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Abstract 
The ability to recognise the movements made by humans and other animals, 
referred to as biological motion, is a specialised human ability that develops 
at an early age. This perceptual ability is strong even for the minimal 
amount of information contained in a point-light display, which has been 
used to study specific features of biological motion to find out what 
properties contribute to this ability. The perception of biological motion 
depends on visual perception, visual attention and motor cognition, and 
perception depends both on the global form, configural information and 
local information of a body in motion. Depending on the situation, either 
global or local motions will be more salient and processed to a greater 
extent by the perceptual system. Previous research has shown that the local 
and configural information contained in the feet play an important role for 
identification, direction discrimination and the inversion effect. The salience 
of the feet for perception has previously been studied when they are 
subjected to focused attention, but not reflexive attention. The goal of this 
study was to investigate if the local and configural information of the feet 
can trigger reflexive attention and be incidentally processed by the visual 
system in a direction discrimination task. To test this experimentally, a 
masking paradigm was used where the feet were placed in a mask consisting 
of scrambled walkers. The results show that the feet affect recognition of 
target direction when the target is upright, but not when inverted. An 
interesting and unexpected finding was that for upright targets, the feet aid 
recognition when they move in the opposite direction of the target. Due to 
the experimental setup, it is difficult to say with certainty what the results 
imply, and suggestions for a follow-up study are presented.  
 
Keywords: biological motion perception, point-light walker, reflexive 
attention, direction discrimination, local motion 
 

 
 

 
 
 
 
 
 
 
 
 
 
 



 

	  

 
Populärvetenskaplig sammanfattning 

Kognitionsvetenskap handlar om hur människor tänker, uppfattar världen 
och interagerar med omgivningen och med andra människor. Inom kognitiv 
psykologi har människors förmåga att uppfatta andra människors och djurs 
rörelser studerats länge. Vi kan känna igen vänner och familj på det unika 
sätt som de rör sig och forskningen har visat att vi har förmågan att 
identifiera många olika typer av rörelser och handlingar även när den 
tillgängliga informationen är minimal. Studier som använt s.k. 
punktljusdisplayer, där endast vita punkter som representerar kroppens stora 
leder visas mot en svart bakgrund, har visat att förmågan att känna igen 
biologiska rörelser är mycket känslig och robust för störningar. Forskare har 
undersökt vilken information hos rörelser som vi använder för att lyckas 
med detta, och hur visuell perception och uppmärksamhet fungerar då vi 
tittar på punktljusdisplayer. Det har visat sig att fötterna har en stor inverkan 
på igenkänning av rörelseriktning och att det framförallt är på grund av 
fötterna som det är svårt att känna igen rörelser som presenteras uppochner. 
Något som inte har testats tidigare är om fötterna är så starka signaler att de 
kan påverka vår perception även om vi inte riktar fokuserad uppmärksamhet 
mot dem, utan endast reflexiv uppmärksamhet. Den här studien har testat 
om fötter kan trigga just reflexiv uppmärksamhet och påverka hur vi känner 
igen rörelseriktningen hos en gående punktljus-figur. Resultaten visar att 
fötternas specifika rörelsemönster kan trigga reflexiv uppmärksamhet i 
situationer då rörelserna är upprätta och då fötterna rör sig i motsatt riktning 
från den figur som deltagare fokuserar på. Experimentdesignen har dock 
inneburit att resultaten är svåra att tolka. För att säkrare kunna säga 
huruvida resultaten beror på fötterna föreslås en ny studie, och detaljer kring 
vilka justeringar som borde göras i en sådan studie presenteras.   
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1.	  Introduction	  
Cognitive Science is the study of the mind and is concerned with the way that humans think 
and interact with the world, how we are able to process sensory input from the environment 
and perceive animals and inanimate objects. Out of all of our senses, vision is a particularly 
rich and valuable source of information about the environment. Cognitive Psychology is the 
field of psychology concerned with how humans are able to hear, see, speak, remember and 
think. What makes these cognitive abilities possible are the organs that create our cognition, 
which consist of the brain, the sensory organs and the peripheral nervous system, but also a 
number of mental processes (Smith & Kosslyn, 2009), as well as our social environment and 
the context we are in (Barsalou, 2008). Cognitive psychology includes abilities such as 
attention, perception, memory, language and thinking.  
 
One very important aspect of human perception is the ability to recognise and understand 
movements. It is essential to be able to recognise the movements of a predator as well as 
members of our own group, and for human interaction we use movements to interpret the 
intentions and emotions of others. Movements are also an important source of social 
information, and actions, expressions and gestures have the ability to communicate both 
intentions and emotions (Smith & Kosslyn; Manera et al., 2010). These perceptual skills help 
us interact with people and understand the world. The movements that are important for 
humans to be able to recognise and interpret are biological movements, which are movements 
made by other animals. Humans are very good at recognising this type of movements 
compared to the movements of inanimate objects, so it seems like we have a specialised 
perceptual ability to recognise biological movements (Shi et al., 2010; Troje, 2012). This 
ability is called biological motion perception.  
 
Perceiving and interpreting the movements and actions of other people is very important for 
interacting with, and understanding, other people. The movement of other people is even 
something we watch and participate in for pure enjoyment, like sports and dance. There are 
several different real world applications of biological motion research, and knowledge about 
what factors affect our ability to recognise movements can be utilized in real world settings. 
Research on how we discriminate individual differences can be used for exploration in areas 
such as social signal processing, biometrics, victim selection, medical forensics and safety 
garments (Steel et al., 2014). The research and development of character animation in the film 
industry is another area where research regarding motion perception is very relevant. 
 
Plenty of research in cognitive psychology and cognitive neuroscience has studied how the 
visual perception of biological motion works. A common way of studying biological motion 
perception is by using so called point-light displays (Troje, 2012). These were developed by 
the Swedish psychologist Gunnar Johansson (1973), and they consist of white dots 
representing the major joints of the body that are moving against a dark background (Figure 
1). Even if a point-light display contains very little information, observers easily identify a 
human figure, and the movement or action they are executing, from this display.   
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A point-light display, as well as human movements in a natural setting, contains both global 
and local information and recognition is dependent on information regarding both form and 
motion. Global information refers to the overall shape of an object and local information is 
contained in individual features of an object (Troje, 2012). Plenty of research in this field has 
been dedicated to trying to find out what kind of information that is the most important, or 
information bearing, for our perceptual system in different situations and circumstances. 
Some of the results relevant to this study are that experiments using point-light displays have 
revealed how motion is more difficult to recognise when upside down (Troje & Westhoff, 
2006; Veto et al., 2013), and that this might depend on the motions of the feet (Troje & 
Westhoff, 2006). The feet have also been shown to be important cues for direction when the 
global form of a human figure is absent (Wang et al., 2010). In previous studies, the role of 
the feet for perceptual processing has been studied when the feet are subjected to focused 
attention (Chang & Troje, 2009a), but not reflexive attention.  
 
This study will therefore investigate the role that the feet of a human walker play in biological 
motion perception by testing if feet can trigger reflexive attention. By using a masking 
paradigm1 in a point-light display, it is possible to study how biological motion triggers 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  In a masking paradigm, the point-light display contains a coherent target surrounded by a mask 
consisting of randomly positioned moving dots.	  

Figure 1. Static image of a point-
light walker, facing left. 
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attention and what type of attention is involved when perceiving biological motion. 
Configural information is the information contained in the spatial and temporal relation 
between two dots in a point-light display, for example between the dots representing the feet. 
The configural information contained in the feet will be used as visual noise in the masking to 
evaluate how their motion affects the recognition of the walking direction of a target figure. 
The perception of biological motion involves the interaction both of visual perception, visual 
attention and our motor system. This report will therefore begin with an overview of these 
cognitive abilities, followed by a look at how these abilities contribute to biological motion 
perception, before describing research findings that are relevant for this study. 
 
 
 
 
2.	  Perception	  
What we know about the environment comes from our sensory organs (Arai, 2001), and the 
goal of perception is to make sense of the world around us (Smith & Kosslyn, 2009). How we 
respond to sensory stimuli depends on our knowledge about the world. Perception is the 
information content of the sensory stimuli, and it is because of our knowledge that our 
experiences are more than just sensory stimuli. Previous experience is what gives sensory 
information it’s meaning (Arai, 2001). Smith and Kosslyn (2009) argue that sensation and 
perception together are more than the raw material for cognition. Cognitive processes start 
working on sensory information straight away, so perception is more than just a simple 
registration of sensory stimuli. These cognitive processes produce our interpretation of the 
world and our knowledge acts as a guide as the stimuli is processed and analysed. Perception 
is also dependent on the context, and it has been shown that when information is presented in 
an expected context, perception is more rapid (Smith & Kosslyn, 2009). 
	  
Sometimes there is very little sensory stimuli, too much, or stimuli that is ambiguous, and this 
can be challenging for our perception when interpreting the environment. When sensory 
stimuli contain little information, the perceptual system solves this by filling in the missing 
pieces, which means that we perceive things that are not actually there (Smith & Kosslyn, 
2009). When there are too much sensory stimuli to process at once, our eyes scan the scene to 
focus on different parts at a time. For visual perception, we can manage to deal with a large 
amount of information by moving our eyes and pausing to fixate on different objects. The 
centre region of the retina is where our vision is the sharpest and we can only see fine detail in 
a small region, the fixation point (Smith & Kosslyn, 2009). To be able to choose only a part 
of the sensory information for processing means that other information will be ignored. We 
are constantly presented with a large amount of sensory information, and a lot of research is 
focused on trying to figure out how this information is processed. Perception involves sensory 
information from all of our senses. Since this study will focus on visual perception, the 
structure and processing of visual information will be elaborated on in the following section.  
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2.1 Visual Perception 
The sensory information from the environment, which our perception helps us to interpret, 
includes information from all of our five senses. No sense acts in isolation, so taste, smell, 
touch, hearing and vision are constantly interacting (Smith & Kosslyn, 2009). All of our 
senses are important for perception but since this study is focused on vision, the structure of 
the visual system and visual perception will be explained here in more detail. The view of 
cognition, and visual perception, is that perception and action happen simultaneously, that it 
is a parallel process. Perception and action are part of the same dynamic process and influence 
each other to help us interact with the world (Giese & Poggio, 2003). Actions influence our 
perception at the same time as vision helps us decide how to act.  
 
Central to visual perception is the concept of affordance, which was first introduced by 
Gibson in 1966 (Thill et al., 2013). Visual perception is not passive perception of the 
environment and of objects, and affordance refers to a direct perception of what actions can 
be carried out on objects. This direct aspect of perception means that high-level processes, 
such as reasoning about the properties of objects, are not needed. When it comes to 
manipulation, perceiving an object does not only involve perceiving different features such as 
shapes and colours, it also involves the perception of the possible actions that can be executed 
on the object, such as “liftability” and “graspability” (Thill et al., 2013). Affordances do not 
just depend on the object but on the embodiment of the human or animal perceiving the 
object. This means that affordance depends on what actions that the human or animal 
physically can perform. As Thill et al. (2013) puts it, a bottle can afford grasping for a human 
but not for a dog, for which it might afford biting instead. 
 
The motor system also plays a major role for our perception. The motor system refers to parts 
of the central nervous system that is involved in movement, and visuomotor neurons in the 
brain demonstrate a connection with affordances (Thill et al., 2013). These visuomotor 
neurons include mirror neurons and canonical neurons, which have been found in the brain 
area F5 of macaque monkeys (Rizzolatti et al., 2004). Studies have shown that when a 
macaque monkey executes specific actions, both the mirror neurons and the canonical 
neurons fire. When the monkey observes another monkey or a human performing a goal-
directed action such as grasping, the mirror neurons fire. These findings suggest that there is a 
mechanism for action understanding (Rizzolatti et al., 2004). This evidence suggests that the 
mirror neurons are linked to the representation of the goals of actions. The canonical neurons 
also fire when the macaque monkeys is only observing an object. What all of these findings 
mean is that there seems to be a mechanism that detects object affordances, and based on this, 
activates action (Thill et al., 2013). 
 
	  
2.2 Levels of Processing for Visual Information 
At the bottom of the visual system, patterns of light intensity, edges and other features in the 
visual field form an image on the retina (Smith & Kosslyn, 2009). The retina consists of 
photoreceptors, which is a layer of cells called ganglion cells. The photoreceptors respond to 
light and to the nerve cells at the back of the eye. When light hits the photoreceptors, it is 
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converted to electrical signals. From the ganglion cells, long axon fibres form the optic nerve 
and these transmit the electrical signals to the brain. In the brain, the visual system is made up 
of visual pathways that link a hierarchy of brain areas (Smith & Kosslyn, 2009). The 
pathways in the brain are not one-way streets, and this makes the visual system functionally 
and structurally complex. Each visual area both sends output and receives input from other 
visual areas. This means that they have reciprocal connections. Visual perception is a result of 
both bottom-up and top-down processes, and this is reflected in the dynamic way in which the 
different visual areas interact in the brain.  
	  
2.2.1	  Bottom-‐Up	  Processing	  
Bottom-up processes are driven by sensory information from the physical world. It involves 
detecting visual features among the sensory stimuli in the environment (Smith & Kosslyn, 
2009). Features, such as edges, spots, colours, shapes, textures and movements, are not 
objects in themselves but together they can define an object. By extracting features, the 
bottom-up processes enable subsequent processes to figure out what something is.  
	  
The visual field refers to the portion of the environment that is visible at a given moment. The 
receptive field is the area of the visual field where a stimulus will affect the activity of the 
ganglion cell (Smith & Kosslyn, 2009). The ganglion cell is a neuron on the retina and its 
axon fibres form the optic nerve. Depending on the intensity of the light, and where on the 
cell the light hits, it can excite or inhibit a ganglion cell. It is this function that helps us detect 
spots and edges.	  The visual system can only process detail in some parts of the visual field. 
The further from the fixation point, the worse the resolution for the visual information 
becomes.	  
	  
The visual perceptual system uses grouping principles to decide what features that are part of 
the same object. An example of grouping principles is The Gestalt Principles, which guide the 
visual system and our perception of what features belong together (Arai, 2001). These include 
colinearity, proximity, relatability and uniform connectedness. Grouping principles are not 
always able to explain what we see. When too little information is available, our perceptual 
processes fill in the missing information. In this way, something that is not actually physically 
present in the sensory stimulus can be interpreted as if it is. Our perception settles on the most 
likely interpretation of an object, even when few cues are available, and this happens during 
the early stages of perceptual processing (Arai, 2001).	  Many grouping processes of visual 
information can occur at the same time. The Binding Problem is about how we are able to 
associate different features and combine information so that we perceive them as being part of 
the same object (Smith & Kosslyn, 2010). Binding visual features to the same object like this 
requires another cognitive ability, attention.  
 
Recognition means that we match representations of sensory information from the 
environment to the stored representations of our knowledge in memory (Smith & Kosslyn, 
2009). There are a few different models of how the process of recognition works, these are: 
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• Template matching: the whole image is matched to a stored representation of that 
whole object 

• Feature matching: extracts important or discriminating features from the image and 
matches these with known features of objects  

• Recognition-by-components: represents the three-dimensional structure of objects by 
specifying their parts and the spatial relation among those parts 

• Configural models: distinguishes among objects that share the same basic parts and 
overall structure by coding each exemplar according to how it deviates from the 
average or prototypical object 

	  
All of these models have qualities that make them more effective for the recognition of some 
types of objects, and less effective for others. But as Smith & Kosslyn (2009) point out, it is 
possible that the recognition system makes use of several different ways of representing and 
processing information. 
	  
2.2.2	  Top-‐Down	  Processing	  	  
As mentioned earlier, perception is not a one-way flow of information because our 
understanding of sensory input is guided by our previous knowledge. Top-down processing 
describes how perception is driven by our goals, expectations, beliefs and knowledge (Smith 
& Kosslyn, 2009). By using our previous knowledge, perception becomes more accurate, 
efficient and relevant for the situation we are in. At the same time as bottom-up information 
from our sensory organs are analysed, information also moves from the top down, which in 
turn affects the bottom-up processes (Smith & Kosslyn, 2010). Top-down processing can fill 
in information that is missing from the sensory information to make perception more 
complete. The “filling in” of information is based on information stored in memory.  
 
There are different models of top-down processing and according to the Network Feedback 
Model; information at higher levels (top-down information) can influence information at 
earlier stages of processing (bottom-up information) (Smith & Kosslyn, 2009). Feedback has 
to do with the direction of the information flow. Top-down processing is influenced by 
incoming bottom-up information and can tune the earlier stages of the perceptual system to 
facilitate or inhibit the bottom-up information. It is not a serial flow of information where 
sensory stimuli moves up through the visual system followed by information coming down 
from processes that operate on stored representations (Giese & Poggio, 2003). Instead 
perception is a dynamic interaction, where feedforward and feedback are constantly 
influencing perception. According to Giese and Poggio (2003), it is because of this 
feedforward processing that the visual system is sensitive to biological motion. Feedforward 
processing uses stored sets of learned patterns, which enables the visual system to predict 
biological motion sequences and recognise a movement. Feedforward processing happens 
along the ventral and dorsal visual processing streams, for form and motion information 
respectively (Hochstein & Ahissar, 2002). Stored representations at the high level of the 
visual system can send feedback information back along these streams during perceptual 
processing, and this could explain how the visual system can fill in information that is 
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missing in sensory input (Hochstein & Ahissar, 2002). 
 
Stored information in the top layer guides perception and can also aid recognition when the 
sensory input is imperfect (Giese & Poggio, 2003). This is how top-down information 
influence what we see. Both bottom-up and top-down processing is important for perception 
and they both work simultaneously to recognise and interpret different stimuli. Smith and 
Kosslyn (2009) explain that, depending on the stimuli we are processing, and what type of 
information that is the most salient, we rely more on one type of processing than the other. 
Context has a big influence on perception. Even if grouping is an automatic bottom-up 
process, recognition of an object is more effective if it is seen in an expected context (Smith 
& Kosslyn, 2009). This context effect in recognition reflects what information is important 
for the representation of objects. Top-down context effects are often a result from an 
interaction between bottom-up and top-down processes, and may also be based on how we 
allocate attention, as well as strategies for remembering or responding to objects in scenes. 
Much of top-down processing is absent when viewing the point-light displays often used in 
biological motion perception research. This includes previous experience and knowledge of 
similar stimuli, goals, and contextual information such as a natural environment and the social 
setting.  
	  
	  
	  

3.	  Visual	  Attention	  
For our perception to work so that we can identify and recognise objects in the environment, 
some form of attention is necessary. The world often contains too much information for us to 
process at once, and our perception needs to select what information to attend to (Arai, 2001; 
Smith & Kosslyn, 2009). Here is where attention comes into visual perception and object 
recognition. To attend to something means to select which information to process (Smith & 
Kosslyn, 2009). Attention involves selecting some information for further processing while 
inhibiting other information.  
	  
	  
3.1 Selection in Time and Space 
If there is a lot of information present simultaneously we are not capable of processing it all at 
once and it is likely that we will miss to attend to some information. This is called failures of 
selection in space (Smith & Kosslyn, 2009). If new information is presented to us very 
rapidly, we will miss some of the information while we are processing other information. This 
results in failures of selection in time. There is a point to these failures. They prevent us from 
being overloaded with information, and particularly irrelevant information. This is a system 
of selective attention (Smith & Kosslyn, 2009). Failures are an important part of effective 
cognitive processing, and this is essentially the function of attention. Top-down processing is 
what drives and controls attention, which makes it dynamic and flexible. Our goals change all 
the time, and so does attention. Goals, beliefs, knowledge and expectations can affect 
selection of meaningful information, and this makes it efficient to pick out important stimuli. 



 

	   8 

	  
There is a constant interaction between top-down and bottom-up attentional processing. 
Salient sensory information in bottom-up processing can capture attention away from a goal, 
and in this way it can override top-down processing (Smith & Kosslyn, 2009). This can result 
in failures of selection in space. Repetition blindness studies have shown that if an object is 
presented for the second time very soon after the first time it was presented, observers fail to 
detect it the second time. Our attentional processing is also limited when it comes to how 
many stimuli we can process at once. Our ability to attend to stimuli is impaired for more than 
one information source. Either you can attend partly to both stimuli, or fully attend to one of 
the stimuli. When more than one stimuli is attended, the result is that the information that is 
selected will be imperfect. This happens for divided attention, where the attentional resources 
are not enough to process more than one stimulus (Smith & Kosslyn, 2010). When we 
consciously concentrate on only one stimulus while ignoring any other stimuli it is called 
focused (overt) attention. 
	  
 
3.2 Overt and Covert Attention  
Attention can be divided into overt (focused) and covert (reflexive) attentional orienting 
(Smith & Kosslyn, 2010). Overt attention means that we are selecting what location or object 
to attend to. We can do this by moving our eyes, so overt attention can be observed by 
looking at a person’s eye movements. Eye movements can be either controlled or reflexive. 
Controlled eye movements are a result of top-down processing and are voluntary. Reflexive 
eye movements are automatic, unconscious, fast and activated by stimulus appearing in the 
environment.  
 
Hermann von Helmholtz, a German psychologist and physicist, demonstrated that even if 
they eyes are looking at a specific spot, visual attention can actually be directed at another 
spot “covertly”, even without overt motion of the eyes (Smith & Kosslyn, 2010). It is this 
finding that covert attention is based on, and studies investigating how endogenous and 
exogenous attention (section 3.3) affect information processing are based on this idea of 
covert attention (Smith & Kosslyn, 2009). Even if the eyes are not moving, direction of 
attention alone can still influence both facilitation and inhibition of detection and the 
processing of information. This means that attention is not dependent on our eye movements, 
so attention can be directed to a location even when we are looking at a different location.  
	  
	  
3.3 Endogenous and Exogenous Attention 
Our attention can be oriented and controlled through different processes. Goal driven top-
down attentional processing comes from within a person and is called endogenous attention. 
The other source of attention is exogenous attention, which is driven from the bottom up by 
sensory stimulus in the environment and the objects and events that stand out (Smith & 
Kosslyn, 2009). Searching for a specific object is a top-down process that is voluntary. Top-
down attention can still be rapidly and automatically drawn to salient exogenous cues, which 
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can change the focus of attention.  
 
According to Shi et al. (2010), reflexive attentional orienting is different from endogenous 
and exogenous attention. Endogenous attention is not a reflexive response and exogenous 
attention is driven by sudden stimuli in the environment. Reflexive attentional orienting on 
the other hand is often triggered by important social cues. Eye gaze and head direction have 
shown to trigger reflexive attention. The direction of eye gaze or head direction can 
automatically orient people’s visuospatial attention, even when they are told that these signals 
are not relevant for the task of predicting the location of a target. In one study, Shi et al. 
(2010) found strong evidence for that biological motion can trigger reflexive attention. They 
also found that for static frames of a point-light human figure where the facing direction is 
visible, as well as for the motions of inanimate objects, reflexive attentional orienting does 
not happen.  
 
There is a debate concerning whether there is a special type of attention that is tuned to 
biological motion, and these results suggest that attention is particularly sensitive to biological 
motion walking direction. Brain imaging studies investigating the neural circuitry that 
promote reflexive attentional orienting have demonstrated that complex cortical connections 
between the temporal and parietal areas are involved (Wang et al., 2010). This includes the 
superior temporal sulcus (STS), which is where it is thought that biological motion walking 
direction is encoded. The STS is in turn connected with the parietal cortex, which is central to 
overt and covert attentional orienting (Wang et al., 2010). Based on these findings, it seems 
there are functional and cortical overlaps for the different types of biological motion 
processing and the reciprocal connections between the STS and the key regions involved in 
attentional orienting. This means that it is possible that there is a specialized neural network 
that supports reflexive attention, and that this network is sensitive particularly to biological 
motion information (Wang et al., 2010). Whether there is a special type of attention tuned to 
biological motion is a question that needs further research.  
 
 
3.4 Preattentive Features 
There are some visual attributes that are detected very rapidly and accurately by the low-level 
visual system (Wang et al., 2010). These attributes are called preattentive because their 
detection seems to precede focused attention. Preattentive features can be low-level features 
such as orientation, colour and motion information (Wang et al., 2010). Preattentive features 
actually do require attention, but the word “preattentive” is used to convey just how fast and 
automatic the identification of these features really is. Preattentive processing is a part of 
psychophysics, which is the quantitative study of perception that examines the nature of the 
relationship between stimuli and response (Hemeren, 2008). Singleton is word for a property 
of an object that means preattentive processing can occur. There are several preattentive 
features, but in point-light displays, motion is the most relevant preattentive feature since 
other features have been removed in order to specifically study the perception of motions 
(Smith & Kosslyn, 2009).  
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3.5 Visual Search 
The visual search paradigm is sometimes used to study the mechanisms behind visual 
attention, and especially selective attention (Wang et al., 2010). Visual search is a perceptual 
task that requires attention (Arai, 2001). In visual search, the participant needs to scan a scene 
to find a target, which can be an object or a feature, among distractors that are other objects or 
features. Locating the target uses top-down attention, and it can be done either with or without 
eye movements (Smith & Kosslyn, 2009). Reaction time is often used to measure how long it 
takes to detect a target among distractors. Some visual search tasks has measured how much 
attention is given to a stimuli by looking at eye movements, but some research suggests that 
eye movements can move independently of attention, which means that measuring eye 
movements might not be a reliable way to examine the role of attention (Smith & Kosslyn, 
2009).  
 
In a visual search task, search efficiency can be described as an increase in response time as a 
function of the number of items in the display. Visual search can be effortless or inefficient, if 
the task requires the observer to search for a target among distractors. Search asymmetry is a 
phenomenon that is related to search efficiency. Search asymmetry is a change in search 
efficiency that occurs when searching for A among B is more efficient than searching for B 
among A (Wang et al., 2010). It is also easier to search for a target that has a preattentive 
feature than a target that does not have this preattentive feature. In this way, search 
asymmetry can be used to identify potential preattentive visual features. According to Wang 
et al., (2010), preattentive visual features can either be low-level features such as colours and 
motion, or they can be associated with high-level visual information like familiarity. Search 
asymmetries can come from novel versus familiar visual information, where novelty might 
have a preattentive feature. Previous studies have shown that novelty can be overridden by 
biologically significant information, which could function as a preattentive visual feature 
(Wang et al., 2010). Meaningful biological information, such as human faces, seems to be 
able to override novelty effects. 
 
The visual search for a single feature is called a disjunctive search. When an object has more 
than one feature, the search becomes conjunctive. Disjunctive search is easier and faster, even 
when there are more disturbing elements around the target (Smith & Kosslyn, 2009). This 
kind of search for a point-light walker is described as preattentive because the target appears 
to pop out among the other elements. This pop-out effect can occur during visual search tasks 
and it is relatively unaffected by other distracting elements that are present (Hemeren, 2008). 
Because the target pops out regardless of the number of other distractor elements in the 
display, it is likely that the all of the elements in the display are evaluated at the same time. In 
a conjunctive search, each element must be attended and evaluated individually to decide if it 
is the target. More elements mean that the search becomes slower because you will have to 
check one item at a time to see if it has the combination of features that you are looking for. 
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3.6 Information Processing Theories of Attention 
Attention is the process of selecting information for further processing and it is a crucial part 
of the perceptual process. This selection is necessary since we do not have the capacity to 
process all the information that is around us at once. Both endogenous and exogenous 
information can affect this selection. There are different theories that have tried to explain 
how attention works, such as whether selection happens early or late during processing 
(Smith & Kosslyn, 2009). Recent studies characterise attention as a dynamic process of both 
information selection and inhibition. A set of mechanisms optimises the information search 
processes to make perception and cognition efficient (Tsotsos et al., 1995). According to the 
Theory of Biased Competition, attention is a form of competition between different stimuli, 
where the selecting of one stimulus results in inhibition of other stimuli. It is because we 
cannot process all the information around us at once that this competition can occur, and 
attention acts as a bias to resolve the competition, which it does through selection (Smith & 
Kosslyn, 2009). The bias is a combination of external salience (exogenous stimuli) and 
internal goals (endogenous stimuli), where weaker and stronger stimuli compete. The strength 
of the stimuli is decided by a combination of bottom-up and top-down influences.  
 
3.6.1	  The	  Selective	  Tuning	  Model	  of	  Visual	  Attention	  
The most established model of visual attention is Selective Tuning (Tsotsos et al., 1995).	  
Visual attention is an important mechanism for search in vision, where the perceptual system 
has to combine visual information to understand the contents of a scene. The model explains 
that attention optimizes the visual search by integrating feature selection and spatial selection. 
The components involved in visual attention can be described as: selection of a region of 
interest in the visual field, selection of feature dimensions and values of interest, the control 
of information flow through the network of neurons that constitutes the visual system, and the 
temporal shifting from one selected region to the next (Tsotsos et al., 1995). The Selective 
Tuning model developed by Tsotsos et al. (1995) solves the problems of how these 
components are integrated. The architecture of the visual processing is assumed to have a 
pyramidal structure, where the units in the network receive both feedforward and feedback 
connections. In this way, The Selective Tuning model involves interaction between both 
exogenous and endogenous attention.  
	  
 
	  

4.	  Motor	  Cognition	  
As we have seen, the visual system and attention processes affect how we perceive the world. 
Perceiving objects and interacting with the environment also gives us information that drives 
us towards action. The way we move and act in the world can be triggered by either external 
stimuli or internal goals, and these actions can either be reflexes or the result of our mental 
processes. Perception of movement and actions does not only rely on visual processes and 
attention, but also on our own motor system (Smith & Kosslyn, 2009; Shiffrar & Pinto, 2002). 
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Motor cognition is what binds perception and action together, and there are both 
neurophysiological and behavioural evidence for that what is linking them together is 
representations. Shared motor representations is a concept in motor cognition that refers to 
our ability to mentally represent the actions of other people, and these are the same 
representations that are formed when we act ourselves (Smith & Kosslyn, 2009). Motor 
representations used during the planning of actions overlap with the sensory representations 
that are used during action perception (Blake & Shiffrar, 2007). When we observe an action 
we acquire representations that we can use later on to think about that action, which is called 
mental simulation. This means that we can use our motor representations for mental 
processing even when we are not seeing the specific action in front of us. This makes it 
possible to interpret the meaning of other people’s actions so that we can respond in a suitable 
way. 
	  
Some research suggests that the reason why we can understand other people’s actions is that 
the perception and the production of an action share the same representation (Blake & 
Shiffrar, 2007; Smith & Kosslyn, 2009). This could be why watching an action makes it 
easier to plan and perform the same action yourself later. There is a neural basis for this in 
both humans and nonhuman primates. Rizzolatti et al (2004) found that there are some 
specific neurons, called mirror neurons, that discharge both when someone is performing an 
action and when they observe someone else performing it. This has been demonstrated with 
electrophysiological recordings on monkeys, which showed that specific neurons in the 
ventral premotor cortex discharge during the execution of hand and mouth movements 
(Rizzolatti et al., 2004). The same neurons also discharged when the monkeys observed the 
experimenter performing the same action.	  	  
	  
 
4.1 Perception for Action 
The traditional view within cognitive science is that cognition is computation on amodal 
symbols in a modular system and knowledge resides in a semantic memory system, separate 
from the brain’s modal systems for perception, action, and introspection (Barsalou, 2008). 
Perception includes vision and audition, actions such as movements and proprioception, and 
introspection like mental states and affect. There are different theories that reject the 
traditional view and instead emphasise how perception is for action, where action is placed at 
the centre and perception is seen as a process that supports action. These theories about 
cognition take into consideration the role that our bodies, the environment and the social 
context have for our perception (Barsalou, 2008), and a few of these perspectives on cognition 
will be described below. 
 
4.1.1	  Grounded	  Cognition	  
The grounded cognition perspective proposes that modal simulations, bodily states, and 
situated action underlie cognition (Barsalou, 2008). Behavioral and neural evidence from 
research on perception, knowledge, thought, language, memory, development and social 
cognition supports this view. There are different conceptions of grounded cognition, but in 
general they reject the view that amodal symbols represent knowledge in semantic memory 
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(Barsalou, 2008). The grounded cognition perspective is that the brain probably does not 
contain amodal symbols, and if they do, they work together with modal representations to 
create cognition. Within grounded cognition, some accounts focus on simulation and its role 
in cognition. Simulation means that the perceptual, motor, and introspective states that we 
acquire from experience with the world, body, and mind are reenacted (Barsalou, 2008). The 
brain captures information from all modalities as an experience occurs and integrates them as 
a multimodal representation in memory. When this knowledge is needed to represent a 
category, the multimodal representations are reenacted to simulate the perception, action and 
introspection that it is associated with.  
 
Other accounts focus on situated action and social interactions where the environment also 
plays an important role (Barsalou 2008). This perspective on grounded cognition assumes that 
cognition is grounded in multiple ways, and that simulations, situated action, perception, 
environment, other people and our body all interact to create cognition and action (Robbins & 
Aydede 2007). The perception of human movements does not only rely on vision, attention 
and motor cognition, but also on social processes since our actions are situated in a social 
context. Perceiving and interpreting the actions of other people is influenced by our 
experience and the social context that we are in (Robbins & Aydede, 2007). Studies on novel 
and familiar movements and actions have shown that our sensitivity to biological motion 
depends on our visual and motor experience with these actions and movements. When these 
processes interact, we are able to perceive and interpret other peoples’ motions and actions 
(Barsalou, 2008). The emotional and social content of an action also influence the visual 
sensitivity, which has been shown by behavioral measures and patterns of neural activity in 
the STS and premotor cortex.  
 
Cognition can proceed independently of the body, but when bodily states are the focus of the 
study of cognition, the theory of embodiment is used to describe cognition (Barsalou, 2008). 
Visual perception of biological motions depends on our own motor experience. Previous 
research has shown how bodily states can affect cognitive states, and be effects of them. This 
has influenced some perspectives within grounded cognition to focus of the role of the body 
in cognition (Barsalou, 2008). We use our motor system for perception and embodied 
cognition is a paradigm within cognitive science that emphasises the role of the body for 
cognition. Wilson (2002) describes how embodied cognition means that perception and 
cognition, and our representations and concepts, depend on the structure and behaviour of the 
body. The mind is grounded in the mechanisms of motor control and sensory processing, 
which interact with the environment (Wilson, 2002). 
	  
	  
4.2 Biological Motion 
Biological motion refers to patterns of motion that are generated by a living organism, both 
humans and animals. Our visual system is very sensitive to biological motion patterns and we 
are able to recognise biological motion with both speed and accuracy, even when a scene 
contains many other visual elements (Troje, 2012). Mirror neurons play a role in imitation, 
and they way they function suggest that what we perceive is influenced by how we can move. 
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The motor cognition system makes it possible for us to perceive subtle patterns of motion, 
and it seems particularly sensitive to biological motion (Johansson, 1973; Troje 2008; 2012; 
Smith & Kosslyn, 2009). Biological motion patterns signal that other animals are present, and 
each animal has their unique motion pattern that we are very good at recognising. Motion 
patterns of animals and inanimate objects are more distinct from each other than the ones 
between different animals. Biological motion perception relies both on visual processes, 
attention and motor processes. To recognise biological motion is an important function of our 
visual system and it requires that we are able to integrate the spatial and temporal information 
in complex visual patterns (Giese, 2015). To succeed with this, we need advanced 
mechanisms of pattern recognition, the ability to organise these patterns both in space and 
time, as well as the interaction between bottom-up and top-down processing.  
 
	  
4.3 Point-Light Displays for Studying Biological Motion  
Biological motion perception is often studied by using point-light displays, which are stimuli 
that consist of dots representing the major joints of a human body (Figure 1). The dots are 
organised coherently and presented against a dark background. Using point-light displays to 
study biological motion perception belongs to the area psychophysics, where perception is 
studied quantitatively to examine the relationship between stimuli and response (Hemeren, 
2008). The Swedish psychologist Gunnar Johansson was the first researcher to create and use 
point-light stimuli and with this technique he demonstrated just how sensitive the human 
perceptual system is to biological motion (Johansson, 1973; 1976; Troje, 2008; Troje, 2012).  
 
Johansson (1973; 1976) showed that human perception of biological motion is so accurate 
that even when all information apart from the dots representing the joints of the body are 
removed, we can still identify biological motion with great accuracy. Even when additional 
dots are placed randomly around the target as disturbing stimuli, people can still detect the 
point-light figure in the display. Early research showed that motion plays an important role 
for the perception of form since it is easier to recognise a specific motion, and the direction of 
the motion, from moving point-light stimuli compared to a static frame of a motion (Thornton 
et al., 2002; Simion et al., 2008). Research studying the perception of biological motion still 
employs the same point-light stimuli as Johansson (1976; 1976) created. 
 
Point-light stimuli are used to test how effectively the visual system organises information, 
and the fact that humans are able to recognise motion from such simple stimuli suggests that 
the perceptual process involved is very specialised (Shi et al., 2010; Giese, 2015). It is 
believed that different types of processing are involved in the perception of different types of 
stimuli. Biological motion experiments often involve a perceptual task where observers are to 
detect a specific biological motion in a mask, or identify the motion direction of a walker, 
runner, or some other movement or action. Detection and recognition are two common 
experimental tasks, but many other studies test how we perceive such things as gender, age 
and intentions from biological motions (Troje, 2012).  
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By using point-light displays, it is possible to eliminate confounding variables such as context 
and appearance, or any other perceptual cues from the body, and study how biological motion 
is processed (Troje, 2012). At the same time, the disadvantage of studying biological motion 
perception experimentally using point-light displays is the fact that many top-down aspects of 
perceptual top-down processing are lost, such as the social context and the natural 
environment.  
 
4.3.1	  The	  Masking	  Paradigm	  	  
Biological motion research use different experimental paradigms to investigate local and 
global processing. Global processing can be tested using a flanker paradigm, where the point-
light display consists of coherent walkers surrounding a central target walker that the observer 
is to detect. The masking paradigm is widely used for studies concerned with how local 
motion cues affect perceptual processing (Pinto & Shiffrar, 1999; Thornton et al., 2002; 
Troje, 2008; 2012). The masking paradigm uses an intact target surrounded by a mask 
consisting of randomly positioned moving dots from point-light figures (Figure 2). The dots 
that are placed around the central target are known as masking. When the dots in the mask 
come from walking figures, they are referred to as “scrambled walkers” 2 (Giese, 2015).  
 
	  

	  
	  
	  
 
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Scrambled walkers are coherent, veridical point-light walkers where the locations of the individual 
dots have been placed randomly in the display. 
 

Figure 2. A point-light display using a masking 
paradigm, which consists of a coherent target is 
surrounded by randomly placed dots. The red 
circle is to point out the target and is not present 
during an experiment. 
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Several experiments have used a masking paradigm to study how robust the perception of 
body form in a point-light display really is (Cutting et al., 1978; Bertenthal & Pinto, 1994; 
Thornton & Vuong, 2004). Masking point-light stimuli is a way of manipulating the form 
information of the body to investigate and try to understand the underlying processes that are 
critical for biological motion perception (Geise, 2015).  
 
A mask with scrambled walker dots contains only local information. Local information is 
feature information, which is contained in the parts of objects. Global information is the 
information contained in the holistic form of an object. The visual system relies both on local 
and global information for the perception of biological motion (Pinto & Shiffrar, 1999). The 
local information in the mask will interfere with the perception of local information in the 
target walker. Therefore, the ability to track individual points of the target will be disrupted, 
but observers will still be able to perceive the global form information of the target (Pinto & 
Shiffrar, 1999). Because of this, the masking paradigm makes it possible to focus on the 
visual system’s capacity to extract configural information in the target walker figure. 
Configural information is the information contained in the spatial relations among parts of an 
object. Pinto and Shiffrar (1999) used a masking paradigm to examine the visual system’s use 
of configural information in analysing global information in point-light displays. They found 
that the visual system is able to exploit characteristic subconfigurations3 of the human form in 
the perception of human motion.  
 
The masking paradigm is also used to study attention. To identify a target with in a mask 
requires focused attention, and at the same time, the unattended dots in the mask can still 
influence the perception of the target (Thornton & Vuong, 2004). Both bottom-up visual and 
attentional processing, and some aspects of top-down visual and attentional processing, is 
involved in perception of point-light stimuli. If the task is to detect the central figure and 
ignore the mask, it means that the stimuli in the mask only have a chance of being 
incidentally (unintentionally) processed (Thornton & Vuong, 2004). For this type of task, the 
masking paradigm makes it possible to operationalize reflexive attention of the masking 
elements as a change in response time for the direction discrimination task. Because the 
participants are asked to pay attention to the target, it is the target that should elicit focused 
attention. The global form information in a walker has been shown to be strong for perceiving 
biological motion. The motion-mediated structure of the body is an important cue for 
recognizing facing direction, and this information is contained in the target walker. The global 
information in a coherent target is easy to identify because it has a pop-out effect, which will 
make it easy for the observer to focus their attention on the target. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Subconfigurations of the human form refer to a point-light walker where some of the elements that 
make up the point-light walker have been removed, resulting in a walker that is missing the dots of 
either the extremities (wrists and ankles), mid-limb elements (elbows and knees), central elements 
(shoulders and hips) or some other combination of the dots that represent the major joints of the body. 
These are examples of walkers that contain configural, but not global, information.	  	  
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Cutting et al. (1988) were the first to test whether human walking motions could be masked, 
and if so by what. The findings showed that perceptual processes for organising the target 
walker were sensitive to particular patterns of motion, and that these processes can be 
disrupted easily by motion patterns that are identical to those of the target walker. These 
results were used to examine what type of masking elements were the most effective to use in 
a point-light display. Cutting et al. (1988) found that a mask consisting of scrambled walkers 
was the most successful in interfering with the processing of the target. The results also 
showed that the more dots that were included in the masking it increased the difficulty of the 
task of (Cutting et al., 1988).  
 
Bertenthal and Pinto (1994) used a point-light display consisting of a walker embedded in a 
mask of scrambled walkers to examine how easy an observer can detect a target in this kind 
of noise mask. They found that detection of the target is very accurate. Since processing of 
local information in the target is obstructed by the local information in the mask, the results 
suggest that perception of biological motion can be processed in a top-down fashion rather 
than bottom-up. Their conclusion was that the perception of global motion information 
preceded perception of the local information in the individual elements of the target.  
 
When the dots of the target walker and the masking dots are identical, the only way to 
distinguish them is by their motion or grouping characteristics (Thornton et al., 2002). 
Thornton et al. (2002) used a masking paradigm to study active vs. passive attentional 
processing in a change-detection task. The task involved determining the direction of a 
walking figure within a background mask of identical dots. The observers were required to 
monitor both the target walker and the four uniformly coloured rectangles to identify if one of 
the rectangles changed orientation between successive presentations. They found that an 
attentionally demanding dual task affected direction discrimination performance. Displays 
that involved top-down processing, in time or space, were negatively affected by dividing 
attention. In displays were bottom-up processing could be carried out; dividing attention did 
not have a big effect on performance.  
 
Point-light displays that consist of a coherent target walker with scrambled walkers as 
masking elements are designed to interfere with the perception of the individual features of 
the walker (Thornton et al., 2002). This local information in the mask will also obstruct 
processes that integrate features and local relations into a global structure. The masking 
paradigm is used to study the visual processing of biological motion, and also attention.  
 
 
4.4 Perception of Biological Motion 
Point-light displays have been used to test many different movements, such as running, 
walking and dancing. Even though a walker does not contain a lot of form information about 
the body, observers are still able to detect them among distractors. These distractors are often 
made up of dots with a motion identical to that of the target figure, since these have been 
shown to be the most effecting in interfering with the processing of a target (Cutting et al., 
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1988). Compared to moving dots, the ability to recognise movement from static dots is a lot 
more difficult. This shows that information about movement, and not only information about 
form, is central to perception. However, motion alone does not seem to be enough either. A 
point-light figure has very little form information, and when it is embedded among other 
point-light dots that act as noise, only relying on motion information makes the task of 
identifying the figure very difficult. Because observers can still easily identify the figure in 
this task, it suggests that the global structure of the body plays an important part for the visual 
processing of motion (Pinto & Shiffrar, 1999; Blake & Shiffrar, 2007). Both form and motion 
are necessary for the detection and recognition of biological motions (Pinto & Shiffrar, 1999). 
The evidence comes from the fact that we cannot perceive human form in static frames, and 
because motion of a scrambled figure alone does not manage to convey the consistent form of 
a human or animal. It is crucial that the visual system has the capacity to integrate form and 
motion information for biological motion perception to work.  
 
It is also believed that the ability to recognise upright biological motion stems from our 
knowledge about gravitation (Chang & Troje, 2009s; Hirai et al., 2011a). When a body is in 
motion, the pattern of the movement is dependent on gravity. Humans have expectations 
about the direction of gravitational acceleration of movements in a living organism that is 
moving through the environment (Chang & Troje, 2008). Upside down biological motion is 
very difficult to recognise, and gravitational acceleration could explain why. Motions and 
actions in inverted (upside down) displays are perceived as less plausible because they are 
gravitationally inconsistent. Inversion is basically mirror flipping, where an object is flipped 
about a horizontal axis. Since this only affects the vertical component of a motion trajectory, 
the inversion effect depends on the dots that have a significant vertical motion (Troje & 
Westhoff, 2006).  
 
The ability to recognise biological motions arise at an early age, which suggests that this is an 
evolutionary old mechanism. By 3 months of age, infants show a preference for biological 
motion and can discriminate between point-light displays of biological motion and absolute 
motion, as well as upright vs. upside down stimuli (Simion et al., 2008). Experiments with 
infants that are 4 months old show that they stare at human motion for a longer time than the 
same number of dots that have random motions (Troje, 2008). It is thought that this ability is 
important for survival, to successfully identify predators and prey, potential mates, offspring, 
and to avoid and escape from dangerous situations (Thornton et al., 2002). The ability is 
thought to be innate to a certain extent, but learning and experience also play a role (Simion et 
al., 2008). This argument is based on research showing that the ability changes and becomes 
more sensitive from infancy to adulthood.  
 
It is not only the type and direction of a movement that we can recognise. Human biological 
motion also conveys a lot of information regarding actions, and it is so precise that we are 
able to discriminate things like gender (Mather & Murdoch, 1994; Troje, 2002), intentions 
(Manera et al., 2010), identity (Troje et al., 2005), and many other aspects that are of social, 
psychological and biological significance (Troje, 2002; Simion et al., 2008). To be able to 
extract this information means that the human visual system is very sensitive to biological 
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motion. It is biological motion as a source for socially relevant information that motivates 
biological motion perception research.  
 
4.4.1	  Processing	  of	  Biological	  Motion	  
Perception of biological motion can be explained as a mechanism that utilizes both local and 
global processing (Troje, 2008; Bertenthal & Pinto, 1994). This includes the local motions of 
individual dots, the configuration of the whole global form of the body and the interaction 
between them. The local processing of biological motion occurs for features of an object and 
integrate information over small spatial extends (Pinto & Shiffrar, 1999), and is often 
attributed to a type of processing that happens in a bottom-up fashion (Thornton et al., 2002). 
Bottom-up refers to the information that comes from the retina, and what distinguishes 
bottom-up processes is that they function automatically without learned motion patterns. 
Initially, they do not require attention to the same extent as top-down processes do (Thornton 
et al., 2002). It is thought that local processing is innate and sensitive to the local motion of 
individual dots or features, and the invariants that this motion contains (Troje & Westhoff, 
2006; Troje, 2008).  

Local processing is distinct from global processing. Global processing is ontogenetically 
trained and retrieves global form (Troje & Westhoff, 2006; Troje, 2008). Global processing of 
biological motion perception can be attributed to top-down processing in the brain, which 
refers to the use of prior knowledge in perception. Perception can be attributed to top-down 
processing if it is affected by context or the expectations of the observer. Top-down 
processing can take longer time, require learning, and relies on attention. Top down and 
bottom up processing are two aspects of the same thing, perception, and there is no clear-cut 
line between them. When global and local processing is compared within visual perception 
research, the distinction between the two is not definite but rather a question of with what 
type of processing the emphasis lies for different perceptual tasks (Troje, 2008; Smith & 
Kosslyn, 2009).  
 
Local and global configural processing are related to low- and high-level processing 
respectively (Thornton et al., 2002). When it comes to attention, stimulus driven bottom-up 
processing is associated with passive attention, which happens early in visual processing. 
Conceptually driven top-down processing is associated with active attention, which happens 
later in visual processing. According to Chang and Troje (2009b), global and local processing 
of biological motion should be seen as distinct processing modules. Global processing is 
sensitive to the shape of a body in motion, but it is not clear what properties of motion that 
local processing is tuned to. Biological motion perception involves both local and global 
processing, and a lot of the research in this area aims to test what type of processing is the 
most critical for a certain type of stimuli. 
 
Whether form or motion cues are more salient in a particular situation depends on the task, 
and fMRI studies have shown that both the form and motion pathways, in the ventral and 
dorsal streams in the brain, are activated during discrimination between intact and scrambled 
walkers (Giese & Poggio, 2003). This means that both form and motion information is 
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involved in the detection of biological motion. For direction discrimination of a walker on the 
other hand, only the areas of the dorsal visual stream were activated. This means that it is very 
likely that motion is important for recognizing direction (Giese & Poggio, 2003).  
 
Hochstein and Ahissar’s (2002) Reverse Hierarchy Theory offers an explanation for how 
attention operates for vision. According to this theory, processing can be described as either 
“vision with scrutiny” or “vision at a glance”. The theory is that conscious visual perception 
starts with “vision at a glance” and proceeds to “vision with scrutiny”. In biological motion 
perception, this is relevant for the findings regarding processing of upright versus inverted 
walkers (Hochstein & Ahissar, 2002). The global processing of the holistic shape of an 
upright walker has a “pop out” effect and is processed very fast. Research suggests that this 
effect requires access to categorical information in high-level areas of the brain, and the effect 
is referred to as “vision at a glance” (Hemeren, 2008). For inverted walkers, visual processing 
is an example of “vision with scrutiny”, which is associated with a more detailed analysis 
between objects or actions.  
 
Attention affects which features that the visual system will be directed towards, and this also 
affects what features the visual system will perceive as salient. Discriminating specific 
features relies on local motion information and requires focused attention for processing, 
similar to “vision with scrutiny” (Hochstein & Ahissar, 2002). To discriminate whether or not 
a coherent figure is present relies on both motion and configural information and requires 
attention over a larger area and high-level processing, similar to “vision at a glance”.  
 

 
4.5. Global Processing 
One type of processing involved in the visual perception of biological motion is global 
processing (Shiffrar, 2008), which processes configural and form-based information. The 
global configuration of the human body is an example of form-based information. Global 
processing assumes that the visual perceptual system retrieves structural and configural 
information of motions, similar to pattern matching (Troje, 2012). Global processing means 
that an object is processed holistically, and to recognise a whole form requires previous 
knowledge about that form (Troje, 2012). This should mean that perception of an object takes 
longer since top-down processes first must recognise the form and perform a type of “pattern 
matching” to previously stored representations of the form (Hemeren, 2008). A point-light 
walker, however, is actually recognised both rapidly and accurately, so there is something 
about the human form that sets it apart from how the global processing of form is thought to 
function (Hemeren, 2008). Even though the whole figure is complex it appears to “pop out” at 
you, and recognition of the point-light figure is automatic and difficult to switch off. The 
recognition of the human form can be compared to the classic Stroop effect, where the 
automatic processing of words interferes with the naming of colour (Stroop, 1935). When the 
colour of the word matches what the word says, naming the colour is quicker compared to 
when the word does not match the colour.  
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Some of the experimental support for global processing comes from studies that use coherent 
point-light figures, called flankers, in the masking (Thornton & Vuong, 2004). Experiments 
using congruent4 displays with flankers, where all walkers in the masking face the same 
direction, show that motion direction is easier to identify when the walkers face the same 
direction, compared to when they face different directions (Thornton & Vuong, 2004; Veto et 
al., 2013). This is known as the walker congruency effect (WCE), and it is evidence that the 
flankers are processed incidentally. It is easier to recognise the direction of a central figure 
surrounded by flankers in congruent displays, compared to incongruent displays. This finding 
supports the pattern matching of global processing, since both the shape and motion of target 
and masking are matching for congruent directions. Congruency effects have however not 
been shown for scrambled walkers. This suggests that it is the global configural information 
that is behind the effect, and not individual local motions (Thornton & Vuong, 2004). Global 
information has also been shown to be important for triggering reflexive attention from the 
visual system (Thornton & Vuong, 2004).  
 
Configural information, which is the information contained in the relation between dots, is 
contained in the global form and contain some of the same form information. Pinto and 
Shiffrar (1999) found that it is possible to detect a human walker when there is only 
configural information present, so configural information must play an important role for 
biological motion perception. Wang et al. (2010) describe how several studies investigating 
recognition of walking direction suggest that walking direction is an important social cue and 
that it therefore can trigger reflexive attention. It is not known whether local biological 
motion cues such as the feet, which also contain partial configural information in the relation 
between them, can trigger reflexive attention as well. 
 
	  
4.6 Local Processing 
Global processing cannot explain biological motion perception in all instances. There are 
many experiments where the results point towards local processing (Chang & Troje, 2009a). 
Simion et al. (2008) point out that since people can perceive biological motion even from 
scrambled displays, where the walkers do not resemble coherent figures, the form detection of 
global processing cannot always explain how biological motion is processed. The fact that 
people can identify motion in scrambled displays shows that local processing also plays a part 
in biological motion perception. For the local processing of motions, it is the local motion of 
individual features, or dots in a point-light display, that help us to identify biological motion 
(Troje, 2012). Here, perception of biological movement means that we look for specific 
features in the environment and pick out those that resemble biological movement. Compared 
to global and configural processing, local processing is more automatic and it does not have 
to be learned, which is necessary for the recognition of global shape. Local biological motion 
signals in a point-light display can be the relation between two dots, or the relation between 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Congruence means that all the stimuli in the display are facing the same direction, or that they have 
the same orientation. For direction and orientation incongruence, the stimuli in the display are moving 
in different directions and have different orientations, respectively.	  
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the movements of two dots over time (Troje, 2012).  
 
When the walker is scrambled, observers are still able to determine the motion direction 
(Troje, 2008). Troje & Westhoff (2006) found that even though scrambled displays were 
missing structural information about the body, they still carried information about the 
direction of the motion. Different studies have shown that local motion, independent of global 
information, communicated walking direction (Chang & Troje, 2009a; Troje & Westhoff, 
2006). Attentional orienting disappeared when the critical local motion information was 
removed, which suggests that attentional orienting relies on this motion information and that 
global information is not always necessary. Research by Hirai et al. (2011b) demonstrated 
that local motion information, more than global configural information, triggers overt 
attention to biological motion.  
	  
Experiments that investigate how we perceive a human structure from motion information, 
and the effect that local features have on visual perception, use a masking paradigm. Masking 
consisting of scrambled walkers has been found to make motion detection more difficult, 
compared to when the masking consists of completely random dots (Troje, 2012; Troje & 
Westhoff, 2006). When scrambled walkers are used as masking with a coherent walker as the 
central target, the scrambled walkers, in theory, only have a chance of being incidentally 
processed. However, according to Veto et al. (2013), upright scrambled walkers are not able 
to elicit incidental processing, so it remains to be seen if any other local information can. 
	  
Observers are able to determine walking direction from scrambled point-light stimuli, but 
only if it is upright. When a scrambled walker is presented upside down, the motion direction 
is much more difficult to identify. Troje & Westhoff (2006) found that the direction of 
inverted scrambled walkers is difficult to determine, which is the same result as for coherent 
walkers. Because the locations of the individual dot trajectories are random in the scrambled 
display, the results indicate that the local dots contain information about the inversion effect, 
in addition to information about direction. 	  
	  
	  
4.7 Inverted Point-Light Stimuli  
Several studies have used inverted walkers to investigate what processes underlie our 
perception of biological motion (Giese, 2015). Research shows that when the figures in point-
light displays are inverted, or presented upside down, recognition is strongly impaired (Troje 
& Westhoff, 2006; Troje, 2008; Pinto & Shiffrar, 1999). The recognition of an inverted target 
is also slower compared to an upright target, and this is true for both coherent and scrambled 
walkers (Troje & Westhoff, 2006; Veto et al., 2013), which are both very difficult to 
recognize when upside down. The fact that the inversion effect has been demonstrated for 
both coherent and scrambled stimuli indicates that biological motion processing is a multi-
level phenomenon where both local and global processing is involved.  
 
The inversion effect in biological motion perception has been suggested to be due to impaired 
configural processing in a highly trained expert system, similar to how the inversion effect in 
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face recognition has been explained (Troje & Westhoff, 2006). The inversion effect has 
indicated the presence of global processing and top-down processing, where the default value 
is an upright orientation because of our previous experience (Hochstein & Ahissar, 2002). 
However, global and configural processing cannot completely explain the inversion effect in 
biological motion (Troje & Westhoff, 2006; Chang & Troje, 2008). Since the inversion effect 
has been seen also for scrambled displays, it means that global and configural processing 
alone cannot explain the inversion effect.  
 
Wang et al. (2010) found that observers can recognise the walking direction of upright but not 
inverted scrambled figures, and it seems like this effect relies mostly on the feet. Troje and 
Westhoff (2006) argue that the motions of the feet carry the inversion effect for spatially 
scrambled walkers, and that the feet contain cues that are important for local processing. It 
also seems like incidental processing does not occur for inverted displays (Veto et al., 2013). 
Shi et al. (2010) also found that reflexive attentional orienting, which is what triggers 
incidental processing, disappears when the walker is shown upside-down.  
 
 
4.8 Anatomy and Gravitation as Constraints for Perception 
The anatomy of the human body limits what kind of actions we can perform. In a similar way, 
this limits how we can imagine, perceive and plan our actions. Perception of human 
biological motion will therefore be affected by our own tacit knowledge of how our bodies 
work (Troje, 2012; Chang & Troje, 2009a). This knowledge, even though it is unconscious, 
will guide our mental simulations so that they mimic reality. The inversion effect found for 
biological motion stimuli (Troje & Westhoff, 2006; Troje, 2008; Pinto & Shiffrar, 1999) 
demonstrates the importance of orientation for recognition, and this is hypothesised to be due 
to our inherent expectations of gravitational acceleration and its direction.  
	  
Gravitational acceleration defines the spatial and temporal parameters of a living organism in 
motion, and previous research has shown that the visual system uses this dynamic information 
to detect biological motion (Chang & Troje, 2009a). The motions of the feet are strong visual 
invariants and it is possible that the visual filter is tuned to the limbs of moving animals. It is 
important to have a detection system for identifying other legged vertebrates, and therefore it 
would be beneficial if the visual system were sensitive to these cues. This sensitivity is likely 
to be inherent and automatic, and not ontogenetically learned. The visual perceptual system’s 
sensitivity to individual limb movements suggests that local motion cues are important for 
perception (Chang & Troje, 2009b). 
 
For upside down stimuli, the motion does not match what we inherently know about 
gravitation so it is thought that this is how gravitational acceleration contributes to the 
inversion effect (Chang & Troje, 2008). Troje & Westhoff (2006) argue that big part of the 
inversion effect is dependent on local dot trajectories, and not on the spatio-temporal 
configural information of the dots that makes it into a coherent figure. They mean that it is the 
dots that have a significant vertical motion that has the biggest influence on the inversion 
effect. Of all the dots that represent the joints of the body in a point-light display, the feet vary 
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the most when it comes to vertical movement. The direction of gravitational acceleration is 
the most apparent in the feet of a walker (Troje & Westhoff, 2006). That is why the feet are 
hypothesized to play such an important role for recognition.  
 
In addition to the inversion effect found for scrambled figures, Troje and Westhoff (2006) 
found that only inverting the feet of a point-light figure strongly impairs recognition of 
motion direction. Inverting only the feet had a stronger effect on recognition than inverting all 
the other dots but the feet. This difference was stronger for scrambled stimuli than for 
unscrambled coherent walkers. For scrambled walkers, the feet are the strongest cues for 
motion direction as well as the inversion effect (Troje and Chang, 2009b). Experiments 
testing the inversion effect for just the feet found that it only affects direction recognition 
accuracy for naturally accelerating foot motions, and not for foot motions where the natural 
acceleration has been removed (Chang & Troje, 2009a). Results for the upright and inverted 
versions of stimuli that had accelerations removed did not differ, which suggests that the local 
motion-based inversion effect depends on natural acceleration.  
 
4.9 The Feet as Life Detectors 
All vertebrates, including humans, have a visual system that seems to preferentially process 
biological motion (Shi et al., 2010). Walking is probably the most common movement 
generated by animals that have feet. Therefore it should not be surprising that we are very 
sensitive to the walking direction of other animals, as have been shown in several studies (e.g. 
Bertenthal & Pinto, 1994; Thornton & Vuong, 2004). The walking direction of a walker can 
also trigger reflexive orienting of spatial attention (Shi et al., 2010). It has been shown that the 
local motion of the feet carry critical information for the recognition of motion (Troje, 2008). 
Troje and Westhoff (2006) mean that the visual filter is especially fine-tuned to the local 
motion of the feet and the motion of the limbs, and that the feet therefore are strong “life 
detectors”. Life detector refers to a visual filter that after years of evolution is fine tuned to 
detect movements from other living creatures and to direct attention towards them (Troje, 
2012). It is a special sensitivity for perceiving motion patterns that are typical for animals, and 
it is a very quick and automatic process. In experiments where stimuli are scrambled both 
spatially and temporally, it has been found that the local dot trajectories of the feet carry a 
considerable part of the inversion effect (Troje & Westhoff, 2006). The finding that the feet 
are strong cues for motion direction in scrambled point-light displays supports the idea of the 
feet as a “life detector”. Previous research shows that observers can recover information about 
the walking direction of upright point-light displays but not inverted displays, even when the 
displays are scrambled and there is no global information (Wang et al., 2010). It seems like 
this effect relies primarily on the motion of the feet (Chang & Troje, 2009a). 
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5.	  Problem	  Statement	  
Point-light displays have been used to study the specific features inherent in biological 
motion, and much research has been devoted to investigate what specific properties that 
contribute to this cognitive ability, as well as what type of processing is involved. Previous 
research suggests that it depends on the specific situation whether local features, configural 
information or global form are perceived as the most salient for the visual attention and 
perception. So far, research on the role of the feet for biological motion perception has shown 
that they are partially responsible for the inversion effect (Troje & Westhoff, 2006), that the 
local motion-based inversion effect depends on the natural acceleration of foot motions 
(Chang & Troje, 2009a), and that our knowledge about gravitation seems to affect our ability 
to recognise biological motion (Chang & Troje, 2009a; Hirai et al., 2011a). Gravitational 
acceleration could explain the role of the feet for the inversion effect. Inversion only affects 
the vertical component of a motion trajectory, and the feet are the parts of the body that show 
the most significant vertical motion (Troje & Westhoff, 2006).  
 
The global and configural information in an upright coherent walker has been shown to be 
responsible for triggering reflexive attention from the visual system in direction 
discrimination tasks (Thornton & Vuong, 2004; Shi et al., 2010). Configural information on 
its own has also been shown to be sufficient for the perception of a human walker (Pinto & 
Shiffrar, 1999). Local motion, independent of global information, can communicate walking 
direction (Chang & Troje, 2009a; Troje & Westhoff, 2006). Local motion information has 
also been shown to trigger reflexive attention (Chang & Troje, 2009a; Troje & Westhoff, 
2006; Shi et al., 2010), but it is not known if the local and configural motion information 
contained in the feet could do the same (Wang et al., 2010).  
 
The feet contain local information but also some configural information contained in the 
spatial relation between the feet. Although this is only partial configural information 
compared to a coherent walker, other evidence regarding the role that the feet play for 
biological motion perception suggest that they might be able to elicit incidental processing 
(Thornton & Vuong, 2004). It is possible that they could have the same effect on recognition 
as an upright coherent walker, but this is an unexplored question that has not been tested 
previously.  
 
Feet have not previously been tested in masking paradigm for a direction discrimination task, 
where feet are part of the masking. In a masking paradigm, there is local, configural and 
global information in the coherent target walker, and only local information in the scrambled 
walkers in the mask. By making the feet dots of the scrambled walkers in the mask retain 
their spatial relation so that they move as pairs, configural information is added to the mask. 
An unexplored question is how this configural information affects recognition of the walking 
direction of the target. It is also unknown whether the presence of feet, moving as pairs, in the 
mask would make the task easier or more difficult compared to when they are not there. In a 
direction discrimination task, where the observer is focusing their attention on the target, the 
feet could only trigger reflexive attention. It is unknown if under these circumstances, the 
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configural information of the feet, which only contains partial configural information 
compared to the target, could trigger reflexive attention and elicit incidental processing in the 
visual system.  
 
Taken together, previous research suggest that local, configural and global information can 
trigger attention is similar ways, and that global form is not always crucial for triggering 
reflexive attention. Previous research also shows that local and configural information can be 
sufficient for perceiving a human walker and the direction it is moving. This study will 
contribute with new knowledge regarding how the motion pattern of the feet contributes to 
the visual system’s unique processing of biological motion. Whether feet can trigger reflexive 
attention and elicit incidental processing has not been examined before. This study could 
therefore further our understanding of what role the feet play for the recognition of walking 
direction.  
 
The main contribution of this study is to add to the theoretical body of knowledge that 
describes how the perception of biological motion functions in a point-light display. The 
outcome of this study is therefore not directly applied, but primarily theoretical. Because 
some aspects of top-down perceptual processing that influences perception is missing from a 
point-light experiment, such as experiences, knowledge, and environmental factors such as 
the social context and natural setting, the results from this study cannot be directly applied to 
real-world situations. What this study could contribute with from an ecological point of view 
is a clue to whether our perceptual system can recognise human motion accurately and rapidly 
even when the human form is partly hidden from view.  
  
	  
5.1 Hypotheses 
The hypothesis is that the configural information in the feet will trigger reflexive attention 
and elicit incidental processing in the visual system. This will obstruct processing of the target 
walker and result in longer response times when the feet are present.  
 
 
(Hypotheses for an upright target) 
 
Hypothesis 1 contains two parts that examine the difference the presence of upright feet 
make to the recognition of an upright target for congruent and incongruent conditions.  
 

• Upright motion of the feet aid processing of an upright target when the direction of 
the target and the mask is congruent, compared to a scrambled mask without feet.  

 
• Upright motion of the feet obstructs processing of an upright target when the direction 

of the target and the mask is incongruent, compared to a scrambled mask without 
feet. 
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Hypothesis 2:  
 

• Inverted motion of the feet does not obstruct processing of an upright target compared 
to the scrambled mask.  

 
 
(Hypotheses for an inverted target) 
 
Hypothesis 3 contains two parts that examine the difference the presence of upright feet 
make to the recognition of an inverted target for congruent and incongruent conditions.  
 

• Upright motion of the feet aid processing of an inverted target when the direction of 
the target and the mask is congruent, compared to a scrambled mask without feet.  

 
• Upright motion of the feet obstructs processing of an inverted target when the 

direction of the target and the mask is incongruent, compared to a scrambled mask 
without feet. 

 
Hypothesis 4:  
 

• Inverted motion of the feet does not aid processing of an inverted target compared to 
the scrambled mask. 	  
 
	  

6.	  Method	  
 
6.1 Choice of Method 
Biological motion, just as human faces, is biologically meaningful visual patterns that are 
easily recognized even in point-light displays. In this study, point-light stimuli will be used in 
an experiment to investigate the mechanisms that are responsible for our ability to recognise 
the motion direction of a human walker. The cognitive abilities that are being studied are 
attention and visual perceptual processing, specifically reflexive attention and incidental 
processing of biological motion. The main research question in this study is whether the feet 
of a walker can trigger reflexive attention and elicit incidental processing in the visual system. 
This question will be investigated experimentally through a walker direction discrimination 
task, where participants are asked to recognize the walking direction of a point-light target 
embedded in a noise mask. The mask consists of additional point-lights, and this experimental 
design is referred to as a masking paradigm. In a masking paradigm, the noise dots consist of 
scrambled walkers. The masking paradigm is used to study the visual processing of biological 
motion, and also attention. It is designed to interfere with the perception of the individual 
features of the walker (Thornton et al., 2002). This local information in the mask will also 
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obstruct processes that integrate features and local relations into a global structure.  

The mask consisting of scrambled walker dots contains only local information. The visual 
system relies both on local and global information for the perception of biological motion 
(Pinto & Shiffrar, 1999). An upright coherent walker has a pop-out effect, it is very easy to 
recognise. In this experimental design, local information of the scrambled walkers in the mask 
will obstruct processing of local information in the target. Therefore, the ability to track 
individual points of the target will be disrupted, but observers will still be able to perceive the 
global form information of the target (Pinto & Shiffrar, 1999). Because of this, the masking 
paradigm makes it possible to focus on the visual system’s capacity to extract local and 
configural information in the target walker figure. Pinto and Shiffrar (1999) used a masking 
paradigm to examine the visual system’s use of configural information in analysing global 
information in point-light displays. They found that the visual system is able to exploit 
characteristic subconfigurations of the human form in the perception of human motion.  

The masking paradigm makes it possible to operationalize reflexive attention of the masking 
elements as a change in response time for the direction discrimination task. Because the 
participants are asked to pay attention to the target, it is the target that should elicit focused 
attention (Thornton et al., 2002). The global form information in a walker has been shown to 
be strong for perceiving biological motion. The motion-mediated structure of the body is an 
important cue for recognizing facing direction, and this information is contained in the target 
walker. The global information in a coherent target is easy to identify because it has a pop-out 
effect, which will make it easy for the observer to focus their attention on the target. 
 
When the dots of the target walker and the masking dots are identical, the only way to 
distinguish them is by their motion or grouping characteristics (Thornton et al., 2002). 
Thornton et al. (2002) used a masking paradigm to study active (top-down) vs. passive 
(bottom-up) attentional processing in a change-detection task. The task involved determining 
the direction of a walking figure within a background mask of identical dots. The observers 
were required to monitor both the target walker and the four uniformly coloured rectangles to 
identify if one of the rectangles changed orientation between successive presentations. They 
found that an attentionally demanding dual task affected direction discrimination 
performance. Displays that involved top-down processing, in time or space, were negatively 
affected by dividing attention. In displays were bottom-up processing could be carried out; 
dividing attention did not have a big effect on performance.  
 
Previous studies on attention and incidental processing have shown the importance of global 
configural information in triggering reflexive attention (Thornton & Vuong, 2004; Veto et al., 
2013). In this study, when feet are present in the mask, it will contain configural information. 
An upright coherent walker has a “pop-out” quality, which makes it easy for the visual system 
to recognise both fast and accurate (Hemeren, 2008). Although the feet only contain some of 
the configural information present in a coherent figure, the assumption was that they might 
still be salient enough to influence perception. The goal of the experiment was to find out if 
the configural information in the feet would be salient enough to trigger reflexive attention 
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and incidental processing. Local information in the scrambled walker mask interferes with the 
processing local information in the target in conditions both without and with the feet. This 
means that it will be possible to attribute any changes in performance to the configural 
information in the feet. An increase in response time for conditions with feet indicates that 
they interfere with recognition of the target walking direction, that they trigger reflexive 
attention and that they are being incidentally processed.  

6.1.1	  Within-‐subjects	  Designs	  
The experiment will use a within-subjects design, which means that all participants will be 
tested for all conditions. Using a within-subjects design means having to balance for practice 
effects, which is one of the possible sequence effects that can occur (Graziano & Raulin, 
2010). Practice effects arise because all participants are tested on all the independent 
variables, or on all the levels of the independent variable. It means that exposure to the first 
variable, or level of a variable, gives an increased experience for how the test procedure 
works, which trains and prepares the participant for the next condition. The practice effect can 
be either positive or negative. For positive practice effects, the performance is improved for 
conditions that are being presented later on in the study because of the practice on similar 
conditions or levels (Graziano & Raulin, 2010). In this study, this was avoided by including 
all conditions, for as many times, in each session. In this way, the same conditions were 
presented in both the beginning, middle and end of the study, and for as many times both in 
the beginning, middle and end of the study.  
 
A benefit of a within-subjects design is that individual differences between the participants do 
not have to be balanced for. By exposing all individuals to all of the different conditions, 
individual differences have already been reduced, or been completely eliminated. Individual 
differenced will therefore not affect the results (Graziano & Raulin, 2010). Because all the 
participants are tested on all conditions, the conditions are correlated, and the participants 
function as his/her own control. Even though a smaller amount of participants are used, the 
sensitivity of the study will still be high because it is easier to monitor how individual 
differences affects the results.  
 
For negative practice effects, the performance deteriorates after many test occasions with 
different conditions because the participants can become tired or loose concentration and 
focus on the test task (Graziano & Raulin, 2010). To avoid negative practice effects, the test 
in this study was broken up into five sessions, with arbitrary breaks in between them where 
the participant could rest their eyes, stretch their legs and drink water. 
 
Sequence effects, or carryover effects, lead to systematic confoundings (Graziano & Raulin, 
2010). Carryover effects can be controlled by have more than one order of presentation for the 
conditions, and for the different participants. Varying the order of presentation for the 
conditions is called counterbalancing. It is a systematic variation that works for practice 
effects, since the participants will be as trained, or as tired, regardless of what order the 
stimuli is presented (Graziano & Raulin, 2010). To compensate for carryover effects, the 
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conditions in this experiment were presented in a random order within each session for all of 
the participants. 
 
In quantitative research methods, two different types of statistical errors can occur. Type-I 
errors, called false positives, can happen when the null hypothesis is rejected when it should 
be kept. Type-II errors arise then the null hypothesis is accepted when it is actually false 
(Borg & Westerlund, 2006). When a Type-II error happens, the researchers say that the 
independent variable has not had a significant effect when it actually has had a significant 
effect. The results become false negatives. A within-subjects design, which was used in this 
study, decreases the risk for Type-II errors (Borg & Westerlund, 2006). This type of 
experimental design is one of the most powerful methods to avoid much of the error variance 
that can arise and lead to Type-II errors.  
 
 
6.2 Experimental Design 

6.2.1	  Independent	  Variables	  
The independent variables in the study were: Target Orientation, Target Direction, Mask 
Orientation, Mask Direction, Mask Type and Feet Presence.  
 
Each independent variable has two levels: 

• Target Orientation 
o Upright 
o Inverted 

• Target Direction 
o Left 
o Right 

• Mask Orientation 
o Upright 
o Inverted 

• Mask Direction 
o Left  
o Right 

• Mask Type 
o Random mask 
o Scrambled mask 

• Feet Presence 
o Present 
o Not present 

 
There were two possible orientations for the target and for the mask: upright and inverted. 
There were also two possible directions of the target and mask could be either congruent or 
incongruent, meaning they could both be upright or upside down (congruent), or one could be 
upside down when the other was upright (incongruent). The reason for testing orientation and 
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making the orientation between the target and the mask differ is to investigate if the inversion 
effect can be demonstrated in this study, and also what effect the feet have on the inversion 
effect. Previous studies (Troje & Westhoff, 2006; Veto et al., 2013) have demonstrated the 
inversion effect, where recognition becomes more difficult for inverted targets, compared to 
upright. Incidental processing does not seem to happen for inverted point-light displays (Veto 
et al., 2013). Previous studies have also shown that the feet seem to carry a big part of the 
inversion effect (Troje & Westhoff, 2006), and that the local inversion effect is carried by the 
acceleration in the foot motions (Chang & Troje, 2009a). Inversion was included as a variable 
to measure if upright feet would aid the recognition of inverted targets.  
 
There were two possible directions for the target and the mask, left and right. The direction of 
the target and mask could be either congruent or incongruent, where they both moved to the 
left or to the right, or where one moved to the left when the other moved to the right.  
 
Mask type refers to whether a mask consisting of random dots was used, or if a mask 
consisting of scrambled walkers was used. The random mask was used as a baseline control, 
and was expected to interfere the least with target recognition. The reasoning behind this is 
that dots that do not contain biological motion will differ more from the target, which will 
make perception of the biological motion of the target easier. 
 
The variable Feet-Pair Presence is relevant for the scrambled mask only. If feet are present, 
the dots representing the feet of the scrambled walkers will keep their spatial relation in the 
mask. If the feet are absent, the mask will only contain the scrambled walkers. Feet have not 
previously been used in a mask with scrambled walkers and where there is a coherent target.  
 
Three different masks were used, one consisting of scrambled walkers, and one where the feet 
of the scrambled walkers keep their spatial relation. A mask consisting of completely random 
dots that do not have biological motion will be used as a baseline control condition. The mask 
with scrambled walkers contains local information. In the conditions where the feet of the 
scrambled walkers retain their spatial relation, configural information is added to the mask. 

6.2.2	  Dependent	  Variables	  
The dependent variables in the study are response time and error rate. Error rates are the 
proportions of the responses that are incorrect and measuring response time is a common way 
of studying reflexive attention. Longer response times when the feet are present could mean 
that they trigger reflexive attention and are incidentally processed.  
 
The goal of the study was to see whether the presence of the feet made a difference to the 
recognition of the target’s walking direction. This will show up as a difference in response 
time and error rates between the conditions. When focused attention is directed towards the 
target, the mask only has a chance of triggering reflexive attention and being incidentally 
processed. By comparing the conditions with and without the feet, it is possible to tell what 
difference the configural information of the feet makes for target recognition, and if they can 
trigger reflexive attention. Because each condition contains the same amount of dots in this 
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experimental design, it will be easier to attribute differences in performance to the presence or 
absence of the feet.  

6.2.3	  Participants	  
The experiment tested 12 participants (3 female and 9 male). This number of participants is 
similar to what is used in related studies (Chang & Troje, 2009a; Pinto & Shiffrar, 1999), and 
is sufficient to calculate statistical significance. The age ranged from 23- 54 years old, 9 
participants were right-handed and the rest were left-handed. All participants had normal or 
corrected-to-normal vision. The participants were recruited among the staff at the University 
of Skövde, Sweden. The experiment adhered to Swedish law and the ethical guidelines set up 
by the Central Ethical Review Board. All participants gave informed consent. All participants 
were naive to the purpose of the experiment. Four of the participants were familiar with 
similar point-light experiments from before. Because this study investigated reflexive 
attention, which is difficult to control consciously, this previous experience was not thought 
to affect the results.  

6.2.4	  Compensation	  
The participants were given refreshments and a lottery ticket as compensation. 

6.2.5	  Stimuli	  	  
Point-light stimuli were generated, presented and recorded using MatLab R2010a. The stimuli 
consisted of white dots presented against a black background that were displayed on a 
computer with a (1980 x 1200, 60Hz) monitor. Participants were seated 70cm from the 
monitor. The display contained a coherent target walker, and three different types of noise 
masks (Figure 3-5).  

6.2.5.1 Target 
The target consisted of a coherent point-light walker consisting of 13 point-lights, moving as 
if attached to the major joints and head of a person walking on a treadmill (i.e., the 
translatory5 component of motion was subtracted from the display.) There was an offset of the 
target for 5 of the 12 participants. The target with no offset had a visual angle of (2.53° x 
1.26°), and the target with offset had a visual angle of (3.63° x 2,37°). Orientation, upright or 
upside down, and direction, left or right, of the target was randomized between conditions. 

6.2.5.2 Mask 
The mask consisted of 5 scrambled walkers. Scrambled walkers are coherent, veridical point-
light walkers where the locations of the individual dots have been placed randomly in the 
display (Figure 4). It does no longer resemble a coherent walker because the form has been 
disrupted.  
 
While global, configural, information of scrambled walkers is disrupted, the local motion 
pattern of each individual dot is preserved and the motion of each individual dot is still 
synced within each scrambled walker. The motion pattern of the 5 scrambled walkers were 
not synced, their motion started at random points in the gait cycle and differed between them. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 The motion that shifts a body from one point in space to another. 
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Orientation and direction is randomized between conditions. For the scrambled walkers, the 
individual dot trajectories are displaced randomly. Even though the form information has 
been removed, the local motions of the individual dots remain intact, so in the mask there is 
only local information. The 5 scrambled walkers have of a total of 65 dots, the same amount 
of dots as the target. The total size for the display, including both target and the mask, was 
(10.01° x 8.37°). 

6.2.5.3 Feet 
In half of the conditions using the scrambled mask, the spatial relations between the dots 
representing the feet of the scrambled walkers were kept intact (Figure 5). This means that the 
feet of each of the 5 scrambled walkers in the mask will move together as they would in a 
coherent walker. The feet, just like the rest of the dots of the scrambled walker, contain local 
information. But the feet also contain configural information, which is the information in the 
relation between features, here: the two dots representing the feet. The scrambled walkers in 
the mask now contain partial configural information, compared to the full configural 
information available in the coherent target walker. 
 
The conditions where the feet of the scrambled walkers in the mask retain their spatial 
relation will be referred to as coherent feet, or simply feet. A minimum distance between the 
feet was set up in order to minimise the strong swinging motion of the feet that was visible 
when two feet were near or above each other. This effect would otherwise be very strong, 
even when the feet are not completely in sync. The distance adjustment also avoided the feet 
in the mask overlapping with each other or with the feet of the target.  

6.2.5.4 Random Mask 
The third masking version consisted completely random dots (Figure 3). In the random mask, 
the dots did not have biological motion. Instead, the movement of the random dots were 
created to have a similar amount of movement as the scrambled walkers to make sure the 
masks only differed when it came to the biological aspect of the motion. For the details on the 
random mask, see Appendix A. 
 
The random mask consisted of 65 dots in total, the same amount as in the scrambled mask. It 
functioned as a baseline control condition. For the random mask, direction congruence and 
incongruence, and orientation congruence and incongruence, is not relevant since the random 
dots do not have a direction or orientation. In the conditions with the random mask, only the 
target can have a direction and an orientation. There were a total of 4 conditions of the 
random mask.  
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Figure 3. Inverted walker facing left, which is embedded in a random 
mask. 
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Figure 4. Upright walker that is facing left in a scrambled mask. The 
walker is coloured in red. The green dots are the right foot and the 
blue dots are the left foot of each of the 5 scrambled walkers. The 
colours in the picture are only there to help explain the contents of 
the point-light displays; in the experiment all of the dots were white 
and the same size.	  



 

	   36 

	  

	  

	  

	  

	  

	  

	  

	  

	  

Figure 5. Upright walker facing left, in a scrambled mask with feet, i.e. 
where the dots representing the feet of the scrambled walkers retain 
their spatial relation. The walker is coloured in red. The green dots are 
the right foot and the blue dots are the left foot of each of the 5 
scrambled walkers. The colours in the picture are only to help explain 
the contents of the point-light displays; in the experiment all of the dots 
were white and the same size. 
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6.2.6	  Procedure	  
A pilot study was conducted to test how many scrambled walkers to use in the masking in 
order to avoid floor and ceiling effects for accuracy. Based on the results from the pilot study 
(Appendix B), it was decided to use 10 scrambled walkers for the main experiment. The first 
5 participants in the main experiment were tested with 10 scrambled walkers in the mask, but 
since this proved difficult judging by accuracy and response times, the number of scrambled 
walkers was reduced to 5 for the main experiment (see Appendix C). Only the results from 
the 12 participants tested with the 5 scrambled walkers in the mask will be included in the 
final analysis. 
 
When each participant arrived for the experiment, they were greeted and given a short 
introduction to the purpose of the study. They were not told that the study looked specifically 
at the feet, but that the purpose was to see how we perceive human movements. This means 
that the participants were naive to the exact purpose of the experiment. During the 
introduction, participants were also informed about the test task, any risks about the 
experiment, that they could withdraw at any time, that there answers would be anonymous, 
and who to contact if they had any questions regarding any aspects of the study. The 
information that the participants received during the introduction can be found in Appendix 
D. After this information had been given and the participant agreed to participate, they signed 
their informed consent in writing. They also filled in information regarding their gender, age 
and handedness (if they were right-handed or left-handed).  
 
After the introduction and before the experiment started, all participants first completed a 
practice session of 36 trials, one for each condition. During the practice session they were 
able to ask any questions that may have occurred. For the test, they completed five subsequent 
sessions comprised of 1440 trials each, each condition was shown 40 times. Every session 
contained 288 trials, where each condition was shown 8 times. The order of the conditions 
was randomized to reduce any sequence effects. Between each trial, a fixation cross appeared 
on the screen for between 500-800 milliseconds. The length of the fixation was randomized 
for each trial to reduce the possibility that the participants’ expectations of when the target 
would appear would affect the results.  
 
Participants were instructed to focus on the target in the middle of the display and were told 
that the target could walk either to the right or left, and that it could be presented either 
upright or upside down. They were told to press the letter “A” on the keyboard when the 
target was facing left, and the letter “L” when the target was facing right. The chosen keys 
had no actual meaning but were chosen for practical reasons so that the participant could 
press “A” and “L” with the left and right fingers, respectively. There was no automatic switch 
between the conditions, the display for each trial stayed on the screen until the participant 
chose either left or right. After pressing a key, they were presented with a new display. 
 
When the participant had completed the experiment they were asked how the test felt and if 
they had used any specific strategies when deciding the walking direction of the target. After 
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this short talk, the participants were thanked, given their compensation and told not to hesitate 
to contact the experimenter if they had any questions. 

6.2.6.1 Offset of Target 
For the first 5 participants, there was a random offset for the location of the target between 
trials. After reviewing the results, response times were slower than expected so for the 
remaining 7 participants the offset was removed to see if this would have an effect on the 
response times (see Appendix E). For the analysis, offset was analysed as a between-subjects 
variable. 
 

6.2.7	  Note	  on	  the	  Method	  
The creation of the point-light displays in MatLab, which included the coding of the different 
point-light stimuli, were done with the help of Karl Drejing, Erik Billing and Paul Hemeren at 
the Department of Information Technology at the University of Skövde. Performing the 
ANOVA calculations, t-tests, extracting the relevant data from SPSS, as well as analysing and 
interpreting the results was done by the author.  

	  
	  

7.	  Results	  
As mention previously, the masking paradigm makes it possible to focus on the visual 
system’s capacity to extract configural (global) information in the target walker figure. By 
adding configural information to the mask in the form of feet, it is possible to investigate how 
strong the configural information of the feet is for target recognition. The stronger cues the 
configural information of the feet is, the more they will interfere with the processing of the 
target.  
 
A repeated-measures ANOVA was conducted on the mean response times to look for main 
effects and interaction effects. The hypotheses in this study relate to different interaction 
effects, and for clarity, the results of the interaction effects will be presented under the 
hypothesis heading they relate to. Error rates (12.9% of answers) were calculated and 
analysed separately. A repeated measures ANOVA was conducted for the mean error rates for 
all conditions. T-tests were performed for relevant conditions. The t-tests conducted for the 
error rates were the same as for the response times. The results from the t-tests could then be 
compared to investigate if effects on response times were reflected in the error rates.  
 
The expectation was that the configural information contained in the feet would trigger 
reflexive attention to the feet, even when focused attention is directed at a coherent target that 
has a strong attentional pop-out effect. By comparing conditions where the scrambled mask 
has feet to the conditions that do not have feet, it will be possible to tell if the feet have an 
effect on target recognition. If response times are longer for conditions where the feet are 
present, it means that they interfere with the task of recognising the walking direction of the 
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target. If the feet interfere with recognition, it suggests that they trigger reflexive attention and 
incidental processing from the visual system. 
 
In the analysis, the 6 independent variables were reduced to 4 by analysing the random mask 
separately, and by combining target direction and mask direction into one variable. The 
reason for analysing the random mask separately was that these conditions function more as a 
baseline control. The goal was not to compare the random mask conditions to all other 
conditions, but only for some relevant conditions. The dots in the random mask did not have 
orientation or direction, so another reason for analysing these conditions separately is that 
they differed from the other conditions when it came to orientation and direction of the mask.  
 
Target direction and mask direction were reduced to one variable, Direction Congruence. This 
is because congruence and incongruence were relevant for the study, but whether the 
congruence or incongruence was to the left or to the right was not relevant. Because of the 
inversion effect demonstrated in previous studies, it was relevant to know when the target and 
the mask were upright and upside down. For this reason, Target Orientation was kept as a 
variable. Instead of the variable Mask Orientation, the variable Orientation Congruence was 
used to specify the orientation of the mask.  
 
The analysis also creates more reliable results when the variables are fewer, so by merging the 
direction variable the amount of variables was reduced from 6 to 4. The four independent 
variables, and their levels, for the analysis of the scrambled mask and the mask with feet 
were:  

• Target Orientation 
o Target upright 
o Target inverted 

• Feet-pair Presence 
o Feet present 
o Feet absent 

• Orientation Congruence  
o Orientation congruence 
o Orientation incongruence 

• Direction Congruence 
o Direction congruence 
o Direction incongruence 

 
Target orientation has the levels: target upright and target inverted. Feet-pair Presence had the 
levels feet present and feet absent. Orientation Congruence has the levels orientation 
congruence and orientation incongruence. The orientation is congruent if both target and 
mask are upright or upside down, and the orientation is incongruent if the target and the mask 
have different orientations. Direction Congruence had the levels direction congruence and 
direction incongruence. In the direction is congruent, the target and mask are both facing 
either left or right. For direction incongruence, the target and the mask are facing different 
directions.  
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The results from the experiment will be presented by reporting response times and error rates 
separately. The means for the different conditions, main effects and interaction effects will be 
described and explained with the help of graphs and tables. Any connections between 
response times and error rates will be elaborated on in the discussion. The results of offset as a 
between-subjects variable will be described for both response times and accuracy. 
 
The conditions with the random mask were calculated separately and compared to the other 
conditions. The reason for this was that the random mask function as more of a baseline 
control, and the goal was not to compare the random mask to all the other conditions, but only 
to a few of them. The results of the repeated measures ANOVA with the random mask were 
compared to the conditions with the scrambled mask, with and without feet, in t-tests. 
 
	  
7.1 Response Times 
A 2×2×2×2 repeated measures ANOVA was performed for the response time means 
generated for each condition and subject in order to test for main effects and interaction 
effects. The ANOVA was calculated with an Alpha level of 0.05. Only correct responses were 
included in the analysis of the response times. Relevant individual conditions were compared 
with t-tests. Response times over 2 standard deviations as an upper cut-off point, and 0.2 
seconds as a lower cut-off point, were removed from the analysis. The reason for the upper 
cut-off point was to make sure that reflexive attention was being studied. For longer reaction 
times, the participants have more time to search the display, which means that reflexive 
attention is no longer being studied. The purpose of the lower cut-off point was to make sure 
that very fast reaction times would not skew the results. Reaction times below 0.2 seconds are 
likely to be incorrect key presses since the processing of information plus the motor response 
could not be that fast. 
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7.1.1	  Main	  Effects	  for	  Response	  Time	  
The means and standard errors for response time for the variables included in the analysis, 
and their levels, are presented in Table 1. 
 
 

Variable Mean (sec) Std. Error N 

Target Orientation *   

Upside down target 1.236 .090 12 

Upright target .886 .043 12 

Feet-pair Presence *   

Feet present 1.053 .064 12 

Feet absent 1.069 .065 12 

Orientation Congruence    

Orientation congruence 1.061 .064 12 

Orientation incongruence 1.061 .065 12 

Direction Congruence *   

Direction congruence 1.053 .063 12 

Direction incongruence 1.070 .067 12 

 
 
 
 
The repeated measures ANOVA showed a significant main effect for target orientation (F 
(1,10) = 39.996, p = 0,000), feet presence (F (1,10) = 7.108, p = 0.024), and for direction 
congruence (F (1,10) = 7.745, p = 0,019), but not for orientation congruence (F (1,10) = 
0.004, p = 0,951). 
 
Offset: 
Offset was also included in the repeated measures ANOVA as a between-subjects variable. 
The results show no significance effect of Offset on response time (F (1,10) = 2,127, p = 
0,175). 
 
 
 
 
 
 

Table 1.  
 
Response time means in seconds, and standard errors for the independent 
variables. N is the number of participants tested on each variable. The symbol * 
indicates the independent variables that had significant results. 
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7.1.2	  Interaction	  Effects	  for	  Response	  Time	  
The significant simple main effects of Upright Target with Orientation Congruence, Direction 
Congruence and Feet were further analysed by pairwise comparisons using the Bonferroni6 
adjustment for multiple comparisons. The interaction effects in Hypothesis 1 and 3 were 
analysed using this method, and Paired Sample t-tests were conducted to analyse Hypothesis 
2 and 4. 
 
The interaction effects that were investigated in detail for this study are those that are relevant 
for the hypotheses. For clarity, the interaction effects will be described in relation to the 
hypothesis they refer to.  
 
 
Hypothesis 1 contains two parts that examine the difference the presence of upright feet 
make to the recognition of an upright target for congruent and incongruent conditions. The 
interaction effects for hypothesis 1 are illustrated in the graph in Figure 5.  
 

• Upright motion of the feet aid processing of an upright target when the direction of 
the target and the mask is congruent, compared to a scrambled mask without feet.  
 
The condition with Target Upright, Orientation Congruence and Direction 
Congruence showed no significant effect of coherent feet present in the mask (M = 
.884, SE = .042) compared to when feet were absent (M = .892, SE = .042, p = .645) 

 
• Upright motion of the feet obstructs processing of an upright target when the direction 

of the target and the mask is incongruent, compared to a scrambled mask without 
feet. 
 
The condition with Target Upright, Orientation Congruence and Direction 
Incongruence showed a significant decrease in response time when feet were present 
(M = .880, SE = .044) compared to when feet were absent (M = .913, SE = .047, p = 
.013). 

 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 The Bonferroni adjustment is a method that is used for multiple comparisons in order to avoid results 
that are false positives, i.e. Type 1 errors, which means that the null hypothesis is rejected when it 
shouldn’t. 
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Hypothesis 2:  
 

• Inverted motion of the feet does not obstruct processing of an upright target compared 
to the scrambled mask.  

 
The paired samples t-test showed no significant difference between Target Upright, 
Orientation Incongruence, Direction Congruence & Incongruence and Feet Present (M 
= 0.868, SD = 0.156) and Target Upright with a Scrambled Mask (M = 0.875, SD = 
0.145) conditions; (t (11) = 1.107, p = 0.292). This result is consistent with the 
hypothesis. 

 
 
 
 
 
 

Figure 5. Interaction effects for response times for an 
upright target (hypothesis 1). The x-axis is the 
independent variable Direction Congruence, and the y-
axis is the dependent variable response time. Each series 
represents the different conditions that are combinations 
of the variables Feet-Pair Presence and Orientation 
Congruence. 
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Hypothesis 3 contains two parts that examine the difference the presence of upright feet 
make to the recognition of an inverted target for congruent and incongruent conditions. The 
interaction effects for hypothesis 3 are illustrated in the graph in Figure 6. 
 

• Upright motion of the feet aid processing of an inverted target when the direction of 
the target and the mask is congruent, compared to a scrambled mask without feet.  
 
The condition with Target Inverted, Orientation Incongruence and Direction 
Congruence showed that when feet were present, response times increased (M = 
1.229, SE = .097) compared to the mask (M = 1.228, SE = .087, p = .967). However, 
this result was not significant. 

 
• Upright motion of the feet obstructs processing of an inverted target when the 

direction of the target and the mask is incongruent, compared to a scrambled mask 
without feet. 

 
The condition with Target Inverted, Orientation Incongruence and Direction 
Incongruence showed that when feet were present, response times increased (M = 
1.238, SE = .087) compared to the mask (M = 1.271, SE = .097, p = .270). However, 
this result was not significant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Interaction effects for response times for an 
inverted target (hypothesis 3). The x-axis is the 
independent variable Direction Congruence, and the y-
axis is the dependent variable response time. Each series 
represents the different conditions that are combinations 
of the variables Feet-Pair Presence and Orientation 
Congruence. 
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Hypothesis 4:  
 

• Inverted motion of the feet does not aid processing of an inverted target compared to 
the scrambled mask. 	  

 
The paired samples t-test showed a significant difference between Target Inverted, 
Orientation Congruence, Direction Congruence & Incongruence and Feet Present (M 
= 1.199, SD = 0.308) and Target Inverted with a Scrambled Mask (M = 1.215, SD = 
0.333) conditions; (t (11) = 1.548, p = 0.150). This result is consistent with the 
hypothesis. 

 
 
7.2 Error Rates 
A 2x2x2x2 repeated measures ANOVA was performed to analyse the error rate means 
generated for each condition and subject to test for main effects and interaction effects. The 
ANOVA was calculated with an Alpha level of 0,05. Relevant individual conditions were 
compared with t-tests. The independent variables were the same as for the response time: 
Target Orientation, Feet-Pair Presence, Orientation Congruence and Direction Congruence. 
 
7.2.1	  Main	  Effects	  for	  Error	  Rates	  
The means and standard errors for error rates for the variables included in the analysis, and 
their levels, are presented in Table 2.  
 

Variable Mean (error rate) Std. Error N 

Target Orientation *   

Upside down target 0.165 .039 12 

Upright target 0.058 .019 12 

Feet-pair Presence    

Feet present 0.112 .028 12 

Feet absent 0.111 .027 12 

Orientation Congruence    

Orientation congruence 0.113 .028 12 

Orientation incongruence 0.110 .026 12 

Direction Congruence *   

Direction congruence 0.103 .026 12 

Direction incongruence 0.119 .028 12 

Table 2.  
 
Error rate means in percent, and standard errors for the independent variables. N is 
the number of participants tested on each variable. The symbol * indicates the 
independent variables that had significant results. 
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The results showed a significant main effect for Target Orientation (F (1,10) = 13.339, 
p=0,004) and Direction Congruence (F (1,10) = 5.042, p = 0,049). The main effect for Feet-
Pair Presence (F (1,10) = 0.030, p=0.867) and Orientation Congruence (F (1,10) = 0.510, 
p=0.491) was not significant.  
 
Offset: 
Offset was included in the repeated measures ANOVA as a between-subjects variable. No 
significant effect of Offset on accuracy was found (F (1,10)= 0.285, p= 0.605). 
 
7.2.2	  Interaction	  Effects	  for	  Error	  Rates	  
The significant simple main effects of Upright Target with Orientation Congruence, Direction 
Congruence and Feet were further analysed by pairwise comparisons using the Bonferroni 
adjustment for multiple comparisons. The interaction effects in Hypothesis 1 and 3 were 
analysed using this method, and Paired Samples t-tests were conducted to analyse Hypothesis 
2 and 4. 
 
The interaction effects that were investigated in detail for this study are those that are relevant 
for the hypotheses. As for the response times, the interaction effects will be described in 
relation to the hypothesis they refer to. 
 
 
Hypothesis 1 contains two parts that examine the difference the presence of upright feet 
make to the recognition of an upright target for congruent and incongruent conditions.  
 

• Upright motion of the feet aid processing of an upright target when the direction of 
the target and the mask is congruent, compared to a scrambled mask without feet.  
 
The condition with Target Upright, Orientation Congruence and Direction 
Congruence showed that when feet were present, error rates increased (M = .058, SE = 
.023) compared to when feet were absent (M = .050, SE = .016, p = .489). However, 
this result was not significant. 

 
• Upright motion of the feet obstruct processing of an upright target when the direction 

of the target and the mask is incongruent, compared to a scrambled mask without 
feet. 
 
The condition with Target Upright, Orientation Congruence and Direction 
Incongruence showed that when feet were present, error rates decreased (M = .057, SE 
= .019) compared to when feet were absent (M = .061, SE = .022, p = .697). However, 
this result was not significant. 
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Hypothesis 2 
 

• Inverted motion of the feet does not obstruct processing of an upright target compared 
to the scrambled mask.  

 
The paired samples t-test showed no significant difference between Target Upright, 
Orientation Incongruence, Direction Congruence & Incongruence and Feet Present (M 
= .063, SD = .064) and Target Upright with a Scrambled Mask (M = .057, SD = .056) 
conditions; (t (11) = 1.334, p = 0.209). This result is consistent with the hypothesis. 

 
 
Hypothesis 3 contains two parts that examine the difference the presence of upright feet 
make to the recognition of an inverted target for congruent and incongruent conditions.  
 

• Upright motion of the feet aid processing of an inverted target when the direction of 
the target and the mask is congruent, compared to a scrambled mask without feet.  
 
The condition with Target Inverted, Orientation Incongruence and Direction 
Congruence showed that the error rates did not change when feet were present (M = 
.151, SE = .037) compared to when feet were absent (M = .151, SE = .036, p = .977). 
There was no significant difference between the error rates.  

 
• Upright motion of the feet obstructs processing of an inverted target when the 

direction of the target and the mask is incongruent, compared to a scrambled mask 
without feet. 

 
The condition with Target Inverted, Orientation Incongruence and Direction 
Incongruence showed that when feet were present, error rates increased (M = .171, SE 
= .043) compared to when feet were absent (M = .169, SE = .041, p = .923). However, 
this result was not significant. 

 
 
Hypothesis 4  
 

• Inverted motion of the feet does not aid processing of an inverted target compared to 
the scrambled mask. 	  

 
The paired samples t-test showed no significant difference between Target Inverted, 
Orientation Congruence, Direction Congruence & Incongruence and Feet Present (M 
= 0.169, SD = 0.135) and Target Upright with a Scrambled Mask (M = 0.173, SD = 
0.138) conditions; (t (11) = 0.568, p = 0.582). This result is consistent with the 
hypothesis. 
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8.	  Discussion	  of	  Results	  
	  
8.1 Main Effects for Response Times and Error Rates 
A comparison between the main effects for response times and error rates reveal that there is 
no obvious speed-accuracy trade-off. This means that a faster response time did not result in 
more errors, and vice versa.  
 
The main effect of Target Orientation showed that response times were significantly faster 
and error rates were significantly lower for upright targets, compared to inverted targets.  
From these results it is clear that it takes longer to process inverted targets compared to 
upright targets, and the error rate also confirms this inversion effect. This result is consistent 
with the inversion effect found in previous studies (Troje & Westhoff, 2006; Veto et al., 
2013), which has shown that recognition of inverted targets is more difficult compared to 
upright. Our visual system uses structural information that is characteristic of the human form 
to analyse motion, and when inverted, the motion is no longer consistent with this 
information, which makes recognition slower and less accurate. 
	  
The main effect of Feet-Pair Presence showed that response times were significantly faster 
when feet are present, compared to when feet were absent. This result is unexpected since the 
hypothesis was that the feet would obstruct processing of the target and result in an increase 
in response time. The result is a bit confusing and the cause for it is not entirely clear, but it is 
reasonable to assume that it is the effect of several coinciding factors. What can be said about 
this result is that the feet have been subjected to some form of attention and been processed 
by the visual system. Error rates were slightly higher when feet were present, but this result 
was not significant. The effect of the feet will be further discussed in relation to the 
interaction effects for the hypotheses (section 8.2).   
 
The main effect for Orientation Congruence showed that response times were very similar for 
orientation congruence and orientation incongruence, and there was no significant difference 
between them. Orientation congruence has slightly higher error rates, although this difference 
in error rate was not significant either. This result is also surprising because it would seem 
like it would be easier, and faster, to recognise an upright target if the mask was inverted, 
compared to if the mask was also upright. The target could have popped out from the mask 
more clearly, but this was not the case in this study. The error rate for the main effect was not 
significant. One possible interpretation of these results is that the difficulty of perceiving the 
elements in the mask was the same whether it was upright or inverted. Therefore, recognition 
of the target was influenced in same way regardless if the orientation was congruent or 
incongruent.  
 
The main effect for Direction Congruence showed that response times were significantly 
faster, and error rates significantly lower, for direction congruence. A faster response time 
indicates that this condition was easier than the incongruent condition. This result is in line 
with previous research that has demonstrated the walker congruency effect (Thornton & 
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Vuong, 2004). The error rate also showed that direction congruence was easier than 
incongruence.  
 
The results for the main effects for Direction Congruence and Orientation Congruence show 
that direction, and not orientation, seems to be perceived as more salient cues for the visual 
system in this specific experimental task. The different orientations of the elements in the 
mask did not stand out as very different, and it did not make any difference whether the target 
and the mask had the same orientation or not.  
 
 
8.2 Interaction Effects for Response Times and Error Rates 

8.2.1	  Hypothesis	  1	  
Result: falsified 
 
For the congruent condition, the feet did not result in slower response times compared to the 
scrambled mask. The feet did not aid recognition in a similar way to the walker congruency 
effect. In the incongruent condition, the feet did have an effect on recognition of the target 
direction. However, the effect was the opposite of what the hypothesis predicted. The results 
for the incongruent condition showed that response times decreased for conditions where the 
feet were present. The result is surprising because the hypothesis was that response times 
would increase and obstruct processing. The configural information of the feet in the 
incongruent condition should in theory obstruct processing of the configural information in 
the target, similar to how the local information in the mask obstruct processing of the local 
information in the target. Instead, this experiment shows the opposite result.  
 
One possible interpretation of this result is that the configural information of the feet is so 
visible that they make the mask stand out as more different than the target compared to when 
the feet are not there. When the feet are moving in the opposite direction of the target, it could 
mean that the target pops out more easily. In this way, the feet could facilitate processing for 
incongruent directions. The expectation was that the recognition of motion direction becomes 
more difficult because the feet give off conflicting information in the incongruent conditions. 
The observer would have to pause and sort out the bottom-up information in the display in 
order to determine the motion direction of the target. This does not seem to happen, and 
instead the effect of the feet could mean that they reinforce the pop-out effect of the target.  
 
Another possibility is that the experimental design affected the results. For the experiment, a 
limitation was placed on the feet to not overlap with each other, or with the feet of the target. 
This could have led to a difference in overlap with the target between the scrambled mask 
with feet and the one without. In the scrambled mask without feet, the masking dots could 
have ended up closer to, and on top of, the target, which would have made this task more 
difficult. It would also have made the task more similar to a visual search task, which also 
affects the results. The amount of overlap with the target likely affects the result, and although 
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the distortion is small, it could possibly be significant and create the effect seen in the results. 
This would mean that the results might not be due to the feet at all but to a difference in 
overlap between the masks.  
 
Apart from the possibility that the results might have been affected by an unintended visual 
search task, differences in overlap, and the lack of a “safe zone” around the target, it is also 
possible that the results are revealing a context effect. Recognition of biological motion, and 
in particular local and configural information, is dependent on context. The results in this 
study could point to this. Although a coherent figure that is easy to perceive is present in the 
display, in the mask, the context of human form is not as clear. It is possible that the 
scrambled figures in the mask didn’t provide enough “human body”-context for the feet to be 
perceived as human feet.  
 

8.2.2	  Hypothesis	  2	  
Result: supported  
 
Inverted feet did not result in a significant difference in response time and error rate compared 
to the scrambled mask without feet. The reason for this can be related to previous research 
findings, which have shown that the motion pattern of the feet is perceived differently when 
presented upright and upside down (Troje & Westhoff, 2006). The experience of normal 
motion patterns in relation to gravitation is important for our perceptual processing. When 
motion patterns do not correlate to how we are used to seeing them, the visual perceptual and 
attention system does not pick them out for further processing as easily. Perception is 
dependent on how a particular motion pattern relates to our experience in the natural 
environment in terms of our expectations about gravity.   
 

8.2.3	  Hypothesis	  3	  
Result: falsified 
 
In hypothesis 3 was the same as hypothesis 1, except here the target was inverted. The results 
show that the feet did not have a significant effect on either response time or error rates, 
compared to the scrambled mask without feet. This was true for both congruent and 
incongruent directions. The results show that upright feet do not affect the inversion effect of 
the target. 
 
In this condition, the participant might have had to search the display using bottom-up 
processing to first construct the inverted target before they could identify it, and it seems like 
the feet did not affect this process. It is also possible that the feet were not processed as feet at 
all, which could explain the result. However, the interpretation of the results is difficult 
because some of the trials might have been similar to a visual search task, which was not the 
intent. Since the masking dots could end up very near the target, it is possible that the task of 
identifying the inverted target became too difficult. The difference in overlap between 
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conditions with and without feet could also have affected the results. As for hypothesis 1, it is 
possible that both visual search and a difference in overlap between the scrambled mask with 
and without feet, in combination with a context effect, affected the results. 
 

8.2.4	  Hypothesis	  4	  
Result: supported 
 
When both the target and the feet were inverted, there was no significant difference in 
response time or error rate compared to the scrambled mask without feet. An inverted target is 
difficult to identify and it is more difficult to recognise the walking direction for an inverted 
target. Inverted feet do not aid the recognition of motion direction, which could either mean 
that they are processed as biological and demonstrate the same inversion effect as a coherent 
figure, or that they are not processed any differently from the other scrambled dots in the 
mask. In Hypothesis 3, upright feet had no effect on an inverted target, which makes it even 
more likely that the inverted feet in this condition not processed as feet at all.  
 
 
 

9.	  General	  Discussion	  
The goal of the study was to investigate if the feet can trigger reflexive attention in order to 
test how tuned our visual attention system is to specific features in a point-light figure. The 
results show that the salience of local motion versus global form seems to change between the 
different conditions. It does seem like the local and configural information of the feet can 
trigger reflexive attention in some situations, and that they can aid processing of the target in 
a direction discrimination task.  

The scrambled mask contains local information, which interferes with processing of the local 
information in the target. The two feet dots that retain their spatial relation contain partial 
configural information, and the goal was to find out if this information could trigger reflexive 
attention in the same way as global information can. By adding the feet in the scrambled 
mask, configural information is added to the mask. Any effect from the presence of the feet 
on target recognition means that the configural information of the feet is salient enough to 
trigger reflexive attention. However, because of some details in the experimental design, it is 
difficult to determine exactly what the results imply and whether the configural information 
of the feet has been processed.  

The unexpected result that the feet aid recognition of the target for incongruent directions 
(hypothesis 1) demonstrates how our perception can behave in complex ways with results that 
can be surprising. The main effect of Feet Presence as well as Hypothesis 1 show that the feet 
can have a facilitating effect, and based on these results it is possible that the feet alone can 
signal the presence of biological motion even when focused attention is not directed towards 
them. However, in the conditions where the feet are inverted, the results suggest that the feet 
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are not processed as feet, or as biological motion at all, and that they are not processed any 
differently compared to the rest of the scrambled dots. Seen from a social perspective, the 
result that feet aid recognition of the target when moving in the opposite direction could be 
seen as a bias for picking out an animal that is moving in a different direction from the rest of 
the heard. It is likely to be more beneficial to be able to quickly discover things that deviate 
from the normal pattern.  

Based on the interpretation that the difference in overlap between conditions with and without 
feet could have affected the results, it is also possible that the results in the study did not 
depend on the feet at all. The experimental design might also have mixed in a visual search 
task, which also makes it difficult to interpret the results and say that the feet were processed 
as feet. Because there was no “safe zone” set up around the target, where the masking dots 
could not enter, in many of the trials the masking dots appeared very close to the target on top 
of or around the limbs of the target. When this happens, the task becomes more of a visual 
search task where search efficiency, rather than attention, is the specific aspect being studied. 
Because of the experimental design, the task did not end up being strictly an attentional task, 
which was the point of the masking paradigm. 
 
The number of participants in the experiment was 12, which is the same as for similar studies 
and sufficient to be able to say that the results are statistically significant. Because the 
response times were a bit slower than expected, some of the trials that were too slow were 
removed from the analysis to make sure reflexive attention was the process being studied. 
Although this meant that fewer trials were included in the analysis, this number was not high 
and the majority of the trials could still be included in the analysis. Offset became a between-
subjects variable in this experiment. The offset of the target was removed after 5 participants 
because it appeared to make the task a bit too difficult. This means that there were 5 
participants that had offset and 7 participants that had no offset. Although the statistical 
calculations showed no significant effect of offset, it should still be interpreted carefully since 
the number of participants for offset and no offset were fewer. In a follow-up study, it would 
give the test more validity if all variables were tested on the same number of participants.  
 
From an ethical perspective, even though the experiment did not cause the participants any 
harm, the experiment was tiring for them. The total time for the experiment was just under an 
hour, which included the introduction, the execution of the test and the short talk afterwards. 
The actual test task when the participants were focused on the point-light display, took up 
most of this time, which was 40-45 minutes. This is quite a long time to keep your eyes 
focused on such demanding stimuli. The participants were asked how they felt after each test 
session, and were reminded that they could take a break to rest their eyes, stretch their legs 
and drink water before they continued with the next session. The participants were informed 
before the test started that they could become mentally tired from the experiment and that 
attentional demands would be high. 
 
To find out whether the results in this study were due to the feet, a follow-up study is needed 
to find out whether the feet are processed as feet in a mask where they only have the chance 
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of triggering reflexive attention. By including a “safe zone” in a follow-up study, it will be 
possible to say with more certainty whether the results in the attentional task were 
confounded by visual search or not. The conditions with feet also had less overlap with the 
target compared to when the feet were not present, and removing this difference would also 
be needed in a follow-up study. If a follow-up study would show the same results, it suggests 
that the feet are not processed any different from other dots in the mask. If that were true, 
“why?” is an interesting question. The answer might be that the feet are not salient enough to 
trigger reflexive attention when they are part of a mask consisting of scrambled walkers, and 
that this could be due to a context effect.  
 
Apart from the possibility that the results might have been affected by an unintended visual 
search task, differences in overlap and the lack of a “safe zone” around the target, the context 
surrounding the feet in the mask might not be sufficient in signalling the presence of a human 
form. Flanker studies (Thornton & Vuong, 2004) show that coherent targets can trigger 
reflexive attention and be processed as biological motion. The point-light stimuli in this study 
represent the other end of the spectrum when it comes to the amount of human form 
information present in the mask. An interesting follow-up study would therefore be to 
gradually build up the scrambled walkers in the mask to a coherent walker, to investigate at 
what point observers start to perceive the masking stimuli as biological motion.  
 
Pinto & Shiffrar (1999) conducted a similar study that also reveals a type of context effect. 
Their study showed that when individual limbs, which are subconfigurations of the human 
form, are arranged in a way that is positionally inconsistent with the human form, observers 
have more difficulty recognising them (Pinto & Shiffrar, 1999). This could be due to the fact 
that the limbs are not appearing in a position where they would be expected in the context of a 
point-light display. The limbs themselves, without the right context, might not be able to 
indicate the presence of human form. In this study, the feet alone might not be enough to 
indicate the presence of a human form, and the remaining dots in the scrambled mask might 
not signal this context in a sufficient way either. Previous studies have described the feet as 
possible “life detectors”, and if this is true, this study shows how even a life detector needs 
context to be perceived as one. 
 
An important point to make is that many aspects of top-down perceptual processing are 
missing from a point-light experiment where both the context and the stimuli are very 
controlled. Top-down processing is involved in perception if it is affected by context or a 
person’s expectations. A social context, the natural environment, as well as specific goals and 
previous knowledge are completely or partly missing in this study, which makes it difficult to 
apply the results to natural settings. However, the experiment, because of its high level of 
control, has made visible an effect of the feet that is worth exploring further in order to learn 
more about what specific properties of biological motion that contribute to our skill in 
recognising them.  
 
An area that could be a valuable source of data and materials for studying biological motion 
perception from a more grounded, and situated, cognition perspective is police and military 
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training. It could be interesting to compare analyses of this material to the research findings 
from using point-light displays. Training within these fields is often executed in simulated 
real world situations and take place in a natural environment under time pressure. In 
simulated urban training situations, the participants are required to respond to potentially 
hostile and dangerous situations under pressure, which requires fast decisions while not 
harming innocent civilians. Where equipment is fitted with electronic tags and transponders 
that are recording and tracking actions and movements in real time, the data could be an 
interesting source of material for studying biological motion perception. Steel et al. (2014) are 
on to a similar idea, but from a different perspective, in their discussion of how point-light 
research could be used in a military setting. Here, research could aid the development of 
training methods aimed at decreasing friendly fire. This could be achieved by improving the 
training of how to recognise fellow military personnel and civilians. This is similar to how the 
research can be used in a sports setting, where it can improve the accurate recognition of 
teammates (Steele et al., 2014).   
 
Biological motion perception research could also play a part in improving the accuracy of 
extracting information to identify individuals for security reasons within the area of 
biometrics (Steel et al., 2014). It can also provide knowledge about what parts of the body 
that signal human movement the strongest, which can be used for the development of safety 
garments for cyclists and in professions where it is important to signal that humans are 
present. Examples are garments for road workers and police (Steel et al., 2014). In medical 
forensics, the research can also provide insights into the differences in gait for healthy and 
nonhealthy subjects in order to aid early diagnosis, for example for Parkinson’s disease. 
Individuals with autism spectrum disorder have difficulties recognizing motions and emotions 
from body movements, and this affects their ability to engage with other people. Steel et al 
(2014) discuss the importance of biological motion perception research in developing 
perceptual-ability training focused on movement, which special educators can use to help 
with behavioral development.  

At animation studios such as Pixar, there are research groups engaged in developing new 
algorithms for creating expressive and stylised human and non-human animals for animated 
films (Graphics.pixar.com, 2015). In the film Happy Feet (Happy Feet, 2006), expression of 
emotions through movements is a central theme. Knowledge regarding the perception of 
emotions is something that research using point-light displays can contribute with. Animation 
studios have dedicated research teams in these areas and express an interest in how humans 
perceive stylised imagery. This study, and similar studies, can contribute with more 
knowledge regarding human kinematics when creating both stylised and natural animated 
movements.  
 
What the results from this study could contribute with in a social context and on a societal 
level is a better understanding of how human visual perception functions. Although the results 
from the experiment need to be followed up, this study is another small puzzle piece in 
understanding human visual perception and how biological motion information is processed. 
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Appendix	  
 
A. Random Mask 
The movement of the random dots followed a sine curve. The amplitude of the curve was 
determined by a function (A), which is the euqlidian distance between every marker 
framewise, adjusted by another sine function. This additional sine function was added so that 
the spatial density matched that of the target walker. The final coordinates for each frame was 
determined by two functions, x and y where x=sin (v)*A and y=cos (v)*A. Here, v is 
randomized for each frame in the interval [-2π, 2π] and A is the position function described 
above. The curves were then randomly distributed across the screen. 
 
B. Pilot Study  
A pilot study was conducted to test how many scrambled walkers to use in the masking in 
order to avoid floor and ceiling effects for accuracy. Recognition was tested for zero, 3, 6, 10, 
15, 20 and 25 scrambled walkers. Many other studies use 5-10 walkers in the masking. A 
ceiling effect would mean that the masking has a too big effect on recognition. This would 
happen when there are too many walkers, since recognising the target would be too difficult. 
A floor effect would happen if there were too few walkers. Here, the walkers would have no 
effect on recognition. The target would easily be recognised, the masking would not disturb 
recognition and any effect of the masking would be difficult to notice. Floor and ceiling 
effects are related to Visual Search and search efficiency. Search efficiency means that 
response times are a function of the number of items in the display. 
 
C. Motivation for Amending Stimuli 
First, a pilot study was conducted to test how many scrambled walkers should be included in 
the mask to avoid floor and ceiling effects. The pilot test was conducted with the author as the 
participant. Response times and accuracy of the response were investigated by looking at 
mean values. There was a drop-off in performance after 10-15 scrambled walkers, while 5 
walkers had a higher mean than 10. Based on the results from the pilot study, it was decided 
to use 10 scrambled walkers for the experiment. The first 5 participants were tested with 10 
scrambled walkers in the display. The analysis of the results showed that accuracy rates were 
low and the response times were slower than expected. Response time as a function of the 
number of items in the display is referred to as search efficiency, and it is related to floor and 
ceiling effects. The number of walkers was reduced to 5 for the remaining 12 participants, and 
only the results of these 12 participants will be included in the results.  
 
D. Information for Participants 
Information and instructions 
 
1. Purpose of the experiment 
The aim of this experiment is to study how we perceive human movements. Participants are 
shown so-called point-light walkers – human figures walking, depicted in this experiment by 
13 dots showing the movement of the major joints of the body. One walker will be presented 
in the middle of the screen, surrounded by other dots. It stays in one place (as if walking on a 
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treadmill) and is viewed from the side. In this way, the walker will be walking either to the 
left or to the right. The walker is sometimes presented right side up, and at other times it is 
upside down.  
 
2. How will the study be conducted?  
What participants should do: 
The task of the participant is to only attend to the target walker in the middle, and to indicate 
its direction by pressing letter “a” with the left hand (when the target walker is facing left) 
or letter “l” with the right hand (when the target walker is walking to the right) for each 
trial. Responses should be made as fast as possible, while also maintaining accuracy. 
 
What participants should not do: 
Between the response and the presentation of the new trial there is a short period with a 
fixation cross for you to focus on the middle of the screen. Since this time-span is short and 
responses are also expected to be very fast, there is no time for you to move or look around, 
talk, lift your hands etc. If such actions are unavoidable, it is best to let one trial run for a long 
time while you do something else and stop responding. After returning to the experiment (by 
pressing one of the response-buttons) you should pay full attention to the task again. This 
way, only one trial is affected while the rest remain unaffected.  
 
Duration: 
Optimally such breaks are not necessary: one session lasts approximately 5 minutes 
(depending on the reaction times) and can be done with continuous concentration. The whole 
experiment consists of five such sessions with arbitrary breaks between them, preceded by 
one short training session during which the subject should ask any questions that may occur. 
 
4. What are the risks/benefits?  
The experiment involves no direct benefits to the participants – however, sitting at one place 
without much possibility to move can be uncomfortable and attentional demands are also 
high.  
Can become mentally tired due to the high-levels of concentration for the task, which takes 
place over five sessions lasting approximately 5 minutes each. 
 
5. Data and confidentiality  
The experiment records your response times and accuracy. These data will be averaged 
together with the results from other participants. 
Except for the name, handedness and age of the participant, no personal information is 
collected during this experiment and data are handled with anonymous IDs. 
Your answers and your results will be dealt with in such a way that no unauthorized person 
will have access to them.  
Data storage 10 years 
 
8. Compensation 
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Participants will be compensated with a lottery ticket and refreshments for participating in 
this experiment. 
 
6. Voluntariness 
Participation is voluntary and can be withdrawn at any point in the experiment without any 
negative consequences for the participant.  
 
7. Responsibility  
Erik Billing at the University of Skövde is responsible for this research. Questions regarding 
the results, scientific and ethical aspects should be directed to him (erik.billing@his.se, tel. 
0500-448367). The results will be reported in a scientific report and submitted for publication 
in a scientific journal. No results will include any information that can be used to identify 
individual participants. 
 
E. Offset of Target 
For the first 5 participants in the study, there was a small and random offset of the target 
between each trial. The reason for this was to avoid that the participants would stare at a fixed 
particular point on the screen, which could result in learning effects and reduce the influence 
of the masking because attention would be focused on this one point. After the first 5 
participants, by looking at the response times, there was a hypothesis that the task might still 
be too difficult so the offset was removed for the remaining 7 participants.  
 


