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Abstract 

A series of experiments were devised to test the idea that 

sensorimotor systems activate during the processing of 

emotionally-laden stimuli. In Experiments 1 and 2 participants 

were asked to judged the pleasantness of emotionally-laden 

sentences while participants held a pen in the mouth. 

Experiments 3 and 4 were similar to the previous experiments 

but the experimental materials were emotionally-laden images. 

In Experiment 5 and 6 the same bodily manipulation used 

throughout the previous experiments was kept while 

participants judged facial expressions. The first pair of 

experiments replicated findings suggesting that sensorimotor 

systems are activated during the processing of emotionally-

laden language. However, follow-up experiments suggested that 

dual activation of both perceptual and motor systems is not 

always necessary. For the particular case of emotionally-laden 

stimuli, the results suggested that the perceptual system 

seems to drive the processing. It is also shown that a high 

resonance between sensorimotor properties afforded by the 

stimuli and the sensorimotor systems activated in the cognizer 

elicit emotional states. The results invite to revise strong 

versions of embodiment accounts and rather support a graded-

embodiment view. 
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Overview 

 

The embodied cognition theory argues that the processing 

of language requires the activation of brain networks 

associated with the referents of the linguistic stream. 

Particularly, it is argued that perceptual and motor systems 

in the brain are activated whenever perceptual and motor 

features occur in the linguistic stream. Thus, if someone 

reads or hears the word ―kick‖, brain motor areas involved in 

the implied action of kicking are activated. Indeed, in the 

case of larger linguistic units, people can also represent 

other dimensions like space and emotions. For example, in a 

sentence like ―Messi kicked the football with all of his 

passion‖, the reader could not only activate the associated 

motor areas for the action of kicking, but also the reader 

could infer that the striker was in a rather positive 

emotional state that led him to kick the football so hard that 

it reached a long distance. 

The embodied cognition further argues that not only the 

processing of concrete concepts require the activation of 

sensorimotor representations, but also the processing of 

abstract concepts entails the activation of perceptual and 

motor systems. In this thesis, this latter idea is evaluated. 

In particular, the experiments reported in this thesis aim to 

examine whether the processing of emotional stimuli requires 

the activation of perceptual and motor systems.  
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This thesis unfolds in the following way: In Chapter 1, a 

general primer of embodied theories of cognition is presented. 

Evidence for these theories based on behavioural and 

neuroimaging research is reviewed.  

In Chapter 2, evidence for the proposal that the 

processing of abstract concepts also requires the activation 

of sensorimotor representations is reviewed. In addition, a 

novel account of embodiment is presented and which argues for 

gradations in grounding. 

Chapter 3 focuses on the particular case of emotions as a 

domain representative of abstract concepts. Both behavioural 

and neuroimaging evidence supporting the link between 

sensorimotor representations and emotion processing is 

reported. 

Chapter 4 presents a pilot study designed to replicate 

recent results and an additional study based on these results. 

This first study is the building block of the present work in 

that it aims at determining whether perceptual and motor 

systems contribute to the processing of valenced linguistic 

stimuli. The methodological considerations, results, and 

discussion of both experiments are reported as well. 

Chapter 5 presents two follow-up experiments devised to 

corroborate and extend the findings of the preceding studies 

using emotionally-laden pictures instead of sentences. The 

methodological details, results, and discussion of these 

follow-up experiments are reported.  
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Chapter 6 presents two experiments designed to test 

whether the activation of sensorimotor systems affects the 

processing of emotionally-laden stimuli other than linguistic 

and pictorial. In these experiments pictures of happy and sad 

faces were presented. 

A general discussion and conclusions are presented in 

Chapter 7. 
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Chapter 1:  

Embodied theories of cognition. The case of concrete concepts 

 

Classical theories of cognition propose that people‘s 

conceptual system consists of symbolic units that are 

arbitrarily related to their referents. Under this view, for 

example, the concept of ―chair‖ refers to a list of features 

such as seat, legs, and back. That is, concepts refer to 

symbols that do not have any particular relation to people's 

actual experience with objects. According to Barsalou (1999): 

―[…] perceptual states are transduced into a completely new 

representational system that describes these states amodally. 

As a result, the internal structure of these symbols is 

unrelated to the perceptual states that produced them, with 

conventional associations establishing reference instead.‖ (p. 

579) (see Figure 1). 
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Figure 1. Model of a conceptual system based on amodal symbols (after 

Barsalou, 1999). 

 

An alternative view, termed the embodied cognition 

framework, proposes that the representation of concepts 

entails activation of sensorimotor representations associated 

with specific brain areas (Barsalou, 1999) that are the 

product of our physical interaction with the world (Glenberg, 

1997). For example, the concept of ―chair‖ will also refer to 

possible and potential actions that chairs afford given their 

physical properties. According to Barsalou, ―[…] subsets of 

perceptual states in sensory-motor systems are extracted and 

stored in long-term memory to function as symbols. As a result, 

the internal structure of these symbols is modal, and they are 

analogically related to the perceptual states that produced 

them.‖ (p. 578, Barsalou, 1999) (see Figure 2). 

 

Amodal Symbol Systems 

  
                                          NOTE:   
    This figure is included on page 5 of the print copy of  
     the thesis held in the University of Adelaide Library.
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Figure 2. Model of a conceptual system based on perceptual symbols (after 

Barsalou, 1999). 

 

Both neurological and behavioural evidence have been used 

to support the embodied cognition framework, particularly in 

relation to language comprehension (see Hauk, Johnsrude, & 

Pulvermüller, 2004; Zwaan, Madden, Yaxley, & Aveyard, 2004). 

The conclusion reached from this research is that the 

comprehension of language involves the activation of brain 

specific systems usually employed when actual bodily, 

perceptual, and introspective activity are being performed. It 

implies that when people process language, they partially 

reactivate previous traces of experience that are distributed 

across multiple perceptual and motor modalities in the brain.  

 

 

Perceptual Symbol Systems 

  
                                          NOTE:   
    This figure is included on page 6 of the print copy of  
     the thesis held in the University of Adelaide Library.
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According to the definition provided by Barsalou, if the 

content of the experience stored in memory is modal, then it 

is likely that knowledge construction is a modality-dependent 

(perceptual-like) rather than a modality-free process 

(abstract-like). Memory research supports such claim. Vallet, 

Brunel, and Versace (2010) tested whether knowledge is 

grounded in perceptual properties by using a cross-modal 

priming task. In one of their experiments (Experiment 1), 

participants first listened to sounds associated to either 

animals or objects; half of sounds in each category were 

presented along with a visual mask (e.g., the picture of a 

lion and the sound of a roar). The participants‘ task was to 

categorize whether the sound represented an animal or an 

object by pressing one of two keys labelled as ―animal‖ and 

―object‖. In a subsequent task, participants were presented 

with images of both objects and animals. One third of these 

were new images (new items), another third consisted of images 

seen in the previous task and that had been paired with their 

associated sound (old-masked items), and the final third 

consisted of images seen in the previous task which had not 

been paired with any associated sound (old items). The results 

showed that subjects were faster at recognizing old items than 

old-masked and new items. Moreover, there was no difference 

between recognition times between new and old-masked items. 

These results suggest that there was a cross-modal priming 

effect from sound to images in that ―the visual mask 
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interfered with the automatic activation of the visual 

representation associated with the auditory prime in memory‖ 

(Vallet et al., 2010, p. 380). 

The results found by Vallet et al. (2010) demonstrate 

that knowledge, stored in memory, is reliant on perceptual 

properties. The following section presents further evidence 

that supports the claim that concept building is tied not only 

to perpetual but also to motor properties. 

 

1.1. Further empirical evidence supporting the embodied 

framework. 

Several behavioural studies have been devised to 

determine how sensorimotor properties are activated during the 

processing of concrete concepts. The results of these studies 

argue in favour of an activation of perceptual and motor 

properties and have indeed provided some evidence as to the 

cognitive architecture that supports such processing. 

For example, Pecher, Zeelenberg, and Barsalou (2003) 

demonstrated that perceptual representations are associated 

with language comprehension. In their study, switching from 

one modality to another incurred a switching cost, just as has 

been shown in perceptual processing tasks. Participants were 

faster to verify properties of concepts in a given perceptual 

modality if it was preceded by a trial in which the same 

perceptual modality had been verified. For example, 

participants were faster to verify BLENDER-loud (auditory 
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modality) if it was preceded by LEAVES-rustling (auditory 

modality) rather than CRANBERRIES-tart (taste modality). This 

study suggests that language comprehension is grounded in the 

perceptual processing system, similar to the sensorimotor 

phenomena that have been shown for purely perceptual tasks. 

Similar studies suggest that people routinely activate 

perceptual representations of objects described in short 

sentences (Zwaan, Stanfield, & Yaxley, 2002; Zwaan et al., 

2004). Furthermore, it has been also suggested that the 

salience of different properties can vary across subject 

groups and also depends on how sensory and motor systems are 

used during knowledge construction. For example, Marques 

(2010) demonstrated that while visual properties of objects 

(e.g., size of frogs vs. elephants) can be used by subjects 

who have never suffered any sort of visual deprivation or 

lesion from birth, they are less effective for blind subjects. 

But other non-visual properties of objects (e.g., usability 

for transportation between frogs and elephants) can be used by 

both sighted and blind subjects. These studies suggest thus 

that there is an activation of perceptual systems during the 

processing of concrete concepts and that knowledge about 

objects seem to be based on various properties they can have. 

More interestingly, the results of Marques (2010) suggest that 

knowledge about objects‘ properties is multimodal in that 

objects can have perceptual (shape, form, etc.) and motor 
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(usage, manipulability, etc.) properties that can be 

selectively accessed when one other modality is impaired.  

Furthermore, it has been shown that the encoding of 

information through different sensory modalities (e.g., haptic 

vs. verbal) is characterised by showing differential brain 

activity patterns. This result suggests that the encoding and 

retrieval of information is dependent on the sensory modality 

through which knowledge was acquired (see Tlauka, Clark, Liu, 

& Conway, 2009). 

In addition to the evidence for perceptual 

representations, concrete concept processing has also been 

shown to engage motor representations. A study by Klatzky, 

Pellegrino, McClosky, and Doherty (1989) demonstrated that 

motor patterns can facilitate the comprehension concrete 

actions embedded in language. Participants were faster to read 

and to comprehend a sentence about ―throwing darts‖ when they 

were first instructed to form their hand into the pinched 

fingers (dart-throwing) position. Klatzky et al. concluded 

that activating the motor program for dart throwing 

facilitated conceptual processing of a sentence about throwing 

darts. This suggests that there could be a sort of overlap 

between brain systems in charge of linguistic and motor 

processing.  

Moreover, it is suggested that the way people use and 

experience objects in the world affects the comprehension of 

spatial language about objects. In particular, research shows 
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that the comprehension of sentences referring to the 

interaction between objects is determined by the previous 

experiences people have constructed about objects and 

situations in which they are typically encountered (Coventry 

et al., 2010). It is further argued that action on objects is 

not only determined by motor-specific information afforded by 

the objects‘ physical characteristics, but principally by 

goal-relevant information afforded by the action context. Thus, 

Ocampo and Kritikos (2010, Experiment 1) had subjects to watch 

video clips of a human grasping a clear plastic wine glass 

near the rim of the glass (power grip) or at the stem of the 

glass (precision grip). Participants were instructed to 

perform a precision grip when the video showed a precision 

grip (imitative context) or to perform a precision grip when 

the video showed a power grip (complementary context). A 

visual cue was presented in each context as an instruction for 

the participant to violate the contextual rule. For example, 

in an imitative context, subjects were required to perform a 

power grip when the video showed a precision grip. The results 

showed that performing similar actions to those presented in 

the video clip were faster only in the imitative context and 

in the complementary context execution times were faster when 

actions were different from those portrayed by the video clip.  

Finally, Glenberg and Kaschak (2002) have reported a 

related phenomenon called the action-sentence compatibility 

effect (ACE). In this study, participants were faster to make 
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responses in the same direction as the actions described in 

sentences. For instance, participants were faster to move 

their finger from one button to another farther away from the 

body when sentences implied motion away from the body (e.g., 

―close the drawer‖). This effect is consistent with language 

comprehension that is embodied, or grounded in action. The 

action sequences described in the sentences activate motor 

representations, and therefore are susceptible to interference 

from motor programs in the sensorimotor cortex (see Aravena et 

al., 2010; Zwaan & Taylor, 2006). These studies suggest that 

the processing of concrete concepts embedded in language does 

elicit the activation of motor systems and thus complement the 

view that concrete concepts consist of knowledge acquired via 

perceptual and motor modalities. 

The embodied cognition framework thus argues that object 

representation has multimodal properties, e.g., an object like 

―blender‖ has particular visual and auditory properties. This 

seems to be the case since when one experiences objects, 

various perceptual and motor modalities or systems are used to 

obtain knowledge about them, i.e., objects are observed, 

touched, smelled, etc. Thus, when knowledge about objects is 

required it is expected that the perceptual and motor 

modalities used during object parsing are activated. Also, as 

the work of Pecher et al. (2003) suggests, switching within 

modalities takes less time than switching between modalities. 

Furthermore, similar results have been found to suggest that 
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the neurocognitive architecture that supports communication 

within and between sensorimotor modalities consists of brain 

areas in charge of processing unimodal properties and areas in 

charge of bringing together information from different 

modalities.  

McNorgan, Reid, & McRae (2011) have proposed that there 

exist specific semantic hubs, or single convergence zones 

(SCZ), that process unimodal information about a concept. For 

example, visual information like colour and form about a 

―blender‖ is processed in SCZs. The authors further suggest 

that there should exist also a general semantic hub, or 

general convergence zone (GCZ), in charge of putting together 

all the information about an object‘s properties pertaining to 

several modalities. Thus for example, visual and auditory 

information about a ―blender‖ is first processed in their 

respective SCZs and then processed in the GCZ. The inclusion 

of specific and general convergence zones in a cognitive 

system for the processing of objects‘ sensorimotor properties 

parsimoniously explains the switching costs reported by Pecher 

et al (2003) and replicated by McNorgan et al. (2011). It is 

important to note at this point that amodal theories cannot 

accommodate results showing switching costs since no 

perceptual or motor modality is expected to support conceptual 

processing and thus no switching cost is expected. 

It has been further argued that determining object 

manipulability is a semantic process in which knowledge about 
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objects seems to be organised as a net of features in semantic 

memory (Campanella & Shallice, 2011). This view does not 

obliterate the idea that perceptual and motor systems are 

activated during the recognition of manipulable objects. In 

fact, the idea that determining objects‘ manipulability is a 

semantic process might be the final stage of knowledge 

construction in which extensive sensorimotor experience with 

objects leads to the creation of memory for those objects. 

Presumably, knowledge about objects can have sensorimotor 

traces but such knowledge can also have more symbolic 

representations that represent objects as conceptual entities 

and that characterise objects‘ meaning (see Gallese, 2009). 

All in all, the reviewed studies indicate that knowledge 

about objects relies on perceptual and motor properties and 

that switching between modalities takes longer time than 

switching within modalities. More importantly, it is suggested 

that knowledge about objects is stored in a complex semantic 

memory system that relies on multimodal and unimodal 

convergence zones. Although the evidence strongly suggests 

that perceptual and motor systems are activated during the 

processing of concrete concepts it is still open to debate 

whether such activation is automatic or strategic, whether one 

modality (particularly visual) is preferred over one another 

(e.g., auditory), and how fine-grained perceptual and motor 

knowledge about objects is. The next section revises evidence 

that suggest that the activation of perceptual and motor 
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properties seems to be an automatic process, that other 

modalities different from vision can be automatically 

activated during concept processing, and that sensorimotor 

knowledge about objects can be quite detailed. 

 

1.2. Sensorimotor properties are activated automatically, 

relate to non-dominant modalities, and are fine-grained. 

It has also been demonstrated that the retrieval of 

sensorimotor knowledge is done in an automatic fashion and 

that not only strategic retrieval processes are required. 

Ansorge, Kiefer, Khalid, Grassl, and König (2010, Experiment 

2a) had participants respond to target words referring to 

spatial locations by pressing a key in such a way that the 

response movement was in the opposite direction suggested by 

the target (e.g., performing an upward movement for the target 

word ―down‖). However, the researchers presented a prime word 

for just 34ms, before the target word, that was also a word 

referring to a spatial location. The researchers found that 

when the participant‘s response and the target matched, the 

response times were longer than when the participant‘s 

response and the target mismatched and this occurred only when 

the prime matched the participant‘s response. This result 

suggests that the participant‘s response was primed by the 

sensorimotor properties associated with the prime word, which 

in turn facilitated their motor response. More interestingly, 
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such priming occurred even when the prime word was not task-

relevant and presented in a subliminal and masked manner. 

The model of priming effect assumes that the prime word 

automatically activates its associated sensory and motor 

properties and they influence subsequent motor response. Word 

properties can activate long-term and short-term sensorimotor 

processes, i.e., processes dependent on the task requirements 

and processes based on previous experiences. Ansorg et al. 

(2010) argue that although the results indicate that the 

retrieval of sensorimotor properties seems to be an automatic 

process, they do not permit to distinguish between motor 

activations based on task-related requirements and actions 

based on evoked memories of previous experiences. The 

difficulty in distinguishing between task-related motor 

processes (TrMP) and experience-based motor processes (EbMP) 

can be explained from a memory systems account. TrMP can be 

related to short-term sensorimotor processes in which 

knowledge is short-lived and serves for contextual purposes 

only. Such knowledge is stored in short-term memory (STM). 

EbMP, on the other hand, are based on knowledge stored in 

long-term memory (LTM) that includes long-term sensorimotor 

processes and also specific motor experiences (see Baddeley, 

2005; Tulving, 1999).  

The reason why it is difficult to distinguish between 

TrMP and EbMP is because they are interconnected by the 

functioning of the Episodic Buffer (EB). This temporary store 
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holds representations that integrate phonological, visual, and 

spatial information, and importantly, sensorimotor information 

coming from STM and LTM (Baddeley, 2000). EB is episodic in 

that it binds information into a unitary episodic 

representation. These characteristics make the EB a memory 

component that enhances storage and retrieval. Thus, 

representations sustaining TrMP and EbMP are blended into the 

EB in order to cope with in-progress contextual demands using 

both task-based and experience-based constraints (see Figure 

3).  

 

 

Figure 3. Model of priming effect on motor responses (after Ansorg et al., 

2010). EB = Episodic Buffer, Subs = Subliminal stimulus, Sups = 

Supraliminal stimulus, TrMP = Task-related motor processes, EbMP = 

Experience-based motor processes. 
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Similar results to those found by Ansorg et al. (2010), 

have been found in experiments using the masked priming 

paradigm used by these researchers. Finkbeiner, Song, Nakayama, 

and Caramazza (2008, Experiment 1) asked participants to 

categorise target words (e.g. cucumber or blood) based on 

their canonical colour of red and green. The task consisted in 

reaching out and touching a red square on the left or green 

square on the right presented on a touch-screen. The prime 

words ―red‖ or ―green‖, which were presented for 30 ms, 

preceded the target words. The researchers measured curvature 

of pointing trajectories which were greater when there was an 

incompatibility between the prime and the target (e.g. 

―green‖–―blood‖), than when the prime and the target were 

compatible (e.g. ―red‖–―blood‖). The results were in line of 

those obtained by Ansorg et al., i.e., that the processing of 

masked orthographic stimuli can influence the formulation and 

execution of overt motor responses. These results thus lend 

support to the idea that motor properties are activated 

automatically and that even subliminal stimuli can cue their 

activation. 

Most research in the embodied cognition theory has 

demonstrated that people activate visual or motor properties 

during the processing of language, but it has been 

demonstrated that auditory properties can be activated too. 

Brunyé, Ditman, Mahoney, Walters, and Taylor (2010, Experiment 

1) had participants read sentences that depicted events that 
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could be associated to a particular sound (e.g., ―the 

orchestra tuned their instruments as the patrons found their 

seats‖). After reading the sentence, participants categorised 

sounds as being fake (computer-generated sounds) or real (e.g., 

the sound of a string orchestra). Some of the real sounds did 

not match the sound implied in the sentences. The results 

showed that participants were faster at categorising real 

sounds when they matched the sound implied in the sentence 

when they did not.  

Brunyé et al.‘s results indicate that not only dominant 

modalities, like vision and motoric processes, are activated 

during the processing of language (see also Mishra & 

Marmolejo-Ramos, 2010), but also non-dominant modalities, like 

audition, are influenced by the linguistic content. Further 

research could explore whether this activation is automatic 

and less dependent on strategic factors by using the masked 

priming paradigm. Moreover, using a cross-modal version of the 

masked priming paradigm could aid in determining whether 

auditory modality activates other modalities, or vice versa, 

in an automatic fashion. For example, in a congruent condition 

the prime words (e.g., ―orchestra‖) are followed by matching 

sounds (e.g., the sound of string orchestra). In an 

incongruent condition the prime words are paired with 

unrelated sounds. Indeed, more fine grained results could be 

obtained by adding a subcategory for the matching sounds in 

which some sounds would relate to sounds that can be 
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associated to the prime word but that belong to a broader 

category (e.g. the word ―orchestra‖ might prime the sound of 

an instrument of the string family – viola, harp, etc – but 

might not prime the sound of a percussion instrument, even 

though it can sometimes be included in string orchestras). If 

the claims of Brunyé et al. (2010) are correct, it would be 

expected to replicate their results. That is, matching sounds 

would be recognised faster when they are related to the prime 

word than when they are not, and such matching would be 

dependent on the perceptual and/or motor properties intrinsic 

to the prime word. 

Finally, research from brain-imaging studies also 

provides support for an embodied view of language 

comprehension. When action words and sentences are 

comprehended, motor regions of the brain are activated. Also, 

animal words have been shown to produce activation in the 

visual cortex, as animals are often viewed, while tool words 

have been shown to produce activation in the premotor cortex, 

as tools are often manually manipulated. Furthermore, reading 

threatening words has been shown to activate the amygdale, the 

brain region associated with processing human emotions, such 

as fear (Hauk et al., 2004). Findings such as these suggest 

that modality specific representations might be activated 

during language comprehension. Recent imaging evidence further 

supports the idea that the comprehension of action words 

elicits the activation of sensorimotor knowledge and this 
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knowledge is fine grained. Moody and Gennari (2010) found that 

particular pre-motor regions were sensitive to the degree of 

physical effort implied in short sentences. For example, while 

a sentence like ―the delivery man is pushing the piano‖ 

implies a high physical effort, a sentence like ―the delivery 

man is pushing the chair‖ implies a lower level of physical 

effort. In particular, the researchers found that the anterior 

portion of the LIFG (left inferior frontal gyrus) was 

sensitive to the semantic content implied by the sentences and 

showed correlated activity with other sensorimotor and 

temporal regions. Also, the posterior region of the LIFG, an 

area related to action understanding and that support the 

mirror system, showed some degree of activation. 

 

1.3. On the bidirectionality between motor action and language 

processing 

Most research in the embodied framework has shown how 

language processing might affect motor actions but more recent 

research indicates that motor actions may also affect language 

processing. For instance, Bonfiglioli, Finocchiaro, Gesierich, 

Rositani, & Vescovi (2009) asked participants to listen to an 

auditory sentence containing the demonstrative pronoun, either 

―this‖ or ―that‖, and immediately after participants were 

presented with two objects on a table. The results showed that 

RTs were faster when the objects were in a far position and 

the auditory cue included the demonstrative for ―that‖ than 
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when the objects were in a near position and the auditory cue 

included the demonstrative ―this‖. In incongruent cases (e.g. 

far position and demonstrative ―this‖) RTs were slower. 

Similarly, Glenberg and Kaschak (2002) showed that when 

participants listened to sentences implying movement of 

objects towards or away from the listener (e.g., ―the horse 

runs away from you‖), motor responses that implied a movement 

that matched the direction referred to in the sentence were 

faster than motor responses whose direction did not match the 

direction referred to in the sentence (see also Kaschak et al. 

[2005] for apparently contrary results). 

However, more recent work also shows that the interaction 

between language processing and motor actions also operates in 

a bidirectional way in which motor actions affect language 

processing. Rueschemeyer, Lindemann, van Rooj, van Dam, & 

Bekkering (2010, Experiment 1) had participants perform a 

lexical decision task (LDT) while at the same time they used 

the right index finger to follow the edge of a disk (active 

movement condition). During the other experimental block 

participants performed the LDT while at the same time the 

index finger of the right hand was fixed to a motorised 

rotating disk (passive movement condition). The LDT comprised 

words denoting objects that are functionally manipulable (FM) 

(e.g., screwdriver), objects that are functionally non-

manipulable (NM) (e.g., fountain), and Dutch pseudowords. The 

results showed that lexical decision responses for FM words 
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were more accurate during the active movement condition than 

during the passive movement condition. The researchers argued 

that such a result indicates that activation of the motor 

system affects word processing. It could be argued that such 

results were obtained since the motor action performed by the 

subjects were related to the FM words in that the objects they 

referred to implied somehow a hand action (see also Masson, 

Bub, & Warren, 2008). 

In addition, neuroscientific studies complement 

behavioural results by showing the brain markers that account 

for the motor-language bidirectionality. Aravena et al. (2010) 

presented participants with sentences in which an opened-hand 

(e.g. ―She was learning to swim the backstroke, so Daniela 

stroked‖), a closed-hand (e.g., ―The towel was soaked, so 

Macarena wringed it‖), and no-hand actions were implied (e.g. 

―They had to resolve the murderer‘s case, so the police 

investigated‖). Participants were asked to verify whether they 

understood the sentences by pushing a button on a response box 

with the hand opened (group 1) and with the hand closed (group 

2). The researchers took ERP related to the linguistic 

processing of sentences and the motor response. The results 

showed that brain areas related to linguistic processes were 

modulated by the motor response and that brain areas related 

to motor processes were modulated by the linguistic input. 
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1.4. Chapter summary and discussion 

There are now a large number of results involving 

different paradigms that suggest that the processing of 

concepts entails the activation of sensorimotor properties. 

For the particular case of language processing, these results 

suggest that this entails the activation of perceptual and 

motor properties implied in the linguistic input. It is worth 

noting that the evidence reviewed suggests that not every 

concept activates both perceptual and motor properties at once. 

In most cases only one property is activated and its 

activation is dependent on the experimental paradigm.  

Recent experimental tasks are implementing methodologies 

that are giving more detailed insight on how embodied 

knowledge is used and what its contents are. The use of the 

masked priming paradigm is particularly interesting. Such 

experimental paradigms have enabled researchers to determine 

how automatic the activation of sensorimotor knowledge is. In 

addition, variations of the priming paradigm task (e.g., 

cross-modal priming task) have provided information as to the 

dependency of knowledge construction on perceptual and motor 

systems. Modifications of this task can be devised in order to 

explore the time course of the mutual influence of perceptual 

and motor systems. In addition, other tasks should be devised 

to explore how different modalities influence each other. 

Neuroscientific evidence has also shown that embodied 

knowledge is fine-grained, e.g., ―pushing the piano‖ recruits 
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different brain areas from ―pushing the chair‖. If performing 

those actions entails the recruitment of different perceptual 

and motor properties, it could be entertained that processing 

those sentences should have measurable behavioural correlates 

(e.g., an adaptation of the modality switching task could be 

conceived).  

Finally, the evidence reviewed also demonstrates that the 

influence between sensorimotor process and language processing 

is bidirectional. That is, listening to sentences about 

towards-the-body movements facilitates responses in which a 

congruent motor movement is performed. Also, motor actions 

that are not congruent with incoming linguistic input impair 

its comprehension. A commonality for all the studies reviewed 

thus far is that they use experimental stimuli that refer to 

concrete entities and that have a straightforward perceptual 

and motor link, e.g., listening to a sentence about someone 

pushing a piano can evoke the image of a piano and, as recent 

work reports, a particular motor program.  

However, it has not been clearly determined whether the 

processing of abstract concepts also requires the activation 

of perceptual and motor systems. Think of the word ―justice‖; 

it might evoke images popularised by media such as Themis, the 

lady justice, armed with a sword and a scale or it might even 

evoke any of these three entities (another possible perceptual 

correlate could be a gavel). However, such a concept might 

have only perceptual correlates and hardly any motor 



26 

 

correlates (unless it is paired with other concepts that might 

entail not only perceptual but also motor actions, i.e., 

―justice hit him with full force‖). Thus, it is open to 

question whether (all) abstract concepts require the 

activation of sensorimotor systems and, more importantly, if 

such activation is compulsory or not. It could be conceived 

that the processing of abstract concepts might require the 

activation of perceptual systems only while the activation of 

motor systems is done vicariously or simply by-passed. In 

addition, it could be entertained that abstract concepts can 

have perceptual and motor properties via metaphorical 

associations, e.g., ―The sword of justice has no scabbard‖. 

Such analogical linkage between abstract concepts and concrete 

concepts could be one of the ways abstract concepts are 

grounded in sensorimotor experience. The next section revises 

evidence in support of the idea that abstract concepts can 

have sensorimotor properties. Also, a non-radical embodiment 

view is presented along with a cognitive model of how abstract 

concepts can gain sensorimotor properties. 
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Chapter 2: 

Embodied theories of cognition II. The case of abstract 

concepts and revised embodied cognition theory 

 

The evidence suggests that some concepts have a clear 

link to perceptual and motor referents, implying that actual 

experience with objects contributes to understand language 

that refer to those objects. However, the sorts of concepts 

used in most of the experiments supporting the embodied 

framework have concrete referents. This means that the 

concepts are readily linked to physical entities, delimited by 

spatial and perceivable features, which means that they rely 

on specific characteristics of experience and situations. On 

the other hand, there are abstract concepts, which are 

characterized usually as lacking of physical properties. This 

section presents evidence suggesting that there exist 

differences in the lexical processing of abstract and concrete 

concepts but that the activation of sensorimotor properties 

also occurs during the processing of abstract concepts. In 

addition, it is presented evidence that suggest that the 

embodied cognition theory needs to be re-defined in order to 

accommodate recent results that indicate some contradictory 

results. 

Abstract concepts are a challenge for the embodied 

framework in that what the framework claims is that every 

concept grounds in sensorimotor properties, which seems not to 



28 

 

be the case for abstract concepts (see Barsalou, 1999). The 

distinction between concrete and abstract concepts is 

supported by empirical data demonstrating that processing 

abstract and concrete concepts brings differences in recall 

and comprehension. For example, behavioural (Schwanenflugel, 

1991) and brain (Sabsevitz, Medler, Seidenberg, & Binder, 

2005) studies have demonstrated that processing times are 

longer for abstract than for concrete concepts; this has been 

examined by using naming and lexical decision tasks both for 

words and sentences. Also, such effects seem to occur 

regardless of the language under study. For instance, 

Brouillet, Heurley, Martin, and Brouillet (2010, Experiment 1) 

had French speaking participants respond ―yes to words‖ and 

―no to non-words‖ by pushing or pulling a custom-made lever. 

The researchers found that average response times for ―yes‖ 

responses to concrete words were shorter than those for ―yes‖ 

for abstract words. This study confirms the idea that concrete 

concepts are accessed faster than abstract concepts and that 

this seems to be the case also in languages other than English. 

Note however that recent studies have shown that when 

words‘ imageability and context availability are partialled 

out, abstract words are processed faster than concrete words. 

In addition, statistical word analysis further suggest that 

abstract words are more emotionally laden than concrete words. 

These findings suggest that differences in the processing of 

abstract and concrete words rely on the level of linguistic, 
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sensorimotor, and affective information they depend on. Thus, 

while concrete concepts seem to rely strongly on sensorimotor 

properties, abstract concepts rely more on affective 

associations, but both concrete and abstract words rely on 

linguistic properties (see Kousta, Vigliocco, Vinson, Andrews, 

& del Campo, 2011). 

Developmental studies show that abstract words are 

acquired later than concrete words, and brain research points 

out that while concrete concepts are processed bilaterally in 

the brain, abstract concepts are processed unilaterally in the 

left hemisphere (Binder, Westbury, McKiernan, Possing, & 

Medler, 2005; Schwanenflugel, 1991). In addition, other 

experiments suggest that the representational structure of 

concrete and abstract words is different. Thus, while concrete 

words are organised by semantic similarities (e.g., the 

concrete word ―doctor‖ is semantically similar to that of 

―surgeon‖), abstract words are organised by semantic 

associations (e.g., the abstract concept ―theft‖ is 

semantically associated to that of ―punishment‖) (Duñabeitia, 

Avilés, Afonso, Scheepers, & Carreiras, 2009).  

If abstract concepts do not have any perceptible 

referents, then they cannot be explained by the embodied 

framework, since, as abovementioned, this framework is based 

on the linkage between concepts and sensorimotor properties. 

Nevertheless, it could be entertained that if abstract 

concepts could be linked anyhow to concrete experience, the 
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processing difference between abstract and concrete concepts 

could be overcome. This idea entails considering the 

difference between abstract and concrete concepts not only 

from a quantitative point of view (e.g., difference in recall 

and reaction times), but also from a qualitative point of view. 

Research on differences between abstract and concrete 

concepts suggests that this mismatch is possible. Wiemer-

Hastings and Xu (2005) compared the content of 18 abstract and 

18 concrete concepts. Participants were asked to generate 

characteristics (i.e., intrinsic properties) of the concepts 

or their relevant context (i.e., context properties). 

Intrinsic properties are aspects that characterize a concept, 

whereas context properties refer to aspects of a situation 

that always occur with the concept. Quantitatively speaking, 

the researchers found that participants generated less 

intrinsic properties for abstract than for concrete concepts, 

whereas they generated more properties expressing context 

properties, especially related to subjective experience (like 

mental and affective states), for abstract than for concrete 

concepts. Qualitatively speaking, abstract concepts were 

associated with mental and affective states, had less 

intrinsic properties than concrete concepts, and were more 

related to context properties (e.g., to other concepts) than 

to intrinsic properties.  

The latter finding is relevant to the idea that abstract 

concepts might have some sensorimotor properties. Wiemer-
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Hastings and Xu argue that the reason why participants might 

have related abstract concepts to other concepts, may reflect 

a cognitive parsimony where very complex abstract concepts are 

represented by less complex ones. This explanation suggests 

that there could be a ―grounding level‖ where concepts move 

from the highly concrete to highly abstract, and where 

extremely abstract concepts could be linked to related 

concepts that have any sort of sensorimotor properties. In 

other words, the comprehension of abstract concept might 

encompass an addition of other related concepts that narrow 

down to concepts which have a higher level of concreteness. 

Wiemer-Hastings and Xu show as an example how the concept of 

emancipation can be described as oppression, then as liberty, 

and finally as liberation, which might have a visual referent 

(e.g., a person liberating from his chains). 

Note however that there is evidence suggesting that the 

processing of abstract concepts entails the direct activation 

of sensorimotor areas. In particular, that processing abstract 

language affects motor systems. Glenberg et al. (2008) had 

participants judge the sensibility of sentences implying 

movements towards, away from the reader, or no movement. 

Within each type of sentences, half referred to concrete 

objects and the other half to abstract concepts (e.g., 

sensible + concrete object + toward direction = ―Joe hands the 

book to you‖, sensible + abstract object + away direction = 

―you dedicate the song to John‖, nonsense + abstract + no 
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transfer = ―Sam digests democracy with you‖). Half of the 

participants judged sentences as ―sensible‖ by pressing a 

button located further away from their body, the other half 

did so by pressing a button closer to their body. The results 

suggested an action-compatibility effect in which ―toward‖ 

sentences were judged faster when participants performed a 

―toward-the-body‖ response movement than when the required 

movement was away from their bodies. More importantly, this 

effect also occurred for the case of abstract sentences, i.e., 

the concreteness factor was not statistically significant (see 

also Glenberg, Sato, & Cattaneo, 2008). A follow-up 

transcranial magnetic stimulation (TMS) experiment suggested 

that motor evoked potentials were higher for transfer than for 

non-transfer sentences. In addition, the TMS study showed that 

motor evoked potentials were similar for both concrete and 

abstract sentences (Experiment 2). These results led the 

researchers to argue that ―the motor system is modulated 

during the comprehension of both concrete and abstract 

language‖ (p. 915). 

 

2.1. Linking abstract concepts and sensorimotor properties via 

metaphors 

A linkage between abstract concepts and sensorimotor 

properties is also supported by research on metaphor. 

Metaphors are figures of speech in which an expression is used 

to refer to something that it does not literally denote in 
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order to suggest a similarity between both. What is more 

important, metaphors‘ expressions usually refer to entities 

that are difficult to be acted upon, e.g., ―push the argument‖ 

or ―grasp a concept‖. A recent claim is that people conceive 

abstract concepts as physical objects that afford actions. To 

demonstrate this, Wilson and Gibbs (2007) investigated whether 

real and imagined body movements appropriate to metaphoric 

phrases increase people‘s comprehension of those phrases. 

Three groups of participants were asked to physically perform 

body movements, to imagine performing the same body movements 

or to not perform any sort of movement. The movements were 

performed immediately before participants read metaphorical 

phrases such as ―push the argument‖. By measuring reading 

times, Wilson and Gibbs found that performing body actions, or 

even imagining them, facilitated the comprehension of 

metaphorical sentences, more than not performing any sort of 

action. Their results support the idea that the representation 

of some abstract concepts such as metaphors is linked to 

associated sensorimotor properties. 

Ulrich and Maienborn (2010) also provide evidence to 

support the idea that abstract concepts rely on concrete 

concepts in order to gain sensorimotor representations via 

metaphoric mapping. In a first experiment participants read 

sentences related to past and future events (e.g., ―Karl has 

signed the contract‖, ―Tim will tell Rosa everything tomorrow 

during coffee‖). For half of the trials, participants judged 



34 

 

sentences as referring to past events by pressing a left-hand 

located button and as referring to future events by pressing a 

right-hand located button. The button response assignment was 

reversed for the other half of the trials. The results showed 

faster RTs when ―past‖ sentences were judged by pressing a 

left-hand located button than a right-hand located button. 

―Future‖ sentences showed faster RTs when they were judged by 

pressing a right-hand located button rather than a left-hand 

located button. The researchers argue that such pattern in the 

results indicate that people create a left-to-right 

representation of time, i.e., time (abstract concept) is 

represented in terms of space (concrete concept). Follow-up 

experiments indicated however that the mapping from time to 

space, i.e., the activation of a mental timeline, does not 

occur in an automatic fashion. To determine the automaticity 

in the activation of the mental timeline, the researchers 

employed a task in which participants did not judge whether 

the sentences referred to past or future but whether the 

sentences were sensible or not (Experiment 2). Also, sentences 

were altered in such a way that the words that carried 

information about past and future were placed toward the end 

of the sentence (Experiment 3). In both experiments the 

interaction found in Experiment 1 was absent.  

The linkage between abstract concepts and sensorimotor 

representations is also supported by an experiment using a 

technique named the marble moving task. Casasanto and Lozano 
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(2007) investigated whether manual motor actions interacted 

with the spatial content of stories with literal or 

metaphorical content. Participants were asked to tell stories 

while moving marbles from one box to another repeatedly in a 

specified direction (i.e., upward, downward, leftward, and 

rightward). The researchers found that marble movements, 

although irrelevant to storytelling, did influence 

participants' verbal fluency. Specifically, when movement 

direction (e.g., upwards) was congruent with the spatial 

schema implied by the story (e.g., literal story = ―my rocket 

went higher…” / metaphorical story = ―my grades went higher…”), 

there was an increase in participants' verbal fluency. The 

contrary scenario happened when the movement direction (e.g., 

downwards) mismatched the implied spatial schema conveyed in 

the story (e.g., ―my grades went higher…‖). Once again, this 

research indicates that abstract language can be linked to 

motor patterns that are congruent with them, e.g., spatial 

coordinates like in this research. 

Further experiments give additional support to the claim 

that motor experience shapes the processing of abstract 

concepts. This claim is supported by evidence suggesting that 

right-handers map positive ideas onto their rightward space 

and negative ideas onto their leftward space, while left-

handers show the opposite pattern. The central idea is that 

people associate valenced concepts with the side of their 

bodily space on which they are more skilful (see Casasanto, 
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2009). Casasanto and Chrysikou (2011) advance those results by 

showing that the association left-negative and right-positive 

in right-handers can be inverted by short- and long-term 

changes in motor fluency. In a first experiment to show long-

term changes the researchers asked right-handers who suffered 

right-hemiparesis due to cerebrovascular accident (CVAr) to 

classify ―good‖ and ―bad‖ animals in boxes located on their 

right-hand and left-hand side. Participants were required to 

give their answers orally (e.g., ―I‘d put the ‗bad‘ animal on 

the right-hand side box‖). The results showed that patients 

tend to locate negative animals on the right-hand side (right-

negative association) and positive animals on the left-hand 

side (left-positive association). In a second experiment, 

Casasanto and Chrysikou had healthy right-handed participants 

to arrange dominos, as quickly as possible, on horizontal rows 

of dots using both hands at the same time by 12 minutes. In 

one condition half participants wore a bulky ski glove on the 

right hand and a ski glove dangling on the left hand. The 

other half of participants were assigned to the reversed 

scenario. Thus, some participants had to become skilled at 

using their left hand since the performance of the right hand 

was obstructed by the bulky glove. That is, participants 

became left-handers for a short period of time. After the 

domino arranging task, participants were asked to perform the 

animal classification task mentioned above. The results echoed 

the findings found in the CVAr subjects, i.e., participants 
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whose left hand performance was obstructed by using the bulky 

glove assigned the ―good‖ animals to the right-hand side box, 

while participants whose right hand performance was obstructed 

by using the bulky glove showed the opposite pattern. The 

researchers concluded that since right-handers can reverse 

their judgments after long-term (CVAr subjects) and short-term 

(glove task) impairment it can be suggested that motor 

experience plays a central role in the associations between 

abstract concepts (positive and negative items) and concrete 

concepts (spatial location). 

 

2.2. A critique to the embodied cognition framework 

Most experiments reported here implicitly assume that 

embodiment always occurs, independently of this being an 

automatic process or not. Moreover, embodied theory 

researchers assume that the processing of both concrete and 

abstract concepts entail sensorimotor properties. However, 

such a radical embodiment view has started to be challenged 

after critically reviewing some of the data, particularly 

neuroscientific, obtained thus far. For instance, the case of 

apraxia posits a challenge for the predictions made by the 

embodiment theory. Apraxia is characterised by loss of the 

ability to execute well-known movements despite having the 

physical ability to perform the movement, e.g., a patient is 

presented with a hammer and cannot perform the canonical 

action it affords despite being physically able to do so. In 
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the particular case of ideomotor apraxia, such patient cannot 

perform the action associated with the object, while he is 

able to name the object and even recognise pantomimes 

associated with the object (e.g., hammering a nail). A radical 

embodiment view would suggest that impairment in motor 

processes would affect recognition or naming of objects, but 

this scenario does not occur in the case of Apraxia wherein 

object recognition and recognition of related actions remain 

intact despite the patient being unable to perform the action 

(Mahon & Caramazza, 2008).  

Evidence like the one exemplified in the case of apraxic 

patients suggests that other processes might be at stake when 

embodiment does not occur. Particularly, Mahon and Caramazza 

(2008) argue that the precise mechanisms supporting embodiment 

are not clarified which leaves room to think that also amodal 

processes might take place, particularly in the interaction 

between linguistic information and sensorimotor 

representations. This is, sensorimotor representations can be 

encoded in linguistic forms that serve as a symbolic bypass to 

index embodiment (see Campanella & Shallice, 2011; Gallese, 

2009; Louwerse, 2008). Thus, it can be suggested that an 

amodal symbol processing system can occur as it might 

represent a recent system that evolved to cope with new forms 

of cognition and communication (Marmolejo-Ramos, Elosúa de 

Juan, Gygax, Madden, & Mosquera, 2009). In addition, Mahon and 

Caramazza (2008) suggested that there should be a middle 



39 

 

ground between the embodiment and the disembodiment of 

concepts and that it is determined by the interaction between 

perceptual and motor systems. This new perspective on 

embodiment then focuses more on how perceptual and motor 

systems interact for the formation of concepts rather than on 

demonstrating the effects of perception on motor system and 

vice versa (Mahon, 2008). 

Chatterjee (2010) after critically revising recent 

neuroscientific evidence offers a complementary view that 

suggests that instead of determining whether embodiment occurs 

or not it is better to determine levels of embodiment, i.e., 

graded grounding. The experiments reviewed thus far suggest 

that concrete concepts have strong sensorimotor properties, 

thus a graded grounding view would suggest that abstract 

concepts can gain sensorimotor properties by relying on their 

potential association with related concrete concepts. A 

behavioural study on the activation of the mental timeline 

presented earlier could lend support to this idea (see Ulrich 

& Maienborn, 2010). In that study, the authors offered a 

cognitive explanation of how abstract concepts can have 

sensorimotor properties (note that their explanation is in 

turn built upon previous work on the metaphorical mapping 

between time and space [e.g., Clark, 1973; Borodotsky, 2000; 

Casasanto & Borodotsky, 2008]). These researchers suggested 

that abstract concepts can be grounded in concrete concepts 
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via metaphoric mapping, i.e., the domain of space (concrete 

concept) is mapped onto the domain of time (abstract concept). 

 

2.3.1. A revised version of the structure mapping theory as 

explanatory model 

The explanation given by Ulrich and Maienborn is suitable 

for the case of linguistic stimuli or language-based tasks. 

However, it is relevant to broaden the type of mapping that 

can occur between abstract and concrete concepts not only for 

the processing of language but also for general thinking and 

reasoning processes. A potential explanation can be found in 

the structure mapping theory (SMT) (Gentner, 1983). This 

theory proposes that knowledge about a base domain (BD) is 

mapped onto a target domain (TD) via analogical reasoning. The 

target domain represents objects of any kind that need to be 

explained and for which few properties are available, whereas 

the base domain is the source that enables explanation given 

that the objects it has count on several properties. Note that 

objects can be concepts or any other entity. Given that the 

discussion thus far has referred to the processing of abstract 

and concrete concepts from an embodied view, the term concept 

is preferred over that of object. Additionally, the term 

concept encapsulates what is nowadays understood as knowledge 

construction mapped onto sensorimotor systems, i.e., concepts 

can have sensorimotor properties (see Arbib, 2008). 
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In the original account of the SMT, knowledge is 

understood as a network of nodes and predicates, i.e., an 

amodal perspective. In the present re-interpretation, 

knowledge is assumed to have gradations in sensorimotor 

properties (à la Chatterjee, 2010) depending on the mappings 

between BD and TD. The mapping from BD to TD is determined by 

the attributes and relations that concepts have. In the 

original STM it is argued that relations between concepts 

should be preserved whereas their attributes should be 

disregarded. The reason for this is that a true analogy 

consists of just a few attributes and many relations (e.g., 

―the atom is like our solar system‖). When there are many 

attributes and relations, it renders a literal similarity 

rather than an analogy (e.g., ―the K5 solar system is like our 

solar system‖). And when there are few attributes and 

relations, an anomaly emerges (e.g., ―coffee is like the solar 

system‖) (Gentner, 1983). The present proposal suggests a more 

flexible trade-off between attributes in relations in which 

they are simply tuned, maximised and minimised, until an 

understanding of the TD occurs. Thus, analogical reasoning 

basically consists in understanding one situation in terms of 

another (see Gentner, 1999). In addition, the present model 

suggests that the mapping process depends on memory systems, 

inference construction, and simulation (see Marmolejo-Ramos, 

2007). These cognitive processes have been suggested as being 

essential in the construction of knowledge, e.g., visual 
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processing in relation to language (see Mishra & Marmolejo-

Ramos, 2010). Thus, knowledge is stored in memory systems, 

coordinated and re-arranged via inferences, and manipulated 

dynamically to anticipate actions, perceptions, and events via 

simulation (see Figure 4). 

The revised SMT proposed here (SMTr) can offer some 

insight into how people abstract (see Chatterjee, 2010). 

Mapping from concrete (or BD) to abstract (or TD) concepts 

facilitates the comprehension of abstract concepts in that 

they gain sensorimotor properties (e.g., Wilson & Gibbs, 2007) 

borrowed from related concrete concepts. This is, abstract 

concepts gain more attributes and relations that are gradually 

linked to sensorimotor properties that belong to more grounded 

concepts. However, abstraction would consist in mapping from 

concrete to abstract concepts until concepts‘ attributes and 

relations gradually start to rely less on sensorimotor 

properties. Indeed, empirical evidence suggests that people 

rely on surface properties of objects and their relations when 

they transfer information across domains (Rein & Markman, 

2010). In a series of experiments Rein and Markman (2010) had 

participants learn various visual patterns. After the learning 

phase, participants were presented with novel configurations 

of the same patterns (in addition to other visual stimuli 

similar to the visual patterns originally presented). The 

results showed slower identification times for novel 

configurations than for the already learned visual patterns. 
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The authors argue that such results indicate that relational 

knowledge across domains can be influenced by concrete objects 

properties. Furthermore, in the transferring of information 

from one domain to another, people are not only disentangling 

some of the perceptual information from the relations, but 

also they are modifying the relational structures themselves. 

In so doing, fewer relational constraints are obtained which 

in turn allow thinking about the relations between domains in 

a more abstract way (A. Markman, personal communication, 

November 17, 2010).
1
 

 

                                                 
1 It can be argued that SMTr seems to grow out of the conceptual metaphor 

theory (CMT) proposed by Lakoff and Johnson. However, the SMT was preferred 

over the CMT since SMT focuses on how these mappings happen, i.e., the 

processes by which people do this and the kinds of information (relational 

structure) that tend to be preserved. On the other hand, CMT is more 

focused on delineating conventional mappings and showing the pervasiveness 

of metaphorical mappings in thought (D. Gentner, personal communication, 

7th June 2011). 
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Figure 4. Revised version of the structure-mapping theory (analogical 

reasoning) or SMTr. This version suggests that a mapping from concrete 

concepts to abstract concepts enables the latter to gain sensorimotor 

properties.  

 

In terms of the embodied theory, those results could 

suggest that in the transfer of information from concrete 

concepts to abstract concepts some of the concrete concepts‘ 

perceptual and motor properties can be attached to the 

abstract concepts with which they are associated. Thus, 

abstraction processes seem to rely initially on at least some 

perceptual similarities until a gradual detachment from such 

similarities occurs. It is also conceivable to think that 
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since abstract concepts seem to rely more on perceptual 

properties than on motor properties, the latter have a rather 

weak association to abstract concepts. 

For example, in the sentence ―Happy as a clam‖, the 

concept ―happy‖ is the target domain (an abstract concept) 

whereas the concept ―clam‖ is the base domain (a concrete 

concept). To understand this metaphor, people need to have 

basic knowledge about clams, i.e., that clams are free of 

predators when the tide is high. This type of knowledge 

however does not imply direct perceptual properties while it 

can elicit some type interoceptive insight (e.g., an overall 

positive state). However, a more direct perceptual property 

emerges when the physical features of clams are taken into 

account, i.e., open clams resemble a smile. By performing 

analogical processes like this it is possible for abstract 

concepts to gain some sort of sensorimotor properties. 

Under this re-conceptualization of embodiment it would be 

possible to entertain that some motor simulations occur in 

brain areas adjacent to the motor system in order to deal with 

abstract concepts (Mahon, 2008). Thus, the use of primary 

sensorimotor areas seems to be determined by the perceptual 

and motor similarity between the actions implied by the 

stimuli being processed and the actual action performed. 

Abstract concepts might entail the activation of secondary 

sensorimotor areas, and less possibly primary motor areas, by 

the relationships established between these concepts and 
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associated concrete concepts. At this point is where structure 

mapping plays a central role by enabling the establishment of 

relationships between concepts chiefly via analogical 

processes and simulation. However, the implied action goals 

and meaning (Jacob & Jeannerod, 2005), contextual cues (Ocampo 

& Kritikos, 2010), and the stimuli used in experimental tasks 

(Raposo, Moss, Stamatakis, & Tyler, 2009) can influence on 

whether primary and secondary sensorimotor areas are to be 

necessarily and automatically activated when processing 

abstract and concrete concepts. For example, Raposo et al. 

(2009) found that verbs that implied arm or leg action 

elicited activation in brain motor regions when they were 

presented in isolation (e.g. ―grab‖) or in literal sentences 

(e.g., ―the fruit cake was the last one so Claire grabbed it‖) 

(see also Hauk et al., 2004). However, when action verbs were 

presented in idiomatic sentences (e.g., ―the job offer was a 

great chance so Claire grabbed it‖) there was activation in 

fronto-temporal regions but no activation of motor or premotor 

areas occurred. These results support the idea that even 

concrete concepts, e.g., action verbs, not necessarily and 

automatically entail sensorimotor properties and that not only 

modal representations are at stake (see also Arbib, 2008 for a 

discussion against radical embodiment). 
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2.3. Chapter summary and discussion 

A radical embodiment view argues that both concrete and 

abstract concepts have sensorimotor properties. Although the 

evidence favouring such claims seems compelling, critical 

reviews of the data and further experiments challenge a 

radical embodiment view. Indeed, experiments aimed at 

replicating the assumed linkage between concrete concepts and 

sensorimotor properties have failed. The debate is even more 

pronounced when it comes to the question of whether abstract 

concepts necessarily and automatically invoke sensorimotor 

properties.  

In this section a modified version of the structure-

mapping theory that offers a more relaxed and parsimonious 

account of embodiment was presented. The SMTr assumes that 

most (and not all) concrete concepts have straightforward 

sensorimotor properties and related affordances (e.g., a cup 

has perceptual – the cup one uses every day to drink coffee – 

and motor properties – the cup demands a power grip to hold it 

-, and it can afford other usages – the cup can be used as a 

container for pencils, pens, and markers -), but determining 

so depends on the experimental task and stimuli. In out-of-

the-lab scenarios the linkage between concrete concepts and 

sensorimotor properties can be determined by the particular 

situation in which the association occurs and the experiencer 

him/herself (e.g., bodily restrictions, emotional state, 

previous experiences, etc). 
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An important question is to determine how perceptual and 

motor systems interact in order to produce the embodiment of 

concepts. It could be entertained hence that full-blown 

embodiment is characterised by data showing an interaction 

between perceptual and motor systems, or a main effect of both. 

A partial embodiment could be characterised by data showing 

only a main effect of either perceptual or motor systems. A 

behavioural experiment that could offer partial answer to this 

question is exemplified by that of Wilson and Gibbs mentioned 

above. Recall that in that experiment participants performed 

body movements before reading metaphorical sentences. The body 

movement task can be considered a task that invokes the 

activation of motor systems, whereas the reading task can be 

considered a task that invokes perceptual systems. The results 

showed that motor systems affected perceptual systems, i.e., 

there was a main effect of motor systems, but no interaction 

was reported (interaction effects were not provided given that 

the experiment was a single factor design). A re-

interpretation of those results thus provides some evidence 

for a gradated embodiment view. It is conceivable that a re-

design of that experiment or designing experiments in which 

motor and perceptual tasks can be clearly specified and 

defined would lead to strong results in support of a gradated 

embodied view. Note too that the effect sizes to be found in 

the experiments could be interpreted as a numeric indicator of 

the level of embodiment obtained. 
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Most tasks reported thus far show that linguistic stimuli 

have been extensively used to test embodied theories of 

cognition. Experiments aiming at determining whether abstract 

concepts entail sensorimotor properties and in which sentences 

have been used suggest that abstract concepts do invoke 

sensorimotor activations (for example the experiment of 

Glenberg at al. reported above). However, experiments devised 

to confirm that concrete concepts invoke sensorimotor systems 

and in which sentences have been used have failed to replicate 

that well-known assumption (for example the experiment of 

Raposo et al. reported above). Contradictory results like 

these suggest that experiments using linguistic stimuli should 

be interpreted with caution. The reason for this can be found 

in what is already known about the complexities of language, 

e.g., the linguistic unit chosen (e.g., words, sentences, etc), 

the particular wording used (e.g., tense used, if they are 

written in first person or third person, etc). Let alone the 

events referred to in the sentences. For example, an 

inspection of the materials used by Glenberg, Sato, Cattaneo, 

et al. (see above) suggests that some (if not most of) the 

verbs used in the sentences can be easily associated to the 

physical action of ―transferring‖ entities. Such association 

can be done via SMTr in such a way that the target domain 

benefits from sensorimotor properties taken from a related 

based domain. Think of the experimental sentence ―Chris gives 

you advice‖ used by the researchers. This sentence was 
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categorised as a sentence of abstract content since the word 

―advice‖ can be regarded as an abstract concept. However, the 

verb word ―give‖ is canonically associated to the action of 

handing something (usually a concrete entity) to someone. Thus, 

the abstract concept ―advice‖ gains some sensorimotor 

properties thanks to the canonical concrete objects associated 

to the action verb ―give‖. However, a sentence like ―You and 

John remember a song‖ could invoke some perceptual properties 

(auditory in particular) but it does not imply any physical 

transfer and therefore hardly calls for motor properties. By 

carefully selecting the linguistic stimuli used it would be 

possible to properly determine whether abstract concepts 

invoke either perceptual or motor properties or, maybe, both. 

In addition, it is important to define what experimental tasks 

and stimuli (probably other than linguistic) elicit perceptual 

and motor properties during the processing of both abstract 

and concrete concepts. 

The research reviewed here has dealt with domains like 

time or metaphorical constructions to determine if abstract 

concepts have sensorimotor properties. Another abstract domain 

that has recently started to be studied is that of emotions. 

The next section revises the topic of emotion research and 

highlights how emotions can also be embodied.  
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Chapter 3: 

Embodied theories of cognition III. The particular case of 

emotions 

 

The revised embodied framework presented above indicates 

that abstract concepts can gain sensorimotor properties via 

their association to related concrete concepts. And knowledge 

about concrete concepts can be grounded in actual physical 

interaction with the world. Emotion labels are considered 

abstract concepts and as such they should also entail some 

sensorimotor properties. Emotion words are linguistic marks 

socially used to refer to emotional states. Then, the study of 

emotions as psychological states could help to understand what 

the processing of emotion words entails. However, before 

reviewing evidence suggesting a link between emotions and 

sensorimotor properties it is important to revise how emotions 

are defined, and how they fit within the bigger realm of 

affect processing and the perception-cognition continuum.  

 

3.1. On emotions, other affective processes, and their 

relation to the perception-cognition continuum 

The definition of emotion is still controversial, 

especially because it is confused with the definition of mood 

(Beedie, Terry, & Lane, 2005). Even though both of them are 

affects, they can be differentiated from each other. A mood is 

a background affective state which lasts on the order of 
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minutes and of which its antecedent is unknown (Bower & Forgas, 

2000), whereas an emotion is a somatic response to antecedents 

which can be cognitive or environmental and that last on the 

order of seconds (Prinz, 2004; Scherer, 2005; see Buchanan, 

2007). However, there seems to be no consensus as to a 

particular definition of emotions and this situation has led 

some researchers to prefer the more general term of affect. 

For example, Davis (2010) argues that a cognitive architecture 

that wants to be implemented in an artificial intelligence 

form or simply as a psychological explanatory model does not 

need to account for emotion processes but rather for affect 

processes. The researcher argues that a clear definition of 

emotions is not available whereas affect is a more 

comprehensive concept that subsumes concepts such as emotions 

and mood and that can be more clearly defined: affect is a 

process by which experiences are valenced as negative, neutral 

or positive. 

Note that the definitions of emotion and mood can be also 

related to a perception-cognition continuum. The definition of 

emotion relates strongly to what is known as perception. 

Perception is a process by which sensory information is 

extracted via selective attention. Most importantly, sensory 

information not only relates to environmental triggers but 

also to internal triggers such as cognitive operations and 

affective states (see Goldstone & Barsalou, 1998). On the 

other hand, appraisals can be related to a more cognitive 
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process in that they consist of interpretations/evaluations of 

any affective state triggered by sensory information (see 

Prinz, 2004). The core task of any appraisal process is to 

build a coherent mental representation about an affective 

state (see Lewis, 2005; Prinz, 2004). Moods, meanwhile, can be 

placed in a middle ground as a sort of transitional state 

between emotion and appraisal processes. This is, moods seem 

to have a mediating role between primary instinctive reactions 

(emotions) and much elaborated representations of them 

(appraisals). Thus, the pathway emotions-mood-appraisals is 

embedded in the perception-cognition pathway, and in the same 

way as cognitions develop from perception, appraisals develop 

from emotions and moods (see Figure 5). 

Furthermore, emotion researchers assume that when people 

are in a particular mood, information that corresponds with 

that mood is prioritised over, processed faster than, 

information that is not (e.g., Niedenthal & Halberstadt, 2000; 

Niedenthal, Halberstadt, & Setterlund, 1997). This is 

considered to be straightforward evidence that people appraise 

affect-laden information according to their current affective 

state. This appraisal process can be considered as a cognitive 

process. This claim is reasonable since by definition 

cognition is the processing of affective information, as in 

this case, and which entails the recruitment of memory systems 

and inferences in order to simulate a coherent situation model 

of the affective episode (see Lewis, 2005; Oatley, 1999). 
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Figure 5. Processing of affective information in relation to the 

perception-cognition continuum. The callouts show a list of core 

characteristics of the concepts in the figure (i.e., perception, cognition, 

emotion, mood, and appraisal).  

 

The concepts presented in Figure 5 are relevant to 

understanding affective processes as a whole and can be used 

to explain relationships among them. However, since the 

present work focuses mainly on emotion processes, these will 

be discussed further. Emotions are considered a system in 

itself composed of bodily subsystems that work together in 

response to internal or external stimulus event (Scherer, 

2005). The emotional system can be aroused via an external 

stimulus event that can be perceptual and motor inputs such as 
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actions and language. Also, the emotional system can be 

aroused via internal stimulus events such as appraisal 

processes of external stimuli or proprioceptive and 

interoceptive states (see Lewis, 2005). If people‘s 

conceptualisation of emotions is based on the internal and 

external states associated to particular emotions when they 

are experienced, then, it is conceivable that emotional 

experience recruits neuronal groups that link external events 

to internal appraisals (see Danker & Anderson, 2010). For 

example, for groups of positive emotions, a net of neuronal 

associations activate once a related emotion appears. Also, 

for a group of emotions which share a negative connotation, a 

different net of neuronal associations might occur. In other 

words, it is tenable to entertain that emotion concepts might 

have differentiated internal processes specific for emotion 

valence and also that emotional concepts as a whole 

differentiate from any other sort of concepts. Behavioural 

experiments support this idea. 

 

3.1.1. Emotions and sensorimotor properties 

Vermeulen, Niedenthal, and Luminet (2007) investigated 

switching costs in verifying properties of positive and 

negative emotion concepts. Properties of emotional concepts 

were taken from vision, audition, and the affective system.  
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Researchers have found that for both positive and 

negative emotions, verifying properties from different 

modalities causes processing costs reflected in longer 

response times. This result is similar to that found by Pecher, 

Zeelenberg, and Barsalou (2003) demonstrating that when people 

verify properties of concrete concepts from different 

modalities they incur a switching cost. Also, Vermeulen et al. 

found that switching from the affective to sensory modalities, 

and vice-versa, causes processing costs reflected in 

participants' response times. This suggests that switching 

from positive to negative, or vice versa, emotional concepts 

demand extra processing. In terms of the embodied framework it 

could be said that once an emotional valence is activated, a 

net of cognitive, neuropsychological, and more importantly 

sensorimotor properties are activated. It is supposed then 

that those components operate for either positive or negative 

states and that switching between them incurs a processing 

cost. Also, whenever an emotional concept, either positive or 

negative, is activated a net of emotional subsystem components 

are activated. As those components operate only for emotional 

processes, then switching from the emotional system to other 

system implies a cognitive cost. 

The previous results could be interpreted merely in terms 

of nervous system activation and switching costs, i.e., 

switching from neuronal networks for positive emotions to 

neuronal networks for negative emotions will incur a cost. 
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Also, Vermeulen at al.‘s work do not support directly the idea 

that emotions have sensorimotor properties. Recent work, 

however, is suggesting that there could be a relationship 

between sensorimotor representations and emotions. In 

particular that sensorimotor interaction with the environment 

does aid in the construction of emotional contexts (Atkinson, 

Dittrich, Gemmell, Young, 2004; Clarke, Bradshaw, Field, 

Hampson, & Rose, 2005). For example, Clarke et al. (2005) 

examined whether people can identify the emotional content of 

behaviour from bodily postures and movements using point-light 

displays
2
 where a pair of actors are engaged in interpersonal 

communication. Participants viewed brief clips of the point-

light displays presented the right way up and upside down. 

Participants had to rate the emotional content of the displays 

by moving a slider along a horizontal scale. Sadness, anger, 

joy, disgust, fear, and romantic love were among the emotions 

included. The results showed that participants were able to 

correctly identify the emotion implied in each upright clip 

                                                 
2 Point-light displays are video sequences of body motions. People or 

actors (as in this research) wear markers (points of light) that are 

especially designed to be registered by a motion capture analysis system. 

These markers are attached to relevant body parts to evidence broad body 

movements, for example, ankles, forehead, hips, elbows, and the like. Body 

movements are recorded and then transferred into a computer for future 

presentation through a monitor. Examples of this research can be found at 

http://www.perceptionweb.com/misc/p5203.  
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and, to a lesser extent, in the upside down clip. In a second 

experiment, the researchers presented only upright versions of 

the original dyads, a single actor, and a dyad composed of a 

single actor and his/her mirror image. Results showed that 

participants were able to recognize the implied emotions in 

the upright versions, but even though their performance was 

poor for the second and third condition, participants could 

identify the implied emotion. Clark et al. concluded that 

biological motion is sufficient for the perception of emotion. 

The results of this experiment suggest that some 

emotional states can be accompanied by bodily states that are 

typical and that can be distinguishable even if no actual 

people are performing them or if the states are presented in 

distorted versions. Also, the results demonstrate that 

emotions associated with bodily states are more easily 

comprehended when performed in a social context (dyads) than 

by single individuals. Moreover, recent experiments using 

brain imagery have demonstrated that people‘s perception and 

interpretation of bodily postures associated to emotions is 

greater when these are portrayed by live-action agents than 

computer-animated ones (Mar, Kelley, Heatherton, & Macrae, 

2007), like those used in the Clark et al.‘s experiments. 

Thus, these studies suggest that emotional states seem to have 

sensorimotor correlates. 
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3.1.2. More evidence supporting the link between emotions and 

sensorimotor properties. A social embodiment approach 

Emotion words are derived from emotional states. The 

previous section suggests that emotional states seem to have a 

link to sensorimotor properties. But, do emotion concepts have 

links to sensorimotor properties, as emotional states do? 

Emotions are considered a relevant aspect in social behaviour, 

that is, people monitor others‘ emotional states in order to 

communicate effectively. As a result, emotions have a 

privileged status in the content of any social interaction. In 

a review of embodied theories of emotion understanding, 

Niedenthal, Barsalou, Winkielman, Krauth-Gruber, and Ric 

(2005) argued for an embodied approach to ground emotions in 

perception. According to these investigators, social 

information processing involves embodiment, where embodiment 

implies actual bodily states (on-line cognition) and 

simulation of experience (off-line cognition) in the brain‘s 

modality-specific systems for perception, action, and 

introspection. On this basis, they recast the embodied 

framework to explain social information processing. 

The revised embodied framework provides neurological and 

psychological foundations regarding social information 

processing in on-line and off-line cognition. From a 

neurological perspective, the revised embodied framework 

pinpoints neuroscientific models that account for emotional 

comprehension. From a psychological perspective, the revised 
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version proposes that the comprehension of social information 

requires the simulation of modality-specific states. That is, 

simulation is the process by which brain areas in charge of 

processing specific information, such as concepts, activate 

without any input from the original stimulus. Note however 

that emotion concepts do not necessarily entail a defined set 

of particular social situations that differentiate them. For 

example, Elosúa de Juan and González Lara (1989) found that 

emotion concepts such as ―happiness‖, ―sadness‖, and ―surprise‖ 

have representative verbal contexts, whereas emotion concepts 

such as ―fear‖, ―disgust‖, and ―anger‖ do not. This finding 

could indicate that whereas emotions such as happiness and 

sadness seem to have a clear set of descriptors, other emotion 

concepts might have rather ambiguous descriptors since they 

can be associated to several social situations and therefore 

various perceptual and motor properties. 

The embodied framework assumes that the comprehension of 

language involves the activation of brain specific systems 

usually employed when actual bodily, perceptual, and 

introspective activity are being performed. Then, for the case 

of emotions, if people are required to simulate bodily states 

that are characteristic of a particular emotional state, say 

to smile, then brain areas in charge of processing that 

emotional state will activate. As a whole net of neuronal 

connections will be congruent with the sensorimotor state 

being elicited, then it is expected that congruent incoming 
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information will be processed faster than information that is 

not. In other words, the bodily state induced will elicit a 

particular cognitive state which is congruent with the valence 

of the bodily state via neuronal connections. 

 

3.1.3. On emotion elicitation via bodily manipulations 

Since the pioneer works of William James (1884) and 

Charles Darwin (1872) it has been suggested that the 

expression of emotions entail bodily states, e.g., clenched 

fists as a gesture of distress or a broad smile as a 

demonstration of happiness. This idea has received empirical 

support from psychology. For example, experiments in social 

psychology suggest that facial disposition affects emotional 

experience (e.g., Buck, 1980; Strack, Martin, & Stepper, 1988; 

Niedenthal, 2007) and neuroscientific work proposes that the 

contraction of hand muscles, clenching fists, is related to 

negative emotions (e.g., Schiff & Lamon, 1994). For example, 

Rhodewalt and Comer (1979) had subjects write short essays on 

some selected topics while sustaining a smile or a frown for 

around 5 minutes. For one of the analyses, the researchers 

used a standardised questionnaire to measure mood changes and 

found that participants in the smile condition experienced 

more positive moods than negative while participants in the 

frown condition showed the opposite pattern.  

Also, bodily states in association with emotional states 

assist both in the encoding and retrieval of memories. Thus, 
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it is argued that body dispositions facilitate the recall of 

autobiographical memories when the valence of the memory 

matches the valence of the body postures (Riskind, 1983). For 

example, Dijkstra, Kaschak, and Zwaan (2007) had young and old 

adults recall autobiographical memories while being in a body 

position that either matched or mismatched the body position 

implied in the original events (e.g., matching retrieval = 

recalling a memory about a visit to the dentist while lying 

down in a recliner; mismatching retrieval = recalling a memory 

about a visit to the dentist while standing up with the hands 

on the hips). The results not only showed that memories were 

better retrieved during the matching retrieval situations but 

also that free recall, two weeks later, was better in the 

matching than in the mismatching scenarios. Parzuchowski and 

Szymkow-Sudziarska (2008) found similar results. These 

researchers found that participants who mimicked a facial 

expression of surprised recalled more surprising words and 

words spoken in a surprising manner than neutral words and 

words spoken in a neutral tone. Interestingly, the researchers 

did not find differences between the ratings measuring the 

experiential state of feeling surprised when participants 

mimicked a face of surprise and when they mimicked a neutral 

face. Such results seem to contradict those obtained by 

Rhodewalt and Comer (1979), mentioned above, in which 

differences in affect were found when participants wore 

different facial expressions.  
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Based on the premise that sensorimotor disposition 

affects cognitive processes, Havas, Glenberg, & Rinck, (2007) 

investigated whether the comprehension of emotions through 

language is affected by relevant bodily states. Havas et al. 

examined whether the time to identify the emotional valence of 

a sentence is affected by bodily states that are consistent or 

inconsistent with relevant emotional responses such as smiling 

or frowning. They asked participants to judge the pleasantness 

of sentences while holding a pen either in their lips, 

consistent with a frown, or in their teeth, consistent with a 

smile (see Figure 6; see also Strack et al., 1988). The 

results revealed that participants were faster to identify 

unpleasant sentences when they held the pen with their lips 

and were faster to identify pleasant sentences when they held 

the pen in their teeth. Havas et al. suggested that bodily 

states may directly affect the comprehension of emotional 

sentences without activating any affective state (see also 

Rhodewalt & Comer, 1978 for similar claims). This is in 

contrast to the results found by Strack et al. (1988) who 

found that holding a pen with the lips or the teeth appeared 

to induce a relevant change in affect, but not on cognitions.  
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Figure 6. Pen-in-mouth facial disposition. When participant holds a pen in 

their lips, a frown is induced. This is typically a facial disposition of 

an unpleasant/negative bodily state (a). When participant holds a pen in 

their teeth, a smile is induced. This is typically a facial disposition of 

a pleasant/positive bodily state (b). Images from Niedenthal (2007). 

 

Experiments in which both behavioural and neurological 

measures are taken, extend the embodiment of emotions to the 

realm of performance monitoring. Wiswede, Münte, Krämer, and 

Rüsseler (2009) had participants perform a flanker-task
3
 while 

                                                 
3 In a flanker-task participants are presented with a centrally located 

target which is surrounded, or flanked, by distractors of the similar type. 

In congruent trials both the target and the flanks share the same features 

(e.g., HHHHH or SSSSS. In the former, the target is the 3rd letter ―H‖, in 

the latter the target is the 3rd letter ―S‖), whereas in incongruent trials 

target and flanks are dissimilar (e.g., HHSHH or SSHSS). Participant‘s task 

is to respond as fast as possible to the central target (e.g., pressing the 

letter ―H‖ with the left hand and ―S‖ with the right hand). Correct 

responses are those in which the central target is correctly identified, 

regardless of the stimuli being a congruent or incongruent. It is known 

  
                                          NOTE:   
   This figure is included on page 64 of the print copy of  
     the thesis held in the University of Adelaide Library.
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holding a Chinese chopstick horizontally between the teeth 

(―smile‖ condition) or vertically with the upper lip (―no 

smile‖ condition) (see Figure 1 in Wiswede et al.‘s article). 

Note that although the facial expression worn by participants 

in Wiswede et al.‘s ―no smile‖ condition is similar to the 

facial expression worn by participants in the Havas et al. and 

Strack et al.‘s ―frowning‖ condition, the authors do not refer 

as to what the implied emotional state of the ―no smile‖ 

condition is. The researchers used a German questionnaire to 

assess short-term changes in psychological states. The results 

showed that participants in the ―smile‖ condition scored 

higher in the ―general well-being‖ component of the 

questionnaire, whereas participants in the ―no smile‖ 

condition had lower scores. Behavioural results also showed 

that facial expression did not modulate the fast RTs found for 

congruent trials and the slow RTs found for incongruent trials. 

In addition, the results suggested higher error rates in the 

―smile‖ than in the ―no-smile‖ condition in both congruent and 

incongruent trials; however the difference was not 

statistically significant. An EEG task showed, however, that 

the ―smile‖ condition produced reduced error-related 

negativity, which is considered a marker of performance 

monitoring and that usually correlates with an increase in 

                                                                                                                                                        
that RTs are faster for congruent than for incongruent trials. This task is 

usually employed to measure cognitive performance, particularly attention 

(see Eriksen & Schultz, 1979; Stins, Polderman, Boosma, & de Geus, 2007).  
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error rates. The researchers concluded that positive facial 

expressions lead to ―less emphasis on error avoidance and thus 

allow the subject more flexible behaviour‖ (p. 4). It is 

interesting to note too that in this experiment, while the 

neurological results showed that positive affect impinges on 

performance monitoring, the behavioural task did not do so. 

Other studies in which a mood state was induced via ―happy‖ 

and ―sad‖ film clips showed that moods have an effect on the 

comprehension of neutral sentences (Vissers et al., 2010). The 

results showed not only that mood induction was effective but 

also that there was an interaction between mood ratings and 

ERP signatures. However the researchers did not provide a 

unique, but a tri-fold, explanation regarding the cognitive 

mechanisms behind the findings. One of the most parsimonious 

explanations entertained by the researchers is that mood can 

affect language comprehension by enhancing or decreasing 

attention processes. That is, a happy mood can lead to a 

greater attention to discriminate between correct and 

incorrect sentences, whereas a sad mood might decrease such 

discrimination. Although in this research there was not a 

bodily manipulation to induce an affective state, the 

affective state induced did affect the comprehension of non-

emotional sentences.  

Other studies have shown that when participants were 

asked to rate their final moods there were no significant 

differences in moods between conditions meant to elicit 
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opposite affective states (e.g., Cretenet & Dru, 2004; Förster 

& Strack, 1997). Hence, such results could suggest a pathway 

between body and cognition without the mediation of emotions. 

This idea is in contrast to findings in the neurobiology of 

emotions (see Lewis, 2005) and behavioural experiments (e.g., 

Strack et al., 1988) suggesting that behavioural expressions 

affect reported feelings and subsequent judgments.  

This ambiguity in results deserves further examination in 

order to better understand how bodily states are linked to 

affective states and in turn how cognitions may be affected. 

However, a provisional explanation can be put forward. All of 

these experiments refer to a motor congruency effect where 

motor actions will influence the processing of valenced 

information (see Förster & Strack, 1997). However, emotional 

systems are composed of cognitive, sensorimotor, and 

neuropsychological subsystems that respond to external and 

internal stimulus events as relevant to major concerns of the 

organism (Scherer, 2005). This means that as there is a 

―grounding level‖ in the processing of abstract concepts, 

there could be a ―motor congruency level‖ in the processing of 

valenced information. Namely, a motor disposition like smiling 

might have more cognitive and sensorimotor meaningful-

connectivity to a positive valenced state than that of arm 

flexion. Also, it would be expected, given social and 

contextual restrictions, that certain motor actions may have a 

higher priority than others given strong and meaningful 
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associations between valenced states and their 

neuropsychological and sensorimotor referents. 

The importance of the experiments reported thus far, 

particularly that of Havas et al., lies on the fact that they 

suggest that bodily states influence cognitive states without 

seemingly eliciting any significant affective state (although 

the results of Vissers et al. suggest that both cognitive and 

affective states are influenced). This idea is also supported 

by research using other motor expressions. Förster and Strack 

(1997, 1998) had participants perform either approach (arm 

flexion) or avoidance (arm extension) behaviours while 

generating names for celebrities towards whom they had 

positive, negative, or neutral attitudes. Participants in the 

―arm flexion‖ condition generated more names of positively 

evaluated celebrities while participants in the ―arm extension‖ 

condition generated more names of negatively evaluated persons. 

A reversed pattern between motor response and judgment of 

stimuli is reported by Brouillet et al. (2010, Experiment 1). 

In their experiment, participants had to judge words and non-

words by pulling or pushing a lever. The researchers found 

that participants were faster to indicate ―yes, it‘s a word‖ 

by pushing a lever than by pulling it, whereas indicating ―no, 

it‘s not a word‖ was faster when the lever was pulled than 

pushed. The difference between the results found by Förster 

and Strack and those found by Brouillet et al. can be 

explained in terms of the task requirements. Whereas the 
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Förster and Strack‘s tasks required generating names, the 

Brouillet et al.‘s experiment required evaluating words. Thus, 

Förster and Strack‘s tasks induced a context in which negative 

names had to be expelled (arm extension, similar to a pushing 

action), whereas positive names had to be retained (arm 

flexion, similar to a pulling action). However, in Brouillet 

et al.‘s task the action of pushing (similar to an arm 

extension) can be associated with reaching for the word, 

whereas the action of pulling (similar to an arm flexion) can 

be associated with the action of avoiding the non-word (see 

also Eder & Rothermund, 2008). An association has also been 

shown between affect and horizontal space location. Phaf and 

Rotteveel (2009, Experiment 1) showed that Dutch subjects 

rated arrows pointing towards the right as more positive than 

arrows pointing towards the left. The researchers argued that 

the fact that Dutch subjects usually read texts from left to 

right can influence directionality preference (note that an 

inverse pattern has been found in right-to-left readers, 

Chokron & De Agostini (2000), as cited in Phaf & Rotteveel). 

The relevant finding is that there is an association between 

motor response directionality and evaluation of stimuli but 

such association can be reversed or altered given task demands 

(see also Markman & Brendl, 2005). 
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3.1.3.1. The metaphoric mapping explanation to the embodiment 

of emotions 

The association between the valence of stimuli and 

direction of motor response has also been studied from a 

metaphoric mapping point of view (see also chapter on the 

embodiment of abstract concepts in this thesis). It has been 

argued that spatial location and affect are linked. For 

example, Meier and Robinson (2004) found that participants 

evaluated positive words faster when they were presented above 

(―up‖ condition) rather than below (―down‖ position) a central 

cue presented on a screen. The evaluation of negative words 

showed the opposite pattern (Experiment 1). And it has further 

been argued that such association between affect and spatial 

location seems to occur in an automatic fashion. Brookshire, 

Ivry, and Casasanto (2010) used a Stroop task in which 

positive and negative words were presented on the centre of a 

screen printed either in purple or green (colour and word 

valence were counterbalanced). Participants‘ task was to press 

a key above or below a resting key to indicate the colour of 

the word. Both ―up‖ and ―down‖ response keys were labelled 

with the colour purple or red, thus upward and downward 

movements were performed to indicate the colour of the word 

(key colour labelling was also counterbalanced). The results 

replicated those obtained by Meier and Robinson, i.e., 

positive words were judged faster when an upward movement was 

required and an opposite pattern occurred for negative words 
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(see also Crawford, Margolies, Drake, & Murphy, 2006). However, 

given the experimental setting used by Brookshire et al., the 

researchers argued that such association seems to occur 

automatically as the spatial direction of the response and the 

word meanings were irrelevant to the task. 

The association between upward and downward motor actions 

with emotionally-laden stimuli has been further explored using 

non-canonical memory tasks. Casasanto and Dijsktra (2010) 

report an experiment in which subjects were required to recall 

either a positively-laden or negatively-laden memory while 

moving marbles upwards and downwards. The results showed that 

participants took less time to retrieve memories when the 

valence of the memory was congruent with the movement 

direction, e.g., faster recall of positive memories compared 

to negative memories when performing upward movements. In a 

follow-up experiment, the researchers found that participants 

could retrieve more positive memories when they performed 

upward movements than when performing downward movements. 

Likewise, when participants performed downward movements they 

were able to recall more negative than positive memories. 

 

3.2. On the processing of emotional stimuli. Images and faces 

in particular 

It is argued that individuals‘ bodily states (e.g., as 

induced by holding a pen in the lips or the teeth) can affect 

the preference for stimuli they encounter, especially when 
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stimuli are emotionally laden. This is, the evidence suggests 

that emotions affect language comprehension (e.g., Havas et 

al., 2007) and, as recently suggested, even language 

production (see Hinojosa, Méndez-Bértolo, Carretié, & Pozo, 

2010). However, recent work suggests that individuals also 

prefer stimuli that are easier to act on regardless of any 

pre-set emotional value the stimuli can have. Ping, Dhillon, 

and Beilock (2009) report an experiment that shows that even 

covert motor simulation might suffice to build preferences for 

seemingly neutral stimuli. In their experiments, participants 

were asked to choose between objects whose handles pointed 

towards them and objects whose handles pointed away from them. 

Participants were required to place in a box objects they 

liked, disliked, or any object. Ping et al. found that 

subjects grabbed objects by the handles even if they did not 

point towards participants and preferred (like condition) 

objects which were easier to grasp over those harder to grasp 

(dislike condition) (see also Vingerhoets, Vandamme, & 

Vercammen, 2009). These results suggest that actions on 

objects are mentally executed prior to actual action and that 

some sort of early appraisal is at work even when stimuli are 

seemingly not emotionally-laden.  

Note however that in most emotion research three types of 

stimuli are commonly used: negative, neutral, and positive. 

The work of Ping et al. (2009) reported above suggests that 

even seemingly neutral stimuli can receive some sort of 
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emotional appraisal which in turn affects their processing. So, 

how are non-neutral stimuli processed? Most research focuses 

on the processing of emotional vs. non-emotional stimuli; the 

former being composed of negative and positive stimuli. There 

is evidence demonstrating that negative stimuli take longer to 

be processed since they may pose a potential threat to the 

organism. During the encoding process, negative stimuli needs 

to be reliably appraised which translates in extra processing 

time (Flykt, Dan, & Scherer, 2009). However, during the 

retrieval process, negative stimuli are recognised more 

confidently and in shorter time than any other emotional 

stimuli (Gordillo León et al., 2010). A recent study on 

biological motion confirms the idea that negative stimuli need 

to be recognised effectively given the adaptive value their 

discrimination entails. Ikeda and Watanabe (2009) had 

participants detect human gait and emotion on biological 

motion clips representing behaviour consistent with angry and 

happy states. The researchers found that gait detection 

correlated with emotion detection in the case of anger, but 

not necessarily for happiness. Their conclusion is similar to 

that of Flykt et al., in that it is seems essential for humans 

to localise, attend to, and identify negative stimuli since it 

might threaten well-being (see also Bradley, 2009). More 

importantly, these results seem to indicate a link between the 

processing of negatively valenced stimuli and motor processes. 

For example, it has been found that passive viewing of 
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negatively-laden images produces reduced body sway, which can 

be understood as a bodily manifestation of a freezing strategy 

(Stins & Beek, 2007). Neurological evidence in fact suggests 

that the midcingulate cortex is involved in the production of 

defensive responses, such as freezing (Pereira et al., 2010) 

and that corticospinal activity is higher when processing 

negative stimuli (van Loon, van den Wildenberg, van Stegeren, 

Hajcak, & Ridderinkhof, 2010). 

Other evidence suggests that emotionally-laden stimuli 

are better identified over neutral stimuli since the former 

demands enhanced perceptual processing most possibly due to 

their emotional significance (see Zeelenberg, Wagenmakers, & 

Rotteveel, 2006). It has been shown also that recognition of 

neutral stimuli can be either enhanced or impaired given the 

sensory modality in which emotionally-laden stimuli are 

presented. Thus, Zeelenberg and Bocanegra (2010) found that 

when emotionally-laden stimuli were visually presented, 

recognition of visually presented neutral stimuli was impaired. 

However, when emotionally-laden stimuli were auditorily 

presented, recognition of visually presented neutral stimuli 

was enhanced. These results could show that cross-modal cueing 

can enhance recognition of stimuli but at the same time could 
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suggest that results are dependent on task requirements (see 

Appendix A for potential study in this front).
4
  

The experimental study of the processing of emotions has 

habitually employed stimuli that are visually presented (e.g., 

words, images), but also auditory emotional cues have been 

used in research. Psychophysics research suggests that 

unpleasant approaching sounds elicit more intense emotional 

response than pleasant or neutral receding sounds (Tajadura-

Jiménez, Väljamäe, Asutay, & Västfjäll, 2010). These 

researchers argue that unpleasant approaching sounds might 

have high biological salience in that they might represent 

sources that might affect self-preservation. Interestingly, 

the study with approaching and receding sounds, replicates 

previous studies in which approaching and receding images were 

used. In one such study (Mühlberger, Neumann, Wieser, & Pauli, 

2008), it was found that unpleasant approaching pictures 

evoked more intense emotional response than receding 

unpleasant images; pleasant and neutral pictures did not cause 

such emotional response. Other studies show that auditorily 

presented negative words (i.e., taboo and negative words) 

                                                 
4 It is worth mentioning at this point that in some cases there is a 

natural and strong cross-modal talk between perceptual systems and which 

has an emotional component. There have been reported cases in which 

emotional words elicit the activation of colours. Some researchers argue 

that such cross-modal association exists in normal populations, but is 

markedly enhanced in the particular case of synaesthetes (see Ward, 2004).  
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induced more attentional bias towards their spatial location 

than auditorily presented positive words (Bertels, Kolinsky, & 

Morais, 2010)
5
. Indeed, in an ERP study (Ishii, Kobayashi, & 

Kitayama, 2010) it was found that negative ERP occurred when 

subjects were presented with emotional spoken words that were 

incongruent with the background vocal tone (e.g., a positive 

word being pronounced with a negative voice). However, of 

particular interest, it was also found that in one of the 

experimental conditions negative tones lead to a significant 

difference in ERPs related to positive and negative words. The 

researchers conclude that negative vocal signals (or 

threatening) call for more attentional resources than positive 

vocal signals. 

                                                 
5 It has been argued that emotionally-laden words are processed in the 

right hemisphere (Bryden & MacRae, 1989, as cited in Bertels et al., 2010), 

thus a left hemispheric prime is expected to occur. This is, higher 

attention should be expected to emotion words auditorily presented on the 

left hear than to words presented on the right auditory channel. Note that 

Bertels et al. found an attentional bias towards the right-hand side when 

participants listened to emotionally—laden words, particularly negative 

ones. However, electrophysiological evidence suggests that negative words 

are processed in the right hemisphere while positive words are processed in 

the left hemisphere (Davidson, 1992). Thus, it would be expected to find 

contra-lateral priming such that negatively-laden words should bias 

attention towards the left auditory channel, while positively-laden words 

should bias attention towards the right auditory channel. This conjecture 

is however still open to investigation. 
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It is important to note too that the processing of 

emotional stimuli can be affected not only because of the 

emotional valence they represent (negative, neutral, or 

positive), but also because of the emotional intensity and 

arousal they have. In an ERP study Versace, Bradley and Lang 

(2010) showed that emotionally arousing pictures were 

recognised better than neutral pictures, particularly when 

pictures were semantically unrelated and even when pictures 

were presented for very brief periods of time (~184ms). 

Although in this experiment only ERPs and picture 

discrimination indexes were measured, it could be argued that 

higher recognition of emotionally arousing stimuli over 

neutral stimuli could occur in the form of RTs. Thus, if 

negative stimuli require further processing time (e.g., Flykt 

et al., 2009) and emotionally arousing stimuli are recognised 

better than neutral stimuli, then it is possible to believe 

that positive stimuli would be processed faster than neutral 

and negative stimuli. It could be further argued that the 

processing of negative images might demand extra processing 

load since these types of images are not common in everyday 

life.  

However, some evidence suggests that the judgment times 

for positive and negative images are not different and that 

they rather overlap regardless of their exposure time 

(Maljkovic & Martini, 2005; Experiment 2). Other evidence, on 

the contrary, indicates that negative images are detected 
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quicker and easier than positive images (Dahl, Johansson, & 

Allwood, 2006). Such discrepancy in findings highlights the 

fact that processes other than perceptual might play a role in 

the judgment of emotional images, i.e., not only low-level 

cognitive processes might be at stake but also high-level 

processes might determine the results. In addition, 

methodological and probabilistic factors can account for such 

discrepancies in findings (see Miller, 2009). For example, 

while in Experiment 1 Dahl et al. (2006) found that 

recognition performance was not dependent of image valence, 

Experiment 2 did not replicate such result even though the 

whole experimental setting was the same as that of Experiment 

1. 

 

3.2.1. Processing of faces 

Facial expressions constitute an essential way to 

communicate emotional states and as such facial expressions 

are necessarily tied to other motor actions and linguistic 

expressions in order to produce meaningful social actions 

(e.g., Kröger, Kopp, & Lowit, 2010). It is no wonder then that 

the processing of faces has received special attention in 

several research fronts. It has been found that happy faces 

are recognised faster than sad faces even when schematic faces 
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are used (see Leppänen & Hietanen, 2004, Experiments 1 and 2)
6
 

and that even though men and women accurately recognise full-

blown emotional expressions, women recognise subtle emotional 

expressions better than men (Hoffman, Kessler, Eppel, Rukavina, 

& Traue, 2010). It has been further shown that the rated 

perceived similarity in affect between pairs of facial 

emotions is particularly low when emotions have opposite 

emotional valences. For example, Said, Moore, Engell, Todorov, 

and Haxby (2010) had participants rate on a 7 point Likert 

scale (0 being ―very different‖ and 7 being ―very similar‖) 

the degree of similarity of pairs of emotional faces (e.g., 

the video clip of a happy face followed by the video clip of a 

sad face). The similarity results were reported using a 

Representational Similarity Matrix and showed that happiness 

in particular was clearly discernible from other emotions such 

as anger, disgust, sadness, and fear. At the neurological 

level, it is argued that the superior temporal sulcus is the 

brain area in charge of face processing and that this area is 

particularly active during the processing of emotional faces 

than neutral faces (Said et al., 2010). Furthermore, it has 

                                                 
6 Note however that Dahl et al. (2006) cite some references arguing that 

angry faces are recognised faster than neutral and happy ones. Once again, 

this type of antagonist evidence could indicate that not only perceptual or 

bottom-up processes might be at stake, but also that top-down mechanisms. 

Also, as mentioned above, even methodological factors can play a role in 

the results obtained. 
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also been suggested that human facial expressions (pictures) 

elicit stronger amygdala activation than computer-generated 

expressions (avatars) (Moser et al., 2007). Likewise, avatar 

dynamic facial expressions (morphed avatars) are rated as more 

intense and realistic than static avatar emotional facial 

expressions (Weyers, Mühlberger, Hefele, & Pauli, 2006). 

Overall, it is argued that dynamic facial expressions 

facilitate the perceptual, emotional, and motor processing of 

emotion facial expressions more than static ones (Yoshikawa & 

Sato, 2006; 2008). Methodologically speaking, it could be 

argued that dynamic facial expressions are more ecologically 

valid than static images since they closely resemble the 

facial motor patterns encountered in every-day life situations. 

Theoretically speaking, it would be thus expected that results 

found by studies using static images should be replicated or 

extended when dynamic facial expressions are employed. This is, 

however, a rather unexplored research enterprise.  

Finally, it has been shown that when individuals are in 

happy states, they can determine the off-set of a face 

changing from happiness to sadness at an earlier point than 

when they are in sad states (Niedenthal, Brauer, Halberstadt, 

& Innes-Ker, 2001). Niedenthal et al. also found that when 

individuals are in sad states, they can determine the off-set 

of a face changing from sadness to happiness at an earlier 

point than when they are in happy states. Interestingly, these 

researchers used the ―pen-in-mouth‖ procedure arguing that it 
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would not induce an emotional state, but that it would only 

impede facial mimicry. Note too, that in their experiment 

participants held the pen sideways, which is different from 

the way pens were held in Strack et al. (1988) experiments. 

Niedenthal et al.‘s hypothesis then was that the pen 

manipulation would prevent participants from mimicking the 

facial expression and that that would increase the time to 

perceiving the emotional change. Therefore, these researchers 

explain results in terms of a mimicry account which says that 

people are more readily to distinguish facial expressions when 

they mimic them or at least are not restricted to do so.  

 

3.2.2. Embodiment and the processing of faces 

From an embodied point of view, it would be also expected 

that bodily states might affect the processing of emotionally-

laden images, as it has been demonstrated in the case of 

emotionally-laden language (e.g., Havas et al., 2007). Current 

evidence suggests that indeed bodily states affect the 

perception of emotionally-laden images, thus replicating the 

results found by Havas et al. but for the particular case of 

faces. Blaesi and Wilson (2010, Experiment 1) had participants 

hold a pen between the teeth (―smiling‖ condition) or not to 

hold a pen (―no-pen‖ condition) while looking at 11 pictures 

of the same face morphed in 10% increments ranging from 

smiling to frowning. Participants‘ task was to judge whether 

the face was ―happy‖ or ―sad‖. A Probit analysis showed that 
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the threshold for perceiving faces as happy was significantly 

lower in the ―pen-in-teeth‖ condition than in the ―no-pen‖ 

condition. This is, people in a ―happy‖ state were more prone 

to judge faces as happier than when they were not in such 

emotional state. The original idea underlying this experiment 

was to demonstrate that people‘s motor actions (e.g., pen in 

teeth vs. no pen) affect the judgment of human-body stimuli 

(e.g., emotional faces). However, in this experiment, as in 

Havas et al.‘s, it was implicitly assumed that the pen 

condition induced an affective state without directly 

measuring if that actually occurred. Thus, taking some 

measures of participants‘ affective states could assist in 

answering to the question of whether the action-perception 

link is mediated by changes in affective states. This is not a 

novel question in emotion research but its answer is not 

agreed upon yet as the work revised thus far suggests. In 

addition, it is still open to question whether such bodily 

manipulations affect the judgment of emotional stimuli other 

than faces and sentences, e.g., emotionally-laden pictures. 

For example, it is worth investigating whether a negative 

bodily manipulation (e.g., pen in lips) would produce 

differential effects during the processing of emotional images. 

Also, a study could be designed to replicate Blaesi and 

Wilson‘s results and extend them by requiring participants to 

judge emotional faces while wearing valenced emotional faces 

that are congruent or incongruent with those being judged 
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(e.g., judging happy vs. sad faces while participants‘ are in 

similar facial dispositions by means of the pen manipulation). 

The studies reported in previous sections suggest a 

pathway in which bodily states affect the processing of 

emotional (e.g., faces, sentences, etc.) and non-emotional 

stimuli (e.g., study of Ping et al., 2009). However, it has 

been suggested that input stimuli can also affect bodily-

states (e.g., changes in facial muscles). Glenberg et al. 

(2009) report an electromyographic experiment that suggest 

that facial muscles involved in smiling showed greater 

activity when reading happy sentences than sad and angry 

sentences. Facial muscles involved with pouting were more 

active when reading sad and angry sentences than happy 

sentences. In a similar study, Halberstadt, Winkielman, 

Niedenthal, and Dalle (2009) showed that when ambiguous faces 

are paired with emotion concepts, later viewing of faces 

without the concepts elicited differential facial response. 

Particularly, the researchers found that when people viewed 

faces that were associated with positive emotional concepts, 

there was a smiling-related activity in participants‘ face 

muscles. Conversely, when participants viewed faces that were 

associated with negative concepts, there was an anger-related 

activity in participants‘ face muscles. The results then 

suggest that emotion concepts can guide perception and facial 

action and give support to the idea that there exists a 
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bidirectionality in the interaction between emotionally-laden 

input stimuli and sensorimotor systems. 

The experiment of Havas et al. (2007) suggests that a 

person‘s sensorimotor disposition can affect perception of 

emotionally-valenced linguistic stimuli. However, there is not 

much evidence on how a person‘s sensorimotor systems can 

affect perception of others‘ bodies (Blaesi & Wilson, 2010). 

Thus, follow-up studies should provide evidence for the effect 

of people‘s sensorimotor systems on the processing of 

emotionally-valenced stimuli. In particular, future studies 

should aim at determining how subject‘s sensorimotor 

disposition might affect the perception of human-body stimuli 

related to emotional states, like biological motion and facial 

expressions. Recent evidence (Clarke et al., 2005; Ikeda & 

Watanabe, 2009) shows that individuals can detect emotions 

from biological motion (point-light displays). Indeed, 

perception of biological motion is facilitated when 

participants have previously observed or produced congruent 

motor actions and when the gender of the observed stimuli and 

the action performer are congruent (Bidet-Ilde, Chauvin, & 

Coello, 2010). However, it has not been studied whether 

individual‘s bodily emotional states affect detection of 

emotional states in biological motion. Again, this line of 

research deserves investigation. 
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3.3. Chapter summary and discussion 

From the work reviewed in this section it can be gleaned 

that the manifestation of emotions has perceptual and motor 

properties and that the interaction between bodily systems and 

input stimuli entails the apparition of emotional states. 

However, the specificities as to how perceptual and motor 

systems interact during the processing of emotions are not 

well defined. In addition, it is still open to question 

whether emotional states are the result of appraisal processes 

or their cause.  

Despite these uncertainties some findings deserve further 

elaboration. As with the case of concrete concepts, it is 

relevant to understand how and when perceptual and motor 

systems interact during the processing of emotionally-laden 

stimuli. According to the research reviewed, emotion 

processing entails the activation of motor systems (e.g., body 

sway altered by looking at negative images) and perceptual 

systems (e.g., enhanced attention to biological motion related 

to anger). But the interaction also operates the other way 

around. This is, activating emotion-related motor (e.g., the 

pen manipulation) and perceptual (e.g., looking at 

emotionally-valenced images before judging emotionally-

valenced sounds) systems affects the processing of emotional 

stimuli.  

If a graded-embodiment approach is assumed, particularly 

for the processing of abstract concepts (see Figure 4), it can 
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be entertained that not always and necessarily both perceptual 

and motor systems should be activated during the processing of 

emotional information. For instance, it could be expected that 

during the processing of emotionally-laden images a motor 

manifestation might emerge. Although the elicited body 

manifestation might call for various motor patterns, only 

those that have high coherence and resonance with the content 

of the stimuli will be enhanced. Thus, as shown in the review, 

the processing of negative images (e.g., mutilation) can lead 

to alterations in body posture (e.g., a freezing posture), but 

might minimise facial expressions. This is, while a freezing 

posture can primarily and highly relate to, or resonate with, 

the emotion of fear, its facial expression might be just 

secondary and collateral.  

 

3.3.1. On the elicitation of emotional states 

Perceptual and motor systems are activated during the 

processing of emotional stimuli, but the automaticity of their 

activation is currently being explored. Nevertheless, it is 

still quite debatable how and when emotional states occur. 

Also, it is not clear yet whether emotional states are the 

cause or the consequence of evaluating emotionally-laden 

stimuli. 

It can be entertained that the elicitation of emotional 

states can depend on the perceptual and motor resonance 

existing between the stimuli content and the cognizer‘s 
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sensorimotor systems. Resonance is understood here as the 

level of similitude between the perceptual and motor 

properties implied and afforded by the stimuli and the 

perceptual and motor systems that can be activated in the 

cognizer in relation to the stimuli. Hence, it could be 

further argued that a high motor and perceptual resonance 

could lead to a strong elicitation of emotional states, while 

a low sensorimotor resonance could lead to a weak emotional 

elicitation (see Figure 7).  

 

 

 

 

Figure 7. Levels of resonance between the cognizer‘s sensorimotor systems 

and the sensorimotor properties that the stimuli imply/afford. ESs = strong 

emotional state, ESw = weak emotional state, HR = high resonance, LR = low 

resonance, MS = motor systems, PS = perceptual systems, MPim = motor 
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properties implied by/afforded by the stimuli, PPim = perceptual properties 

implied by/afforded by the stimuli. 

 

For instance, the processing of emotionally-laden 

sentences could elicit both perceptual and motor systems in 

the reader since usually sentences refer to events in which 

agents carry out actions on objects and those events are 

enriched by linguistic figures that elicit perceptual 

properties. However, only if the cognizer is in a bodily state 

that activates sensorimotor systems that highly resonate with 

the sensorimotor properties afforded by the sentences, then a 

measurable emotional state might arouse. For example, 

sentences like ―Your debate opponent brings up a challenge you 

hadn't prepared for. It's certain that now you're going to 

lose the point‖ might have high resonance with the motor 

behaviour of a frown, while it might not elicit the motor 

behaviour of running. If during the reading of this sentence, 

the reader is wearing a frown, most possibly a strong 

emotional state might arise since there is high resonance 

between the motor action implied by the sentence and the motor 

action being worn by the cognizer. 

It is important to put forward another aspect that might 

occur during the processing of emotionally-laden stimuli and 

that relates to the necessary activation of motor and 

perceptual systems or just one of them. The case of language 

processing could be one of the few instances in which both 
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systems could be activated given the properties already 

mentioned about language. But even so, the activation of motor 

systems not always occurs during the processing of linguistic 

stimuli (recall the results of Raposo et al. [2009] in regard 

to the processing of concrete concepts). Thus, it could be 

argued that the processing of emotionally-valenced stimuli, as 

an instance of abstract concepts, could be driven by only one 

of the systems. From a cognitive and neurological point of 

view it results more parsimonious if only one of the systems 

can take control of the processing while the other system is 

left in a stand-by state. Motor theories of social cognition 

support this claim. These theories argue that the processing 

of social actions can rely only on perceptual processes (see 

Jacob & Jeannerod, 2005). In addition, single-cell recording 

studies in primate brains show that some groups of neurons in 

the anterior inferotemporal and the frontal eye fields covary 

only with behavioural motor responses, while other neurons 

covary only with perceptual responses. More interestingly, 

another group of neurons appear to have an intermediate role 

in the sensory-motor continuum (see DiCarlo & Maunsell, 2005). 

This claim thus invites to think that even the processing 

of stimuli that entails motor properties might not always and 

necessarily call for the activation of motor systems. Such 

claim could be particularly evident for the processing of 

pictorial stimuli. In those cases it would be expected that 

perceptual systems take control over the processing. All in 
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all, it could be expected that if there is a high resonance 

between the stimuli‘s sensorimotor properties and the 

cognizer‘s sensorimotor systems an emotional state can occur, 

regardless of the processing being driven by either perceptual 

and motor systems or just one of them. 

Strong levels of elicitation might be uncovered by simple 

rating tasks or questionnaires, while other measures, like EEG 

or EMG, might be needed to dredge up weak elicitations. 

Additionally, the time for which an affective state is 

sustained might also determine the strength with which an 

emotional state is elicited. For example, it could be argued 

that an emotional state is more likely to emerge when the 

state is sustained for long periods of time, rather than if it 

is sustained for shorts periods of time. In experimental 

design terms, emotions sustained for long periods of time 

(i.e., strong emotional states) could emerge in between-

subjects designs, while emotions sustained for short periods 

of time (i.e., weak emotional states) could occur in between-

subjects designs (see Buck, 1980). However, this claim is yet 

to be empirically tested (see Figure 8). 
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Figure 8. Possible strength of emotional state elicited as an effect of 

experimental design. WSd =Within-subjects design, BSd = Between-subjects 

design, ES+ = positive emotional state, ES- = negative emotional state, ESw 

= weak emotional state, ESs = strong emotional state. 

 

Additionally, it can be argued that a combination of the 

level of sensorimotor resonance between the cognizer and the 

stimuli with different experimental designs could lead to 

different levels of emotional state elicitation. As Table 1 

shows, it could be expected that in general low sensorimotor 

resonance, regardless of occurring in between-subjects or 

within-subjects designs, would lead to weak emotional states. 

When high sensorimotor resonance occurs in within-subjects and 

between-subjects designs, mild and strong emotional states, 

respectively, could emerge. 
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Level of sensorimotor 

resonance 

 

Experimental design  

Perceived emotional 

state 

         HR        +          BSd        = ESs 

         HR        +          WSd        = ESm 

         LR        +          BSd        = ESw 

         LR        +          WSd        = ESwv 

Note. HR = high resonance, LR = low resonance, WSd = within-subjects design, 

BSd = between-subjects design, ESs = strong emotional state, ESm = mild 

emotional state, ESw = weak emotional state, ESwv = very weak emotional 

state. 

 

Table 1. Perceived level of emotional state determined by the level of 

sensorimotor resonance in combination with the type of experimental design. 

 

Finally, it is worth mentioning that ―picking up‖ the 

activation of perceptual and motor systems during the 

processing of emotional stimuli depends directly on the 

measures taken (e.g., behavioural vs. neurological) and the 

analysis performed on the data. Recall the experiments of 

Wiswede et al. and Dahl et al. In the former, a neurological 

experiment could pinpoint the effect of the pen manipulation 

of on the flanker task while a behavioural experiment failed 

to demonstrate so. In the latter, a replication of an 

experiment failed to produce the results already found in a 

former experiment even though the experimental conditions and 

the statistical analyses remain unchanged. 
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3.3.2. On the following series of experiments 

The following series of experiments aims at replicating 

previous findings suggesting that judgment of emotionally-

laden sentences requires the participation of sensorimotor 

systems (Experiments 1 and 2), and extend the results to the 

case of pictorial stimuli like emotionally-valenced images 

(Experiments 3 and 4) and facial expressions (Experiments 5 

and 6). 

The Experiment 1 aims at replicating the results obtained 

by Havas et al. (2007). In their study, participants held a 

pen in either their teeth or their lips while judging the 

pleasantness of sentences. The pen-in-teeth condition was 

employed to covertly elicit a smile, whereas the pen-in-lips 

condition sought to covertly elicit a frown. The researchers 

hypothesised that while the covert smile would activate a 

positive emotional state in participants, the covert frown 

would activate a negative emotional state. Being in a positive 

emotional state would in turn lead subjects to be more prone 

to recognise similarly valenced input, i.e., pleasant 

sentences, than dissimilarly valenced input, i.e., unpleasant 

sentences. Being in a negative state would show an opposite 

pattern. 

The hypotheses raised by Havas et al. were confirmed. 

That is, when participants were in a covert positive emotional 

state pleasant sentences were read faster than unpleasant 

sentences, while unpleasant sentences were read faster when 
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participants were in a negative emotional state. Similar 

results are expected for the experiment 1 reported here. 

However, the Experiment 1 included a couple of conditions 

devised to exert an experimental control and address a 

research question. The experimental control consisted in 

assigning participants to counterbalanced key responses. This 

is, half of the participants indicated that a sentence was 

pleasant by pressing a right hand key and indicated that a 

sentence was unpleasant by pressing a left hand key. For the 

other half of the participants the key response assignment was 

reversed. Although this counterbalance is motivated simply as 

a methodological control (see Pollatsek & Well, 1995), it 

could also throw some light as to recent claims arguing that 

people‘s handedness determines their allocation of emotion 

concepts in relation to bodily space (see previous chapters). 

As the theoretical implication of the methodological control 

is rather epiphenomenal and it is not addressed directly, no 

specific prediction is expected in this regard. However, if 

any significant offshoot occurs it will be explained 

accordingly.  

The second condition was the inclusion of a measure of 

participants‘ changes in emotional states given the pen 

manipulation. This condition was kept across all the 

experiments reported here along with the pen manipulation. A 

measurement of participants‘ emotional states was included 

since it is still open to question whether cognitive processes, 
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like judging sentences or images, are mediated by changes in 

emotional states. To tackle this question, participants‘ mood 

states were measured across experiments via Likert rating 

scales to determine whether the pen manipulation had an effect 

on participants‘ emotional states. Based on the review 

presented in previous chapters, it is likely that a pen 

condition that induces a negative emotional state could lead 

participants to rate their emotional state as less happy than 

if they were in a positive emotional state. However, the 

review also suggested that this might not be always the case 

and methodological factors might play an important role in the 

results obtained. Thus, results in this front will be analysed 

taken into account particular methodological considerations 

within and between experiments. 

In all experiments reported here, the traditional Likert 

rating scale was used. Traditional Likert scales consist of 

discrete measures that represent the level of agreement a 

person has regarding a specific question. The levels of 

agreement are in turn represented by a fixed amount of choices 

anchored by opposite values. For example, a 5-point Likert 

scale could range from 1 to 5, where 1 means a ―low agreement‖ 

and 5 a ―high agreement‖ and where the discrete numbers in 

between represent intermediate levels, i.e., 2, 3, and 4. The 

participant‘s choice is made by selecting one of the available 

options (see Likert, 1932). In the experiment 5, however, a 

modified Likert rating scale was employed. The new Likert 
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scale had a fixed range going from 0 to 1 but the scores in 

between those values were continuous and could be selected by 

moving a slider along the rating scale. The reasoning behind 

this sliding rating scale was that more granular measures 

about participants‘ emotional changes could be obtained. 

The experiments 3 and 4 differed from the previous 

experiments only in the type of stimuli used. In those 

experiments emotionally-valenced images were used. In 

principle, it is predicted that the results originally 

reported by Havas et al. (2007) also hold for the case of 

pictorial stimuli. This is, pleasant images would be judged as 

pleasant faster than unpleasant images only when participants 

are holding a pen in their teeth (i.e., smile condition); 

whereas an opposite pattern could be expected when 

participants hold a pen in their lips. However, it is tenable 

to believe that the type of stimuli used can cause different 

results, all other factors being equal. As suggested by the 

review, pictorial stimuli seem to exert a strong effect that 

in turn overrides other type of manipulations. On the other 

hand, to our knowledge, there are no studies studying a 

potential interaction between body manipulations and pictorial 

stimuli. Thus, experiments 3 and 4 seek to provide evidence in 

this front.  

Possibly the strongest effect that pictorial stimuli can 

have on participants is that produced by facial expressions. 

The literature reviewed above suggests that facial expressions 
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highly resonate with emotional states producing enhanced 

amygdale activation. Although some studies have induced 

emotional states in participants via video-clips or music, the 

only one study designed to study how direct body manipulations 

affect the judgment of facial expressions is that of Blaesi 

and Wilson (2010) reported above. Thus, the experiments 5 and 

6 are designed to obtain results that complement or extend 

Blaesi and Wilson‘s claims. 

In sum, the following series of experiment aims at 

fleshing out the framework provided by current embodied 

cognition theories as to how emotionally-laden information is 

processed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



98 

 

Chapter 4. 

Experiments 1 and 2. Replication of Havas et al. (2007) 

 

It is argued that the comprehension of emotions entails 

the activation of affective systems usually used in actual 

social interactions (see Havas et al., 2007). It is further 

argued that the relationship between emotionally-laden stimuli 

and activation of affective systems (e.g., by means of a 

covert smile via the pen manipulation) is bidirectional. This 

is, emotional stimuli (e.g., a funny picture) can activate 

perceptual and motor systems related to emotion processing 

(e.g., a smile), but also being in a particular emotional 

state can facilitate the comprehension of emotionally-laden 

stimuli. The present series of experiments aims at replicating 

and extending the claim that perceptual and motor systems are 

engaged during the comprehension of emotionally-laden stimuli.  

A first experiment was designed to replicate the results 

found by Havas et al. (2007) and that suggest that a covert 

emotional state (e.g., a smile) can facilitate or impair the 

judgment of matching or mismatching emotionally-laden language 

(e.g., pleasant sentences). The driving hypothesis for the 

present experiments is that if the comprehension of 

emotionally-laden language requires the activation of 

perceptual and motor systems, there should be an interaction 

between the covert motor face expression and sentence valence 

as found by Havas et al. (2007). This is, both perceptual 
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(elicited by the valence of the sentences) and motor (elicited 

by the covert facial expression) systems interact during the 

judgment of the sentences. It could be conceived also that 

sole main effects of sentence valence or pen manipulation 

could suggest that the comprehension process are driven by 

either perceptual or motor systems respectively. Main effects 

of both sentence valence and pen manipulation can give support 

to the idea that perceptual and motor systems are required 

during the comprehension of emotionally-laden language. 

However, a significant interaction between sentence valence 

and pen manipulation is needed in order to substantiate it 

such claim, even if there are single or various main effects. 

The pen manipulation seems to induce a change in 

emotional states as reported by Strack et al. (1988) and 

Wiswede et al. (2009). In the Havas et al. (2007) experiment, 

participants‘ emotional changes were not taken while the pen 

was held in the mouth. Since the task requirements and stimuli 

used in Havas et al.‘s experiment differ from those used by 

Strack et al. and Wiswede et al., it is unknown whether 

participants in Havas et al.‘s study underwent emotional 

changes. In other words, it is open to question whether the 

pen manipulation necessarily induces emotional changes or it 

is task dependent. Thus, it is relevant to determine under 

what experimental circumstances a true mood state can be 

elicited. It is hypothesised that the pen manipulation by 

itself is not a requisite to elicit an emotional state but 
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also the type of emotional stimuli being processed can 

cooperate in that process.  

 

4.1. Experiment 1 

 

4.1.1. Participants 

One hundred and four undergraduate students at the 

University of Adelaide participated in the experiment in 

return for payment or course credit (22 males, Mage = 21.3, SD 

= 4.53). No information about handedness was obtained from 

participants. All participants were fluent in English. The 

experimental protocol was approved by the School of Psychology 

Research Ethics Committee and all participants signed a 

written consent form. 

 

4.1.2. Materials 

The stimuli consisted of the original set of sentences 

used in Experiment 1 by Havas et al (2007) although some of 

the sentences were modified for Australian participants.  

There was a total of 96 sentences pairs each having a 

pleasant and an unpleasant version. Note that whereas in Havas 

et al. (2007) only the second pair of the sentence was 

presented, in this experiment both parts were presented, i.e., 

context and emotional sentence were shown together. An example 

of a sentence pair is given below.  
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Pleasant version: 

With seconds to play, your ruckman
1
 kicks into the goal 

square. The mark is taken by the full forward directly in 

front of the goals. 

Unpleasant version: 

With seconds to play, your ruckman kicks into the goal 

square. The mark is taken by the opposing fullback, the 

game is lost. 

 

Participant‘s mood was measured using a 6-point scale labelled 

from 1 (very sad) to 6 (very happy).  The sentences and the 

mood rating scale were presented to participants on a computer 

screen.  

 

4.1.3. Procedure  

The 96 sentence pairs were randomly assigned to 8 blocks 

of 12 items each (6 pleasant and 6 unpleasant versions 

presented in a random order). Before each block, participants 

were instructed to place a pen either between their lips or 

between their teeth. In order to make the manner of holding 

the pen clear, a photograph of a male and a female holding the 

pen according to the relevant condition was shown to 

participants on the screen as an example at the beginning of 

every block (see Figure 9).  
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Figure 9. Photographs illustrating the pen manipulation. These photographs 

were shown to participants before each experimental block. 

 

At the end of each block, participants responded to the 

question ―How do you feel right now?‖ on the 6-point mood 

scale using the computer mouse to record their answers. 

Participants were then instructed to read each sentence pair 

and to decide if they referred to a pleasant or unpleasant 

event. They were instructed to respond quickly but to try not 

to make any errors. Participants responded to the sentences by 

pressing a designated key on a computer keyboard. Two keys 

were used; the tab key on the left and the backslash (\) key 

on the right. One half of the participants pressed the right-

  
                                          NOTE:   
   This figure is included on page 102 of the print copy of  
     the thesis held in the University of Adelaide Library.
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hand key to indicate a pleasant image and pressed the left-

hand key to indicate an unpleasant image. The remaining half 

received the opposite response assignments. Participants 

rested their left and right hands near the tab and backslash 

keys, respectively, and responded using the index finger of 

the appropriate hand. 

 

4.1.4. Design and statistical analyses 

There were three dependent variables – response time in 

the sentence judgment task, error rates, and mood ratings. 

Mean correct response times were analysed using a 2 × 2 × 2 

mixed ANOVA with the factors of Pen Condition (teeth vs. lips), 

Sentence Valence (pleasant vs. unpleasant), and Response Key 

Assignment (pleasant-left / unpleasant-right vs. unpleasant-

left / pleasant-right). The first two factors were manipulated 

within participants and the last factor was manipulated 

between participants. Mood ratings were submitted to repeated 

measures GLM with the factor of Pen Condition and Response key 

assignment. Effect sizes (η) are reported for interactions and 

main effects of interest (see details in Appendix B).  

 

4.1.5. Results 

Average error across conditions was computed for each 

subject. Subjects whose error rates were 2.5 SD below and 

above the overall mean performance were removed (4 
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participants were removed). Thus, the data from 100 were 

submitted to analyses. 

A mean RT analysis was performed on the data after 

removing 4 subjects. The results showed only a borderline 

significant main effect of pen condition, F (1, 98) = 3.59, p 

= .061, η = .18. No other main effect or interaction reached 

significance. This results suggested that regardless of 

sentence valence and key response allocation, when 

participants held the pen in their teeth, both pleasant and 

unpleasant sentences tended to be read faster (M = 5247, SE = 

190) than when participants held the pen in their lips (M = 

5355, SE = 194). 

A proportion correct analysis showed a main effect of 

sentence valence, F (1, 98) = 37.695, p = .000, η = .52., 

indicating that regardless of pen condition and key response 

allocation, pleasant sentences were judged less correctly (M 

= .80, SE = .010, 95% CI = .78-.82) than unpleasant sentences 

(M = .86, SE = .006, 95% CI = .85-.88). No other main effects 

or interactions reached significance in the error analysis. 

An analysis of mood ratings did show neither interactions 

nor main effects, all F < 1. (see Table 2).  
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  Mood rating 

Key response assignment Pen condition Mean (SE) 95% CI 

Left-pleasant Teeth (smiling) 4.45 (.103) 4.24-4.65 

 Lips (frowning) 4.45 (.103) 4.24-4.65 

Right-pleasant Teeth (smiling) 4.32 (.103)  4.11-4.52 

 Lips (frowning) 4.25 (.103)  4.05-4.45 

 

Table 2. Mean mood rating in Experiment 1. Standard errors are presented 

between parentheses.  

 

4.1.6. Discussion  

The results of Experiment 1 did not replicate those found 

by Havas et al. A twofold explanation can be offered as to why 

this might have occurred. The first explanation relates merely 

to methodological issues. In particular, not finding a 

significant interaction between the pen manipulation and the 

sentence valence could be due to the ease of comprehension of 

the sentences. The sentences used by Havas et al. were 

originally designed for an American context and rated in 

advance. In this experiment sentences were simply re-worded to 

fit an Australian context. Thus, the material used in the 

present experiment needs further care so that 

comprehensibility is not affected. Once materials are revised, 

it is then expected that the expected interaction occurs and 

that no significant effects emerge in the proportion correct 

analyses. In fact, a further item analysis suggested that 

various sentences had low proportion of agreement and needed 
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to be re-worded. This new revised material was used in 

Experiment 2. 

The second explanation can lie in the results of the 

error analysis. The present results seem contrary to the error 

rates reported in Havas et al. (2007, see Table 1 in their 

paper). In their experiment the judgment of both pleasant and 

unpleasant sentences had similar proportion correct (~.96). 

However, such results seem not to occur always. It is known 

that negative stimuli can take more processing time than 

positive and neutral stimuli (e.g., Flykt et al., 2009) and 

that negative stimuli are recognised more accurately than 

other emotional stimuli (e.g., Gordillo León et al., 2010). 

Particularly, in the case of linguistic stimuli, it has been 

suggested that the processing of negative words demand more 

attention than positive ones (see Dahl et al., 2006). Such 

extra processing time can be due to the cognitive load gained 

during accurate stimuli recognition.  

The results of the proportion correct analysis are thus 

in line with work in emotion research. It can be conceived 

then that the judgment of emotionally-laden sentences can also 

be guided solely by perceptual processes influenced by the 

valence of the stimuli. However, the borderline effect of pen 

manipulation can also play a part in this process and can 

reflect the effect of motor processes during the judgment of 

emotionally-valenced linguistic stimuli. This interpretations 

entails that the results of the error analysis and the pen 
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manipulation could be seen as two main effects that, although 

did not interact, can play independent roles during the 

processing of valenced sentences.  

Such interpretation does not undermine the finding 

provided by Havas et al. (2007). On the contrary, the present 

interpretation is complementary and rather provides a more 

flexible and parsimonious embodied cognition account. Under a 

graded-embodiment approach (see Chatterjee, 2010) it could be 

considered that comprehension of emotionally-laden language 

requires the activation of either perceptual or motor systems 

or perceptual and motor systems in combination. The former 

would be statistically manifested in main effects and no 

interactions, whereas the latter manifests in interactions, 

and probably single or various main effects. The present claim 

is cognitively parsimonious in that not always both perceptual 

and motor systems have to be activated for the processing of 

any stimuli and in that one of the systems can take sole 

control of the processing. In addition, the experimental 

materials and task demands play a key role in eliciting a dual 

or independent activation of perceptual and motor systems 

during the processing of stimuli. 

A follow-up study in which the sentences used in 

Experiment 1 were revised aimed at exploring the ideas put 

forward so far and trying to replicate Havas et al. (2007, 

Experiment 1) finding. Replicating the Havas et al.‘ results 

would give support to the idea that dual systems, i.e., 
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perceptual and motor, are needed during the processing of 

emotionally-laden language. Obtaining solely main effects 

would suggest that under specific circumstances one of the 

systems might take over the processing (whichever resonates 

better with the task and stimuli being processed). Finding an 

interaction, and a single main effect, would suggest that the 

interaction can be driven particularly by one of the systems, 

i.e., either perceptual or motor. A finding in which an 

interaction and various main effects occur could simply 

suggest that the processing of the material used and under the 

specific experimental setting does require the interaction of 

both perceptual and motor systems plus their individual 

effects. But then again, the finding of results is tied to the 

specific experimental settings and task (e.g., recall 

experiments by Dahl et al., 2006 commented earlier). 

 

4.2. Experiment 2 

 

4.2.1. Participants 

One hundred and twenty five undergraduate students at the 

University of Adelaide participated in the experiment in 

return for payment or course credit. Fifteen subjects were 

left-handed and the rest (110 subjects) were right-handed 

(RHs). Left-handers were removed from the analyses and only 

the data of RHs were used for the analyses. Handedness was 
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determined by self-report 
7
. RHs whose overall proportions of 

correct answers across conditions were 2.5 SD above and below 

the mean error rate were removed (1 participant). Also, the 

data of participants whose RTs across conditions were 2.5 SD 

above and below the mean RTs of all subjects were removed (3 

participants). Thus, the data from 106 subjects were submitted 

to analyses (26 males, Mage = 20.1, SD = 5.63).  

 

4.2.2. Materials 

The stimuli consisted of a revised version of the 

sentences used in Experiment 1 (see Appendix C). Since in 

Experiment 1 pleasant sentences were judged less accurately 

than unpleasant sentences, it is suspected that a speed-

accuracy trade-off (SAT) could have accounted for the results. 

The SAT functions are traditionally characterised by following 

an exponential form and positive correlation in which the 

faster the RTs are, the lower the accuracy is, and while the 

slower the RTs are, the higher the accuracy is (see Wickelgren, 

1977). A correlation analysis showed that in Experiment 1 

there was a significant negative correlation between the level 

of accuracy and RT for both pleasant and unpleasant sentences, 

r(104) = -.40, p = .00, and r(104) = -.341, p = .00, 

                                                 
7 It has been determined that self-report is also a reliable approach to 

determine handedness instead of the traditional Edinburgh Handedness 

Inventory (see Coren, 1993, as cited in Casasanto, 2009). 
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respectively. However, in both cases, linear fit lines were 

never below chance (below .50).  

For Experiment 2, sentences were re-worded given these 

results. A correlation analysis showed that for both pleasant 

and unpleasant sentences there was not a significant negative 

correlation between the level of accuracy and RT, r(125) = -

.154, p = .08, and r(125) = -.123, p = .17, respectively. Once 

again, linear fit lines were never below chance. Thus, in 

Experiment 2, no SAT can factor in for the results found (see 

also Appendix D).  

A conditional accuracy function (CAF) (see Stins et al., 

2007) plot corroborates that the revised sentences not only 

discarded any SAT effects but also lowered accuracy variance 

across the distribution of RTs with respect to Experiment 1 

(see Figure 10). That is, in comparison to the Experiment 1, 

in Experiment 2 sentences were more accurately judged as 

pleasant and unpleasant. It is also clear from the CAF plot 

that variance was the lowest at the RT range in which both 

pleasant and unpleasant sentences were judged in both 

Experiment 1 and 2, i.e., between 4 and 6 seconds. This 

suggests that both pleasant and unpleasant sentences were more 

reliable judged within the 4-6 sec timeframe than during any 

other timeframe. More importantly, the plot shows that across 

different RT bins, the level of accuracy was stabilised in 

Experiment 2 after sentences were re-worded. Overall, accuracy 

level was significantly improved from Experiment 1 (M = .82, 
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SD = .10) to Experiment 2 (M = .87, SD = .08), t (227) = 4.24, 

p = .000. 

 

 

Figure 10. Conditional accuracy function plot for the judgment of both 

pleasant and unpleasant sentences in Experiment 1 and 2. The CAF plot shows 

the participants‘ level of accuracy in a given experimental condition as a 

function of RT bin or timeframe. Error bars for RT bins represent the 95% 

CIs. 

 

4.2.3. Procedure 

The procedure was the same as that of Experiment 1. 
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4.2.4. Design and statistical analyses 

The design and statistical analyses were the same as 

those used in Experiment 1. 

 

4.2.5. Results 

Results showed that there was a virtually significant 

interaction between pen condition and sentence valence, F (1, 

104) = 3.71, p = .057, η = .18 (see Figure 11).  

 

 

Figure 11. Mean response times for the pen condition and sentence valence 

interaction. Error bars for condition means represent the 95% CIs. 

 

This is, while participants held the pen in their teeth, 

pleasant sentences (M = 5147, SE = 49.26) were read 17ms 

faster than unpleasant sentences (M = 5164, SE = 44.24), 
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whereas when participants held the pen in their lips, pleasant 

sentences (M = 5259, SE = 47.95) were read 166ms slower than 

unpleasant sentences (M = 5103, SE = 40.18). 

No other main effect and interaction reached statistical 

significance, all p > 1. 

A proportion correct analyses showed a main effect of 

sentence valence, F (1, 104) = 24.33, p = .00, η = .43 and a 

3-way interaction among pen condition, sentence valence, and 

key response assignment, F (1, 104) = 5.22, p = .024, η = .21. 

Overall, there was less agreement for pleasant sentences (M 

= .856, SE =.008, 95% CI = .84-.86) than for unpleasant 

sentences (M = .904, SE = .006, 95% CI = .89-.91).  

No other main effect or interaction was significant in 

the error and RT analyses, all p > .1 

An analysis of mood ratings did show neither interactions 

nor main effects, all F < 1 (see Table 3).  

 

  Mood rating 

Key response assignment Pen condition Mean (SE) 95% CI 

Left-pleasant Teeth (smiling) 2.80 (.06) 2.68-2.92 

 Lips (frowning) 2.73 (.06) 2.61-2.85 

Right-pleasant Teeth (smiling) 2.81 (.05) 2.69-2.92 

 Lips (frowning) 2.72 (.05) 2.60-2.83 

 

Table 3. Mean mood rating in Experiment 2. Standard errors are presented 

between parentheses.  
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4.2.6. Discussion 

Experiment 2 virtually replicated the results found by 

Havas et al. (2007, Experiment 1). This is, sentence valence 

and pen manipulations interacted during the judgment of the 

experimental stimuli. However, Experiment 2 showed again a 

main effect of sentence valence in the error analysis.
8
  

It is worth noting that the pattern of the RTs found in 

the interaction mimic those reported by Havas et al. (2007, 

Table 1). Such similarity between the data pattern of the 

present experiment and those obtained by Havas et al. 

substantiates the interaction found (compare Figure 11 and 

Figure 12). It is important to note that whereas in Havas et 

al.‘s experiment participants read only the emotion sentence, 

in the experiment reported here participants read both the 

context and the emotion sentence, thus the difference in mean 

RTs. 

 

                                                 
8 In a post-hoc analysis the results of Experiment 1 and 2 were combined to 

increase power and potentially replicate more confidently Havas et al.‘s 

results. The same factors used in both experiments were included in the 

combined analysis with the exception that ―Experiment‖ was added as a 

between-subjects factor. On a second analysis, ―Experiment‖ was included in 

the model as a covariate. The results showed no significant main effects or 

interactions for RT, error, and mood analyses (all p > .05). 
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Figure 12. Results of Havas et al. (2007, Table 1) represented as a bar 

chart.  

 

Indeed a computation of the effect size of Havas et al.‘s 

results is pretty similar to the one obtained in the present 

replication. This is, Havas et al.‘s interaction has η = .21, 

which is a small-to-medium effect size. The effect size of the 

present replication also falls within the same range, i.e., η 

= .18.  

Note too that whereas the lips condition seems to lead to 

slower RTs, particularly for negatively-laden sentences, the 

pen-in-teeth condition seems to speed up the reading of 

sentences regardless of their valence. This pattern was in 

fact found in Experiment 1 (although it was shy of reaching 

significance). This result is consistent with research on 

emotions that show that inducing negative emotional states 
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leads subjects to slow down the processing of information 

(e.g., Bower & Forgas, 2000). 

In Experiment 1 the effect of sentence valence had a 

quite large effect size (η =.52) presumably indicating 

problems with the experimental material. Revised versions of 

the materials were used in Experiment 2. But even so, it was 

found again a main effect of sentence valence. It is worth 

noting that although the effect size found in this experiment 

(a medium-to-large effect [η=.43]) was smaller than the effect 

size found in Experiment 1, it remains being highly 

significant. The fact that an interaction between pen 

manipulation and sentence valence was virtually significant 

downplays the idea that sentence consistency could have had 

some negative effect. This is, an interaction of sentence 

valence and pen manipulation occurred even if sentences had 

significant difference in judgment error rates. 

The fact that the effect size of sentence valence found 

in the proportion correct analysis is rather large could give 

support to the ideas raised in Experiment 1. Those ideas can 

receive further support by the fact that the same pattern 

found in Experiment 1 was replicated in Experiment 2, i.e., 

negative sentences were judged more accurately than pleasant 

sentences. This is, it could be argued that the interaction 

between pen condition and sentence valence, although having a 

small-to-medium effect size, was virtually significant due to 

the main effect of sentence valence, which had a medium-to-
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large effect size. In terms of a graded-embodiment account, it 

could be said that there was an interaction between perceptual 

and motor systems, the former elicited by the sentences and 

the latter elicited by the pen manipulation, and that such 

interaction was mainly driven by perceptual processes 

represented in the form valenced stimuli.  

Motor theories of social cognition offer support to the 

previous claim. Jacob & Jeannerod (2005) argue that ―[…] in 

the response to the perception of a threat, it might be 

adaptive to flee, not to simulate the threatening agent‘s 

observed movements.‖ And that ―evidence from single cell 

recordings in the monkey Superior Temporal Sulcus (STS) shows 

that observing many actions towards conspecifics prompts 

purely perceptual processes‖ (p. 24) (see also DiCarlo & 

Maunsell, 2005). Indeed, even though the STS is involved in 

the processing of biological motion (e.g., facial expressions, 

gait, emotions in social contexts) and language processing 

(e.g., meaningful linguistic units), it is argued that neurons 

in the STS lack of motor properties (see Rizzolatti et al., 

2000, as cited in Jacob & Jeannerod, 2005). This sort of 

evidence suggests that perceptual processes can also drive the 

processing of information without requiring motor simulations. 

This argument does not deny that an interaction between 

perceptual and motor systems can occur for the processing of 

information (as demonstrated by Havas et al. and virtually 

replicated in Experiment 2), but highlights the idea that one 
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of the systems, particularly perceptual systems, can take 

control of the processing without requiring any motor 

involvement. This re-conceptualisation of embodiment proposes 

a graded-embodiment account for the processing of information. 

The graded-embodiment then would predict that, given 

experimental task requirements and stimuli, perceptual and 

motor systems can occur for the processing of information 

(traditional embodiment account), but that such interaction 

can be driven by a joint effort of the systems or simply by 

one of them (the account proposed in this thesis). 

It could be argued that language is a complex type of 

stimuli that might require the use of perceptual and motor 

systems given not only the process of reading itself but also 

given the situations referred to by the linguistic unit. 

Evidence reviewed above shows that language processing entails 

the activation of motor systems (e.g., Hauk et al., 2004), but 

that is not always the case (e.g., Raposo et al., 2009). Such 

contradictory results occurred in the case of language that 

implied concrete entities. Thus, it is arguable that in the 

case of language containing or referring to abstract entities, 

like emotions, more diverse results are expected. As it was 

argued above, it is likely that the processing of abstract 

concepts might entail a weak activation of perceptual and/or 

motor properties (see Figure 4). 

It is worth exploring whether perceptual and motor 

systems interact during the processing of emotional stimuli 
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other than linguistic. It could be conceived that because 

larger linguistic units can entail some pragmatic and 

perceptual properties, the activation of motor and perceptual 

systems is highly likely. For example, a sentence like ―the 

kid kicked the red football towards you‖ can elicit the 

activation of brain areas related to leg movement (as 

suggested by the verb ―kick‖. See Hauk et al., 2004 for 

results in this direction). But also such sentence can elicit 

the activation of brain areas related to the processing of 

colour and direction of motion (as suggested by the word ―red‖ 

and the indication that the ball is approaching the 

reader/hearer. See Zwaan et al., 2004 for results in this 

direction). The results reported by Havas et al. and 

replicated in Experiment 2 can be due to the effect of 

language in the elicitation of perceptual and motor properties. 

However, given the results from the error analysis, it can be 

argued that perceptual systems might be driving the process. 

Thus, it is open to question what pattern of results can occur 

for the processing of emotionally-laden stimuli other than 

language, e.g., images. 
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Chapter 5. 

Experiment 3 and 4. Emotionally-laden and neutral images 

judging task 

 

Experiments 3 and 4 were designed to test whether a 

bodily state can affect the judgment of emotionally-valenced 

(Experiment 3) and neutral (Experiment 4) images. It can be 

argued that processing of such type of stimuli might not 

require the activation of both perceptual and motor systems, 

but only one of the systems might take full control of the 

processing. 

Earlier it was said that given the particular 

characteristics of language, it is more likely that language 

processing requires the activation of both perceptual and 

motor systems (recall example of the sentence ―the kid kicked 

the red football towards you‖). However, the processing of 

pictorial stimuli might be driven mostly by perceptual 

processes provided that stimuli are emotionally-valenced and 

mostly depicting general situations. For example, it could be 

entertained that there should be a higher motor system 

activation when subjects see images showing hand actions on 

objects (e.g., a hand grasping a cup) than images showing 

events or scenarios in which particular motor actions seem not 

pertinent (e.g., a city skyline). There is in fact research in 

this direction demonstrating that sensorimotor areas show 

activation to video clips of human and robot agents performing 
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actions on objects (Shimada, 2010, as cited in Mishra & 

Marmolejo-Ramos, 2010). However, it would be expected that if 

images or video clips depict only general events or scenarios, 

no motor system activation might occur. 

The judgment of emotionally-laden images might require 

exclusively perceptual process since, based on the motor 

theory of social cognition, activating motor systems can incur 

a cognitive cost that is detrimental to self-preservation. The 

activation of only perceptual systems seem to lead to a faster 

pathway that can in turn inform the cognizer as to the threat 

posited or not by what is being seen. Based on this premises, 

Experiment 3 aims at testing whether the activation of motor 

systems, via the pen manipulation, might interact with the 

processing of perceptual stimuli that depicts mostly general 

situations, via emotionally-valenced images. If both motor and 

perceptual systems are required for the processing of images, 

then a significant interaction between pen manipulation and 

image valence is expected. If the processing is driven by 

either motor or perceptual processes a main effect of one of 

them is expected. It is expected though, based on the evidence 

provided above, that given the that the images presented to 

subjects display general situations, no motor system 

participation is expected. Also, since the images have some 

emotional valence, positive and negative (see method section 

for details), it is more parsimonious for the cognitive system 

to use perceptual pathways for the judgment of images rather 
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than activating motor systems. For example, it could be 

hypothesised that when a participant sees the image of a 

landscape it is more likely to determine what place is being 

shown, if it is during day or night, etc, rather than 

simulating how to go from point A to point B, how much 

physical effort requires covering that distance, etc.  

It could be further argued that in the case of positive 

images, for example, being in a happy state (pen in teeth) can 

accelerate the judgment of the images as being pleasant, while 

the judgment time should be slowed when a sad face is worn 

down since the emotional state does not match the content of 

the images. However, it is tenable to consider that the motor 

action covertly elicited by the pen condition has low 

resonance with any action that might be linked to the images. 

In other words, the facial expression might not affect the 

judgment of the images while it might on the other hand just 

elicit an emotional state in the viewer.  

It is important to mention that no effect on mood was 

found in the previous 2 experiments even when there was a 

borderline effect of pen condition (Experiment 1) and even 

when an interaction between pen manipulation and sentence type 

was found (Experiment 2). In those cases, the pen manipulation 

might contribute to the processing of emotionally-laden 

sentences without necessarily eliciting an emotional state. 

Thus, it is more unlikely to find any mood change in the 

following experiments given what was already argued about the 
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low motor resonance between the pen manipulation and the 

possible motor actions that can be triggered by the content of 

the images. 

 

5.1. Experiment 3 

 

5.1.1. Participants 

One hundred and twenty eight undergraduate students at 

the University of Adelaide participated in the experiment in 

return for payment or course credit. Sixteen subjects were 

left-handed and the rest (112 subjects) were right-handed 

(RHs). The data from those RHs whose proportions of correct 

answers across conditions were below or above 2.5 SD were 

removed (5 subjects). Also, the data from subjects whose RTs 

across conditions were below or above 2.5 SD were removed (3 

subjects). Thus, the data from 104 subjects were submitted to 

analyses (28 males, Mage = 20.4, SD = 4.93). Only the data of 

RHs were used for the analyses. The experimental protocol was 

approved by the School of Psychology Research Ethics Committee 

and all participants signed a written consent form. 

 

5.1.2. Materials 

Ninety six images from the International Affective 

Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) were 

used. Forty eight pictures were neutral and the remaining 

pictures were positive. The neutral pictures consisted mostly 
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of photographs of people, animals, and objects. The positive 

pictures consisted mostly of couples, babies, and landscapes. 

The selection criteria were as follows: Pictures in the IAPS 

are rated on a 9-point Likert scale in which 1 represents a 

low rating (e.g., low pleasure, low arousal) and 9 a high 

rating on each dimension (e.g., high pleasure, high arousal). 

Thus, pictures with ratings close to 7.5 would be positive, 

and pictures with ratings close to 5 would be neutral. On this 

basis, the selection process had 3 steps: a) Selection of all 

pictures which valence ratings ranged between 7 and 8 

(positive pictures), and between 4.5 and 5.5 (neutral 

pictures), b) to control for arousal, pictures which arousal 

ratings ranged between 4.5 and 5.5 were selected inside each 

category, and finally b) only 48 pictures were kept for each 

of the two categories. Because the neutral pictures category 

ended up with various pictures of the same kind (i.e., 12 

erotic pictures), these were replaced with other neutral 

pictures already obtained in step a). These new pictures were 

selected on the basis that their mean arousal rating did not 

affect drastically the overall mean rating for that category. 

A similar situation occurred with 2 pictures in the negative 

category (see Appendix E for complete list of images used). 

Table 4 presents the descriptive statistics for each image 

category. 
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 Mean Valence (SD) Mean Arousal (SD) 

Neutral pictures 5.00 (0.28) 5.02 (0.61) 

Positive pictures 7.34 (0.27) 4.96 (0.24) 

 

Table 4. Mean valence and arousal for images used in Experiment 3. Standard 

deviations are presented between parentheses. 

 

An two-tailed independent samples t test showed that the 

two images categories were significantly different at their 

valence dimension, t(94) = 40.812, p = .000 (equal variances 

assumed, F < 1), and were not significantly different at their 

arousal level, t(61.673) = -.549, p = .585 (equal variances 

not assumed, F (1,94) = 33.844, p = .000). 

 

5.1.3. Procedure 

Procedure was similar to that of Experiment 1. The 

present experiment differed in that images were used instead 

of sentences and that participants were asked to decide 

whether images were positive or negative 
9
. The images remained 

on the screen until a response was made. As in Experiment 1 

and 2, the images were presented across 8 blocks of 12 trials 

                                                 
9 Initially both positive and negative images were selected for the 

experiment. However, given the distress that negative images might cause to 

participants (the mean valence level was 2.54 and images consisted mostly 

of photographs of mutilated bodies), it was decided that neutral pictures 

would be used instead.  
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each. At the end of each block, participants responded to the 

question ―How do you feel right now?‖ on the 6-point mood 

scale using the computer mouse to record their answers. As in 

Experiment 1 and 2, one half of the participants pressed the 

right-hand key to indicate a pleasant image and pressed the 

left-hand key to indicate an unpleasant image. The remaining 

half received the opposite response assignments. Participants 

rested their left and right hands near the tab and backslash 

keys, respectively, and responded using the index finger of 

the appropriate hand. 

 

5.1.4. Design and statistical analyses 

As in Experiment 1 and 2, there were three dependent 

variables – response time in the image judgment task, error 

rates, and mood ratings. Mean correct response times were 

analysed using a 2 × 2 × 2 mixed ANOVA with the factors of Pen 

Condition (teeth vs. lips), Image Valence (positive vs. 

negative), and Response Key Assignment (pleasant-left / 

unpleasant-right vs. unpleasant-left / pleasant-right). The 

first two factors were manipulated within participants and the 

last factor was manipulated between participants. Mood ratings 

were submitted to repeated measures GLM with the factor of Pen 

Condition and Response key assignment. Effect sizes (η) are 

reported for interactions and main effects of interest. 
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5.1.5. Results 

Figure 13 presents mean response times for each image 

valence and pen condition under the two response key 

assignments. The results showed only a large main effect of 

image valence, F (1, 102) = 154.88, p = .000, η = .77. No 

other main effect or interaction reached significance, all p 

> .1 

The results suggested that regardless of pen manipulation 

and key response allocation positive images were judged faster 

(M = 1356, SE = 41.12) than negative images (M = 1990, SE = 

71.47) 

 

 

Figure 13. Mean response times for the main effect of image valence given 

pen condition and key response assignment in Experiment 3. Error bars for 

condition means represent the 95% CIs. 
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An proportion correct analyses showed only a large main 

effect of image, F (1, 102) = 172.68, p = .000, η = .79. The 

results showed that independent of pen manipulation and key 

response assignment, positive images were judged more 

correctly (M = .92, SE = .01, 95% CI = .90-.94) than negative 

images (M = .65, SE = .01, 95% CI = .63-.67). 

An analysis of mood ratings did show neither interactions 

nor main effects, all F < 1 (see Table 5).  

 

  Mood rating 

Key response assignment Pen condition Mean (SE) 95% CI 

Left-pleasant Teeth (smiling) 3.83 (.12) 3.58-4.08 

 Lips (frowning) 3.90 (.12) 3.66-4.15 

Right-pleasant Teeth (smiling) 3.94 (.12)  3.70-4.18 

 Lips (frowning) 3.87 (.11) 3.63-4.10 

 

Table 5. Mean mood rating in Experiment 3. Standard errors are presented 

between parentheses.  

 

5.1.6. Discussion 

The results of the error analysis show an opposite 

pattern to that obtained in Experiments 1 and 2 in which 

emotionally-valenced sentences were used. This is, positive 

images were judged more accurately than negative images. It 

might be the case that because participants were forced to 

judge neutral images (recall that we used neutral images 

instead of negative images) as negative, it created room for 
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errors in their judgment and longer RTs therefore occurred. On 

the other hand, positive images could have been judged as 

positive faster than the other type of images since they were 

in fact positive and therefore were judged more accurately.  

The result of importance here is that no pen manipulation 

was significant, no interaction occurred, but interestingly, 

again, there was a main effect of perceptual stimuli. This 

result gives support to the idea presented earlier and that 

predicted that the processing of images can be driven merely 

by perceptual systems and therefore no need of motor systems 

or interaction of motor and perceptual systems was needed. In 

addition, a non-significant effect of pen manipulation in mood 

ratings suggests that the motor facial expression did not 

resonate with the content being displayed by the images. 

Thus, it would be important to test whether the pen 

manipulation has an effect on a two-alternative forced 

classification task in which neutral images have to be 

classified as either negative or positive. If there is a 

genuine effect of motor systems on the processing of 

perceptual stimuli, it is expected that a main effect of pen 

manipulation occurs. This is, it would be expected to find 

longer RTs when holding a pen in the lips than when holding a 

pen in the teeth. Recall that in Experiment 1 sentences, 

regardless of their valences, were judged faster when 

participants where smiling than when they were frowning. 

Although such main effect of pen manipulation was not 
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statistically significant, it is line with the idea that a 

facial expression mimicking a negative affective state slows 

down the judgment of input stimuli, whereas an opposite 

pattern can occur while wearing a facial expression mimicking 

a positive affective state (see Bower & Forgas, 2000).  

However, given the main effect obtained thus far across 

the experiments, it is expected that once again the perceptual 

system take control over the processing of pictorial stimuli. 

In this scenario, no main effect of the pen manipulation is 

expected. Also, given the results of Experiment 3, it is less 

likely that an interaction between pen manipulation and image 

categorization occurs since, as being argued thus far, only 

perceptual systems are needed to run the processing of 

pictorial stimuli. Finally, no effect in mood is expected from 

the pen condition given the lack of motor resonance between 

the pen manipulation and the content displayed in the images. 

 

5.2. Experiment 4  

 

5.2.1. Participants 

One hundred and seventeen undergraduate students at the 

University of Adelaide participated in the experiment in 

return for payment or course credit. Thirteen subjects were 

left-handed and the rest (104 subjects) were right-handed 

(RHs). Participants whose RTs across conditions were 2.5 SD 

above and below the grand mean were removed (2 subjects). 
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Because in this experiment only neutral images were used and 

participants were forced to judge whether the images were 

positive or negative, no subjects were removed due to 

incorrect answers (see procedure section). Only the data of 

RHs were used for the analyses. Thus, the data from 100 

subjects were submitted to analyses (37 males, Mage = 20.4, SD 

= 3.21). The experimental protocol was approved by the School 

of Psychology Research Ethics Committee and all participants 

signed a written consent form. 

 

5.2.2. Materials 

Ninety six images from the International Affective 

Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) were 

used. Forty eight pictures were the neutral images used in the 

previous experiment. Other set of 48 neutral pictures were 

taken from the IAPS. The neutral pictures consisted mostly of 

photographs of people, animals, and objects. A similar 

selection criteria to that used in the previous experiment was 

applied here for the selection of the other 48 neutral images. 

Thus, the images used had a mean valence of 5.02 (SD = .30) 

and a mean arousal of 4.53 (SD = .72) (see Appendix F for 

complete list of images used). 

 

5.2.3. Procedure 

Procedure was similar to that of Experiment 3 unless 

otherwise indicated. The present experiment differed in that 
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only neutral images were used. Participants‘ task was to 

indicate, as quickly and accurately as possible, whether the 

image was positive or negative while holding a pen in their 

lips or their teeth. As in the previous experiments, one half 

of the participants pressed the right-hand key to indicate a 

pleasant image and pressed the left-hand key to indicate an 

unpleasant image. The remaining half received the opposite 

response assignments. Participants rested their left and right 

hands near the tab and backslash keys, respectively, and 

responded using the index finger of the appropriate hand. 

 

5.2.4. Design and statistical analyses 

There were three dependent variables – proportion of 

images judged as positive and negative, judgment response 

times for each type of image, and mood rating. Mean proportion 

of images judged as positive and negative were analysed using 

a 2 × 2 × 2 mixed ANOVA with the factors of Pen Condition 

(teeth vs. lips), image valence (negative vs. positive) and 

Response Key Assignment (pleasant-left / unpleasant-right vs. 

unpleasant-left / pleasant-right). The first two factors were 

manipulated within participants and the last factor was 

manipulated between participants.  

A further analysis was designed to determine the mean 

response time for each type of image type given the pen 

condition and response key assignment. This analysis was 
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performed using a 2 × 2 × 2 mixed ANOVA with the same factors 

mentioned above. 

Mood ratings were submitted to repeated measures GLM with 

the factor of Pen Condition and Response key assignment. 

Effect sizes (η) are reported for interactions and main 

effects of interest. 

 

5.2.5. Results 

The results showed that only a main effect of image was 

significant, F (1, 98) = 11.39, p = .001, η = .32. Regardless 

the pen manipulations and key response allocation, RTs for 

images judged as positive were 171ms slower (M = 1915, SE = 

25.35) than RTs for images judged as negative (M = 1744, SE = 

25.35) (see Figure 14). No other significant interaction or 

main effect was significant, all F < 1 
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Figure 14. Mean response times for the main effect of image valence given 

pen condition and key response assignment in Experiment 4. Error bars for 

condition means represent the 95% CIs. 

 

An analysis of the amount of images judged as positive 

and negative given the pen manipulation and key response 

assignment, showed only a main effect of image, F (1, 98) = 

34.07, p = .000, η = .50. Regardless the key response 

assignment and pen manipulation on average more images were 

judged as negative (M = 27.91, SE = .78, 95% CI = 26.35-29.47) 

than positive (M = 18.72, SE = .78, 95% CI = 17.16-20.28). 

An analysis of mood ratings did show neither interactions 

nor main effects, all F < 1 (see Table 6).  
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  Mood rating 

Key response assignment Pen condition Mean (SE) 95% CI 

Left-pleasant Teeth (smiling) 3.71 (.14) 3.43-4.00 

 Lips (frowning) 3.58 (.12) 3.34-3.82 

Right-pleasant Teeth (smiling) 3.63 (.13)  3.36-3.90 

 Lips (frowning) 3.65 (.11) 3.42-3.88 

 

Table 6. Mean mood rating in Experiment 4. Standard errors are presented 

between parentheses.  

 

5.2.6. Discussion 

In this experiment all images were neutral and 

participants‘ task was to classify the images as being 

positive or negative. The results showed that participants 

tended to judge most images as negative regardless of the pen 

manipulation or the key response allocation. This result 

suggests once again that no motor system activation is 

necessary for the processing of pictorial stimuli and that 

rather such processing is driven by the perceptual system. The 

fact that more images were judged as being negative might obey 

only to subjective assessment of the images‘ statistics (e.g., 

colour, pixelation, sharpness, brightness, etc.) (see Fuchs, 

Ansorge, Redies, & Leder, [in press]). If an opposite pattern 

had occurred, i.e., more images being assessed as positive, 

the current interpretation had still held and further analysis 

of the results would possibly boil down to image properties. 

In sum, this result once again gives support to the idea that 
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the processing of pictorial stimuli seems to require only 

perceptual systems even if there is intervention of motor 

manipulations.  

The previous claim is further supported by the fact that 

images classified as negative were judged faster than images 

classified as positive. The reason why negative pictures were 

processed faster than positive images could be explained in 

terms of a natural selective attention account (see Bradley, 

2009). Such account argues that the processing of emotional 

stimuli is determined by defensive motivational systems in 

which the organism has to detect quickly harmful stimuli in 

order to increase chances of self-preservation (see also 

Gordillo León et al., 2010). Thus, when recognising negative 

stimuli other intervening factors are overridden and faster 

detection RTs should then occur for negative stimuli. The 

results presented here follow therefore an evolutionary view 

suggesting that stimuli judged as negative should be 

recognised faster in order to prevent any harm to the organism, 

particularly when there is a higher presence of threatening 

stimuli. The results found showed that more neutral images 

were classified as negative and that their detection was 

faster than the recognition of images judged as positive. The 

results of the effect size can provide basis for a stronger 

claim. Recall that the effect size of the amount of images 

judged as negative vs. positive was large (η = .50), whereas 

the effect size of the judgment time was medium (η = .32). 
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Such results would suggest that the more stimuli judged as 

negative exits in the environment, the faster their detection 

should be. This is, negative stimuli are recognised faster 

only when they outnumber other type of stimuli. 

Recall however that the evidence regarding the encoding 

of negative stimuli is contradictory; while some argue that 

there are no differences in judgment times between negative 

and other arousing stimuli (e.g., Maljkovic et al., 2005), 

others argue that negative stimuli are sometimes detected 

faster (e.g., Dahl et al., 2006) and sometimes slower (e.g., 

Flykt et al., 2009) than any other type of stimuli. Thus, 

particular methodological aspects of the experiment presented 

here cannot be ruled out. 

The case of images might have a status in itself as 

experimental stimuli. It has been shown that even when images 

of different emotional valence are presented for short periods 

of time (~500ms), skin conductance measures increase between 

3-5 seconds after the image has been presented only for the 

case of pleasant and unpleasant images (Codispoti, Bradley, 

Cuthbert, & Lang, 2001, as cited in Bradley, 2009). In 

addition, ERP measures also confirm that presentation of 

positive and negative images, not neutral images, lead to 

enhanced negative voltage over occipital sensors (Versace et 

al., 2010). These results suggest that emotionally-laden 

images cause particular bodily states that are supported by 

brain systems that seem to be modular and therefore resistant 
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to any sort of alteration. Thus, it is expected that any sort 

of external bodily manipulation would not have major effects 

on the processing of emotionally-valenced images, as the 

results of Experiments 3 and 4 suggest.  

This sort of perception-driven processing could be the 

reason why full-blown embodiment does not occur in the case of 

image processing. It could be argued that emotion processing 

of visual stimuli is rooted in primitive areas (modular) 

whereas linguistic stimuli is rooted in areas that are open to 

change (domain-general). The studies reviewed here offer 

support to the view of visual processing as a modular system. 

Evidence in support of the idea that language processing is a 

domain-general system comes from the behavioural studies (like 

Experiment 1 and 2 reported here) and neuroscientific studies 

suggesting that brain areas that subserve language also 

mediate motor control (see Heiser, Iacoboni, Maeda, Marcus & 

Mazziotta, 2003). This evidence then again could indicate that 

while the processing of language can require perceptual and 

motor systems, the processing of pictorial stimuli might be 

driven rather exclusively by perceptual systems. 

The ideas espoused thus far do not deny that embodied 

processes can occur during the processing of pictorial stimuli, 

and rather propose that selective components of embodiment can 

drive the whole processing. This account provides arguments in 

favour of a graded-embodied perspective in which not always 

perceptual and motor systems are activated and that only the 
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system that better suits the type and content of the stimuli 

can take charge of the processing. Moreover, even if the 

processing of concrete concepts not always entails the 

activation of motor systems (see Raposo et al., 2009), thus it 

is less likely that such activation occurs for the case of 

abstract concepts, like emotions. 

It is thus essential to determine under what 

circumstances during the processing of emotionally-laden 

pictorial stimuli not only perceptual system but also motor 

system activation can occur. Also, it is relevant to find out 

whether the motor component can have not only an effect on the 

processing of pictorial stimuli but also on the cognizer‘s 

affective state. The last 2 experiments are designed to tackle 

these questions. 
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Chapter 6. 

Experiment 5 and 6. Rating and judging of facial images task 

 

It was said earlier that it is possible that no motor 

activation occurred during the processing of images that do 

not elicit motor resonance with the bodily state. Experiments 

3 and 4 seem to suggest so. Therefore, it could be expected 

that if people process pictorial stimuli that has a high 

similitude with an ongoing bodily state, thus the 

participation of motor systems should be called for and in 

turn affect performance. The ACE effect found by Glenberg and 

Kaschak (2002) could offer arguments in favour of this idea. 

In their experiments, the researchers found that performing a 

hand movement towards the body facilitated comprehension of 

sentences implying a movement towards the reader while impeded 

the judgment of sentences referring to body movements away 

from the reader. For the case of pictorial stimuli, it could 

be expected that if subjects are presented with images or 

clips displaying body movements, then motor systems that match 

those implied by the images should be activated. Assuming that 

the interaction between sensorimotor systems and linguistic 

stimuli is bidirectional (e.g., Rueschemeyer et al., 2010), 

then it would be expected that in the case of pictorial 

stimuli similar results are obtained. Therefore, activation of 

motor systems, via bodily states, should affect the judgment 

of pictorial stimuli whose content implies the use of the same 
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or similar motor systems being activated in the viewer via 

induced bodily states. Such interaction should also operate 

the other way around, i.e., bidirectionally, as suggested by 

research on embodiment. The results found by Shimada (2010, as 

cited in Mishra & Marmolejo-Ramos, 2010) reported above seem 

to favour this proposal in that sensorimotor areas activate 

while viewing clips of human actions. 

The question of interest here also adds an emotional 

component to motor behaviours. Experiments 3 and 4 reported 

here suggest that only perceptual systems drive the processing 

of pictorial stimuli and that no motor component seems to be 

needed. Would sensorimotor systems activate if images 

displaying emotionally-laden motor actions are presented? Can 

bodily manipulations affect the judgment of pictorial stimuli 

displaying related motor actions? The best examples of visual 

stimuli that portray motor behaviours that can be valenced are 

biological motion clips (e.g., Ikeda & Watanabe, 2009) and 

dynamic facial expressions (e.g., Yoshikawa & Sato, 2008). It 

has been shown that this type of stimuli can facilitate the 

recognition of emotions, but it is still open to question how 

people‘s perceptual and motor systems can affect the 

perception of other‘s bodily states (see Blaesi & Wilson, 

2010). Although, to the best of our knowledge, there is no 

direct evidence showing how viewer‘s bodily state affects the 

perception of biological motion, there is however recent 
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evidence supporting the idea that bodily manipulations affect 

the recognition of facial expressions.  

Blaesi & Wilson (B&W) found that when participants 

covertly worn a smile (via the pen manipulation), the 

recognition threshold of faces ranging from happy to sad was 

lower than when no emotional face was worn. Their results thus 

provide evidence to the idea espoused earlier and that argues 

that the activation of motor systems can have an effect on the 

processing of visual stimuli. What is more interesting is that 

such effect could have been found because of the motor 

resonance between the motor disposition or bodily state 

induced in the participants and the motor disposition 

displayed by the images. This is, since the pen manipulation 

induced in the participant and the facial expression displayed 

by the emotional faces shared various motor properties, 

recognition could have been facilitated, particularly for the 

case of the ―smile‖ condition. As it was argued earlier, a 

happy state speeds up the recognition or judgment of input 

stimuli (see Bower & Forgas, 2000), thus facial detection 

could have been facilitated (i.e., lower recognition 

thresholds) more in the ―pen-in-teeth‖ condition than in the 

―no-pen‖ condition. 

An alternative hypothesis would argue that the motor 

resonance between bodily state and facial expression can in 

fact elicit the activation of motor systems but its 

manifestation should be in the form of an affective state 
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rather than in the form of cognitive performance. The 

arguments sustaining this claims come from the evidence 

suggested across the experiments reported here, particularly 

Experiments 3 and 4. The evidence suggests that processing of 

emotionally-laden stimuli is driven mostly by perceptual 

systems rather than motor systems. This is, there was no motor 

system dominance and therefore no effect of motor system 

elicitation was found on cognitive performance. Instead, it 

was found that perceptual systems affected cognitive 

performance. Given the high motor resonance between the bodily 

states covertly induced in participants, e.g., a ―smile‖ via 

pen manipulation, and the facial expression of images, e.g., a 

smiling face, it is tenable that motor system activation 

occurs. However, as the cognitive processing of pictorial 

stimuli is driven only by perceptual systems, no effect of 

motor systems is expected on the cognitive performance. Such 

inhibition in cognitive manifestation by the motor system, 

should lead the high motor resonance to find an outlet. Since 

facial expressions are highly associated to emotional states, 

it is likely that the activation of motor systems related to 

emotional states should manifest in the form of measurable 

emotional states. 

Experiment 5 was aimed at replicating B&W‘s results in a 

rating task. Additionally, in the experiment reported here the 

2 pen manipulations used throughout the series of experiments 

were kept, i.e., a smile and a frown were covertly induced. 
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Note that in B&W only the pen-in-teeth (smile) condition was 

used as a facial expression of emotions. The other condition 

was not holding a pen in the mouth. If B&W results are 

replicated, then they could give support to the idea that 

motor systems do affect cognitive performance. This is, 

ratings should be overall higher during the ―smiling‖ 

condition than during the ―frowning‖ condition across the 11 

facial expressions. This is, participants in the ―smile‖ 

condition would rate all faces as happier than if they were in 

the ―frown‖ condition. But even if that is the case, it is 

important to determine whether emotional states are also 

elicited given the pen manipulation. In B&W such measure was 

not taken, so in Experiment 5 and 6 participants were 

requested to report their current emotional state during the 

pen manipulation. If on the contrary, a main effect of 

perceptual systems is found, then such results would give 

support to the arguments raised thus far, i.e., processing of 

pictorial stimuli is driven by perceptual systems. In addition, 

if the mood ratings show that the pen manipulation has an 

effect on participants‘ emotional state but not on their 

cognitions, extra evidence would be provided in favour of the 

arguments presented here. 

 

6.1. Experiment 5 

 

6.1.1. Participants 
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Seventy six undergraduate students at the University of 

Adelaide participated in the experiment in return for payment 

or course credit. Ten subjects were left-handed and the rest 

(66 subjects) were right-handed (RHs). Because the interest in 

this experiment is to determine how ―happy‖ or ―sad‖ the 11 

faces are rated, no subjects were removed due to incorrect 

answers (see procedure section). Only the data of RHs were 

used for the analyses. Thus, the data from 66 subjects were 

submitted to analyses (19 males, Mage = 20.5, SD = 2.90). The 

experimental protocol was approved by the School of Psychology 

Research Ethics Committee and all participants signed a 

written consent form. 

 

6.1.2. Materials 

The stimuli consisted of 11 facial expression used in a 

previous study by Blaesi and Wilson (2010). The 11 images are 

the pictures of a woman‘s facial expressions on continuum from 

smiling (―happy‖ face) to frowning (―sad‖ face) (see Figure 

15) 

 

Figure 15. Facial expressions used in Experiments 5 and 6.  

 

  
                                          NOTE:   
   This figure is included on page 145 of the print copy of  
     the thesis held in the University of Adelaide Library.



146 

 

6.1.3. Procedure 

Participants‘ task was to move a slider along a scale to 

rate the 11 emotional facial expressions while holding a pen 

in their lips or their teeth. The 11 faces were presented 

twice in random order, across the 8 blocks containing all 11 

stimuli and were accompanied by a rating scale placed 

underneath them. Each stimulus was shown 88 times in each of 

the 2 conditions (pen-in-teeth and pen-in-lips), for a total 

of 176 trials.  

For one half of the participants the scale was labelled 

with the word ―unhappy‖ at the left end of the scale and the 

word ―happy‖ at the right end of the scale. The remaining half 

received the opposite rating assignment. Participants used the 

computer mouse to move the slider along the rating scale. As 

in the previous experiments, participants rated their mood at 

the end of each block. This time though, a sliding rating 

scale was also used for participants to rate their mood. The 

rating scale for both the 11 faces and participants‘ mood 

ranged between 0 and 1, being 0 the highest value for ―happy‖ 

and 1 the highest value for ―sad‖. The numeric range of the 

scale was not visible to participants during the task. 

 

6.1.4. Design and statistical analyses 

The dependent variables were the ratings given to each of 

the 11 facial expressions and to participants‘ mood. Mean 

ratings for the facial expressions were analysed using a 2 × 
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11 × 2 mixed ANOVA with the factors of Pen Condition (teeth vs. 

lips), Facial Expression (face 1[―happy‖, smiling] ~ face 

11[―sad‖, frowning]), and Rating Assignment (left-―unhappy‖ / 

right-―happy‖ vs. left-―happy‖ / right-―unhappy‖). The first 

two factors were manipulated within participants and the last 

factor was manipulated between participants.  

Mood ratings were submitted to repeated measures GLM with 

the factor of Pen Condition and Rating assignment. Effect 

sizes (η) are reported for interactions and main effects of 

interest. 

 

6.1.5. Results  

The results showed only a main effect of the face factor, 

F (10, 55) = 112.95, p = .000, η = .97.  No other main effects 

or interactions reached significance, all p > .1. Across pen 

manipulations and rating assignment Faces 1-5 were rated as 

portraying a ―happy‖ face, whereas Faces 7-11 were rated as 

portraying a ―sad‖ face. Face 6 was rated as a face which 

portrays a ―neutral‖ emotional state (see Figure 16) 
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Figure 16. Mean ratings of facial expressions given pen condition and 

rating assignment (Experiment 5). Error bars for condition means represent 

the 95% CIs. 

 

An analysis of mood ratings showed a main effect of pen 

manipulation which was unaffected by rating assignment, F (1, 

64) = 4.99, p = .029, η = .26. When subjects held the pen in 

their teeth, their self-rated emotional state was ―happier‖ (M 

= .34, SE = .00) then when they held the pen in their lips (M 

= .36, SE = .00) (recall that 0 is ―happy‖ and 1 is ―sad‖) 

(see figure 17). 
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Figure 17. Participants‘ mean mood rating given pen condition and rating 

assignment (Experiment 5). Error bars for condition means represent the 95% 

CIs. 

 

6.1.6. Discussion 

Finding that faces‘ ratings paralleled the emotional 

expression continuum portrayed by the 11 faces, i.e., ranging 

from a ―happy‖ to a ―sad‖ face, replicates the results found 

by B&W and it is not a novel finding in itself. What is 

interesting though is that no differences in the ratings 

scores were found given the pen condition, which is in 

opposition to what B&W predicted but gives support to the 

ideas presented here. The present result thus suggests that 
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the rating of emotional expressions was driven by perceptual 

processes, i.e., emotional faces, rather than by motor system 

processes, i.e., pen manipulation. If the present results had 

shown a genuine effect of motor systems in the rating task, 

then lower ratings would have occurred across faces when 

participants held a pen in the teeth. Such results would have 

suggested that being in a ―happy‖ facial expression would have 

led to rate all faces as happier than being in a ―sad‖ facial 

expression. This result, as shown here, did not occur and on 

the contrary provided basis to sustain the argument that 

facial processing is driven merely by perceptual systems. 

There was also indeed a main effect of motor systems, but 

it was reflected on participant‘s affective states, i.e., 

self-reported mood, and not in participants‘ cognitive 

processes, i.e., ratings. This result seems to be in line with 

Strack et al. (1988) and in opposition to Havas et al. (2007). 

Note that in the experiments reported here using linguistic 

stimuli, no effect of motor manipulation on emotional state 

was found. Such results would support the idea that a facial 

manipulation has no effect on affect while it does on 

cognitions (see also Havas et al., 2007). However, as reported 

in this experiment, the pen manipulation can have an effect on 

affects but not on cognitions provided that the stimuli being 

processed is pictorial and which content has high motor 

resonance with the pen manipulation (recall Figure 8). It can 

be argued that Strack et al. (1988) found this same effect 
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since participants were judging cartoons, which can be 

considered a type of pictorial stimuli that can be linked with 

the motor action of smiling. In the case of the Experiments 1 

and 2 reported here and that of Havas et al. (2007), such 

effect was not found because the motor resonance between the 

participants‘ bodily state and the content of most of the 

sentences was presumably too low. For example, a facial 

expression of ―smiling‖ might not have high resonance with the 

motor actions implied in a pleasant sentence like ―A fin comes 

toward you as you float in the water. Suddenly, you feel the 

playful dolphin brush your leg‖. Such sentence might elicit 

the activation of motor systems associated with the actions of 

floating and swimming, i.e., brain areas for legs and arms, 

rather than a facial expression of smiling. 

The results obtained in this experiment were not 

predicted by B&W, but they were predicted here. Given the high 

motor resonance between the induced bodily state and the 

facial expression of images, an emotional state was elicited. 

But such motor activation was not reflected in cognitive 

processes since perceptual systems were driving the processing 

of the pictorial input. It is argued too that not any motor 

resonance elicits affective states; only motor patterns that 

can be associated to emotional states elicit actual emotional 

states. Note too that inducing a facial expression might (e.g., 

Wiswede et al., 2009) or might not (e.g., Parzuchowski & 

Szymkow-Sudziarska, 2008) elicit an emotional state. However, 
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the results found across the experiments reported here suggest 

that such emotional state emerges only when there is motor 

resonance between the bodily state of the cognizer and the 

motor systems that can be associated to the input stimuli. And 

it can be consequently argued that emotional states emerge 

only when motor behaviours can be readily linked to them. 

Hence, a simple and parsimonious explanation would indicate 

that people use facial expressions, a form of emotionally-

laden motor behaviour, for social communication and in those 

scenarios facial expressions are usually accompanied by 

emotional states. 

It could be entertained that the rating task is not 

sensitive enough to the effect that the pen manipulation can 

have on face valence. Thus, in a follow-up experiment 

participants were asked to perform a speeded categorization 

task in which faces were judged as portraying a ―happy‖ or a 

―sad‖ face (à la B&W). Thus, although data were not analysed 

using a Probit analysis as B&W did, the dependent variable was 

still the same used by B&W, i.e., the frequency with which 

each of the 11 facial expressions was categorised as 

portraying a ―happy‖ or a ―sad‖ face. In addition, the 

judgment RTs for each face given pen manipulation was computed. 

Finally, participants‘ self-reported mood state was again 

measured. 

If B&W predictions are replicated, it would be expected 

that across the 11 emotional expressions there should be a 
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higher proportion of faces judged as ―happy‖ when participants 

hold a pen in their teeth than when they hold a pen in their 

lips. This is, a main effect of pen should be found in the 

categorization task. In addition, it would be expected to find 

faster categorization times across faces only when 

participants wear a smile than when they wear a sad face. On 

the other hand, replicating the results obtained in Experiment 

5, would give further support to the idea that the processing 

of pictorial stimuli is driven by perceptual systems, whereas 

the activation of motor systems leads to the elicitation of an 

emotional state. Likewise, emotions seem to originate as a by-

product of the level of motor resonance that exists between 

the bodily disposition and the implied motor actions in the 

input stimuli.  

 

6.2. Experiment 6 

 

6.2.1. Participants 

Seventy five undergraduate students at the University of 

Adelaide participated in the experiment in return for payment 

or course credit. Eight subjects were left-handed and the rest 

(67 subjects) were right-handed (RHs). Only the data of RHs 

were used for the analyses (26 males, Mage = 21.6, SD = 6.29). 

In the categorization of facial expression task and mood 

analyses, no subjects were removed due to incorrect answers 

(see procedure section). In the case of judgment RTs for each 
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of the 11 facial expressions, 2 participants were removed 

since their average RTs across face conditions was 2.5 SD 

above the grand mean. Thus, the data from 67 subjects were 

submitted to the categorization and mood analyses and data 

from 65 subjects were submitted to the RT analyses. The 

experimental protocol was approved by the School of Psychology 

Research Ethics Committee and all participants signed a 

written consent form. 

 

6.2.2. Materials 

The 11 faces in used in Experiment 5 were used in this 

experiment. 

 

6.2.3. Procedure 

Participants‘ task was to indicate, as quickly and 

accurately as possible, whether the facial expression 

portrayed a ―sad‖ or a ―happy‖ emotional state while holding a 

pen in their lips or their teeth. The 11 faces were presented 

twice in random order, across the 8 blocks containing all 11 

stimuli. Each stimulus was shown 88 times in each of the 2 

conditions (pen-in-teeth and pen-in-lips), for a total of 176 

trials. The facial expression remained on the screen until a 

response was done. At the end of each block, participants 

responded to the question ―How do you feel right now?‖ on the 

6-point mood scale using the computer mouse to record their 

answers (1 = ―very sad‖ ~ 6 = ―very happy‖). As in the 
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previous experiments, one half of the participants pressed the 

right-hand key to indicate a pleasant image and pressed the 

left-hand key to indicate an unpleasant image. The remaining 

half received the opposite response assignments. Participants 

rested their left and right hands near the tab and backslash 

keys, respectively, and responded using the index finger of 

the appropriate hand. 

 

6.2.4. Design and statistical analyses 

There were 3 dependent variables – proportion of faces 

judged as ―happy faces‖, judgment response times for each of 

the 11 facial expressions, and mood rating. Mean proportion of 

images judged as ―happy faces‖ were analysed using a 2 × 11 × 

2 mixed ANOVA with the factors of Pen Condition (teeth vs. 

lips), Facial Expression (face 1[―happy‖, smiling] ~ face 

11[―sad‖, frowning]), and Response Key Assignment (pleasant-

left / unpleasant-right vs. unpleasant-left / pleasant-right). 

The first two factors were manipulated within participants and 

the last factor was manipulated between participants.  

A further analysis was designed to determine the mean 

categorization time for each of the 11 facial expressions 

given the pen condition and response key assignment. This 

analysis was performed using a 2 × 11 × 2 mixed ANOVA with the 

factors Pen Condition, Facial Expression (face 1[―sad‖, 

frowning] ~ face 11[―happy‖, smiling]), and Response Key 

Assignment. The first two factors were manipulated within 
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participants and the last factor was manipulated between 

participants. 

Mood ratings were submitted to repeated measures GLM with 

the factor of Pen Condition and Rating assignment. Effect 

sizes (η) are reported for interactions and main effects of 

interest. 

 

6.2.5. Results 

The results showed only a main effect of face, F (10, 56) 

= 17.24, p = .000, η = .86. As seen in Figure 18 the CIs show 

significant differences between three sets of images: Across 

pen manipulations and key response assignment Faces 1-5 were 

judged as portraying a ―happy‖ face more often than the set of 

Faces 7-11 which were judged as portraying a rather ―non-happy‖ 

face. Face 6 lies in between a ―happy‖ and a ―non-happy‖ face, 

i.e., it was judged as a ―neutral‖ face. No other main effect 

or interaction reached significance, all p > .1 
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Figure 18. Mean proportion categorization of 11 facial expressions given 

pen condition and key response assignment (Experiment 6). Error bars for 

condition means represent the 95% CIs. 

 

An analysis of the RTs for the categorization of the 11 

faces showed only a main effect of face, F (10, 54) = 17.74, p 

= .000, η = .87. The set of faces portraying distinguishable 

―sad‖ and ―happy‖ faces were categorised faster than faces 

whose expression was borderline (face 6 in particular). No 

other main effect or interaction was significant, all p > .2 

(see figure 19). 
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Figure 19. Mean categorization RTs of 11 facial expressions given pen 

condition and key response assignment (Experiment 6). Error bars for 

condition means represent the 95% CIs. 

 

An analysis of mood ratings showed a main effect of pen 

manipulation regardless key response allocation, F (1, 65) = 

9.47, p = .003, η = .35. When subjects held the pen in their 

teeth, their self-rated emotional state was ―happier‖ (M = 

4.20, SE = .11) than when they held the pen in their lips (M = 

4.05, SE = .11) (see Figure 20). 
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Figure 20. Participants‘ mean mood rating given pen condition and key 

response assignment (Experiment 6). Error bars for condition means 

represent the 95% CIs. 

 

6.2.6. Discussion 

The results of Experiment 6 replicate those of Experiment 

5. This is, the pen manipulation had an effect only on self-

reported emotional state, but it did not influence face 

categorisation. In addition, the main effect of the face 

factor and the absence of pen manipulation in the face 

speeded-categorisation task suggest that only perceptual 

processes took control of the processing. Once again, the set 

of faces that portray a ―happy‖ emotional expression, i.e., 

faces 1-5, were categorised as ―happy‖, the set of faces that 

portray a ―sad‖ emotional state, i.e., faces 7-11, were 
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categorised as ―sad‖, and the ambiguous face 6 was categorised 

as a borderline facial expression. In addition, the 

categorisation RTs, and accompanying indicators of variance, 

were significantly shorter for faces whose emotional 

expression was easily distinguishable (e.g., face 1 and 11), 

whereas they lengthened as the faces became more ambiguous 

reaching a peak towards face 6. These results are not novel 

and they can be easily predicted, so they will not be 

commented further.  

The results of Experiment 5 and 6 altogether suggest that 

the processing of facial expressions can be driven by 

perceptual systems whereas the activation of related motor 

systems elicits emotional states. However, it is specified 

here that such emotional states emerge only when there is a 

high resonance between the motor properties afforded by the 

stimuli (e.g., the picture of a person smiling) and the motor 

systems activated in the perceiver (e.g., a covert smile) (see 

Figure 8). It is interesting to note that the effect size 

obtained for the emotional state in both Experiment 5 and 6 

was also predicted. According to Table 1, a high sensorimotor 

resonance coupled with within-subjects design, i.e., 

experimental situation in which an emotional state is 

sustained for brief periods of time, should lead to a mild 

emotional state. The effect sizes of the pen manipulation on 

the mood ratings were η = .26 and η = .35 for Experiment 5 and 

6 respectively. These effect sizes fall within the category of 
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a medium effect size. It could be envisaged that in a 

replication study a large, or at least a medium-to-large, 

effect size could be found if a between-subjects design is 

employed. 

Recent evidence indeed offers support to the sensorimotor 

resonance in face processing presented here. Otte, Habel, 

Schulte-Rüther, Konrad, & Koch (2011) adapted a Simon-type 

task in order to determine whether wearing a facial expression 

interfered with the observation of another‘s facial expression. 

The researchers found faster muscular activation when the 

observed facial expression matched the facial expression worn 

by the participants than when the observed facial expression 

mismatched that of the participant. The researchers explain 

the results in terms of an event coding theory (ECT) and 

mirror neuron systems (MNS) (Hommel, Müsseler, Aschersleben, & 

Prinz [2001], as cited in Otte et al., 2011), arguing that 

perception of others‘ actions and perceiver‘s produced motor 

actions rely on overlapping cognitive and neural systems. The 

results found in Experiments 5 and 6 are in line with the 

overall explanation provided by Otte et al. (2011), but they 

differ in specific predictions. The account presented here 

specifies the differential effects that the perceptual/motor 

resonance has on the cognitive processes and emotional states. 

As mentioned earlier, the high resonance between the motor 

properties entailed by the stimuli and the motor systems 

activated in the cognizer elicit an emotional state but it 



162 

 

does not influence the processing of the stimuli since 

perceptual processes are taking control of it. It can be 

argued that the measures taken by Otte et al., i.e., 

electromyography, could unveil an effect that probably a 

traditional RT task could have missed. This is, the face 

manipulation had an effect on the cognitive aspect of the task 

(a prediction, along with that of B&W, contrary to the one 

supported here). Nevertheless, and as raised regarding B&W 

work, it would have been interesting that Otte et al. had 

taken measures of participants‘ emotional states during the 

tasks. Such results could have given more data to play down or 

play up their claims.  

From a methodological stance it could be argued that when 

an effect is strong it should be not only replicated across 

experiments, provided what is known about the chances of 

replication (see Miller, 2009), but also different analytical 

approaches should throw similar results. For instance, it is 

well known that the larger the amount of items a subject has 

to store in memory, the longer the recovery time is and the 

less accurate the memory traces become (e.g., Miller, 1956). 

However, contrary to the memory research, research in 

embodiment, and particularly in the new topic of the 

embodiment of emotions, seems not to enjoy of such consensus. 

Given that the results seem to lead to disparate claims, it is 

difficult to defend them confidently. Thus, the results 
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obtained in Experiment 5 and 6, although compelling, should be 

re-examined in follow-up experiments. 
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Chapter 7. 

General discussion 

 

The core conclusions that can be garnered from the 

present series of experiments are that: 

 

 Motor and perceptual systems interact for the processing of 

emotionally-valenced linguistic stimuli. 

 Motor systems are not always activated during the processing 

of linguistic stimuli, perceptual systems can also drive 

even the processing of linguistic stimuli. 

 

The first point is suggested by the borderline main 

effect of pen manipulation found in Experiment 1 and by the 

interaction between pen manipulation and sentence type found 

in Experiment 2. These results suggest that for the case of 

linguistic stimuli both perceptual and motor systems interact 

for its processing. As mentioned earlier, linguistic stimuli 

can elicit the activation of motor and perceptual systems 

given the situations and events language refers to. Thus, some 

sort of motor resonance between what was implied in the 

sentences and the cognizer‘s bodily state is expected. In 

Experiment 2 motor system activation, given the pen condition, 

and perceptual systems, given the sentence valence, interacted, 

whereas in Experiment 1 the pen manipulation (although shy of 

being significant) affected the sentences‘ judgment RTs. These 
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results substantiate the idea that both motor and perceptual 

systems seem to take place during the processing of 

emotionally-valenced linguistic stimuli (see also Havas et al., 

2007). 

However, in both Experiments 1 and 2, there was always a 

main effect of sentence valence. That finding suggests that 

although an interaction between perceptual and motor systems 

occurred, the processing could have been driven by perceptual 

systems or stimuli properties. It is further argued that since 

the stimuli were emotionally-laden, the activation of emotion 

systems was also required. In addition, note that the task 

itself required participants to make a valenced judgment on 

the sentences, which can reinforce such activation. Hence, as 

was argued earlier, the processing of emotionally-valenced 

stimuli seems to be guided mostly by perceptual processes, 

thus the evaluation of valenced-linguistic stimuli enhanced 

such type of processing, while motor systems were kept in the 

background. The main effect of sentence valence in the error 

analysis found in Experiment 1 and replicated in Experiment 2 

give support to this claim and it is encapsulated here in the 

second core conclusion. 

A final comment refers to the relevance of the 

interaction between pen manipulation and sentence valence 

itself. Given the effect size of the interaction found in 

Experiment 2 and the computed effect size of Experiment 1 in 

Havas et al. (2007), i.e., a small-to-medium effect size, it 
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is argued that the theoretical implications of that finding 

should be stated with care and they deserves further 

investigation. It could be beneficial to implement other 

experimental paradigms and designs in which a bigger effect 

size could be found (e.g., see Appendix B). Possibly, suiting 

the content of the sentences to the bodily manipulation used 

could assist in finding a larger effect in that a high 

sensorimotor resonance could be elicited. Thus, if a covert 

smile and frown are meant to be used, experimental valenced 

sentences could refer to actions that imply facial motor 

actions, even if the motor action of smiling and frowning are 

explicitly stated. For example, participants‘ task could be to 

judge whether sentences like ―Your supervisor frowns as he 

hands you a sealed envelope‖ are sensible or not while holding 

a pen in the teeth or the lips. Alternatively, participants‘ 

task could be an implicit one, e.g., asking participants to 

categorise sentences as having high or low imageability. 

 

 Perceptual systems drive the processing of pictorial stimuli. 

 

Experiments 3 and 4 showed that the pen manipulation did 

not have any effect on the categorisation of images, whereas 

there was a main effect of image valence. Such result suggests 

that the processing of pictorial stimuli seems not to be 

influenced by the activation of motor systems but rather by 

the activation of perceptual systems. In Experiment 3, 
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participants were presented with positive and neutral images 

while a pen was being held in the teeth or the lips. The 

participants‘ task was categorise images as positive and 

negative. Although it was found that positive images had 

higher accuracy rates and were judged faster than negative 

images, the result of interest is that the facial motor 

activation did not contribute to such result. The low 

resonance between the participant‘s facial motor action and 

the perceptual and motor actions implied by the images 

probably led to the present results. Indeed, such lack of 

resonance was probably manifested in the form of a non-

significant change in moods. As argued for the case of 

sentences, it could be conceived that if the experimental 

stimuli display actions that can be valenced and that match 

the participant‘s bodily state, then a high resonance could 

emerge. In this hypothetical scenario, an effect and/or an 

interaction between image valence and body manipulation could 

emerge. For instance, images showing arm actions related to 

negative and positive events could be presented while the 

subject performs an arm action to judge the valence of the 

images. This hypothetical example combines predictions from 

the ACE phenomenon (see Glenberg & Kaschak, 2002) with the 

―approach-avoidance‖ paradigm (e.g., Förster & Strack, 1997). 

The Experiment 4 was perhaps the strongest test of the 

possible effect that an emotionally-valenced motor action, 

i.e., pen in lips/teeth, can have on the categorisation of 
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non-valenced stimuli. Under a strong embodied view, it was 

expected to find an interaction between facial motor actions 

(e.g., a smile) and image valence reflected in the number of 

images categorised as negative and positive, e.g., more images 

categorised as positive during the ―smile‖ condition than 

under the ―frown‖ condition. Additionally, it could have been 

expected a main effect of pen in the speed of categorisation 

of images, i.e., that under the ―smile‖ condition images are 

categorised faster than in the ―frown‖ condition. The former 

prediction entails an interaction between perceptual and motor 

systems, as it occurred in the Experiment 2; the latter 

prediction entails a motor system effect, as it was found in 

Experiment 1 (recall, it was shy of reaching significance). 

However, none of those predictions occurred and the obtained 

results thus invite to a revision of the strong embodied view. 

The graded-embodiment view proposed here can accommodate the 

results via a parsimonious explanation.  

Under a graded-embodiment view, sensory/perceptual and 

motor systems can be seen as two different systems that can be 

activated independently or in combination. Such activation is 

determined by the particular task and stimuli being processed. 

This view thus assumes that perceptual and motor processes do 

not need to be always activated in conjunction and that one of 

them can drive the processing. The selection of one of the 

systems relies on the level of resonance between the 

sensorimotor systems activated in the cognizer and the 



169 

 

sensorimotor properties afforded by the stimulus (see Figure 

7). In the case of pictorial stimuli, it could be argued that 

since the content of most of the images did not imply specific 

motor actions, it did not resonate with the facial motor 

action of the perceiver. Thus, the motor system could have 

been left in a ―stand-by‖ (or low activation) mode, while the 

processing was carried out by the perceptual system. As argued 

earlier, it is likely that perceptual systems were highly 

active during the categorisation task given image features 

(see Fuchs et al., in press). 

 

 Subjects’ emotional states emerge only when there is high 

resonance between the sensorimotor properties afforded by 

the stimuli and the sensorimotor systems being activated in 

the cognizer.  

 Under sensorimotor resonance situations, motor system 

activation has an effect on emotional states but not on 

cognitions. 

 

The experiments 5 and 6 showed main effects of pen 

manipulation and face valence, i.e., motor and perceptual 

systems were activated, during the face categorisation and 

rating tasks. It is argued that because the pictorial stimuli 

used in these experiments displayed specific motor actions 

that highly resonated with those being worn by the participant, 

the activation of motor systems occurred. However, the 
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activation of motor systems did not affect the judgment and 

rating of facial expressions, since, as found in Experiments 3 

and 4, perceptual systems can drive the processing of 

pictorial stimuli. Hence, the activation of motor systems 

instead affected the participant‘s emotional state which was 

reflected in the self-reported mood ratings. 

The results found in Experiment 5 and 6 can be thus 

explained by a combination of the graded-embodiment and 

sensorimotor resonance accounts presented here (or GEA and SRA, 

respectively, for short). GEA would predict that both 

perceptual and motor systems do not need to be activated 

always in conjunction, but that one of them can take most of 

the control of the processing. Given the main effect found 

across all experiments, it can be argued that perceptual 

systems seem to drive the processing of emotionally-laden 

information. This claim can be supported by evidence reviewed 

above and that argues that even the processing of social 

interactions, which entail emotionally-laden actions, can 

require only the activation of perceptual systems (see Jacob & 

Jeannerod, 2005). 

While the processing of emotionally-laden sentences seems 

to have elicited some motor systems activation that interacted 

with the perceived valenced of the sentences, it could not be 

argued that no motor activation occurred during the processing 

of emotionally-laden images. As argued above, it could be 

possible that in Experiments 3 and 4 there was not enough 
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motor resonance between the bodily state of the perceiver and 

the actions afforded by the images as to be manifested in the 

form of an interaction, a main effect, or changes in mood. It 

is possible that methodological factors could have influenced 

on the results not obtained (recall the difference in results 

obtained in RT and EEG tasks reported by Wiswede et al., 2009). 

Thus, it cannot be denied that some motor activation could 

have occurred during the processing of emotionally valenced 

images. However, the type of images used in Experiment 5 and 6 

did promote the activation of motor systems and this was 

reflected in changes in emotional states. 

SRA complements GEA, particularly for the case of 

emotions, by specifying that a high resonance between the 

sensorimotor properties implied by the stimuli and the 

sensorimotor systems being activated in the cognizer elicit an 

emotional state. Note that it is assumed that an emotional 

state arises so long there is high resonance but also when the 

resonating sensorimotor systems and properties relate to 

emotional states. Thus, an action like ―pushing‖ could be 

valenced if it is placed in an appropriate context. For 

example, a picture (or alternatively a sentence) depicting a 

person pushing a door at a bank, could be interpreted as a 

rather neutral image. But the picture of a person pushing 

aggressively another person could be regarded as a negative 

image, while the picture of a person pushing rather jokingly 

another person could be seen as a positive image. If the 
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participant‘s answer to these types of images requires an arm 

movement, it is likely that there is a high motor resonance 

and also an emotional state might emerge. However, if the 

participant‘s answer requires a motor facial response (e.g., 

Otte et al., 2011), it is likely that no evident or strong 

emotional state could occur (recall too what was mentioned 

about experimental designs, see Figure 8 and Table 1). In 

Experiments 5 and 6 both the motor action performed by the 

participant and the motor action depicted by the images had a 

high motor resonance. The high resonance coupled with the 

emotional valenced implied by the facial motor actions led to 

the elicitation of an emotional state. The motor resonance 

entailed a motor activation that did not affect cognitions, 

i.e., the judgment of the faces, given that perceptual systems 

were driving the processing. 

In sum, all the experiments suggest that perceptual and 

motor systems seem to activate during the processing of 

emotionally-laden stimuli. However, their activation not 

always occurs in conjunction, but rather one of the systems 

can take most of the control of the processing. When there is 

resonance between the sensorimotor properties afforded by the 

stimuli and the sensorimotor systems activated in the cognizer 

an emotional state arises. But, the sensorimotor properties 

and systems should relate to affective states in order to 

elicit measurable emotional states. It is argued that a 

graded-embodiment account can explain the results found here. 
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7.1. A note on how methodological and statistical decisions 

can influence findings 

Throughout this thesis there were presented examples in 

which replication of previous studies and claims went astray, 

most possibly due to probabilistic issues (see Miller, 2009). 

Recall for example the studies of Dahl et al. (2006), the null 

results obtained by Raposo et al. (2009), and the non-

significant interaction found in Experiment 1 (this work). It 

is important to bear in mind also the difference in findings 

due not only to probabilistic issues but also to 

methodological factors. Recall the study of Wiswede et al. 

(2009) in which a RT task failed to find effects that an EEG 

task unveiled. Such disparity in results deserves further 

comment, particularly in relation to the effects reported in 

this work. 

This section will not deal with the probability of 

replicating a study since it has been already dealt with in 

detail by Miller (2009). This section, however, aims at 

raising some methodological and statistical matters that might 

lead to differences in results across experiments. 

In relation to methodological matters it is essential to 

keep in mind that different experimental paradigms can lead to 

different results. For instance, the inclusion of a memory 

task in the experiments reported here could have led to 

results which could have surely impacted the conclusions 

presented here. Also, the experiments reported here, although 
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can be considered as measures of on-line cognitive processes, 

do not permit to affirm conclusively whether the processes are 

automatic. To investigate whether embodied processes are 

automatic other experimental paradigms should be used (e.g., 

Ansorge et al., 2010; Brookshire et al., 2010). Indeed, as 

exemplified in Wiswede et al. (2010), it is possible that RT 

measures not always can account for the effect of interest and 

that would suggest using complementary neuroimaging methods. 

What's more, non-experimental approaches have been recently 

revived to study embodied predictions in relation to the 

processing of emotion concepts (e.g., Casasanto, 2009; 

Casasanto & Dijkstra, 2010). Such approaches deserve further 

exploration and the results will surely be a complement to 

traditional experimental tasks. 

In relation to statistical analyses it is rather 

concerning to see that different analytical criteria are used 

when analysing data. For example, a first step in RT analysis 

is to determine the most representative RT for each subject in 

each experimental condition. In the experiments reported here 

a 2.5 SD outlier elimination approach (see Ratcliff, 1993) was 

used in order to keep as close as possible to the analyses 

performed by Havas et al. (2007). However, some researchers 

use a 2 SD (see for an example Bertels et al., 2010), and even 

3 SD (see for an example Otte et al., 2010) outlier 

elimination approach. In other cases, no outliers are 

eliminated and instead an outlier accommodation approach is 
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used by determining the median RT for each subject in each 

condition (see for an example Ulrich & Maienborn, 2010. Indeed, 

in this paper the researchers compare the results after a 0% 

trimming [i.e., mean] with a 10% trimming and a 100% trimming 

[i.e., median]). Alternatively, some researchers prefer to 

(log) transform data (see for an example Markman & Brendl, 

2005). 

Given this heterogeneity in analytical approaches, it 

would ideal that future work avoids rather arbitrary methods 

of outlier elimination, e.g., the 2 SD approach, particularly 

in initial stages of data analysis, i.e., when determining the 

most representative RT for each subject in each condition. As 

an alternative, more parsimonious approaches could begin to be 

implemented and that aim at accommodating instead of 

eliminating. One of those approaches is the use of robust 

estimators of central tendency (see Rosenberg & Glasko, 1983), 

like the median. The advantage of using robust estimators is 

that they enable to determine the most representative average 

performance without the need of eliminating observations. Some 

recent work in fact uses this approach to analyse RT data and 

results are still consistent with prediction in the embodied 

research (see for an example Ansorge et al., 2010). 

In final analytical stages it is usual to remove subjects 

whose RTs are too fast or too slow. Similarly, in error 

analysis it is a common practice to eliminate subjects whose 

error rates are too high or too low. The most commonly used 
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procedure to eliminate outliers in these cases is to use the 

SD criteria, but as argued above there is no consensus as to 

what SD criteria to use, i.e., should it be 2 SD, 2.5 SD, or 3 

SD? Fortunately, there are some methods to detect outliers 

that do not rely on p values and which also signal the absence 

of outliers (e.g., Ueda, 1996/2009). Outlier detection methods, 

like the Ueda method, could be used in final stages of data 

analyses.  

The final stage in data analysis consists in submitting 

the data to a parametric test, usually an ANOVA is used. 

Although some simulation studies support the claim that ANOVA 

is resistant even when assumptions of normality and 

homogeneity of variance are not held (e.g., Schmider et al., 

2010), other studies do not support this claim (e.g., Mewhort, 

2005; Zimmerman, 1998). Such disparity in findings invites to 

consider other alternatives like mixed-effect modelling (see 

Baayen & Milin, in press; Smolík, 2010) or non-parametric 

tests that mirror the parametric analysis of variance (see 

Shah & Madden, 2004. Note that the authors further suggest 

that this method is also suitable for analysing rating scores). 

However, if researchers work under the assumption that ANOVA 

can give biased results if assumptions are violated, it is 

then advisable to check assumptions before performing 

parametric tests. Otherwise, other statistical tests would be 

preferred. 
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Appendix A: A potential task to determine the automaticity of 

sensorimotor systems during the processing of emotionally-

valenced stimuli 

 

Although the participation of sensorimotor systems in the 

processing of emotional stimuli is not denied, it is still 

unclear how automatic their activation is. As mentioned in 

previous chapters, it could be entertained that modifications 

of tasks that are designed to determine the automaticity of 

cognitive processes can assist in tackling this question. For 

instance, future research in this front could adopt the masked 

priming paradigm. A variation of the experiment of Ansorg et 

al. (2010) presented in previous chapters could be devised to 

determine the automaticity of the association between stimuli 

valence and bodily space but for the case of perceptual cross-

modal priming. In this hypothetical research scenario, primes 

could be replaced by visually presented emotion words, while 

targets could consist of emotionally-valenced sounds. All 

emotion words should have clear auditory properties (e.g., the 

word ―waterfall‖ can be considered a positive word and which 

has an auditory percept). In some cases the prime and the 

target would match at the valence level (e.g., prime = word 

―waterfall‖ / target = sound of a waterfall), whereas in other 

cases they would not (e.g., prime = word ―waterfall‖ / target 

= sound of a car crash). In other cases, target sounds would 

be computer generated versions of the original sounds. The 
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participant task would be to judge whether the target sound is 

real or fake. It could be expected to find that matching 

sounds are detected faster than mismatching sounds and 

matching will also be influenced by valence similarity between 

prime and target (see Figure A). 

 

 

Figure A. Hypothetical experimental sequence of a cross-modal priming task 

devised to study the embodiment of emotions. The presentation times 

suggested are based on recent work implementing the masked priming 

technique in embodied research (mainly Ansorg et al., 2010; Finkbeiner et 

al., 2008). 

 

The results of this hypothetical experiment would not 

only provide evidence as to the automaticity in the activation 

of auditory properties related to emotion concepts, but also 

they would assist in determining whether there is a cross-

modal priming between perceptual systems during the processing 
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of emotionally-valenced stimuli. Note that both the 

automaticity of sensorimotor systems activation and the cross-

modal priming of perceptual (and even motor) systems are 

recent topics in emotion research (e.g., Brookshire et al., 

2010; Zeelenberg & Bocanegra, 2010). 
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Appendix B: A note on the analyses and statistics reported 

 

Consistent with the procedure adopted by Havas et al. 

(2007) and in agreement with traditional outlier elimination 

procedures (Ratcliff, 1993), response times (and error rates) 

more than 2.5 standard deviations greater than each 

participant‘s mean for each condition were excluded from 

analysis. There are also other outlier treatment approaches 

that permit to eliminate (e.g., other SD thresholds, data 

truncation, the non-recursive outlier deletion procedure [see 

Thompson, 2006]) or accommodate (e.g., estimating median RT on 

a per subject per condition basis) spurious observations, but 

in this work mainly the 2.5 SD procedure is employed to remain 

as close as possible to the analytical methods used by Havas 

et al. (2007). 

It is a common practice in RT analysis to (log)transform 

final RTs before submitting them to parametric tests (see for 

an example, Markman & Brendl, 2005) in order to avoid biased 

results. In this work, however, such approach is not employed 

since it has been given support to the idea that ANOVA is 

robust against violations of the normality assumption 

(Schmider, Ziegler, Danay, Beyer, & Bühner, 2010) (note 

however that this is still a debatable topic in statistics).  

All analyses were conducted using a Type I error at the 

conventional rate of .05 (Cowles & Davies, 1982). Also, only 

subject analyses were performed given that the traditional F1 
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is the correct test statistics, especially when item 

variability is controlled by matching or by counterbalancing 

(Raaijmakers, Schrijnemakers, & Gremmen, 1999, Raaijmakers, 

2003), as it is done in the series of experiments reported 

here. 

Effect sizes (ES) provide an estimation of the strength 

of association in the statistical population between variables 

of interest. Here ES are reported for interactions, 

differences, and main effects of interest 
10
. Current versions 

of SPSS (e.g., PASW Statistics 17) can provide effect sizes 

for ANOVA results. The effect size provided is the partial eta 

square (η
2
p). However, the interpretation of η

2
p seems not to 

reach much agreement in social sciences. Some benchmarks for 

the interpretation of this effect size have been proposed in 

other areas, e.g., Kittler, Menard and Phillips (2007) use the 

following benchmarks: 0.01~small, 0.06~medium, and 0.14~large. 

                                                 
10 In the case of pair-wise comparison the Cohen‘s d effect size can 

be obtained from the results of the independent-samples t test and taking 

into account the number of cases for each group with the formula (Rosnow & 

Rosenthal, 2009): 

 

Where n1 = sample size of group 1, n2 = sample size of group 2, t = 

obtained t statistic, and df = degrees of freedom for the t test. The 

effect sizes benchmarks for Cohen‘s d are .2~small, .5~medium, and 

above .8~large (Cohen, 1992). 
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Thus, it seems more convenient to use another class of 

effect size that have greater agreement in its interpretation 

and that also can be used for meta-analytic purposes. Eta (η) 

is a class of effect size that provides a measure of the 

proportion of variance accounted for in the dependent variable 

given the effects of the independent variables. Its formula in 

terms of F is: 

 

 

 

Where F = F value obtained, df effect = degrees of 

freedom for the effect, and df error = degrees of freedom for 

the error (e.g., if F (1, 30) = 2.33, then F = 2.33, df effect 

= 1, and df error = 30). Eta has the advantage that can be 

interpreted as the Pearson product-moment correlation 

coefficient (r) (see Field, 2005). However, as η can refer to 

linear and nonlinear relationships, η can be considered a 

general case in which r is a special example (Rosenthal & 

Rosnow, 2008). Thus, the generally accepted regression 

benchmark for effect size r can be used to interpret η: 

small~0.10, medium~0.30, and large~.50 (Cohen, 1992). 

Traditionally, researchers present results in the form of 

tables. In this work, significant results are presented using 

graphical methods. The benefit of reporting results using 

graphical methods is that they enable to communicate results 
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in a way that patterns in the data are more easily 

distinguishable (see Marmolejo-Ramos & Matsunaga, 2009). Also, 

graphical methods assist in making statistical decisions, 

statistical inferences, and choosing methods to analyse data 

(Marmolejo-Ramos & Tian, 2010).  

In addition, graphical methods facilitate interpretation 

when indicators of variance are added, e.g., in the form of 

error bars. In this thesis, the error bars added to the 

figures represent 95% confidence intervals (CIs) instead of 

the traditionally reported standard error. CIs are more 

meaningful than standard deviations or standard errors in that 

CIs represent with a 95% of confidence where the true mean 

might fall in the population (see Beaulieu-Prévost, 2010). The 

type of 95% CIs presented here are those designed to represent 

results of repeated–measures designs. The computation of CIs 

for dependent measures consists of removing the between groups 

variance since it does not alter the results of a parametric 

test for dependent measures (see Loftus & Masson, 1994; Masson 

& Loftus, 2003). Such computation is easily achieved in 

commonly used packages such as SPSS (see Field, 2005, p. 279-

285). 
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Appendix C: experimental sentences used in Experiment 2 

 

Root UNPLEASANT PLEASANT 

The police car 

rapidly pulls up 

behind you, siren 

blaring. 

The officer fines you 

for your bad driving 

skills. 

The officer praises 

you for your good 

driving skills. 

Your supervisor 

frowns as he hands 

you a sealed 

envelope. 

It's a letter saying 

you've been fired 

from your job. 

It's a letter 

praising you for the 

quality of your job. 

You've made another 

error hand-passing 

the ball, bringing 

the crowd to its 

feet. 

The manager tells you 

off for your play. 

The manager 

congratulates you for 

your play. 

Your debate opponent 

brings up a challenge 

you hadn't prepared 

for. 

It's certain that now 

you're going to lose 

the point. 

It's certain that now 

you're going to win 

the point. 

The stage director 

waits impatiently for 

you to finish your 

audition. 

Your voice reveals 

your nervousness. 

Your voice reveals 

your confidence. 

Your date seems 

surprised when you 

ask if you could meet 

again. 

As you expected, the 

answer is "no!". 

As you expected, the 

answer is "yes!". 

You hear breaks 

squealing, and you 

You realise that a 

child has been hit by 

You realise that a 

child has been saved 
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see a crowd gathering 

at the corner. 

a car. by a friend. 

On the dark street, a 

stranger rapidly 

approaches you. 

He's holding a knife 

and he's going to 

stab you. 

He's holding flowers 

and he gives them to 

you. 

A fin comes toward 

you as you float in 

the water. 

Suddenly, you feel 

the dangerous shark 

brush your leg. 

Suddenly, you feel 

the playful dolphin 

brush your leg. 

Hearing your friend's 

screams, you rush out 

into the backyard. 

You find her on the 

grass battling with a 

ferocious kangaroo. 

You find her on the 

grass playing with a 

cute koala. 

Your father collapses 

at the end of the 

annual road race. 

As you cradle his 

head, he stops 

breathing and is near 

death. 

As you cradle his 

head, he starts 

laughing and is more 

relaxed. 

Your doctor examines 

the dark spot on the 

x-ray of your lung. 

With concern, he 

tells you it'll be a 

risky surgery. 

With pleasure, he 

tells you it'll be an 

easy surgery. 

Your heart races as 

you see a snake's 

head appear from 

behind a bush. 

You notice fearfully 

that the snake will 

strike at you. 

You notice fearlessly 

that the snake didn't 

see you. 

As you start your 

talk, you see that 

most of your note 

cards are missing. 

Soon, you realise 

that you have 

forgotten your 

speech. 

Soon, you realise you 

know your speech by 

heart. 

A shadowy figure 

appears over you as 

you lie in bed. 

A stranger's hand 

covers your mouth 

stifling your breath. 

Your sister's hand 

tickles your ribs 

making you laugh. 

Your car heads for The roadside barrier You brake at the 
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the cliff as you grip 

the wheel. 

breaks and you plunge 

down the river. 

roadside barrier to 

admire the river. 

Your lover and best 

friend enter the 

bedroom together. 

You think they might 

be planning to kiss 

in there. 

You think they might 

be planning your 

surprise in there. 

You're only halfway 

through your essay, 

and time is running 

out. 

Your mind is blank 

and finishing looks 

impossible. 

Your mind is sharp 

and finishing looks 

easy. 

The teacher hurls 

insults at your class 

about your projects. 

She singles out yours 

as one of the worst 

she's read. 

She singles out yours 

as one of the best 

she's read. 

It's your first day 

at a boarding school, 

and you miss your 

family. 

Your new classmates 

are mean and bullying 

you. 

Your new classmates 

are friendly and 

talkative with you. 

The final exam is in 

an hour, and you just 

woke up. 

You get a bad 

stomachache before 

leaving. 

You have a leisurely 

breakfast before 

leaving. 

Your parents just 

found out about your 

excessive spending 

habits. 

Your father threatens 

to cut your 

allowance. 

Your father offers to 

continue paying your 

allowance. 

The airplane engines 

begin to groan 

loudly. 

The pilot shouts 

you'll be crash-

landing within 

seconds. 

The pilot shouts 

you'll be landing in 

the destination 

within seconds. 

The alarm didn't go 

off, and you've 

overslept. 

You're going to be 

late again for your 

exam. 

You're going to be 

ready anyway for your 

exam. 
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It's the doctor in 

the intensive care 

unit where your 

grandmother was 

taken. 

He says he's afraid 

there's no hope for 

her recovery. 

He says he's 

confident she'll make 

a speedy recovery. 

You open the exam 

booklet, and you 

panic as you read. 

You didn't expect the 

test to be so hard 

this time. 

You didn't expect the 

test to be so easy 

this time. 

A large black dog 

appears on the 

footpath, blocking 

your way. 

He growls and 

suddenly jumps at 

you. 

He wags his tail and 

comes up to lick you. 

The filthy man grabs 

you as you walk by on 

the street. 

He pulls out a gun 

and angrily asks for 

your wallet. 

He pulls out your 

wallet you accidently 

dropped. 

You watch as your old 

cat is readied for 

the procedure. 

The vet says she is 

seriously ill. 

The vet says she is 

as healthy as a 

kitten. 

Your fiancé takes the 

ring off. 

You hear the words, 

―I'm afraid I just 

don't love you 

anymore.‖ 

You hear the joke, 

―I'm afraid it just 

doesn't fit anymore.‖ 

Your parents are 

discussing family 

issues again. 

The conversation ends 

in divorce plans. 

The conversation ends 

in laughs. 

Your car falls into 

the creek, and you're 

trapped inside. 

There is no rescue 

team who can help you 

in sight. 

There is a rescue 

team who can help you 

in sight. 

If you can't think of 

a comeback to his 

Breathing hard, you 

can feel the sweat on 

Breathing hard, you 

think of a witty 
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insult, you'll be 

humiliated. 

your forehead. reply just in time. 

While waiting for the 

bus, the person 

behind you in line 

shoves you and 

smirks. 

You wish you had the 

nerve to push back. 

You're glad you have 

such a playful 

friend. 

The scores from the 

difficult exam are 

posted by name. 

As you read down the 

list, you see that 

you failed the exam. 

As you read down the 

list, you see that 

you aced the exam. 

You hear someone 

forcing the lock of 

your back door. 

As the door opens, 

you see a strange 

figure and there is 

no place to hide. 

As the door opens, 

you see that it's 

your flatmate with a 

cake. 

The ski lift suddenly 

stops, and you swing 

far above the slope 

in midair. 

You feel yourself 

slipping off the 

slippery seat. 

You feel yourself 

enjoying the 

delightful view. 

You wince as the 

mechanic hands you 

the repair bill for 

your car. 

Now you won't have 

enough money for the 

rent this month. 

Now you're glad you 

have enough 

experience to fix it 

yourself. 

You didn't have much 

time to pick the 

costume for the 

Halloween party.  

You enter the ball 

room and people laugh 

at your costume. 

You enter the ball 

room and people 

admire your costume. 

As you savour your 

birthday cake, your 

teeth make a 

crunching sound.  

You spit out a chunk 

of a big brown 

cockroach onto the 

plate. 

You taste a chunk of 

a delicious brown 

walnut. 
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You trip as you cross 

the stage during your 

big scene. 

The audience laughs 

as you struggle to 

your feet. 

The audience cheers 

as you leap to your 

feet. 

The hurricane's winds 

threaten to damage 

your house. 

You know that your 

house is not well 

protected. 

You know that your 

house is well 

protected. 

In the dark, you feel 

something scuttle 

across your leg. 

Switching on the 

light, you see a 

spider on your thigh. 

Switching on the 

light, you see your 

kitten's tail on your 

thigh. 

The dentist holds the 

sharp probe above 

your gum line. 

He scrapes at the 

cavity in your tooth, 

and the pain is 

unbearable. 

He jokes about the 

cavity in your tooth, 

and the humour is a 

relief. 

The traffic was 

awful, and you dash 

into the airport out 

of breath. 

At the counter you're 

informed that you've 

missed your flight. 

At the counter you're 

informed that you'll 

make your flight. 

Weird dreams keep 

recurring, more 

intense each time. 

You can feel symptoms 

of depression are 

setting in again. 

You can feel it's 

just excitement from 

your new promotion. 

You rush to the place 

where you thought the 

exam was scheduled. 

Looking in, you see 

that the room is 

empty and dark. 

Looking in, you see 

that the exam hasn't 

begun yet. 

Your newborn son 

remains lethargic 

despite the best 

care. 

You're told that he 

is not going to live 

another day. 

You're told that he 

is taking a nap and 

there's nothing to 

worry about. 

The association 

president announces 

You will finally 

receive your official 

You will finally 

receive your award 
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your name, and you 

step onto the stage. 

punishment from the 

club. 

from the club. 

The cold air rushes 

past you as you ski 

down the steep slope. 

There's nothing to 

slow your reckless 

descent. 

There's nothing like 

skiing to lift your 

mood. 

Ready for a snack, 

you put the coins 

into the machine and 

press the buttons. 

Your least favourite 

candy drops to the 

bottom. 

Your most favourite 

candy drops to the 

bottom. 

The waiter brings you 

the steak dish you 

ordered. 

You're disgusted to 

see the stake is 

almost raw. 

You're pleased to see 

the stake looks 

juicy. 

You and your lover 

finally meet after a 

long separation. 

Others on the 

platform watch as you 

fight heatedly. 

Others on the 

platform watch as you 

kiss passionately. 

You laugh as the 

roller coaster picks 

up speed. 

You are frightened by 

the out-of-control 

pace. 

You are enjoying the 

fast pace. 

Your tell your 

favourite joke on 

your first date. 

You are horrified to 

hear a moan of 

disgust. 

You are gratified to 

hear a little laugh. 

You feel your blood 

race as you and your 

lover kiss. 

You hate the feel of 

lips on yours. 

You love the feel of 

lips on yours. 

You bet that your 

preferred soccer team 

will make it in the 

finals. 

You lose all your 

money and you have to 

pawn your watch. 

You win all the money 

and you get an extra 

prize. 

Exhilarated, you 

shout as you jump 

As you fall, your 

pack opens and the 

As you fall, your 

pack opens and the 
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from the plane. parachute shreds. parachute unfurls. 

Incredibly, the 

numbers drawn all 

match those on the 

ticket in your hand. 

You realise your 

ticket was for 

yesterday's drawing. 

You realise you're 

going to be rich 

beyond your dreams. 

The party is really 

rolling, and the 

music beat overwhelms 

you. 

You stand up as the 

host asks you to 

leave. 

You stand up as the 

rhythm invites you to 

dance. 

Your parents' 

graduation present is 

the best part of the 

day. 

Your father hands you 

the heavy hours for 

your new boring job. 

Your father hands you 

the keys to your new 

flamboyant car. 

The doctor gently 

hands your newborn 

infant to you. 

You feel you're not 

ready to become a 

parent so early in 

life. 

You feel you're ready 

to become a parent so 

early in life. 

The roller coaster 

passes the crest of 

the first huge climb. 

As it speeds down the 

track you feel it 

break apart. 

As it speeds down the 

track you feel 

thrilled. 

You can tell you're 

executing the complex 

dive flawlessly. 

You hit the side of 

the board with your 

leg. 

You hit the water 

with hardly a splash. 

The art exhibition is 

on and you think it'd 

be nice to see it. 

After your visit you 

think it was a waste 

of time. 

After your visit you 

think it was a 

worthwhile thing to 

do. 

Your partner strokes 

your head while 

you're watching TV. 

You're not in the 

mood for sharing time 

together right now. 

You are in the mood 

for sharing time 

together right now. 
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The surgeon tells you 

that the bypass went 

well. 

Unfortunately, your 

father's heart will 

never heal 

completely. 

Fortunately, your 

father's heart will 

heal completely. 

It's your birthday 

party, you lean over 

the cake to blow out 

the candles. 

Your sister pushes 

you forward and your 

hair catches on fire.  

Your sister hugs you 

and the party really 

kicks off. 

All eyes are on you 

as you enter the hall 

with your gorgeous 

date. 

You can see your 

friends are waiting 

for you to screw up. 

You can see your 

friends are happy 

with your match. 

Finally, you reach 

the summit of the 

tall mountain. 

You wish your dad 

hadn't fallen down on 

the way up. 

You're glad you had 

the strength to make 

it all the way up. 

The second glass of 

wine gives you that 

warm feeling. 

It can be so 

stressful to return 

home during the 

holidays. 

It's nice to be able 

to relax during the 

holiday season. 

You grab a piece of 

pizza as soon as it 

arrives. 

You're surprised with 

how much it burns as 

you chew. 

You're pleased with 

how good it tastes as 

you chew. 

Your late aunt said 

she'd remember you in 

her will. 

You gasp as you hear 

she's left her debts 

to you. 

You gasp as you hear 

she's left her 

fortune all to you. 

Your parents and 

siblings talk and 

laugh around the 

crowded table. 

It's mean of them to 

make fun of you 

again. 

It's nice to have 

your family together 

again. 

Your workmate can't She says she's She says you're all 
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keep the good news 

from you any longer. 

getting a big raise 

at your expense. 

in for a big raise 

for the new year. 

You spring up the 

stairs to your 

lover's apartment. 

You fear someone else 

is in those arms 

again. 

You can't wait to 

feel those arms 

around you again. 

As you step into the 

room, your friends 

shout, ―Surprise!‖ 

They've placed a jar 

of spiders on your 

pillow. 

They've placed a jar 

of lollies on your 

pillow. 

Your sides ache for 

minutes after you 

hear the punch line. 

The comedian couldn't 

have told a more 

inappropriate joke. 

The comedian couldn't 

have told a funnier 

joke. 

At the gym you try to 

lift a weight you've 

never tried before. 

You cannot manage the 

weight and the bar 

falls on you. 

You can manage the 

weight and the 

instructor praises 

you. 

You collect your 

clothing from the 

neighbourhood 

laundrymat. 

You take out your 

clothing and it's all 

shredded. 

You take out your 

clothing and it's 

smells nice. 

With a few yards to 

go, your lead in the 

marathon widens. 

You can feel your 

ankle turn over as it 

breaks. 

You can sense a 

victory within your 

grasp. 

Walking across 

campus, you see a 

friend who's back 

from overseas study. 

As he approaches, a 

big bird poops on 

your hair. 

As he approaches, a 

big smile appears on 

his face. 

You grin as you guide 

the kayak through the 

rapids. 

You're going to 

strain your back at 

this pace. 

You're going to win 

the competition at 

this pace. 

Your lover chases you You stub your toe and You are laughing so 



218 

 

playfully around the 

bedroom. 

fall to the ground, 

writhing. 

hard you almost can't 

walk. 

The smell of 

chocolate becomes 

strong as the cake 

cooks. 

You're stomach heaves 

because you are too 

full. 

You're glad you left 

room for dessert. 

You're incredibly 

sensitive to your 

partner's caress. 

The touch makes you 

cringe with disgust. 

The touch makes you 

shiver with pleasure. 

You shout with joy as 

you charge over the 

hills during the 

foxhunt. 

Beneath you, the 

ground gives way and 

you fall into a 

ditch. 

Beneath you, your 

horse gallops 

excitedly. 

Your family watches 

as you give a 

graduation day 

speech. 

You can feel their 

shock as you blunder 

during the speech. 

You can feel their 

pride in your 

achievement. 

Your pet dog runs up 

to greet you after a 

long day away. 

He jumps up and bites 

your arm ferociously. 

He jumps up and licks 

your face excitedly. 

Your biking partner 

is delighted with the 

fast pace you are 

setting. 

You both know that 

you will never get 

home on time. 

You both know that 

you will easily get 

home on time. 

You stand in front of 

the all-you-can-eat 

buffet and breathe in 

the aromas. 

You know it will be 

an awful meal. 

You know it will be a 

wonderful meal. 

With seconds to play, 

your ruckman kicks 

The mark is taken by 

the opposing 

The mark is taken by 

the full forward 
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into the goal square. fullback, the game is 

lost. 

directly in front of 

the goals. 

After the romantic 

dinner, your lover 

senses that the 

moment is right. 

―We should break up!‖ 

you hear. 

―Will you marry me?‖ 

you hear. 

You stand proudly on 

stage as the audience 

rises after your 

recital. 

They withdraw 

quickly, bored from 

your performance. 

They applaud wildly 

as you take your 

bows. 

Sweating after the 

long walk to the 

lake, you take off 

your shoes. 

The water isn't hot 

enough for a swim. 

The water is just 

perfect for a swim. 

Your last exam is 

over, and you feel a 

rush of relief to be 

done. 

You begin to dread 

the start of your 

next term. 

You begin to enjoy 

your free time. 
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Appendix D: Further comments on speed-accuracy trade-off (SAT) 

functions 

 

It is worth noting that contrary to the traditional SAT 

functions, where a positive correlation between level of 

accuracy and RT is expected, the SATs obtained in both 

Experiment 1 and 2 followed a negative correlation. That is, 

the SAT functions seem to suggest that the faster the RT, the 

more accurate (less proportion of errors) the judgment of the 

sentences was, whereas the slower the RT, the less accurate 

(more proportion of errors) the judgment was (see Figure D).  

 

 

Figure D. SAT plot for Experiment 1 and 2. The linear fit lines represent 

the correlation between RTs and proportion of correct judgments for both 

pleasant and unpleasant sentences in Experiment 1 and 2. 

Exp 1 

r (104) = -.416, p = .000 

 

Exp 2 

r (125) = -.139, p = .122 
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It is known that positively correlated SATs are typically 

found in simple RT tasks (e.g., flanker task), whereas SAT 

analyses are not commonly performed in more complex tasks 

(e.g., sentence judging tasks). Thus, it is open to study 

whether different SAT functions could be found in more complex 

tasks and therefore provide complementary information as to 

the cognitive process underlying the task. Although this issue 

is not pursued in this thesis, it does deserve further 

exploration. It could be argued though that the slow and 

inaccurate responses in the present experiments may reflect 

some ambiguity in the stimuli which in turn could be an 

intrinsic characteristic of linguistic stimuli. Perhaps some 

sentences were not clearly identifiable as ―pleasant‖ or 

―unpleasant‖ and their judgment was open to the participants‘ 

speculations. It is also likely that a rating of the sentences 

could assist in understanding the SATs obtained. For example, 

it could be found that the slow and inaccurate responses are 

associated with stimuli with a more intermediate valence score 

(J. Stins, personal communication, December 14, 2010). 
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Appendix E: neutral and positive images selected from IAPS 

data base and used in Experiment 3 

 

Image valence Slide number for images selected from IAPS 

Neutral 

pictures 

1112 1122 1303 1310 1350 1390 1645 1675 1726 1820 

1903 1908 1935 1945 2122 2220 2309 2351 2458 2635 

2704 2780 3302 3550.2 4230 4613 4631 4770 5395 5920 

6900 6910 7077 7188 7476 7484 7497 7506 7632 7640 

8060 8232 8466 8475 9150 9411 9422 9468 

Positive 

pictures 

1340 1463 1590 1722 1731 1811 1999 2058 2071 2075 

2150 2158 2160 2224 2345 2346 2352.1 2391 2398 2550 

4603 4610 4614 4628 5600 5660 5814 5820 5829 5830 

5910 7200 7260 7330 7350 7400 7430 7470 7492 7508 

7580 8120 8350 8461 8503 8510 8531 8540 
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Appendix F: neutral images selected from IAPS data base and 

used in Experiment 4 

 

Image valence Slide number for images selected from IAPS 

Neutral 

pictures 

1112 1122 1230 1303 1310 1350 1390 1616 1645 1675 

1726 1820 1903 1908 1935 1945 2122 2211 2220 2230 

2308 2309 2351 2372 2410 2445 2446 2458 2487 2575 

2635 2690 2702 2704 2749 2780 3302 3550.2 4000 4230 

4233 4274 4573 4613 4631 4770 5040 5395 5532 5535 

5920 6570.2 6900 6910 7011 7018 7021 7033 7044 7058 

7077 7081 7182 7188 7211 7237 7242 7247 7248 7249 

7283 7365 7476 7484 7487 7497 7506 7550 7590 7595 

7632 7640 7820 7830 7920 8060 8121 8160 8232 8466 

8475 9150 9401 9411 9422 9468 
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