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1. Chapter one  

Affordance and stimulus-response compatibility 

1.1 General introduction 

This thesis considers the synergy between vision and action as espoused in the behavioural 

SRC affordance literature.  The SRC affordance paradigm has been used to demonstrate a 

two-way relationship between vision and action wherein action possibilities contained in 

seen objects can have a profound impact on executing motor behaviours, even when the 

action possibilities are not relevant to the task at hand.  From this, deep claims have been 

made on the nature and layout of neural processes supporting these action effects.  These 

claims will be discussed in the introductory chapters.  This thesis seeks to expand this body 

of knowledge by extending the affordance SRC paradigm to include the use of 

electroencephalography (EEG) to investigate the timecourse of visuomotor activity 

associated with the affordance effect under a variety of parameters.  In the process, it will 

examine the veracity of some of the core claims and assumptions of the behavioural 

literature.   

This introductory chapter begins by briefly reviewing the rich historical context in which 

the present experimental work was undertaken. It will initially consider some of the key 

studies and principles in the history of the stimulus-response compatibility paradigm, 

which is at the core of the thesis. After this, the concept of object affordance will be 

introduced and the relation between affordance and SRC will be considered, followed by 

some philosophical grounds for the approach taken in this thesis.  

1.2 Stimulus Response Compatibility  

The paradigm at the heart of this work is the SRC paradigm. This paradigm yields the SRC 

effect, which is the name given to the increased speed and accuracy with which 

participants respond to stimulus sets that are similar to their response sets when 
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compared with stimulus sets that are different. The interpretation of the SRC paradigm has 

undergone a number of revisions and changes and has been used in a wide variety of 

contexts.  

The earliest SRC studies may be found in the work of Paul Fitts, a former US Army 

Lieutenant Colonel who became an academic studying human movement and human-

machine interactions, particularly with a view to improving aviation safety. It was in this 

context that the now seminal experiments by Fitts and Seeger (1953) provided the first 

evidence for SRC effects.  They presented participants with three different stimulus arrays, 

each matched with a response array.  Stimulus arrays consisted of lights in various 

positions around the midline of the participants.  Only some of the lights would be lit on 

each trial, and participants were tasked with moving the joysticks in the response arrays 

towards or away from whatever lights on the array were lit. This forms the parameters for 

compatibility between stimulus and response and lays out the basic format for all 

subsequent SRC studies; a dichotomy is created where stimulus and response share or do 

not share features (such as spatial location) and the trials on which these features are 

shared are termed compatible and the trails on which they are not shared and termed 

incompatible. The finding is consistently that responses are faster and more accurate on 

compatible trials than on incompatible trials.  This was an exceptional finding at the time, 

suggesting that something as apparently simple as stimulus location could interact with 

responses to yield its own effect, outside of any other experimental manipulations. 

Fitts and Seegar extended this in another experiment, having participants either use 

matched or mismatched stimulus and response arrays to complete the task 32 times over a 

ten week period.  This gave them a great deal of time to practice the relations between the 

mismatched arrays.  Additionally, from the 27th testing session a distractor task was added.  

It was found that regardless of how practiced a participant was mismatched arrays always 
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produced longer reaction times (RT), with very little change in RT overall.  This was also 

found to be true when completing a distractor task.  This led the authors make the claim 

that is at the core of the SRC literature, that SR translation effects are an integral part of 

human perception and not something that needs to be learned or that can be easily 

modified by practice or task complexity.  It shows a functional association between what is 

seen and what is done in a way that had not been seen before. 

The next key events in the history of SRC came from the work of J.R. Simon whose 

eponymous effects are very similar to those of Fitts and Seegar.  For example, Simon and 

Wolf (1963) used similar light displays to those described above that rotated relative to a 

fixed response location with a sample divided into older and younger participants.  The 

rotation of the stimulus lights was intended to vary the difficulty of the task with a view to 

identifying an effect of aging however this effect was not obtained.  Instead Simon found 

an effect of stimulus location with up to a 30% RT advantage for the most compatible 

display (where the stimulus light was rotated closest to response) compared with the least 

compatible display ( where the stimulus light was rotated furthest from response). Like 

Fitts and Seegar (1953) this result indicated that there was an interaction between 

stimulus and response sets occurring in the observer as they performed the task, where 

motor movements made in the direction of congruent visual stimulation were facilitated 

simply by virtue of the stimulation.  

Simon provided several further demonstrations of this principle and many of the later 

studies used auditory instead of visual stimuli yet still obtained analogous results and in 

doing so further expanded the providence of SRC. For example, Simon and Ruddell (1967) 

presented tones monaurally and had participants make a button press response that was 

either ipsilateral or contralateral to the tone.  Participants had shorter RTs when the 

button press was ipsilateral to the tone than when it was contralateral, mimicking the 
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1.6 Chapter conclusion 

This chapter has shown that for the better part of a century, a variety of scientists and 

philosophers have been converging on the notion of a tight, reciprocal relationship 

between perception and action with an increasing emphasis on the role of the 

environment in cognition.  They underline the importance of the relationship between 

observer and environment in agent-world interactions and suggest that there are innate 

processes in perception that use these relations to expedite behaviour where possible.  

This has been pursued in the context of learning, in the laboratory and in explaining day to 

day behaviour.  The following chapter will first examine the behavioural research that 

supports this idea, before introducing come of the complexities underlying these ideas.   
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on RT, supporting the Gibsonian notion that affordance could represent a means for 

interaction with novel objects (Gibson & Gibson, 1955).  Interestingly, RTs were shorter for 

highly graspable (as determined by participant ratings) unfamiliar tools and graspable 

shapes than for familiar objects.  They found that conceptual information such as semantic 

category or learned associations failed to affect responses in the same way, indicating that 

the affordance effect was arising from the physical features of the stimuli.  Indeed, the 

largest effects were products of perceived graspability and visual complexity.  Vingerhoets 

et al. (2009) concluded that the brain automatically extracts object affordances based on 

intrinsic (e.g. shape) and extrinsic (e.g. orientation) object properties in a way that is not 

achieved by conceptual object properties.   

This section has detailed a set of experiments from a variety of laboratories that all reach 

the same conclusion; that there is a close and reciprocal relationship between vision and 

action in which action relevant cues from a wide variety of meaningful visual stimuli have 

influenced a variety of physical responses, even when these cues have been irrelevant to 

the task at hand.  Another common thread in these experiments is the implications of 

these studies for the organization of visual perception and motor coordination in the brain.  

It has been suggested that this reciprocal relationship between visual systems and action 

systems is reflected in the organization of the neural architecture underpinning the task.  

Over the remainder of the present chapter some attempts to model SRC will be 

considered, with particular reference to their claims about organisation in the brain.  Also, 

some alternative views on agent-object interaction will be considered. 

2.2 Attempts to model SRC 

A number of attempts to model SRC have been made, but few of them cover the kind of 

affordance SRC effects discussed so far.  This section will briefly consider two of the most 
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good fit with the concept of affordance, which offers the similar idea that afforded actions 

are potentiated in observers upon viewing objects and that this potentiation produces the 

SRC effect as part of continuous and reciprocal visuomotor processing, rather than 

discrete, serial processing described in the DO model.  TEC is defined by three core 

assumptions; firstly that perception and action share a coding scheme which offers a 

platform to create representations of the world.  Assuming a suitable coding scheme, this 

provides a cognitive mechanism for the integration of real object stimulus affordances and 

response set affordances, allowing TEC greater explanatory value than DO when dealing 

with affordance SRC effects.  A second assumption is that representing these SR pairs is 

distributed based on composites of feature codes, with each represented in discrete 

subsystems.  Hommel (2009) describes this by suggesting that the number of features 

shared by SR pairs defines their similarity and that when considering the tight connections 

between visual and motor systems, this means that one may also define similarity between 

perceptions and actions. Hommel et al. (2001) suggested that to plan an action is to 

consider not only the mechanics of performing the action, but also the effects it may have 

on the world, recalling the notion of affordance i.e. viewing an object elicits a preparation 

of actions that are afforded by the object, and these affordances are a means to 

understand the effect using the object may have on the world, just as described by 

Hommel et al. (2001).  He goes on to say that this view requires perceptual and motor 

systems work together to define the relationship between the visual input and possible 

behavioural output in order to compute the effects of those possible actions. The third 

assumption is that cognitive representations refer to distal and not proximal 

representations, effectively meaning that it describes the action possibilities and actions 

that exist in the external world, rather than the plethora of possible actions that could be 

internally represented. This is both a strength and a weakness; a strength because it 

reduces the computational expense of the SR translations required and filters out many 
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the RT effect of the relevant/ irrelevant stimulus properties, regardless of stimulus class 

and ignoring nuances of stimulus presentation and/ or response set.  However, coming 

from an affordance background the different stimulus and response classes become a huge 

concern because the affordance account stands and falls on its assumption of the overlap 

of action relevant information and available action possibilities.  The nature of the 

affordance account means that experiments around it must use stimuli that contain action 

possibilities and that effects found with stimuli that lack these action properties must be 

measuring a different construct.  As Ellis (2009) suggests, new questions must be asked and 

new paradigms devised in order to end this disagreement.   This is a key motivator for the 

present thesis; one possible means to build on the behavioural literature that has 

attempted to disentangle these possibilities (e.g. Symes et al., 2005; Tipper et al., 2006; 

Pellicano et al., 2010) would be to directly measure the visuomotor activity elicited in the 

presence of each effect using cognitive neuroscience methods (such as event-related 

potentials, ERPs).  Due to their high temporal resolution, ERPs are particularly well suited 

to address the question of the stage at which affordance effects are exerted.  Also, the 

Lateralised Readiness Potential (LRP) offers an ideal tool to directly investigate motor 

activity afforded by object stimuli, an issue discussed above.  Understanding the motor 

processing entailed in each effect using LRPs might differentiate more clearly the 

information processing and affordance accounts.   

2.4 Conclusion 

This chapter has seen a wide variety of evidence for and explanations of affordance SRC 

effects.  Those studies used behavioural methods that have consistently implicated 

visuomotor processing, suggesting that this approach could benefit from directly 

measuring visuomotor activity.  The following chapter will consider evidence from 

cognitive neuroscience on affordance SRC and consider whether these methods may 

better elucidate the disagreements laid out so far.  
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3. Chapter three 

Cognitive neuroscience and affordance 

 

3.1 Affordance, SRC and cognitive neuroscience 

The first two chapters introduced the idea of affordance and gave some evidence to 

support the notion that affordance effects develop based on overlap in SR pairs due to a 

reciprocal visual and motor processing best described as visuomotor.  However, it also saw 

considerable dispute between different points of view on affordance when compared with 

Simon effects or effects of salience and where affordance effects fit in with SRC effects in a 

wider sense.  Those chapters suggested that one way to attempt to clarify this is by that 

employing deeper metrics may help to choose between these differing views.  In order to 

do this, the present chapter will consider the evidence from cognitive neuroscience on the 

question of the linkage, timecourse and automaticity of object perception and action 

processes, particularly the affordance SRC effect.  First for consideration are two 

replications of studies discussed in the previous chapter in Functional Magnetic Resonance 

Imaging (fMRI) and Positron Emission Tomography (PET) followed by some further 

evidence demonstrating the role of the motor cortex in perception.  Following this is a 

discussion of the temporal factors, beginning with evidence from single cell recordings and 

moving on to more recent ERP, LRP and Transcranial Magnetic Stimulation (TMS) 

investigations.  Finally, some reasoning for some of the temporal differences shall be 

presented. 

3.2 Spatial evidence 

This section will focus on evidence for the spatial arrangement of brain activity underlying 

visuomotor processes seen in SRC and affordance experiments to see if evidence from the 

spatial domain may help to resolve some of the issues from chapter two, such as how to 

assess the motor effects of looking at objects and the equivalence of behavioural results 
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motion is a sufficient but not a necessary condition for activating the dorsal stream but 

that the presence of a cue to action in the stimuli is a necessary condition for eliciting this 

kind of dorsal stream activation.  The authors conclude that affordances are a precondition 

for dorsal activity, and that this study provides neurophysiological evidence to support the 

notion of object affordance and its automaticity, based in similar reasoning as Tucker and 

Ellis (1998) regarding the lack of relevance the object affordance has to the task.  On the 

point of the visuomotor nature of perception from previous chapters, the action of visual 

motion area MT/ V5 in concert with activation in motor cortices in resolving this object 

affordance task speaks the visuomotor account of object perception.  MT/ V5 is suggested 

by Grezes and Decety (2002) to be the first area of the dorsal processing stream, which is 

implicated in the detection of movements and movement-related stimuli and object 

affordances are intrinsically linked with guiding movement to or with an object.  This, in 

conjunction with activation in action planning areas PMC/ SMA implies evidence for 

visuomotor interpretations.  However, due to the poor temporal resolution available in PET 

it is impossible to know whether these areas were activated concurrently or not, which 

would need to be true for the assertion would be properly supported.  This shows a limit of 

using spatially-orientated techniques to answer questions about the nature of processing.   

Another core experiment  discussed in chapters one and two was replicated and extended 

by Grezes, Tucker, Armony, Ellis and Passingham (2003), who replicated the grip-type 

affordance SRC experiment presented in Ellis and Tucker (2000) using fMRI.  As described 

above, this was a grip-type affordance SRC paradigm, in which participants mimicked a 

power and precision grip by holding two manipulanda.  One had them make a precision 

grip with their thumb and index finger and the other had them make a palmar grip.  Half 

used the precision in the right hand and power in the left and the other half used the 

opposite combination, representing a small deviation from the original design.  They found 

a significant behavioural interaction between object grip and response grip, signifying a 
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information is processed.  One of the most interesting results however, and one that is 

troublesome to the discussion of the role of intention (see above and below) in the 

affordance effect is that this effect occurred on trials when participants responded, as well 

as when they did not respond, supporting the case for automaticity over intention. This 

interaction between the fundamental rules of visual fields in the earliest stages of visual 

input and the output of the motor response or a neural response provides a another angle 

that supports the visuomotor nature of perception and the notions that vision is for action 

and also that vision is mediated by action.   

To round out this section, the last study for consideration shall be a review from Lewis 

(2006) that was comprised of a meta-analysis of 64 studies of tool use skills and 

knowledge.  Overwhelmingly, the results pointed to shared circuitry for viewing, 

interacting with or pantomiming interaction with objects, fitting well with an embodied 

approach to cognition as described in previous chapters.  There was a particular emphasis 

on the IPL and the dPMC for these purposes, with premotor cortex particularly entailed in 

accessing, preparing and maintaining the intention to perform an act and how to translate 

the preparation into a sequence of motor commands, with IPL associated with the 

preparation of these motor commands in the effectors, including selecting the correct 

effector.  Ventral premotor cortex (vPMC) was more concerned with the execution of 

actions in what we shall see over the following sections are later stages of visuomotor 

processing.  Another key result found here was that in effectively all reviewed aspects, 

both hemispheres were enlisted for different purposes but that the left hemisphere was 

always dominant in this, something else that we shall see fleshed out in the 

electrophysiological data presented below.   

From examining the studies presented in this section it appears that the application of 

neuroimaging techniques is highly elucidative for the area of object and affordance 
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processing.  The spatial evidence on SRC and object use appears fairly consistent, with left 

hemisphere dominance exhibited for most action preparations and stimulus classes, whilst 

maintaining the classical contralateral control of effectors and still allowing the right 

hemisphere a considerable role to play, as shown by Grezes and Decety (2002).  That said 

Grezes and Decety and Grezes et al. (2003) also show up a considerable inconsistency in 

the hemispheric asymmetry associated with lateralised as opposed to grip-type affordance 

SRC paradigms.  Although there is no apriori significance to particular patterns of 

hemispheric asymmetry (Hellige, 1993) this is of potentially great theoretical significance, 

particularly to affordance orientated models such as Cisek (2007) because this represents 

one of the first indications of a fundamental processing difference between different 

classes of affordance that appear to behave identically when examining the behavioural 

data.  Overall however, the evidence agrees that on the questions of response preparation 

that the SRC paradigm is geared to, the dorsal premotor cortex is the main candidate for 

further investigation.  Evidence from Handy et al. (2003) also illustrates the importance of 

considering the role of visual fields, particularly with lateralised tool stimuli.  Perhaps most 

importantly, Handy et al. (2003) also showed that early visual ERP component P1 may also 

be elucidative of the visuomotor nature of these response preparations, providing a 

motivator towards the use of ERPs over spatial methods in the present thesis.  This is again 

of great theoretical significance, with early visual components generally thought of as not 

being influenced by task parameters (discussed in more depth below).  One problem with 

the use of spatial techniques is that whilst we might see what areas are entailed in 

particular tasks, the lack of temporal resolution means that it can be difficult to assert 

what stages of processing the different areas are activated, and so what their functions 

are.  For this reason, this chapter will now proceed to examine what new information on 

object affordance may be found by the use of techniques with great temporal resolution 

but poor spatial resolution.   
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A frequently cited study from Georgopoulos, Kalaska, Caminiti and Massey (1982) provides 

a good starting point.  They recorded 606 cells in motor cortex related to proximal arm 

movements, focussing on 323 cells that were most activated by the task.  Four rhesus 

monkeys were trained to move a manipulandum from a central position to one of eight 

target positions marked by LEDs, meaning that this was not a typical SRC paradigm as there 

were no incompatible trials, however the task closely resembles the format for compatible 

trials.  As well as single unit recordings, electromyograms (EMG) and electrooculargrams 

(EOG) were recorded.  EOG revealed that monkeys made saccades to foveate the target 

around 150ms after stimulus onset. Taken with a mean RT of 265ms, this illustrates how 

rapidly (at approximately 100ms) the visual information was translated into a motor 

programme that was executed.  EMG revealed that muscle activity was detectable 80ms 

before movement onset, leaving around 20ms between foveating the target and the 

earliest detectable muscular response. This could not have been due to a predictable trial 

structure due to a 2 second jitter, again indicating that these visual to motor translations 

can occur extremely rapidly.  However, as suggested in Requin and Riehle (1995, reviewed 

below) with their own data, the implications of these studies depend greatly on the 

constructs one postulates to explain the data, meaning that it is very difficult to infer the 

nature of the processing (particularly cognitivist discrete stage versus continuous 

transmission accounts) based solely on these impressive rapidity of the effects.  The 

frequency domain analysis revealed orderly variation of cell direction with movement 

direction, however Georgopoulos et al. did not identify discrete populations of cells 

specific to a particular response direction.  Instead, they found that different directions 

were signalled by combined activation of neurons that were tuned to the characteristics of 

the required movement.  Put another way, different cell populations were found to 

activate in concert to produce responses in different directions and no cell populations 

were identified that related solely to a single direction. This study shows the depth of 
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information available when working outside of the behavioural RT domain by observing 

not only the rapidity with which visual information interacts with motor processes but also 

hinting at the interaction of the visual system, the motor cortex and the musculoskeletal 

system through the use of single unit recordings, EOG and EMG data.  Although not 

interpreted this way, the temporal proximity of the effects in the different metrics 

employed here hint strongly at an integrated visuomotor system, rather than discrete 

visual and motor systems.   

This proposition is supported by Rizzolatti and Gentilucci (1988) who found that the same 

canonical neurons in the vPMC fire during both the presentation of an object and during 

the execution of actions associated with that object, in agreement with the meta-analysis 

by Lewis (2006).  This supports the embodied notion of scaffolding discussed in previous 

chapters because it shows physiological evidence for the interrelation of perceptual 

processes and action processes in neuronal populations that are not specific to either 

process, but rather support both.  This speaks to the notion of scaffolding because action 

areas are supporting perception and moreover, this favour is returned during action 

execution.  This also suggests that the traditional cognitivist distinction between action and 

perception or input and output may be flawed, because the evidence shows little to 

distinguish between the two at a neurological level, with similar populations recruited for 

both, shown in electrophysiology and spatially by Lewis (2006).  Rizzolatti and Gentilucci 

(1988) suggest that the activation of these canonical neurons under both conditions 

indicates a basis for the automaticity of SR translations. However this is questionable 

because presumably each action must also be served by other neurons in a similar way 

that Georgopoulos et al. (1982) did not find neuronal populations specific to particular 

directions but instead found that combinations of different populations signalled particular 

directions in a way that is more diffuse than simple 1:1 relationships between neurons and 

behaviours.  If this is the case, then this does not provide sufficient evidence for a claim of 
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automaticity, because it does not consider what other neurons are required to complete 

the behaviour.  The authors conclude that the vPMC neurons they measured provided a 

kind of vocabulary of grip-types in PMC based on the principles described above and 

suggested that this would be monitored by anterior parietal neurons, fitting well with the 

spatial evidence given above.  Given the necessity of visual area activation to these results 

with viewed objects, these principles of distributed processing again support the 

visuomotor account of perception. 

Further to Georgopoulos et al. (1982), a compelling body of evidence for early motor 

cortex effects caused by visual and auditory compatibility may be drawn from the work of 

Requin, Riehle and colleagues. Requin and Riehle (1995) collected intracranial data from 

motor cortex with two monkeys over two experiments.  The first was a mixed go, no-go 

and two-choice paradigm in which one monkey was trained to align a pointer with visual 

targets (LEDs) by using unimanual flexion/ extension wrist movements. It was found that 

motor neurons responded to the signal very early, between 113ms and 173ms.  Overall, 

similar effects were observed in the go and no-go trails, with the effect most pronounced 

when time-locked to the movement onset.  The authors interpreted this experiment as 

showing that the motor component of sensorimotor neurons is activated by directional 

information, with this activation peaking at around 150ms.  This was strongest in the go 

trails but was still clearly detectable in the no-go trials. The timing of these effects coincide 

well with the data from Georgopoulos et al. (1982) who found effects commencing before 

200ms in a slightly different paradigm.   

In their second experiment, Requin and Riehle (1995) examined the temporal overlap of 

perceptual and motor processes in a fairly typical SRC paradigm.  This is an interesting 

question for any visuomotor account because these accounts claim that the work of 

perception and action is shared so temporal factors should be able to elucidate the way in 
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which the work is shared by showing when different systems make their contributions.  To 

assess this, they used a variation on their first task, this time with compatible and 

incompatible trials that were determined by the colour of the visual target. They found a 

behavioural SRC effect (shorter RT and shorter movement time for compatible trials than 

incompatible trials) and a neural correlate of this SRC effect in 114 neurons in primary 

motor cortex.  More interestingly, they found that the earliest motor cortex activity 

associated with the stimulus was the same for compatible and incompatible stimuli.  That 

is to say the initial phase of activity was facilitatory for both compatible and incompatible 

trials, however this was brief and incompatible trials yielded opposite activity to 

compatible trials soon after.  The authors suggested that the visually triggered motor 

cortex neurons appear to be targets for response relevant information and so their 

activation provides direct evidence for the automatic activation of compatible responses.  

They went on to say the these neurons appear to play quite a different role to those in 

primary sensory areas, despite their activation by visual stimuli and that one could argue 

either way for their status as sensory or motor neurons.  This conclusion gets to the core of 

the embodied viewpoint, functionality can be almost impossible to put into discrete 

categories and so it becomes more important to consider synergy. This study provides 

excellent evidence that visual information selectively activates motor cortex.  It also shows 

that the selective components of this activation are preceded by non-selective activation 

that appears to spring automatically from the perception of the stimulus. 

Zhang, Riehle, Requin and Kornblum (1997) conducted another SRC study using Rhesus 

monkeys who were trained to align a pointer with coloured LEDs that required an 

extension or a flexion of the wrist, similar to Requin and Riehle (1995) and used the same 

LED arrangements. Both RT and MT were measured, as was activity in 154 neurons in 

motor cortex.  It was found that initial motor activation correlated with the side of the LED, 

with differential activity between the trial types peaking early at 160ms.  Differences 
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between neuronal responses to the mapping rule were observed to peak at around 260ms, 

around the same time as the compatibility effect.  Average RTs were 336ms (SD 33ms), 

indicating that each trial was resolved extremely quickly and reinforcing the notion that 

the speed of responses indicate a rapid link from vision to action.  This study provides a 

result that is inaccessible to behavioural studies too; it was found that after the response 

had begun, the differences associated with the compatibility effect persisted.  One 

limitation of these data is that as well as being interpreted as the result of SR compatibility, 

the compatibility effect observed at 260ms could also be interpreted as SS congruence 

between LED colour and location, because the LED colour indicated the response location.  

This cannot be resolved because the authors only analysed the correct trials. However they 

suggest that whether SR compatibility or SS congruence the neurons still belong to a 

generic class of SR association neurons that translate the visual stimulus into a behavioural 

response and so are still doing the kind of visuomotor transforms that are pertinent to this 

thesis.  Overall, this study provides evidence that SR translation processes have a dynamic 

timecourse in motor cortex in which stages are not discrete but motor activity changes 

based on the simple visual input being parsed and then filtered through the mapping rule, 

implying continuous processing as well as a role for the task in the transformations.  That 

said, the average overall RT is shorter than in many of the human studies cited in the 

previous chapter so the timecourse may not be perfectly reflected in humans, however the 

demonstration of the principle of rapid and selective motor activation by visual stimuli 

remains clear. 

Two further SRC experiments conducted by Riehle, Kornblum and Requin (1997) found a 

systematic motor cortex effect based on the mapping rule and supported the conclusions 

from Zhang et al. (1997).  Two Rhesus monkeys were presented with stimuli on the left and 

right that were compatible or incompatible with left or right movements, with movements 

signalled by high or low pitched tones that were presented to the left or right ear using 
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similar apparatus to Requin and Riehle (1995).  The procedure for their first experiment 

was as that of Zhang et al. (1997) but using two Rhesus monkeys.  In their second 

experiment equipment and procedure were almost identical except that the laterality of 

the stimulus presentation was irrelevant to the mapping rule, with three white LEDs used 

to show the locations with which to align the pointer and the laterality of the response was 

signalled by a high or low tone.  Using a tone closely resembles the manipulations seen in 

Simon and Ruddell (1967) and Tucker and Ellis (1998).  154 neurons in primary motor 

cortex were monitored in monkey one and 123 in monkey two.  Behaviourally they found 

the typical SRC effect, with shorter RTs on compatible trials than incompatible.  Their 

intracranial recordings identified several populations of neurons that were associated with 

different aspects of the task, with a population for the side on which the stimulus was 

presented, a population that varied with the response rule and one that varied with the 

response side.  These populations also showed considerable overlap, supporting the idea 

that the visuomotor transformations entailed in this kind of paradigm are continuous 

rather than discrete. Examining the figures in this experiment, these effects were observed 

to occur very rapidly with effects observed in cell populations related to response peaking 

as early as 100ms and not later than 200ms, with incompatible trials persisting until up to 

400ms, around 150ms longer than in compatible trials. They also found a good deal of 

overlap between these factors, showing that the transformation of visual information to 

motor information is not a discrete process but rather a continuous one, representing a 

problem for the information-processing models in chapter two.  Revealed by these 

continuous changes is an interesting result; the data suggest that the increased reaction 

times observed in incompatible trials may be due to an automatic activation of compatible 

responses that need to be overridden in order to supply the correct (incompatible) 

response as indicated by the longer activations observed for incompatible trials as well as 



54 
 

the large overlap of different populations of neurons in the observed effects, as in Zhang et 

al. (1997).   

These data are supported by Riehle and Requin (1995), where two monkeys were trained 

to rotate a handle using wrist flexion/ extension movements in order to signal a response 

in a movement precueing RT task whilst intracranial data were recorded from 411 neurons 

in primary motor cortex, premotor cortex, somatosensory cortex and parietal cortex.  

Movement direction and required force were precued by different coloured LEDs, in a 

similar arrangement to the other studies cited here.  They found different populations of 

neurons associated with stimulus onset, response and compatibility, similar to those 

studies cited above.  The populations behaved differently during different stages of the 

preparation (when processing the precues) and execution (MT and RT) of the response.  

Some of these differences clustered around the precuing of direction and force, with 

primary motor cortex found to respond most strongly to both.  Different regions were seen 

to be differentially influenced by the stage of processing, interacting with how much (if 

any) information was cued on movement direction and force, again indicating a continuous 

flow of visual to motor translations, this time under cueing conditions, with the LED display 

interacting with the response rules to yield primary motor cortex activation associated not 

only with the execution but also the preparation of responses. Upon the presentation of a 

cue, activation rapidly increased with a component lasting around 100ms reflecting the 

nature of the cue, again showing the rapidity with which the visual input selectively 

activates motor cortex and with which the input is resolved into motor preparations and 

outputs.   

Further evidence for the timing and duration of these effects may be drawn from a wide 

pool of research, such as Weinrich, Wise and Mauritz (1984) who found an effect at 138ms 

or Johnson, Ferraina, Bianchi, Caminiti (1996) who found an effect of an instructive 
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rationale and to further elucidate the temporal dynamics of compatibility effects, human 

electrophysiological evidence in SRC will be considered. 

3.3.2 Electrophysiological evidence 

The previous section has demonstrated the usefulness of high temporal resolution in 

understanding the processing underlying the SRC phenomenon, however it was limited by 

the use of non-human participants.  So, this section will now consider temporal evidence 

from human participants gained by the use of the Event-Related Potential (ERP) technique.  

Compared with single-unit recordings, ERPs have the advantage of being able to monitor 

activity at several sites across the scalp and so can monitor more regions in a single session 

and is completely non-invasive, however this comes at a cost to spatial acuity.   

When dealing with lateralised motor preparations, another ERP-based technique can be 

employed that focuses on just two sensors, one in each hemisphere positioned over 

precentral gyrus, typically C3 and C4 in the 10/20 system.  Due to the contralateral control 

of the effectors, potentials from one hemisphere can be subtracted from the other, 

removing any noise associated with the testing environment or resting state activity from 

the signal and leaving only activity related to motor preparation; the Lateralised Readiness 

Potential (LRP).  Using this technique, movement preparations are characterised by 

negative-going waves and potentials are larger when contralateral to the employed 

effector (c.f. Vaughn, Costa & Ritter, 1968; Kutas & Donchin, 1980).  LRP measures 

selective response preparation and removes noise by using a subtraction procedure; 

ipsilateral motor activity is subtracted from the contralateral motor activity for one 

response hand and the same calculation is then performed for the opposite hand.  Or in 

the Coles (1989) derivation, the contralateral activity is subtracted for the ipsilateral 

activity for the opposite hand, producing a positive-going wave.  Then, the output for one 

response hand is subtracted from the other, with the process yielding much smaller values 
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already been computed.  Importantly, no EMG activity was observed on correct no-go trials 

meaning that the LRP results could not be due to small undetected movements.  These two 

results have an interesting implication; the lack of EMG on no-go trials indicates that 

participants did complete the go/ no-go discrimination before response preparation. 

However, if response preparation occurred after this in a serial fashion then one might not 

predict the detected LRP effects because the authors hypothesised that the brief 

presentation (50ms) of the stimulus would only convey partial information that they 

suggested would decay very rapidly.  They argue that this strongly indicates parallel 

processing, with serial limits evinced by the lack of an EMG effect.  The depth and 

specificity of these claims illustrate the power of neuroscience methods in addressing 

questions of response preparation, particularly methods with great temporal resolution.  In 

order to rule out an alternative explanation, a second experiment was conducted that was 

identical but this time dissociated the location of the signal and the identity of the signalled 

response, employing elements from an SRC paradigm. As in the first experiment, the 

response hand was determined by the location of the signal however compatibility was 

determined by condition. Compatible and incompatible trials were determined by a 

response rule that asked participants to either respond with an ipsilateral (as in 

experiment one) or contralateral button press with alternating blocks of each.  This tests 

whether the LRP results observed in experiment one were specific to the response hand or 

command signal.  The use of SRC-like conditions was also reasoned to affect preparation 

time, given the RT advantage usually observed for compatible over incompatible trials.  A 

significant behavioural compatibility effect was obtained.  As in experiment one, EMG 

revealed little activity in the no-go trials and was not statistically different from zero.  For 

go trials, EMG peaks commenced at around 300ms, again indicating the rapidity with which 

the task information was computed.  LRP data again revealed effects becoming significant 

from 100-200ms; at 150ms after stimulus onset for compatible no-go trials and 160ms for 
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make an overt thumb movement in the overt movement condition, to imagine the same 

movement in the motor imagery condition and to make the smallest possible thumb 

movements for a quasi-movement condition, in order to make the movements barely 

detectable by EMG whilst still having participants make a response of some kind.  The key 

result was a motor component in LRP arising at 120ms but only for overt and not for covert 

movements, where no effects were found.  Similarly, activation on overt movement trials 

clustered over sensors C3, C4, C5, C6, FFC5h/6h and CCP5h/6h however these areas did 

not differ significantly from baseline on the covert movement trails.  This is interesting on 

its own because covert movements are generally considered to share the same 

characteristics as a real movement contraction including sharing the same circuitry, up to 

the point of the final muscle contraction.  This shows another advantage of the temporal 

sensitivity of electrophysiological measures, because based on the spatial evidence 

presented in Lewis (2006) one would predict the same populations being enlisted for overt 

and covert movements.  Perhaps instead, the temporal sensitivity here shows that whilst 

these areas may become active, they are not active at the same time on equivalent trials.  

In terms of this thesis however, the timing of the component is most interesting.  120ms is 

extremely early for a visual stimulus to activate motor cortex in what are effectively 

compatible trials.  One might predict, based on Osman et al. (1992) or on the behavioural 

literature, that incompatible trials may show a later effect, however this is not 

substantiated here.  This study does however provide an interesting caveat, particularly 

when considering automaticity in SR translation; when viewing the same stimuli a motor 

effect was only observed for the overt movement condition and not the covert condition 

and the authors concluded that this provides evidence for the role of intention in the SR 

translation process because there was no intention to make a response on the covert 

trials, hence there being no motor activation.  Conversely, on the overt trials where there 

was the intention to act a motor preparation was observed.  This questions the notion of 
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automaticity in SR translation because if one has no intention to make an overt response 

to the stimulus, this early motor component does not obtain.  The picture is not 

completely clear however, with the authors stating that later activations can be shown to 

be functionally equivalent.  The authors offer some suggestions as to why other studies 

have not obtained effects quite as early, attributing much to the sensitivity of their 

particular LRP method in dealing with components of variable polarity that would be 

averaged out in typical LRP/ ERP studies.  They also suggest a difference may be drawn 

from the overt movement being a simple thumb abduction, rather than a button press as 

in comparable studies, meshing nicely with the arguments presented above around the 

response having an effect not only on reaction time, but also on the processing serving the 

RTs.  The authors suggest that the early component may reflect hand selection processes, 

however this is not supported by the no-go trials from Osman et al. (1990), wherein an 

early effect was obtained even without the necessity of a movement.  Both studies shared 

abstract letter/digit stimuli and although Osman et al. effectively had a Simon paradigm, 

overall this points towards the response shaping the way stimuli are perceived.  This 

supports the distinction of response types suggested from the behavioural citations above, 

as well as providing direct evidence for the role of intention in SR translation.   

Another approach comes from an investigation of motor activity elicited by masked stimuli 

that was conducted by Eimer and Schlaghecken (1998).  They set out to find whether 

motor activation would be affected by masked stimuli presented for extremely short 

durations, such that they were almost imperceptible.  Over three experiments they found 

that masked arrow primes (i.e. >> or <<) that indicated the hand with which to execute a 

button press (same side in compatible condition and opposite side for incompatible 

condition) selectively influenced motor cortex, however it was not in the predicted 

direction.  They found a negative compatibility effect, with slower RTs on compatible trials 

than incompatible trials.  Their LRP analysis showed a pattern similar to that described 
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above, where the earliest stages (~200ms after prime onset) appeared to show the partial 

activation of a compatible response based solely on the visuomotor transformation before 

being countermanded at around 300ms after prime onset and yielding a negative 

compatibility in LRP, supporting the behavioural negative compatibility effect.  This is 

interesting as it shows the same overall effect as Osman et al. and the supporting citations 

given above; the earliest stages of response activation seem to be based solely on the 

visual input, but this seemingly automatic early effect swiftly changed, exhibiting the 

opposite pattern of results.  An extremely interesting feature of this investigation is the 

inclusion of neutral trials, something that many SRC studies do not include.  These neutral 

trials allowed Eimer and Schlaghecken (1998) to conclude that not only was there a 

reversal of the effect, but also that this reversal was due to the inhibition of compatible 

responses.  They were able to conclude this because the compatible trails showed a 

performance cost relative to neutral trials and incompatible trials showed a performance 

gain compared to neutral trials.  The LRP effects observed in this experiment were a little 

later than those cited above, however this is likely due to the use of a masking procedure 

and the described reversal of the effects.  This experiment supports the idea that the task 

and stimulus presentation can constrain and modify the apparently automatic activation of 

compatible responses.  This is a possible candidate for the mechanism by which human 

agents are able to make goal-directed actions on affording objects, without the 

interference of conflicting affordances from non-goal objects. If task parameters and 

stimulus presentations were not constraining the automatic activation of compatible 

responses then there would be a great deal of interference from task-irrelevant stimuli in 

routine activities.  This expands on the idea of the role of intention in affordance SRC as 

discussed so far by showing that the intention to act on the object still yields an effect, 

even with a brief presentation.  Moreover, it allies the idea of intention with the selective 

activation of motor cortex by action relevant stimulus features by showing that 



65 
 

incompatible responses are inhibited according to the response rule, meaning that 

intention to act is also interacting with the response rule.  Were it not, then we would not 

predict inhibition on incompatible trials. 

On the point of selectivity, there is some evidence that man-made objects are a special 

case for visuomotor processes, showing differential processing to animals in a study by 

Proverbio, Del Zotto and Zani (2007).  Participants were presented vertically arranged pairs 

of images of common man-made objects, animals or mixed pairs of both.  They were 

instructed to make a categorical judgement on the stimuli and to withhold their response 

when a mixed pair was presented.  No effects were found in the P1 or C1 time periods, 

however the most striking result was that posterior N1 at occipito-temporal sites 

(electrodes O1, O2, OL, OR, T5, T6) were preferentially activated from 130-180ms, with 

greater amplitudes elicited by images of animals than objects.  The inverse pattern was 

found when measuring frontocentral (electrodes F3, F4, C3, C4) N1 from 130-160ms, with 

preferential activation by objects over animals.  At the same sites, from 200-260ms the 

frontocentral N2 component was more negative for objects than animals.  They also found 

a smaller P300 component to objects than animals from 300-400ms.  This study is striking 

because it appears to show that natural and manmade objects are processed quite 

differently, with selective effects emerging as early as 130ms after stimulus onset.  The 

differential pattern across visual and motor sites speaks to the kind of visuomotor 

processing suggested above, with manmade objects having greater action relevance and so 

showing greater motor activation, with posterior sites appearing to differentiate the 

nature of the different stimulus categories, forwarding action relevant visual information 

selectively to motor cortex.  The authors suggest that the preferential posterior N1 activity 

to animals is related to the animate, homomorphic nature of the stimuli, indicating a 

perceptual representation compared with the more functional representation of tools, 

resolved in motor cortex.   
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reasoning behind the widespread use of jittered trials in psychology experiments; if trials 

are predictable, participants adapt to that and predictability may from a part of their 

response strategies.  The authors claimed that these data suggest that manipulable tools 

command a stronger capacity to capture attention than other objects of equal familiarity, 

and that this capacity is attributable to their affordance and biological relevance and it is 

difficult to suggest that this study is not congruent with the SRC literature, whilst still 

couching SRC effects in an affordance framework as this thesis seeks to do.  To that end, 

although the effects observed here were later than comparable experiments cited here, 

given that there was no explicit motor output, it represents one of the strongest 

demonstrations of affordance and of visuomotor processes in premotor cortex.  This study 

also shows one of the best reasons to use neuroscience methods to examine object 

affordance; it is possible to gather data even when there are no responses made and 

indeed entire paradigms may be designed around this fact to yield data that would be 

difficult to infer from behavioural experiments alone because they always require a 

response, necessarily conflating the notion of action preparation by seen objects with the 

action preparation necessitated by executing the behavioural response.  With 

electrophysiology in particular we are able to see the divergence of different stimulus 

conditions in time, making apparent the role of selectivity and intention in what has been 

characterised as simply automatic by much of the behavioural literature. 

So, a motor cortex effect in the absence of a response led Proverbio et al. (2011) to suggest 

an attention based explanation, however the link was also made by Allport (1987) with the 

selection for action hypothesis, which broadly states that attention shapes visual 

processing according to the action intentions of the observer.  On the face of it, this seems 

like quite a plain statement, but there are considerable ramifications in the context of 

different sources of affordance.  By this hypothesis, attention would be directed by the 

response set because it represents the action intentions/ possibilities, so a lateralised 
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button press response would increase the salience of lateralised handles on objects and 

maintaining particular grips would prime the observer for detecting similar grips.  A 

compelling example of this may be drawn from Van Elk, Van Schie, Neggars and Bekkering 

(2010), who investigated the selection for action hypothesis by showing participants 

objects and asking them to either point at or grasp them, with alternating blocks of each.  

ERP data showed an increased N1 response to grasping compared with pointing.  N1 is not 

typically associated with particular task demands but rather is expected in any visually 

evoked potential to any visual stimulus, so this task-influenced N1 effect is remarkable.  

Moreover, it shows the visuomotor processes that have been touted so far by examining 

motor cortex effects also obtain in visual cortex because the motor component of the task 

showed a detectable difference in visual cortex.  This result allies well with the behavioural 

results from Symes et al. (2008) in the previous chapter, where visual search was shown to 

be speeded by maintaining a particular grip.  These and the other citations showing a role 

for intention in affordance generation and visuomotor processing all support the selection 

for action hypothesis.  The hypothesis also provides a complimentary notion to that of 

affordance, giving a mechanism by which relevant affordances can be extracted and acted 

upon.  Moving into the experimental work, this hypothesis and the discussion of the role of 

intention in affordance effects will be increasingly significant.  The studies cited in this 

section clearly demonstrate the depth of explanation available when examining SRC 

affordance effects using methods that have high temporal resolution.  The SR translations 

happen so rapidly that great temporal acuity is required in order to understand the 

processes and the order of events.   

3.3.3 A note on support from transcranial magnetic stimulation 

As we have seen from the electrophysiological data, both human and primate premotor 

cortex appear to respond to visual stimuli within 200ms of stimulus onset and sometimes 

even before 100ms.  The converging evidence on this point is convincing and yet more may 
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be drawn from another source of evidence; the temporally-orientated neurophysiological 

technique, TMS.  TMS makes use of the relationship between electrical potentials and 

magnetic fields in order to trigger the firing of cells in a desired location with high accuracy. 

This is often used in concert with structural MRI data in order to locate the stimulation in 

the desired brain region.  Schluter, Rushworth, Passingham and Mills (1998) employed this 

technique during a choice RT study which saw participants respond with a button press 

from either middle or index finger on one hand, signalled by the appearance of a large 

circle or small rectangle for one response and a small circle or large rectangle for the other 

response.  This manipulation meant that neither size nor shape defined the response, a 

measure taken in order to lengthen the RTs.  Subjects were stimulated during this task in 

premotor cortex or primary motor cortex, contralateral to the hand of response.  As one 

may expect from the electrophysiological data given above, stimulation of premotor cortex 

from 100-140ms disrupted action selection and led to longer RTs overall.  Similarly, primary 

motor cortex stimulation from 300-340ms also delayed the response, attributed to 

disrupting response deployment.  In a second experiment, ipsilateral premotor and 

primary motor cortices were stimulated.  In this case, RTs were only slowed for left handed 

responses.  This was taken as supporting a left-hemisphere dominated network governing 

action selection, compatible with some of the results given above (e.g. Grezes et al. 2003).  

The timing seen in this experiment comes from a third neurophysiological technique and 

converges well with other sources of evidence presented in this chapter, providing strong 

support.  Similar effects at similar latencies have also been observed with manual 

responses to auditory stimulation with right primary motor cortex stimulation at 25ms 

intervals from 50ms to 125ms showing no preference for which hand was affected, with a 

contralateral effect emerging from 150ms (Koch et al., 2006).  In stroke patients with right 

hemiparesis, TMS applied at 100ms to left premotor cortex slowed RTs by 12%, showing 

that the principle of rapid motor access by visual stimuli for the preparation of responses 
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holds, even when dealing with systems that have been damaged and restructured 

(Johansen-Berg et al. 2002).  

TMS has also been shown to yield quite unexpected results in SRC paradigms, even leading 

to shorter RTs on incompatible trials than compatible when stimulating motor cortex at 

200ms after stimulus onset (Koski, Molnar-Szakacs & Iacobonia, 2005).  This is interesting 

because it appears that the TMS pulse has disrupted the influence of the affordance on the 

process of generating a response and this will become pertinent during the experimental 

chapters.  The overall effect in this study was to slow responses compared with baseline 

RTs, however early (50ms or 100ms) stimulation of left hemisphere was shown to facilitate 

responses made with the contralateral effector.  It is extremely interesting that stimulation 

at 50ms would exert such an effect because this is much earlier than any of the timings 

seen in any other method discussed here, and indeed is earlier than one would predict for 

a motor cortex effect.  This study does provide some caution however, stating that 

nonspecific factors of stimulation appeared to contribute to producing the RT increases, as 

evidenced by a slower response on sham TMS trials compared with baseline trials.  Sham 

trials involve the use of equipment that appears to be the same as that which delivers the 

TMS, but does not actually provide the stimulation and is intended to control for any 

effects of the experimental procedure. For this reason and given the volume of support for 

this core point on timing, the current section will be curtailed, having demonstrated good 

support for the electrophysiological data from another angle. 

3.4 Chapter conclusions 

This chapter has considered evidence from cognitive neuroscience on the generation of 

spatial and object affordance effects.  One of the key themes is the rapidity of the 

affordance effect, with converging evidence from ERP, TMS and single-cell recording all 

indicating that effects commonly emerge at around 100-150ms and sometimes even 
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earlier (e.g. Riehle, Kornblum & Requin, 1997; Koski et al., 2005; Georgopoulos et al., 

1982).  It has also been shown that effects may occur much later, up to 250ms (Proverbio 

et al., 2011) and a connection has been suggested between the pressure to provide a rapid 

response (as a function of trial duration and the frequency with which target stimuli 

appear) and the latency of the effect, with earlier effects appearing with shorter trials and 

with more go trials.  This appears to be connected with and indeed is part of the intention 

to act on the objects (e.g. Hohlefeld, Nikulin & Curio, 2010), however some reports suggest 

that intention is irrelevant and upon viewing an object its affordances are automatically 

parsed (e.g. Proverbio et al., 2011).  This point shall be considered again in the 

experimental chapters.  All of the converging TMS, single-cell recording, fMRI and PET 

evidence presented here indicate that premotor cortex is the seat of these early response 

preparation effects, with primary motor cortex more strongly implicated in response 

execution and inferior parietal lobule implicated in the translation of early response 

preparation into execution, apparently as a function of the response rule (e.g. Grezes et al., 

2003; Cisek, 2007).  Some evidence has also been presented that suggests that early visual 

ERP components may have more of a role to play than typically assumed, with stimulus-

orientated effects in N1 and P1 seen in different studies (Van Elk et al. 2010; Proverbio, Del 

Zotto, Zani, 2007), although not widely reported.   

Of the citations given here, effort has been made to provide as many as possible that deal 

with real objects, however the available evidence is limited and as seen in the previous 

chapters, direct comparisons between different stimulus classes in SRC are difficult to 

avoid.  Also, many experiments have been conducted with quite different parameters and 

this has been suggested above to influence the latency of the results in ERPs. So, the 

experiments in the following chapters will only use full colour photographs of real objects 

as stimuli and will tightly control presentation parameters in order to avoid any potential 

confounds and achieve a consistent comparison across datasets.  An addendum to this also 
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revisits the issue of localisation; behavioural and neurological evidence suggests that grip 

and lateralised stimuli may be served by different networks, different processes and 

exhibit different latencies and so a comparison of grip-type and lateralised affordance 

effects will be attempted under controlled presentation conditions in order to attempt to 

understand the difference between these experiments.  

Moving into the experimental chapters, the emphasis on localisation will decrease given 

the converging evidence presented above.  Instead, the following experiments will focus 

on the latency and timecourse of different affordance classes in LRP and VEPs P1 and N1, 

as well as the assumptions underlying so much affordance behavioural SRC work.   
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relevance, although the precise mechanism has been the subject of some debate, 

particularly in terms of differentiating from the Simon effect (see chapters one and two).  

This notion suggests that there should be a detectable event in motor cortex that is 

associated with the SRC affordance effect.  As discussed in chapter three, the Event 

Related Potential (ERP) technique is an ideal candidate to assess this idea, with sub-

millisecond temporal resolution offered by the measurement of electrical activity in human 

subjects through the recording and subsequent segmentation of a continuously recorded 

electroencephalogram. 

This experiment sought to observe neural markers, originating in visual and motor cortices 

that signify the behavioural advantage observed in the SRC literature that has led to these 

processes being characterised as visuomotor.  It is predicted, based on the behavioural 

claims that this effect ought to be detectable rapidly after stimulus onset. This is because 

the effect is seen in forced choice experiments with reaction times of approximately 500ms 

(e.g. Tucker & Ellis, 2001), suggesting that this effect must be exerted very early given the 

time taken to compute the affordance, compute the response and convert the computed 

response into a motor program to be sent downstream for execution by the effectors.   

In order to establish the neural marker of the compatibility effect, the first experiment 

consisted of a typical SRC experiment that used lateralised objects and lateralised 

responses as the dimension for compatibility, similar to Tucker and Ellis (1998).  

Participants performed a categorical judgement task in which the laterality of the objects 

and the responses were not task relevant.  In order to control for the Simon effect, the 

same objects were featured in both left and right rotations and Lateralised Readiness 

Potentials were calculated that compared objects like for like. 
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Before beginning 

Figure 2. Visual representation of the timecourse of each trial, with each frame 

representing a change in what is displayed.  Each trial consisted of four such changes and 

lasted up to a maximum of 5200ms and was repeated 84 times per block, with a different 

stimulus presented on each trial.  

 

the experiment, participants completed 15 practice trials to give them a chance to get used 

to the experimental conditions, primarily use of the blink break.  Participants were asked 

to repeat this up to three times, or until a minimum of 14 out of 15 trials were answered 

correctly and without EOG contamination. 

EEG Acquisition 

The ERP data was acquired using 29 actively amplified Brain Products Acticap Ag/AgCl 

electrodes in a 32 channel montage (figure 3) arranged according to the international 

10/10 system, with an implicit left mastoid reference (A1) and ground (AFz).  There were 

also two channels recording EOG and a right mastoid electrode (A2) that was averaged 

with A1 offline to form a reference.  Data were recorded at electrode locations FP1, FP2, 

F7, F8, F3, F4, FT7, FT8, FC3, FC4, FCz T7, T8, C3, C4, Cz, TP7, TP8, CP3, CP4, CPz, P7, P8, P3, 

P4, Pz, O1, O2, Oz. 
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4.2.4 Discussion 

This experiment found the typical behavioural SRC affordance effect seen in the 

behavioural literature but also demonstrated novel effects in motor cortex and visual 

cortex that appear to provide a neural basis for the well-known SRC affordance effect. 

These data support the notion from embodied cognition that vision and action are tightly 

linked (e.g. Ellis, 2009), as described in the introductory chapters.  The electrophysiological 

data reveals that within 100ms of stimulus onset neural activity occurred that varied 

systematically with the affordance of the objects in both motor and visual cortices.  The 

rapidity of the concurrent visual and motor effects suggests very early (~100ms) 

interaction of visual and motor systems prior to object categorisation and therefore well 

before response selection that matches the idea of visuomotor processing described 

above.  The rapidity with which the effects were detected suggests that the visuomotor 

effects are not produced by relating object affordances to the response rule, because 

semantic access with objects has been shown to occur much later, from 300-600ms, 

marked by the N400 component (e.g. Goto et al., 2010; Van Elk, Van Schie & Bekkering, 

2010; Balconi & Caldiroli, 2011; discussed in detail later).  Currently, the findings appear to 

represent the very early extraction of action relevant properties from the visual 

information however this requires further confirmation over the following experiments.   

Unexpectedly, they show that even low-level visual evoked potentials P1 and N1 are 

modulated by the relation between the actions associated with an object and the action 

intentions of the observer.  This is remarkable considering the literature on P1 and N1 

which states that these components will be detected whenever there is visual input (e.g. 

Van Voorhis & Hillyard, 1977 evoked P1 using only flashing lights) and suggests that they 

are not selective of particular visual properties (e.g. Luck, 2005).   
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affordance classes, however the use of lateralised readiness potentials (LRPs) will allow the 

present investigation to determine whether these different sources of affordance are 

treated in the same way in motor cortex by investigating the timecourse of the neural 

response as with lateralised affordances in experiment one.  

It is difficult to make predictions beyond the behavioural compatibility effect, because no 

work has replicated Ellis and Tucker (2001) in ERP.  In a typical embodied cognition 

framework it can be said that the similarity of response devices should facilitate responses, 

however it is difficult to predict what effect this will have on the affordance component 

observed in experiment one. Furthermore, it is difficult to account for the difference 

between unimanual (as in Ellis and Tucker, 2000) and bimanual use of the grip devices, as 

will be employed here in order to allow for the calculation of LRPs. 

A lack of data on the similarities and differences between different sources of affordance 

make it difficult to offer predictions.  That said, theoretical grounds for a difference may be 

drawn from embodied cognition, which would suggest that physically maintaining a grip 

would scaffold perception in the way shown by Symes et al. (2008) in their change 

blindness paradigm where grip compatibility saw a large RT advantage emerge.  This 

perceptual scaffolding was unavailable to the lateralised object stimuli used in experiment 

one, where participants viewed objects with handles whilst holding a response box that did 

not resemble the handles of any of the objects. 

4.3.2 Method 

Participants 

35 participants (18 females) were recruited, all University of Plymouth students.  All were 

right handed, aged 18-28 (mean = 21, SD= 3.25), with normal or corrected vision and no 

known history of neurological problems.  Two participants were removed from the analysis 
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due to corrupted files and eight participants were removed for excessive artefact, defined 

as greater than one third of segments rejected due to ocular, muscular or other artefact. 

 

Figure 6.  Example stimuli depicting the 2x2 design.  Objects compatible with precision or 

power grips (columns) were chosen based on their classification (rows) as natural (e.g. 

almond, apple) or man-made (e.g. USB pen, sun cream).  Compatibility existed between 

grip required to interact with the object and grip required by the response devices and the 

response rule determined which grip participants made to which category.  Response 

devices are depicted in figure 7. 

Stimuli 

Stimuli consisted of colour photographs of 96 objects, classifiable as natural or 

manufactured.  Natural objects consisted of organic items such as fruits, vegetables and 

stones.  Manufactured objects consisted of an array of common household objects.  Of 

each of the two types of stimulus 50% of items required a precision grip to interact with 

them and 50% required a power grip to interact with them.  A precision grip is defined as 

the use of a thumb and index finger to manipulate an object, such as turning a key or 

picking up a coin.  A power grip is defined as the use of the full palm and fingers to pick up 

an item, such as one would to use a hammer or to grasp a door handle when opening a 
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door.  Care was taken to ensure that the stimuli did not contain any lateralised information 

such as handles to avoid contamination by the Simon effect or lateralised affordance 

effects.  Each object was presented three times, once in each of three blocks for a total of 

288 trials per participant. 

 

Figure 7.  Response devices used in experiments two and four.  Devices ran into a 

Psychology Software Systems Serial Response Box that recorded RTs before sending them 

on to the computer. a) Participants grasped this device with a palmar grip, wrapping all 

four fingers around the cylinder to grasp the device with the thumb holding it in place.  

This grip is classed as a power grip.  The cylinder had a cut running down the middle, in 

which a microswitch was positioned to register the responses.  Responses were executed 

by squeezing the cylinder.  b) This simple microswitch was of the same kind as in the 

cylindrical power grip response device.  It was grasped between thumb and forefinger and 

responses were made by squeezing the device between these digits.   
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This was suggested to indicate a two-way relationship between vision and action where 

vision guides action but is also guided by action.  In the present experiment and in Symes 

et al. (2008) participants maintained grips throughout the experiments, holding the 

response devices which kept the grips stable throughout.  This begins to offer a potential 

explanation for the observed differences; the main effect of response in the visual data 

may represent a marker of the role of the response in shaping perception of the objects.  

Although at this stage this is conjecture, it represents a credible explanation based in 

similar research and questions why the role of response has not received greater attention 

in previous treatments of SRC, which typically tend to focus on the relationship between 

stimulus and response without considering the physical aspects of response. 

4.4 Chapter discussion 

Both experiments demonstrated the typical SRC affordance effect that is familiar from the 

behavioural literature.  When stimulus and response were similar, RTs were shorter than 

when stimulus and response were dissimilar for both affordance classes.  However, 

unexpected differences were observed between experiment one and two.  Although both 

experiments demonstrated the typical SRC affordance effect in RT, the electrophysiological 

data revealed quite different timecourses in motor cortex and very different results in 

visual cortex.   

The lateralised affordance experiment elicited an LRP effect 125ms sooner than the grip-

type affordances, at 100-200ms compared to the grip-type experiments 225-400ms effect.  

This indicates a potential difference in terms of how these different affordance classes 

were handled.  Lateralised affordances elicited motor effects more rapidly than grip-type 

affordances and the duration of the effect was shorter.  The visual effects were also very 

different, with the lateralised experiment detecting effects of compatibility (an interaction 

between response and handle orientation) in both P1 and N1 but the grip-type 

experiments detecting no compatibility effects in these components.  Instead, grip-type 
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They presented these stimuli in a backward masked SRC paradigm, with masking appearing 

at various stimulus onset asynchronies (SOAs) of 20ms, 30ms, 50ms, 150ms and 300ms.  

They found only a non-significant trend towards negative compatibility at the shortest 

(20ms) SOA, however all other SOAs (30ms, 50ms. 150ms & 300ms) indicated a typical 

compatibility effect.  This is in sharp contrast to Vainio et al. (2011) who employed a brief 

presentation paradigm with lateralised SR pairs, similar to the stimulus from experiment 

one and Tucker and Ellis (1998).  Vainio et al. (2011) observed a negative compatibility 

effect at SOAs of 30ms, 70ms and 170ms.  Indeed only at their longest SOA (370ms) did 

Vainio et al. (2011) detect a typical, positive compatibility effect.  It is important to note 

that Vainio et al. (2011) suggest that their negative compatibility effect may be partially 

explained by the use of a brief presentation procedure instead of a backward-masked, 

brief presentation procedure, citing Koch (2009) to suggest that backward masking might 

elicit a weaker negative compatibility effect, or possibly none at all.  Koch (2009) 

conducted a mixed dual-task and single-task paradigm, however only the single-task 

results are relevant here.  They found no compatibility effect in their lateralised, backward-

masked, single-task blocks, indicating that no RT effect may be detected with the present 

use of backward-masking.  On blocks with strong crosstalk with audio signals they did find 

a compatibility effect, however there are no such audio signals in the present experiments 

so it is difficult to make predictions on the RT effect for masked, lateralised affordance SRC 

given the mixed findings in the literature.  Nonetheless, that these different affordance 

classes would produce opposite or different behavioural compatibility effects at similar 

SOAs supports the suggestion from experiment one and two that processing grip-type and 

lateralised affordances may elicit different processes.  Whilst these findings do little to 

specify these different processes, they do support the rationale to investigate them and 

suggest backward masking as a method to do so.   
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data to predict how this will translate into the LRP and visual effects.  Also, as discussed 

above, Koch (2009) found mixed results with backward-masked lateralised stimuli, 

suggesting that no compatibility effect may be detected with the use of the present 

backward-masking procedure.  The same sample was employed in the present experiment 

and in the following one, ensuring parity between experiments and allowing a comparison 

of the affordance classes employed in each experiment in order to explore the notion that 

different neural events underpin the processing of different affordance classes.   

5.2.2 Method 

Participants 

33 participants (14 male) the University of Plymouth took part. All were right handed, aged 

18-28 (mean = 22, SD = 2.70), with normal or corrected vision and no known history of 

neurological problems. Three participants were removed from the analysis due to 

problems with the recording or excessive artefact, defined as greater than 35% of 

segments rejected due to ocular, muscular or other artefact.  This was determined as 35% 

of segments across both experiment three and four, which used the same sample in two 

different paradigms.   

Stimuli 

To ensure parity between experiments, participants viewed the same lateralised 

affordance stimuli as in experiment one and the same grip type affordance stimuli as in 

experiment two.  There were also 44 masks of coloured Gaussian noise with similar colour 

distributions to the images of affording objects used to backwards mask the stimuli. 

Procedure 

Participants completed a masked version of the lateralised affordance experiment seen in 

experiment one.  Participants were asked to make the same categorical judgement to the 
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Figure 11. Visualisation of timecourse of trials in experiment three. Each pane represents a 

change in the display.  Each trial consisted of five such changes and lasted up to a maximum of 

5194ms and was repeated 84 times per block for three blocks for experiment four and 96 

times per block for three blocks for experiment five. Detailed in the procedure. 

 

ERP Analysis 

Using Brain Vision Analyser 2 (Brain Products GmbH) the data were filtered with a 0.1-40Hz 

Butterworth filter and a notch filter at 50Hz to remove mains noise.  The data were then 

re-referenced offline to a reference consisting of the average of the left and right mastoid, 

and a 200ms baseline correction was applied.  An automatic artefact rejection procedure 

was conducted on all of the segmented data from scalp and EOG electrodes using an 

inbuilt module in Brain Vision Analyser 2.  The artefact rejection procedure used an 

amplitude criterion range of -100µV to 100µV and a gradient criterion of 50µV/ms and was 

manually checked for all participants to ensure that no good segments were removed and 
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that no bad segments were present in the averaged data.  Segments were defined as 

intervals from -200 to 600ms. 

5.2.3 Results 

Behavioural 

Participants correctly categorised 93.7% of stimuli, so the global error rate was 6.3%.  As in 

experiment one, RTs shorter than 200ms or greater than 1200ms were excluded in order 

to remove any accidental responses or outliers, resulting in 48 correct trials being excluded 

across the entire sample.  Mean RT for compatible trials was 435.67ms and for 

incompatible trials was 438.66ms.  Repeated measures ANOVA was conducted with within-

subjects factors of object lateralisation (left vs. right) and response (left vs. right).  No 

significant effects were detected for Object lateralisation (F (1,29) = .885, p = 0.355), 

response (F (1,29) = .005, p = 0.944) or the interaction (F (1,29) = .084, p = 0.774).   

No significant behavioural compatibility effect was observed, similar to the findings from 

the single task, low crosstalk condition from Koch (2009), which consisted of a backward-

masked, lateralised affordance SRC task.  This is in line with the suggestion from Vainio et 

al. (2011) that backward masking may not elicit a behavioural effect with lateralised 

stimuli, whilst their brief presentation (without backward masking) at similar SOAs elicited 

a negative compatibility effect in RT.   

LRP data 

LRPs were calculated separately for compatible and incompatible trials using the Coles 

(1989) derivation, as detailed above.  The compatible LRP was calculated as C4 minus C3 

for objects with a left orientated handle that required a left handed response and C3 minus 

C4 for right orientated handles and right handed responses.  The incompatible LRP was  
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ERP data 

Figure 13 shows average ERPs across parietal electrodes P7, P8 and occipital electrodes O1 

and O2.  Average ERP amplitudes were calculated for the visual P1 from 70-120ms and for 

N1 from 120-170ms.  Repeated measures ANOVA was employed with factors of Response 

hand (left vs. right), handle orientation (left vs. right), electrode hemisphere (left vs. right) 

and electrode position (parietal vs. occipital). 

For P1, a main effect of electrode position was observed (F (1,29) = 4.769, p = .037) that 

indicated greater amplitudes on occipital sensors than parietal.  The only compatibility 

effect observed in P1 occurred in a three-way interaction of electrode hemisphere, handle 

orientation and response hand (F (1,29) = 22.808, p = .017), indicating a compatibility 

effect in P1 was restricted to the left hemisphere only.  No further significant effects were 

detected.   

For N1, main effects were detected for electrode hemisphere (F (1,29) = 5.950, p = .021), 

indicating a left hemisphere preference overall.  A main effect of electrode position (F 

(1,29) = 57.129, p < .001) indicated greater amplitudes on occipital electrodes than 

parietal.  A Main effect of response hand (F (1,29) = 6.102, p = .020) was also detected, 

suggesting that prepared responses were affecting the viewing of the stimuli, as suggested 

following experiment two.  The main effect of response hand interacted with the main 

effect of electrode position (F (1,29) = 12.330, p = .001), indicating greater occipital activity 

associated with the effect of response hand.  The only compatibility effect detected in this 

analysis interacted with electrode hemisphere in a three way interaction of electrode 

hemisphere, handle orientation and response (F (1,29) = 7.714, p = .010).  No other 

significant effects were detected.  It is noteworthy that the main effect of response hand 

was detected in N1, in line with the suggestion from the grip-type experiment of a link 

between early visual processes and available action possibilities.   
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also intended to help elucidate the differences between masked grip-type studies (e.g. 

Tucker & Ellis, 2004) and masked lateralised studies (Koch, 2009) or brief presentation 

lateralised studies (e.g. Vainio et al., 2011).  So, as above, this experiment was a masked 

version of experiment two, with identical presentation parameters other than the masking 

procedure.  The use of the same sample from masked lateralised experiment three also 

allows for direct comparisons of the effects.   

5.3.2 Method 

Participants 

To ensure parity between experiments, the same sample was used as in experiment three. 

Stimuli 

The same grip-type stimuli were used as experiment two.  The masks were the same as 

experiment three. 

Procedure 

To ensure parity between experiments, the same procedure was employed as experiment 

three.  The only difference was the use of the grip-type response devices from experiment 

two.  With these devices participants completed a single response mapping, with power 

grips executed by the left hand and precision grips executed by the right hand.  Three 

blocks of 96 trials saw a total of 288 trials.   

EEG Acquisition 

ERPs were acquired with the same montage and parameters as experiment three. 

ERP Analysis 
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The ERP data were subjected to the same transformations and analyses as in experiment 

three. 

5.3.3 Results 

Behavioural results 

The global error rate was 6%, with participants correctly categorising 94.00% of stimuli.  

Mean correct responses for manufactured objects with a power response was 94.63% and 

for manufactured objects with a precision response was notably less at 88.89%.  Mean 

correct responses for organic objects with a power grip was 95.56% and for organic objects 

with a precision response was 96.85%. ANOVA revealing no significant differences between 

conditions in the errors (p = 0.474) but revealed a borderline significant effect of object 

category (F (1,29) = 4.331, p = 0.055).  This reflects significantly more errors for 

manufactured objects, with manufactured objects eliciting 91.81% correct responses and 

organic objects eliciting 96.20% correct responses.   

Global mean RT was 467.12ms, with mean RT for manufactured objects with a power 

response at 488.26ms, manufactured objects with a precision response at 527.63ms, 

organic objects with a power response 422.06ms and organic objects with a precision 

response at 430.53ms.  Mean RT for manufactured objects was 507.94ms, considerably 

longer than for organic objects at 426.30ms.  Power responses elicited a mean RT of 

455.16ms and precision responses 479.08ms. 

RM ANOVA was conducted using within subjects factors of object size (power vs. precision) 

and response (power vs. precision).  This revealed significant main effects of object size (F 

(1,29) = 102.419, p < .001), indicating significantly longer RTs for manufactured objects, 

and response (F (1,29) = 43.237, p < .001), indicating significantly longer RTs for precision 

grip responses than power grip responses.  A significant interaction of object size and 
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Figure 14. Plot depicts LRP for masked, grip-type experiment four in which no significant 

compatibility effects were detected from 0-600ms.  The red trace plots the compatible 

trials, the blue trace plots the incompatible trials and the black trace plots the difference of 

the two.  Experiment two used the same SR pair without masking and obtained a 

significant compatibility effect from 200-300ms, however no tendency toward such an 

effect was observed here. 

perception as suggested by authors such as Symes et al. (2008).  A main effect of electrode 

hemisphere (F (1,29) = 7.349, p = 0.011) was also detected, indicating greater right 

hemisphere activity.  A main effect of electrode position (F (1,29) = 51.568, p < .001), 

indicating greater occipital activity overall.  No interactions were detected in P1.   

Analysis of N1 revealed no compatibility effects (p < .375), similar to experiment two.  

ANOVA of N1 did reveal a significant main effect of object size (F (1,29) = 4.926, p = 0.034), 

similar to the previous experiment.  A mean effect of response (F (1,29) = 7.012, p = 0.013) 

was detected, again showing that prepared actions affect the earliest stages of visual 

perception.  A main effect of electrode hemisphere (F (1,29) = 4.624, p = 0.040) indicated 

greater activation on right-hemisphere electrodes and a main effect of electrode position 
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(F (1,29) = 56.320, p < .001) revealed greater activity on occipital than parietal sensors, 

similar to previous experiments.  Only a single interaction was observed, object size 

interacted with electrode position (F (1,29) = 7.596, p = 0.010) to indicate greater occipital 

amplitudes for manufactured objects than for organic objects.   

5.3.4 Discussion 

This masked, grip-type experiment demonstrated the same typical RT compatibility effect 

as the unmasked grip-type experiment (two), in line with the predictions from Tucker and 

Ellis (2004).  Also, like experiment two no compatibility effects were detected in P1 or N1.  

However it failed to demonstrate the LRP effect from 200-300ms observed in the previous 

grip-type experiment.  This indicates that the masking procedure was affecting the 

processing of the motor information contained within the stimulus.  As discussed above, 

Vainio et al. (2011) and Koch (2009) suggested that the use of a backward masking 

procedure will effectively overwrite the motor information contained within a stimulus in a 

way that does not occur with brief presentations and here it appears that the masking 

procedure resulted in no motor effect after the mask was intended to be detectable in ERP 

around 160-200ms (VanRullen & Thorpe, 2001; others discussed above).   

No significant compatibility effects were detected in LRP throughout the experiment, 

indicating an effect of masking in terms of overwriting the visual action information 

gathered from the stimuli.  When considering the typical RT compatibility effect detected 

in this experiment the lack of an LRP effect is particularly interesting, suggesting that 

something else must have enabled the RT effect that in the experiments so far has 

appeared to be a product of the LRP compatibility effect.   

5.4 Chapter discussion 

The findings of the experiments in this chapter are remarkable, demonstrating a double 

dissociation of LRP and RT effects defined by the use of lateralised or grip-type affordances 
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and supporting the differences observed between affordance classes in the previous 

chapter.  The experiments in this chapter used a single sample to determine whether the 

implication from typical lateralised and grip-type affordance SRC experiments (one and 

two) in chapter four were due to the different affordances or due to the different samples 

used.  These findings confirm and extend the findings from chapter four that suggested 

considerable differences in the way different affordances were processed.  To reiterate, 

the masked, lateralised experiment three found a reversed LRP effect at 100ms, the 

familiar compatibility effects in P1 and N1 but failed to produce an RT effect.  The masked, 

grip-type experiment four found the typical RT effect, but no compatibility effects in LRP, 

P1 or N1.  These findings demonstrate that lateralised and grip-type affordances are 

handled very differently.   

In lateralised experiment one and grip-type experiment two, LRP effects were detected at 

100ms and 200ms respectively, so to probe these findings and confirm their veracity the 

present experiment masked at 94ms based on a variety of evidence suggesting that mask 

should be detectable in ERP from 160-200ms (e.g. VanRullen & Thorpe, 2001; and others, 

above), meaning it would be detectable between the peak of the LRP effect from 

lateralised experiment one and before the onset of the LRP effect in grip-type experiment 

two.  The findings of experiment three and four confirm the differences observed in 

experiment one and two by showing that the masking procedure elicited different effects 

with each affordance class; lateralised affordances still showed a significant LRP 

compatibility effect from 100ms (although this time it was a reversed compatibility effect) 

but failed to show the subsequent RT effect.  In contrast, the LRP effect for grip-type 

stimuli was not detected due to the masking procedure however the RT effect still 

emerged.  This confirms that the latency difference observed in experiment one and two 

appears to be a genuine difference between affordance classes with behaviourally 

equivalent effects.  The masked experiments also support the different visual effects 
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judgement.  Similarly, Pellicano, Iani, Borghi, Rubichi and Nicoletti, (2010) demonstrated 

that categorical judgements affected whether they generated an affordance or a Simon 

effect.  Participants were asked to make a judgement on either the colour or the inversion 

of a stimulus, and an affordance effect was only detected when participants attended to 

the inversion of the stimulus and not when attending to the colour of the stimulus.  

Alongside the masked findings, these studies imply that automaticity may not be as robust 

as suggested in the behavioural literature.  The masked results question whether the LRP 

or RT effects could be described as automatic and the dissociation of the two raises an 

interesting question and one to which the answer may elucidate the differences between 

these affordance classes: How can the grip-type experiment show a motor effect in RT 

without detecting a motor effect in motor cortex to support the RT advantage?  This 

appears to go against previous experiments where the co-occurrence of the effects implied 

that the behavioural effect was a product of the LRP effect.  This view is intuitive, with the 

assumption that brain activity directly relates to behavioural output and the finding both 

RT and LRP varying together in both unmasked studies and there is little in the literature to 

choose between different sources of affordance or the automaticity of their effects.   

One approach to the question of different sources of affordance comes from Derbyshire, 

Ellis and Tucker (2006), who suggested a distinction between intrinsic and extrinsic 

affordances.  They defined intrinsic affordances as those that are linked to invariant object 

properties such as the identity of an object and are an inextricable component of the size 

and shape of the object.  This means that when the object is imagined or described an 

agent will generate the affordance automatically because the affording properties are 

intrinsic to the objects form and/or identity.  This would include the grip-type stimuli used 

in experiments two and four.  Derbyshire et al. (2006) give the examples of peanuts or 

paperclips, which agents will know are small, lightweight objects that would be picked up 

with a precision grip.  In contrast, an extrinsic affordance is a variable object property that 
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is not implicitly part of the object but instead comes from the way the object is positioned 

in relation to the viewer.  So extrinsic affordances would not implicitly relate to a particular 

bodily state in abstraction in the way an implicit affordance would.  This definition includes 

lateralised affordances, where the affordance is based on the non-object property of 

lateralisation, i.e. the relationship of object orientation with the agent.  This distinction 

could attempt to account for the present data in two ways.  Firstly, it might suggest that 

the grip-type stimuli elicit a later LRP effect because their affordance is intrinsically linked 

with the object identity.  However, the compatibility effect in experiment two occurred at 

200ms which is considerably earlier than object identification, which studies from Supp et 

al. (2005) or Van Elk, Van Schie and Bekkering (2010) have suggested occurs earliest at 

280ms and is associated with the semantic N400 ERP component.  The intrinsic vs. extrinsic 

dichotomy offers a second explanation by positing a different timecourse for intrinsic and 

extrinsic affordances; perhaps intrinsic affordances elicited a later LRP effect because the 

affordance was an implicit part of its shape and so was detected very rapidly and reflected 

in the main effects of object category detected in N1 for grip-type stimuli.  This would 

reduce time pressure to extract the object affordance and prepare the afforded action.  

This would mean that LRP for grip-type stimuli would appear later and the lateralised LRP 

appeared earlier due to increased imperative to extract the orientation information.  That 

said the lack of a compatibility effect in visual components for the grip-type stimuli 

undermines the notion that the grip-type affordances are being extracted at this stage, 

because main effects of response were also detected and these did not interact with 

object category in a compatibility effect in the way they did for lateralised stimuli.  The lack 

of a compatibility effect in visual components for grip-type stimuli implies that whatever 

supports the RT effect is occurring further downstream, however the lack of an LRP effect 

for the masked grip-type experiment suggests that this is not occurring in motor cortex.  

These possibilities are discussed in greater detail in the general discussion. 
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manipulating the temporal proximity of the response to the affording stimulus in the other 

in an effort to address this fundamental question about a core assumption in the 

affordance literature, automaticity.   
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affordance, however little or no direct evidence of this has been demonstrated.  Most 

evidence for this has been indirect, being drawn from speeded RT to matched SR pairs 

however this does not preclude the possibility that the forced-choice, bimanual responses 

may affect the way the simple binary SR pairs are perceived.  This is not outlandish, 

because the literature is peppered with examples such as Symes et al. (2008) or Lindemann 

and Bekkering (2009) (discussed above) who found that not only does viewing objects 

prepare actions but also preparing actions affects object perception.  This chapter will 

assess this claim by determining whether merely viewing objects in a go, no-go paradigm 

will yield the same LRP effect as in experiment one.  This is of course unavailable to 

behavioural investigations because if the participants do not make a response, there is no 

behavioural data to collect but when using LRPs, data may be collected without response 

allowing us to see whether merely viewing the same stimuli will elicit the same preparation 

as experiment one.  

The second assumption also relates to automaticity.  It is universally assumed that the 

categorical judgement does not exert an influence on the generation of these affordance 

effects and indeed the choice of categorical judgement is intended to demonstrate 

automaticity because participants are asked to make their judgements on object 

characteristics that are not action-relevant, allowing authors to claim for automaticity 

because the action-relevant object properties were not task relevant.  This has been 

implicit in almost all affordance research to date, however Tipper et al. (2006) and 

Pellicano et al. (2010) have demonstrated that whilst a category judgement will elicit an 

affordance effect with affording stimuli, a colour judgement will not.  This is attributable to 

a levels of processing type argument, where colour judgements do not require sufficiently 

deep processing to elicit the affordance, but this in itself implies that perhaps merely 

viewing an object is not sufficient to elicit its affordance.  In order to assess both 
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assumptions, experiment six will attempt to separate categorical judgement and response 

in a novel, two object version of the SRC paradigm. 

The nature of the experiments in this chapter mean that trial durations will be longer than 

in previous experiments, so in order to accurately assess the claim, as well as to control for 

multiple comparisons, the literature and previous experiment will be considered to provide 

a priori temporal constraints on epochs for analysis.  Due to the nature of these 

assumptions the first 500ms of any trial will be of primary interest, chiefly because these 

are questions of motor preparation and not of response execution.  Chapter three saw a 

body of evidence presented that showed that motor preparation occurs well before 

500ms, which incidentally has been roughly the mean RT for lateralised experiments in this 

thesis as well as in the literature.  For example, Grezes et al. (2003) found mean RTs of 

approximately 560ms with others clustered around it, such as Ellis and Tucker (2000) who 

found 380-435ms RTs or Tucker and Ellis (1998) who found mean RT of 600-630ms.  The 

RTs in the present thesis fall within this range too.  These RTs make for a sensible upper 

temporal boundary when assessing the above claims about affordance generation and 

motor preparation because these processes must occur before response deployment in 

order to have an effect.   

Also supporting this upper boundary are the latencies observed in relevant 

electrophysiological investigations which indicate that action preparation/ affordance 

generation actually takes place well before 500ms, with this thesis indicating 100-200ms as 

the critical epoch.  Examples from the literature include Proverbio et al. (2007) who found 

LRP and visual effects from 100-400ms and Hohlefeld et al. (2010) who found motor 

effects beginning at 120ms.  Looking at older evidence with abstract stimuli, Osman et al. 

(1992) found effects from 100-300ms on go trials in their spatial compatibility go, no-go 

experiment and these findings were replicated by Miller and Hackley (1992).  Eimer and 
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by seen objects by using paradigms that also entailed participants prepare and execute 

actions.  

In order to assess the assumption of automaticity, this experiment used a novel variation 

on the SRC affordance paradigm.  No behavioural responses were collected and instead a 

go, no-go format was used where participants made a categorical judgement on the stimuli 

that was declared verbally, but only for one category.  A verbal response ensures no 

lateralised motor activity may interfere with the LRP.  For the other category, no response 

was made.  A go, no-go paradigm was chosen because it allows the monitoring of the LRP 

effect in the absence of any sort of response, i.e. by removing the motor response, we 

remove any motor preparation associated with response and so any observed motor 

activity is attributable to viewing the stimulus.  Given the dissociation of LRP and RT effects 

in the masked studies, the go, no-go experiment will give direct evidence of what (if any) 

motor activity observed in LRP was due to the stimulus and what was due to the response.  

If the ERP and LRP findings from experiment one are replicated, it may be concluded that 

viewing objects gives rise to their affordance and this is not a product of the response.  So, 

because this experiment is seeking to replicate the LRP effect observed in the previous 

experiments without having participants make a response, all other features must be the 

same as those used in experiment one to ensure parity between experiments.  If the same 

100-200ms effect is detected in the absence of the intention to make a motor response 

then it may be attributed to an effect of the handle affordance cuing motor cortex.  If it is 

not obtained, then it may be concluded that the LRP effects observed in previous 

experiments represent an effect of overlap between visual input and motor preparation.  

This is a key point in understanding the nature of the LRP effects observed so far.   
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EEG was recorded using the same amplifiers and references as previous experiments, but 

with a new montage consisting of 29 actively amplified electrodes (ActiCap, Brain 

Products) arranged in a montage conforming to the 10/10 system, consisting of FP1, FP2, 

AFz, F7, F3, F4, F8, FC5, FC1, FCz, FC2, FC6, T7, C3, Cz, C4, T9, CP5, CP1, CP2, CP6, P7, P8, 

O1, Oz and O2 electrode sites.  A higher sampling rate of 5kHzwas used, downsampled 

offline to 500Hz. 

ERP Analysis 

The same analysis procedures were applied as in experiment one.  The only exception 

being a wider artefact rejection amplitude criterion range of 100µV to -100µV was 

employed here due to greater amplitudes in muscular artefacts caused by the verbal 

response.  The automatic artefact rejection was again manually checked as in the previous 

experiments and so does not represent a significant deviation from experiment one.  

6.2.3 Results 

Behavioural Data 

The mean error rate for left oriented kitchen items was 13.38%, for right oriented kitchen 

items was 13.91%, for left oriented tools was 0.58% and for right oriented tools was 0.43%.  

ANOVAs revealed no significant differences between left or right oriented kitchen items.  

For the tool items, the error rate was extremely low with a total of 19 false positive 

responses (verbally declaring a tool item as a kitchen) throughout the experiment, out of a 

total of 3780 tool trials.   

LRP data 

Replicating LRP analysis from experiment one 
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hemisphere (F (1,29) = 43.247, p < .001) revealed greater activation in left hemisphere, as 

per P1 analyses and previous experiments.  A significant interaction of electrode 

hemisphere and position (F (1,29) = 5.582, p = 0.025) demonstrated a tendency to greater 

amplitudes on left occipital sensors.  A significant interaction of handle, electrode 

hemisphere and electrode position (F (1,29) = 8.953, p = 0.006) was also detected in N1, 

however no visual affordance effect was detected in N1, only an effect of handle.  This 

suggests that N1 is sensitive to the action intentions of the agent because when the 

participants had no action intentions, no visual affordance effect was detected.   

6.2.4 Discussion 

Motor effects 

This experiment confirms the assumption that viewing an object potentiates the actions 

that may be performed on it by demonstrating preferential activation of motor cortex by 

the affordances of common object stimuli.  Even in the absence of a response the LRP 

effect from previous experiments was still observed from 100ms.  These findings confirm 

assertions from across the behavioural literature (e.g. Tucker & Ellis, 1998; Craighero, 

Fadiga, Rizzolatti & Umiltà, 1998, 1999; Rumiati & Humphreys, 1998) and theoretical 

literature (e.g. Gibson, 1979; Hommel & Prinz, 1997) that viewing objects is sufficient to 

elicit a motor preparation consistent with their afforded actions.  This suggests that this 

early activation is elicited by merely viewing the stimulus, regardless of the intention to act 

on or toward it.  This supports the notion of automaticity and suggests that this early LRP 

activity actually reflects the preparation of the afforded action and confirms that the LRP 

does not reflect motor preparation related to manual responses.  Put differently, this 

experiment confirms that a response is not a necessary component for seen objects to 

generate motor activity.  Previous experiments have shown that it is unreliable to 

generalise across different affordance classes, so these conclusions are limited to 
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lateralised handle affordances but nonetheless represent some of the first direct evidence 

for automatic activation of object affordance with lateralised affordances.   

An experiment by Proverbio et al. (2011) obtained similar findings with manipulable tool 

and non-tool stimuli in a passive viewing experiment.  They found a greater anterior 

negativity (including sensors C3 and C4) around 250ms and 550ms for tools than non-tools 

without a manual response to those stimuli.  One obvious difference emerges however; 

their motor effects were detected considerably later than the present experiment however 

this may be explained by their stimuli.  The stimulus set consisted of manipulable tools of 

many more types than seen here and was not simply limited to objects with lateralised 

handles.  Instead, objects such as typewriters and puzzle cubes were presented that do not 

necessarily yield affordances in the same way as each other or as the stimuli here.  In some 

cases stimuli were more comparable to those seen in experiments two and four, which 

also found later effects.  They also did not necessarily cue a particular hemisphere similar 

to the stimuli used in experiment two, which also saw effects emerging during a similar 

epoch.   

A novel finding in the present experiment is the later reversal of the effect from 300-

400ms which has not been shown so far.  Zhang et al. (1997) and Miller and Hackley (1992) 

found that as long as action relevant stimuli remain on screen then effects remain 

detectable in motor cortex.  Proverbio et al. (2011) also detected late effects, although 

they were not detected in LRP or over motor cortex but rather represented a centro-

parietal P300 component.  Nevertheless, this combined with other studies such as Adamo 

and Ferber (2009) who found similar later effects indicate that the additional attention-

capturing properties of affording stimuli may be responsible for these later effects.  Later 

effects in Proverbio et al. (2007) are attributed to semantic integration and cognitive 

updating processes and this may explain why later effects are observed here in the 
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appropriate to visual N1 either because no visual affordance effects were elicited in N1 in 

the absence of response, suggesting that N1 compatibility effects are contingent on a 

response and that N1 indexes a relation of body to environment that makes N1 an 

excellent candidate for exploring the findings of Fagioli et al. (2007a, 2007b), Symes et al. 

(2008), Van Elk et al., (2010) and others (discussed variously) that have shown bodily states 

affect object perception.  

Conclusion 

The go, no-go experiment demonstrates that responses are not essential to the motor 

effects observed with lateralised affordances in this thesis and suggests that the LRP 

effects may indeed reflect the afforded motor preparation from 100-200ms and that 

influences of task or response do not appear to occur until after 200-300ms.  This is 

supported by examining the figures from previous experiments where response-related 

activity did not become apparent in LRP until around 250-300ms, and was roughly equal 

for both compatible and incompatible waveforms.  The go, no-go data also offer a novel, 

functional differentiation of P1 and N1 effects; P1 and N1 compatibility effects have been 

detected in all lateralised experiments so far and all of these had manual responses, 

however the lack of an N1 effect in the go, no-go experiment (where there was no manual 

response) suggests that N1 effects may have a relationship with manual responses, in line 

with data from Van Elk et al. (2010).  Overall, this experiment provides direct evidence for 

automaticity and supports the notion that the prepared motor response has not influenced 

the early LRP effects observed in this thesis.   
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separate the categorical judgement from the affording stimulus, which will be presented 

only at the point of response.  No lateralised affordance will be present when participants 

make their categorical judgement.  This will be accomplished by presenting the first 

stimulus in a neutral rotation with its handle following the midline of the image in order to 

avoid cuing a particular hand.  While this stimulus does not provide a lateralised 

affordance, it does provide all the information required for the participant to select and 

prepare the rule-cued response hand as dictated by the task (the standard categorical 

judgement from previous lateralised experiments; identify whether the stimulus is a 

kitchen implement or a tool). After this the same object will be displayed in a second 

image, but will then be oriented to the left or right to provide lateralised affordance. 

Participants are instructed to respond with their categorical judgement by deploying their 

rule-cued lateralised response only at the onset of this second image.  This separates any 

influence of the categorical judgement from the response and tests the notion of 

automaticity in a novel way by removing any impetus to consider the content of the image 

of the affording stimulus at the point of response.  This represents a change from typical 

affordance SRC experiments (e.g. Tucker & Ellis, 1998, 2001; Ellis &Tucker, 2000, 2004; 

etc.) which normally use the categorical judgement as a means to have participants 

examine the object and thus observe the affordance (as discussed in Vainio et al., 2008); 

instead, participants will have no impetus to examine the contents of the affording 

stimulus because they will have already made their categorical judgement.  This allows a 

different approach to examining automaticity, because if any affordance/ compatibility 

effect is found, it can only be attributed to the mere visual presence of the stimulus and 

not to any feature of the categorical judgement (e.g. Pellicano et al., 2010; Tipper et al., 

2006).  This is unlike Tucker and Ellis (2004), as the affording stimulus will be on screen 

whilst the response is deployed but has similarities in temporally separating components 

of the task.  Tucker and Ellis (2004) used masking to separate stimulus and response 
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the largest proportion of artefacts rejected at 30% and the mean artefacts rejected at 9%.  

However two participants were removed due to equipment failure.  

Stimuli 

A new stimulus set was generated because the previous one did not contain neutrally 

rotated objects however it was deliberately designed to be as similar as possible to the 

previous lateralised stimulus set.  The new stimulus set consisted of 100 colour 

photographs of common household objects classifiable as kitchen or tool items.  There 

were 25 objects in each category, each photographed with the handle rotated left or right, 

similar to the stimuli from experiment one (see appendix for a complete stimulus list).  

Each object was also photographed in a neutral rotation, with the handle pointing 

vertically down.  Objects were carefully selected for the neutral images in order to ensure 

that implicit laterality could not have introduced a confounding variable.  For example, the 

orientation of the blade of a knife indicates a usage preference and a hammer has a clearly 

defined flat head used for striking on only one side of the object.  Therefore only stimuli 

that were vertically symmetrical, such as serving spoons and paintbrushes were included.  

Note that whilst there were different examples of the same kind of object (e.g. small and 

Large frying pans) no single image appeared any more than another.   

Procedure 

Data were gathered in the same location and using the same equipment as previous 

experiments.  Participants were asked to respond to the second stimulus only, with the 

first stimulus acting as a kind of explicit prime.  Participants viewed a fixation point for 

1000-1200ms before the first stimulus, an object in a neutral rotation, was presented for 

1000ms.  This was followed by a blank screen for 800ms, intended to control any apparent 

motion or masking-type effects, before the onset of the target stimulus, a lateralised image 
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of the first neutrally rotated object that remained onscreen for 1000ms.  After this target 

stimulus offset participants viewed a blank screen for 400-600ms before the blink symbol 

appeared on screen for up to 1400ms after which the trials commenced again with a 

fixation point.  This procedure is visualised in figure 17. 

EEG Acquisition 

Continuous EEG was digitised at a sampling rate of 500Hz by Brain Products MR Plus 

amplifiers connected to Brain Visions Recorder software (Brain Product GmbH).  The same 

64 electrode montage was used here as in experiment two. 

 

Figure 17. Visualisation of the timecourse of the trials in experiment six.  Each pane 

represents a change in the display, with six such changes occurring per trial.  Participants 

knew that the second stimulus would always be the same object as the first.  Participants 

made their categorical judgement whilst viewing the first, non-lateralised stimulus and 

selected and maintained their rule-cued response until the onset of the second stimulus, 

which did contain a lateralised affordance and acted as a cue to respond. 
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ERP Analysis 

Using Brain Vision Analyser 2 (Brain Products GmbH) a 0.5-40Hz Butterworth filter was 

applied and a notch filter was applied at 50Hz.  The data were then re-referenced offline to 

a reference consisting of an average of the two mastoids and a 200ms baseline correction 

was applied in the 200ms before the onset of the first (neutral) stimulus.  An automatic 

artefact rejection procedure was conducted on all of the segmented data from scalp and 

EOG electrodes using the inbuilt module in Brain Vision Analyser 2 with an amplitude 

criterion range of -150µV to 150µV and a gradient criterion of 50µV/ms in order that the 

procedure only marked artefacts.  The automatic rejection procedure was manually 

checked for all participants to ensure that no good segments were removed and that no 

bad segments were allowed into the averaged data.  LRPs were calculated as per previous 

experiments.  The LRP data were time locked to the onset of the first image.  For each 

analysis RM ANOVA with a two-level factor of compatibility (compatible vs. incompatible) 

was used to compare findings for both waveforms.  To understand the direction of the 

effects during the presentation of the second, affording stimulus t-tests were conducted 

on each waveform against a hypothetical baseline of zero. 

6.3.3 Results 

Behavioural data 

Participants responded only to the second image, having made the categorical judgement 

during the presentation of the first, non-lateralised image and maintained this decision 

until the presentation of the second, lateralised image.  This led to greatly reduced RTs 

than in previous experiments on both compatible (mean = 298ms) and incompatible (mean 

= 306ms) trials.  Behavioural responses were analysed using repeated measures ANOVA 

with a factor of compatibility (compatible vs incompatible) obtaining a significant effect of 

compatibility (F (1,26) = 5.878, p < .023). The same analysis was conducted on the 
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proportion of errors (overall 95.3%), but no significant effect of compatibility was found (p 

> 0.3). 

LRP analysis 

Parameters  

The LRP for this experiment is roughly three times the length of previous experiments and 

has three distinct stages; the first, neutral stimulus presentation, the blank screen period 

and the second, affording stimulus presentation.  Based on the previous experiments, it is 

possible to predict that the experimental effect should only be detected during the 

presentation of the second, affording stimulus.  It is difficult to predict an effect during the 

presentation of the first, neutrally rotated stimulus and there is no reason to predict any 

action effects during the blank screen period.  The inclusion of a neutrally rotated stimulus 

offers an opportunity to determine whether a stimulus that fails to cue a particular hand 

will yield any motor activity.  Analysing the first, neutral stimulus presentation will also 

ensure no earlier effects exist that may affect the presentation of the second, affording 

stimulus.   

It is possible to make predictions on the presentation of the second, affording stimulus 

based on previous experiments, specifically that there will be a compatibility effect in LRP 

100-200ms after the presentation of the affording stimulus that will adopt polarity changes 

consistent with previous experiments (greater positivity for incompatible trials during this 

epoch, greater negativity for compatible trials during same epoch).  Based on the go, no-go 

data one may also predict that later effects will be detected too because stimuli again 

persist on screen after response, and that a reversal of the polarity of each waveform will 

be observed after the initial compatibility effect (i.e. around 200-300ms).   

Neutral stimulus presentation stage 






































































































































































































































































