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Overview

• Last week

• Traditional cognition 

• Cognition for action 
• Theoretical basis 
• Supporting evidence 
• Problems with this concept 

• Body-based cognition 
• Symbol grounding problem 
• Perceptual symbol systems 

• This week:

• Body-based cognition 

• Behavioural evidence 
• Brain imaging evidence 
• Evidence from clinical 

populations 

• Problems with embodiment 

• Middle ground approaches



Embodied Language Processing
Body-based Cognition

This strict embodied view suggests that 
sensorimotor experiences are essential to meaning

So, we are looking for evidence of sensorimotor 
and language processing influencing each other



Embodied Language Processing
Behavioural Evidence

Bargh et al (1996)
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Figure 2. Mean time (in seconds) to walk down the hallway after the 
conclusion of the experiment, by stereotype priming condition, sepa- 
rately for participants in Experiment 2a and 2b. 

final debriefing) whether they thought the scrambled-sentence task 
might have affected them in any way, and if they had known that the 
task contained words relevant to the elderly stereotype. No participant 
expressed any knowledge of the relevance of the words in the scrambled- 
sentence task to the elderly stereotype. Furthermore, no participant be- 
lieved that the words bad an impact on his or her behavior. 

Results 

Experiment 2a. A t test was computed to ascertain the effect 
of the priming manipulation on walking speed. Participants in 
the elderly priming condition (M = 8.28 s) had a slower walking 
speed compared to participants in the neutral priming condi- 
tion (M = 7.30 s), t(28 ) = 2.86, p < .0 l, as predicted. 

Experiment 2b. In the replication, analyses revealed that 
participants in the elderly priming condition (M = 8.20 s) again 
had a slower walking speed compared to participants in the neu- 
tral priming condition (M = 7.23 s), t(28) = 2.16, p < .05. 
Thus, across both studies, passively activating the elderly stereo- 
type resulted in a slower walking speed (see Figure 2 ). 

Discussion 

The results of the present experiments suggest that exposing 
individuals to a series of words linked to a particular stereotype 
influences behavior nonconsciously. How the activated stereo- 
type influences behavior depends on the content of the activated 
stereotype itself, not the stimulus words actually presented. Be- 
cause there were no allusions to time or speed in the stimulus 
materials, the results of the study suggest that the elderly prim- 
ing stimuli activated the elderly stereotype in memory, and par- 
ticipants subsequently acted in ways consistent with that acti- 
vated stereotype. 

Awareness Check Study 

The crucial factor in concluding that these results show auto- 
matic effects on behavior derives from the perceiver's lack of 
awareness of the influence of the words. Previous research (see 
review in Bargh, 1992) has indicated that it is not whether the 
primes are presented supraliminally or subliminally, but 
whether the individual is aware of the potential influence of the 
prime that is critical; diametrically opposite effects on judg- 
ments are obtained if the participant is aware versus not aware 
of a possible influence by the priming stimuli (see Lombardi, 
Higgins, & Bargh, 1987; Strack & Hannover, 1996). We con- 
ducted a subsequent study to explicitly test whether the partici- 
pants were aware of the potential influence of the scrambled- 
sentence task. Our conclusions in terms of automatic social be- 
havior depend on the participants' not being aware of this 
influence. 

Method. Nineteen male and female undergraduate students at New 
York University participated in the experiment to partially fulfill course 
credit. On arrival at the laboratory waiting room, participants were ran- 
domly assigned to either the elderly stereotype priming condition or the 
neutral priming condition. 

Participants took part in the experiment one at a time. They were 
informed that the purpose of the study was to investigate language pro- 
ficiency and that they would complete a scrambled-sentence task. Par- 
ticipants were randomly administered either the version of the task con- 
taining words relevant to the elderly stereotype or the neutral version 
containing no stereotype-relevant words. Immediately after completion 
of the task, participants were asked to complete a version of the contin- 
gency awareness funnel debriefing, modeled after Page (1969). This 
contingency awareness debriefing contained items concerning the pur- 
pose of the study, whether the participant had suspected that the pur- 
pose of;the experiment was different from what the experimenter had 
explained, whether the words had any relation to each other, what pos- 
sible ways the words could have influenced their behavior, whether the 
participants could predict the direction of an influence if the experi- 
menter had intended one, what the words in the scrambled-sentence 
task could have related to (if anything), and if the participant had sus- 
pected or had noticed any relation between the scrambled-sentence task 
and the concept of age. Afterward, the experimenter explained the 
hypotheses to the participants and thanked them for their help. 

Results and discussion. Inspection of the responses revealed 
that only l of the 19 participants showed any awareness of a 
relationship between the stimulus words and the elderly stereo- 
type. However, even this participant could not predict in what 
form or direction their behavior might have been influenced 
had such an influence occurred. Thus, it appears safe to con- 
clude that the effect of the elderly priming manipulation on 
walking speed occurred nonconsciously. 

Does Mood Mediate the Effect of  Priming 
on Walking Speed? 

One alternative explanation that can be offered for the effect 
of the elderly-stereotype-related stimuli on walking speed is 
that, in general, the words relating to the elderly stereotype are 
more likely than control words to induce in participants a sad 
mood, which might then be the reason they walked more slowly. 

Method. A total of 33 undergraduate men and women from New 
York University participated in the experiment in order to partially ful- 
fill course credit. On arrival at the experimental waiting area, partici- 

Words priming motor behaviour

• Participants unscrambled words to 
make sentences 

• Either lots of words linked to elderly or 
neutral words 

• Crucially, no words linked to speed 

• Experimenters timed how long it took 
people to walk away



Embodied Language Processing
Behavioural Evidence

MacRae et al. (1998)

Shimuhuru word 
reading test

Schumacher word 
reading testVs

• Participants read out words from one of these lists 

• They were secretly timed doing so



Embodied Language Processing
Behavioural Evidence

MacRae et al. (1998)

• Schumacher was the 
quickest!

• Concept of “speed”, 
quickened language 
production



Embodied Language Processing
Behavioural Evidence

Myung et al. (2006)

• Auditory lexical decision task 

• e.g. On “Typewriter” after the prime of “Piano” or 
“Blanket” 

• Note typewriter is orthographically, phonetically and 
semantically different than both 

• But the motor associations are more similar to “Piano”



Lexical Decision task

Word Nonword

Typewriter



Lexical Decision task

Word Nonword

Tarfburter
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• Auditory lexical decision task 

• e.g. On “Typewriter” after the prime of “Piano” or 
“Blanket” 

• Note typewriter is orthographically, phonetically and 
semantically different than both 

• But the motor associations are more similar to “Piano”



Embodied Language Processing
Behavioural Evidence

Myung et al. (2006)

• Auditory lexical decision task 

• e.g. On “Typewriter” after the prime of “Piano” or 
“Blanket” 

• Mote typewriter is orthographically, phonetically and 
semantically different than both 

• But the motor associations are more similar to “Piano”

• Participants were quicker to respond after “Piano”

• Similar sensory-motor area activated, thus accessing 
“typewriter” easier



Embodied Language Processing
Behavioural Evidence

Glenberg & Kaschak (1998)

• Action-sentence compatibility effect (ACE)

Participants asked if sentences make sense 

For example:

“Open the cupboard”

or

“Close the cupboard”



Embodied Language Processing
Behavioural Evidence

Glenberg & Kaschak (1998)

• Action-sentence compatibility effect (ACE)

Yes

Yes

StartStart

No

No

OR
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Behavioural Evidence

Glenberg & Kaschak (1998)

• Action-sentence compatibility effect (ACE)

Yes

Start

No
“Open the cupboard”

than

“Close the cupboard”

Faster with:
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Glenberg & Kaschak (1998)

• Action-sentence compatibility effect (ACE)
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Embodied Language Processing
Behavioural Evidence

• Action-sentence compatibility effect (ACE)

Zwann and Taylor (2006)

• Self-paced reading 

• More of an “online” measure 



..then she…

Next

Self-paced Reading



…opened…

Next

Self-paced Reading



…the…

Next

Self-paced Reading



…jar…

Next

Self-paced Reading



Embodied Language Processing
Behavioural Evidence

• Action-sentence compatibility effect (ACE)

Zwann and Taylor (2006)

• Self-paced reading 

• More of an “online” measure 

• Used a volume dial



Embodied Language Processing
“Opened”

Zwann and Taylor (2006)



Embodied Language Processing
“Opened”

Zwann and Taylor (2006)



Embodied Language Processing
“Opened”

Zwann and Taylor (2006)

MATCH



Embodied Language Processing
“Opened”

Zwann and Taylor (2006)

MATCH



Embodied Language Processing
“Opened”

Zwann and Taylor (2006)

MATCHMISMATCH



Embodied Language Processing
“Closed”

Zwann and Taylor (2006)

MATCH MISMATCH



Embodied Language Processing
Behavioural Evidence

visual stimulus while at the same time presenting words and
recording response times for several frames per sentence. We
therefore decided to use an illusory rotation stimulus (see Figure
2), which created the percept of visual rotation but is stationary. It
could therefore be presented as the background for the reading
task, with the words being presented centrally on the screen.

Method

Subjects. Sixty students (42 female) enrolled in introductory psychol-
ogy courses participated for course credit. The subjects’ mean age was 18.8
(range ! 18–20) years.

Stimuli and design. The same sentences that were used in Experiment
4 were visually presented in a subject-paced reading paradigm. The visual
stimulus depicted 12 shaded half ovals that were situated in a circle such
that they resulted in illusory visual rotation around a center point. Each
word was left justified two characters to the left of that center point. This
was judged by the experimenters to create the strongest visual illusion
during normal reading. Figure 2 presents a sample image–text pairing used
in this experiment.

The direction of rotation implied by the visual stimulus was manipulated
within subjects and between items. Implied rotation direction of the sen-
tences was manipulated within subjects and between items. List (groups of
items appearing under the same condition) was manipulated between
subjects and between items.

Procedure. The experiment began with the subject seated in front of a
computer monitor and a keyboard. At the beginning of each trial, subjects
were instructed to press the spacebar to continue. After the first spacebar
press, the first block of text was presented. Each subsequent spacebar press
resulted in the presentation of the next block of text until the sentence was
finished. On one third of the trials, the subject answered a yes–no question
regarding the content of the immediately preceding sentence. After each
trial, subjects pressed the spacebar again to begin the next sentence.

Subjects read sentences by pressing the spacebar between blocks of text
during the concurrent presentation of a visual stimulus. For the first half of
the experiment, the visual stimulus depicted illusory rotation in one direc-
tion, whereas in the second half, it depicted illusory rotation in the opposite
direction. Order was counterbalanced across subjects. Each subject read 48
sentences (16 experimental, 32 filler) during the experiment. Implied
rotation direction was counterbalanced across subjects. A yes–no compre-
hension question pertaining to the content of the immediately preceding
sentence followed half of the filler items. Each subject completed nine
practice items before the experiment began.

Results

Five subjects were removed and replaced for having compre-
hension accuracy below 80%. We removed reading time outliers in
two stages. First, latencies shorter than 100 ms and longer than
1,500 ms were eliminated. Next, latencies more than 2 SDs from
a subject’s condition mean were eliminated. In all, 2.6% of the data
were eliminated. The remaining latencies were submitted to a 4
(sentence region) " 2 (match) " 2 (direction) ANOVA. The
average reading times per region are displayed in Figure 1. Most
relevant to our prediction, there was a significant interaction be-
tween sentence region and match, F(3, 168) ! 2.69, MSE ! 2,031,
!p

2 ! .046. The matching sentences were read significantly faster
in the verb region than the mismatching sentence, F(1, 56) ! 7.65,
!p

2 ! .120, whereas there was no match effect in any of the other
three regions (Fs # 1.06). Not relevant to our predictions, there

Figure 2. Illusory rotation stimulus used in Experiment 5.

Figure 1. Average reading times per sentence region (with standard
errors denoted by the error bars) for Experiments 4 (top panel) and 5
(bottom panel). Pre-verb ! region preceding the target verb; Verb ! target
verb; Post-verb1 ! the first word after the verb; Post-verb2 ! the second
word after the verb.

7MOTOR RESONANCE IN LANGUAGE COMPREHENSION

then she… ..opened.. ..the.. ..jar



Embodied Language Processing

Hauk, Johnsrude and Pulvermuller (2004) 

• fMRI study looking at haemodynamic activation 

• Carried out scans during leg, arm and face 
movements 

• Also during silent reading of leg, arm and face 
related words 

Brain imaging evidence



Embodied Language Processing
Brain imaging evidence

Hauk, Johnsrude and Pulvermuller (2004) 

Neuron
304

Figure 2. Brain Areas Activated by Subcategories of Action Words Are Adjacent to and Partly Overlap with Activations Produced by the
Corresponding Movement Types

(A) Hemodynamic activation during tongue, finger, and foot movements (localizer scans).
(B) Hemodynamic activation during reading action words related to face (green), arm (red), and leg (blue) movements (p ! 0.001, k " 33).
Results are rendered on a standard brain surface.
(C) Mean parameter estimates (in arbitrary units) for clusters differentially activated by subgroups of action words in the left hemisphere.
(D) Overlap of activation produced by “arm” and “leg” words with that produced by finger and foot movements, respectively. Numbers below
separate slices label z coordinates in MNI space, and the color scales indicate t values for arm and leg word related activation separately.

activation produced by arm and leg words and the corre- “chew,” etc.). The corresponding movements would not
have been suitable for our localizer experiment, sincesponding finger and foot movements but not for face

word and tongue movement activation. This may be they could cause severe movement artifacts. In contrast,
small finger and foot movements are relatively unprob-explained by the fact that the tongue is mostly involved

in articulatory movements. The face words employed lematic in the scanner, and these body parts are usually
involved in movements performed with the whole armin our study referred to a wider range of movements

involving the jaw or the whole head (such as “bite,” or leg, such as in grasping or walking movements, re-



Embodied Language Processing
Clinical population evidence

Bak et al. (2001) 

• Evidence from clinical populations can be very useful in 
understanding cognition and the brain 

• We can infer things about function from deficits 

• When considering embodiment, you should see how 
individuals with perceptual or motor deficits may be useful



Embodied Language Processing
Clinical population evidence

Bak et al. (2001) 

• Patients with Motor Neurone Disease 

• Test of the Reception of Grammar  
•  Participants identify picture from word/sentence 
•  Followed by reverse 



Embodied Language Processing
Clinical population evidence

Bak et al. (2001) 

Big deficit 
overall 

compared to 
Alzheimer’s 
(95%) and 

control (98%) 
group



Embodied Language Processing
Clinical population evidence

• Patients with Parkinson’s disease 

• Motor disease, associated with loss of dopamine-
generating cells 

• Control group, Parkinson’s patients on ON phase and OFF 
phase of L-DOPA (dopaminergic treatment) 

• Lexical Decision Task with either same-word of consonant 
string prime

Boulenger et al. (2008) 
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Consonants Identical

MONKEY

MONKEY MONKEY

GHSDFB 50ms

150ms

timed

50ms

150ms

timed

Boulenger et al. (2008) 
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Consonants Identical

JUMPED

JUMPED JUMPED

YGSJPV 50ms

150ms

timed

50ms

150ms

timed

Boulenger et al. (2008) 
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Clinical population evidence

V. Boulenger et al. / Neuropsychologia 46 (2008) 743–756 749

Note also that UPDRS scores dropped considerably between
the OFF- and ON-phases (Table 1). The difference between the
two phases was highly significant ([F(1, 7) = 21.217; p < .0002]),
which indicates that motor performance improved. However,
simple regression analyses of individual UPDRS scores and
priming effects in the lexical decision task did not reveal a sys-
tematic relation between the two measures. The limited number
of participants and the large inter-individual variability of prim-
ing strength between participants in general may explain this
result. That is, a patient with a relative low UPDRS score can
have a smaller net priming effect than a patient with a rela-
tive high UPDRS score. Although net priming effects of both
patients will increase with Levodopa intake, linear regression
analysis will not necessarily capture this relation.

Finally, to verify whether patients’ performance was modu-
lated by variables such as the duration of the disease or their
cognitive performance in general, we correlated the strength of

Fig. 2. Mean performance of the eight PD patients during the ON- and OFF-
phases together with performance of the 10 healthy controls. Data are plotted for
noun- (in white) and verb-stimuli (in black) as a function of priming conditions
(consonants-prime and identical-prime). (*) Significant net priming effects (i.e.
difference between reaction times in the identical-prime and the consonants-
prime conditions); ns: non significant.

priming effects to these different variables. Although the dura-
tion of the symptoms of our PD patients was heterogeneous
(between 1 and 17 years), a simple regression analysis showed
that there was no significant correlation between this variable
and priming effects for either nouns (p = .59 in the OFF-phase
and p = .92 in the ON-phase) or verbs (p = .65 and .38, respec-
tively). Similarly, no significant correlation was found between
strength of priming and scores obtained at the different cogni-
tive tests (DRS: nouns, p = .74 in OFF and p = .78 in ON, verbs,
p = .50 in OFF and p = .40 in ON; BDI: nouns, p = .56 in OFF
and p = .07 in ON, verbs, p = .34 in OFF and p = .98 in ON).

3.3. Control participants and PD patients during OFF- and
ON-phases

Fig. 2 plots mean performance of the eight PD patients during
the ON- and OFF-phases together with performance of healthy
controls. Data are plotted for noun- and verb-stimuli as a function
of priming conditions. As evident from this comparison, despite
the fact that overall reaction times varied, significant priming
effects were observed in all but one condition: action verbs in
the OFF-phase of PD patients.

4. Discussion

The present study aimed at determining to what extent motor
regions contribute to action word processing by comparing
masked priming effects for action verbs and concrete nouns
in non-demented PD patients off and on dopaminergic treat-
ment. Our results reveal that processing of action words can
be selectively disrupted following a pathology that affects the
motor system. When PD patients were deprived of dopamin-
ergic treatment, that is, when motor disability was strongest,
masked priming effects for action words were nearly absent. At
the same time however, robust priming effects were observed
for concrete nouns, thus discarding the possibility that lack of
priming for verbs was due to an overall decrease in the ability of
PD patients to capture information from masked words. Inter-
estingly, following Levodopa intake, priming effects for action
verbs restored and appeared as strong as for concrete nouns,
and comparable to those of healthy controls. Together with the
results of the control group, this latter feature allows discarding
the possibility that lexical features of the lists of action verbs and
concrete nouns may have been responsible for the difference in
priming strength between the two classes of words. For the same
patients and using the same lists of words, priming effects were
absent for action verbs but not for concrete nouns, and this only
during the OFF-phase.

Hence, just like for motor preparation and execution (Dick
et al., 1987; Haslinger et al., 2001), processing of action words
in PD varies with treatment, which suggests that brain regions
that are involved in motor processes are partly recruited dur-
ing lexical access. Coherent with previous studies that showed
deficits for verb processing in patients with progressive supranu-
clear palsy (Daniele et al., 1994) or motor neuron disease (Bak
et al., 2001, 2006; Bak & Hodges, 2004), our results thus pro-
vide evidence that aspects of the meaning of action words could

Nouns

VerbsRT (ms)

Boulenger et al. (2008) 
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priming effects to these different variables. Although the dura-
tion of the symptoms of our PD patients was heterogeneous
(between 1 and 17 years), a simple regression analysis showed
that there was no significant correlation between this variable
and priming effects for either nouns (p = .59 in the OFF-phase
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the OFF-phase of PD patients.
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The present study aimed at determining to what extent motor
regions contribute to action word processing by comparing
masked priming effects for action verbs and concrete nouns
in non-demented PD patients off and on dopaminergic treat-
ment. Our results reveal that processing of action words can
be selectively disrupted following a pathology that affects the
motor system. When PD patients were deprived of dopamin-
ergic treatment, that is, when motor disability was strongest,
masked priming effects for action words were nearly absent. At
the same time however, robust priming effects were observed
for concrete nouns, thus discarding the possibility that lack of
priming for verbs was due to an overall decrease in the ability of
PD patients to capture information from masked words. Inter-
estingly, following Levodopa intake, priming effects for action
verbs restored and appeared as strong as for concrete nouns,
and comparable to those of healthy controls. Together with the
results of the control group, this latter feature allows discarding
the possibility that lexical features of the lists of action verbs and
concrete nouns may have been responsible for the difference in
priming strength between the two classes of words. For the same
patients and using the same lists of words, priming effects were
absent for action verbs but not for concrete nouns, and this only
during the OFF-phase.

Hence, just like for motor preparation and execution (Dick
et al., 1987; Haslinger et al., 2001), processing of action words
in PD varies with treatment, which suggests that brain regions
that are involved in motor processes are partly recruited dur-
ing lexical access. Coherent with previous studies that showed
deficits for verb processing in patients with progressive supranu-
clear palsy (Daniele et al., 1994) or motor neuron disease (Bak
et al., 2001, 2006; Bak & Hodges, 2004), our results thus pro-
vide evidence that aspects of the meaning of action words could
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the OFF- and ON-phases (Table 1). The difference between the
two phases was highly significant ([F(1, 7) = 21.217; p < .0002]),
which indicates that motor performance improved. However,
simple regression analyses of individual UPDRS scores and
priming effects in the lexical decision task did not reveal a sys-
tematic relation between the two measures. The limited number
of participants and the large inter-individual variability of prim-
ing strength between participants in general may explain this
result. That is, a patient with a relative low UPDRS score can
have a smaller net priming effect than a patient with a rela-
tive high UPDRS score. Although net priming effects of both
patients will increase with Levodopa intake, linear regression
analysis will not necessarily capture this relation.

Finally, to verify whether patients’ performance was modu-
lated by variables such as the duration of the disease or their
cognitive performance in general, we correlated the strength of

Fig. 2. Mean performance of the eight PD patients during the ON- and OFF-
phases together with performance of the 10 healthy controls. Data are plotted for
noun- (in white) and verb-stimuli (in black) as a function of priming conditions
(consonants-prime and identical-prime). (*) Significant net priming effects (i.e.
difference between reaction times in the identical-prime and the consonants-
prime conditions); ns: non significant.

priming effects to these different variables. Although the dura-
tion of the symptoms of our PD patients was heterogeneous
(between 1 and 17 years), a simple regression analysis showed
that there was no significant correlation between this variable
and priming effects for either nouns (p = .59 in the OFF-phase
and p = .92 in the ON-phase) or verbs (p = .65 and .38, respec-
tively). Similarly, no significant correlation was found between
strength of priming and scores obtained at the different cogni-
tive tests (DRS: nouns, p = .74 in OFF and p = .78 in ON, verbs,
p = .50 in OFF and p = .40 in ON; BDI: nouns, p = .56 in OFF
and p = .07 in ON, verbs, p = .34 in OFF and p = .98 in ON).

3.3. Control participants and PD patients during OFF- and
ON-phases

Fig. 2 plots mean performance of the eight PD patients during
the ON- and OFF-phases together with performance of healthy
controls. Data are plotted for noun- and verb-stimuli as a function
of priming conditions. As evident from this comparison, despite
the fact that overall reaction times varied, significant priming
effects were observed in all but one condition: action verbs in
the OFF-phase of PD patients.

4. Discussion

The present study aimed at determining to what extent motor
regions contribute to action word processing by comparing
masked priming effects for action verbs and concrete nouns
in non-demented PD patients off and on dopaminergic treat-
ment. Our results reveal that processing of action words can
be selectively disrupted following a pathology that affects the
motor system. When PD patients were deprived of dopamin-
ergic treatment, that is, when motor disability was strongest,
masked priming effects for action words were nearly absent. At
the same time however, robust priming effects were observed
for concrete nouns, thus discarding the possibility that lack of
priming for verbs was due to an overall decrease in the ability of
PD patients to capture information from masked words. Inter-
estingly, following Levodopa intake, priming effects for action
verbs restored and appeared as strong as for concrete nouns,
and comparable to those of healthy controls. Together with the
results of the control group, this latter feature allows discarding
the possibility that lexical features of the lists of action verbs and
concrete nouns may have been responsible for the difference in
priming strength between the two classes of words. For the same
patients and using the same lists of words, priming effects were
absent for action verbs but not for concrete nouns, and this only
during the OFF-phase.

Hence, just like for motor preparation and execution (Dick
et al., 1987; Haslinger et al., 2001), processing of action words
in PD varies with treatment, which suggests that brain regions
that are involved in motor processes are partly recruited dur-
ing lexical access. Coherent with previous studies that showed
deficits for verb processing in patients with progressive supranu-
clear palsy (Daniele et al., 1994) or motor neuron disease (Bak
et al., 2001, 2006; Bak & Hodges, 2004), our results thus pro-
vide evidence that aspects of the meaning of action words could
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Note also that UPDRS scores dropped considerably between
the OFF- and ON-phases (Table 1). The difference between the
two phases was highly significant ([F(1, 7) = 21.217; p < .0002]),
which indicates that motor performance improved. However,
simple regression analyses of individual UPDRS scores and
priming effects in the lexical decision task did not reveal a sys-
tematic relation between the two measures. The limited number
of participants and the large inter-individual variability of prim-
ing strength between participants in general may explain this
result. That is, a patient with a relative low UPDRS score can
have a smaller net priming effect than a patient with a rela-
tive high UPDRS score. Although net priming effects of both
patients will increase with Levodopa intake, linear regression
analysis will not necessarily capture this relation.

Finally, to verify whether patients’ performance was modu-
lated by variables such as the duration of the disease or their
cognitive performance in general, we correlated the strength of

Fig. 2. Mean performance of the eight PD patients during the ON- and OFF-
phases together with performance of the 10 healthy controls. Data are plotted for
noun- (in white) and verb-stimuli (in black) as a function of priming conditions
(consonants-prime and identical-prime). (*) Significant net priming effects (i.e.
difference between reaction times in the identical-prime and the consonants-
prime conditions); ns: non significant.
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tion of the symptoms of our PD patients was heterogeneous
(between 1 and 17 years), a simple regression analysis showed
that there was no significant correlation between this variable
and priming effects for either nouns (p = .59 in the OFF-phase
and p = .92 in the ON-phase) or verbs (p = .65 and .38, respec-
tively). Similarly, no significant correlation was found between
strength of priming and scores obtained at the different cogni-
tive tests (DRS: nouns, p = .74 in OFF and p = .78 in ON, verbs,
p = .50 in OFF and p = .40 in ON; BDI: nouns, p = .56 in OFF
and p = .07 in ON, verbs, p = .34 in OFF and p = .98 in ON).

3.3. Control participants and PD patients during OFF- and
ON-phases

Fig. 2 plots mean performance of the eight PD patients during
the ON- and OFF-phases together with performance of healthy
controls. Data are plotted for noun- and verb-stimuli as a function
of priming conditions. As evident from this comparison, despite
the fact that overall reaction times varied, significant priming
effects were observed in all but one condition: action verbs in
the OFF-phase of PD patients.

4. Discussion

The present study aimed at determining to what extent motor
regions contribute to action word processing by comparing
masked priming effects for action verbs and concrete nouns
in non-demented PD patients off and on dopaminergic treat-
ment. Our results reveal that processing of action words can
be selectively disrupted following a pathology that affects the
motor system. When PD patients were deprived of dopamin-
ergic treatment, that is, when motor disability was strongest,
masked priming effects for action words were nearly absent. At
the same time however, robust priming effects were observed
for concrete nouns, thus discarding the possibility that lack of
priming for verbs was due to an overall decrease in the ability of
PD patients to capture information from masked words. Inter-
estingly, following Levodopa intake, priming effects for action
verbs restored and appeared as strong as for concrete nouns,
and comparable to those of healthy controls. Together with the
results of the control group, this latter feature allows discarding
the possibility that lexical features of the lists of action verbs and
concrete nouns may have been responsible for the difference in
priming strength between the two classes of words. For the same
patients and using the same lists of words, priming effects were
absent for action verbs but not for concrete nouns, and this only
during the OFF-phase.

Hence, just like for motor preparation and execution (Dick
et al., 1987; Haslinger et al., 2001), processing of action words
in PD varies with treatment, which suggests that brain regions
that are involved in motor processes are partly recruited dur-
ing lexical access. Coherent with previous studies that showed
deficits for verb processing in patients with progressive supranu-
clear palsy (Daniele et al., 1994) or motor neuron disease (Bak
et al., 2001, 2006; Bak & Hodges, 2004), our results thus pro-
vide evidence that aspects of the meaning of action words could
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the OFF- and ON-phases (Table 1). The difference between the
two phases was highly significant ([F(1, 7) = 21.217; p < .0002]),
which indicates that motor performance improved. However,
simple regression analyses of individual UPDRS scores and
priming effects in the lexical decision task did not reveal a sys-
tematic relation between the two measures. The limited number
of participants and the large inter-individual variability of prim-
ing strength between participants in general may explain this
result. That is, a patient with a relative low UPDRS score can
have a smaller net priming effect than a patient with a rela-
tive high UPDRS score. Although net priming effects of both
patients will increase with Levodopa intake, linear regression
analysis will not necessarily capture this relation.

Finally, to verify whether patients’ performance was modu-
lated by variables such as the duration of the disease or their
cognitive performance in general, we correlated the strength of

Fig. 2. Mean performance of the eight PD patients during the ON- and OFF-
phases together with performance of the 10 healthy controls. Data are plotted for
noun- (in white) and verb-stimuli (in black) as a function of priming conditions
(consonants-prime and identical-prime). (*) Significant net priming effects (i.e.
difference between reaction times in the identical-prime and the consonants-
prime conditions); ns: non significant.

priming effects to these different variables. Although the dura-
tion of the symptoms of our PD patients was heterogeneous
(between 1 and 17 years), a simple regression analysis showed
that there was no significant correlation between this variable
and priming effects for either nouns (p = .59 in the OFF-phase
and p = .92 in the ON-phase) or verbs (p = .65 and .38, respec-
tively). Similarly, no significant correlation was found between
strength of priming and scores obtained at the different cogni-
tive tests (DRS: nouns, p = .74 in OFF and p = .78 in ON, verbs,
p = .50 in OFF and p = .40 in ON; BDI: nouns, p = .56 in OFF
and p = .07 in ON, verbs, p = .34 in OFF and p = .98 in ON).

3.3. Control participants and PD patients during OFF- and
ON-phases

Fig. 2 plots mean performance of the eight PD patients during
the ON- and OFF-phases together with performance of healthy
controls. Data are plotted for noun- and verb-stimuli as a function
of priming conditions. As evident from this comparison, despite
the fact that overall reaction times varied, significant priming
effects were observed in all but one condition: action verbs in
the OFF-phase of PD patients.

4. Discussion

The present study aimed at determining to what extent motor
regions contribute to action word processing by comparing
masked priming effects for action verbs and concrete nouns
in non-demented PD patients off and on dopaminergic treat-
ment. Our results reveal that processing of action words can
be selectively disrupted following a pathology that affects the
motor system. When PD patients were deprived of dopamin-
ergic treatment, that is, when motor disability was strongest,
masked priming effects for action words were nearly absent. At
the same time however, robust priming effects were observed
for concrete nouns, thus discarding the possibility that lack of
priming for verbs was due to an overall decrease in the ability of
PD patients to capture information from masked words. Inter-
estingly, following Levodopa intake, priming effects for action
verbs restored and appeared as strong as for concrete nouns,
and comparable to those of healthy controls. Together with the
results of the control group, this latter feature allows discarding
the possibility that lexical features of the lists of action verbs and
concrete nouns may have been responsible for the difference in
priming strength between the two classes of words. For the same
patients and using the same lists of words, priming effects were
absent for action verbs but not for concrete nouns, and this only
during the OFF-phase.

Hence, just like for motor preparation and execution (Dick
et al., 1987; Haslinger et al., 2001), processing of action words
in PD varies with treatment, which suggests that brain regions
that are involved in motor processes are partly recruited dur-
ing lexical access. Coherent with previous studies that showed
deficits for verb processing in patients with progressive supranu-
clear palsy (Daniele et al., 1994) or motor neuron disease (Bak
et al., 2001, 2006; Bak & Hodges, 2004), our results thus pro-
vide evidence that aspects of the meaning of action words could
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Note also that UPDRS scores dropped considerably between
the OFF- and ON-phases (Table 1). The difference between the
two phases was highly significant ([F(1, 7) = 21.217; p < .0002]),
which indicates that motor performance improved. However,
simple regression analyses of individual UPDRS scores and
priming effects in the lexical decision task did not reveal a sys-
tematic relation between the two measures. The limited number
of participants and the large inter-individual variability of prim-
ing strength between participants in general may explain this
result. That is, a patient with a relative low UPDRS score can
have a smaller net priming effect than a patient with a rela-
tive high UPDRS score. Although net priming effects of both
patients will increase with Levodopa intake, linear regression
analysis will not necessarily capture this relation.

Finally, to verify whether patients’ performance was modu-
lated by variables such as the duration of the disease or their
cognitive performance in general, we correlated the strength of

Fig. 2. Mean performance of the eight PD patients during the ON- and OFF-
phases together with performance of the 10 healthy controls. Data are plotted for
noun- (in white) and verb-stimuli (in black) as a function of priming conditions
(consonants-prime and identical-prime). (*) Significant net priming effects (i.e.
difference between reaction times in the identical-prime and the consonants-
prime conditions); ns: non significant.

priming effects to these different variables. Although the dura-
tion of the symptoms of our PD patients was heterogeneous
(between 1 and 17 years), a simple regression analysis showed
that there was no significant correlation between this variable
and priming effects for either nouns (p = .59 in the OFF-phase
and p = .92 in the ON-phase) or verbs (p = .65 and .38, respec-
tively). Similarly, no significant correlation was found between
strength of priming and scores obtained at the different cogni-
tive tests (DRS: nouns, p = .74 in OFF and p = .78 in ON, verbs,
p = .50 in OFF and p = .40 in ON; BDI: nouns, p = .56 in OFF
and p = .07 in ON, verbs, p = .34 in OFF and p = .98 in ON).

3.3. Control participants and PD patients during OFF- and
ON-phases

Fig. 2 plots mean performance of the eight PD patients during
the ON- and OFF-phases together with performance of healthy
controls. Data are plotted for noun- and verb-stimuli as a function
of priming conditions. As evident from this comparison, despite
the fact that overall reaction times varied, significant priming
effects were observed in all but one condition: action verbs in
the OFF-phase of PD patients.

4. Discussion

The present study aimed at determining to what extent motor
regions contribute to action word processing by comparing
masked priming effects for action verbs and concrete nouns
in non-demented PD patients off and on dopaminergic treat-
ment. Our results reveal that processing of action words can
be selectively disrupted following a pathology that affects the
motor system. When PD patients were deprived of dopamin-
ergic treatment, that is, when motor disability was strongest,
masked priming effects for action words were nearly absent. At
the same time however, robust priming effects were observed
for concrete nouns, thus discarding the possibility that lack of
priming for verbs was due to an overall decrease in the ability of
PD patients to capture information from masked words. Inter-
estingly, following Levodopa intake, priming effects for action
verbs restored and appeared as strong as for concrete nouns,
and comparable to those of healthy controls. Together with the
results of the control group, this latter feature allows discarding
the possibility that lexical features of the lists of action verbs and
concrete nouns may have been responsible for the difference in
priming strength between the two classes of words. For the same
patients and using the same lists of words, priming effects were
absent for action verbs but not for concrete nouns, and this only
during the OFF-phase.

Hence, just like for motor preparation and execution (Dick
et al., 1987; Haslinger et al., 2001), processing of action words
in PD varies with treatment, which suggests that brain regions
that are involved in motor processes are partly recruited dur-
ing lexical access. Coherent with previous studies that showed
deficits for verb processing in patients with progressive supranu-
clear palsy (Daniele et al., 1994) or motor neuron disease (Bak
et al., 2001, 2006; Bak & Hodges, 2004), our results thus pro-
vide evidence that aspects of the meaning of action words could

• Good evidence that activation of dopamine receptors 
influenced word processing 

• Embodied theories of language processing make 
sense of this 

• lack of dopamine leads to problem with motor system 
which causes problem integrated sensorimotor factors 
into word recognition 

• This is evident for verbs in particular, supporting MND 
findings 

• Action words more embodied?
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Control and Parkinson’s groups

Had to name pictures of either objects or actions
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Production task

performance in more than two tests was of three
patients (Table 2).

In order to compare PD patients and normal con-
trols! performances, a 2 (PD versus controls) · 2 (ob-
ject versus action) ANOVA was performed. This analysis
showed a significant effect of kind of stimulus
[F(1,45) ¼ 36.104, P < 0.001]; group [F(1,45) ¼
512.654, P < 0.001] and interaction [F(1,45) ¼ 41.763,
P < 0.001]. Planned comparisons underlined that PD
patients showed a deficit both in action and object
naming, compared with controls (object naming:
P < 0.001; action naming:, P < 0.001). In addition,
patients with PD but not controls were significantly
more impaired in action naming than in object naming
(objects mean ¼ 89.69 ± 10.07 versus actions mean ¼
65.26 ± 21.47; P < 0.001). Means scores on oral
naming of nouns and verbs are reported in Fig. 2.

The effect of manipulation was analyzed, comparing
errors in the naming of manipulation and non-mani-
pulation action stimuli (action that do or do not involve
fine hand movements). We performed a repeated
measure ANOVA with Manipulability as within-subject
factor and Group (PD, control subjects) as between-
subject factor. The main effects and interaction were
not significant.

In particular, the difference between manipulable
actions score and non-manipulable actions score was
not significant for PD subjects (manipulation mean ¼
20.9 ± 14.5 versus non-manipulation mean ¼
24.1 ± 19.9). These data indicate that the "manipula-
tion! factor does not influence picture naming in PD
patients.

Finally, the correlation between dissociation scores in
action and object naming and neuropsychological tests
was further analyzed.

A regression analysis controlling for age and MMSE
was performed. Regression models demonstrated a

significant correlation between dissociation scores and
visual spatial recall task (R ¼ )0.470, P < 0.009) and
memory for prose (R ¼ )0.438, P < 0.013) (see
Fig. 3).

Discussion

The present findings provide additional evidence that
verb processing is impaired in PD, using a confrontation
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Figure 2 Mean scores for oral action and object naming in each

group. PD: Parkinson’s disease, C: control subjects. Results are

expressed as mean of percentage of correct responses. *Action–

object naming, P < 0.05.

Table 2 Parkinson’s disease patients! performance on a general

standard neuropsychological assessment

Mean SD Cut-off

Non-verbal reasoning

CPM Raven [22] 21.7 5.1 18

Language

Controlled association letters test [22] 24.7 10 17

Controlled association categories test [22] 30.1 7.3 25

Memory

Story recall [22] 7.17 3.2 8

Rey recall figure [36] 10.1 7.4 9.47

Constructional abilities

Rey copy figure [36] 23.4 7.1 28.88a

Attentional and executive functions

Trailtest A [22] 63.5 46 93

Trail making test B [22] 145.6 89 282

Trail making test B ) A [22] 94.9 50 186

aScore below cut-off.
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Figure 3 Correlation between dissociation of action/object nam-

ing and cognitive and neuropsychological scores. (a) Visuo-spatial

recall, R2 ¼ 0.25; (b) verbal memory, R2 ¼ 0.22.

Naming in PD 635
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For this particular set of patients we used a subset of
120 items from the original corpus. These were 60 ac-
tions and 60 objects, with half (30) of the items in each
category being !easy" and half !difficult". The difficulty
was defined on the basis of native Italian participants"
reaction times (RTs) in previous norming studies, using
the Italian-language adaptation of the stimuli. A subset
of these items were then assigned to difficulty bins,
where all items with mean RTs of at least 2 standard
deviations above the grand mean classed as !difficult",
and items with RTs at least 2 standard deviations below
the mean classed as !easy". All the selected stimuli were
high-imagery items.

The nouns and verbs corresponding to the set of
objects and actions were matched for word frequency
and word length [24]. The items were presented to each
participant in three pre-randomized orders. Each par-
ticipant (patients and controls) was asked to orally
name each test stimulus as it was presented.

In order to test the impact of manipulability on the
processing of nouns and verbs we re-categorized the
action stimuli into actions which do or do not involve
fine hand movements, using an objective categorization
method, based on the assessment of the gestural re-
sponses produced by a sample of normal subjects pre-
sented with the written actions [25]. For example,
actions that involve fine hand movements are !to
squeeze" or !to cut", whilst an action that does not in-
volve fine hand movements is !to fly" (see Fig. 1). For
this further categorization participants were asked to
read the target words for the same noun–verb stimuli
and produce !the first posture, movement or expression"
that came to their mind when thinking about the item.
Videotaped gestures were then coded according to a
complex rating system based on the apraxia literature.
An item was considered as !manipulable" if at least 70%
of participants who gestured to it produced obvious
fine-grained movements of the fingers (especially in a
grasping motion); all other items were classified as !non-
manipulable". In addition, any item which also elicited
significant involvement of other major body parts (i.e.

mouth, foot and whole body) was excluded from sub-
sequent analyses, in order to avoid any obvious con-
founds [26]. Of 60 action items, 28 were classified as
!manipulation actions" and 11 as !non-manipulation
actions". The patients" performance was re-analyzed
after re-categorization of the action items according to
this classification.

Statistical analysis

Demographic and clinical data between patients and
controls were compared using Mann–Whitney U-test or
chi-square test. Scores were compared using analyses of
variance (ANOVA) and post-hoc planned comparisons.
Non-parametric correlation analyses were used to as-
sess between significantly impaired scores. All values
are expressed as mean ± standard deviation. The sig-
nificant level was set at P < 0.05. Analyses were con-
ducted using a statistical software (SPSS Inc., Chicago,
IL, USA).

Results

Confrontation Naming

Thirty-two PD patients and 15 controls entered the
study. Demographic and clinical characteristics are
shown in Table 1.

No differences in MMSE [26] scores between PD
patients and controls was found.

In regard to normative data, approximately one-third
(28%) of the patients showed an impairment of visuo-
spatial recall (Rey Recall), whereas one-half (56%) of
the patients showed an impairment of constructional
abilities (Rey Copy). Furthermore, one-third (31%) of
the patients showed an impaired verbal long-term
memory (Story Recall), and one-fourth (25%) showed
an impairment of attentional resources (Trail Making
section A). The incidence of more pronounced neuro-
psychological impairment as measured by abnormal

Figure 1 Examples of manipulable and non-manipulable actions.

Table 1 Demographic and clinical data in patients with Parkinson’s

disease (PD) and controls

Variable PD Controls P value

Number 32 15 –

Age, years 69.59 ± 7.4 63.4 ± 3.7 n.s.

Gender, female % 43% 42% n.s.

Education, years 7.06 ± 3.5 8.6 ± 2.1 n.s.

Age at onset, years 63.9 ± 9 – –

UPDRS-III 18.4 ± 14 0 0.0001

MMSE 27.5 ± 2.2 28.5 ± 0.9 n.s.

MMSE, Mini-Mental State Examination; UPDRS-III, Unified

Parkinson Disease Rating Scale.

634 M. Cotelli et al.

! 2007 EFNS European Journal of Neurology 14, 632–637
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We have evidence here of motor involvement in language 
processing 

But if cognition (and hence language) are body-based, 
shouldn’t we also see effects on nouns? 

or are some more embodied than others?



• What do push and hammer make you think of?

• What about contemplate and sophisticated?

Against Embodiment

We talked about this last time:

If sensorimotor factors are required for grounding to work, 
how do abstract concepts work?



If sensorimotor factors are required for grounding to work, 
how do abstract concepts work?

Some argue that is is where embodied theories fall down 
(Mahon & Caramazza, 2008) 

A theory that can’t account for a huge number of words 
would require two mechanisms for word processing, one 
with sensorimotor, one without.

Against Embodiment



Dealing with abstract terms

Theoretically, abstract concepts could be “grounded” in 
concrete concepts. 

Lakoff’s (1992) theory of metaphor argues for this 
approach to metaphors. 

Something that can’t be handled, such as “time” is 
conceptualised (and hence verbalised) as if it had 
properties of something concrete (like distance).  
 
“Christmas is so far away!” 

Could this help with embodied theories?



Dealing with abstract terms
Could this help with embodied theories?

Examples: 

More is up, less is down  
Linear scales are paths 
Passing time is motion 
Mental/emotional states as locations 
Awareness/Knowledge is light 
Confusion/ignorance is dark 
Happiness/excitement is bright 
sadness/boredom is dull 
Love is warmth 

Could what we’d normally call associations actually be vital 
sensorimotor aspects of understanding? 



Dealing with abstract terms

Could this help with embodied theories?

Could what we’d normally call associations actually be vital 
sensorimotor aspects of understanding? 

Little evidence in favour of these abstract terms - perhaps future 
research 

Then again, no real evidence of a mechanism for transduction from 
perceptual to amodal representations in the classic view of cognition 

But, it is perhaps clear to many of you, that some associations and 
weaker than others 

And some may have none



Dealing with abstract terms

Could this help with embodied theories?

Could what we’d normally call associations actually be vital 
sensorimotor aspects of understanding? 

Little evidence in favour of these abstract terms - perhaps future 
research 

Then again, no real evidence of a mechanism for transduction from 
perceptual to amodal 

But, it is perhaps clear to many of you, that some associations and 
weaker than others 

And some may have none

A theory that can’t account for a huge number of words would 
require two mechanisms for word processing, one with 
sensorimotor, one without.



Dealing with abstract terms
Concrete VS Abstract?

Or could it be more of a continuum?

Connell & Lynott (2009, 2012)
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Connell & Lynott (2009, 2012)

Perceptual strength

Distinct from concreteness 
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Connell & Lynott (2009, 2012)

Perceptual strength

“to what extent do you experience something being WORD?”  

‘‘to what extent do you experience WORD?”  

Rating out of 5 for all senses 
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Connell & Lynott (2009, 2012)

Perceptual strength
Author's personal copy

tors (inclusion criterion p < .05; exclusion criterion p > .1;
see Table 2 for zero-order correlations). Second, for analy-
sis of consistency across the scales, we split each scale at
its midpoint and re-fitted the stepwise regression models.
Concreteness ratings were split into abstract (rating 100–
400, N = 294) and concrete (rating 401–700, N = 298)
groups, whereas imageability ratings were split into low-
imageability (rating 100–400, N = 167) and high-image-
ability (rating 401–700, N = 425) groups. A priori sensitivity
analysis confirmed that the sample size of the smallest
group (low-imageability words) was still large enough to
capture even a low degree of fit (minimum R2 = .074) in a
five-predictor regression model at power of 0.8. Here and
elsewhere, all reported p-values are two-tailed.

2.2. Results and discussion

2.2.1. Concreteness
Analysis showed clear dissociations between concrete-

ness and modality-specific perceptual experience. While
perceptual strength on all five modalities contributed to
the regression model of concreteness ratings, F(5,586) =
42.63, p < .0001, R2 = .267, the direction of the relationship
varied (see Table 3). Olfactory strength ratings showed the
strongest positive relation to concreteness, followed by

visual and haptic ratings. However, auditory and gustatory
ratings were negatively related to concreteness: the more
strongly a concept related to sound or taste experience
(e.g., noisy, bitter), the more abstract it was considered to
be.

When split into abstract and concrete groups, there was
little consistency in which perceptual modalities contrib-
uted most to concreteness ratings (see Fig. 1). Abstract
words’ ratings were predicted by three of the five modali-
ties, F(3,290) = 8.64, p < .0001, R2 = .082, but with a low de-
gree of fit and inconsistency in the direction of the
relationship: positively related to vision, and negatively
to auditory and olfactory strength. In contrast, concrete
words’ ratings were predicted positively by olfactory and
visual strength, F(2,295) = 33.52, p < .0001, R2 = .185, but
these two perceptual modalities offered a higher degree
of fit than the model for abstract words.

Overall, results are consistent with the idea that con-
creteness ratings reflect different decision criteria at the
concrete and abstract ends of the scale. Only one percep-
tual modality showed consistent behavior, with visual
strength positively predicting concreteness ratings in both
concrete and abstract groups. The other modalities either
failed to retain a consistent relationship with concreteness
across the scale (auditory, olfactory) or lost their predictive

Table 1
Sample words, used in Studies 1 and 2, for which perceptual strength matches or mismatches ratings of concreteness and imageability.

Word Perceptual strength Concreteness Imageability

Auditory Gustatory Haptic Olfactory Visual

Strongly perceptual, high concreteness/imageability
Hen 3.53 1.12 2.35 1.47 3.82 631 597
Soap 0.35 1.29 4.12 4.00 4.06 589 600
Yellow 0.15 0.05 0.00 0.05 4.90 518 597
Strongly perceptual, low concreteness/imageability
Fear 2.18 0.71 1.88 0.82 3.47 326 394
Noisy 4.95 0.05 0.29 0.05 1.67 293 138
Quality 3.06 3.41 4.06 3.12 4.29 274 349
Weakly perceptual, high concreteness/imageability
Air 1.06 1.47 2.12 2.53 1.35 581 450
Atom 1.00 0.63 0.94 0.50 1.38 481 499
Hell 2.47 0.24 1.06 0.71 1.24 355 519
Weakly perceptual, low concreteness/imageability
Aspect 1.88 0.50 0.80 1.00 2.38 217 233
Factor 1.31 0.38 0.31 0.06 1.88 328 269
Republic 0.53 0.67 0.27 0.07 1.79 376 356

Note: perceptual strength ratings range from 0 to 5, concreteness and imageability ratings range from 100 to 700.

Table 2
Zero-order correlations between concreteness, imageability, and perceptual strength ratings for each modality predictor in Study 1 (N = 592).

Modality Concreteness Imageability Auditory Gustatory Haptic Olfactory Visual

Concreteness – .828** –.233** .035 .355** .246** .400**

Imageability – –.142** .028 .314** .236** .496**

Auditory – –.081* –.242** –.035 –.118**

Gustatory – .235** .688** .000
Haptic – .287** .468**

Olfactory – .217**

Visual –

* p < .05.
** p < .01.
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reports of classic concreteness effects. For example, based on
the concreteness coefficient in the model for lexical decision
RT, the difference between a fully abstract word of rating
100 and a fully concrete word of rating 700 would amount
to approximately 28 ms, which is similar to previous facto-
rial studies (e.g., 33 ms: Binder et al., 2005; 17 ms: Kroll &
Merves, 1986, Experiment 2; 49 ms: Schwanenflugel & Sho-
ben, 1983, Experiment 2). For comparison, the predicted RT
difference between a low- and high-imageability word (rat-
ings 100–700) was larger at 37 ms, whereas the difference
between a weakly- and strongly-perceptual word (ratings
0–5) exceeded both at 59 ms. The respective differences
for word naming RT followed the same trajectory, with con-

creteness at 5 ms, imageability at 17 ms, and perceptual
strength at 28 ms.

In analysis of independent effects, only perceptual
strength emerged as a unique predictor of variance (see
Fig. 5). When concreteness had already been included in
the model, perceptual strength still accounted for an extra
proportion of variance in lexical decision raw RT (i.e., the
only model in which concreteness was a useful predictor),
as well as in all other measures except naming accuracy.
Similarly, perceptual strength acted as an independent
predictor in models that already included imageability:
both where imageability had performed well as a simple
predictor (lexical decision data), and where it had not

Fig. 3. Illustration of how imageability, concreteness and maximum perceptual strength ratings vary across a sample of words. R2 values refer to
correlations of concreteness with imageability or maximum perceptual strength in the dataset of Study 2 (N = 592).
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Fig. 4. Simple effects of each predictor in Study 2, showing proportion of explained variance (R2 change in %) of Elexicon reaction time and accuracy data,
over and above a basic model of contextual diversity, word length in letters, and number of syllables (!p < .1, !p < .05, !!p < .01). Flatline bars (e.g.,
concreteness in naming RT) represent 0% contribution.
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Perceptual strength

So, perceptual strength seems a better indicator of speed and accuracy than 
“concreteness” 

A sign that perceptual embodiment is influencing processing across all words, 
but to varying degrees. 

Not essential, but always a factor.



Is the brain imaging evidence all it’s cracked up to be?

I’ve shown some intriguing 
examples so far 

But there are varying methods, 
measures and standards used 
in brain imaging 

Add to that variance in 
conclusions (Watson et al. 
2013; Bedny et al., 2008)

Against Embodiment



Is the brain imaging evidence all it’s cracked up to be?

BUT

The behavioural evidence 
of sensorimotor and 
language is strong 

Add to that the clinical 
populations studies

Against Embodiment



So, do the behavioural findings mean what we think?
We have seen lots of behavioural 
evidence for embodied language 
processing 

But can these be accounted for by 
disembodied theories (amodal 
theories)? 

Some argue (Caramazza, 2014) 
that an amodal concept could have 
associative sensorimotor influences 
after the concept is retrieved 
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pair showing different shapes of the same object. For example, one
member of the pair might be a picture of an eagle with wings out-
stretched as if in flight and the other member a picture of an eagle with
wings drawn in, as if perched. Other animals and objects used in-
cluded an egg (in a carton vs. in a pan), an onion (in a basket vs. in
batter), a frog (sitting vs. leaping), a book (on a table vs. on a photo-
copier), and bread (a loaf vs. a slice). Each picture was scaled to oc-
cupy a square of about 3 in.

Seventy-two sentences were created to accompany the pictures: 24
filler sentences and 48 experimental sentences. The experimental sen-
tences were organized in pairs, with the two members of each pair im-
plying different shapes of the same object. The filler sentences all
mentioned an object (by way of a concrete noun) other than the one
that was presented in the picture, and thus required a “no” response on
the recognition task. The experiment was run on a PowerMac 7200/
120 with an Apple Multiple Scan 15 Display using the Psyscope soft-
ware program (Cohen, MacWhinney, Flatt, & Provost, 1993). Re-
sponses were recorded via the keyboard, using the “x” for “no”
responses and the period key for “yes” responses.

Design and Procedure

We created four lists that counterbalanced items and conditions. Each
list included a different one of the four possible versions (2 sentences 

 

!
2 pictures) for each object. Each subject saw one of these lists. This pro-
duced a 2 (condition: match vs. mismatch) ! 2 (picture version) ! 2
(list) design, with condition and shape (picture version) within-subjects
variables and list a between-subjects variable. Thus, each subject saw 24
experimental sentence-picture pairs (12 match and 12 mismatch), requir-
ing “yes” responses and 24 filler pairs, requiring “no” responses.

Subjects were instructed to read each sentence, and then to decide
if the pictured object that followed had been mentioned in the preced-
ing sentence. Subjects were further told that reaction times were being
measured and that it was important for them to make the decisions
about the pictures as quickly as possible. During each trial, subjects
first saw a sentence, left-justified on the screen, that either mentioned
or did not mention the object they would later see. They pressed the
space bar when they had understood the sentence, and then a fixation
point appeared in the center of the screen for 250 ms, followed by a
picture. Subjects then determined if the pictured item had been men-
tioned in the previous sentence. The experiment took approximately
30 min to complete.

Results and Discussion

Table 1 displays the mean of the median response latencies as well
as response accuracy for each condition. (Median response latencies

were used rather than means because of the within-subjects variability.
However, analyses done on the averages yielded the same statistical
pattern as the analyses with the medians.) We conducted a 2 (condi-
tion: match vs. mismatch) 

 

! 2 (picture version) 

 

! 2 (list) analysis of
variance (ANOVA), with list as the only between-subjects variable, on
the recognition response latencies and accuracy.

There was a significant mismatch effect on response latency: Re-
sponses were faster when sentence and picture matched than when
they mismatched, F1(1, 38) 

 

" 13.14, p

 

# .001; F2(1, 44) 

 

" 14.54, p

 

#
.0001. The two-way interaction between condition and list was not
significant, F1(1, 38) 

 

" 3.55, p

 

# .07; F2

 

# 1. The interaction between
condition and picture version was significant in the analysis by items
only, F1

 

# 1; F2(1, 46) 

 

" 7.04, p

 

# .015. The three-way interaction in-
volving all three factors was not significant, F1

 

# 1; F2(1, 44) 

 

" 2.10,
p

 

$ .15.
Analyses of response accuracy showed that responses were more

accurate when there was a match than when there was a mismatch, but
this effect was significant in the analysis by subjects only, F1(1, 38) 

 

"
12.69, p

 

# .001; F2(1, 44) 

 

" 1.26, p

 

$ .25. The Condition 

 

! List in-
teraction was significant in the analysis by items only, F1(1, 38) 

 

"
1.20, p

 

$ .25; F2(1, 44) 

 

" 9.05, p

 

# .005. The interaction between
condition and picture version was not significant, F1(1, 38) 

 

" 1.47,
p

 

$ .2; F2(1, 44) 

 

" 1.75, p

 

$ .15. The three-way interaction was
not significant by subjects, but was significant by items, F1

 

# 1;
F2(1, 44) 

 

" 13.04, p

 

# .001.
These results support the prediction derived from perceptual sym-

bol theory. Apparently, subjects represented the implied shape of the
object when comprehending the sentence, so that responses to the pic-
ture were slower when the picture mismatched the implied shape than
when there was a match between the pictured and implied shapes. The
goal of Experiment 2 was to examine whether the same effect could be
obtained with a task that does not call for a comparison between the
picture and the sentence. In this experiment, the subjects merely
named the picture after having read the sentence.

We also included a neutral condition in Experiment 2. The sen-
tences in this condition did not imply anything about the shape of the
object (e.g., The ranger heard the eagle in the forest). We included this
condition to explore whether the mismatch effect observed in Experi-
ment 1—and our previous study (Stanfield & Zwaan, 2001)—was due
to a response facilitation in the match condition or a response inhibi-
tion in the mismatch condition. If the results were due to facilitation,
response times in the neutral and mismatch conditions would be equal;

Fig. 1. Different shapes of an egg: in a refrigerator versus in a skillet.

Table 1. Object recognition latencies and accuracy in 
Experiment 1 and picture naming times in Experiment 2

Condition

Measure Match Mismatch Neutral

Experiment 1

Reaction time 697 (202) 761 (210) —
Percentage correct 97 (6) 93 (7) —

Experiment 2

Reaction time 605 (115) 638 (128) 617 (125)

Note. Standard deviations are given in parentheses.
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Figure 2. Mean time (in seconds) to walk down the hallway after the 
conclusion of the experiment, by stereotype priming condition, sepa- 
rately for participants in Experiment 2a and 2b. 

final debriefing) whether they thought the scrambled-sentence task 
might have affected them in any way, and if they had known that the 
task contained words relevant to the elderly stereotype. No participant 
expressed any knowledge of the relevance of the words in the scrambled- 
sentence task to the elderly stereotype. Furthermore, no participant be- 
lieved that the words bad an impact on his or her behavior. 

Results 

Experiment 2a. A t test was computed to ascertain the effect 
of the priming manipulation on walking speed. Participants in 
the elderly priming condition (M = 8.28 s) had a slower walking 
speed compared to participants in the neutral priming condi- 
tion (M = 7.30 s), t(28 ) = 2.86, p < .0 l, as predicted. 

Experiment 2b. In the replication, analyses revealed that 
participants in the elderly priming condition (M = 8.20 s) again 
had a slower walking speed compared to participants in the neu- 
tral priming condition (M = 7.23 s), t(28) = 2.16, p < .05. 
Thus, across both studies, passively activating the elderly stereo- 
type resulted in a slower walking speed (see Figure 2 ). 

Discussion 

The results of the present experiments suggest that exposing 
individuals to a series of words linked to a particular stereotype 
influences behavior nonconsciously. How the activated stereo- 
type influences behavior depends on the content of the activated 
stereotype itself, not the stimulus words actually presented. Be- 
cause there were no allusions to time or speed in the stimulus 
materials, the results of the study suggest that the elderly prim- 
ing stimuli activated the elderly stereotype in memory, and par- 
ticipants subsequently acted in ways consistent with that acti- 
vated stereotype. 

Awareness Check Study 

The crucial factor in concluding that these results show auto- 
matic effects on behavior derives from the perceiver's lack of 
awareness of the influence of the words. Previous research (see 
review in Bargh, 1992) has indicated that it is not whether the 
primes are presented supraliminally or subliminally, but 
whether the individual is aware of the potential influence of the 
prime that is critical; diametrically opposite effects on judg- 
ments are obtained if the participant is aware versus not aware 
of a possible influence by the priming stimuli (see Lombardi, 
Higgins, & Bargh, 1987; Strack & Hannover, 1996). We con- 
ducted a subsequent study to explicitly test whether the partici- 
pants were aware of the potential influence of the scrambled- 
sentence task. Our conclusions in terms of automatic social be- 
havior depend on the participants' not being aware of this 
influence. 

Method. Nineteen male and female undergraduate students at New 
York University participated in the experiment to partially fulfill course 
credit. On arrival at the laboratory waiting room, participants were ran- 
domly assigned to either the elderly stereotype priming condition or the 
neutral priming condition. 

Participants took part in the experiment one at a time. They were 
informed that the purpose of the study was to investigate language pro- 
ficiency and that they would complete a scrambled-sentence task. Par- 
ticipants were randomly administered either the version of the task con- 
taining words relevant to the elderly stereotype or the neutral version 
containing no stereotype-relevant words. Immediately after completion 
of the task, participants were asked to complete a version of the contin- 
gency awareness funnel debriefing, modeled after Page (1969). This 
contingency awareness debriefing contained items concerning the pur- 
pose of the study, whether the participant had suspected that the pur- 
pose of;the experiment was different from what the experimenter had 
explained, whether the words had any relation to each other, what pos- 
sible ways the words could have influenced their behavior, whether the 
participants could predict the direction of an influence if the experi- 
menter had intended one, what the words in the scrambled-sentence 
task could have related to (if anything), and if the participant had sus- 
pected or had noticed any relation between the scrambled-sentence task 
and the concept of age. Afterward, the experimenter explained the 
hypotheses to the participants and thanked them for their help. 

Results and discussion. Inspection of the responses revealed 
that only l of the 19 participants showed any awareness of a 
relationship between the stimulus words and the elderly stereo- 
type. However, even this participant could not predict in what 
form or direction their behavior might have been influenced 
had such an influence occurred. Thus, it appears safe to con- 
clude that the effect of the elderly priming manipulation on 
walking speed occurred nonconsciously. 

Does Mood Mediate the Effect of  Priming 
on Walking Speed? 

One alternative explanation that can be offered for the effect 
of the elderly-stereotype-related stimuli on walking speed is 
that, in general, the words relating to the elderly stereotype are 
more likely than control words to induce in participants a sad 
mood, which might then be the reason they walked more slowly. 

Method. A total of 33 undergraduate men and women from New 
York University participated in the experiment in order to partially ful- 
fill course credit. On arrival at the experimental waiting area, partici- 
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pair showing different shapes of the same object. For example, one
member of the pair might be a picture of an eagle with wings out-
stretched as if in flight and the other member a picture of an eagle with
wings drawn in, as if perched. Other animals and objects used in-
cluded an egg (in a carton vs. in a pan), an onion (in a basket vs. in
batter), a frog (sitting vs. leaping), a book (on a table vs. on a photo-
copier), and bread (a loaf vs. a slice). Each picture was scaled to oc-
cupy a square of about 3 in.

Seventy-two sentences were created to accompany the pictures: 24
filler sentences and 48 experimental sentences. The experimental sen-
tences were organized in pairs, with the two members of each pair im-
plying different shapes of the same object. The filler sentences all
mentioned an object (by way of a concrete noun) other than the one
that was presented in the picture, and thus required a “no” response on
the recognition task. The experiment was run on a PowerMac 7200/
120 with an Apple Multiple Scan 15 Display using the Psyscope soft-
ware program (Cohen, MacWhinney, Flatt, & Provost, 1993). Re-
sponses were recorded via the keyboard, using the “x” for “no”
responses and the period key for “yes” responses.

Design and Procedure

We created four lists that counterbalanced items and conditions. Each
list included a different one of the four possible versions (2 sentences 

 

!
2 pictures) for each object. Each subject saw one of these lists. This pro-
duced a 2 (condition: match vs. mismatch) ! 2 (picture version) ! 2
(list) design, with condition and shape (picture version) within-subjects
variables and list a between-subjects variable. Thus, each subject saw 24
experimental sentence-picture pairs (12 match and 12 mismatch), requir-
ing “yes” responses and 24 filler pairs, requiring “no” responses.

Subjects were instructed to read each sentence, and then to decide
if the pictured object that followed had been mentioned in the preced-
ing sentence. Subjects were further told that reaction times were being
measured and that it was important for them to make the decisions
about the pictures as quickly as possible. During each trial, subjects
first saw a sentence, left-justified on the screen, that either mentioned
or did not mention the object they would later see. They pressed the
space bar when they had understood the sentence, and then a fixation
point appeared in the center of the screen for 250 ms, followed by a
picture. Subjects then determined if the pictured item had been men-
tioned in the previous sentence. The experiment took approximately
30 min to complete.

Results and Discussion

Table 1 displays the mean of the median response latencies as well
as response accuracy for each condition. (Median response latencies

were used rather than means because of the within-subjects variability.
However, analyses done on the averages yielded the same statistical
pattern as the analyses with the medians.) We conducted a 2 (condi-
tion: match vs. mismatch) 

 

! 2 (picture version) 

 

! 2 (list) analysis of
variance (ANOVA), with list as the only between-subjects variable, on
the recognition response latencies and accuracy.

There was a significant mismatch effect on response latency: Re-
sponses were faster when sentence and picture matched than when
they mismatched, F1(1, 38) 

 

" 13.14, p

 

# .001; F2(1, 44) 

 

" 14.54, p

 

#
.0001. The two-way interaction between condition and list was not
significant, F1(1, 38) 

 

" 3.55, p

 

# .07; F2

 

# 1. The interaction between
condition and picture version was significant in the analysis by items
only, F1

 

# 1; F2(1, 46) 

 

" 7.04, p

 

# .015. The three-way interaction in-
volving all three factors was not significant, F1

 

# 1; F2(1, 44) 

 

" 2.10,
p

 

$ .15.
Analyses of response accuracy showed that responses were more

accurate when there was a match than when there was a mismatch, but
this effect was significant in the analysis by subjects only, F1(1, 38) 

 

"
12.69, p

 

# .001; F2(1, 44) 

 

" 1.26, p

 

$ .25. The Condition 

 

! List in-
teraction was significant in the analysis by items only, F1(1, 38) 

 

"
1.20, p

 

$ .25; F2(1, 44) 

 

" 9.05, p

 

# .005. The interaction between
condition and picture version was not significant, F1(1, 38) 

 

" 1.47,
p

 

$ .2; F2(1, 44) 

 

" 1.75, p

 

$ .15. The three-way interaction was
not significant by subjects, but was significant by items, F1

 

# 1;
F2(1, 44) 

 

" 13.04, p

 

# .001.
These results support the prediction derived from perceptual sym-

bol theory. Apparently, subjects represented the implied shape of the
object when comprehending the sentence, so that responses to the pic-
ture were slower when the picture mismatched the implied shape than
when there was a match between the pictured and implied shapes. The
goal of Experiment 2 was to examine whether the same effect could be
obtained with a task that does not call for a comparison between the
picture and the sentence. In this experiment, the subjects merely
named the picture after having read the sentence.

We also included a neutral condition in Experiment 2. The sen-
tences in this condition did not imply anything about the shape of the
object (e.g., The ranger heard the eagle in the forest). We included this
condition to explore whether the mismatch effect observed in Experi-
ment 1—and our previous study (Stanfield & Zwaan, 2001)—was due
to a response facilitation in the match condition or a response inhibi-
tion in the mismatch condition. If the results were due to facilitation,
response times in the neutral and mismatch conditions would be equal;

Fig. 1. Different shapes of an egg: in a refrigerator versus in a skillet.

Table 1. Object recognition latencies and accuracy in 
Experiment 1 and picture naming times in Experiment 2

Condition

Measure Match Mismatch Neutral

Experiment 1

Reaction time 697 (202) 761 (210) —
Percentage correct 97 (6) 93 (7) —

Experiment 2

Reaction time 605 (115) 638 (128) 617 (125)

Note. Standard deviations are given in parentheses.
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Figure 2. Mean time (in seconds) to walk down the hallway after the 
conclusion of the experiment, by stereotype priming condition, sepa- 
rately for participants in Experiment 2a and 2b. 

final debriefing) whether they thought the scrambled-sentence task 
might have affected them in any way, and if they had known that the 
task contained words relevant to the elderly stereotype. No participant 
expressed any knowledge of the relevance of the words in the scrambled- 
sentence task to the elderly stereotype. Furthermore, no participant be- 
lieved that the words bad an impact on his or her behavior. 

Results 

Experiment 2a. A t test was computed to ascertain the effect 
of the priming manipulation on walking speed. Participants in 
the elderly priming condition (M = 8.28 s) had a slower walking 
speed compared to participants in the neutral priming condi- 
tion (M = 7.30 s), t(28 ) = 2.86, p < .0 l, as predicted. 

Experiment 2b. In the replication, analyses revealed that 
participants in the elderly priming condition (M = 8.20 s) again 
had a slower walking speed compared to participants in the neu- 
tral priming condition (M = 7.23 s), t(28) = 2.16, p < .05. 
Thus, across both studies, passively activating the elderly stereo- 
type resulted in a slower walking speed (see Figure 2 ). 

Discussion 

The results of the present experiments suggest that exposing 
individuals to a series of words linked to a particular stereotype 
influences behavior nonconsciously. How the activated stereo- 
type influences behavior depends on the content of the activated 
stereotype itself, not the stimulus words actually presented. Be- 
cause there were no allusions to time or speed in the stimulus 
materials, the results of the study suggest that the elderly prim- 
ing stimuli activated the elderly stereotype in memory, and par- 
ticipants subsequently acted in ways consistent with that acti- 
vated stereotype. 

Awareness Check Study 

The crucial factor in concluding that these results show auto- 
matic effects on behavior derives from the perceiver's lack of 
awareness of the influence of the words. Previous research (see 
review in Bargh, 1992) has indicated that it is not whether the 
primes are presented supraliminally or subliminally, but 
whether the individual is aware of the potential influence of the 
prime that is critical; diametrically opposite effects on judg- 
ments are obtained if the participant is aware versus not aware 
of a possible influence by the priming stimuli (see Lombardi, 
Higgins, & Bargh, 1987; Strack & Hannover, 1996). We con- 
ducted a subsequent study to explicitly test whether the partici- 
pants were aware of the potential influence of the scrambled- 
sentence task. Our conclusions in terms of automatic social be- 
havior depend on the participants' not being aware of this 
influence. 

Method. Nineteen male and female undergraduate students at New 
York University participated in the experiment to partially fulfill course 
credit. On arrival at the laboratory waiting room, participants were ran- 
domly assigned to either the elderly stereotype priming condition or the 
neutral priming condition. 

Participants took part in the experiment one at a time. They were 
informed that the purpose of the study was to investigate language pro- 
ficiency and that they would complete a scrambled-sentence task. Par- 
ticipants were randomly administered either the version of the task con- 
taining words relevant to the elderly stereotype or the neutral version 
containing no stereotype-relevant words. Immediately after completion 
of the task, participants were asked to complete a version of the contin- 
gency awareness funnel debriefing, modeled after Page (1969). This 
contingency awareness debriefing contained items concerning the pur- 
pose of the study, whether the participant had suspected that the pur- 
pose of;the experiment was different from what the experimenter had 
explained, whether the words had any relation to each other, what pos- 
sible ways the words could have influenced their behavior, whether the 
participants could predict the direction of an influence if the experi- 
menter had intended one, what the words in the scrambled-sentence 
task could have related to (if anything), and if the participant had sus- 
pected or had noticed any relation between the scrambled-sentence task 
and the concept of age. Afterward, the experimenter explained the 
hypotheses to the participants and thanked them for their help. 

Results and discussion. Inspection of the responses revealed 
that only l of the 19 participants showed any awareness of a 
relationship between the stimulus words and the elderly stereo- 
type. However, even this participant could not predict in what 
form or direction their behavior might have been influenced 
had such an influence occurred. Thus, it appears safe to con- 
clude that the effect of the elderly priming manipulation on 
walking speed occurred nonconsciously. 

Does Mood Mediate the Effect of  Priming 
on Walking Speed? 

One alternative explanation that can be offered for the effect 
of the elderly-stereotype-related stimuli on walking speed is 
that, in general, the words relating to the elderly stereotype are 
more likely than control words to induce in participants a sad 
mood, which might then be the reason they walked more slowly. 

Method. A total of 33 undergraduate men and women from New 
York University participated in the experiment in order to partially ful- 
fill course credit. On arrival at the experimental waiting area, partici- 



Is there middle ground?

Most researchers don’t go “full embodied” 

Supporters of amodal processing mostly accept 
sensorimotor influence - just not at conceptual level. 

Danger of arguing against extremes 

Amodal Vs. Embodied



Barsalou (2008), 
Lowers & Connell (2011)

Two streams for concepts: superficial 
linguistic (amodal) and simulation 
(embodied) 

Taylor & Zwann, (2009)

Sensorimotor important, but non 
sensorimotor system also can make up 
for this 

Barsalou (2016)
Solve abstraction by: 
Multimodal compression 

Amodal Vs. Embodied
Is there middle ground?

Mahon & Carramazza (2008)

Core concepts are amodal and 
(arbitrarily) symbolic 

sensorimotor used to enrich and 
facilitate meaning 

It looks like these ideas are converging 



Amodal Vs. Embodied
Is there middle ground?

It looks like these ideas are converging 

• Sensorimotor factors are clearly important in language 
processing 

• Are they a core component of our concepts? 

• or are they supportive?



Overview
• Traditional Cognition 

• Cognition for action 
• Theoretical basis 
• Supporting evidence 
• Problems with this concept 

• Body-based cognition 
• Symbol grounding problem 
• Perceptual symbol systems 
• Behavioural evidence 
• Brain imaging evidence 
• Evidence from clinical 

populations 

• Problems with embodiment 
• Abstract concepts 
• brain imaging data 
• Alternative explanations of 

phenomena  

• Middle ground approaches 
• sensorimotor important 
• but one of a number of factors 
• helpful or core to forming 

concepts?
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