

Sensory-motor processes are exploited during language
understanding to derive the affordances of objects during
the process of creating new meanings. The role of
affordances in language understanding cannot be easily
coinciliated with abstract symbolic accounts of meaning,
and is consistent, instead, with embodied theories of
language and cognition.

As affordances are derived taking into account the
information provided by the context, their immediate
effect in deleting local telic violations suggests that there
is no principled temporal or functional precedence of
local constraints over global contextual factors.





EEG study
Methods

ERPs recording

The EEG was recorded using 64 channel BrainAmp acticap EEG recording system. The focus is 
N400 effect, a negative ERP deflection that can be observed around 400 msec after word onset 
(Kutas & Hillyard, 1980).

Participants

Thirty-two right-handed subjects without any neurological impairment participated in this 
study (15 men, mean age 21.4, range 19 to 40 years). All were native speakers of Italian, had no 
reading disabilities, and had normal or corrected-to-normal vision. They were paid for their 
participation.

Material

Four versions of forty scenarios consisting of one or more Context-setting sentences followed 
by a test sentence (TS). A critical combination between an object and an action makes the TS 
given the context as either meaningful or not. 

Procedure

Participants read, on a computer screen, short narratives in which a person used an object to 
perform a specific action. Two sessions (minimum interval: two weeks). On each session a 
subject saw only one of four versions of each story.



Stimuli example

Erik had to change his old glasses and now is trying the new ones.
A. (Telic) While he is waiting for his friends, he uses his glasses to spot

who is coming.
B. (Non Afforded) After he has fallen in a puddle, he uses his

glasses to clean his hands.
Erik wants to make his friends laugh wearing large pretend glasses carved out of
a sponge.
C. (Afforded) After he has fallen in a puddle, he uses his glasses to

clean his hands.
D. (Non Telic) While he is waiting for his friends, he uses his

glasses to spot who is coming.

To surprise a friend, Elvira walks into his room with a picture in hand and,
looking around, finds a ready hook on the wall.
A. Deciding to leave it where she found it, she uses the hook to hang

the picture.
B. While thinking about how to get up there, she uses the hook to

scratch her back.
Just got home, Elvira notices that the hook she set up in high on the wall in her
room has dropped for the umpteenth time.
C. While thinking about how to get up there, she uses the hook to

scratch her back.
D. Deciding to leave it where she found it, she uses the hook to hang

the picture.




